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A. Shtub, A. Parush and T. T. Hewett 206±208 Guest Editorial: The Use of Simulation in Learning and Teaching

A. Babich and K. Th. Mavrommatis 209±220 Teaching of Complex Technological Processes Using Simulations

Simulation based on mathematical modelling can be used for investigation, prediction and control of industrial processes and systems,
and for educational purposes. This paper deals with the last objective. Virtual equipment can replace equipment that is unavailable or
that cannot be used for educational purposes; it is of particular importance for complex technological processes and processing
equipment. The technical and methodological aspects of online virtual simulations are discussed. Another challenge is to integrate
virtual experiments that are based on mathematical modelling and simulation by classroom and real laboratory work in order to provide
the most efficient method of mastering engineering courses. Examples of visual simulations for engineering educationy and professional
development as well as an approach to combining real and virtual experiments at the Department of Ferrous Metallurgy, RWTH
Aachen University are presented.
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A. GarcõÂa-BeltraÂn, S. Tapia, R. MartõÂnez 221±227 Simulator for a Multi-Programming Environment for Computer Science
and J. A. JaeÂn Learning and Teaching

The objective of this paper is to explore improvements in the learning process for Computer Science using a new tool (an IDE
simulator) and to demonstrate the pedagogic and cognitive aspects of the tool. This work presents the design and implementation of a
web-based self-assessment environment with multi-language programming questions. The application has been implemented in a
complete e-learning system, known as AulaWeb, and is being used as a facility to encourage students on computer science courses to
practice programming techniques with different programming languages, for example, Java and C/C++. Furthermore, this paper
describes the pedagogical methodology and some results drawn from the experience.

Keywords: IDE simulator; web-based systems; programming languages; learning-teaching strategies; assessment

C. Yehezkel, M. Eliahu and M. Ronen 228±238 Easy CPU: Simulation-based Learning of Computer Architecture at the
Introductory Level

The interdisciplinary nature of the computer architecture domain and the complexity of both hardware and software make it difficult
for instructors to teach students the underlying mechanism of program execution at the introductory level. We present an environment
that helps introductory students to understand how the instructions activate the hardware, and how to master basic programming skills
in machine language. This environment includes a simulation of a low-level computer machine and a comprehensive set simulation-based
activities aimed at scaffolding the learning process. The environment, EasyCPU, displays a schematic model of the computer
components and the dynamic processes as well as the flow of information involved in executing the program at the machine level. The
environment can control external hardware, in addition to the on-screen I/O simulation. This enables students to develop small but real
hardware projects, and thus to experience the interdisciplinary nature of working with hardware and software. The extensive use of
EasyCPU (by 7000 students) provided an opportunity to assess its contribution and to a better understanding of the interactions
between the computer units and the details of program execution and the data flow within the computer, as well as to the development
of programming skills.

Keywords: Simulation-based learning, assembly language, computer architecture.

M. Gunes and A. F. Baba 239±249 Educational Tool for Design and Implementation of an Autonomous
Mobile Robot

In engineering education, the theory presented in lectures must be supported by experimental exercises. Such exercises can be implemented
using educational tools. In this study, an educational tool is presented to teach advanced control processing of an autonomous mobile robot
to both undergraduate and graduate students in electrical and computer engineering. Using this educational tool, engineering students can
learn many fundamental aspects of control processes and image processing and develop RF communication algorithms by using micro
controllers in a practical way. The tool has a flexible structure and a user-friendly graphical interface. The simulator improves
collaborative study, which provides more flexibility for the students performing the laboratory experiments. The developed animation
software is able to create or modify various algorithms in control. This enables students to practice and interpret the controllers via
drawing conclusions by changing the parameters of the fuzzy logic controller (FLC). Students' feedback indicated that theory in lectures
on control systems and robotic were only appreciated after the laboratory exercises.

Keywords: mobile robot; educational tool; collaborating learning; control systems and robotic education



F. Ramos, S. LoÂpez, E. Espinosa, 250±260 Simulator for Learning Symbolically about the Behavior of Motion in
J. Carlos ReboÂn, A. HernaÂndez and Bipedal Robots
A. Arredondo

The main objective in developing the simulator presented in this paper is to assist undergraduate students to learn about the analysis of
motion behavior in bipedal robots by exploring an approach based on fuzzy-symbolical variables. This approach facilitates learning
about and understanding of motion behavior using symbolic reasoning instead of numerical reasoning, such as that based on the analysis
of moments and forces, which are difficult to grasp. An important educational aim of this simulator is to develop cognitive skills such as
analysis, the construction of structures and generalization. In addition, the simulator helps students to develop an aptitude for self-
directed learning as the students themselves build the rules that help them to understand the behavior of motions. The simulator has
been built to interact with two real bipedal robots that have 12 degrees-of-freedom (DOF). Experimental results showed that the
students were able to understand and analyze motion behavior and then predict the risk that the robot would fall as they interacted with
the simulator by reasoning using symbolical variables and their relations. In addition, students developed their cognitive skills
throughout the learning process.

Keywords: cognitive skills; bipedal robots; robot motions; fuzzy relations

Z. Doulgeri and N. Zikos 261±271 Development, Integration and Evaluation of a Web-based Virtual Robot
Task Simulator in the Teaching of Robotics

A web-based virtual robot task simulator has been developed and used in the teaching of robotics through lab demonstrations and a set
of lab assignments. The simulator allows a high degree of real time interaction with a virtual robot that can be commanded to perform
a number of pick and place operations on virtual objects replicating an existing industrial robot manipulator. A unique characteristic of
the system is that, apart from using high level robot motion commands like the real robot, it allows a simplified graphical input of
target positions and orientations to define a gripper path. It also encourages interaction and collaborative problem solving. Empirical
evidence shows that the effectiveness of the learning program is increased by the enhanced motivation and interest of the students and
through their improved learning capabilities.

Keywords: Virtual reality, robot task simulator, teaching robotics, web-based virtual lab

N. Fang, R. Cook and K. Hauser 272±279 Lean Lego Simulation for Active Engagement of Students in Engineering
Education

We have developed a simulation-based hands-on approach to actively engaging students in learning lean manufacturing principles and
tools. In this innovative approach, student teams assemble Lego cars with 45 components in five work stations. The purpose is to
demonstrate a variety of benefits from lean production and to provide students with opportunities to improve processes through hands-
on experiential learning. Quantitative and open-ended questions were developed to survey student attitudes and experience with the
simulation. The results show that over 90 per cent of the students rated their overall experience as positive or highly positive.

Keywords: Lean Lego simulation; active engagement; lean manufacturing

E. Bautista, J. Echavarri, J. M. Munoz- 280±288 Simulink Model for Teaching the `Stick±Slip' Friction Phenomenon in
Guijosa, A. DõÂaz Lantada, P. Lafont, `Machine Vibration and Noise' course
J. MunÄoz-GarcõÂa, J. L. MunÄoz-Sanz and
H. Lorenzo-Yustos

One of the most essential competencies that all mechanical engineers need to acquire during their studies is the ability to model and
simulate problems and mechanical systems, in order to be able to predict the influence of parameter changes and optimise the solving of
any problems. Simulation programs such as `Simulink' can be applied in Mechanical Engineering, not only as Design tools but also for
Teaching. The Simulink models that have been developed to supplement theory classes can be at the students' disposal, so that they can
check the influence of changes on different system parameters and properties. The theoretical study of the `stick±slip' friction
phenomenon, which appears in some low-speed contacts, and its simulation using Simulink is presented. The influence of parameter
changes is also presented and explained as an essential part of the Design Criteria. In the `Machine Vibration and Noise' course at
Universidad PoliteÂcnica de Madrid, several Matlab and Simulink simulators of real problems related to vibrations in machines or
installations are being used as teaching tools. The `stick±slip' phenomenon simulator is detailed as an example.

Keywords: Mechanical systems simulation; Simulink and Matlab; educational innovation; `stick±slip' phenomenon

B. Vahidi and M. R. Bank Tavakoli 289±295 Simulation of Synchronous Generator on MATLAB-SIMULINK for
Teaching Performance Characteristics to Undergraduate Students

For accurate knowledge of a synchronous generator characteristic it is essential to have an idea of its operation conditions. This paper
presents an approach for teaching electric machines used in the laboratory specially designed exercises that can be done with
MATLAB-SIMULINK. This MATLAB-SIMULINK-based technology will simulate a synchronous generator in order to determine its
performance characteristics. By using a prepared simulator, four groups of students have been tested via designed question sheets to
determine the effectiveness of the method for teaching the synchronous generator performance concept. This evaluation is very positive
in terms of students' developing confidence and their better understanding of the tests and theoretical concepts.

Keywords: MATLAB-SIMULINK, synchronous generator, power factor, load

M. J. Saenz and J. L. Cano 296±307 Experiential learning through simulation games: An empirical study

The paper analyzes the different approaches of experiential learning theories, applied in the theoretical framework of experiential
learning through project management simulation games. As a key element of this research, PROSIGA, the simulation game in which
several situations relating to a project management environment can be experienced, is used. The empirical analysis of 102 participants
has shown very significant results, allowing the conditions under which the participant can achieve optimum experiential learning to be
determined. It is also worth pointing out that mistakes are part of their experiential learning process, dissatisfaction providing a key
learning mechanism, demonstrating one of the main strengths of simulation games.

Keywords: experiential learning; simulation games; serious games; learning conditions; empirical study; project management

B. D. Coller and D. J. Shernoff 308±317 Video Game-Based Education in Mechanical Engineering: A Look at
Student Engagement

One of the core courses in the undergraduate mechanical engineering curriculum has been completely redesigned. In the new numerical
methods course, all assignments and learning experiences are built around a video/computer game. Students are given the task of
writing computer programs to race a simulated car around a track. In doing so, students learn and implement numerical methods
content. The paper describes a preliminary study to measure student engagement. Results show that students `playing' the video game in
their homework are significantly more engaged than when working on homework in other engineering courses.

Keywords: video game; serious game; simulation; numerical methods; mechanical engineering; student engagement



W-F. Chen 318±323 A Model for Assessing Web-Based Simulations in Engineering Education

This study provided a statistical model to assess varied types of Web-based simulations in a digital-filter design course. Ninety-one
undergraduate students participated in an experimental study. Two independent variables were studied: Web-based simulations (batch-
based, comparison-based, and interval change-based simulations); and prior Internet familiarity (high and low). Two dependent
variables were measured: a knowledge achievement test, and a problem-solving belief test. The experimental research design of the
study was a 3 � 2 randomized post-test design. Multivariate Analysis of Variance (MANOVA) was used to analyze collected data.
The main effects and the potential interaction of the two independent variables were examined. Results indicate that Web-based
simulation with a simple batch-based design yielded a significantly better learning performance than two other complex simulation
designs (comparison-based and interval change-based simulations) (F[2,85] � 4.274, p < 0.05).

Keywords: Digital-filter design, e-learning, Web-based simulation.

R. AntoÂn, H. Jonsson, J. C. Ramos, 324±332 Refrigerating Cycle Simulator: System Modelling, Educational
T. GoÂmez-Acebo and A. Rivas Implementation and Assessment

To teach and explain system modelling in a Thermal-Fluid application is a challenge: learning how one component or even the
surrounding conditions can influence the performance of the rest of the components of the system and the system itself is not an easy
task. However a suitable educational implementation may help students gain a deeper understanding not only of the system itself but of
the existing interrelation between the Thermal-Fluid fields: Thermodynamics, Heat Transfer and Fluid Mechanics. In this study a
refrigerating cycle simulator is used. The simulator is prepared in such a way that the interrelation between each component, the system
and the surroundings can be analysed by the students. This case study is found to be very useful due of its ability to study system
performance. A three-step educational implementation, the simulator being the third step, has been used and found to be enriching both
for students and instructors.

Keywords: refrigeration cycle; virtual lab; simulator and system modelling

L. Davidovitch, A. Parush and A. Shtub 333±340 The Impact of Functional Fidelity in Simulator-based Learning of Project
Management

Following previous research on the effectiveness of simulators in teaching project management, and research on the impact of history
recording mechanisms on learning and forgetting, at individual level and at team level, this study focuses on the functional fidelity of
the simulator. The simulator with high functional fidelity used in this study had two advanced project management functions: the ability
to hire/fire employees and the ability to split activities. A group of 199 industrial engineering students were divided into two main
groups with only one group having access to the advanced functions. Within each group the students were subdivided into sub-groups
that used three different history-keeping modes: automatic (simulator-controlled), manual (student-controlled), and a third mode with
no history keeping. All the groups used the same scenarios for training. The performance of participants who were running the
simulation with higher functional fidelity (i.e., with advanced functions) was significantly better than that of participants running the
simulation without these capabilities. Furthermore, the students' decisions on when to record the history during the training process had
a particularly strong enhancing effect on the learning process.
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J. R. Serrano, S. Ruiz, J. J. LoÂpez 341±348 A Teaching Approach for Gas Turbines Using Spreadsheets
and C. Guardiola

This paper describes a spreadsheet-based approach for the calculation of the component matching in a gas turbine engine. The
spreadsheet solution is based on a classic, graphical method, so it can easily be understood by the student. The student can concentrate
his attention on problem fundamentals and the solution, since no calculation effort is needed on his part. The teaching methodology has
been satisfactorily used with Mechanical Engineering students, whose feed-back is summarized.

Keywords: Gas turbine engines; power plants; spreadsheet; mechanical engineering

M. Krajnc 349±357 E-learning Environment Integration in the Chemical Engineering
Educational Process

This paper introduces the electronic Portal, reports on the experiences of its use, shows how it motivates students towards more
successful study, encourages lecturers to give better lectures, enhances learning, and so reduces workloads. A group of students from the
Department of Chemistry and Chemical Engineering in Maribor have used this Portal in their Process Synthesis Course for the last
four years. Their responses to e-learning and the Portal were collected by means of a questionnaire. The students thought that the
Portal was an effective tool that helped them to improve the quality and efficiency of their studies. They thought a combination of
lectures and e-learning to be the most suitable solution for them because it gives a freedom of choice in methods and time devoted to
studying. They suggest that this kind of arrangement would be beneficial for use in the future. These statements could motivate college
students to choose studies at departments that use modern technologies within the educational process and thus increase the enrolment
in those departments. The faculties' responses to using the Portal are also presented. The results of their questionnaires were not as
encouraging as the students'. A few lecturers had already used certain functions of the Portal but, in general, they thought that the
incorporation of e-learning into the educational process means a heavier workload and is time-consuming. Perhaps the experiences of
the lecturer for the Process Synthesis Course, who has been using e-learning for several years, will demonstrate that the incorporation
of e-learning into the educational process leads to a heavier workload at the start, but this reduces over time. Perhaps this experience
will encourage the faculty to reconsider.

Keywords: ICT, electronic tool; e-learning; chemical engineering courses



M. E. MacõÂas and E. D. Guridi 358±364 Emulation of Real Processes to Improve Training in Automation

In the automation field, the coursework assignments are basically automation tasks that follow real systems. The reason why students
need to work under this practical approach is because there is a constant need for industry-focused qualifications for new entrants to
the job market. A practical orientation towards industry needs is required. However, many universities cannot afford the appropriate
laboratory equipment to develop the required practical skills. A possible solution is to use computer emulations to support hands-on
education and training. At the ITESM Tele-Engineering laboratory, emulated models have been developed and used for the last three
years.

Keywords: automation; computer simulation; laboratory education; plc programming

J. PeÂrez, F. JimeÂnez and S. Poveda 365±373 Classroom Simulation of Cooperative Engineering Design Practice in an
Aeronautical Company

A teaching experiment was conducted with students of Graphic Engineering at Madrid Polytechnic University Aeronautical Engineering
School to improve their professional development in cooperative engineering design tasks in an aeronautical company. A matrix-like
company structure made up of departments interacting on different projects was created. This means that the students had to
collaborate and share design information. This paper describes how the experiment was organised, how it developed and the most
significant results. Considerable quantitative and qualitative improvements were observed compared with the traditional methods that
were used on previous courses.

Keywords: design; education; teamwork; cooperative design; aeronautical design

J. Wren, J. Renner, R. GaÊrdhagen 374±380 Learning More with Demonstration Based Education?
and K. Johansson

The purpose of this case study is to present an alternative way of teaching, using demonstrations as a teaching aid. A system for
visualisation and demonstration of fluid mechanics, particularly laminar and turbulent flow, has been developed, used, and evaluated in
a basic fluid mechanics course for students in Mechanical Engineering. The idea underlying the demonstrations was to enhance the
students' conceptual understanding of phenomena that emerged in fluid mechanics. In order to investigate the outcome, we asked the
students from two different groups to fill out a questionnaire in a `cross-sectional' manner. The results indicate that demonstration-
based education had increased the students' motivation and probably enhanced their learning. This could imply that the student moved
from a `surface approach' to a deep-level approach to learning.

Keywords: active learning; conceptual understanding; demonstrations; fluid mechanics

R. Salgado, N. Takeda and N. Roffe 381±390 Interdisciplinary Collaborative Active Learning: The `WOW!' Factor for
Project Oriented Industrial Design and Electronic Engineering Courses

In this paper, we describe the guidelines for active learning activities for courses that share a final interdisciplinary project. Our
observations are based on the interaction by students from two disciplinary contexts during the development of an academic project,
specifically the design and assembly of a fully functional consumer electronic device. During this process our main objective was to put
into place good practices for the combination of industrial design and electronic engineering disciplines using collaborative and active
learning techniques. It is our intention to present the results of our studies and methodology as a reference for further experiments in
the same line of research or as a case study for other disciplines.

Keywords: interdisciplinary; industrial design; electronic systems; computer mouse; RIRReD

E. Kongar, T. M. Sobh and M. Baral 391±402 Two-Step Data Envelopment Analysis Approach for Efficient Engineering
Enrollment Management

In this paper, we present two consecutive Data Envelopment Analysis (DEA) models to measure the relative efficiency of applicants to
graduate programs in engineering and to compare these efficiencies with the success of these students in the program. The proposed
performance criteria are determined depending on the current evaluation criteria in the School of Engineering at the University of
Bridgeport. The steps and implementation of the proposed methodology are explained with the help of a numerical example for the Fall
2004 semester.

Keywords: graduate enrollment; engineering; decision making; engineering education; Data Envelopment Analysis.


