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Abstract—One of the primary goals of computer science
education is preparing students to apply what they learn in the
classroom to any problem they may encounter in the future. Due
to the rapidly changing landscape of technology, regardless of the
comprehensiveness of their coursework, at some point students
will be required to apply their knowledge to a context they have
not encountered before, and understand how what they have
learned applies. One of the content areas where this is particularly
relevant is helping students recognize the variety of technologies
and applications in which object oriented design patterns can
produce significant practical benefits. To foster this aptitude, we
sought to leverage the students' own creativity with a Raspberry
Pi and a multitude of sensors, displays, cameras, and actuators to
boost exploration of technologies and student understanding of
how course concepts apply outside of constructed examples. This
paper presents the experience of using student creativity with the
Raspberry Pi to drive their learning in an upper level software
design patterns course.
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I. INTRODUCTION

A common challenge in any educational context is helping
students progress from knowing how to apply concepts they are
taught in constructed examples to seeing how these situations
emerge in practice and discovering both the reason for the
pattern as well as how to apply it. Students can be guided to
identify these examples in the real world and learn how the
concepts apply with classroom examples. An ideal situation,
however, would be for the students to not only encounter these
real situations on their own, but also find that they need to
identify how to solve them, thereby deepening the understanding
of how the concepts they are learning can be applied in a variety
of contexts.

Software development is a process combining technical,
social, and creative elements. According to [15], “Software
Engineering is primarily a social and creative process, where the
creativity, skill, and co-operation of developers, users, and
procurers determine the quality and effectiveness of the
developed software.” Being able to leverage students’ creativity
in a similar way was the motivation for shifting our approach to
teaching our upper level Software Design Patterns class.
Specifically, we wanted to use the students’ own creativity to
motivate their learning and encourage them to encounter and
solve common software design challenges. To create this
scenario, the class was redesigned: rather than strictly assigning
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software-based projects, student teams were given Raspberry Pi
computers and a large collection of sensors, displays, cameras,
and actuators and were told to create their own project. The only
restrictions imposed on their work was that the project must use
the majority of design patterns covered in the syllabus in ways
that made sense within the application context.

This work describes the experience of using student
creativity in a Raspberry Pi environment to stimulate learning
the practical applicability of content in an upper-level software
design patterns course. We examine how the platform was
leveraged to drive experiential learning of the reasons specific
design patterns are used as well as the need for good software
development practices. We provide a sampling of projects
developed by student teams, and discuss a number of lessons
learned that could benefit other educators looking to incorporate
a similar approach in their coursework.

II. BACKGROUND WORK

A. Teaching design patterns

Reusable software design patterns and their role in
developing higher quality, more maintainable, and extensible
code has been well studied [16,39,42]. By the late 1990s, the
significance of including the study of design patterns had been
argued as not only being critical, but also even an essential
component of any computer science curriculum [3]. As
Astrachan et al. noted, one of the reasons studying design
patterns was deemed important is because it helps students shift
their mind set when they approach software problem solving.
Instead of simply coding a solution, students consider the
broader use or potential use of an area of code and design a
solution that takes this context into account. Incorporating
design patterns within CS curricula has been examined in terms
of effectiveness and understanding the greater context from the
beginning of their studies, in courses like CS1 and CS2 [1], all
the way to being covered in the last year of an undergraduate
program [7]. Among these studies, there is a general recognition
that while students can recognize patterns early in the
curriculum through guided lessons, as students advance through
their course work, there is more opportunity to let students lead
this discovery. Common approaches to instruction range from
having students directly compare a pattern-based solution to a
more traditional solution [6], to supplying a problem and asking
students to identify and implement the appropriate pattern
[37,41]. A challenge in this area is helping students bridge the



gap from more directed learning to identifying the appropriate
pattern given a set of more general requirements [32]. One of the
ways to approach this is to motivate the learning by placing the
problem in the context of something the student is interested in
to encourage the pursuit of the end result. A frequently used
motivator of this learning approach has been games and game
design. Examples of these include, the Game of Life [41], n-in-
a-row games [19], and arcade style games [18]. A common
reason given for using games for teaching, beyond the
motivating factor, is that they often involve the need for
significant collaborations and interactions of patterns within the
scope of the game which [18] notes as being a key element in
students being able to appreciate complex design patterns. The
study goes on to note that while contrived projects can
sometimes allow students to see benefits, in order to be able to
synthesize the use of patterns on their own, students need to be
taught through multi-pattern collaborations.

B. Creativity as a learning tool

For our class we sought to build upon many of the elements
that made student learning successful, such as leveraging student
motivation in a multi-pattern project, but in a way to take even
more advantage of student creativity in the process. The goal of
putting students completely in charge of defining the direction
of their project, including how to incorporate design patterns,
was to allow the student to take control over their own learning.
We sought to take advantage of the benefits Harel and Papert
observed in constructionist learning, where software design
itself was the learning environment [1]. While Harel and
Papert’s work examined this type of student-led learning in
fourth graders, they noted that many of their observations likely
translated to this type of learning in general. Key observations
they saw were that by students being in control of their own
learning, they developed better problem solving skills. When
students were in charge of defining what they wanted, they were
empowered to discover problems they wished to solve and
develop an awareness of the skills and processes needed to
resolve the problem they proposed. This helped them develop
cognitive flexibility in looking into different solutions and being
willing to work on problems that were more difficult without
giving up because they were the ones defining the motivation.
This process resulted in students being more articulate about the
planning and design tasks, which is our ultimate goal: not only
can the students use the patterns, but also they know why they
want to use a particular pattern to solve a problem.

The study of computing, be it in the form of computer
science, information technology, or software engineering,
usually attracts people who have a desire to create and
experience new things, which can take the form of games, web
or mobile apps, robots, programmable controllers, or palm-sized
computers. Creativity, however, is usually not among the terms
commonly associated with the stereotypical notion of
computing [33].

However, when creativity has been incorporated in CS1 the
results have been higher scores in knowledge, self-efficacy in
applying the knowledge, and increased study time [38]. Efforts
have been described in implementing a design studio within
computer science programs that would provide a sandbox for
developing creative skills of students within the framework of
human-computer interaction courses [13,20,22].

The significance of creativity and creative thinking has been
explored particularly well in the area of requirements
engineering. In particular, creativity is crucial in discovering
new requirements and has been shown to lead to better overall
solutions [29,34,36].

Media computation approach has been shown to be an
excellent tool for allowing students explore and practice their
creativity in introductory computer science courses, especially
for non-majors [22]. Another potential benefit of leveraging
creativity is creating courses that are more appealing to women
[35].

C. Developing creative analysis skills

Computer science education literature often mentions
creativity as an integral component of design skills with the false
assumption that if students can design software systems, that
automatically makes them creative (e.g. [2]). This approach,
however, does nothing to stimulate students’ divergent thinking
skills. In a typical scenario involving a student project with a
design component, there is typically exactly one candidate
solution, which never gets brainstormed or evaluated against
other possible solutions, which is then implemented in a step-
by-step fashion prescribed by the project guidelines.

Although there is no commonly accepted strict definition of
“creativity,” researchers agree that this term refers to the ability
to identify and solve problems in novel ways [12,40]. There is
also a consensus that creativity is not necessarily an innate
ability, but rather a trait that can be encouraged and developed
[27]. Creativity techniques can help support and stimulate
creative thinking and generation of ideas from a broad range of
activities [4]. Generation of multiple ideas leading to a range of
possible solutions to the problem at hand requires divergent
thinking skills, in contrast to convergent thinking that helps
generate ‘the right answer’ by following a well-known sequence
set of logical steps leading to a single solution [21].

Computer science education seems to foster mainly the
convergent thinking skills as we encourage our students to solve
logical and computational problems that usually have only one
correct answer. On the other hand, real-world problems that are
being solved by modern software engineers require good skills
in both convergent and divergent thinking. Obviously, a
software engineer well-skilled only in convergent thinking will
not be able to come up with an innovative solution to a problem
that cannot be solved using conventional approaches. At the
same time, a software engineer excelling only in divergent
thinking will be able to generate many novel ideas, but they may
lack the convergent thinking abilities needed to carefully
evaluate and refine different ideas in order to compare their
different qualities and to fully implement these ideas to create a
workable solution.

A broad range of techniques for generating new ideas has
been described in the literature. Some examples include
Osborn’s Checklist [30], often referred to as SCAMPER—
Substitute, Combine, Adapt, Magnify, Put to other use,
Eliminate, and Rearrange—as the methods to change an existing
idea; Crawford’s Attribute Listing [9], which suggests listing the
properties of the object to be improved and systematically trying
out different variations; and a number of Lateral Thinking



techniques introduced by de Bono [10], such as random
stimulation, provocation, or harvesting. Such exercises not only
encourage creative thinking, but also force students to take a
different perspective at the subjects at hand. These approaches
usually work well as a starting point for a discussion that is
enjoyable for all involved. These open-ended exercises all serve
the same purpose: they introduce novel ways of looking at
problems that may or may not have existing or meaningful
solutions.

Employing a combination of divergent and convergent
thinking helps students evaluate a range of ideas from a number
of perspectives, make observations, evaluate possible designs,
and draw conclusions. This divergent thinking process is then
repeated over a number of iterations following a path converging
on a desirable solution [5].

Creativity and innovation play a crucial role in the
development of entrepreneurship skills, which are receiving a
renewed attention in many computing and engineering programs
[11,17]. Being able to generate new ideas leading to
commercially successful products or services is a core principle
of entrepreneurship. Exposing students to entrepreneurship
skills may go hand-in-hand with fostering creative skills that can
be applied equally in both technical and business areas.

The importance of creativity in computing has been
emphasized by incorporating it as one of the big ideas in the new
Computer Science Principles course curriculum [8]. The
emphasis on creating computational artifacts underscores the
nature of the discipline focused on designing and developing
new things using computers and technology, including web
sites, video games, and/or digital media. The aim of this new
introductory curriculum is to reframe computing as an
inherently creative discipline focused not on routine work, but
on extending traditional forms of human expression with help of
technology [28]. Although most computer science educators do
not need convincing that our discipline does provide a venue for
expressing a degree of creativity, do we actually teach more
advanced computing concepts and topics in a way that allows
students to be creative? What about computational algorithms?
What about designing a database schema, or a network layout,
or a hierarchy of classes in an object-oriented design? Although
creativity certainly plays a central role in creating a solution, do
computer science majors feel that their field of study allows
them to express their creativity? Do they feel the same way
about their future jobs—will they be able to be creative while
writing code, designing software systems, working with clients
five or ten (or more) years from today? Since many computer
science students pursuing employment in the industry will most
likely choose a career path in software development or software
engineering, we chose to explore student creativity in our upper
level design patterns class offered to 3™ and 4™ year students at
a large regional university in the US.

III. COURSE GOALS

The course we chose to apply this approach to was our upper
level software design patterns course. The instructor had taught
this course three previous times at two different universities
using software-based projects. Students taking this course are
required to have completed core coursework in object-oriented
(O0) programming and data structures. The focus of this course

is advancing the students’ mindset to move from simply
programming a solution towards developing an understanding
of more sophisticated design patterns, when they should be used,
and being able apply them in practice. In addition, we also
address best practices for things like source control, automated
testing, and integrating code bases when multiple people are
involved in a software development project.

Within this context, by using a creativity-driven approach,
we put the students in charge of designing a semester long
project and managing requirements that changed over the course
of the semester. For example, a more traditional instructor-led
approach might give the initial requirements and indicate what
areas are likely to change and ask students to design an
appropriate solution that considers this flexibility and then
introduce these new requirements at a later point in the course.
In past offerings of this course, many students would either have
difficulty grasping how someone could know something needed
to be flexible without having specific requirements, or would
have questioned whether this type of scenario is even realistic.
Thus, a primary goal in incorporating a creativity-driven
approach was to put students in this exact situation where they
had a vision of what their eventual general goal would be, but
they would need to figure out the details along the way. For
example, they might identify some aspect of functionality that
would be fun to add a number of enhancements if they had time.
Our hope was that a natural result of this type of creative vision
would be students anticipating places within the project they
would want flexibility, thus driving their need to identify the
appropriate solution for what was obviously a real scenario.

IV. THE PLATFORM

One might question our choice of the Raspberry Pi and
associated sensors instead of simply giving the students the
freedom in choosing a project platform. A number of factors led
to the selection of the Raspberry Pi. A similar creativity-driven
approach actually had been used in previous iterations of this
class. Specifically, students had been given very loose
requirements to choose between designing an arcade style game
or to create a "life simulator" where organisms could
dynamically evolve. With this loose guidance, they were given
creative freedom to interpret what they wanted that to mean.
With this approach, students also learned through being
motivated to extend their learning to explore how to incorporate
features they thought would be cool; however, for the most part,
student groups tended to stay within their comfort zone by using
programming languages they previously knew. The majority of
exploration was using graphics libraries that had interfaces that
were fairly easy to integrate and only had a limited number of
places that really pushed students to consider the benefits and
tradeoffs of using one pattern over another for a specific place
in the application.

Given this context, using the Raspberry Pi platform with
Grove components presented a lot more opportunities that
required students to stretch their comfort zone. Regardless of
what direction the students chose, their path was likely to require
integration of multiple programming languages and interfaces
that would benefit from applying the design patterns they were
going to learn. For example, while the wide range of Grove
components are well documented, at the time this class was



offered, the sample code for using the majority of these
components was either in Arduino Sketch files or Python
interfaces. By requiring students to make their main code base
in Java, the result was that while students could choose
whichever components they wanted, they typically had to make
one of three choices:

e Figure out how to use patterns to integrate different
programming interfaces, often using patterns in both
programming languages;

e Learn how patterns could be applied to wrap system
command line calls to appear as any other Java
interface; or

e  Study how the code in other languages interacted with
the hardware to provide specific functionality, mimic
the interaction with the hardware using the Pi4J library',
and finally, apply design patterns to create their own
clean interface to hide the underlying complexity.

Regardless of which approach students took, it would
require them to learn how to apply what they were learning to a
new context.

Other factors further supported the choice of the Raspberry
Pi. The environment highly encourages deploying code to the
device from a shared code base rather than working just with
students” own code on their local machine until the last phase
and then integrating. Specifically, each group of students was
assigned only two Raspberry Pis. Thus, while code can be
transferred to the Raspberry Pis directly, since each team
member needed to frequently move their code to the device to
test their code (they did not have the sensors on their own
machine) the result was teams constantly integrating their code
and moving the integrated code base to the device. Given that
two of the other focuses of our design patterns class are working
in a team environment with a shared code base and the
importance of creating automated regression tests, this situation
was ideal for having students discover on their own the
importance of using best practices in this area.

Finally, the Raspberry Pis were an inexpensive solution,
with each team of five or six students being given a kit that cost
just under $275. For the duration of the semester, each student
team received:

e  Two Raspberry Pi kits, which included Raspberry Pi 3
model B with WiFi and Bluetooth connectivity, a USB
power supply, a 16GB Micro SD card with Raspbian
OS, an enclosure case, two heatsinks, and an HDMI
cable;

e 12 Grove components, which included a sound sensor,
a temperature and humidity sensor, a light sensor, a
relay, a button, an ultra-sonic sensor, a rotary angle
sensor, an LCD RGB Backlight, a buzzer, and a red,
blue, and green LED;

e Two GrovePi boards, which allow Grove sensors to be
attached directly to the Raspberry Pi; and

'http://pi4j.com/

e One Raspberry;Pi Camera Module

V. COURSE FORMAT

At the beginning of the course, students were told that they
would be asked to come up with a semester long project that
would have “sprint” checkpoints throughout the semester. The
limits of the specific requirements for the project were:

“For the course long project you have the freedom to create
whatever you want. The project is not based on building any
specific application or use of components (sensors, output
components, camera), but rather the primary source of
evaluation will be based on the proper use of design patterns
and testing to accomplish your goals. The key aspect of the
project is figuring out the type of additions to your project that
would benefit from the use of specific patterns we will cover.
Simply coding a pattern correctly, but not using it in a place that
is appropriate will not receive full marks.” To further
encourage creative solutions, teams were informed that guests
from local industry, from a variety of technical and non-
technical backgrounds, would vote on which project was most
creative. The winning team would then be rewarded extra points
towards their final grade.

Within the first four weeks, students were required to self-
select a group of five to six students and submit a general idea
of their project vision. This vision was not required to identify
any specific components that would be used, but rather was
aimed at them identifying their general direction (e.g. a robot
that does xyz or an alarm that can be activated and turned off
through multiple different environmental sensors). The purpose
was twofold: First, make sure the teams gave some forethought
to areas that needed to be considered in their designs throughout
the semester. Second, to give the instructor a chance to provide
feedback if the scope was appropriate.

One class was dedicated to Git workflow and its use in a
team environment, and a short tutorial was given in how to
connect to the Raspberry Pis via VNC remote desktop. No other
class time was dedicated to either the Raspberry Pi environment
or the components. All other lectures focused on teaching the



design pattern content of the textbook Gamma et al. [16] and
creative thinking toward software design problems.

A. Lecture format

Lectures would begin by introducing the new pattern(s) in
the context of instructor provided examples and resulting code.
Then in the same class period rather than a more traditional
approach of presenting a problem and having the students figure
out how the new pattern could be applied to solve it, the model
was flipped to have students create a concrete problem where
the pattern applied. Student groups had ten minutes to go to the
white board to come up with their own example of the pattern
given loose constraints such as:

e Create an example where [current pattern] makes sense
within the context of your choice of board game; or

e Your team has been asked to represent some aspect of a
car. Create a scenario where it would make sense to use
[current pattern] and draw the design; or

e C(Create a scenario where what you might want to use
[current pattern] and one or more other patterns we have
covered that cannot include any previous example we
have discussed.

Throughout this creation period, students were encouraged to
brainstorm their ideas aloud among their group as they came up
with the Unified Modeling Language (UML) to present on the
board. During their discussions, the instructor would walk
among the different groups and help clarify their understanding
of the pattern or suggest tweaks to their scenario or design that
better exemplified the pattern’s use.

Once the groups had drawn their designs, the class would
reconvene and each group would explain the scenario they came
up with, presenting how their UML solved that problem. The
instructor would then present them with additional theoretical
requirements outside of their original design along the scenario
they had created. In front of the class, the group would then have
to show and explain how their design would have to be modified
in order to support the additional functionality. Thus, the class’
creativity drove the examples they were learning from, and
groups would learn from each other how best to articulate when
each pattern was needed and its benefits in future flexibility.

B. Course project

Using GitHub Classroom, a Git repository was created for
each group that served as their evolving code base for the length
of the semester. The deliverables for the project were broken
down into four two-week sprints for the final 8 weeks of the
course. The requirements for each sprint was that the code base
must include approximately two new design patterns that were
covered at any point previously in the course. Teams were
encouraged to explore including any component, technology, or
third party library that helped them achieve their vision of the
project, but it was up to them to determine what type of addition
would best demonstrate where one of these particular design
patterns made sense.

The design and implementation of each checkpoint would be
done on a “development” branch off of the “master” project
branch. When a checkpoint was due, all deliverables (UML,

implementation, and automated test cases) would be submitted
as pull requests to the master branch. The feedback features of
GitHub’s pull request would then be used to allow the instructor
to provide overall feedback on the deliverables as well as
comments on individual lines of code before the pull request was
merged with the master branch. For the next checkpoint, groups
added their additional functionality as well as their revisions
and/or corrections based on feedback from the previous
checkpoint. For each interim checkpoint, it was made clear that
grading of the checkpoint would be based on the correctness of
the application of the design pattern(s) and its implementation
within the context of the application, but the overall
functionality of the project would not be evaluated until the final
project was presented. The reasoning behind this approach was
to encourage students to explore including new functionality
that could have applications to their end vision, without needing
to worry about it not adding visible benefits initially. This also
had the practical benefit of making the checkpoints easier to
grade without requiring the instructor to reconfigure each
project’s unique set of hardware component connections to the
Raspberry Pi to evaluate the overall project.

VI. EXAMPLE STUDENT PROJECTS

Below we present a sample of the variety of projects that
resulted from encouraging students to embrace their creativity,
and evidence of their grasp of how the course content could be
applied in a variety of real contexts. The patterns referred to
below are based on the pattern names in [16].

A. Emotional Robot

The students' stated goal was to create a robot that could
react to an image and display how it was "feeling." This team
sought to use design patterns to create a modular system that
would allow adding a variety of new emotions, personality
types, and responses easily or even dynamically creating new
ones.

The basic structure of their project was to use a camera
attached to the Raspberry Pi to perceive the environment. Based
on a variety of configuration options, the robot would then
display its emotional reaction to the image through connected
variable color LEDs as well as, through Twitter integration.
Thus, resulting in not only does the Raspberry Pi create a visual
display of the emotion, but also a Tweet of a textual description
of its emotion. The details of their implementation
demonstrated an excellent understanding of the benefits of the
patterns they included, when they should be used, and how to
implement them in a number of complex integration scenarios.
An example of this was how they had incorporated a
combination of Factory and Strategy patterns applied in a variety
of contexts to allow the user to select at runtime how the robot
should interpret images. Specifically, whether the robot should
use average color of the image as the primary new input
affecting emotion, or use integration with the Google Cloud
Vision API to react to what was identified in the picture. For
example, when a picture was held in front of the camera, one
strategy might interpret the image as on average “blue” and
make the robot experience "crippling depression.” While
another strategy might identify the same image as likely
containing the Eiffel Tower, the sun, and a face expressing joy.



This alternative interpretation of the same image might make the
robot experience "joy" and "bravery".

Other aspects that demonstrated an understanding of pattern
applicability was the use of the Composite and Factory patterns
to allow the robot's mood to be composed of a variety of current
and prior emotions, and based on whether the user specified the
robot was pessimistic or optimistic, the same labels perceived in
an image might produce “anxiety” or “bravery.” This
composition of emotions that made up the current mood would
then be used with the Builder pattern to construct a textual
representation of combinations of the emotions and the overall
intensity. This would culminate in a LED adjustment and a
Tweet along the lines of “I see a [person] and it makes me feel
[quite] [comfortable, happy, and brave].”

B. Time-lapse environment sensing camera

For this project, the students incorporated the camera, a
LED, and the temperature and humidity sensor with a mix of
command line operations and external libraries in other
programming languages. The basic functionality of the project
was the user could setup the Raspberry Pi to record a series of
pictures over an extended period of time, which would be
combined to make a time-lapse animated GIF that would be
posted to Twitter. The project also incorporated the temperature
fluctuations over the course of the capture period to adjust the
relative hue of the individual images to reflect it becoming
warmer or colder.

In developing this project, they used a variety of patterns to
wrap integration with command line calls, and applied the
patterns to both Python and Java code to ease integration of open
source packages in a more flexible way. Another example
where their creativity led to complex problem solving was a
solution where they reverse engineered how the electrical
signals were used in sample code in other languages to create
their own customized hardware interaction. Driven by their end
functional goal, they created a Facade pattern to simplify
interaction with the sensors, hiding the significant complexity of
their Grove hardware interaction. Their project correctly
integrated numerous patterns that spanned programming
languages and seamlessly brought everything together in a
flexible, maintainable design.

C. Alarm clock

Still a different take on the requirements was a sophisticated
alarm clock that could alert the user in a variety of ways. These
alerts were completely runtime configurable and allowed the
user to pick from a variety of flashing patterns for the LEDs and
the buzzer could play simple MIDI files. They also used an
Adapter pattern to wrap a Python LCD library so that the user
could configure the alarm to flash messages as it went off.

D. Motion alarm system

Another group opted to construct a motion activated burglar
alarm system. Their project consisted of an alarm that could be
set to respond in a variety of ways. Their project incorporated
an ultrasonic distance sensor, a button, LEDs, and a buzzer.
Within their project, they had used the State pattern to have the
functionality of the distance sensor, button, and keyboard input
change depending on whether the alarm was armed or disarmed.
They demonstrated an understanding of the Strategy pattern in
allowing the person arming their device to choose between a
constant buzz and illuminated LED, a pulsing buzz and light, or
a silent alarm where events were instead logged with no visible
cues.
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E. Summary of pattern use

Table 1 shows a summary of Gamma et al. [16] pattern use
by project. The patterns shown across the top are ordered
chronologically by when they were taught in class. As these
results show, a wide variety of patterns were included, but
perhaps not surprisingly the latter patterns were not included as
frequently as they were largely being taught during the final
sprint. It should be noted that “inner classes” is not a one of the
patterns in [16], but correct use of how to incorporate it in design
was covered and it was counted in the requirement to have eight
patterns so it has been shown here to explain how projects
addressed that requirement.

VII. LESSONS LEARNED

A. Using creativity to direct learning

Throughout the course, student creativity drove how
students thought about the course material and its application.
Overall, the students had very positive things to say about this
learning style:

o “Itallowed us to take the concepts we were learning in
class and apply them in a way that felt relevant to how
we might actually use them in the real world."

e “This project helped me think more about the design of
the whole software that was being created. This was the
first time where I was not thinking like an average
programmer who is given requirements and just codes.
This project helped me get experience in software
architecture and how to think of the future as well
versus get the project done and ship it out... The project
was solidifying the concepts in my brain and removed
all questions/doubts I had when the lectures were
given.”

The lecture style required students to be able to direct this
creativity towards specific goals in short periods of time (10
minute chunks). Initially students found this very challenging,
but became much better at this as the semester progressed. In
future iterations of this course some kick off activities at the
beginning of the semester to stimulate this type of thinking such
as Lego Serious Play, which has been shown to improve creative
critical thinking, may help in making initial student white board
sessions easier [24].

B. Team dynamics

Perhaps one of the biggest impacts from shifting from a more
concrete set of requirements to student creativity being the only
limitation on projects was the impact of team composition and
team dynamics. For example, since the students selected their
own teams, while some organized around specific creative
interests, others organized by familiarity. Consequently, the
teams that organized by familiarity tended to be classmates who
were at similar places in their advancement through the major.

For the more senior team this worked to their advantage as
they had a strong breadth of knowledge and several of the
members had worked in professional team development
environments. While the group had some difficulty initially
agreeing on a vision, once identified, their experience gave them
a wider range of options in terms of each individual developer

being able to incorporate their own creative take on the project
resulting in the time-lapse environmental camera.

By comparison, the less senior team worked well together in
terms of being happy with the contribution of each member and
division of work, but as a group, they initially struggled
primarily in mindset. From talking with the team, one of their
biggest challenges was shifting from being given a rigorous set
of requirements (as was more common in introductory courses)
to the complete freedom to define their own direction driven by
learning goals instead. Once they grew into the idea of
identifying solutions for their creative ideas, however, they were
quite successful with the enhanced alarm clock project.

The teams that organized by interest had almost the opposite
challenge. Identifying the general vision and possible
enhancements was easy, but working as a team proved the
biggest challenge. When it came to the details, there were
disagreements as to the priority of tasks and how tasks should
be divided among the group. For one of these groups a natural
leader emerged and the joint interest led to some really creative
ideas as seen in the emotional robot. With the team where this
did not occur, the project’s implementation of concepts was
good, but they indicated without a well-defined set of
requirements there was constant strife related to the division of
work (motion alarm system).

Below are examples of direct feedback from students in
course evaluations:

e “Having an open goal forced our group to focus on
specific goals, rather than tackling everything at once,
and to work using an iterative approach.”

o “Sometimes the group had conflicting ideas of what
needed to be done to meet the requirements we laid out
for ourselves because there was no one singular vision
with a specific set of product requirements.”

e  “Because it was so open-ended, this project required a
lot more face-to-face meeting time to check on the status
of the project and clear up any confusion about end
goals.”

o “The open-ended type of project requires a lot more
effort from the participants to really work as a team.
You have to make sure everyone is on the same page and
need a team leader (or leaders) who can organize
meetings and has a strong grasp of what the finished
product will look like.”

C. Use of Raspberry Pi platform

Real-world hardware. Hardware can sometimes break, wired
connections may fail (especially if the entire Raspberry Pi plus
sensors assembly is handled without a special care), sensors are
not always precise, and the sensors may behave differently
depending on the external factors such as network infrastructure
and physical environment. These issues can add a lot of
frustration and difficulty to debugging the code. As a result,
students eventually learn to resolve these situations, which
brings them closer to the real-world experiences that are much
different compared to many traditional classroom projects.



e “Raspberry Pis work well for introducing students to
software/hardware interaction. Forces students to
collaborate.”

o “Testing with different components with RPi was very
tedious.”

o “Ilike the use of the Pi as it allows more unique projects
to be created.”

VIII. DISCUSSION OF LEARNING OUTCOMES

While creative projects and maintaining student interest are
a positive outcome, just as relevant is the impact on student
learning. Having this course taught two previous times by the
same instructor with a more traditional software based project
presented a good opportunity to assess the learning impact of the
changes discussed in this work. As in previous years, the oral
exam during the final project presentations, and the final exam
maintained a similar style of questions that addressed the
following areas: fundamental concepts; given UML, identifying
appropriate patterns and refactoring the UML; and identification
of appropriate design patterns given a prose scenario and being
able to explain the benefits of a pattern’s use in that scenario.

Based on these, there was little change in understanding of
fundamental concepts such as abstraction, encapsulation,
modularity, and polymorphism. However, there was clear
improvement in students’ ability to identify appropriate patterns
given a prose description, and a drastic improvement in
students’ ability to articulate the benefits of using that particular
pattern in the given scenario. The only place where there was a
slight decrease in student performance was in being able to
recognize and refactor patterns given UML.

Intuitively, the lack of change in understanding of
fundamentals makes sense, as there would be little change in the
use of these concepts whether given a software project or
creating a project of their own design. In terms of the areas of
improvement, these seem to reflect the benefits of students
needing to identify what type of scenario is needed on their own
required students to develop a deeper understanding of the
applicability of the patterns. Then once included, they directly
observed the benefits of specific patterns in what additional
flexibility they provided as they continued to extend their
projects as their goals and requirements changed throughout the
semester. This understanding was demonstrated in both their
ability to recognize the applicable pattern given a description of
a different problem, and in excelling at being able to explain the
benefits of a pattern as they had experienced them first hand.
Regarding the small decrease in recognizing and refactoring
patterns from UML, in retrospect this is likely due to the way
the material was covered in class and the structure of the project
being primarily driven by students creating their own examples
and less on identifying weaknesses/opportunities in existing
designs. Thus, they were presented with more scenarios of
recognizing the applicable patterns that should be applied during
the design phase rather than analyzing and revising a design
created by somebody else. One possible way to address this in
future iterations of this course might be to have some (poorly)
pre-coded functionality that the groups must use and then when
they are well into the project development, have one of the

checkpoints include revising and extracting patterns out of that
given code.

IX. SUMMARY

Overall, the creativity focused learning approach was well
received by the students. Many indicated they learned far more
on the project than what was directly relevant to the course
material as a result of their own exploration. The common
negative feedback was this resulted in the project taking much
longer than many other projects because the learning was very
non-linear. However, these same students also frequently
indicated in the end it was a very rewarding experience.

e “The project was big but the best and most professional
project I have ever done, can brag about it with
potential employers!”

In addition, compared to previous iterations of this course
based on a traditional lecture style and a software only based
project, learning outcomes were improved in some key areas.
Specifically, student answers during verbal and written
assessments reflected much better understanding of when
different patterns should be used and the practical benefits of
their use.

ACKNOWLEDGMENTS

Providing each student in our course with a Raspberry Pi kit
was made possible by a CCSU AAUP Curriculum Development
grant.

REFERENCES

[1] Alphonce, C., and Ventura, P. 2002. "Object orientation in CS1-CS2 by
design." ACM SIGCSE Bulletin 34, 3: 70-74.

[2] Amoussou, G.-A., Cashman, E., Steinberg, S. 2007. Ways to learn and
teach creativity and design in computing science. In Proceedings of the
2007 Symposium on Science of Design (SoD '07). ACM, New York, NY,
USA, 12-13. DOI=http://dx.doi.org/10.1145/1496630.1496637

[3] Astrachan, O., Mitchener, G., Berry, G., & Cox, L. 1998. "Design
patterns: an essential component of CS curricula." ACM SIGCSE Bulletin.
Vol. 30. No. 1. ACM.

[4] Boden, M.A., 2009. Computer models of creativity. 4] Magazine, 30(3),
p-23.

[5] Cennamo, K., Douglas, S.A., Vernon, M., Brandt, C., Scott, B., Reimer,
Y., and McGrath, M. 2011. Promoting creativity in the computer science
design studio. In Proceedings of the 42nd ACM technical symposium on
Computer science education (SIGCSE '11). ACM, New York, NY, USA,
649-654. DOI=http://dx.doi.org/10.1145/1953163.1953344

[6] Chatzigeorgiou, A., Tsantalis, N. and Deligiannis, 1. 2008. "An empirical
study on students’ ability to comprehend design patterns." Computers &
Education 51.3: 1007-1016.

[7]1 Cinnéide, M. O., and Tynan, R. 2004. "A problem-based approach to
teaching design patterns." ACM SIGCSE Bulletin. Vol. 36. No. 4. ACM.

[8] The College Board, 2014. AP Computer Science Principles. Curriculum
Framework 2016-2017. https://secure-
media.collegeboard.org/digitalServices/pdf/ap/ap-computer-science-
principles-curriculum-framework.pdf

[9]1 Crawford, R.P., 1968. Direct Creativity: With Attribute Listing. Fraser
Publishing Company.

[10] De Bono, E., 1968. New think: The use of lateral thinking in the
generation of new ideas. Avon Books.

[11] Doboli, S., Tang, W., Ramnath, R., Impagliazzo, J., VanEpps, T.,
Agarwal, A., Romero, R. and Currie, E.H., 2010, October. Panel—
Models of entrepreneurship education and its role in increasing creativity,
innovation and leadership in computer science and engineering students.



[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

(21]

[22]

(23]

[24]

(23]

[26]

[27]
(28]

[29]

[30]

(311

[32]

[33]

[34]

In Frontiers in Education Conference (FIE), 2010 IEEE (pp. F1B 1-4).
IEEE.

Felder, R.M., 1988. Creativity in engineering education. Chemical
Engineering Education, 22(3), pp.120-125.

Ferreira, D.J., 2013. Fostering the creative development of computer
science students in programming and interaction design. Procedia
Computer Science, 18, pp.1446-1455.

Forster, F. and Brocco, M., 2008, January. Understanding creativity-
technique based problem solving processes. In Knowledge-Based
Intelligent Information and Engineering Systems (pp. 806-813). Springer
Berlin Heidelberg.

Fuggetta, A. 1999. Rethinking the modes of software engineering
research, Journal of Systems and Sofiware, vol. 47, pp. 133-138, 1999.

Gamma, E., Helm, R., Johnson, R., Vlissides, J., 1994. Design Patterns:
Elements of Reusable Object-Oriented Software, Addison-Wesley.

Gates, A.Q., 2010. Discovery, Innovation, and Creativity: The Core of
Computing. Computer, 43(2), pp.98-100.

Gestwicki, P., and Sun, F.. 2008. "Teaching design patterns through
computer game development." Journal on Educational Resources in
Computing (JERIC) 8.1: 2.

Gomez-Martin, M., Jiménez-Diaz, G., and Arroyo, J. 2009. "Teaching
design patterns using a family of games." ACM SIGCSE Bulletin. Vol. 41.
No. 3. ACM.

Greenberg, S., 2009. Embedding a design studio course in a conventional
computer science program. In Creativity and HCI: From Experience to
Design in Education (pp. 23-41). Springer US.

Guilford, J.P., 1977. Way beyond the IQ: Guide to improving intelligence
and creativity. Buffalo, NY: Creative Education Foundation.

Guzdial. M. 2003. A media computation course for non-majors.
In Proceedings of the S8th annual conference on Innovation and
technology in computer science education (ITICSE '03). ACM, New
York, NY, USA, 104-108.
DOI=http://dx.doi.org/10.1145/961511.961542

Harel, 1., and Papert, S. 1990. "Software design as a learning
environment." Interactive learning environments 1.1: 1-32.

James, A. 2013. “Lego Serious Play: a three dimensional approach to
learning development.” Journal for Learning Development in Higher
Education, No. 6.

Jaramillo, C.M.Z. and Alvarez, M.C.G. 2014. Incorporating Playful
Activities in the Software Engineering Teaching. Developments in
Business Simulation and Experiential Learning, vol. 41, pp. 248-255.

Lewis, C., Jackson, M.H. and Waite, W. M. 2010. Student and faculty
attitudes and beliefs about computer science. Commun. ACM 53, 5 (May
2010), 78-85. DOI=http://dx.doi.org/10.1145/1735223.1735244

Michalko, M., 2010. Thinkertoys: A handbook of creative-thinking
techniques. Ten Speed Press.

Mishra, P. and Yadav, A., 2013. Rethinking technology & creativity in
the 21st century. TechTrends, 57(3), p.10-14.

Nguyen, L. and Shanks, G., 2009. A framework for understanding
creativity in requirements engineering. Information and software
technology, 51(3), pp.655-662.

Osborn, A.F. 1953. Applied Imagination: Principles and Procedures of
Creative Problem Solving, New York: Charles Scribner’s Sons.

Papavlasopoulou, S. 2016. "Engaging students with Computer Science
through creativity: Toward better understanding and improved methods."
Advanced Learning Technologies (ICALT), 2016 IEEE 16th International
Conference on. IEEE.

Pillay, N. 2010. "Teaching design patterns." Proceedings of the SACLA
conference. Pretoria, South Africa.

Porter, L. and Simon, B. 2013. Fostering creativity in CS1 by hosting a
computer science art show. ACM Inroads 4, 1 (March 2013), 29-31.
DOI=http://dx.doi.org/10.1145/2432596.2432609

Reiser, S.L, and Bruce, R.F. 2009. Fabrication: a tangible link between
computer science and creativity. In Proceedings of the 40th ACM
technical symposium on Computer science education (SIGCSE '09).
ACM, New York, NY, USA, 382-386.
DOI=http://dx.doi.org/10.1145/1508865.1509001

[33]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

Rich, L., Perry, H., and Guzdial, M. 2004. "A CS1 course designed to
address interests of women." ACM SIGCSE Bulletin. Vol. 36. No. 1.
ACM.

Robertson, J., 2005. Requirements analysts must also be inventors.
Software, IEEE, 22(1), pp.48-50.

Robins, A., Rountree, J., and Rountree, N. 2003. "Learning and teaching
programming: A review and discussion." Computer science education
13,2: 137-172.

Shell, D., Hazley, M., Soh, L., Miller, L., Chiriacescu, V., and Ingraham,
E. 2014. "Improving learning of computational thinking using
computational creativity exercises in a college CSI computer science
course for engineers." Frontiers in Education Conference (FIE), 2014
IEEE.

Schmidt, Douglas C. 1995. "Using design patterns to develop reusable
object-oriented communication software." Communications of the ACM
38, 10 (1995): 65-74.

Vieira, E.R., Alves, C. and Duboc, L., 2012. Creativity Patterns Guide:
Support for the application of creativity techniques in Requirements
Engineering. In Human-Centered Sofiware Engineering (pp. 283-290).
Springer Berlin Heidelberg.

Wick, M. 2005. "Teaching design patterns in CS1: a closed laboratory
sequence based on the game of life." ACM SIGCSE Bulletin. Vol. 37. No.
1. ACM.

Wolfgang, P. 1994. Design patterns for object-oriented software
development, Addison-Wesley.

Yang, F. and Zhang, W. 2012. Exploration and practice of constructing
creative engineering laboratory on software development. In Computer
Science & Education (ICCSE), 2012 7th International Conference on (pp.
1597-1601). IEEE.




<<
  /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 /Error
  /CompatibilityLevel 1.7
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /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 true
  /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
    /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
    /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
    /blex
    /blsy
    /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
    /CMB10
    /Cmbsy10
    /CMBSY10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /Cmbx10
    /CMBX10
    /Cmbx12
    /CMBX12
    /Cmbx5
    /CMBX5
    /Cmbx6
    /CMBX6
    /Cmbx7
    /CMBX7
    /Cmbx8
    /CMBX8
    /Cmbx9
    /CMBX9
    /Cmbxsl10
    /CMBXSL10
    /Cmbxti10
    /CMBXTI10
    /Cmcsc10
    /CMCSC10
    /Cmcsc8
    /CMCSC8
    /Cmcsc9
    /CMCSC9
    /Cmdunh10
    /CMDUNH10
    /Cmex10
    /CMEX10
    /CMEX7
    /CMEX8
    /CMEX9
    /Cmff10
    /CMFF10
    /Cmfi10
    /CMFI10
    /Cmfib8
    /CMFIB8
    /Cminch
    /CMINCH
    /Cmitt10
    /CMITT10
    /Cmmi10
    /CMMI10
    /Cmmi12
    /CMMI12
    /Cmmi5
    /CMMI5
    /Cmmi6
    /CMMI6
    /Cmmi7
    /CMMI7
    /Cmmi8
    /CMMI8
    /Cmmi9
    /CMMI9
    /Cmmib10
    /CMMIB10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /Cmr10
    /CMR10
    /Cmr12
    /CMR12
    /Cmr17
    /CMR17
    /Cmr5
    /CMR5
    /Cmr6
    /CMR6
    /Cmr7
    /CMR7
    /Cmr8
    /CMR8
    /Cmr9
    /CMR9
    /Cmsl10
    /CMSL10
    /Cmsl12
    /CMSL12
    /Cmsl8
    /CMSL8
    /Cmsl9
    /CMSL9
    /Cmsltt10
    /CMSLTT10
    /Cmss10
    /CMSS10
    /Cmss12
    /CMSS12
    /Cmss17
    /CMSS17
    /Cmss8
    /CMSS8
    /Cmss9
    /CMSS9
    /Cmssbx10
    /CMSSBX10
    /Cmssdc10
    /CMSSDC10
    /Cmssi10
    /CMSSI10
    /Cmssi12
    /CMSSI12
    /Cmssi17
    /CMSSI17
    /Cmssi8
    /CMSSI8
    /Cmssi9
    /CMSSI9
    /Cmssq8
    /CMSSQ8
    /Cmssqi8
    /CMSSQI8
    /Cmsy10
    /CMSY10
    /Cmsy5
    /CMSY5
    /Cmsy6
    /CMSY6
    /Cmsy7
    /CMSY7
    /Cmsy8
    /CMSY8
    /Cmsy9
    /CMSY9
    /Cmtcsc10
    /CMTCSC10
    /Cmtex10
    /CMTEX10
    /Cmtex8
    /CMTEX8
    /Cmtex9
    /CMTEX9
    /Cmti10
    /CMTI10
    /Cmti12
    /CMTI12
    /Cmti7
    /CMTI7
    /Cmti8
    /CMTI8
    /Cmti9
    /CMTI9
    /Cmtt10
    /CMTT10
    /Cmtt12
    /CMTT12
    /Cmtt8
    /CMTT8
    /Cmtt9
    /CMTT9
    /Cmu10
    /CMU10
    /Cmvtt10
    /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
    /Dcb10
    /Dcbx10
    /Dcbxsl10
    /Dcbxti10
    /Dccsc10
    /Dcitt10
    /Dcr10
    /Desdemona
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /Dingbats
    /DomCasual
    /Dotum
    /DotumChe
    /DoulosSIL
    /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
    /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
    /KristenITC-Regular
    /KrutiDev040Bold
    /KrutiDev040BoldItalic
    /KrutiDev040Condensed
    /KrutiDev040Italic
    /KrutiDev040Thin
    /KrutiDev040Wide
    /KrutiDev060
    /KrutiDev060Bold
    /KrutiDev060BoldItalic
    /KrutiDev060Condensed
    /KrutiDev060Italic
    /KrutiDev060Thin
    /KrutiDev060Wide
    /KrutiDev070
    /KrutiDev070Condensed
    /KrutiDev070Italic
    /KrutiDev070Thin
    /KrutiDev070Wide
    /KrutiDev080
    /KrutiDev080Condensed
    /KrutiDev080Italic
    /KrutiDev080Wide
    /KrutiDev090
    /KrutiDev090Bold
    /KrutiDev090BoldItalic
    /KrutiDev090Condensed
    /KrutiDev090Italic
    /KrutiDev090Thin
    /KrutiDev090Wide
    /KrutiDev100
    /KrutiDev100Bold
    /KrutiDev100BoldItalic
    /KrutiDev100Condensed
    /KrutiDev100Italic
    /KrutiDev100Thin
    /KrutiDev100Wide
    /KrutiDev120
    /KrutiDev120Condensed
    /KrutiDev120Thin
    /KrutiDev120Wide
    /KrutiDev130
    /KrutiDev130Condensed
    /KrutiDev130Thin
    /KrutiDev130Wide
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-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
    /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
    /MTExtraTiger
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /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
    /SILDoulosIPA
    /SimHei
    /SimSun
    /SimSun-PUA
    /SnapITC-Regular
    /StandardSymL
    /Stencil
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /Stop
    /Swiss721BT-BlackExtended
    /Sylfaen
    /Symbol
    /SymbolMT
    /SymbolTiger
    /SymbolTigerExpert
    /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
    /Tiger
    /TigerExpert
    /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 150
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /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 <<

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata pogodnih za pouzdani prikaz i ispis poslovnih dokumenata koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice




