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Interactive Teaching of Energy Management
Main Description

Successful learning requires students to interact with the teaching information provided in various ways. Using electronic media elements in the way of teaching, level of education can be upraised and also it can provide access to maximum group of resources to students, by click on mouse. Interactive form no longer limits users to view only graphical and textual elements on the web, but are free to use audiovisual contents so as using the interactive exercises to check their own knowledge.
An electronic textbook was made, which will provide interactive teaching of energy management with multimedia contents. The data about this electronic textbook was presented as tool used in teaching and also a base material for preparation of exam, accessible via Internet.
Short Description

Computer Aided Energy Education. Interactive teaching of energy management is electronic textbook web-based client/server tool.
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1. Introduction

Use of the Internet has become so usual in society that teachers are facing pressure by their students to provide some form of web online teaching. The ability to view audiovisual content on-demand together with textual/graphical screen and also using interactive tests, anytime and anywhere can expand education from a classical classrooms to the flexible environment. However, key part of this kind of education is interactivity, which provides students to use different elements in learning and also to check their own knowledge and have an immediate feedback.

An electronic textbook as a way of teaching and learning and its own interactivity can satisfy many requirements of educational environments and also upraise level of education. Using this kind of teaching and learning methods can improve the level of education, for instance, the material is searchable and cross-referenced. Similarly, in places where there is a need for this kind of information it can provide a big data bank. This paper explores a way of learning and teaching in which the main element is student interaction with the technology.

We present the textbook, its interactivity, its user-interface, and its usage. Interactive teaching of energy management is electronic textbook web-based client/server tool. It consists of the most of the elements needed to teach and learn and also to prepare for the exam. It enables students to watch their textual screen as well as recorded audiovisual lectures and also to check their knowledge through interactive exercises and tests. Each audiovisual sequence is linked with the exact text slide and students can choose to watch or not these sequences or only read the text slides. Menu styled table-of-contents located on the left side allow direct redirection to different parts of textbook.

This textbook can be used for teaching as well as base material for preparation for exam. 

The main challenge in making this textbook is to establish communication between different elements in the textbook, so called interactivity. Also, It is hoped that this textbook will be example to others to try to organise their lectures and textbooks on the interactive basis, because it is a new way of teaching, very popular among students, with very good results.

The paper is organised as follows. Section 2 describes the design of web based electronic textbook and basic elements of which the textbook consists of – the user interface. Section 3 presents communication between elements and description of elements in the textbook. Section 4 presents the overview of online Energy management teaching until now. Section 5 presents expected results and section 6 criteria for measuring the success of electronic textbook.  

2. Textbook design

In this section the textbook design is presented including the basic elements that the textbook consist of. The textbook content takes the form of a web site, a form that proved as good and students are very familiar to it. The goal was to make simple interface which will be easy to use but where all necessary elements will be included.

Figure 1. shows how the user interface is organised, how the elements reflect to user and how quickly and easy it is to navigate through the textbook.

3. Textbook overview 

Online textbook consists of two major components: publicly accessible web pages and textbook recorded on CD. The interactivity between different elements is discussed including how it interfaces to other server components. The use of php language in making interactive tests is explained.
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Figure 1.  Client user interface
3.1. Communication between elements of textbook 

Http is used as the primary client-server protocol since it is widely supported on the Internet.

Digital textbook is written in HTML (HyperText Markup Language). Html is the major language of the Internet's world wide web. Using html and the world wide web, we are able to bring together text, pictures, sounds, and links in one place. Html files are plain text files, so they can be composed and edited on any type of computer.

We used php in making interactive elements in this textbook because it is a dynamically typed language and it is extremely easy and fast to develop in. Php is a widely used scripting language that is especially suited for web database development and can be embedded into html. Inside of html, php code is enclosed in special start and end tags that allow you to jump into and out of php mode. What distinguishes php from other similar languages is that the code is executed on the server. Many of tasks in this textbook, accomplished with some degree of difficulty in many other languages, can be swiftly executed with but a few lines of php code. The fact that php code can be inserted directly alongside html makes the language all the more convenient.
When a user accesses an electronic textbook, which is placed as web page, the web browser contacts the web server to get the html page. Html page consist of two frames. After the user choose area of interest on left side menu of textbook the browser contacts server and provide html page with selected contents. On the top of the page of every unit is button that allows student to choose to watch audiovisual sequence.
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Figure 2. The interaction of elements – how they work together
3.2. Textbook elements

The textbook is made of 13 chapters that cover most of the fields that are pertinent to the introduction to energy management. The content of the textbook material is organised in the way so that the student can, on the left side menu, choose which chapter that he likes to see. These are the chapters of textbook:

· Introduction

· Energy Economics

· Primary Energy

· Energy Transformation

· Numerical Methods in Energy Engineering

· Energy Policy

· Renewable Energy Sources

· Final Consumption and Energy Efficiency

· Sustainable Energy Development

· Energy and Environment

· Energy Planning

· Energy Markets

· Energy Business

Different elements are included in the textbook, which make online content as interactive as possible. 

These elements include: textual/graphical material, interactive test, interactive exercises, case study (some chapters) and additional video clips (some chapters). 

3.2.1.
Textual - graphical material 

Textual/graphical material is made in html form. In every chapter different graphical contents follows the text part. There are also links to web pages that provide additional knowledge or serve as data sources.

3.2.2.  Audiovisual sequences 

Every course consists of media elements beyond basic text and graphics. Students who are reading online text can also use audiovisual sequences of lectures, in order to get oral explanations and lecturer’s comments. It is up to student to decide to watch the sequence. The sequences are edited in order to fit small sequences of the text shown, usually followed by a figure.

3.2.3. Exercises 

Most of lectures are followed by simple exercises, devised in a way to force the student to test his just required knowledge. In order to solve the problem, the student will usually need to set it up in Excel, to solve it, and check his solution with the interactive problem checker. In order to force individual problem solving, some exercises will generate individual problems. On the other hand, when introduction to a new solving technique is considered more important, the problems will be common to all the students, but then the lecturer will have to check the solving procedure.

3.2.4. Case studies

A number of lectures have exercises in a form of case studies, a more complex problem. When student opens page with information, which have case study, it allows him to open this case study in toolbar on the left side. There are 11 different case studies embedded in this textbook. 

There are two types of case studies, one is individual, and is aimed at making students integrate and apply methods, while the other, team case studies aim at students showing creativity and competitiveness.
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Figure 3. Case study
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Figure 4. Interactive test interface
3.2.5. Interactive test 

Interactive questions are also embedded into the textbook so that the student can quickly check his or her understanding of the subject that has been discussed. The questions are chosen randomly from a database, and an interactive test is automatically produced (Figure 4.). When the student finishes the test he can submit his answers and results are automatically uploaded to databases where they are compare with the correct answers stored in the database.

This interactive test is made with php language embedded in html source. Php also allows producing a test with random questions drawn from the server database.

The case studies and interactive tests are made in order to help students for easily checking of their own knowledge. A final exam is reachable only by the student authorization, the answers are send and stored in a special database, so after professor’s over viewing the result of the exam can be sent back to the student.       

3.2.6. Interactive exam

Client user interface of this digital textbook has a link to interactive exam, exam which student can take by the end of semester. To access the exam-web page with this link, every student have to write down a username and a password. All of the questions for exam are taken from database located on server and extract with php language. Professor can decide what questions each student will have or it can be randomly taken from database. After all question are set for each student, exam-web page is created and placed on server. Every student can take the exam that is in form of web page (Figure 5.). After exam is done, every student submits answers, together with attached files (short text and case study) and waits for the results. All the answers from students are saved in database and can be access only by professor who checks and gives feedback to the students about their exam.

Interactive exam is possible especially because of php language.
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Figure 5. exam-web page
3.2.7.
Video clips
Additionally there are video clips added, in order to enhance knowledge or improve the learning process. Such video clips consist of the non-authored material found on Internet, but considered of importance to the subject.

3.2.8.
Glossary items 

The words that have particular meaning to Energy Engineering and Management are explained in pop up windows.

3.2.9.
Cross links 

When something is explained more in depth somewhere else, a link directly to the paragraph is provided.
4. Overview of online Energy management teaching by now 

There were three generations of mechanical engineering students at the Faculty of Mechanical Engineering and Naval Architecture of University of Zagreb who attended the Introduction to Energy Management in partially multimedia environment by the end of 2002. They have shown excellent results and great excitement with this kind of teaching. It was noticed that the teaching with multimedia elements shows greater results then the classical way of teaching. Lecture attendance was higher than 95%, based on student-hours measure, and student participation in the lecture interaction was high, measured with success in exercises and case studies.

Present web page with lectures in Energy management is very well visited. From 1999, when it was installed, until 2000 it had 76000 hits.

All but one student attending the course up to the end of may 2003 have passed the exam the first time they took it. The rate of passing is 100%, which is a high rate compared to other course at the Faculty of Mechanical Engineering and Naval Architecture.

The main advantages of this way of learning are:

· Creates competitive spirit 

· Enables students to determine their own learning styles

· One to one principle - student to computer ratio 

· Students can check their knowledge throughout the course through the interactive test and receive feedback 

· Allows students to learn at any time and in any place
· Allows students to listen to the teacher and his lectures as many times as they want
· Access to different levels of quality information and resources

5. Results discussion 

The main result is an electronic textbook for the course Introduction to Energy Management with interactive exercises and recorded audiovisual lectures, comprising of Internet and CD versions. The electronic textbook is successfully used in course Introduction to Energy Management, but since it also represents a good source of knowledge about basic Energy management topics anyone who has needs for this kind of information can use it. Due to its electronic nature, the textbook will be suitable for upgrade in accordance with developments in energy engineering. 

A textbook is designed for students who attend the course Introduction to Energy Management and for anyone who has interest in basic topics in energy engineering and management or need for information in energy field.

The quality of knowledge transfer has been improved with the digital textbook so it is good example of applied science.  

6. Criteria for measuring the success of electronic textbook 

· A quality of student knowledge on the exam.

· A high ratio (90%) of the students pass the exam on the first examination term so it is better than average (according to the other professors the average time of passing the exam is 36 months after the listening of their subject).   

· A student satisfaction with textbook and lectures (this is known from questionnaires which are fulfilled by students at the end of semester).

· Number of visits (hits) to web server.

· Increasing the student success rate by digitalising the teaching material 

7. Concluding remarks 

The rapid development in information technology is creating a whole new means of educational methods. That multimedia is providing students and others with opportunity to design their own learning styles and give them access to maximum resources, by click on mouse.

This electronic textbook is made to ease and improve students learning process and also to make teaching more efficient. Several multimedia elements are embedded in textbook and together with Internet it represent a powerful tool for teaching and learning of Energy Management.

The electronic textbook was used just to enhance the efficiency of knowledge transfer from the teacher to the student, and not to eliminate the teacher. The material is prepared in a way that lecturer participation is important, although not necessary. Therefore, the attendance was kept high by penalising absenteeism with homework. 
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