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Abstract 
Mobile WEB applications are one of the most fast developing areas of computer science. Almost all the 
technical universities include the courses on the developing of such applications in their computer 
science curriculum. Teaching this topic has a number of peculiar features though. Thus, there are a 
number of alternative ways for developing such application, different environments, programming 
languages and architectural solutions can be used. There is a substantial number of rather high-quality 
training materials freely available from the WEB that cover this area. The area is changing almost every 
year – new development frameworks gain popularity, some others become obsolete. Teaching the 
developing of mobile WEB applications cannot be done without substantial practical component. This is 
one of the topics where learning-by-doing is almost inevitable. 

Thus, the teachers must teach the most up-to-date developing methods and offer profound practical 
work where students may learn all aspects of the developing such systems. 

 In this paper, we describe the e-learning course on the developing of mobile WEB applications that 
utilize the flipped approach. 

The course curriculum is implemented as a combination of the following components: 

• a number of scripts covering main aspects of the development of the mobile applications; 
• a special shared bookmarks repository 

• a so-called diary – a special e-learning component that is used to support the project-oriented 
communication between students and teachers. 

All the components above are described in the paper along with the actual content of the course. 

1 INTRODUCTION 
The "flipped" classroom (reverse instruction) is an educational strategy where the theoretical 
background is learned by students outside of the classroom. The classroom learning deals mainly with 
the practical application of the theoretical background. From the teacher perspective, the focus is moved 
from the delivering theoretical background to supervising the students’ during the practical development 
of relevant projects. There must be two preconditions to practically use the strategy in E-Learning 
scenarios: 

• The training materials must be available from the Internet in a wide range and sufficient quality. 

• The flow of practical work must be organized in such a way that the students get the necessary 
guidance and feedback during the whole process. 

Obviously teaching the development of mobile systems matches the criteria above [1, 2, 3, 4, 5]. In this 
paper, we discuss the e-learning course on the developing of mobile WEB applications that utilize the 
flipped approach [5, 6]. 

The course provides an overview of different technologies that are needed to develop a so-called Mobile 
WEB Application, i.e. Internet-based applications that are supposed to be used by means of Mobile 
Devices. Such knowledge and skills are in great demand nowadays [1,2,3]. The course is practically 
used for a number of years [4,5] and got reasonably positive evaluation from students. 

Generally, mobile WEB applications can be built using four different architectural solutions: 

1 An ordinary static or dynamic WEB site can be accessed by a mobile internet browser, and thus, 
visualized on a mobile device. Development of such "Mobile WEB sites" requires additional 
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knowledge though. The technology needed for developing "Mobile WEB sites" is known as 
Responsive Web Design (HTML5 and CSS3). 

2 In more complex cases, a special JavaScript component can be developed to run in a mobile 
browser environment. Such a component is normally called Dynamic HTML or front-end. The 
front-end communicates with the server via a special XMLHTTP Request (XHR) object. Such 
architecture where front-end is implemented as a special HTML+JavaScript component is known 
as AJAX. An Ajax application can be implemented using original JavaScript and HTML or with 
the help of a special web application framework. In this course, we discuss original HTML, 
JavaScript and the Angular framework. 

3 If the application is implemented especially for mobile devices, it must be implemented as a so-
called Single-page application (SPA). A SPA can be converted into the native mobile format and 
deployed on the mobile device. There are a number of frameworks that use this technique. In this 
course, the Cordova framework is recommended. 

4 Finally, the application can be developed as a native or cross-platform client that is installed on a 
mobile device and communicates to the server via a number of so-called WEB services. In this 
course, we discuss developing WEB services and mobile clients for different mobile operating 
systems such as Android, iOS and Windows Phone.  

The course curriculum is implemented as a combination of the following components: 

• a number of scripts covering main aspects of the development of the mobile applications; 

• a special shared bookmarks repository 
• a so-called diary – a special e-learning component that is used to support the project-oriented 

communication between students and teachers. 

2 SHARED BOOKMARK REPOSITORY 
To incorporate the training materials available from the WEB into the course curriculum, the special 
shared bookmarking component is used [9].  

 
Figure 1. Shared Bookmarks. 

The "Shared Bookmarks" component (See Fig.1) is a central repository of bookmarks to be used by all 
users working with this course. The   bookmarks are created by the students working on the course. 
The bookmark repository provides such additional functionality as  

• Hierarchical structure consisting of folders/subfolders and individual bookmarks; 
• Descriptions attached to folders and/or individual bookmarks by the authors; 

• Comments from students; 
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• Evaluations in quantitate or textual form and the recommendations based on such evaluations. 

Authoring the bookmarks collection is rather straightforward. Students or teachers select or create a 
relevant folder, and provide the new bookmark as Universal Resource Locator (URL). Optionally, a short 
description can be provided for the URLs or folders. Existing bookmarks/folders may be commented 
and evaluated by other users. Existing bookmarks can be edited or deleted. 

Students simply access the repository (See Fig.1), and see the content as a hierarchy of folders and 
links. Comments that are attached to folders and bookmarks help students to select relevant references. 
Since the bookmarks can be evaluated by students, links can be ranged in accordance with the overall 
evaluation results. The links can be activated simply by clicking on the title. The only advantage of such 
scenario is the collaborative (social) way of creating the repository. Students learn from other students 
and achieve better learning outcomes. Bookmarks that get a negative evaluation from other students 
can be obscured or deleted in due course. Thus, the repository provides only highly relevant references. 

3 DIARY 
To implement the second important component of this e-learning scenario – learning-by-doing, another 
component of the system is used. This component is called a “course diary” [7, 8]. The course diary is, 
in fact, a schedule of learning actions defined by the teacher. A learning action may be: uploading a file, 
answering a question, passing a short online test, etc. The schedule of actions is shared by students, 
and each student has her own history of performed actions, i.e. own memory space that is not accessible 
for other students. Teachers may create, delete and modify the actions (see Fig.2). 

 
Figure 2. Editing Learning Actions 

Each learning action has got a time slot allocated for it; the time slot prescribes when this action should 
be done. Thus, the course diary looks as a sequence of learning actions. Each learning action has a 
title, short description (instruction) and an interactive element that allows performing the action (See 
Fig.3).  

Basically, the set of learning actions should lead the student to performing final learning goal. For 
example, the sequence of learning actions in the Section 4 leads the students to the final goal of the 
whole course – developing a particular WEB mobile application. 

In accordance with principles of reverse e-learning, the teacher should participate in the process of 
learning-by-doing. In our case, teachers can comment on students' actions and evaluate them. Usually, 
the evaluation of each action brings the student some points. Thus, a total sum of points can be seen 
as a quantitative evaluation of student's work on this course. 

The course diary may be printed out along with comments and evaluations, and consequently, be a 
certificate of the work done by the student. Obviously, the course diary can be visualized in a number 
of different ways, for example, the system can show only "active" tasks, and hide all others. The course 
diary can be also visualized in a form of calendar where time slots defined for each action are marked 
out. 

The e-learning scenario ensures both enough guidance and enough freedom for students. The "course 
diary" component defines a certain order in how the students should consume the necessary knowledge; 
on the other hand, the students can always dive into the repository of hyperlinks to investigate the issue 
in a self-guided mode. 
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Figure 3. Course Diary 

4 COURSE DIARY TO TRAIN MOBILE DEVELOPMENT 
In this section, we provide the whole text of the course diary that is in practical use in the university. 

 
Block 01 Deadline … 23:59 
Title: Introduction and Architecture 
Max:4 points 
Content: WWW Architecture, HTTP, HTML, HTTP Server, HTTP Request (GET, POST, Parameters), 
HTTP Response, Mime-Type. 
Read: 
XAMPP Apache + PHP 
lesson18.pdf [Section 1 - Introduction into Internet Applications] 
Consult any relevant materials available on the WEB 
Practical Work: 
Install an HTTP server on your local computer. 
Develop a HTML document using a number of user-defined CSS styles. 
Publish the HTML file on your HTTP server. 
Reporting Results: 
Access the previously created HTML file on your server (File1) with any browser, and make a screen 
dump of the browser screen (File 2). 
Make a "Block_01.zip" out of these two files and upload it into your personal diary. 

 
Block 02 Deadline … 23:59 
Title: Mobile WEB Sites 
Max:4 points 
Content: PHP for beginners. Variables, Assignment Values, Flow-Control Statements, Outputing 
dynamic content, getting and processing HTTP requests. PHP as a Host language for Databases. 
Installing a connection to a database. Creating SQL statements. Sending statements to a DBMS. 
Processing a DBMS response. 
Read: 
lesson18.pdf [Section 2 - PHP Preprocessor and Section 6 responsive design] 
Consult any CSS and PHP tutorials available on the WEB 
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Practical Work: 
Implement a simple HTML document sending an HTTP request to a PHP script on the server (HTML 
form). The document must demonstrate the main principles of responsive design. There must be a 
separated CSS file referred to. 
The script generates output as an HTML file displaying parameters got from the first file. The 
document must demonstrate responsive design as well. 
Reporting Results: 
You should produce three files (HTML file containing HTML form, PHP file and CSS file). 
Make a "Block_02.zip" out of these three files and upload it into your personal diary. 

 
Block 03 Deadline … 23:59 
Title: AJAX Mobile Applications 
Max:4 points 
Content: JavaScript for beginners. Variables, Assignment Values, Flow-Control Statements. 
Document Object Model - HTML DOM; Dynamic HTML = DOM + JavaScript; AJAX. Dynamic 
generating of HTTP requests using the XMLHTTP object. Client-server architecture in AJAX and the 
interface.  
Read: 
lesson18.pdf [Section 4 - Document Object Model and Java Script] 
Consult any AJAX tutorials available on the WEB 
Practical Work: 
Implement a dynamic HTML document that changes some HTML objects via Java Script. Simply 
stated: you see an HTML document, click on an anchor and the document changes itself (changes 
some DOM elements). 
Implement a dynamic HTML document sending an HTTP request (XMLHTTP) to a PHP script on the 
server that returns any data. The HTML document dynamically visualizes the data it got from the 
server by changing some DOM elements (document.getElement...). 
Reporting Results: 
You should produce three files (a PHP script and two HTML documents having a JavaScript 
component). 
Make a "Block_03.zip" out of these three files and upload it into your personal diary. 

 
Block 04 Deadline … 23:59 
Title: AJAX Development Frameworks 
Max:4 points 
Content: AngularJS framework.  
Read: 
lesson18.pdf [Section 7 - AJAX Frameworks] 
Consult any relevant AngularJS tutorials available on the WEB 
Practical Work: 
Implement a front-end application for the back-end (web services) implemented in task 4. 
The application must be developed as a single-page application. 
Reporting Results: 
Make a "Block_05.zip" out of all the files that you implemented for this task and upload it into your 
personal diary. 

 
Block 05 Deadline     23:59 
Title: Deploying the application 
Max:4 points 
Content: Converting the WEB application into a native mobile format. Cordova framework. Deploying 
the application. 
Read: 
lesson18.pdf [Section 8 - Deploying the Application] 
Consult any relevant Cordova tutorial available on the WEB 
Practical Work: 
Install NodeJS and Cordova applications on your computer. 
Import one of previously developed Front-End (Block03 or Block05) into the Cordova environment. 
Add at least one Cordova class for using sensors or gadgets on your mobile device. 
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Convert the application into a mobile native format (mobile application). 
Reporting Results: 
Make a "Block_06.zip" out of all the files that you implemented for this task and upload it into your 
personal diary. 

 
Please note that the text “Consult …” is used as an anchor that forward the students to the relevant 
folder in the shared bookmark repository. 

5 CONCLUSIONS 
We have described the training scenario in the modern Learning Management System WBT-Master [6] 
that is used at Graz University of Technology, Austria for more than 10 years. The scenario are suitable 
for practical implementation of the “Learning-by-Doing” and “Flipped classroom” training strategies. The 
scenarios described above are used in different courses. We see the practical value of this paper in 
possible reproduction and further development of the scenario in other LMS. 
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