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Introduction

From an early age, the “digital natives” generation has naturally adapted to
electronic devices in their homes, schools, and workplaces by interacting
with different environments through computer technologies. Prensky
(2001) said that digital natives have adopted parallel habits associated
with the development of multiple tasks. For instance, they prefer to
receive information graphically and find satisfaction with immediate
feedback about their progress.

These characteristics identify individuals who are more likely to
access virtual education programs or complementary education courses to
increase their professional level. Although virtual learning environments
are not a new academic space, computer technologies for virtual or digital
education are currently undergoing accelerated use and consequently
require innovative development. The massive worldwide incursion of
virtual courses, academic platforms, and higher education programs have
significantly impacted countries in constant growth, such as Colombia.
"Today’s view of digital transformation is influenced by the accelerated
evolution of mobile devices and their technological elements that move
world trade and generates a cultural change. This change directly impacts
the educational process by generating challenges and establishing new
teaching and learning styles.

Recent technological developments in data management and
processing, linked to the advancement of countless new digital
channels, offer the possibility of managing information and distributing
it to different types of users globally. In other words, users can access
different services through different channels. The services they access
meet the needs, requirements, and particularities to guide the micro-
segmentation and personalization of supply and demand. Notably,



personalization is possible due to information technologies that have had
their best expression in marketing. Micro-segmentation is individualized
to understand and recognize behavior patterns, preferences, purchasing
power, needs, aspirations, and other variables to offer users tailormade
products and services. Many information technologies, data, and capacities
are joined together to sell better, in greater quantity, and with greater
efficiency and impact. Which brings forth the question: Why not use
the same marketing strategies to educate better with more coverage and
greater efficiency and impact?

This chapter presents the research results demonstrating that it
is possible to improve the efficiency and impact on education using
distribution and communication strategies (in this case, educational
services and content) similar to those used in marketing. The research
objective was achieved by a series of technological components and
analytic models articulated through a technological platform. A set of
digital channels, such as the web and email, facilitated the capture of
learning experiences merged with variables related to ubiquitous contexts.

A learning engine maximized the learning process by using the most
appropriate channel for each learner profile. By enabling these channels,
different variables of the context derived from the data characterized
the user’s actions. Conventional variables included: location, movement,
noise, learning rhythm, individual learning style, preferences in using the
content, responses to evaluations, and other elements of virtual learning
spaces. Learners could link different virtual elements of their learning
(e.g., microlearning) with or without an intelligent engine to personalize or
adapt experientially; thereby, motivating satisfactory attitudes, retention,
achievement, and overall quality and learning efficiency.

The research experience allowed us to identify and instigate
technological challenges with mobile learning and ubiquitous learning.
Big Data, advanced analytics, and Artificial Intelligence provided students
with an omnichannel learning engine that enabled learning anywhere, any
time, and with any device. These characteristics provided experiential
learning seven days a week and for 24 hours a day in context, and
integrated features, constraints, and conditions related to its use at a given
time. These factors ensured improvements in the quality, satisfaction,
retention of students, effectiveness, and impact on the virtual learning
processes in the Department of Antioquia.
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The chapter answers the research Question
What model should integrate elements in intelligently
mobile and ubiquitous learning as an articulation of channels,
information sources, content for learning, and variables of a
digital context-aware following an omnichannel strategy that
places the student at the center of the process and responds to
their particularities, challenges, and learning place?

The methodology adopted for the project’s development was
proposed by Hevner et al. (2004). It offered an appropriate paradigm
for the study of phenomena of behavioral science and design science.
The development of the different activities was accompanied by other
methodologies or models of development and innovation including Design
Thinking (LLewrick & Link, 2018), Scrum (Schwaber, 2004), L.ean Startup
(Croll & Yoskovitz, 2013; Ries, 2011), and ASUM-DM (adapted by Angée
et al., 2018). The use of these methodologies aimed to achieve a TRL
6-7 product (Hicks et al., 2009).

Background

According to the Colombian National Administrative Department of
Statistics (DANE in Spanish), in 2019 the largest population in Colombia
were individuals between 14 and 18 years old amounted to 26.1%; and
residents between 18 and 26 years represented 16% of the population.
These findings suggest that 42.1% of the Colombian population
corresponds to people who are part of the “digital natives” generation.
Developed characteristics include the “preference for speed, nonlinear
processing, multitasking, and social learning, allegedly developed through
immersion in digital technology during childhood and adolescence
when neural plasticity is high” (Prensky, 2001). Digital natives are
hyperconnected by going from one channel to another using different
devices and technologies.

The intrinsic characteristics of the target population for distance
education programs have not been decisively integrated into the
curriculum or its teaching methods. This affirmation is even more relevant
when related to virtual programs. Due to their digital nature, virtual
programs should be evaluated to consider characteristics highly aligned
with the digital natives by integrating multiple channels, resources,



and contents. To satisfy the needs of digital natives, it is pertinent to
consider the traditional means of virtual education (e.g., MOOC, web,
and LMS) and include the additional channels, resources, and interaction
mechanisms between students. Furthermore, it must be decided whether
the enriched element of virtual education improves learning processes,
student retention, and overall satisfaction for digital natives and students
of virtual programs (Zmuda et al., 2015).

In Colombia, the Informe Nacional de Competitividad (2017)
revealed that the evolution of higher education coverage has accelerated
in recent years. The rates went from 37% in 2010 to 51.5% in 2016. While
this is above average for Latin America, 51.5% was far below the 76%
that corresponds to the OCDE rate. In 2016, the National System for
Higher Education Information reported that the coverage in Antioquia
was 55%, which was higher than the national average. The Ministry
of National Education informed that the country had a dropout rate
of nearly half of the tertiary education students. This was due to the
advances in coverage, the retention of students, and considering them
fundamental for the competitiveness strategy and the Plan de Desarrollo-
Antioquia Piensa en Grande (2016). We are currently working on solutions to
deeply integrate Information and Communication Technologies (ICT) in
education because this opens up the possibility of improving the education
quality, recognizing students’ current contexts, and providing access for
more people. In 2016, the UNESCO-UNIR Congress (2016) supported
this objective with the following statement: “Education is less and less
physical, that is to say, more virtual, through pedagogical strategies it
should be possible to overcome the challenges of coverage, access, equity,
quality, among others, from the use of ICT technologies”.

In general, Colombia and Latin America have introduced distance
training programs, with the recent addition of virtual programs, to reach
different regions. The Department of Antioquia has experienced an
evolution of different training methodologies for higher education.
In the 2015-2016 period, there was an accelerated growth of virtual
training, coinciding with the increase in coverage of Internet networks
after the 2010 launch of the project called Vive Digital of the Ministry
of Information Technology and Communications (MinTIC). This
project offered significant progress in the massification of Internet use
and higher availability of smartphones. According to the MinTIC, the
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high growth included the number of Colombians who have equipment
that allows them to connect to broadband Internet is growing. While in
2015, for every 100 Colombians there were 54.5 terminals, in 2016, the
figure rose to 69.55. The advances of virtuality go hand-in-hand with
the massification of ICTs and its complete appropriation in education
to prompt development. According to the country’s digitalization index,
the country has reached the advanced stage of its digital ecosystem. This
development of infrastructure and access to ICT is viable and imperative
to close the gaps in higher education.

"Today, the impacts of digital society, technology, and tools for
consumers are advancing. An example of these advances is the omnichannel
concept. In the past, if a consumer wanted to buy a product, they would
go to a local store, view the different options, and make a purchase. As the
world evolved, the purchase decision became a little more complicated.
The consumer started to get information through other channels such
as specialized magazines that offered various products. Then came the
Internet which introduced new possibilities for surfing, researching, and
buying online.

The evolution continued with the addition of laptops, tablets,
and smartphones that give consumers multiple options to meet their
purchasing needs. They can choose to shop in the physical store or
through a desktop computer, laptop, smartphone, or smart T'V. Consumers
can interact with social media and discover new products via email,
messaging, posting, or by visiting websites with their smartphone, talk to
friends about their experiences with a product, or perform other services
through different digital channels. Companies that focus on maximizing
each channel’s performance, store, phone, web, mobile, etc., have a
multichannel strategy. An omnichannel approach puts the customer at
the center of their strategy. This approach recognizes that customers can
be approached or attracted to companies or brands in many ways. The
main goal is to create a better customer experience making it appear as
if the brand were communicating and working with each costumer. This
is possible by providing the user with a more consistent experience. The
main characteristics of an omnichannel strategy are:

* The user is the center: This principle is key when creating

omnichannel experiences to ensure that a user can finish a process
through different means and devices and with no interruptions.



"This defines the type of user, their needs, and whether they had
a memorable experience when using a channel’s services.
Consistency: [t is essential to define the parameters that will help
users complete tasks virtually. It must be defined how to take the
functionalities to the different points of contact so the user does
not have to undertake a new learning process for each of them.
Neutral information: Starting from the premise of neutral
information in an omnichannel project, it will allow similar
decisions for certain functionalities that are vital for the users.
In this way, clients can go from one point of contact to another
without interruptions or delays.

Context: The all-channel experience must consider the user
context. This involves asking questions such as: What data plan
will my user have? What device will he/she use? Is he/she a digital
native? Will he/she have the level of technology adoption that
we need?. The answers to these questions will help define an
appropriate road map to make the right decisions for users.
Availability: This characteristic implies that the correct decisions
are being made about the user. It is important to determine the
impact that each decision has on end-users. It is also important
to define the scope of options that users will have when using
select tools to avoid frustrating them in certain moments when
they expect functionality and response.

Strategy: An action plan provides a way to achieve omnichannel
experiences that remain in the memory of users. Attention to detail
is indispensable. It is necessary to define how to impact people’s
lives and what added value is available to users. Beyond a clean
interface or an innovative design, it has to consider the user’s current
experience and what will encourage them to return in the future.

Digital natives already use channels such as email and the more
popular social networks such as Twitter and Facebook. Students are digital
consumers who enjoy more interactive and personalized experiences
thanks to mobile and ubiquitous technologies. This leads us to ask if it
is possible to use omnichannel marketing strategies to educate better
and with greater efficiency and impact?

The benefits of omnichannel and current students’ characteristics
were the motivating factors for researching and developing a proposal for
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education. The aim was to provide memorable experiences, centralize
information, and integrate different communication channels to offer
students information and educational content to solve doubts. The
student must be the center of the entire training strategy, both in
face-to-face and online education. This facilitated the organization
of their learning and the necessary access to the contents of interest.
The references for this project’s development consisted of 277 virtual
education programs offered by 35 Colombian universities. None of the
277 programs had advanced analytic engines, Big Data, or Artificial
Intelligence that leveraged mobile learning in a dynamic, personalized,
intelligent, and real-time way; allowed the articulation of multiple
channels and sources; or dynamically depended on the profile of the
students. The channels used in the 277 referenced programs were mostly
traditional and unidirectional. None captured the context of the student,
even though channels such as intelligent chatbots, bidirectional SMS,
telepresence, web services, context geodata, articulation with data of the
study environment, among others, could have been used to enrich the
experience during the learning process. There were no developments that
allowed the articulation of multiple channels in an omnichannel strategy.
It placed the student at the center of the learning process and articulated
the set of channels, the course content, and other resources according to
the student, their needs, requirements, their geodata, and learning style so
that mobile learning and experiential and adaptive learning was enabled.

"This project focused on developing a virtual education tool that
contextualized training processes, customized content, and prompted
microlearning from a system that integrated ICT technologies in the
educational process. It allowed access to virtual content through different
channels and a more significant interaction and collaboration between
all educational community members including the institution, teacher,
learner, and the environment. This research’s novelty revealed the reality
of multiple simultaneous training channels under mobile user platforms
such as those used today by the industry in virtual training processes.
The project complements the tools currently used by the existing virtual
education in the Department of Antioquia. It precedes an auspicious
moment for both the region and the country by allowing new virtual
instruments to reach all regions, in all academic segments. Moreover, it
expands its scope to acknowledge disciplines that require contact with



physical realities with training programs, which are the fundamental axis
of all government plans to create equity and competitiveness.

The research is associated with the challenges established in the
804 Minciencias’ call (Colombian Ministry of Science, Technology and
Innovation). This project is in the category of Mobile learning in virtual
education.

Research Methodology

"The proposal is developed by following the Design Science in Information
Systems Research (ISR) methodology. Innovation and agile methodologies
like Design Thinking, L.ean Startup, Scrum, and ASUM-DM support its
development. Every methodology provides phases, activities, or elements
to perform research and achieve a technology product near the TRL 6-7
innovation context. They interact in a highly iterative loop and each phase
provides discoveries that may require revisiting previous steps. Figure 1
illustrates the process.

Figure 1: Design Science in IS Research merged with Design Thinking,
Lean Startup, Scrum, and ASUM-DM.
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The following describes the main elements of the Design Science
ISR methodology and its use through different phases.

Environment

The environment defines the problem space which is composed of
people, organizations, and technology. Two groups, the Target Group
and the Project Team, are considered. The Target Group consisted of
individuals of the learner role. They were identified from the business’
needs and classified through the working progress. The Project Team was
responsible for creating and evaluating information technology artifacts
to solve different government’s virtual education viewpoints. The whole
team worked with the Target Group to empathize with them and put
themselves in the user’s position and observe them in detail. The Project
"Team consisted of four subgroups:

* Creatives: Individuals responsible for understanding the client’s
educational needs and define the project’s basis. They recognize
the environment, and establish what the problem is. The group
made up of higher education researchers and startups provided
ideas that resulted from a research project to achieve an innovative
solution. They created the following Researchers, Engineers, and
Data Scientists subgroups to be part of the strategic plan and
execute the defined activities and achieve the main objective.

* Researchers: Individuals with research capabilities to create
new knowledge and scientific outcomes. Senior researchers and
postgraduate and undergraduate students are part of this group.
"They had the responsibility to carry out reviews (e.g., a Systematic
Mapping Review) and identify the concepts to be applied and
developed in the project. This subgroup is part of the proposed
development joined with the Data Scientist subgroup.

* Engineers: Individuals with skills in the design and development
of information technology products. They must perform tasks of
primary research when new technologies are required to create
complex architectures. They must have experience by working
with agile methodologies.

* Data Scientists: Individuals with skills in data mining, machine
learning, deep learning, and visualization. They worked with data
analytics and methodologies as CRISP-DM or ASUM-DM.
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The Creatives group executed the phases provided by Design
Thinking and Lean Startup methodologies. They began with the
Empathize phase to understand the users, their needs, and expectations.
Then Creatives and Researchers defined the problem statement that
guided the Project Team throughout the design process and the challenges
that needed to be addressed. At the Ideate phase, the whole Project
Team intervened to propose possible solutions that subsequently turn
into prototypes that real users would test. The Prototype phase focused
on turning ideas into something tangible, thus allowing the Project Team
to gather feedback before developing the whole product. During the Test
phase, the Target Group interacted with the prototype by highlighting
any design flaws that the Engineer subgroup would quickly fix.

Likewise, the Lean Startup methodology allowed the application of
a scientific approach by providing activities to validate each hypothesis
proposed by the Researchers and Data Scientists subgroups before further
building. This reduced the risk provided by an unknown and uncertain
environment. It was the fundamental principle that each hypothesis must
be tested and confirmed by experimentation before proceeding to the next
phase. We were always sure to build on solid foundations with validated
knowledge. The Lean Startup focused on a three-phase circuit that was
completed in the shortest possible time and with minimum investment.
"The Build phase created a product tailored to the customer needs. When
data was not enough to create a product wholly adjusted to the Target
Group’s needs, the idea was to create a minimum viable product. This
product must be a version with the minimum functionalities that collected
the maximum amount of learning validated about the Target Group. In
the Measure phase, the biggest challenge was to measure how the Target
Group responded, and, from this data, make appropriate decisions. The
Learn phase revealed if the business was viable and would continue to
persevere, or if the pivotal ideas were not working properly and needed
to be adjusted. In our proposal, the Ideate phase of the Design Thinking
methodology provided activities to generate ideas.

In the Plan phase of the Scrum process, a negotiation between the
product owner and the team members was performed. During the meeting,
the next tasks were prioritizing through a sprint backlog. Each time an
idea was accepted, a Sprint was activated by the Engineers subgroup to
achieve a small product in a development cycle complemented by other
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members of the Project Teams. This released the working version of a
product more frequently. Once a sprint finished, in the Review activity,
the Project Team demonstrated their work results. This allowed for
frequent measurement of the project’s progress. Then, the Retrospective
activity discussed the project process, analyzed what was right, what could
be improved, and how to make the teamwork more efficient.

Lastly, ASUM-DM facilitated the implementation of big data
and analytic processes. Specifically, this methodology supported data
objectives and requirements. The Data understanding allowed initial
data collection, as well as identifying data quality issues. Then, in the
Data preparation activity, data cleaning was performed. This covered all
activities to construct the final dataset from the initial raw data. The
Modeling activity allowed us to build models using data mining tools. The
Evaluation activity determined if the results met the project objectives
and identified the issues that required an early arrangement. Finally, the
Deployment activity allowed us to put the resulting models into practice.
In this proposal, the Data Scientists subgroup played a significant role
by following this methodology’s activities.

Knowledge Base

The base of knowledge was to drive through the experiences and
expertise of the Project team, mainly from the Creatives and Researchers.
Referencing the knowledge base was essential to guarantee that the
results are research contributions and the product of the application
of appropriated theories and methods. First, a Systematic Mapping
Review (SMR) was developed. The objective of the SMR was to trace
and categorize the existing literature on mobile learning, ubiquitous
learning, and omnichannel for education. This SMR included a systematic
search for articles published in high-level journals or events, mainly from
2010. It should report on quantitative or qualitative researches that
demonstrated experimentation on topics related to ubiquitous and mobile
learning, omnichannel (from retail), context-awareness, and analytical
models applied to them. A detailed synthesis of the articles within the
different categories identified the potential value and how the search
findings would be maximized (O’Cathain et al., 2014). In this stage, the
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methodologies to be adopted to realize the project were also selected
and studied. Subsequently, an analysis of the existing models and tools
was carried out.

IS Research

"To initiate the proposal, the Project Team devised activities and tasks to
develop the ideas defined by the Target Group. The primary outcomes
were achieved by using an agile plan that was defined and accomplished
to organize the work of the Project Team and Target Group. By taking
advantage of functionality as it was implemented and following the
expectations of how funding execution must be done, results were then
compared to the expected profit. The two main activities carried out at
this stage were:

* Develop/Build: End-user motivations and business needs were
considered to identify ideas generated by brainstorming. The
gathered ideas were transformed into different artifacts such
as user apps, channel managers, and an intelligent engine to
guide the focus group’s learning process. The activity drove the
beginning of a business model that could potentially unlock the
expected products (TRL 6-7). Here, the agile plan defined sprints
including prototyping, experimentation, data understanding and
preparation, modeling, measuring (through evaluation/testing
sub-tasks), and development.

* Justify/Evaluate: At the end of each sprint, the Project Team
reviewed the achieved product to learn from the focus group and
determined how it could be improved. Several sprints could be
required because the product is defined from the research process.

Literature Review

Different scientific domains have contributed to addressing mobile
learning and ubiquitous learning, as well as their challenges throughout
the years. Table 1 presents our lines of review with the definition of the
main concepts.
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Table 1: Literature Review Lines

Learning | Electronic “Learning supported by digital electronic tools and
learning media” (Pinkwart et al., 2003).
(e-learning)

Mobile learning | “e-learning that uses mobile devices” (Pinkwart et al.,
(m-learning) 2003).

Ubiquitous “Learning anywhere and at any time” (Hwang et al.,
learning 2008).

(u-learning)
Context | Context-aware | “Systems that adapt according to the location of
the user, the collection of nearby people, hosts, and
accessible devices, as well as changes to such things
over time” (Salber et al. 1999).

Context- Involves adapting systems to the users or their
awareness environment by capturing and understanding contexts.
Channel |Multichannel | “Considers the client as the focus of distribution acting

and aims at making products available at the greatest
number of distribution channels, generating integrated
information and, above all, consistent experiences of
purchases” (Carvalho & Campomar, 2014).

Omnichannel | “Integrating the available channels to conquer and
adapt to the consumer who demands fast answers and
more options from retail” (Carvalho & Campomar,
2014).

Source: Prepared by the authors

Mobile Learning and Ubiquitous Learning

Pinkwart et al. (2003) defined electronic learning (e-learning) as learning
supported by digital electronic tools and media. According to Guri-
Rosenblit (2005) and Gonzélez Videgaray (2007), this concept refers to
the use of electronic media for different learning purposes, ranging from
the classroom’s complementary activities to the complete replacement of
physical presence. This facilitated online meetings based on pedagogical
interactions between students, content, and tutors; therefore, allowing
students to interact anywhere using an electronic device.

Pinkwart et al. (2003) and Quinn (2000), defined mobile learning as
“e-learning that uses mobile devices”. This concept contributed to the
development of educational activities through interactions that employ
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mobile phones and tablets, as well as wireless services. Kukulska-Hulme
(2005) and Wu et al. (2012) suggested that mobile learning began as a
complement to traditional education when students were no longer able
to attend classes in predetermined fixed locations.

According to Hwang et al. (2008), ubiquitous learning is “learning
anywhere and at any time” (p. 82). This concept is based on ubiquitous
technology facilitating the construction of an omnipresent learning
environment allowing anyone to learn anywhere and at any time. To Zhao
etal. (2010), a learning environment in ubiquitous learning is defined as
any scenario which students can be fully immersed in the learning process.

Al-Emran etal. (2018) presented a review of 87 research articles from
2006 to 2018 about the Technology Acceptance Model (TAM) concerning
mobile learning. The research in this area is motivated by the cost involved
in technology implementation. Educational institutions must understand
the factors that affect the students’ acceptance of a particular system
before investing a lot of funds for developing or purchasing it. Among the
findings of this review, most studies focused on the extent of TAM with
external variables, followed by factors from other theories and models,
usage measures, and contextual factors. It was also found that the TAM
model was extended with factors from other theories and models. The
main issue frequently addressed among all the studies reviewed was to
examine the acceptance of mobile learning by students. Most of the
studies analyzed were conducted in Taiwan, Spain, China, and Malaysia
and in the fields of the humanities and educational context, followed by
the information technology and computer context of higher education.

Cardenas-Robledo and Pefia-Ayala (2018) conducted a systematic
review of ubiquitous learning to research the positive effects on learning
outcomes of using mobile learning tools in education. The review proposed
TULA’s nine categories (physical settings, learning sceneries, functionality,
domain knowledge, learning paradigms, effects, academic level, devices,
and technology) and the taxonomy for ubiquitous learning approaches.
The review analyzed 176 approaches built between 2010 and 2017 and
classified them according to the TULA perspective. The authors highlight
that the main weaknesses in the area are related to the conception of a
model of functionalities to be performed by ubiquitous learning approaches,
the design of architectures and frameworks to design approaches, the
proposal of software engineering to lead the development of approaches,
and standardizing and automatizing the development of systems.
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Wang et al. (2017) presented the results of a study on ubiquitous
language learning in socio-cultural contexts following three issues: system
usefulness, activity usefulness, and activity playfulness in museum
learning. The authors examined 12 works achieved between 2009 and
2014 related to mobile technology-supported language learning in
museums. An important aspect discussed in the study is how location-
based mobile applications transformed users from passive receivers to
active learners. Many of the museums adopted ubiquitous location-based
systems using mobile devices to strengthen social ties when students
collaboratively worked to perform language learning activities.

Lucke and Rensing (2014) performed an extensive survey on mobile
learning and categorized the analyzed works concerning educational
settings and the main pervasive technologies used. The authors
mentioned software and hardware in their list of areas for future research
in mobile learning, concluding that pervasive education will result in a
fusion with traditionally isolated education on-site settings could be
enriched with information technology, and face-to-face activities could
be improved with virtual settings. The authors encouraged researchers to
innovate in e-learning through pervasive education, context-awareness,
adaptivity, and immersive experiences.

Verbert et al. (2012) presented a survey of context-aware
recommender systems that have been deployed in "Technology Enhanced
Learning (TEL) settings. The survey outlined areas where further
work is needed. The authors identified relevant context dimensions for
TEL applications, then analyzed existing TEL recommender systems
along these dimensions. Finally, they highlighted topics where further
research was needed to include context data acquisition, contextual data
representation, evaluation studies that assess the impact of individual
context elements on the recommendation process, data set shares, privacy,
among others.

Martin et al. (2011) investigated the frameworks and middleware
systems for facilitating and simplifying mobile and ubiquitous learning
applications development. The analysis focused on operating systems,
programming languages, and the primary purposes of the studied systems.
"The authors concluded that further development is needed in frameworks
and middleware systems devoted to facilitating the creation of mobile and
ubiquitous learning applications to consider different sensors, learning
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objects, services, standards, and platforms for mobile and ubiquitous
learning. There is a lack of advanced frameworks that encapsulate the
complexity involved in dealing with different sensors. Other fields to be
explored are the privacy and security to build systems that guarantee
the user’s rights.

Context-awareness

The term context-aware is defined by Salber et al. (1999) to describe
“systems [that] adapt according to the location of the user, the collection
of nearby people, hosts, and accessible devices, as well as [...] changes
to such things over time”. Context-awareness tends to involve adapting
systems to the users or their environment by capturing and understanding
contexts. According to Byun and Cheverst (2004), a learning system is
context-aware if it can be extracted and interpreted and its contextual
information can be used to adapt its behavior and functionalities to
the current context. According to Siadaty et al. (2008), in mobile and
ubiquitous environments, the context is summarized in the spatial and
temporal aspects of the user’s situation. Hwang et al. (2008) give a
special definition of ubiquitous learning through the concept context-
aware u-learning, which is the employment of “mobile devices, wireless
communications and sensor technologies in learning activities” (p. 83).
Context-aware analysis in teaching-learning processes has evolved
significantly in several emerging fields such as Context-Aware Mobile
Learning Applications (CAMLA). The systematic literature review
presented by Kumar and Sharma (2019) describes the key components of
CAMLA through the extraction and representation of context information,
context adaptation, and different types of applications developed. The
review identifies different context types of which the student, location,
and time are the most frequently used types in CAMLA development.
Hasanov et al. (2019) presented a literature search on Adaptive
Context-Aware Learning Environments using a meta-analysis of 53 studies
published between 2010 and 2018 identifying variables such as mobile
devices, Radio-Frequency Identification, Near-Field Communication,
ontology for context modeling approach, context data from the student’s
profile or location, rule-based adaptation, and informational feedback.
The authors proposed a taxonomy of context-aware categories allowing
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them to propose recommendations for future context-aware research on
the adaptation of educational applications.

The work presented by Mufioz and Gonzalez (2019) evaluated and
discussed common components in context, feedback techniques, and
modeling. They concluded that the most relevant context entities are
time, location, device, environment, and the student. The components in
common include content delivery, student profiles, context acquisition,
question banks, adaptive evaluation, reasoning modules, and feedback
modules.

The paper presented by Nye (2015) proposed a literature review
on trends and approaches in educational technology. The review focused
on the barriers to adopting intelligent tutoring systems and could be
applied to any type of educational technology analysis. These barriers
included students’ basic computer skills, hardware sharing, mobile device
restrictions, data costs, electrical reliability, internet infrastructure,
language, and culture. The differences and similarities between externally
and locally developed tutoring systems were considered. The review
concludes with possible future directions and opportunities for research on
tutoring systems and other educational technologies on the global stage.

The review by Verbert et al. (2012) assessed the degree of analysis
of variables in recommendation systems research for TEL processes.
They presented a context framework that identified relevant context
dimensions for TEL applications. Based on the results of the review, they
describe some issues for which additional research is needed.

Moreover, the systematic review presented by Alsswey and Al-
Samarraie (2019) identified influential factors and challenges affecting
the adoption of mobile learning among the students at universities in Arab
Gulf Countries (AGCs). The authors explored the current evidence on
the use of mobile learning in AGCs. The results show different factors
(i.e., cultural, and social) that contributed to the acceptance/adoption of
learning in AGC universities.

The systematic review of Khanal et al. (2019) explored the mobile
learning’s adoption learning using a selection and analysis methodology
for extracted publications, focusing on the publication trend, the adoption
models used, and a set of factors influencing the adoption of mobile
learning.
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Multichannel vs. Omnichannel

According to Carvalho & Campomar (2014), in marketing “the multichannel
has a premise to consider the client as the focus of distribution acting
and aims at making products available at the greatest number possible of
distribution channels, generating integrated information and, above all,
consistent experiences of purchases” (p. 103). Furthermore, to Kotler and
Keller (2012), each channel has a specific target segment and companies
must be careful to ensure that customers can interact through their
preferred channels. Additionally, Juaneda-Ayensa et al. (2016) defined
omnichannel strategy as

a form of retailing that, by enabling real interaction, allows
customers to shop across channels anywhere and at any time,
thereby providing them with a unique, complete, and seamless
shopping experience that breaks down the barriers between
channels (p. 1).

Omnichannel retailing is a phenomenon produced by the emergence
of channels and new technologies that allow retailers to integrate all the
information these channels provide (Brynjolfsson et al., 2013). Parente
and Barki (2014) mention that clients can access the online information
concerning the products even when they are inside a physical store and
have contact with countless information including promotions, prices,
advantages, and negotiations. According to Carvalho & Campomar (2014),
omnichannel “aims at integrating the available channels —physical and
virtual ones— in order to conquer and to adapt to the consumer who
demands fast answers and more options at the retail” (p. 103).

Based on the concepts and works mentioned above, we identified
areas within ubiquitous learning that are currently deemed challenging so
that further research and development in these fields could be explored.
"The previous reviews provided an important research synthesis on mobile
learning and ubiquitous learning by analyzing various research articles.
It has been observed that research has overlooked the review of context
dimensions and the relationships between them. This is what motivated
us to conduct this SMR. This review attempts to add value to the existing
reviews by including an up-to-date synthesis of ubiquitous learning
research articles mainly based on context-awareness. In contrast, we did
not find works related to omnichannel for education.
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Omnichannel for Education Proposal

"This section describes the components of an innovative product achieved
through the aforementioned research methodology. Figure 2 shows the
global vision of the proposal for applying omnichannel for education.

Figure 2: Omnichannel for Education proposal
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"The proposal’s components allowed us to manage information about
learners, context-awareness, learning process, and channels through
different engines to define and support the student’s learning process.

* Learner Engine: Identifies the characteristics and particularities
of the learners as personal information.

* Context Engine: Oversees the capturing of information from
the learner’s context in which the contents are used such as
geolocation, device, Internet network quality, and ambient noise.

* Learning Engine: Provides study contents and evaluations to the
learners.

* Channel Engine: Responsible for managing and articulating
channels to achieve the omnichannel proposal according to each
student’s particularities based on the results of the Learner
Engine. In this chapter, only web and email channels were tested.

These engines take an intelligent shape through a workflow that
manages the main omnichannel characteristics. To develop and deploy
the above-defined components, a research product called Omnilearning
application was created. This web application provided a context-
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awareness environment where processes of mobile learning and ubiquitous
learning could be analyzed. A set of context variables were captured
in real-time where learners could document the learning workflow
throughout a microlearning proposal consistent of videos and PDF files
that motivated him/her to learn about a topic under his/her learning
style. A set of interactions were prepared in the microlearning where
learners provided data to an adaptive learning system, which suggested
an improved action to the learner. The most appropriate assessment
provided was in accordance to their profile, geolocation, and the most
relevant available contents.

Figure 3 shows the main research components that guided the
building of the application. It corresponds to a conceptual model designed
to explain how channels and engines of Figure 2 work to guarantee an
intelligent workflow that the student can follow anywhere, at any time,
and using any device. A set of sub-models define the conceptual model.
All of them have a set of entities that define the sub-models, functionality
and dynamic interaction with each other.

Figure 3: Conceptual Model of a Learning Engine.
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The Learner Sub-model

The learner is the central element of the proposal. Entities and their
characteristics in the sub-model allowed us to find particularities by
using analytic models that could lead to personalized instructions. Figure
4 represents the user interfaces where learners registered personal
information.

Figure 4: User Interfaces to capture personal learner information.
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Once the learner is an Omnilearning application user, he/she can be
profiled according to age. This is a way to understand why the learner
chooses a learning path and allows the application to apply descriptive
analytics models by finding adaptive alternatives to improve or personalize
his/her learning style or opportunities. A pilot test of the Omnilearning
application included a sample of 54 students of ICT and related areas.
Those students were members of the Target Group and were between
15 and 65 years old. Figure 5 shows three plots that allow understanding
the distribution of the learners by age groups. Figure 5(a) shows the
age distribution of the people registered in the application during the
pilot test. This allowed us to have an early learner’s profile. Figure 5(b)
shows how the learner age groups have accessed the contents. Figure
5(c) presents how the age groups’ learners have advanced in the use of
contents provided in the learning paths. For instance, a frequency value
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equal to 100 represents an age group that has accessed one or more

contents entirely.

Figure 5: Descriptive analytics models by age groups.

User Registration
30
25
= 2
H]
] 15
g
10
5
0
15a25 26a35 36245 46255 56265
Age Groups
(a)Learners registration.
Compl average of | e in content by age groups
120,0
100,0
g 800
@
Z 600
o
=400
2010 .
0,0
15a25 26a35 36a45 56265
Age Groups

(b) Content access.

Total content accessed by age groups

al.

15a25 26a35 36a45 56265

Frequency

aNEs8YsIIxsS
Sooocococooo

Age Groups

(c) Completeness of permanence in contents.

Source: Prepared by the authors

73



Likewise, a learner can be profiled by his/her cognitive style, which
is related to the structure the learner prefers when solving problems,
making decisions, and processing information. These preferences
varied across a broad spectrum ranging from highly adaptive to highly
innovative. Bobic et al. (1999) proposed three dimensions of the Kirton
Adaptation-Innovation Inventory where 32 items were grouped: Rule/
group conformity, Efficiency, and Originality.

It is simplified by choice-pairs of nine multiple selections to create
an alternative measure (Altkirt). At one point in the pilot test, part of the
Target Group (54 participants) had filled out the application responding
to each of the nine proposal points. Figure 6 shows a comparative analysis
showing the tendency for individuals to have an adaptive behavior. In other
words, they are disposed to have a viewpoint characterized by reliability,
efficiency, prudence, discipline, or they are more interested in solving
problems rather than finding problems to solve. The innovator profile is
determined by other cognitive characteristics that could identify him/her.
It could drive the way on how learner knowledge points at preferences
about a topic.

Figure 6: Cognitive style by age groups
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The Knowledge Sub-model

"This sub-model describes the knowledge resources that represent the
structured domain knowledge (theme and topics associated with the
theme) and the content that facilitates the appropriation of the concept
by the learner.

Each topic has been structured considering pedagogical aspects such
as learning objective, level of knowledge (basic, intermediate, advanced),
logical sequence of the topic, and the set of questions that allow evaluating
the learning of the topic. Each content is characterized by its category
and type. The content category is associated with the preferred way of
learning and has been defined in four categories: Motivation (introduction
to the topic), Technical definition (definition of one concept), Example
(implementation of a concept), and Code (implementation of a concept).
On the other hand, the content type defines the different formats in which
the content is presented. Another important entity of the knowledge
model is the content ranking which helps measure the learner’s perception
of the contents.

The definition of the knowledge model is accompanied by its
implementation in the Omnilearning application. A set of microlearning
units define the topics and their contents. Following Goschlberger &
Bruck (2017), “microlearning refers to a didactic concept and approach
that uses digital media to deliver small, coherent and self-contained
content for short learning activities” (p. 545). Microlearning has become
popular mainly due to the increase in the number of mobile devices
and because it brings new possibilities for tracking learner activities and
progress. The content is organized into short 2 to 10-minute video lessons.

Figure 7 illustrates an example of the educational contents of the
application. The content structure is based on the topic called “Software
Design Patterns”, which is distributed over four iterations: General
aspects, Creational Patterns, Structural Patterns, and Behavioral Patterns.
The learner can visualize his/her progress through color-coded graphic
elements including the percentage of content not yet accessed (white),
50% or less of content accessed (yellow), and content fully accessed
(green); the content visited progress bar; and an immediate display of
the evaluation score.
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Figure 7: User interface of Contents and Evaluation.
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When a user uses a content, he/she can vote depending on their
satisfaction with the content. The vote is represented at 0 being the lowest
score and 5 being the highest. Figure 8 presents the rating distribution
of the contents. It also indicates the percentage of permanence in each
content, where 100% represents that the content was viewed in its
entirety. In general, the highest marks are given to content that was
viewed for more than 50% of its total duration.
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Figure 8: Content Rating
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"The evaluation allowed us to verify the understanding of the learner.
In Omnilearning application, there is one evaluation for each iteration. An
evaluation consists of five multiple-choice questions randomly selected
and connects to information presented in the contents. There will always
be at least one question related to a technical definition, at least one
related to an example, and at least one related to a code presented in
the contents. The learner has three opportunities to pass the evaluation.
Each time he/she performs the evaluation, he/she receives the result, as
well as the best obtained result.

The Context-Awareness and Channel Sub-model

This model represents the process of monitoring the environment’s
variables to identify special conditions that originate the automatic
adaptation of the content type that will be presented in the personalized
learning path. The omnichannel communication represents the
technological mediators that facilitate the learning process by eliminating
the barriers of time and space, and captures the context variables to
achieve context-awareness anywhere, at any time, and with any device.
In this work, we managed three types of channels: mobile, web browser,
and email. Figure 9 illustrates the device usage by age groups.
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Figure 9: Device usage by age groups
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According to El Guabassi et al. (2018), the learning environment
or learning context represents the attributes of a learning session
(Mobility, Luminosity, Noise, Internet connectivity, and Location)
which is monitored through context-awareness technology for a specific
learning session. The learner’s activities and achievements are monitored
and analyzed to identify the characteristics of the context in which the
student performs the learning activities. This monitoring also allows for
analyzing the relationship between the characteristics of the context and
the student’s final achievement. The Omnilearning application captures
the following context variables:

* Location (latitude and longitude): The places where the
learner uses the application to access its contents or to carry out
evaluations.

* Ambient noise: Captures the noise (in decibels) of the learner’s
study environment.

* Device type: Indicates whether the learner is connecting from a
cell phone, a tablet, or a computer.

* Battery Level: Captures the battery level of the device used by
the learner.
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* Network speed: Indicates the learner’s Internet network speed.
The possible values are 2g-slow, 2g, 3g, and 4g.

* Accelerometer: Indicates if the learner makes any moves when

accessing a content.

* Time in each content: Captures the time spent on the visited

contents.

Other aspects that characterized the learner (adaptive learner path,
learner profile, and learner behavior) were obtained through an analytical
process based on data generated by the iteration and will be explained in
the Intelligence sub-model. From the selected topic, the system generates
the learning path that the learner must follow. The topic is associated
with a learning iteration which is overcome when the learner answers the
evaluation associated with the iteration (learning assessment).

The Intelligence Sub-model

This sub-model defines the analytic and machine learning models
needed to characterize the learner’s behavior, context-awareness during
the learning process, the learner’s learning style, the management
of learning path contents, and its impact on the results measured
by the evaluation proposed at the end of each microlearning course.
Understanding, preparing, and evaluating the behavior of data and their
support to the decision-making are the main functionalities of this model.
At the same time, the collected data and other required models could
adapt the knowledge resource to different contexts to provide learners
with the best match for their current situation. For instance, Figure 10
shows five clusters that represent learning periods where a set of users
accessed different contents. These timeslots are defined in the following
categories:

* Early bird: 00h - 06h

* Morning: 06h - 12h

* Afternoon: 12h - 17h

* Evening: 17h - 21h

* Night: 21h - 00h
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Figure 10: Clusters of Learning periods preferred by learners
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Figure 11 shows two dispersion plots that allow us

how learners perceived the contents.

Figure 11: Permanence in preferred contents
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Results and Conclusion

The integration of diverse methodologies for the development of our
proposal generated a dynamic teamwork by improving communication,
team collaboration, and maintaining constant interaction with the Target
Group. Design Thinking and Scrum followed a user-centric approach
which allowed the Project Team to have a direct relationship with the
Target Group, making it easier for the resulting product to satisfy their
needs completely. Simultaneously, Lean Startup and ASUM-DM allowed
for scientific experimentation to guarantee a quality product completed
in a short period.

The Project Team confirmed that this proposal is two-fold, meaning:

* Aproposal based on three pillars: the student profile, the knowledge
resources (contents) and context-awareness management, and the
omnichannel communication mechanisms. These pillars were
centered on the learner and their learning profile to optimize
his/her learning. The conceptual model allowed the learner to
follow a flow of access to content anywhere, any time, and from
any device.

* The implementation of the proposal in the Omnilearning
application and the initial experimental results were obtained
from a case study with ICT students.

Bearing in mind that our target audience was primarily digital
natives, our proposal integrated features for users to feel more motivated
to use it. For example, the Omnilearning application provided immediate
feedback regarding student progress through graphic elements such as
the percentage of content represented with white, yellow, and green
colors; a content visited progress bar; and the immediate display of the
evaluation score. It also provided microlearning spaces to encourage
student concentration and generated challenges and ways to establish new
learning styles. The elements were accessible through mobile devices.

Regarding the question: Why not use omnichannel marketing
strategies to educate better and with more coverage and greater
efficiency and impact?, our proposal applied some of the characteristics
of omnichannel in an educational context. The Omnilearning application
distributed information to the learners through different channels:
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mobile (access to the Omnilearning application and all its features),
web browser (access to the Omnilearning application with limited
access to contextual awareness functions), and email (communication
of important milestones such as completing an iteration or the outcome
of an evaluation). In conclusion, it is possible to improve the efficiency
and impact on education using distribution and communication strategies
like those used in marketing. These characteristics provide experiential
learning and identify the restrictions and conditions related to its use at
any given time.

Research Question Answer
The conceptual model that integrates elements in intelligently
mobile learning and ubiquitous for articulating channels, sources of
information, content for learning, and variables of a digital context-
aware, following an omnichannel strategy, is compounded of a
Knowledge sub-model, a Learner sub-model, a context-awareness
and Channel sub-model, and an Intelligence sub-model.

The proposal integrated the main characteristics of omnichannel to
guarantee that the learner was the central element. The main objective
was to offer him/her an appropriate learning experience according to
the context’s characteristics. The application followed consistency and
defined the parameters that helped the user complete tasks practically
preventing the user to have to undertake a new learning process when
accessing from a different device. The proposal considered the context
essential and helped define an appropriate road map to make the right
decisions for the learner. The application followed a pedagogical strategy
that guided students in their learning process through the proposed
contents and evaluations.

The research results proved the significant contribution of
omnichannel strategies in education. Simultaneously, it proved a direct
relationship between learners and mobile devices used during the learning
process. The context variables and final students’ outcomes provide new
knowledge to the decision-making. This research also highlights the way
how many technologies and tools can be successfully involved in the
learning process and provides a straightforward application of modern
educational ubiquitous and mobile approaches.
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Further research and development will focus on:

* Products of new knowledge and dissemination: articles published
in high impact journals, and articles in events.

* Knowledge dissemination products: seminar on technology.

* Knowledge network.

* 'Technological development and innovation products.

* Integrate more channels such as chat, chatbot, two-way SMS,
landing pages, voice, among others to facilitate the capture of
information through the interaction of individuals with available
digital content, and a ubiquitous context-aware.
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