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Software tools are an essential part of the teaching environment in engineering studies. Introducing new technologies into the curriculum means a considerable amount of work for the teacher, and many teachers do not feel comfortable unless they completely master a software application and all aspects of a technology. In an already pressured schedule, it may be difficult to find the time to do so. Consequently, students often use older software or the teacher’s preferred software, even though the applications may not be suited to the students’ tasks. This paper addresses the concept of forming training classes consisting of teachers and students, with the purpose of learning software tools and new technology in a quick and efficient way. The idea originates from the experience the authors had teaching a group of students the basics of the engineering calculation software Mathcad. The method is general and can be used for learning all kinds of software, and is not limited to software for engineering purposes.

Introduction

Software tools are an essential part of the learning environment in colleges and universities, and engineering students use several advanced tools in their studies. Students spend considerable time learning specific tools in order to do their project work. Sometimes they need a certain tool for a special project, and may have to learn the software in the course of a few weeks in order to perform their work. On the other hand, for teachers it can be a serious challenge to become familiar with new tools and technology.

Many teachers will not integrate new technology into the study program until they master the software application and all aspects of the technology. This may become a hindrance to giving instruction in the latest technology, and the teachers’ knowledge may easily become outdated. Although it can be argued that once the students are familiar with certain software they will easily learn other applications, this should not be used as an argument against teaching up-to-date technology and the use of modern tools suited to the students’ tasks. A project team at the faculty of Engineering, Oslo University College, explores the idea of a tool-learning workshop. It is our experience that talented students quickly learn new technology and software. When these students graduate, the knowledge disappears with them. We decided to benefit from the students’ knowledge by involving them in a process developing a method for learning new software. The work resulted in a program where teachers and students learn by teaching each other, and simultaneously create instruction material using Power Point presentations.
Project Background
The idea of developing a general concept for learning new software was explored by the authors of this paper at Oslo University College during the spring term of 2006. A project team consisting of two staff members and four students was formed, and in the course of 3 months, 14 students participated on the project. Oslo University College collaborates with the Engineering College of Copenhagen, Denmark (IHK), where the engineering software application Mathcad is used intensively. One of the authors of this paper was in Copenhagen and received basic instruction in Mathcad in December 2005 in order to establish core skills. This knowledge was then passed on to another member in the team. A Power Point presentation tutorial covering the basic topics was created simultaneously. This presentation was used when instructing a group of four students who were going to use Mathcad in an engineering project for a consulting company.

The next step in the project was to instruct teachers and students in the other departments, and in this way, the skills can be passed on to most of the students and teachers at the college in the course of a few months.
1. Motivation

Teachers are pressured for time, and exploring a variety of software tools in order to decide which is the most suitable is time-consuming work. Therefore, teachers often use their preferred software even though it may be less suitable than other tools, and do not always recognise the necessity of introducing new tools.

The project team set out to explore the suitability of the software Mathcad for engineering purposes. By incorporating the exploration of the software’s possibilities into the tool-learning project, the gain was many-fold: Learning to use the software, deciding on the suitability of the tool, and incorporating the students into the teaching process, hereby gaining from their skills. Project participants were teachers and students from the departments of Computer Science, and Energy and Environment. The assumption was that when experts from various fields participate, the information obtained would be more varied and hence improves the project results

The students very soon felt comfortable using Mathcad in their final year project, and launched on the complicated task of calculating the operative temperature at a specific point in a room under varying out-door temperatures, in order to determine if the thermal conditions in-doors are appropriate on for instance, a very cold day. This was part of their final year project.
2. Project Aims and Methods

The aim of the learning project is to create a team of teachers and students working together, creating the instruction material, and exploring the benefits of this method of learning. The assumption is that there is a certain surplus value to be obtained from a collaboration effort of this kind. The students participate on the project on a voluntary basis, and are obliged to share their knowledge and experience with the rest of the team and their fellow students.

The team decided to try out the learning method using the calculation software Mathcad. The software is an engineering tool, which makes it possible to perform, document, and share calculation and design work. The students were given a three-hour introductory course, and were soon able to use the software in their project, learning the more advanced features while working with the tool. An important issue here is that the Copenhagen College team have also acted as support team. The students could send questions by e-mail and receive help quickly. The Copenhagen experts also plan to visit the College and give an advanced course. After the first stage when the four students were taught the basics of the program, two students from the original group instructed a second group of 10 students. This was also a three-hour course. After the introductory course, the students were interviewed about their experiences.

Once the students have acquired basic skills, they start using the software on their own, exploring the more advanced features of the software. The students share their acquired knowledge with students and the teachers on the team, so that the information can be collected, and passed on to new groups of students, who are also obliged to be a part of the team. In this manner, a large group of students and teachers will master the software application in a short period.
The Method
Norway is a country with long democratic traditions, and a culture where there are small social differences between classes and groups of citizens. Equality in education and social standing are core values in the Norwegian society. The distance between the teacher and the students is not great, and teachers and students collaborate on for instance research. The method we have developed for learning new software relies on trust and co-operation between teachers and students. The learning benefit comes from the personal experience accumulated from using the software in question. 

We have chosen the software program Mathcad to implement the method illustrated in figure 1, the ‘Learning tree’. Mathcad is an engineering tool, and was  used in our project for engineering working examples. After having become familiar with the most important features of the program, the teacher creates PowerPoint slides explaining the core functions of the software. The teacher does not have to be an expert user, but only to be acquainted with the basic features, enough to illustrate the use of the program with a few examples. Students very quickly pick up the main ideas and find out how to use the program using electronic or paper manuals, or simple on a trial – error basis. 

The teacher selects a few students who are willing to participate on the project; the recommended number is a group of four. The students are given some working examples and a hand-out of the PowerPoint presentation, and work together in pairs learning the basic features of the program, while the teacher explains and guides them in the process. This session may last for a couple of hours. In our example, three hours of instruction was what was needed to get the students started using the tool. The students then work on their own on the rest of the examples described in the PowerPoint presentation, and add slides based on their own experiences, describing best practices for solving certain problems and examples. 

The next step is for the students to organize a learning session for their peers. In our project, two of the four students held a two-hour session for 8 more students, using the same technique, showing examples and using the original presentation, while the teacher acted as supervisor and assured the quality of the instruction. Two of these students instructed another group of students, and so on, so that after a few weeks, all the students on the course were able to use Mathcad for solving engineering tasks. Also, the original four students and the teacher now acted as an expert group. 


[image: image1]
Figure 1: An illustration of ‘ the learning tree’
The advantages of using PowerPoint is that slides are easy to modify or substitute one for another, whereas updating a user manual created in for instance Microsoft Word is more complicated since one must update the whole document. PowerPoint slides can be organized to follow the learning process, and reorganized or adapted to a specific student group on another level of learning. When the students themselves take on the teaching role, they can modify or change the order of the PowerPoint slides to fit their own way of teaching, and include new examples from their own experience. 

Learning is enhanced through solving practical tasks, and by writing and presenting the material to an audience [4]. The students who participate in this project play different roles; the role of active participating student, and the role of a presenter and teacher of both a software tool and practical examples of tasks being solved with the use of that tool. The method is general in the sense that any software which is used in class can be taught according to this method, using the ‘Learning tree’ model shown in figure 1. 
The Use of Power Point Presentations as Tutorial Format  XE "Power Point Presentations as Tutorial Format" 
Traditional tutorials and user manuals are large and often hard to understand for the novice, the same information is presented several times and in different ways, and there is little or no distinction between important and less important issues. The use of Power Point for creating the tutorials has certain advantages. There is limited space per slide, and the information presented is therefore very concentrated. Using a Power Point format ensures that the most important information is presented first, and details are postponed until a later stage. Practical examples and solutions to exercises are incorporated into the presentation. 

The tutorial is created ‘on the fly’, while using and learning the software. Both teachers and students contribute with their acquired experience. The instruction material created in this manner is highly flexible, can easily be changed, and updated, for instance, when there is a new version of the software. Should the software be replaced, the new software will most likely include many of the same aspects as the old, and parts of the instruction manual can still be used. The project involves using a standard Power Point template developed by the author Jørgen Erik Christensen in a pedagogical project [1]. In this way, we ensure that since many people are involved in the creation and updating of slides, the work is performed according to a standard, which is easy to maintain. 

Results

The project had three main goals:
1. To create a method and environment for learning new software quickly and efficiently

2. To include the students in the teaching process

In the course of three months, the project team has succeeded in teaching a number of students in the departments of Energy and Environment and Computer science to use Mathcad for engineering tasks.

The four students who originally learnt the program have now completed their final year project, and have successfully used Mathcad to solve complicated engineering problems. After three hours of instruction, these students were immediately ready to use the tool in their project. In the course of a few weeks, they mastered the software to such an extent that they were able to teach their fellow students the basic features of the tool, and also to demonstrate the advanced practical example described above. This proves the assumption that there is a surplus value to be obtained from this kind of collaboration effort. The students have acquired skills in both engineering, mathematics as well as in the use of the software, and they have imparted this knowledge to the rest of the project team, including several teachers. 

Interviews with the students show that they appreciate being taught by their peers. They quickly understood the basic features of the tool, and were inspired to start using Mathcad in their work. They also gladly agreed to participate on the project, teaching more of their fellow students the basic features of the program. All the students said that they enjoyed using the software. Mathcad is clearly a tool suited to perform complex engineering tasks. In our example, Mathcad was used by the whole class after a few weeks of instruction. The conclusion is that any piece of software can be taught this way, through active learning and peer-instruction. 
Further work

Now that the method has successfully been tried out and documented for the application Mathcad, it can be transferred to the instruction of other software applications for use in engineering education. 

Industrious students can work on several projects. This will also ease the teachers’ workload. Software tools that are suitable for this learning method are for instance CadVent, a software application for duct design, product selection, drafting and estimating processes for HVAC designers, and AutoCad, a design program for building engineers. In the computer science department there is the explicit demand for a course in the Microsoft .NET platform, and the programming language C#. Several students have acquired knowledge of this technology, and are using it in their projects. These students could be engaged to pass on their skills to teachers and fellow students.
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