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Abstract—Mobile computing and wireless technologies are transforming
traditional educational patterns. The use of mobile devices for educational pur-
poses led to what is known as mobile learning. In recent years, mobile learning
strategies have been increasingly adopted in higher education. They support
personalized, informal, situated, contextualized and ubiquitous learning. In
practice, we have witnessed that courses in software engineering education of-
ten do not lead to the expected learning outcomes. In this paper, we will there-
fore present a motivating and learner-centered approach for mobile e-learning
in application prototyping. We use mobile devices as key enabler serving dif-
ferent didactic functions in the context of learning, prototyping and collabora-
tion.
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1 Introduction

Over the last few years, we can see a strong shift from hardware towards software
in many different areas (see, e.g., [1-4]). A result of this process is an increased need
for highly skilled software engineers. Our University is strongly committed to help
the industry to satisfy this demand by ensuring that our graduate students are very
familiar with modern software engineering and developments tools.

In scope of the Bachelor-level course “Mobile Application Development” we have
introduced a mobile e-learning approach. The main goal was to create a motivating
learning environment, where the students would be able to individually identify their
development potential and to continuously improve it by targeted learning.

We designed and optimized all the learning material of the course for the presenta-
tion on smartphones and tablets. These devices are also used for application develop-
ment, enabling interactive testing and making successful progress immediately visi-
ble. By using appropriate tools students are also able to communicate and collaborate
virtually by their devices. This triple function of smartphones and tablets as mobile e-
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learning devices, together with a selected mix of multiple modern didactic methods
make this course to a best practice template for teaching advanced application proto-
typing. In this paper we will present the detailed concept for our applied mobile e-
learning approach as well as major learning outcomes.

The remainder of this paper is structured as follows. Section 2 discusses related
work on mobile learning in higher education as well as in software engineering educa-
tion. Subsequently, Section 3 introduces our best-practice mobile e-learning approach
for application prototyping including learning outcomes and the didactic method mix.
Section 4 concludes the paper.

2 Related Work

2.1 Mobile Learning in Higher Education

In the area of teaching and learning in higher education, mobile computing tech-
nologies have become a very important research topic over the past few years (see,
e.g., [5-8]). The use of mobile devices for educational purposes led to what is known
as mobile learning, providing new opportunities for active learning by utilizing the
advantages of mobility and wireless technology [7, 8]. The advancements in commu-
nication technology enable learners to use mobile technology anytime and anywhere
to access up-to-date educational resources and individualize learning [9]. In addition,
it facilitates the interaction with other students to share information or work collabora-
tively on a task or project. Thus, mobile learning is both formal and informal. Situated
and contextualized learning, i.e. the application of knowledge and skills to specific
contexts, is also supported, since learners can apply what they learn immediately [5,
10].

Some students also experience frustrations and challenges in mobile learning sce-
narios (see, e.g., [10]). Frustrations may result, for example, from the reluctance of
instructors to provide learning material that is optimized for mobile devices. Moreo-
ver, other applications on the device may distract the students from learning. Some
studies also argue that mobile learning leads to constant connectivity and thereby
fosters digital addiction of students as their personal identity merges with their mobile
devices [10].

2.2 Mobile Learning in Software Engineering Education

Fox et al. list several challenges instructors face when teaching software engineer-
ing topics [11]. Amongst others, these challenges include the vast amount of material
that needs to be taught in short time in order to enable students to start their own
software projects, the limited quality of most software engineering textbooks, as well
as the dissatisfying learning outcomes of such courses. It is also important that stu-
dents receive proper feedback on their practical programming tasks in a timely man-
ner which is often not realized in software engineering courses [12].
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With the advent of mobile devices and especially smartphones, several authors
started to argue that the teaching of programming should be done directly on the mo-
bile devices itself (see, e.g., [13-16]). Many authors also advocate for combining
traditional, e-learning, and mobile learning strategies in order to successfully teach
programming contents (see, e.g., [17]). One positive effect of integrating mobile
learning in software engineering education is that it allows implementing and includ-
ing new technologies to make students more prepared for their future work [18].
Thus, besides students’ interests, potential employment opportunities were important
motivations for our focus on mobile app development for teaching software engineer-
ing principles.

application
prototyping

mobile
e-learning
devices

virtual
collabora-
tion

mobile
learning

Fig. 1. Triple didactic function of mobile devices in our course design

3 Best-Practice Approach

3.1 Problem statement

The primary goal of a Bachelor program in Computer Science is to provide stu-
dents the foundations for future work and careers in computation-based problem solv-
ing. Our study program at the University of Applied Sciences Campus Vienna empha-
sizes the development of analytical skills, acquisition of knowledge and understand-
ing of systems, programming languages, and tools required for effective computation-
based problem solving. Key skills gained with our degree program include a solid
understanding of software development as well as comprehension of modern software
engineering principles.
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However, as experience has shown, students’ capability of practical application of
programming skills and software engineering principles leaves room for improve-
ment. We therefore currently undergo a substantial update and refurbishment of our
study program in order to strengthen these skills. One key element is to design and
implement more motivating and learner-centered course concepts. In this paper, we
present one concept which we applied in the area of mobile application development.
The course design includes a selected mix of several best-practice didactic methods
tailored to cover the identified shortcoming.

3.2  Mobile Learning Concept

The main goal of our Bachelor-level course “Mobile Application Development” is
the design, implementation, and testing of mobile applications for smartphones and
tablets. Before designing our course concept, we formulated a number of guidelines
(similar to, e.g., [19]):

* Our focus is on teaching fundamental principles in software engineering and appli-
cation prototyping instead of skills that turn out to be obsolete quickly. Therefore,
if any vendor-specific technology is used throughout the course it is merely for
knowledge delivery.

* In order to provide a realistic setting and thereby prepare students for their future
jobs, the course challenges students with all aspects of application development:
from designing a graphical user interface, over using sensors, to leveraging
backend online services.

* The course provides solid theoretical background information to enable students to
apply their knowledge also on future technologies in the area of mobile application
development.

* Within the course, students get familiar with the basic concepts and will be guided
through their first steps of application development. Later on, students are more
and more encouraged to gain knowledge via their own research. However, the in-
structors provide extensive coaching facilities throughout the whole course.

* We foster the collaboration between students by encouraging group works and
providing tools that support virtual collaboration. The collaborative element should
enable a more motivating development experience and eventually lead to better re-
sults.

* Besides using mobile devices as development tools, they are also applied as prima-
ry learning enabler (see Figure 1). All course material as well as the didactic con-
cept are optimized for mobile devices, such as smartphones and tablets. Thus, mo-
bile devices serve as the primary learning object for students to enhance program-
ming skills by developing mobile applications. In addition, mobile devices serve as
the primary learning medium as all learning material is designed for mobile learn-
ing. All collaboration tools are also selected for use on mobile devices. This triple
didactical function of mobile devices aims at ensuring a sustainable learning suc-
cess by fostering situational and contextual targeted learning.
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3.3  Learning Outcomes

We defined the following learning outcomes for our “Mobile Application Devel-
opment” course:

* Understand and apply an effective software engineering process, based on
knowledge of widely used software process models.

* Employ team working skills including organized planning, time management and
inter-group negotiation.

¢ Capture, document and analyze requirements.

* Translate a requirements specification into an implementable design, following a
structured process.

* Make effective use of UML and apply software design strategies.

* Design a testing strategy for a software system, employing techniques such as unit
testing, test driven development and functional testing.

* Evaluate the final projects by checking compliance with the requirements, and
analyze the design and implementation.

3.4 Didactic Method Mix

Our “Mobile Application Development” course is divided into two parallel parts, a
lecture and a tutorial part (see Figure 2). In order to achieve the learning outcomes,
we apply a set of well-known best-practice didactic methods. In the lecture, we im-
plemented the didactic concept of an inverted classroom (see, e.g., [20, 21]). In an
inverted classroom, lecture content is provided over some asynchronous medium.
Students access this content outside of class. During the class hours students are in-
volved in learning activities such as in-class assignments, laboratories, and discus-
sions.

The students reflect each self-study phase in a learning diary, where they answer
questions like: “What did I learn? What was new to me? Was there something that
changed my views and why? Focus on and analyze the themes important to you.” and
“What did I not understand? What went against my own ideas and why? What was
less comprehensible and why? Focus on and analyze questions that left you puzzled.”
Based on the learning diary entries, the in-class hours start with clarification of open
questions and then focus on further deepening the contents. This inverted classroom
concept enables a strong learner-orientation as well as individualization of course
contents during class hours. The mobile learning aspect further supports location- and
time-independent learning as well as immediate interaction between students about
learning contents.

The tutorial part of the course is intertwined with the lecture part. It aims at apply-
ing the concepts from the lecture within a comprehensive student project, i.e. the
design and development of a mobile application for smartphones and tablets. The
student groups work on these projects on their own. In addition, they are supported by
regular meetings with their instructors as well as a range of software tools for project
management, code version management and tools supporting the virtual collaboration
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of students during the software development process. The main goal of this tutorial
course part is to introduce students to the nature and complexity of real software pro-
jects.

We officially start the tutorial part with a Hackathon event. A hackathon (hacking
marathon) can be described as a problem-focused computer programming event,
where people come together to develop prototype applications by collaborating inten-
sively over a short period of time [22]. Organizations use hackathons to test their new
products and services as well as to generate new ideas [23]. They either focus on
attracting external developers or requesting own employees to focus on a specific
problem. Hackathons are also seen as a tool to broaden participation of women and
minorities [24]. In accordance with [25], the main goals of our hackathon event where
to support team formation, provide an opportunity to creatively develop and assess
app ideas via face-to-face interactions and thereby increase motivation of the students
to put a lot of effort in realizing their ideas.

lecture tutorial

¢ inverted classroom * hackathon
¢ learning diary e student project
e in-class hours work with

instructor coaching
® peer assessment

Fig. 2. Didactic method mix in the Mobile Application Development course

Within the hackathon event, students first collect in a brainstorming manner as
many app ideas as possible, then form teams and subsequently reduce the number of
app ideas, until each team has decided on one particular app idea, which they are
going to develop. Following [26], each team defines the requirements for their app in
four prioritization categories using the MoSCoW system - Must have, Should have,
Could have, and Won't have but would like [26]. After the hackathon event, students
start working on their projects with regular coaching meetings with their instructors.

After the projects are finished, the final apps are evaluated via peer assessment.
The projects are distributed between the different student groups, which then check
the conformance between the original MoSCoW requirements and the behavior of the
final implementation.

3.5 Advantages and Obstacle

The main advantages of our approach are: (1) the support of individual learning
patterns concerning time, location, and speed of learning; (2) students can access
learning material situational and contextualized while developing their mobile appli-
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cations; (3) students anchor knowledge by deepening and discussing contents in the
lecture which are first captured by the students on their own; (4) students apply the
contents in a complex software development project.

The main obstacle in our learning setting is that students enter our course with very
different levels of programming skills. This is mainly because we also offer a part-
time study allowing students to pursue a study while working full time. Thus, our
student groups include professional software developers next to students with very
limited software development experience. Our mobile learning concept addresses this
issue by enabling individualized learning speed and intensity.

4 Conclusion

Teaching software engineering topics is a challenging task. In order to meet the
demands of the mobile age, research suggests teaching programming directly on mo-
bile devices. This may be combined with another educational trend called mobile
learning, where mobile devices are used as the primary learning medium. One posi-
tive effect of integrating mobile learning in software engineering education is that it
allows implementing and including new technologies to make students more prepared
for their future work. We therefore designed a Bachelor-level course concept for Mo-
bile Application Development using smart phones and tablets as the key tool for
learning, prototyping, and collaboration. In future research, we will apply and evalu-
ate this course concept in different student settings.
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