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Abstract— 1t is well known by the educational community that
active learning has a greater impact on the effectiveness of the
learning process than other methods. It has long been recognized
that the most effective learning techniques involve direct,
purposeful learning experiences, such as hands-on or field
experiences. In particular, computer-controlled models have been
a useful aid in teaching programming, Artificial Intelligence and
Robotics concepts. This paper describes our experience using
LEGO Mindstorms® in three different scenarios: an elementary
course on Programming, an advanced-level course on Artificial
Intelligence and a third first-level course on Robotics. Our focus
in those experiments is not on whether using LEGO Kkits is better
than other methods to learn a programming language, Al
algorithms or Robotics, but rather on introducing how this
mixture of collaboration, competition and peer learning in a
laboratory environment helps the students to increase their
motivation and improve their professional skills such as problem
solving, team work and leadership.

Keywords: Active learning; LEGO Mindstorms; learning
experiences, engineering courses, evaluation; assessment; surveys;
empirical results; Java programming.
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After years of compelling research on the field, it is
commonly agreed that the most effective learning methods
involve direct, purposeful learning experiences, such as hands-
on or field experiences. This fact is illustrated, for instance, by
Dale’s cone (Fig. 1), where passive learning would cover those
activities that people can learn from, but not generally as
effectively as active learning, which would include those
activities that boost our learning experience.

INTRODUCTION

Furthermore, active learning is even more required in
technical studies (such as engineering), in which obviously
concepts studied in class must be put into practice in different
scenarios so that the students fully understand the fundamentals
and also acquire the necessary competencies to apply them to
solve real-world problems. Markets demand that professionals
are mastered not only in a specific knowledge domain, but also
in professional skills [2],[3], such as leadership, team work,
autonomous and collaborative learning and management of
increasing amount of information in short periods of time.

On the other hand, the European Higher Education Area
(EHEA) [4] is investing a huge effort to foster the conversion
of former ways of teaching into a modern type of learning. This
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new learning paradigm must be student-focused, holistic and
comprehensive, helpful and encouraging, promoting autonomy
and proactiveness, able to increase the student’s motivation and
disposition towards the course and thus improving the
outcomes of the learning process. Apart from the competences
specific to their curriculum, the integral vision of the learning
experience is assumed to produce better qualified
professionals. These professionals must have high added-value
essential transversal (non-technical) competences that achieve
the highest probability of success whether in current or further
studies or their professional life. Team-work, communication
skills and critical analysis are essential outcomes.

People generally
remember...
(learning activities)

People are able to...
(learning outcomes)

Define List

10% of what they read Describe Explain

(>

2 View Images

20% of what they hear

wr \

30% of what they see Demonstrate

fo Watch Videos Ppp‘)f
50% of what % Attend Exhibitis/Sites Y\ ractice
they see and 5
hear Watch a Demonstration \
70% of what they S Participate in Hands-On-Workshops Analyze
say and write Design Collaborative Lessons Define
90% of what Simulate, Model, or Experience a Lesson \ Create

they do.
Yy SDesign/Perform a Presentation - "Do the Real Thing"

Fig. 1: Dale’s cone [1] (released under a Creative Commons License)

This paper describes a series of experiments using LEGO
Mindstorms® [5],[6] that have been carried out since 2005 in
several scenarios involving a variety of student groups and
course levels.

The purpose here is not to discuss the appropriateness or
disadvantages of using those kits to teach technical topics, but
rather to show how they increase motivation and improve
professional skills. Activities that involve a mixture of real-
world application of technical concepts, collaboration,
competition and peer learning in a laboratory environment,
achieve excellent outcomes in terms of students’ motivation
and development of transversal skills, and also improve their
disposition towards hard tasks and their perception of the
learning process quality. A critical analysis of how the
methodology affects the learning experience is done,
considering both subjective and objective results.
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We first review, in the background section, some previous
experiences using LEGO kits in different environments. Then
we place our work in context defining our goals with the
introduction of Robotics in the different experiences. Then we
discuss about our results and findings and how to use them in
other context in future work. Finally we conclude about the
usefulness of our experiences to improve motivation and
develop professional skills.

II. BACKGROUND

Some studies [7] mention some of the conditions under
which people learn properly, such as: what they learn is
personally meaningful to them, what they learn is challenging
and they accept the challenge, what they learn is appropriate
for their developmental level, they can learn in their own way,
have choices, and feel in control, they use what they already
know as they construct new knowledge, they have
opportunities for social interaction, and they receive helpful
feedback. Projects using LEGO Mindstorms® have been
proved as a good vehicle for implementing these concepts.

A. LEGO Mindstorms®

LEGO Mindstorms® [6] is a Robotics kit originally
developed by MIT for building programmable robots. It
combines standard LEGO blocks and LEGO Technic pieces
(such as gears, axles and beams) [5] for its structure and a
programmable brick and components (such as electric motors,
sensors, etc.) for its control center (Fig. 2). The first generation
of LEGO Mindstorms® was released in 1998 and was built
around a brick known as the RCX. It contained an 8-bit I6MHz
microcontroller with 32KB RAM. Programs written in one of
several available programming languages are created on a
computer and sent to the brick using an infrared (IR) interface.
In addition to the IR port, there were 3 sensor input ports and 3
output ports (usable for motors and lamps) and an LCD that
can display the battery level, the status of the input/output ports
and which program is selected or running.

3 output ports (A-C)

LCD display
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Fig. 2: Brick, sensors and actuators of the NXT kit

In July 2006, LEGO Mindstorms® NXT replaced the
first-generation RCX. The new brick includes one main 32-bit
48MHz processor with 64KB RAM and 256KB Flash, and a
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second 8-bit processor for controlling an extended set of
sensors and actuators. The brick also includes 4 sensor input
and 3 actuator output ports, all of them with a digital 12C
interface using a pseudo RJ12 connector. The IR interface is
substituted by an USB and a Bluetooth port. The basic NXT kit
consists of 519 Technic pieces, 3 servo motors, 4 sensors
(ultrasonic, sound, touch, and light), 7 wires, a USB cable, a
USB Bluetooth dongle, and the NXT brick. There also exist
expansion kits that provide with more different building pieces
and other types of sensors.

Initially the LEGO-supplied programming languages were
RCX Code (assembly) and ROBOLAB (a graphical language).
However, the enormous popularization of these kits led to the
creation of new alternatives by the community, mainly as open
source new firmware or virtual machines, supporting modern
programming languages such as C/C++ and Java. For NXT,
currently there exist over 30 alternatives including the Official
Mindstorms SDK (Visual Basic, Visual C++, MindScript and
LASM), the original ROBOLAB graphical language, 1eJOS
(Java), NBC (assembly), NXC (C-like language), RobotC (C),
GCC (GNU Compiler for C/C++, Fortran, Java, Ada, etc.),
Ruby, Python, MATLAB, etc.

In general, the programming environment is simple enough
to be learnt by the students easily. Thus, they can construct
robots that perform complex tasks in a very short time. This
combination of versatility and simplicity, together with its
motivating potential, makes LEGO Mindstorms® a powerful
help in a variety of learning scenarios.

B. Related work

Innovative teachers are continually looking for creative
ideas, both to get their ideas across and to hold the interest of
their students. With this purpose, LEGO have been widely used
in different contexts with different objectives.

Fagin [8] and Schumacher [9] (2001) were among the first
to introduce LEGO Mindstorms® in basic programming
courses. Fagin used Ada language to teach basic control
sentences (sequential, iteration or selection) and Schumacher
used Java to teach fundamental computer programming
concepts and introduce the concepts of autonomous vehicles,
embedded computer systems and simulation. Barnes [10]
(2002) also used Java and pointed out the usefulness of
physical models to teach event-driven programming and the
physical limitations of LEGO brick to achieve a good object
oriented programming style. Wright and Gilder [11] (2003)
explored the use of LEGO Mindstorms® in more advanced
courses to design interdisciplinary senior projects to better
prepare graduating students for their careers as engineers. His
work covers robotics, algorithm state machine design,
assembly programming language and compiler design concepts

All these previous work describe experiences with few
students per course. Cliburn [12] (2006) reviews previous
experiences and deploys a more ambitious one using LEGO
Mindstorms® in 5 different courses during several years. As a
conclusion of his work, Cliburn identifies three principles to
consider to successfully designing these kinds of experiences.
First, the project and the programming interface should support
the objectives of the course and be relatively straight forward
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to learn. Second, the group size should be small to ensure that
all students develop the required programming skills. The third
principle is that students should be given time in class for
building the robot. More recently, Jipping [13] introduced
LEGO robots to teach Java bytecode (2007) and Talaga [14]
(2009) to teach Artificial Intelligence (Al). LEGO was not only
used to teach programming skills in different languages or Al
techniques but also it has been used to develop professional
skills [12] such as the experience proposed by McGoldrich [15]
to improve peer learning or Barak’s experience [7] to develop
problem solving skills. All these studies reveal that using
LEGO Mindstorms® in enriched collaborative learning
environments has positive impact on student performance and
motivation in most of the courses.

Comparing our work with previous work in this area, our
main contribution is that our experience is not a punctual pilot
one, but rather several courses in different context during a
long period of time. We describe our experiences, like previous
studies, but we also provide empirical data that support our
conclusions gathered from different methods (direct
observation, interviews, surveys, etc.). We also tackle the
challenge set by previous work that suggests the need to collect
data on how the student perceives this type of learning and
research on how informal learning takes place in collaborative
and competitive environments. Our findings are independent of
age, cultural heritage and personal interest of the students.

III. OUR EXPERIENCE USING LEGO MINDSTORMS®

Based on those previous experiences about the benefits of
using LEGO to improve students’ motivation, we decided to
organize a workshop that consisted of a competition where the
goal was to build robots that participated in different
challenges. The competition was a team-league that took place
in different sessions. Each of these sessions presented
challenges of increasing difficulty covering different aspects of
programming, robotics and Al algorithms. The duration of the
session, the difficult of the challenge and the main issues
involved (programming, robotics or AI) was based on the
context of the course. Work was done in teams of 3-5 students.

This was in 2005 as part of an advanced level course on Al
(experience I, 33 students). The experience was so successful
that we decided to carry out a more ambitious project
introducing LEGO kits as an optional activity for students in an
elementary course in programming (experience II, 127
students), in 2006. Most of the data analyzed in this paper was
collected in this second experience. We finally had the
opportunity to carry out a third similar experience in an
introductory course in Robotics (experience 111, 24 students).

A. Experience I: AI Course

1) Context

Our first experience with LEGO kits started in 2005, when
they were introduced in a course called Intelligence in
Communication Networks (ICN) [16] (first semester, fifth
year, Telecommunication Engineering). Students learn the
fundamentals of AIl, the impact of intelligent behaviours in
information systems and the areas where these technologies
may bring the most significant advances. The course is elective
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and involves around 45 hours/semester. Sessions with LEGO
typically take place during 6 sessions within regular classes (9
hours in all). These activities have the same impact on the final
grade as other assignments. The experience began in 2005-
2006 and was so successful that it has been repeated annually
until the present. We started with 7 RCX kits but we switched
to NXT kits two years later, when 20 new kits were acquired.

2) Objectives

The introduction of LEGO kits in this course was partly
motivated by a significant decrease in the number of students
enrolled in the course during the academic year 2005-2006,
when the average of 50 students enrolled per year abruptly
decreased to 33. Despite other causes (such a general decrease
in the number of students at university), we think that it was
necessary to introduce new lab sessions in the laboratories that
motivate students while practicing their newly acquired
knowledge on Al applied to Robotics.

3) Challenges

Different Al techniques, among the topics explained during
the course lectures, have to be applied to solve the different
challenges, such as problem solving or kNN (k-Nearest
Neighbour algorithm). This way students can develop and
experiment these techniques applied in a real working system.
Our experience shows that at the end of each session
practically all teams were able to develop a robot that meets the
specifications stated in the challenge.

N

La

Do Re Mi Fa

Fig. 3: Challenges in ICN course

In addition to an introductory session, three main

challenges are posed to the students (Fig. 3):

e Rock, paper, scissors: Build a smart robot able to play
that game. The purpose is to illustrate that most times
an intelligent behaviour can be implemented with

common-sense rules.

Escape from maze: Build a robot able to run away
from a maze. This task needs more advanced planning
and solution search techniques.

Artificial vision: Build a robot able to recognize and
classify images. In this case, the aim is to implement a
classifier using any of the studied techniques.

4) Methods and Results
The mixture of robotics, competition and collaboration reveals
itself a powerful combination for learning Al. The students
were highly motivated for this kind of lab sessions. The initial
objective to increase the number of students enrolled in the
course was reached as it can be seen in Fig. 4.
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= students

Fig. 4: Evolution of number of students enrolled in ICN course

As a collateral result, a significant increase in the number of
Master’s Thesis (Fig. 5) was achieved.
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Fig. 5: Finished Master’s Thesis supervised by the authors

This increase was mainly due to students who had been
enrolled in ICN course, particularly in thesis about topics
related with ICN contents, as shown in Fig. 6.

= Finished

B Active

Total T~/
Students
enrolled inICN  Subjectrelated
to ICN

Fig. 6: Master’s Thesis supervised by the authors related to ICN course

Annual teaching evaluation surveys show that the main
reasons for choosing the course are the appealing syllabus and
express recommendation from students of previous years.
Although the relatively high passing rate could also influence
the choice, we think that it doesn’t constitute a key factor as
this rate is similar to other subjects.

B. Experience II: Programming Course

1) Context

After this first successful experience in the first semester,
LEGO kits were also introduced in four different introductory
programming courses [17] taught in first year of different
degrees, as an optional workshop at the beginning of the
second semester, named Robot.IT!" [18]. The experience began
in 2006 with a pilot group of 127 students enrolled in these
different degrees. The distribution of students by degree, in that
academic year was the one shown in Fig. 7.

IT stands for Ingenieria Telemdtica, our Department.
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Fig. 7: Distribution of students by degree (2005-2006)

In this case, the workshop deployment has a significantly
higher management cost than in the first experience, mainly
due to the high number of participants. For this reason, the
workshop is not organized on an annual basis but once every
two years, giving the opportunity to join to students who
enrolled in the subject that year and the year before.

2) Objectives

Programming courses during the second semester deal with
algorithms and data structures (stacks, queues, trees, etc.).
Students enrolled in these courses have previously received
teaching during the first semester, on basic programming
structures and object-oriented programming concepts. In
general, results achieved by students during the first semester
usually are not very good, and many students leave the course
even before lectures start in the second semester. After the
disappointing first semester results, it was necessary to
influence student motivation to increase attendance of students
enrolled in lectures and labs during the second semester.

The decision to introduce LEGO kits in those courses was
largely motivated by the success achieved on our previous
experience. Our main goal was to stretch the motivation gap
between the first and second semester and to get student
excited again about learning programming. To reach this goal
we provide a different and enriched competitive and
collaborative learning environment that fosters general interest
in programming and illustrates the usefulness of programming
in computer controlled physical models. Aside from the
programming aspects, this environment also provides nice
illustrations of two fundamental concepts that are often
associated with Java: bytecode portability and the
programmability of small devices as we mentioned above.

Our objective was not to improve student performance in
courses, since the contents taught in the workshop had no
direct relationship with those seen in class. For this reason the
workshop was optional and has no impact in the final grade.
The workshop takes place during 3 sessions outside regular
classes with a total duration of 9 hours (3 hours per session).

During the workshop a teacher and a set of teaching
assistants (typically two per session) help teams to resolve any
doubt or technical problems. Teaching assistants are students
chosen from among the course participants who have
volunteered for this work. The teaching assistants have a short
preparatory session with the teacher before the start of the
workshop where they are trained in the tasks to be performed
and the difficulties that arise in each session to be able to
support their peers.

Finally, the large number of students involved in this
second experience allows us to take some measures in order to
evaluate the real impact of the workshop on student motivation
and asses the methodology used during the experience. Issues
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related with the duration of each session, the number of
sessions, the worst and the best aspects of the workshop, etc.
were measured.

3) Challenges
Three challenges were posed to the students:

¢ Robot Sumo Fight: Build a robot that plays an all-
against-all sumo tournament, pushing all the opponents
out of the game area. This is a basic challenge to learn
about light sensors and practice loops and conditionals.

e Robot Recycler: Build a robot able to find as many
soft-drink cans as possible, pushing them out of the
game field in one minute. This challenge involves
several sensors and, optionally, advanced search
strategies based on an ultrasonic (sonar) sensor.

e Line Tracker: Build a robot that can follow a path, a
black line on a white surface, in the shortest time. This
is a typical example of a non-trivial rule-based system.

Fig. 8: Robot.IT! workshop

4) Methods and Results

A 40-question survey was designed to calibrate and
improve some issues related to the learning design of the
workshop, gather student opinion about the workshop
contents, evaluate the impact in student motivation, evaluate
student’s perception about his/her own learning, evaluate
the student’s opinion about using LEGO Mindstorms® in
other courses, evaluate their opinion about the integration of
workshop results in their grades, and other questions (not
related with this paper) about schedule, distribution of students
by sex, how they knew about the workshop, opinion about the
blog, etc. Survey has answered by 98 out of 127 participants
and some conclusions can be drawn on each issue.

a) Results about the learning design of the workshop

e Schedule. Students agree with the session length
(Question 19). 59% would keep as they are (3 hours),
37% increase in 1 or 2 hours. Only 4% of respondents
would reduce the length of the sessions. Most people
(82%) think that the difficulty of the challenges is
adequate for the available time (Q20, Fig. 9). As each
session was an independent challenge, we conclude
that 3 hours is an appropriate time to address each of
the challenges. In general, students are highly

978-1-4244-6571-2/10/$26.00 ©2010 IEEE

motivated, and despite the fact that the workshop
involves about 9 hours (3 hours per challenge), takes
place outside usual teaching hours and has no impact
on the grades, surprisingly, most students (65%) would
prefer to increase the number of sessions (Q18).

012% m1% @5%

O They are extremely easy,
should be a bit harder

O They are ok for the available
time

O They are too hard for the
available time
PR

o82%

Fig 9: What do you think about difficulty of challenges? (Q20)

e Groups. When we asked students for the optimal
group size (Q21), 59% would support increasing the
group size to 4 people, 36% would keep the current
suggested size (3) and only 5% which would reduce it.
Despite students’ opinion, our experience shows that
the optimal size of groups is 3 persons because the
pressure on the three members is just to keep
everybody working. Increasing the pressure is likely to
not complete the challenge and if the pressure
decreases, there is a risk that some members do not
work enough and the rest have time to absorb his work.

e Teaching assistants. Students highly value the
presence of teaching assistants in class to support them
during the session (Q23). 80% consider them a great
help to overcome the challenges. Regarding whether
they prefer to deal with the teaching assistants or
teachers (Q24, Fig. 10), 61% prefer the teaching
assistants because they are students and their
relationship is closer. After the experience 30% of
students would enrol as a teaching assistant in future
editions.

B | prefer teachers to students -

e O B1%

s 2 T,
v Ol prefer students because the

| 29% relationzhip with participants is

B 7% 0O 3% closer
[mEPIY

B In this case, teachers or
students are the same

Fig.10. Do you prefer teacher or assistant support? (Q24)

e Competition. Most of the students (74%) consider the
competition among groups highly motivating (Q30,
Fig. 11). and 95% of the students agree in the
importance of the competition factor in the workshop.

|l iz an essential factor far the
success of the experience

okt is interesting bhecause it
incites you to defeat other
| 21% groups
Ok iz indiferert whether there iz
a competition or not

O 3% o 29%

O Competition makes the

a
74% experience less interesting

Fig.11. What do you think about the competition among groups? (Q30)
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Preparatory work. In order to analyze if preparatory
work was necessary, we asked the students if previous
lessons would have been interesting to improve the
experience (Q16). Most students (56%) said it was not
necessary since they could learn by themselves. 30%
considered interesting to receive a previous lab class
and 12% a previous lecture.

Students’ preparatory work. As previously
mentioned, documentation for each challenge was
provided at least a week in advance, and students were
suggested to review it. When the students were asked if
they prepared the sessions in advance (Q28, Fig. 12),
most people (64%) answered negatively, and 60% said
that they spent no time in preparing the sessions (Q29,
Fig. 13). Despite the poor students’ previous work, all
the teams reach the challenges goal at the end of each
session. We think that this lack of commitment from
students is also because the workshop was conducted
outside school hours and had no impact on their
grades. When we asked what it would have happened
if the workshop was a course for itself (Q31), students
said they would have studied how to program the robot
(62%), how to build the robot (5%), or the strategy to
win the challenge (32%).

@No, | haven't prepared anythingin
advance
5% a7%

@l have read/reviewed the basic
programming guide

Ol have looked for ideas/videos in
Internet aboutthe challenge

al have tried to write the programme in
advance

Fig. 12: Have you prepared the sessions in advance? (Q28)

@Notime

Olessthan 30 minutes
O7% @8 3%

OBetween 30 minutes and 1 hour

aOver 1 hour

Fig. 13: How long have you prepared the session in advance? (Q29)

b) Results about content

Preferences. When we asked participants which tasks
they liked most (Q12), almost half of students (45%)
responded that all of them in general, 26% preferred
the work related to building the robot, 22% chose the
hardware and software strategy design to solve the
challenge, and only 7% preferred programming tasks.
On the other hand, when they were asked for the most
unpleasant tasks, half of the students (50%) answered
that all of them in general, 25% dislike to write the
control program, 11% to build the robot and 10% to
design the strategy. We conclude that there is not a
very marked preference for one kind of task with
respect the others. 45-50% of the students do not
manifest any preference. One of the most disliking
tasks is programming in Java (25%) because it is one
of most difficult task for them, as will be seen later.
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d)

Difficulties. Tasks that are more difficult for students
(Q14) are related to the integration and testing of the
robot (43%) but these are not the ones they dislike. The
next task by difficulty level would be programming
(35%) and building the robot (17%). Although
programming is considered by the students as one of
the most difficult (35%) and disliking (25%) task, it is
also considered the most important factor to win the
challenge (53%) followed by good luck (30%) and
building a mechanically good robot (13%).

Documentation. Most of the students (55%) think that
the documentation could be improved introducing
more code examples (Q22). This issue has been solved
in subsequent editions.

Impact of the workshop in student’s motivation

Reasons to enrol. When students were asked about
why they took part in the activity (Q9), the two main
reasons were to learn something about robotics (53%)
and as a recreational activity (36%).

Subjects involved in workshop. After the experience,
students showed more interested in Robotics (Q37).
58% wanted to study more about this topic. Also they
showed more interest in Java (Q38): 56% think that
they liked programming more, and 44% kept the same
opinion than before the workshop.

Overall opinion. The general opinion about the
experience was very good (Q10, Fig. 14) and 100%
would recommend the experience to a friend (Q11). To
calibrate their interest in the workshop, they were
asked, as a kind of joke, what their response would
have been if they would have had to pay to get better
prizes (Q40). Surprisingly they would pay from the
workshop. Most of the students (45%) would have
participated for 3 €, 17% for 1€ and 23% for 5€.

0%

Ollowedit
B lkedit
Ol am bit a dis appointed

E0% O | didn't lice it at all

Fig.14: What is your opinion about the experience? (Q10)

Perception of the student about their own learning

Previous knowledge. Only 5% has previous
knowledge about LEGO kits (Q6), the rest (95%) had
no knowledge before starting the activity. Regarding
their self-perceived knowledge of Java (Q7), although
all of them have a previous course in Java during first
semester, in general (58%) their previous knowledge
was not very high.

Knowledge about robotics. 98% of the students say
that they have increased their knowledge about
Robotics. 58% also say that, as a result of the
experience, they are more interested in Robotics than
before (Q37).
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Knowledge about Java. Their perception of learning
Java is lower than learning Robotics (Q35). 47% of the
students answer that they have learnt about Java, but
surprisingly, within this group, 32% felt that concepts
learnt were not useful in their degree. In fact, we
anticipated these results, because the content of the
workshop was not directly related with the content of
the programming course as it was mentioned before.
Then students were asked about what they would
change in the workshop so as to be able to learn more
Java (Q36). Only 6% think you cannot learn Java
using LEGO. The rest report that it could be useful to
have a lecture explaining wuseful programming
techniques (41%), others prefer to have more difficult
challenges that need advanced techniques (24%), and
finally others chose to have the same challenges, but
forcing certain programming techniques (28%).

e) Integrating the workshop in their grades

When students were asked about their opinion if they have
to grade the experience (Q31), 10% thought that it should be
based on the ranking of the competition, 32% of the people
report that the grades should be based on the quality of the
robot and the degree of fulfilment of the challenge
requirements, 45% thought that there should be a balance
among those criteria and only a 18% report that the grades
should be based on the evaluation of the robot by the teachers.

f)  Using LEGO Mindstorms in other courses

After the workshop, most of the students (94%) report they
would like to have some workshops like this in their studies
(Q33). In this group, 29% would like to integrate this
experience regardless of evaluation criteria, but 65% think that
the evaluation criteria have to take into account not only the
results of the competition but also the quality of the robot and
the fulfilment of the challenges.

C. Experience III: Course on Robotics

1) Context

In the third experience, LEGO kits were specifically used in
the context of a course on Robotics, included in the list of
BEST summer courses. The Board of European Students of
Technology (BEST) [19] is a non-profit organization that
provides communication, co-operation and exchange
possibilities for students all over Europe. BEST organizes
different activities where students from member universities
get the opportunity to increase their international experience,
establish contacts, improve their English and have fun. Each
course is attended by 20-30 engineering students. Participants
attend lectures given by the university’s teaching staff or by
experts from companies. At the end of the course, students take
an exam, designed to evaluate the participants’ success. The
title of the course was “My robot, my lovie and me” [20], took
place in June 2009 and involved 24 participating students of
different European countries, along with around 10 Spanish
members of the organizing local committee.

2) Objectives
The decision to introduce LEGO kits in this context was
motivated because it provides a different environment in which
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some concepts about engineering are learnt in an environment
that promotes social interaction. As the course was specifically
the LEGO workshop, we had the opportunity to assess the
concepts taught during the sessions, without interaction of
other elements such as lectures or other laboratory practice.

3) Challenges
Five challenges (Fig. 15) were posed to the students:

The chilling cable car: Build a cable car able to pull
itself along a string, as fast as possible.

The risky can recycler: The same as the Robot
Recycler challenge in experience II.

The impassible robot rumble: The same as the Robot
Sumo challenge in experience II.

The fearless cowboy: Similar to the Line Tracker in
experience II, with a higher difficulty level involving
harder curves, tunnels, ramps and any sort of obstacles.

The grand death race: Similar to the previous one but
introducing crossovers, thus forcing robots to use more
sensors to deal with this issue.

Lunnel

CHar
Lne)

Ml
e

Fig. 15: “My robot, my lovie and me” challenges

4) Methods and Results

To calibrate the impact of the learning experience, an exam
was carried out at the end of the course. The exam had 10
questions. Questions from 1 to 5 were about robot components
and their behaviour in different situations. Questions from 6 to
10 were about programming the robot behaviour. In both cases
with increasing difficulty of the first to the last question of each
block. The results are shown in Fig. 16.

25
20
Right

B Wrong
W Not answered

a4

6

10

7 8 3

Fig. 16: Exam results in BEST Course
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Student performance is high in both cases but noticeable a
slight decrease in the number of questions answered correctly
at the end of each block coinciding with the increase of
difficulty in questions as shown in Fig. 16.

D. Informal learning and workflow

One of the most important results of these ongoing
experiences developed over the last five years has been the
observations gathered by the teachers and the teaching
assistants who supervised the workshop. This information was
directly collected by the authors during the sessions and
through subsequent interviews to different participants. These
observations provide valuable information on how informal
learning takes place during the sessions.

One of the findings was that the workflow of the students
was the same regardless of age, gender, country of origin or
course level into which they were enrolled. It is also
independent of the subject they were related to, whether the
course was mandatory or voluntary, the result of the activity
was or was not part of the final grade and even whether
participants knew or didn’t know each other before starting the
workshop and groups formed spontaneously or as directed by
the teacher. Typically the workflow was the following:

e  Understanding the goal and collecting information.
Students attend the teacher introduction and read
information about the challenge (description, rules and
hints). This information was available from one week
before the session but students usually didn’t review
the material until they were directly challenged in the

workshop as shown in Fig. 12 and Fig. 13.

Brainstorming and planning. Then, they planned to
outline the characteristics of the robot (large, small,
light, heavy, number of sensors and actuators) and the
general strategy.

Organization and division of roles. Normally, and
usually before finishing the previous stage, the
students, trying to be efficient due to the pressure of
the competition, begin to distribute the work among
them, both explicitly (sometimes they reach an
agreement on how to share out the work) or implicitly
(sometimes it just happens naturally). It has been
observed that there is a general tendency for women to
handle more of the tasks associated with building the
robot and men related to programming the brick,
although this issue has to be further analyzed based on
actual objective evidences.

Solving problems. When first problems for each role
appear, this is the typical sequence to solve them: 1)
Ask team partners with other roles; 2) Review extra
documentation (tutorials on building and programming
robots using LEGO Kkits); 3) Ask teaching assistants or
teacher(s); 4) Ask students in other teams with the
same role.

Some groups prefer to interact with other students
rather than with the teacher, so they first ask the
teaching assistants. However, the teacher usually gives
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a more effective technical help (especially in hard
challenges), so some groups directly make this choice.
In any case, we are not able to draw any conclusion
because the choice can be simply based on availability
(usually there is just one teacher and several teaching
assistants).

After the first round of questions, steps 3 and 4
changes the order and finally the sequence is 4 and
then 3. This is because normally teaching assistants
and teachers are in high demand and are slow to
respond and therefore they finally prefer to ask
students in other teams with the same role and similar
tasks. In most cases, interacting with other teams is
enough to solve the problem, and only in very specific
cases the teacher support is essentially necessary, for
example when the group is severely delayed with
respect to others. In this phase, the main flow of
information is among students in different teams with
the same role, what we would call “meeting of
experts”.

At this point, it is worth to notice that, although
students provide information to other teams, there is no
plagiarism because this help gives them clues to solve
their problems, but does not provide them with the
whole information that they have used because, after
all, this is a competition.

Integration tasks. When different roles advance in
their task, they need greater interaction with teammates
to integrate all efforts in the same direction because
there are strategic decisions that heavily rely on work
done by other members. In this stage of the work, there
is an important flow of information among teammates
who begin to learn about the tasks assigned to other
members of their own team.

Testing. Even though the students have tested their
work in previous stages, during individual work, in this
phase all the teammates work together to build the
final result. In this stage the students learn a lot about
the work developed by other teammates and all team
members work together.

Improving performance to be the better. At this
stage, students inspect the robots developed by other
teams in great detail and learn the best strategic
decisions to integrate them in their own robots.

The mixture of collaborative and peer learning with a
competitive environment have been proved to be a great tool to
improve motivation and meaningful learning in our students.

When the students were asked about the methodology used
during the session they are not always aware of the workflow
followed, but the information collected by other sources shows
that was the same in all experiments despite the different
contexts in which they have occurred.

IV. DISCUSSION

From the very beginning, we didn't think about these
experiences as one-off events but instead as ongoing activities
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that we planned to repeat with a certain periodicity. In fact,
once that the initial investment both in LEGO kits and
accompanying material (such as sticky tape, ropes, game fields
for the challenges, bridges or ramps for the track, etc.) and also
in the preparation of teaching material (such as the descriptions
of the challenges, the fundamentals of Robotics or Al
techniques, tutorials, programming guides, hints, etc.), each
new edition is less demanding and the effort for carrying it out
is mainly limited to the time for arrangements (lab reservation,
software installation), some cheap consumables and, obviously
the teacher's attendance to the different sessions.

Specifically, experience I involving ICN course will be
repeated on a yearly-basis during each academic year, at least
while the current study plan is active. As shown in the result
section, students' satisfaction is very high as proved by the
annual course evaluation surveys and the increasing number of
enrolled students, so it turns out to be a motivating factor.

Regarding experience II, Robot.IT! will continue to be a
biannual activity. Here the requirements are considerably
harder than in the first case, mainly because of organizational
issues (for instance, sessions take place out of normal teaching
hours, so we have to deal with the short availability of
laboratories and constraints in student timetables) and also
because they involve a high number of students.

The survey gives many details about technical issues to
maximize success when carrying out activities involving
LEGO kits. The results reveal that the optimum team size is
three members; the session length of about 3 hours, the number
of challenges depending on the available time, the difficult of
the challenges proposed is adequate to the students’ level of
knowledge. Also the study shows that students prefer
autonomous and peer learning and they prefer to be technically
supported by other students than by the teachers, because the
relationship with them is closer. Competition and social
interaction are key issues that contribute to increase the
student’s motivation. Although the experience is fully
satisfactory for students and increases their motivation to learn
programming, the experience can be substantially improved by
stretching the gap between the contents of the workshop and
the content of programming courses. Our next steps will be
oriented in that direction as we explain in the next section.

Finally, experience III is the least regular one, and whether
there will be or not some new editions will depend on factors
that are out of our direct control. However, developed materials
and ideas can be easily reused in the other experiences.

To sum up, these experiences have illustrated that the
participation in workshops as a form of active learning (Fig. 1)
is highly motivating for students and contributes significantly
to reinforce transversal skills (autonomous learning, problem
solving and team work) learnt with this experience.

V. FUTURE WORK

There is still much room for improvement and there are still
many new ideas to put into practice in the different scenarios.

From our point of view, in the case of experience I, the
problem is that AI courses usually comprise a wide and
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compartmentalized syllabus covering many techniques and
applications in different areas (though very briefly in some
cases) that has to be taught (and learnt) in a few hours and by
means of a limited short number of exercises. Interest in
sessions using LEGO kits is not discussed, as students
themselves think, but are in fact quite isolated. We find out that
students sometimes have certain difficulties to reinforce those
basic concepts or even learn them. In consequence, a major
drawback of such didactic approach is that students focus on 3
or 4 topics from the entire course contents. Although deep
learning of those topics is probably ensured, learning of the rest
of the contents is also probably much more superficial. To
overcome this limitation, the schedule has been yearly
rearranged to solve some of these problems (mainly
eliminating the less interesting topics for engineering students).

In another work, we proposed the application of peer
review methodology [20] as a complement to the project-based
learning approach in order to allow students to explore in depth
other topics besides the one developed in their own projects.
Preliminary results are promising, but these conclusions still
have to be further studied in detail.

Regarding experience II, we want to strengthen the links
among concepts introduced in the programming courses and
the ones that students have to put into practice when they are
programming their robots during the workshop. Our idea is to
make a higher effort to improve the teaching process. First, we
are interested in reviewing essential programming concepts
such as different types of loops (for, while, do, until), the usage
of conditionals (both isolated or inside a loop), the meaning of
variables to represent a given state of an automaton, inclusion
of arrays, etc. Then we would like to introduce advanced
programming concepts, such as multitasking or event-oriented
programming, which appear quite naturally during the
challenges. In addition, we would like to give the participants
and overview of advanced extra concepts related to engineering
and Robotics (such as dynamic sensor calibration, basic driving
techniques, degrees of liberty of a system, etc.) and/or Al
techniques (such as search strategies for problem solving, rule
systems, simple machine learning algorithms, etc.). We also
will force the interchange of roles among team members in
during each session to improve the learning of different skills.

In general, we have to catch the student attention to the
workshop. Despite its attractiveness, the workshop is elective
and competes against all other courses (compulsory, more
important, failed from previous years...). Apart from the
workshop contents themselves, there are probably many
influential factors, for instance, their timetable or the academic
calendar, which have to be considered globally as a whole.

Regarding experience III, no significant changes are
planned to be introduced in eventual future editions of the
course. However, the promotion of the course will be improved
and lessons learnt from these experiences will be introduced.

In addition, a recurrent topic for us is how to foster the
development of transverse abilities in students. Lacks in some
basic competences are detected in students, such as idea
communication, oral or written expression, critical analysis,
self confidence, etc. Although this is more a continuous holistic
process and the impact of these experiences is very hard to
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evaluate, we are interested in promoting those competences, so
our plans include the incorporation of psychologists or
educationists so as to research on this topic.

Finally one of the most important challenges for future
editions of these courses is to integrate the conclusions drawn
on how informal learning takes place during LEGO
Mindstorms® workshop and introduce them in the lectures. To
do this, we plan to propose enriched learning experiences, with
weekly challenges to be solved by teams of three members. We
will try to promote competition among teams and role
interchange inside each team. We also provide material for
autonomous learning and promote experts meeting among
members of different teams with the same role to improve the
learning, and integration meetings among members of the same
team to fix relationship among concepts.

VI. CONCLUSIONS

In this paper, we have described our experience using
LEGO Mindstorms® in different context in a period of five
years. The originality of our study in relation to previous work
is the length of the experience, the fact that it has been
performed simultaneously in different contexts and the focus
on the way in which informal learning takes place in these
competitive and collaborative environments. We also provide a
description of challenges, technical issues, parameters and
references to implement this experience using LEGO. In
addition, we provide the workflow description and list some
lessons learnt about informal learning in order to enrich other
learning environments not directly related with LEGO Robots.

We have shown the impact of using LEGO workshop in
student motivation (Fig. 4). There was a 73% growth in the
number of students enrolled in ICN (from 33 in 2005-2006 to
an average of 57 students per class in subsequent years) as a
result of introduce LEGO Mindstorms® in this course. 71% of
the Master’s Thesis supervised by the authors was directly
related with ICN course (Fig. 5 and Fig. 6). All students
surveyed (100%) would recommend a workshop like this and
94% would include similar experiences in other career courses.
Measures about the benefits of competitive, collaborative and
peer learning as they are perceived by the students have been
taken. 74% of the students consider competition among groups
a key issue to increase motivation (Fig. 11), 80% consider that
teacher assistants are a great help to overcome the challenges
proposed and 61% prefer asking other students rather than the
teacher because their relationship is closer with them (Fig. 10).

Based on with the data collected during these experiences,
we also calibrate some issues like the optimum group size,
session length and number of challenges. We expect that the
information provided by our experience can be useful to other
groups interested in using LEGO Mindstorms® to promote
active learning in their classes and maximize the success of
their experiences.

ACKNOWLEDGMENTS

Thanks to our colleagues Raquel M. Crespo and Jesus Arias for
their help in supporting and promoting these experiences.
Thanks to Universidad Carlos IIT de Madrid for its support on

978-1-4244-6571-2/10/$26.00 ©2010 IEEE

the following calls for Experiences on Teaching Innovation:
“Active Programming learning using low-cost robots as a
motivating factor” (III call, 2005-2006), “And now, what?
Development of professional skills and competences” (IV call,
2006-2007) and “Using new technologies in teaching practices
to improve teacher-student interaction” (VI call, 2008-2009)

REFERENCES

Anderson, Jeffrey. “Edgar Dale’s Cone of Experience Media”, online:
http://www.edutechie.ws/2007/10/09/cone-of-experience-media/, visited
11/8/20009.

Career space curriculum guidelines,
http://www.scribd.com/doc/2971342/Career-Space-Curriculum-
Guidelines, visited 1/11/2009

Skills for Europe’s future: anticipating occupational skill needs
http://www.cedefop.europa.eu/etv/Information_resources/Bookshop/pub
lication_details.asp?pub_id=538, visited 1/11/2009

Official Bologna Process (European Higher Education Area) website,
online: http://www.ond.vlaanderen.be/hogeronderwijs/Bologna/, visited
11/8/20009.

LEGO® website, online: http://www.lego.com, visited 11/8/2009.

LEGO® Mindstorms website, online: http://www.mindstorms.com,
visited 11/8/2009.

Barak, Moshe; Zadok, Yair. “Robotics projects and learning concepts in
science, technology and problem solving.”. International Journal of
Technology & Design Education, Vol. 19 Issue 3, pp. 289-307, 2009.

Fagin, B., Merkle, L., Eggers, T., “Teaching Computer Science with
Robotics using Ada/Mindstorms 2.0”, Proceedings of the 2001 Annual
ACM SIGAda International Conference on Ada, Bloomington,
Minnesota, pp. 73-78, 2001.

Schumacher, J.; Welch, D.; Raymond, D. “Teaching introductory
programming, problem solving and information technology with robots
at West Point”. Frontiers in Education Conference (FIE), Volume 2, pp.
F1B -2-7, Oct 2001.

Barnes, David J. “Teaching introductory Java through LEGO
Mindstorms models”. SIGCSE '02: Proceedings of the 33rd SIGCSE
symposium on Computer Science education, pp. 147-151, 2002.

on-line:

[10]

[11] Wright, Jason; Doom, Travis. “A versatile tool for student projects: an
ASM programming language for the LEGO Mindstorm”. Journal on

Educational Resources in Computing (JERIC) Volume 3, Issue 1, 2003.

Cliburn, D.C., “Experiences with the LEGO Mindstorms throughout the
Undergraduate Computer Science Curriculum”. Frontiers in Education
Conference (FIE), pp. 1-6, Oct 2006.

Jipping, Michael J. “Teaching students Java bytecode using LEGO
Mindstorms robots”. SIGCSE '07: Proceedings of the 38th SIGCSE
technical symposium on Computer Science Education, pp. 170-174,
2007.

Talaga, Paul. “Combining AIMA and LEGO Mindstorms in an Artificial
Intelligence course to build real world robots”. Journal of Computing
Sciences in Colleges Volume 24 Issue 3, pp. 56-64, 2009.

McGoldric, C.; Huggard, M. “Peer-learning with LEGO Mindstorms”.
Frontiers in Education Conference (FIE). Volume 3, pp. S2F-24-9, 2004.
Intelligence in Communication Networks, course website, online:
http://www.it.uc3m.es/jvillena/irc/, visited 11/8/2009.

Systems Programming, course
http://www.it.uc3m.es/java/, visited 11/8/ 2009.
Robot.IT! website, online: http:/robotit.it.uc3m.es/, visited 11/8/2009.
Board of European Students of Technology (BEST), website, online:
http://www.best.eu.org/, visited 11/8/2009.

My robot, my lovie and me, BEST summer course, online:
http://www.best.eu.org/student/courses/event.jsp?activity=edpwwx3,
visited 11/8/2009.

Crespo, Raquel M.; Villena, Julio; Pardo, Abelardo. Peer Review To
Improve Artificial Intelligence Teaching. Frontiers in Education, San
Diego (California), U.S.A., Oct 2006.

[12]

[13]

[14]

[15]
[16]
[17]

website, online:

[18]
[19]
[20]

(21]

April 14-16, 2010, Madrid, SPAIN

IEEE EDUCON Education Engineering 2010 — The Future of Global Learning Engineering Education

512




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AbadiMT-CondensedLight
    /ACaslon-Italic
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobePiStd
    /AdobeSansMM
    /AdobeSerifMM
    /AdobeSongStd-Light
    /AdobeThai-Bold
    /AdobeThai-BoldItalic
    /AdobeThai-Italic
    /AdobeThai-Regular
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AGOldFace-Outline
    /AharoniBold
    /Algerian
    /Americana
    /Americana-ExtraBold
    /AndaleMono
    /AndaleMonoIPA
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Anna
    /ArialAlternative
    /ArialAlternativeSymbol
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMT-Black
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /BakerSignet
    /BankGothicBT-Medium
    /Barmeno-Bold
    /Barmeno-ExtraBold
    /Barmeno-Medium
    /Barmeno-Regular
    /Baskerville
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Baskerville-Bold
    /Baskerville-BoldItalic
    /Baskerville-Italic
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /Bellevue
    /BellGothicStd-Black
    /BellGothicStd-Bold
    /BellGothicStd-Light
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlingAntiqua-Bold
    /BerlingAntiqua-BoldItalic
    /BerlingAntiqua-Italic
    /BerlingAntiqua-Roman
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BiffoMT
    /BinnerD
    /BinnerGothic
    /BlackadderITC-Regular
    /Blackoak
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolSeven
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /Botanical
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BradleyHandITC
    /Braggadocio
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScript
    /BrushScriptMT
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Carta
    /CaslonOpenfaceBT-Regular
    /Castellar
    /CastellarMT
    /Centaur
    /Centaur-Italic
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchL-Bold
    /CenturySchL-BoldItal
    /CenturySchL-Ital
    /CenturySchL-Roma
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Chiller-Regular
    /CMB10
    /CMBSY10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /CMBX10
    /CMBX12
    /CMBX5
    /CMBX6
    /CMBX7
    /CMBX8
    /CMBX9
    /CMBXSL10
    /CMBXTI10
    /CMCSC10
    /CMCSC8
    /CMCSC9
    /CMDUNH10
    /CMEX10
    /CMEX7
    /CMEX8
    /CMEX9
    /CMFF10
    /CMFI10
    /CMFIB8
    /CMINCH
    /CMITT10
    /CMMI10
    /CMMI12
    /CMMI5
    /CMMI6
    /CMMI7
    /CMMI8
    /CMMI9
    /CMMIB10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /CMR10
    /CMR12
    /CMR17
    /CMR5
    /CMR6
    /CMR7
    /CMR8
    /CMR9
    /CMSL10
    /CMSL12
    /CMSL8
    /CMSL9
    /CMSLTT10
    /CMSS10
    /CMSS12
    /CMSS17
    /CMSS8
    /CMSS9
    /CMSSBX10
    /CMSSDC10
    /CMSSI10
    /CMSSI12
    /CMSSI17
    /CMSSI8
    /CMSSI9
    /CMSSQ8
    /CMSSQI8
    /CMSY10
    /CMSY5
    /CMSY6
    /CMSY7
    /CMSY8
    /CMSY9
    /CMTCSC10
    /CMTEX10
    /CMTEX8
    /CMTEX9
    /CMTI10
    /CMTI12
    /CMTI7
    /CMTI8
    /CMTI9
    /CMTT10
    /CMTT12
    /CMTT8
    /CMTT9
    /CMU10
    /CMVTT10
    /ColonnaMT
    /Colossalis-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyThreeBC
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /CourierX-Bold
    /CourierX-BoldOblique
    /CourierX-Oblique
    /CourierX-Regular
    /CreepyRegular
    /CurlzMT
    /David-Bold
    /David-Reg
    /DavidTransparent
    /Desdemona
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /Dingbats
    /DomCasual
    /Dotum
    /DotumChe
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversGothicBT-Regular
    /EngraversMT
    /EraserDust
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErieBlackPSMT
    /ErieLightPSMT
    /EriePSMT
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EUEX10
    /EUEX7
    /EUEX8
    /EUEX9
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuroMono-Bold
    /EuroMono-BoldItalic
    /EuroMono-Italic
    /EuroMono-Regular
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /EuroSig
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /FelixTitlingMT
    /Fences
    /FencesPlain
    /FigaroMT
    /FixedMiriamTransparent
    /FootlightMTLight
    /Formata-Italic
    /Formata-Medium
    /Formata-MediumItalic
    /Formata-Regular
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothicITCbyBT-Book
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-Medium
    /FuturaBT-MediumItalic
    /Futura-Light
    /Futura-LightOblique
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-Italic
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Gautami
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GeorgiaRef
    /Giddyup
    /Giddyup-Thangs
    /Gigi-Regular
    /GillSans
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-CondensedBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /Gothic-Thirteen
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GoudyTextMT-LombardicCapitals
    /GSIDefaultSymbols
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Fraction
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Humanist521BT-BoldCondensed
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-RomanCondensed
    /Imago-ExtraBold
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /Ironwood
    /ItcEras-Medium
    /ItcKabel-Bold
    /ItcKabel-Book
    /ItcKabel-Demi
    /ItcKabel-Medium
    /ItcKabel-Ultra
    /JasmineUPC
    /JasmineUPC-Bold
    /JasmineUPC-BoldItalic
    /JasmineUPC-Italic
    /JoannaMT
    /JoannaMT-Italic
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /Kaufmann
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KidTYPEPaint
    /KinoMT
    /KodchiangUPC
    /KodchiangUPC-Bold
    /KodchiangUPC-BoldItalic
    /KodchiangUPC-Italic
    /KorinnaITCbyBT-Regular
    /KozGoProVI-Medium
    /KozMinProVI-Regular
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Slanted
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-Slanted
    /LevenimMT
    /LevenimMTBold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /Lithos-Black
    /Lithos-Regular
    /LotusWPBox-Roman
    /LotusWPIcon-Roman
    /LotusWPIntA-Roman
    /LotusWPIntB-Roman
    /LotusWPType-Roman
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Lydian
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /Map-Symbols
    /MathA
    /MathB
    /MathC
    /Mathematica1
    /Mathematica1-Bold
    /Mathematica1Mono
    /Mathematica1Mono-Bold
    /Mathematica2
    /Mathematica2-Bold
    /Mathematica2Mono
    /Mathematica2Mono-Bold
    /Mathematica3
    /Mathematica3-Bold
    /Mathematica3Mono
    /Mathematica3Mono-Bold
    /Mathematica4
    /Mathematica4-Bold
    /Mathematica4Mono
    /Mathematica4Mono-Bold
    /Mathematica5
    /Mathematica5-Bold
    /Mathematica5Mono
    /Mathematica5Mono-Bold
    /Mathematica6
    /Mathematica6Bold
    /Mathematica6Mono
    /Mathematica6MonoBold
    /Mathematica7
    /Mathematica7Bold
    /Mathematica7Mono
    /Mathematica7MonoBold
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /Mesquite
    /Mezz-Black
    /Mezz-Regular
    /MICR
    /MicrosoftSansSerif
    /MingLiU
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /Minion-Ornaments
    /MinionPro-Bold
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Regular
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /Miriam
    /MiriamFixed
    /MiriamTransparent
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MonotypeSorts
    /MSAM10
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MS-Gothic
    /MSHei
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReference1
    /MSReference2
    /MSReferenceSansSerif
    /MSReferenceSansSerif-Bold
    /MSReferenceSansSerif-BoldItalic
    /MSReferenceSansSerif-Italic
    /MSReferenceSerif
    /MSReferenceSerif-Bold
    /MSReferenceSerif-BoldItalic
    /MSReferenceSerif-Italic
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MT-Extra
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /MyriadPro-Black
    /MyriadPro-BlackIt
    /MyriadPro-Bold
    /MyriadPro-BoldIt
    /MyriadPro-It
    /MyriadPro-Light
    /MyriadPro-LightIt
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /Myriad-Roman
    /Narkisim
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewMilleniumSchlbk-BoldItalicSH
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Italic
    /NewsGothicBT-Roman
    /NewsGothic-Condensed
    /NewsGothic-Italic
    /NewsGothicMT
    /NewsGothicMT-Bold
    /NewsGothicMT-Italic
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NimbusMonL-Bold
    /NimbusMonL-BoldObli
    /NimbusMonL-Regu
    /NimbusMonL-ReguObli
    /NimbusRomNo9L-Medi
    /NimbusRomNo9L-MediItal
    /NimbusRomNo9L-Regu
    /NimbusRomNo9L-ReguItal
    /NimbusSanL-Bold
    /NimbusSanL-BoldCond
    /NimbusSanL-BoldCondItal
    /NimbusSanL-BoldItal
    /NimbusSanL-Regu
    /NimbusSanL-ReguCond
    /NimbusSanL-ReguCondItal
    /NimbusSanL-ReguItal
    /Nimrod
    /Nimrod-Bold
    /Nimrod-BoldItalic
    /Nimrod-Italic
    /NSimSun
    /Nueva-BoldExtended
    /Nueva-BoldExtendedItalic
    /Nueva-Italic
    /Nueva-Roman
    /NuptialScript
    /OCRA
    /OCRA-Alternate
    /OCRAExtended
    /OCRB
    /OCRB-Alternate
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /PapyrusPlain
    /Papyrus-Regular
    /Parchment-Regular
    /Parisian
    /ParkAvenue
    /Penumbra-SemiboldFlare
    /Penumbra-SemiboldSans
    /Penumbra-SemiboldSerif
    /PepitaMT
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PhotinaCasualBlack
    /Playbill
    /PMingLiU
    /Poetica-SuppOrnaments
    /PoorRichard-Regular
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /PrestigeElite
    /Pristina-Regular
    /PTBarnumBT-Regular
    /Raavi
    /RageItalic
    /Ravie
    /RefSpecialty
    /Ribbon131BT-Bold
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rockwell-Light
    /Rockwell-LightItalic
    /Rod
    /RodTransparent
    /RunicMT-Condensed
    /Sanvito-Light
    /Sanvito-Roman
    /ScriptC
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /Serpentine-BoldOblique
    /ShelleyVolanteBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SimHei
    /SimSun
    /SnapITC-Regular
    /StandardSymL
    /Stencil
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /Stop
    /Swiss721BT-BlackExtended
    /Sylfaen
    /Symbol
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /Tci1
    /Tci1Bold
    /Tci1BoldItalic
    /Tci1Italic
    /Tci2
    /Tci2Bold
    /Tci2BoldItalic
    /Tci2Italic
    /Tci3
    /Tci3Bold
    /Tci3BoldItalic
    /Tci3Italic
    /Tci4
    /Tci4Bold
    /Tci4BoldItalic
    /Tci4Italic
    /TechnicalItalic
    /TechnicalPlain
    /Tekton
    /Tekton-Bold
    /TektonMM
    /Tempo-HeavyCondensed
    /Tempo-HeavyCondensedItalic
    /TempusSansITC
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldItalicOsF
    /Times-BoldSC
    /Times-ExtraBold
    /Times-Italic
    /Times-ItalicOsF
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Times-RomanSC
    /Trajan-Bold
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-CondensedMedium
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-Medium
    /Univers-MediumItalic
    /URWBookmanL-DemiBold
    /URWBookmanL-DemiBoldItal
    /URWBookmanL-Ligh
    /URWBookmanL-LighItal
    /URWChanceryL-MediItal
    /URWGothicL-Book
    /URWGothicL-BookObli
    /URWGothicL-Demi
    /URWGothicL-DemiObli
    /URWPalladioL-Bold
    /URWPalladioL-BoldItal
    /URWPalladioL-Ital
    /URWPalladioL-Roma
    /USPSBarCode
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VerdanaRef
    /VinerHandITC
    /Viva-BoldExtraExtended
    /Vivaldii
    /Viva-LightCondensed
    /Viva-Regular
    /VladimirScript
    /Vrinda
    /Webdings
    /Westminster
    /Willow
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WNCYB10
    /WNCYI10
    /WNCYR10
    /WNCYSC10
    /WNCYSS10
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /XYATIP10
    /XYBSQL10
    /XYBTIP10
    /XYCIRC10
    /XYCMAT10
    /XYCMBT10
    /XYDASH10
    /XYEUAT10
    /XYEUBT10
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice




