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Abstract. This article deals with the educational values of the robotics 
tournaments as a form of project-oriented learning in engineering. The 
features of the project-oriented education, namely motivation, problem 
solving, time limits, interdisciplinary approach, team-work cooperation and 
applicable outcome, are discussed in relation to the Robotics area context. 
The RoboCup survey data about the participants, their motivation for 
participating in the program and preferences in the prospective summer 
school curriculum are summarized. Suggestions for incorporating educational 
activities in the RoboCup program are proposed. 

1 Introduction 

A number of robotics tournaments, such as the robot world cup initiative RoboCup 
[1], [2], [3], were held with great success during the past few years, The fielders at 
these robot football games are autonomous mobile robots designed by the competing 
university teams. 

Robotics competitions attract an increasing number of universities and are 
arousing wide public interest. It becomes evident that perspectives of RoboCup 
development are not only in AI and intelligent robotics research but also in 
education. The reasons for the need to consider educational aspects of programs like 
the RoboCup are as follows: 
• The majority of the team-members are students participating in the program 

during their studies; 
• RoboCup projects may offer to the participants a wide range of modern 

technologies; 
• Efforts for arranging robotics tournaments may be justified by their educational 

benefit. 

The purpose of this article is to stress the educational values of the robotics 
tournaments as a form of project-oriented learning in robotics. 

Project-based education currently attracts the keen interest of engineering 
educators. It is a way of teaching/learning by using key professional problems as 
the stimulus and focus of student activities [4]. 

Kolmos [5] distinguishes between three types of project works. In the assignment 
project the problem, the subject and the methods are defined by the supervisor. In 
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the subject project the students have a free choice either of problem or methods as 
to the subject defined by the supervisor. In the problem project the students have to 
analyze the problem, specified by the supervisor in general terms, and to determine 
the adequate disciplines and methods. The conclusion is that all three types of 
projects are necessary, since they lead to different kinds of knowledge and skills. 

While aspiring to achieve the project goals, the student acquires important 
professional skills such as self-directed learning, problem solving, work planning 
and communication. Thus project-oriented learning is expected to increase the 
quality of learning [6] and to promote skills of effective professional retraining to 
new areas of expertise in response to technology changes, cross-functional team- 
work and market dynamics [7]. 

In this article the features of project-based education in the area of robotics will 
be discussed. Statistical data about the participants and their attitudes towards 
RoboCup will be summarized. Some suggestions for incorporating educational 
activities in the RoboCup program will be proposed. 

2 F e a t u r e s  o f  P r o j e c t - O r i e n t e d  L e a r n i n g  in Robotics 

Projects in robotics relate to professional experimentation in design, building and 
programming of robots. Making mechanical devices that are capable of performing 
human tasks or behavior has become a favorite subject for graduate student projects. 
Some universities are introducing projects in robotics into their undergraduate 
engineering programs [8,9]. Therefore, the definition of educational objectives, 
curricula and strategies for project-based education in robotics is now required. 

The following features of project-oriented learning are emphasized: Motivation, 
problem solving, strict time limits, interdisciplinary approach, teamwork 
cooperation and an applicable outcome (Fig. 1). Let us consider some of these 
features in relation to the project-based education in robotics. 

A. High Motivation to Learn. Motivation largely determines the student's behavior, 
especially the processes of active learning, that are central for project-based 
education. Motivation to learning may be divided into six factors [10]: 

MI: A positive attitude towards the learning situation, the subject and the method; 
M2: Awareness of the practical needs and values of the learning content; 
M3: Extrinsic stimulation of learning results; 
M4: Positive emotions within the learning process; 
M5: Achieving the reward of competence; 
M6: Reinforcement of the learner's abilities and skills. 

Specification and analysis of these general factors in the context of project-based 
education in robotics is required in order to give recommendations on motivating 
RoboCup team-members. In this article we will make a first step in this direction - 
personal motives of the RoboCup participants will be statistically analyzed. 
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Fig. 1. The following features of project-oriented learning 

B. The Emphasis on Problem Solving. Problem solving is the core of the 
developmental learning process. Developing the ability to recognize various 
approaches to the problem, generate and optimize solutions in relation to multiple 
criteria is crucial to the formation of engineers. Many educators believe that there is 
an essential difference between technological and general problem solving. To show 
this difference, the Polya's definition of the general problem solving steps can be 
compared with that proposed by Dekker for technological problem solving. 

The Polya's GPS steps: The Dekker's TPS steps: 

(1) Define 
(2) Think about it 
(3) Plan 
(4) Carry out the plan 
(5) Look back 

(1) Recognize a need 
(2) Accept the Challenge 
(3) Define the problem 
(4) Collect Information 
(5) Synthesize & Ideate 
(6) Analyze & Optimize 
(7) Evaluate 
(8) Implement 

The reasonable position is that solving problems through all the steps given in the 
model of Dekker, from recognizing the need up to the implementation is more 
suitable for training in practical thinking and design skills. 

RoboCup is stated as an AI and robotics research program focused on a specific 
problem - performing actual robot soccer competitions. It deals with challenging 
problems of robot design, control and behaviors, as well as adapting a wide range of 
modern technologies [3]. The "layered" building-up approach to constructing robots, 
implementing behaviors and their testing at the RoboCup competitions [11], [2] 
makes the program an ideal learning environment for involving students in problem 
solving activities. Special educational consideration on using this advantage is 
required. 
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C. Working Within Strict Time Limits. An important didactic goal of the project- 
based education is to develop the skills of time-planning and completing 
assignments on time. In this connection participation in the RoboCup program 
requires from the student carefu! planning of his project as part of the teamwork in 
order to stick to the schedule of the robot competitions. 

D. The lnterdisciplina~ Approach. Robotics is an interdisciplinary subject. While 
building and programming robots, students acquire various theoretical and practical 
experiences in engineering science, including mechanics, electronics, mathematics 
and physics, computers and artificial intelligence. While participating in robotics 
projects, the students acquire basic technological knowledge and skills which they 
usually lack. Thus the RoboCup program can help eliminate the disparity of a strong 
science background vs. lack of basic technology skills, which is typical for a 
significant group of undergraduate engineering students. 

E. Close Team-Work. Developing team-work cooperation skills is considered an 
important component of the engineering education process [7]. The project 
education framework gives the students initiative in work planning and decision 
making, thus stimulating close team cooperation. Being an international program of 
robot competitions, the RoboCup exceeds the usual project cooperation framework. 
The students, are involved in the following forms of cooperation: 
• Collaboration with team-mates in developing the autonomous robots-"players"; 
• Programming team cooperation behavior of the autonomous robots; 
• Rule-guided competition with other teams; 
• Programming rule-guided strategies of robot competition. 

Openness and readiness for cooperation shown by the team members during the 
RoboCup competitions were mentioned by observers, including the author of this 
article. A study of the stimulating effect of participation in competitive team 
projects on developing team-work skills is required. 

F. Applicable Outcome. Projects in robotics result in making mechanical devices 
ready to perform some specific assignments or behaviors. Robot competitions 
provide a way to evaluate objectively the project results. 

The RoboCup outcomes are used as new methods and technologies of AI and 
intelligent robotics not intended for direct economic application. The argument in 
favor of focusing the RoboCup on realistic but not real world problems [3] is that 
the real problems need taking into account the specific domain and socio-economic 
factors, while many of the academic groups focus on fundamental research. 

We accept this argument, but should mention that from the educational point of 
view, solving real practical problems is an inevitable component in formation of an 
engineer. Therefore it is required to find a rational combination of real and realistic 
problems for student projects performed in the flame of the RoboCup program. 

Summing up the discussion on framework and objectives for project-oriented 
learning, we may conclude that projects in robotics made in the framework of the 
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competitive problem-centered programs like RoboCup provide the students with a 
direct insight into theoretical and practical engineering. 

3 An Operative Questionnaire for RoboCup Team-Members  

From the educational point of view RoboCup presents a new phenomenon in 
relation to the learning subject and teaching methods. Therefore it was decided to 
use a questionnaire in which we asked the team-members for some details on their 
participation in the RoboCup. The questionnaire was presented on the last day of the 
robot competitions. Answers were obtained from 77 respondents - the majority of 
the team-members. 

The questionnaire includes four sections. The first section relates to general data 
(name, country and position). The second describes the participants' experience in 
RoboCup: Period of participation, form of participation (league) and role in the 
team. 

In the third section the participant is asked about his/her motivation for 
participation in the RoboCup. The question is formulated in the following open- 
ended form: "To what extent are the factors mentioned below important for your 
participation in the RoboCup (from 1 to 5, 5 - very important)". The mentioned 
factors are: 

• RoboCup challenge, 
• Applying and testing your ideas, 
• Practical training, 
• The soccer idea 
• Prestige of the program, 

• Team work, 
• Prospective research field, 
• Perspective career opportunities, 
• Game playing, 
• Other motivation factors (name), 

In the forth section the participant was asked about his/her preferences in the 
prospective RoboCup summer school curriculum. The open-ended question was the 
following: "To what extent is it important to include the following subjects in the 
summer school curriculum, in your opinion?" The list of subjects included: 

• Overall lectures, 
• Robot building workshop, 
• Simulator programming workshop, 

• Paper presentation, 
• Panel discussions, 
• Education. 

4 Questionnaire Results 

4.1 General Data and Experience in the RoboCup 

Distribution of the team-members according to their positions in the universities is 
presented in Table 1. 
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Table 1. Positions of the team-members 

Undergraduate Graduate Postgraduate Research assist. Professors 
students students students & ing. 

15 18 12 11 18 
I I I I I  

One can see that the teams are recruited mainly from students. Many of them are 
graduate students though the numbers of undergraduate and postgraduate students 
are also significant. 

The distribution of the respondents according to the period of participation in the 
robot competitions is given in Table 2. 

Table 2. Period of participation in RoboCup 

Less than half a year From half to 1 year From 1 to 2 years Over 2 years 

37 25 11 4 
II I 

According to the table, the majority of the team members have been involved in 
the RoboCup for less than a year. Almost all the undergraduate and many graduate 
students have participated in the program for less than half a year. Their successful 
performance during the robot competitions in Nagoya indicated that the task of 
design and building robots for a robot-soccer competitions may be completed by 
graduate or even undergraduate students within one/two semesters of team project 
work. 

The RoboCup competitions were held in middle size, small size and simulation 
leagues. The number of respondents participating in each league is given in Table 3. 

Table 3. League 
i l l  ll,m, 

Middle size Small size Simulation 

29 14 36 

4.2 Motivation for Participating in RoboCup 

The questionnaire results related to the personal motivation factors are summarized 
in Table 4. In the first (left) column of the table the motivation factors mentioned in 
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the questionnaire are listed in descending order, according to the average grade (for 
all the respondents) given to each factor. 

The average grades are listed in the second column (AG/all). The third column 
(VI) presents the number of respondents who assigned the highest grade 5 to each 
motivation factor, i.e. consider it as very important for their participation in the 
RoboCup. The fourth column (AG/Prof.) includes the average grades attributed to 
each factor by a certain part of the respondents, namely professors. 

The motivation factors in the questionnaire specify the general motivation 
factors (categories M 1  - M 6 )  mentioned above. The general motivation factors 
specified by each of the specific motivation factors are given in the last (right) 
column (Cat.). 

One can see that the motive mentioned as very important by most of the 
respondents is the opportunity to apply and test their own ideas. This evidence 
enables us to assume that many team-members participate in the RoboCup mainly 
for the purpose of doing research. 

Table 4. Motivation for participation in RoboCup 

Motivation factors AG/all VI AG/Prof. Cat. 

1. Applying and testing your ideas 4.41 47 4.65 M6 

2. Team work 3.98 32 4.12 M6 

3. Prospective research field 3.84 27 4.06 M1 

4. RoboCup challenge 3.75 23 3.94 M5 

5. Practical training 3.51 22 3.53 M6 

6. Game playing 3.08 9 2.47 M4 

7. Prestige of the program 3.02 12 2.82 M1 

8. The soccer idea 2.87 11 2.71 M4 

9. Prospective career opportunities 2.76 5 2.23 M2 

10. Others 2.48 12 2.23 M3 
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However, the educational motivation factors are also important. In particular, 
"applying and testing ideas" together with "team work" and "practical training" 
specify the general motivation factor of reinforcement of personal abilities and 
skills. 

The list of motivation factors given in the questionnaire, of course, does not 
exhaust all possible reasons for personal participation in the RoboCup. Therefore the 
respondents were asked about importance of other motivation factors and requested 
to name them. As follows from Table 4, the average grade (for all the respondents) 
of the other motivation factors is quite low (2.48), though these factors were 
considered by some respondents as very important. The mentioned "other" factors, 
such as travel grants, visiting Japan, meeting students from other countries, relate 
mainly to the "extrinsic motivation" category. 

The following features of the questionnaire data on personal motivation should be 
mentioned: 

High level motivation - almost all respondents assigned "very important" to 
some of the motivation factors. 
Average grades given by the professors do not differ essentially from those 
given by all the respondents. 
Some motivation factors have relatively low average grades, though each of 
them is very important for a certain part of the respondents. 
The unjustified low average grade (2.76) was given to the motivation factor of 

"Prospective career opportunities". 

Personal interviews indicated that some of the students are not aware of 
prospective career opportunities in the area of Robotics and Artificial Intelligence. 
As an example of successful professional employment of the graduates we would 
like to quote the interview of a female graduate from the U.S. She said: "I have a 
Bachelor of Science in Math and Computer Science with a special technical area of 
interest in Robotics and Artificial Intelligence. I am currently a Robotics Engineer 
at ... in California. After graduating in May 97, I wanted to find a job in my field. I 
feel that my education prepared me for a variety of job opportunities in the field of 
computer science. There is a very small job market of available in Robotics and AI. 
However, with my background I was able to find a position with a mobile robotics 
company. I really enjoy working in this field of research and keeping up with the 
ever-expanding technologies. My motivation for pursuing a career in Robotics was 
to gain experience in a variety of engineering aspects: Mechanical, electrical, and 
computer science. This had allowed me to be competitive on the job market." 

4.3 Subjects for a Prospective Robot Summer School 

The results for this section of the questionnaire are summarized in Table 5. The 
form of this table is similar to that of Table 4 but it includes only three columns. In 
the first (left) column the subjects mentioned in the questionnaire are listed in 
descending order, according to the average grades (for all respondents). These 
average ~ades (AG/all) are listed in the second column. The third (right) column 
(AG/Prof.) presents average grades given by the professors. 
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Table 5, Preferences in the prospective summer school curriculum 

Subjects for 1998 Summer School AG/all AG/Prof. 

1. Simulator programming workshop 4.06 3.94 

2. Robot building workshop 4.04 4.06 

3. Education 3.69 3.59 

4. Paper presentation 3.41 2.94 

5. Panel discussion 3.32 3.24 

6. Observing lectures 3.05 3.31 

The following characteristic features of the data are: 
Workshops on simulator programming and robot building were mentioned as 
the most important subjects by the majority of respondents, including 

professors. 
In fact, the respondents who participated in the simulation league noted the 
importance of a robot building workshop, and vice versa, the participants at the 
small and middle size leagues showed interest in the simulator programming 
workshop. 
Graduate and postgraduate students more than others are interested in 
presenting papers and participating in panel discussions. 
A high average grade was assigned to education, especially by the students. 

Personal interviews indicated that incorporating education into the RoboCup 
program will help to attract new participants. The undergraduate and graduate 
students performing specific team assignments are interested in learning more about 
the whole subject, while the postgraduate students and professors want to discuss 
teaching methods, curricula and evaluation. 

5 Challenge for High-School Technology Education 

Technology education in high school is undergoing a world-wide reform in relation 
to its status, goals and teaching/learning strategies. As a result of changes in the high 
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school curriculum, which were caused by the reform, robotics is becoming part of 
the science-technology discipline in junior and senior high-schools. Junior high 
school curricula may include short-term projects in robotics dealing with the basics 
of Lego construction and programming. Senior high-school projects can last one or 
several terms, and be based on elements of robot design and programnung 
intelligent tasks. A pilot course "Robotics and real time systems" which was 
conducted in a number of senior high schools in Israel and several assignments that 
were implemented through the school projects are described in our article [12]. 

Incorporating such projects into competitive programs like RoboCup will 
stimulate the interest of high school students in the project-based science-technology 
education. A possible direction for active participation of high school students in the 
RoboCup is implementing specific elementary skills and diverse service functions 
around the football game. These service tasks may be game field care, ball pick up, 
champion reward, etc. Service functions should be performed by means of robots, 
including elements of AI. 

An additional opportunity to participate in project-oriented learning, particularly 
in robotics, may be offered by universities to interested high school students. For 
example, an annual international summer research program for youth is conducted 
by the Technion (SciTech home page www.technion.ac.il/pub/projects/scitech/). 

Conclusions 

. 

. 

. 

RoboCup is principally a research program in Robotics and AI. However, its 
value as a competitive project-oriented engineering education program is also 
important and should be taken into account. 

The task of basic-level design, building robots and programming behaviors for 
robot soccer competitions is a suitable project assignment for graduate and even 
undergraduate student teams. 

The results of the operative questionnaire (RoboCup Survey) present objective 
data about the participants, their motivation for participating in the program and 
preferences in the prospective summer school curriculum, that can be used for 
evaluation and planning. 
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