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Abstract
This thesis research is constructed around leveraging applied, professional
art practices coupled with emerging technologies to expand the educational
experience in the Design classroom. By extending the classic theories of teaching
Color Theory, rooted from the Bauhaus School, into a digital and interactive
space, students are likely to have a better understanding and appreciation for the
interaction of color in the digital space.
The experimentation of several interactive prototypes could potentially be
used as options for enhancing different tasks in digitally manipulating color. A
different concept for each prototype allows for a wider evaluation of the
effectiveness of each prototype and create a more creative and exploratory
experience for the final product. The difficulties that programming presents
prohibit the completion of several conceptual prototypes. It would be interesting
to examine the effectiveness of contracting the knowledge and abilities of one or
two Computer Science students to assist in creating fully functional prototypes to
strengthen the results of this research and to have the ability to create a final
product for usability analysis and investor presentations.
This product will not only teach designers and emerging artists basic color
theories in the digital space, but will allow the students to explore various color
harmonies and color nomenclature based on the teacher’s lesson plan and allow a
cognitive approach to manipulating the interaction of color in a digital setting.
Several prototypes were designed and developed containing various
components centered around color theory. Each platform offers the student
different ways to explore the interaction of color, with thorough explanations of
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color interactions in the digital setting, such as color relationships, perception
hue, and saturation and value. Lessons were reinforced by different interactive
exercises throughout the system. Secondary research shows that various defined
user experience elements need to be included during the design of the prototypes,
such as accompanying feedback, providing the assistance that guides users in
correctly manipulating the color on-screen. While one prototype may give the
user complete control in each exercise, keeping track of each decision made
throughout the experimental process, as well as offering tips to enhance or alter
the outcome for different desired results.
Through an evolutionary process, the final prototype was more robust and
addressed the results from each testing, while new concepts were introduced
through iterative research. The first step was to design and develop a basic
prototype that addressed the fundamentals of the in-class exercises. By first
testing the usability of that prototype as well as assess student engagement and
comprehension, the results were used to create an improved prototype the
second time around. Additionally, by including new concepts in each successive
iteration, the final prototype addressed needs of the student currently, while
offering advancements that will create a better experience in the long run.
Using the application, students can interact with the interface and
manipulate color with touch technology, a gesture based system such as the
Microsoft Kinect or a web based point and click environment. By leveraging
touch technology or interaction design in general, the student will participate in a
richer interactive experience compared to one using a mouse and keyboard. The
touch screen interaction mimics the actions akin to the analog experience of
using traditional methods of cut paper and paint. Touch screen technology also
opens the door to the possibilities of future implementation of a multi-touch
experience and exposure to collaboration and co-creation in the classroom.
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Preface
1.1: Purpose and Scope
The main objective of this thesis is to propose an enhancement to the
educational experience of color theory and communication course at the college
level by introducing a digital interactive learning module designed to teach
students about color interaction in the digital space.
The research has been constructed around leveraging applied, professional
art practices coupled with emerging technologies to expand the educational
experience in the Design classroom. By extending the classic theories of teaching
Color Theory, rooted from the Bauhaus School, into a digital and interactive
space, I hypothesize that students will have a better understanding and
appreciation for the interaction of color in the digital space.
Several interactive prototypes have been developed and explored that
could potentially be used as options for enhancing different tasks in digitally
manipulating color. A different concept for each prototype fosters an evaluation
of the effectiveness of each prototype and creates a more creative and exploratory
experience for the final product. The difficulties that development presents
prevents the absolute completion of several conceptual prototypes. Upon
continuing this research, the knowledge and abilities of one or two Computer
Science students would be necessary in creating fully functional prototypes to
strengthen the results of the research and to have the ability to create a final
product for usability analysis and assessment.
This product will not only teach designers and emerging artists basic color
theories in the digital space, but will allow the students to explore various color
xiii

harmonies and color nomenclature based on the teacher's lesson plan and allow a
constructivist or cognitive approach rather than a reflective approach to
manipulating the interaction of color in a digital setting.
Using the final two prototypes, students can interact with the interface and
manipulate color with touch technology or a gestural based system, such as the
Microsoft Kinect. By leveraging touch technology, the student will participate in a
rich interactive experience compared to one using a mouse and keyboard. The
touch screen interaction mimics the actions akin to the analog experience of
using traditional methods of using cut paper and paint. Touch screen technology
also opens the door to the possibilities of future implementation of a multi-touch
experience and exposure to collaboration and co-creation in the classroom.
The hypothesis is that this module will enhance the learning experience
and will make design students knowledgeable of how color interacts in the digital
space. Exhibiting critical prototypes to participants, and conducting a task
walkthrough along with a simple heuristic review will test this assumption.
The next steps of the research process will be to conduct another round of
tests on a fully functioning, revised model that would be expanded to include
additional exercises from the color theory course. After several successful tests
and results from short-term implementations in the classroom, educational
companies and investors interested in technology and interactive educational
tools will be approached to acquire further funding and assistance to develop a
fully functional application and potentially take the final prototype to market.

xiv

1.2: Audience
Over 300,000 digital design positions were held in 2009, expecting to
grow 13% each year as the growing need for the industry rises (US Census
Bureau, 2009). The target audience for this application would be an
undergraduate student who is on track to apply to an undergraduate design
program offering color theory as a foundational course. The target student would
be interested in pursuing a career in the design field where digital applications
are likely to be encountered such as web, animation, and motion graphics.
Design practitioners could also greatly benefit from this tool during daily
design research and application. User testing and feedback for the tool could
enhance the iterative research approach.
This research could be tested on future students in Color Theory and
Communication 310 in the Department of Design at the Ohio State University.
The reason for this test is to assess the ease of use of this interactive color theory
module, designed to enhance the learning experience of color theory taught at the
college level, as well as assisting design students in understanding the interaction
of color in the digital setting.
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Chapter 1: Introduction
1.1: Overview: Research Scope
Design practitioners today are faced with a multitude of options for
altering and selecting color for their design solutions. Present-day graphic
software incorporates options for altering color, designing in various color modes
and the ability to view a design in differing monitor or output options. A designer
can spend hours creating a beautifully detailed identity system for a client,
complete with spec colors and a style guide for future usage of the brand they
have designed. However, there is often a disconnect of the application of colors
selected once the design enters the digital world. There seems to be a void in the
available tools for designers to view the interaction of those colors on a screen.
While design students are exposed to the concept of color selection and the
meaning of color in a traditional design curriculum, rarely is a student introduced
to color application and color interaction in the digital setting. Through personal
experience as a student and as an educator of the subject, it is apparent that the
original format in which color is taught to design students remains in a physical
context. Physical materials like colored paper and paint are used to teach the
same lessons that were constructed by Josef Albers and Johannes Itten at the
Bauhaus School of Design in Germany in the 1920s. Concepts such as color
contrast and the illusion of transparency are still standard in today’s design
courses, and are still being taught using the same materials despite the fact that
the industry has changed considerably over nearly a century. While graphic
design professionals may begin conceptualization with pen and pencil, the final
deliverable is crafted on a computer almost immediately. The importance of color
1

accuracy the correct application of color on a computer is more important than
ever.
Additionally, as competition among professionals increase in the
professional world, the competition among design programs increases at an even
more rapid rate. Simply obtaining a degree in design is not necessarily enough to
secure employment as an entry-level designer. Designers are aware of the keen
competition they face upon graduation and are being more selective upon
choosing a program to attend for their undergraduate studies. As this selection
process becomes more competitive, design programs need to expand their
curriculum so that entry level designers have a larger set of applicable skills.
Research implies that of the seven elements of design; line, shape
direction, size, texture, color, value; color is often the least emphasized element
in a design curriculum. While the remaining six elements are constantly
intertwined into the course exercises and lessons throughout one’s
undergraduate design education, the exposure to color knowledge is contained
within one course, if available, and is nearly always speaking to a print based
output or deliverable. As media convergence expands, design curriculums need to
broaden to include media output such as mobile, television and web platforms.
Students are not only creating design for digital output, but are also creating
design in a digital setting.
Current design curriculum teaches the concepts surrounding color in a
physical arena. The mixing and interaction of paint and pigment differs greatly
from that of the mixing and interaction of light or additive color. The education of
key color concepts such as contrast and color interaction, are arguably different
in subtractive and additive color models.
As technology continues to advance and design programs become
increasingly competitive, there is an obvious void in color education of designers.
2

It is imperative that design programs who aim to stay ahead of the curve strive to
offer students a knowledge foundation beyond simple drawing, typography and
layout skills. It would seem that of the seven elements of design, there is a pattern
of courses surrounding the education of color as being either cut or being
combined into basic foundational courses. Many programs are cutting the color
centric course entirely, due to budget cuts or lack of importance of the subject of
color, and assuming students will develop a sense of color simply through
experience or through cross disciplinary exposure.
Emerging technology can not only expand on the ability to teach the
subject of color efficiently but also effectively and in line with today’s trend of
digital output. Utilizing touch screen technology, gesture based systems, and
digital environments utilizing real time feedback, students could quickly learn
about the interaction of color, and experience the concepts of traditional color
theory curriculum in a native format they are familiar with or will be using during
the creation or delivery segment of the design phase.
1.2: Objective
This research coupled with statistics proving that over 97% of design
graduates will be practicing their skills in the additive color space (US Census
Bureau, 2009) begs the issue of whether students are able to execute the
knowledge they gained during their foundational design (color) education. Based
on interviews and communications with faculty at thirteen internationally
recognized college design programs, only one out of thirteen reported offering a
color course in which the topic of additive color mixing is approached, for one
day out of a sixteen-week semester. One single day in which students are
expected to absorb as much information as possible to aid in their professional
practice upon graduation, which will take place on a computer, whether that
digital device aids in creation or final outcome.
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While traditional methods of learning about color mixing still remain
viable, cut paper and paint are no longer the only tools available to teach students
about color interaction and the importance of on-screen hue selection, contrast,
and value. The interaction of on-screen colors on multimedia devices such as a
mobile application or a time-based animation cannot be explained using paper
and paint. Additionally, the spectrum that the additive (RGB) color space offers
cannot be achieved using pigments or inks, such as those achieved in the
subtractive color space. It is essential that students be able to conduct the
standard color theory exercises in both color spaces, to further inform their
practice of these theories, especially those centered around color interaction.
For example, at The University of Tennessee, the undergraduate Graphic
Design program prohibits the use of the computer until the third consecutive year
in the program, when students are formally accepted into the program. Once the
first semester of the third year commences, they immediately begin executing
their designs on a computer, and the majority of the courses take place in a
computer lab. Unfortunately, at this time they have not received a formal
introduction to using common graphic software or the extreme difference in color
spaces they will face after spending at least two years using ink and pigment
based processes to construct their designs.
Before beginning to formulate a design or concept behind the potential
prototype, it is essential to being a thorough literary review of the subject matter.
The basis for this thesis research lies within the synthesis of four intersecting
points; color theory, interaction design, education and cognitive learning. The
final solution proposed in this thesis can only exist when these four essential
areas intersect. All of these areas of research need to be used concurrently
because they each have properties that are contingent upon each other. It does
not matter how beautiful the screens for the final interface are if these four areas
are not being used simultaneously. Each one of the components deserves a
4

thorough examination. The following chapter will being to illuminate each
subject matter in more depth.

Figure 1.1: Thesis Focus Venn Diagram
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Chapter 2: Background
2.1 Color Theory
In the visual arts, color theory is a body of empirical instruction to color
mixing and the visual impacts of specific color combinations. It teaches aspects of
color perception, communication and how the meaning of color can affect the
viewer’s interpretation of a work of art.
The color wheel is an artistry model that is formed by placing an arbitrary
number of elementary colors based on a set of primaries in a perceptually linear
progressive arrangement. The different color wheels arise from different ways of
looking at color, whether it’s mixing light, mixing pigment, or working with
perception. The number and choice of primaries vary among color wheels and
artists use these primaries to obtain other colors. Red, Yellow and Blue (RYB)
have been widely used as primaries in the Arts.
The 12-hue Johannes Itten Color Wheel is the most common model used
to teach Color Theory [see Figure 1.1]. This color wheel forms contrasting
elements to help visualize his theories of how shades and hues can come together.
While there are other approaches to teaching color to visual art students, Itten’s
wheel is most used because it’s primaries, red, yellow and blue have been widely
used as primaries in the Arts, as traditionally artists have triumphed in using
them to obtain a wealth of colors. Itten’s wheel is useful as a conceptual model for
color since the relationships are easy to see, the system is easy to understand and
has been principally used to teach color relationships since François D'Aguilon
declared in 1613 that red, yellow and blue were primary colors and when mixed
with black and white could produce all colors.
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Figure 2.1: Three different color wheels, dependent on color space

Additionally, from a perceptional point of view it makes perfect sense to
use red, yellow and blue as primaries. The human eye is capable of pointing out a
pure blue without traces of violet or green, a pure red without traces of violet or
orange and a pure yellow without traces of green or orange. However, the human
eye is unable to point out pure magenta or cyan.
The traditional 12-hue color wheel is based on the subtractive color
system. Subtractive color systems start with light, presumably white light.
Colored inks, paints, or filters between the viewer and the light source or
reflective surface subtract wavelengths from the light, giving it color.
RYB (red-yellow-blue) make up the primary color triad in a traditional 12hue subtractive color wheel [see Figure 1.2]. The secondary colors VOG (violetorange-green) also make up another triad. Triads are formed by 3 equidistant
colors on a particular color wheel. The remaining hues, the tertiary colors, are
created by the combination of a primary and a secondary color.
Color theory was originally formulated under these terms, using three
“primary” or “primitive” colors—red, yellow and blue (RYB), a historical set of
colors used in subtractive color mixing. These colors were believed capable of
7

mixing all other colors. The principal idea that all colors can be produced from a
set of primaries is essentially used in art and design education. Printers, dyers
and painters, had long known this color mixing behavior but these trades
preferred pure pigments to primary color mixtures, because the mixtures were
too dull (unsaturated).
The RYB primary colors became the foundation of 18th century theories of
color vision (the capacity of an organism or machine to distinguish objects based
on the wavelengths (or frequencies) of the light they reflect, emit, or transmit), as
the fundamental sensory qualities that are blended in the perception of all
physical colors and equally in the physical mixture of pigments or dyes.
These theories were enhanced by 18th-century investigations of a variety
of purely psychological color effects, in particular the contrast between
“complementary” or opposing hues that are produced by color afterimages and in
the contrasting shadows in colored light.
These ideas and many personal color observations were summarized in
two founding documents in color theory: The Theory of Colours (1810) by the
German poet and government minister Johann Wolfgang von Goethe, and The
Law of Simultaneous Color Contrast (1839) by the French industrial chemist
Michel Eugène Chevreul.
The idea that red, yellow and blue are the true subtractive primaries
predates modern scientific color theory. Printer’s Magenta was invented in the
1890s for the CMYK printing process, when newspapers began to publish color
comic strips [12]. Over time, designers and artists have demonstrated that
magenta, yellow, and cyan is a better set of primary colors to use when mixing
pigment [4]. For instance, mixing equal parts of magenta and yellow can produce
red, and mixing cyan and magenta can produce blue.
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The RGB color model is an additive color model in which red, green, and
blue light is added together in various ways to reproduce a broad array of colors.
Additive color mixing begins with black and ends with white; as more color is
added, the result is lighter and tends to white. The name of the model comes from
the initials of the three additive primary colors, red, green, and blue.

Figure 2.2: Diagram of the CMYK and RGB Color Models
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The main purpose of the RGB color model is for the sensing,
representation, and display of images in electronic systems, such as televisions
and computers, though it has also been used in conventional photography.
In established Art and Design programs, students are first introduced to
the RGB color space when they begin learning computer software applications
such as Adobe Photoshop. During this introduction, the topic of RGB color in
contrast with CMYK color is discussed briefly, if it is even mentioned, leaving
students uninformed and confused.
Available color systems are dependent on the medium with which a
designer is working. When using ink or pigment to create color, a designer has a
variety of paints to choose from, and mixed colors are achieved through the
subtractive color method. When a designer is utilizing the computer to generate
digital media, colors are achieved with the additive color method.
Students are taught the historical RYB color model in traditional Color
theory curriculum, which typically takes place in the first or second year of study.
Additionally, during the first and second year of visual communication design
study, students are not conventionally taking courses requiring the use of a
computer. For example, in my undergraduate experience at The University of
Tennessee, the undergraduate Graphic Design program prohibited the use of the
computer until the third consecutive year in the program, when students are
formally accepted into the program. Once the first semester of the third year
commences, they immediately begin executing their designs on a computer, and
the majority of the courses take place in a computer lab. Unfortunately, at this
time they have not received a formal introduction to using common graphic
software or the extreme difference in color spaces they will face after spending at
least two years using ink and pigment based processes to construct their designs.
10

The RYB colors that students have become accustomed to at this point in
their education can not be converted into CMYK or RGB colors in a one step
conversion, nor can CMYK or RGB colors be converted to RYB color values.
Two important and related transformations of the RGB color model are
the HSV and HLS color spaces. Instead of making red, green, and blue the
operative components of the space, these spaces describe colors in terms more
natural to an artist or designer who regularly use computer software applications
such as Adobe Photoshop:
• HSV—hue, saturation, value (also known as HSB, where “B” represents
brightness)
• HLS—hue, lightness, saturation

The HSV/B and HLS spaces use models that assign values to these components
in conical geometries [see Figure3.4].

Figure 2.3: Hue, Saturation and Value Model (HSV)
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Figure 2.4: The HSV and HLS color models

This thesis will explore new ideas using interactivity in new media, and the
effects of applying those ideas when exploring the interaction of color in the RGB
color space. Allowing students to manipulate RGB colors using the familiar HSV
and HLS models found in common graphic software, the user (student) can
control the following:
• How that color is created
• What color they see
• How the user will perceive that color in relationship to surrounding colors
• The interaction of the colors on screen to create either a harmonious or
incongruous effect on screen
Contemporary color education must address the expanded range of media
created by digital media and print management systems, which substantially
expand the range of imaging systems and viewing contexts in which color can be
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used. These applications are areas of intensive research, much of it proprietary;
traditional fine art and design color theory curriculum does not include these
complex new opportunities. The advantages of the real-time feedback and
leveraging the dynamic RGB color space will provide a multitude of opportunities
that can enhance the manner in which students can explore color in the digital
space and build a foundation for manipulating spatial relationships between
colors utilizing the additive color systems.
Results obtained when mixing additive colors are often counterintuitive
for people accustomed to the more everyday subtractive color system of
pigments, dyes, inks and other substances which present color to the eye by
reflection rather than emission. For example, in subtractive color systems green
is a combination of yellow and blue, in additive color, red + green = yellow and
no simple combination will yield green. Additive color is a result of the way the
eye detects color, and is not a property of light. There is a vast difference between
yellow light, with a wavelength of approximately 580 nanometers, and a mixture
of red and green light (Briggs, 2007). However, both stimulate our eyes in a
similar manner, so we do not detect that difference.
2.2 The Interaction of Color
Color interaction is a perceptual effect that influences how color
combinations appear to an observer. Two main categories are color induction and
color assimilation, the former when two colors become more different looking,
and the latter when two colors become more similar looking.
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Figure 2.5: Color Induction
Color induction (chromatic induction, hue induction) refers to the change of hue when colors are
perceived in the context of other colors. Depending of the color of the surrounding square the
central neutral (gray) square gets a slight tint in the direction of the complementary color.

Figure 2.6: Color Assimilation
Color assimilation (Von Bezold spreading effect or Bezold-Brücke effect) is the opposite of Color
Contrast: Colors take on the hue of the surrounding color, whereas color contrasts moves it into
the direction of the Complementary Color. Color assimilation makes the red-orange (left) and
green (right) assimilate their neighboring colors.

In this survey of concepts and research, the focus is on fundamental issues
and definitions regarding these effects. The emphasis is on the education of
modern digital design students and relevant applications of different
technologies. Historical perspectives are investigated and considered. Different
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color appearance models and how they take color interaction into consideration
are critical, in addition to applicable color adjustments each color model
contributes to student comprehension of color interaction in the digital and
physical space. Modern visual perceptual theories, and the place of these effects
in a broader perceptual theory should be considered in an attempt to update
contemporary color theory.
The importance of color and color interaction in different educational and
professional applications needs to be explored with a set of guidelines.
Advantages and disadvantages that may result from using the guidelines will be
addressed. An additional goal for this research will be a series of suggestions for
the advancement of the future of color theory and interaction for competitive
Design programs offering courses for interaction designers.
There are three major classes of the interaction of color (on-screen):
simultaneous contrast, successive contrast, and reverse contrast (or
assimilation).
Simultaneous contrast may take place when one area of color is surrounded by
another area of a different color. In general, contrast enhances the difference in
brightness and/or color between the interacting areas. Contrast effects are
mutual, but if the surround area is larger and more intense than the area it
encloses, then the contrast is correspondingly out of balance, any may appear to
be exerted in one direction only.
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Figure 2.7: Simultaneous Contrast
Figure: Depending of the color of the surrounding square the central neutral (gray) square gets
a slight tint in the direction of the complementary color.

Successive contrast implies first one color is viewed and then another. This may
be achieved either by fixing the eye steadily on one color and then quickly
replacing that color with another, or by shifting fixation from one color to
another.

Figure 2.8: Successive Contrast
Stare at the two colored circles on the left for a few seconds and then shift your attention to the
two circles in the right row. These two circles, though identically colored, would appear to be of
different colors for a moment

Reverse contrast (sometimes called the assimilation of color or the spreading
effect) takes place when the lightness of white or the darkness of black may seem
to spread into neighboring regions. Similarly, colors may appear to spread into or
become assimilated into neighboring areas. All such effects tend to make
neighboring areas appear more alike, rather than to enhance their differences as
in the more familiar simultaneous contrast, hence the term reverse contrast.
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Figure 2.9: Reversed Contrast
Gestalt theory can be used to explain the illusory contours in the Kanizsa Square. A floating
gray box, which does not exist, is seen. The brain has a need to see familiar simple objects and
has a tendency to create a “whole” image from individual elements.
* Note that in the interaction of color in each example the constituent colors retain much of
their own identity even though they may be altered somewhat by contrast.

2.3 Interaction and Learning
Interactive learning describes a method of acquiring information through
hands on, interactive means. The opposite of interactive learning is passive
learning, which is merely observing a learning process or just listening to
information. Interactive learning is a common method employed in schools today
and often involves the use of computers and other tangible equipment.
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There are two major approaches to using interactive learning systems and
programs in education. First, people can learn “from” interactive learning
systems and programs, and second, they can learn “with” interactive learning
tools. Learning “from” interactive learning systems is often referred to in terms
such as computer-based instruction or integrated learning systems (ILS).
Learning “with” interactive software programs, on the other hand, is referred to
in terms such as cognitive tools and constructivist learning environments.
The foundation for the use of interactive learning systems as “cognitive
tools” (the “with” approach) is “cognitive psychology.” Computer-based cognitive
tools have been intentionally adapted or developed to function as intellectual
partners to enable and facilitate critical thinking and higher order learning. In the
cognitive tools approach, interactive tools are given directly to learners to use for
representing and expressing what they know. Learners themselves function as
designers, using software programs as tools for analyzing the world, accessing
and interpreting information, organizing their personal knowledge, and
representing what they know to others.
There is no universally accepted definition of interaction in Design,
Technology or Education. A summary of the various interpretations of the term
interaction might be a kind of action that occurs as two or more objects have an
effect upon one another. A system where all aspects are related and
interdependent, every action has a result.
Burdened by a history of failed technology-based innovations (e.g.,
programmed instruction, teaching machines, and computer-assisted instruction),
the latest buzzwords for interactive learning (e.g., interactive multimedia, the
Web, and virtual reality) attract both enthusiasm and serious skepticism.
Ultimately, all learning is interactive in the sense that learners interact with
content to process, tasks to accomplish, and/or problems to solve. However this
thesis refers to a specific meaning of interactive learning as involving some sort of
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technological mediation between a teacher/designer and a designer/learner. An
interactive learning system requires a device or system allowing a flow of
information between it and at least one human being (a learner), responding to
the user’s input. The student developing basic literacy skills via a multimedia
simulation, the high school senior experimenting with the reactions of elements
in a beaker learning chemistry, and the three-year old learning colors and letters
by playing with wooden building blocks are all engaged in interactive learning.
Educators are constantly searching for innovative ways to efficiently and
effectively engage and advance student learning. The following diagram points
out the most effective ways students retain learned knowledge, so it is no wonder
academia looks towards creating new experiences that involve students learning
through doing, which has an average rate of 75% learning retention, just below
results obtained from students teaching others.

Figure 2.10: Learning Through Doing
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Research indicates that experiential practice results in the highest level of retention (short of
teaching others).

*Source: National Training Laboratories. Bethel, Maine
Edgar Dale (1954), an early researcher in the field of visual learning and
the father of the Cone of Experience, is credited for the original linkage between
instructional theory and communications. Dale’s original model of the cone does
not include any percentages, and is explicitly described by Dale as a visual aid
about audio-visual materials. His cone device is a visual metaphor depicting
learning experiences, from the concrete to the abstract. No specific type of
learning carries more value than another in Dale’s model, however he does
contend that as one’s experiences more toward the bottom of the cone, more of
the senses are engaged (such as hearing, seeing, touching, smelling and tasting).
While Dale’s Cone of Experience lacks percentages of effectiveness of the
various types of learning or evidence of research having been conducted in
formulating the cone device, this thesis research is attracted to the concept of
moving towards a learning experience that is more theoretical, abstract and
begins to engage more of the senses through one’s own exploration. In my
opinion, this is the ideal method to engage a learner by giving them the ability to
generate their own knowledge, gaining meaning from the experience and their
ideas.
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Figure 2.11: Edgar Dale’s Original Cone of Experience:
The cone device is a visual metaphor of learning experiences, in which the various types of
audio-visual materials are arranged in the order of increasing abstractness as one proceeds
from direct experience. Exhibits are nearer to the pinnacle of the cone because they are more
difficult than field trips but only because they provide a more abstract experience.
*an abstraction is not necessarily difficult. All words, whether used by children or adults are
abstractions.
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Chapter 3: Color Education in Design Programs
3.1: A Brief History of Color Education in Design and The Arts
Although color theory principles first appeared in the writings of Leone
Battista Alberti (c.1435) and the notebooks of Leonardo Da Vinci (c.1490), a
tradition of “color theory” began in the 18th century, initially within a partisan
controversy around Isaac Newton's theory of color (Opticks, 1704) and the nature
of so-called primary colors.

Figure 3.1: The first, 1704, edition of Opticks.
Cover and diagram of the theorem that “The Light of the Sun consists of Rays differently
Refrangible.” His arrangement of the prism and the resulting orientation of the solar spectrum
-- violet above and red below -- became canonical and probably encouraged the terminology of
“ultraviolet” and “infrared.”

A color circle, based on red, yellow and blue, is traditional in the field of
art. Sir Isaac Newton developed the first circular diagram of colors in 1666. Since
then scientists and artists have studied and designed numerous variations of this
concept. Differences of opinion about the validity of one format over another
continue to provoke debate.
* Source states any color circle/wheel which presents a logically arranged sequence of pure
hues has merit.
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Figure 3.2: Sir Isaac Newton and his diagram of colors, 1666.
Newton’s conceptual arrangement of colors around the circumference of a circle (right), which
allowed the painters’ primaries (red, yellow, blue) to be arranged opposite their complementary
colors (e.g. red opposite green), as a way of denoting that each complementary would enhance
the other’s effect through optical contrast.

Figure 3.3: Newton’s diagram of the color prism behavior
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For much of the 19th century artistic color theory either lagged behind
scientific understanding or was augmented by science books written for the lay
public, in particular Modern Chromatics (1879) by the American physicist Ogden
Rood, and early color atlases developed by Albert Munsell (Munsell Book of
Color, 1915) and Wilhelm Ostwald (Color Atlas, 1919).
Major advances were made in the early 20th century by artists teaching or
associated with the German Bauhaus, in particular Wassily Kandinsky, Johannes
Itten, Faber Birren and Josef Albers, whose writings mix speculation with an
empirical or demonstration-based study of color design principles.

Figure 3.4: The Munsell Color System

Figure 3.5: The Ostwald Color System

The foundations of pre-20th-century color theory were built around “pure”
or ideal colors, characterized by sensory experiences rather than attributes of the
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physical world. This has led to a number of inaccuracies in traditional color
theory principles that are not always remedied in modern formulations.
The first problem with these foundations is that there has been a confusion
between the behavior of light mixtures, called additive color, and the behavior of
paint or ink or dye or pigment mixtures, called subtractive color. This problem
arises because the absorption of light by material substances follows different
rules from the perception of light by the eye.
The second problem results from the failure to describe the very important
effects of strong luminance (lightness) contrasts in the appearance of surface
colors (such as paints or inks) as opposed to light colors; “colors” such as browns
or ochres cannot appear in light mixtures. Thus, a strong lightness contrast
between a mid valued yellow paint and a surrounding bright white makes the
yellow appear to be green or brown, while a strong brightness contrast between a
rainbow and the surrounding sky makes the yellow in a rainbow appear to be a
fainter yellow or white.
Finally the third problem derives from the tendency to describe color
effects holistically or categorically, for example as a contrast between “yellow”
and “blue” conceived as generic colors, when most color effects are due to
contrasts on three relative attributes that define all colors; lightness, saturation
and hue.
3.2: Johannes Itten and the Bauhaus School of Design
In determining his new aspects for color, Johannes Itten created a 12-hue
color wheel that forms contrasting elements to help visualize his theories of how
shades and hues can come together. Not only did he show how colors could be
grouped based on their pigments, Itten was also interested in how they would
affect a person psychologically. He taught theories on this while at the Bauhaus.
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This included religious, philosophic, and psychological associations recognized in
specific colors.

Figure 3.6: Johannes Itten’s 12-hue Color Wheel

Color Theory pedagogy at the Bauhaus became more subjective and
exploratory to an individuals’ preferences and sensations. Part of the instruction
was to have students develop their own palettes of subjective colors, which
comprised a large range of choices. The question of “how” someone perceives
color was explored with a constructivist approach.
One of the most recognized reference materials for color instruction is the
color wheel that Itten produced at the Bauhaus. Not only did this influence future
use of color through the 20th and into the 21st century, but the research and
material produced during that time is the most prevalent color tool for interior
designers, architects, artists and all other creative individuals today.
Another pivotal figure in color education, Joseph Albers’ work was
ground-breaking, for its breadth as well as its focus. His work provided the
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foundation which sparked many artists to further study. But the translation of his
ideas into classroom assignments need to expand to include the principles of
color theory that consider digital color spaces.

Figure 3.7: Albers’ Study for Homage to the Square

3.3: Examining Modern Trends in Color Education
In today’s classroom, students learn how people see color, how they
mentally process it and how they interact with it in all aspects of their lives. Fine
art and Design students are taught to apply color theory consciously, so their
work impacts the viewer in premeditated ways.
A 12-hue color wheel is commonly used to teach color theory. Johannes
Itten created this color wheel that forms contrasting elements to help visualize
his theories of how shades and hues can come together.
The continued reliance by design students upon on non-iconic art, by
which a works syntactic qualities such as color are highlighted, would seem to
necessitate color education. But lacking this foundation, students allured by color
are apt to find themselves in a wasteland where initial studio experiments and
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attempts to gain further insight into color through books provide little or no
assurance of understanding and clarity.
Further difficulties arise for design students as the distinctions between
art, physics, psychology, psychophysics, chemistry, and philosophy blur when
investigating color. Available texts are sometimes are contradictory, misleading,
and infrequently *incorrect.
* A recent best seller stated Seurat would juxtapose yellow and blue dots that would mix
optically to a green brighter than any found in a tube of paint -- something completely
impossible.

Colors formerly said to only be reproducible from three colors are now easily
reproduced with four process colors (sometimes more).
•

There is an ongoing debate over the true primary colors:
cyan, yellow, magenta for printing processes and transparent painting media

•

red, yellow, blue for painting and other media that operate with opaque
pigments

•

red, green, and blue relating to our tri-chromatic retinal processing that forms
the basis for inventions like color televisions

•

yellow, blue, red, green, describing our post retinal coding of colors, called the
*opponent process

* Discovered by attributes of perceptual oddities such as afterimages and contrast effects (all of
which must appear confusing to art students who lack a foundation in color theory.
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In presenting this conflict between color experience and academic bias,
this research intends to utilize interaction design, basic principles of instructional
design and a constructive learning approach to create an effective and efficient
color education experience. In this world where essentially every seen experience
enters us through color channels and is interpreted by us as color information, it
seems necessary to investigate why foundational color theory curriculum remains
unchanged in art and design programs in this country.
A questioning of the reasons for unvarying color education begins by reexamining “Interaction of Color”(1963), a highly regarded work by Joseph Albers
upon which students are provided as a handbook for investigating color. With a
pack of color aid in hand (a set of around 300 silkscreened papers) students start
on page one and diligently work their way through most of the book's exercises.
By the end of the semester, each have, like everyone else, studies that attempt to
replicate the effects illustrated in the book.
Students later stand in front of their own work wondering what relevance
simultaneous contrast could possibly have to their interface design or product
design. The students recognize that one color appears to change a bit when
surrounded by another color, but so what. The lesson may never translate to the
digital world, where they spend the rest of their time studying design and in
professional practice. Furthermore, this method teaches many design students
that color is limited, apparently, to hard edge and optical configurations.
Today’s Design students have grown up familiar with digital media, and
are quick to use digital tools in their study and practice. Likewise, the ease in
which materials such as interference colors and fluorescents can be obtained
certainly influences the range of pigments and effects designers can now use.
Further the contradictions embedded in color semantics, problems with warm
and cool colors are fruitless attempts at categorizing feelings by colors, or the

29

difficulties in naming colors certainly suggest possibilities for exploring
relationships between color and language.
In light of such an abundance of new technologies and possible color
experiences, competitive academic interest in color should be at an all time high.
Yet, indications suggest decreasing lack of consideration for color in
contemporary art and design education. Competitive design programs are
revamping undergraduate foundations and eliminating color courses first. A
number of past conferences at the College Art Association, the annual major
conference for the United States and Canada, shows the ease with which leading
art and design programs facing budget cuts chose to eliminate their color courses.
Color information can not be dismissed or lumped into general design
overviews as though best learned through the process of gradual or unconscious
assimilation of knowledge. Art schools will not discard drawing classes and begin
to assume these skills will be picked up in design courses, why color?
Contemporary design education must address the expanded range of media
created by digital media and print management systems, which substantially
expand the range of imaging systems and viewing contexts in which color can be
used. These applications are areas of intensive research, much of it proprietary;
artistic color theory has little to say about these complex new opportunities.
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Chapter 4: Interactivity and Technology
4.1 Overview of Interaction Design
One of the key elements to a successful digital interactive prototype is
interaction design, the discipline in which designers examine the interface
between people and products or environments. It is the meeting point between
design and new technology and it is applied to products design (McDermott,
2007). Also known as interface or human-computer interaction (HCI) design, it
is a user-centered perspective of design and focuses on the convergence of
physical and digital technologies. It also explores culture and society, especially
the role of technology in people’s lives.
Although this field has roots in traditional design practice, it is now largely
concerned with products and services that use information technology.
Traditionally, the design of mechanical devices such as typewriters, bicycles and
washing machines focused on functionality and aesthetics. In products using
digital technologies, however, the connections between form, function and
usability can be less obvious.
Interaction designers therefore use a multidisciplinary approach, drawing
on theory as well as practice, to make communication and interaction with
computer-based devices as transparent and user-friendly as possible. The aim is
to create designs that will enhance ease of use and the exchange of information
and so will be successful in the market place.
“Our interaction with technology should be designed according to human
needs instead of the user being required to adapt to technology. Even so,
technology may change quickly and people and their habits change
slowly” (Norman 1988). Ease of use has been recognized as a key factor
influencing user’s acceptance of new technologies, as in the Technology
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Acceptance Model (TAM) framework (Davis 1989; Kaasinen 2005) and in the
innovation diffusion framework (Rogers 1995).
4.2 User-Centered Design vs. Technology-Centered Design
In approaching the interactivity of the prototype, I took a user-centered
design strategy as opposed to a technology-centered design strategy. It is
beneficial to mold the interface around the capabilities and needs of the end user.
This philosophy is not born primarily from a humanistic or selfless desire, but
rather from a desire to obtain optimal functioning of the overall human-system
relationship. Rather than displaying information that is centered around the
sensors and technologies that produce it, a user-centered design integrates this
information in ways that fits the goals, tasks and needs of the users. If the
interactivity of the prototype meets the needs and desires of the user, the
technology can fall into place.
There are disadvantages of systems designed and developed from a
technology-centered perspective. Using this strategy, an engineer may develop
systems needed to perform each function. A display is provided for each system
so the user is informed during operation. As technology is improved by the
engineer more displays are added. The user is now trying to keep up with the
exponential growth of data created by this process. There is little attention paid to
the information architecture, the user experience, or the ease of use.
From a cognitive perspective, people can only pay attention to a certain
amount of information at once. As the display of data in these systems is centered
around the technologies producing them, it is often scattered and not ideally
suited to support human tasks. A considerable amount of additional work is
required to find out what is needed and extra mental processing is required to
calculate the information the operator really wants to know. This inevitably leads
to higher than necessary workload and error.
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The attempt to automate our way out of so-called human error has only led to
more complexity, more cognitive load and catastrophic errors associated with
losses of situation awareness.
The optimal strategy for this thesis research was an approach to user
interface design and development that involves users throughout the design and
development process. It not only focuses on understanding the users of a
computer system under development but also requires an understanding of the
tasks that users will perform with the system and of the environment
(organizational, social, and physical) in which they will use the system.
Taking a user-centered design approach should optimize a prototype’s
usability. User-centered design provides a means for better harnessing
information technologies to support human work. As a result of user-centered
design, the final prototype could greatly reduce errors and improve productivity
without requiring significant technological capabilities. Along with user-centered
design also comes improved user acceptance and satisfaction as an additional
benefit, by removing much of the frustration common to today’s technologies.
4.3 The Benefits of Technology in the Design Classroom
Technology is ubiquitous, touching almost every part of our lives, our
communities, our homes. Design professionals and students are especially
inundated with technology in their creative environments. Yet most schools fall
far behind when it comes to integrating technology into classroom learning
(Edwards, 2000). Many reputable design programs are just beginning to explore
the true capacity technology offers for teaching and learning. Properly used,
technology can help students in all disciplines, not just design, acquire the skills
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they need to survive in a complex, highly technological knowledge-based
economy.
Integrating technology into design classroom instruction means more than
teaching basic computer skills and graphic software programs in a separate
computer class. Successful technology integration must happen across the
curriculum in ways that research shows deepen and enhance the learning
process. In particular, it must support four key components of learning: active
engagement, participation in groups, frequent interaction and feedback, and
connection to real-world experts. Effective technology integration is achieved
when the use of technology is routine and transparent and when technology
supports curricular goals.
This thesis proposes that technology-enabled project learning can enhance
the effectiveness of classroom instruction, particularly in the domain of color
theory. Learning through the traditional Bauhaus color exercises coupled with
technology tools allows students to be intellectually challenged while providing
them with a realistic snapshot of how color interacts and behaves in the digital
setting. Through exercises translated into the digital spectrum, students acquire
and refine their analysis and problem-solving skills as they work individually and
in teams to find, process, and explore information they've discovered during a
lecture or physical version of the same exercises.
New high-tech tools for visualizing and experimenting with color offer
students ways to experiment and observe the interaction and behavior of color
and to view results in graphic ways they are familiar with and that aid in
understanding. And, as an added benefit, with technology tools and a projectlearning approach, students are more likely to stay engaged and on task, reducing
behavioral problems in the classroom, lack of focus and provide long-term
memory absorption.
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Technology has the ability to reshape the way design educators teach,
offering effective ways to reach different types of learners and assess student
understanding through multiple means. A well designed interactive teaching tool
has the ability to enhance the relationship between teacher and student as well as
relationships among design students from different disciplines. Encouraging
communication from student to teacher and student to student opens up the
possibility of a meaningful dialogue inside the classroom that can encourage
creativity. Additionally, this form of communication can help take away some of
the pressure students might feel by expressing their lack of understanding of a
topic they would normally be taught through a passive lecture or reading
exercise. When technology is effectively integrated into subject areas, teachers
grow into roles of adviser, content expert, and coach. Technology helps make
teaching and learning more meaningful and fun.
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Chapter 5: Instructional Design and Learning Theories
5.1 What is Instructional Design?
Instructional Design is the process by which instruction is improved
through the analysis of learning needs and systematic development of learning
materials. Instructional designers often use technology and multimedia as tools
to enhance instruction. Instructional Design involves systematically applying a
set of principles to achieve effective, efficient, and relevant instruction (Briggs,
1991).
The basic principles of instructional design can be applied to assure
congruence of objectives, instruction, and evaluation. Additional benefits can be
increased effectiveness, efficiency and relevance of the instructions. For example,
in Mastery Learning environments it has been shown that most of the students,
when time to learn is allowed to vary, can achieve mastery of all stated objectives.
Efficiency may mean that learners achieve the desired level of performance more
quickly. Mastery Learning is an instructional method that presumes all children
can learn if they are provided with the appropriate learning conditions (Gusky,
1986). Specifically, mastery learning is a method whereby students are not
advanced to a subsequent learning objective until they demonstrate proficiency
with the current one. In general, mastery learning programs have been shown to
lead to higher achievement in all students as compared to more traditional forms
of teaching (Anderson, 2000; Gusky & Gates, 1986).
Instructional Design requires comparison of the final version of the
instruction with an alternative or at a minimum with its original objectives. Any
system must have an overall goal. The ultimate questions for an instructional
design system is, “Does it work?” No matter how attractive it might look and be
viewed by experts, it must meet the challenge of resulting in an acceptable level of
performance by learners within its delivery constraints.
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5.2 Characteristics and Role of Instructional Design in the Prototype
The following characteristics represent the heart of the Instructional
Design process in this thesis research. These characteristics were omnipresent in
an Instructional Design literature review. Industry standard states they should be
present in all Instructional Design efforts (Di Vesta, 1988). They were vital
factors when designing the instructional components of the prototype. The
instructional module of each evolutionary iteration of the prototype was heavily
scrutinized against these characteristics to ensure successful delivery of the
educational content to the end user.
• Instructional Design assumes the goals and objectives of the instruction can be
agreed upon and stated.
• Instructional outcomes must be directly measurable in a valid and reliable
fashion.
• Instructional Design focuses on the learner rather than the teacher. The goal is
changes in learner knowledge, skill, and attitude. The teacher is seen as only
one instrument in achieve these ends. Sometimes, the teacher may not even
need to be present during much of the times the learner is learning.
• There is much more to be learned about how to design instruction. Recognize
there is much more research and development needed about the process and its
underlying knowledge base.
Determining what constitutes “quality” is ultimately a question of values.
As I developed the prototype, conversations invariably turned to underlying ideas
about what good teaching constitutes, particularly at the college level. I came to
see that these fundamental educational values are the foundations of good
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practice in undergraduate education, and good practice in instructional design. I
was further influenced by an overall pattern found in mission statements of the
universities and design programs I researched during my curriculum study, and a
personal commitment to creating a prototype serving global education purposes.
The values are listed below in order to make those underlying values
explicit, and to make clear how carrying them forward into the prototype creation
process guides the development of a quality learning experience. This statement
on values in not intended to be rigid. Depending on the discipline, the specific
course being taught, and an understanding of the educational process, the values
may differ, to a greater or lesser extent. The goal is that this list serves to
stimulate further and deeper discussion about educational values, as I strongly
believe that this critical self-exploration is essential to our success as teachers and
academics.
The prototype quality elements listed below have been designed to support
the following educational and design values.
•

Transparency – The instructor’s expectations for all aspects of the
prototype are made clear and are easily accessible to the students
(Littlewood, 1991).

•

Alignment – Prototype exercises and objectives are internally consistent.
In-class lectures and exercises are closely aligned to the learning objectives
(Robers, 1998).

•

Universal Design – The prototype is designed to support all learners.
High-quality design is universal and inclusive, and avoids creating barriers
for any individuals (Barak, 2009).
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•

Responsibility – The prototype is designed to encourage students to take
control of their own learning, and to foster the value of lifelong learning
(Middleton, 2005).

•

Co-presence – The prototype is designed so that students do not feel alone
in the digital environment. The prototype has been designed to encourage
regular student-student and student-teacher interaction (Middleton,
2005).

•

Global Learning – The prototype is designed to foster a personal mission
to provide a global education to students.

•

Technology – Technology use is appropriate to the learning objectives of
the class, and does not act as a barrier to any students.

•

Adaptability – The prototype is designed so that it will be easy to update,
adjust for curricular changes, expand for additional or advanced color
exercises and to respond to changes within the discipline (Middleton,
2005).

5.3 Overview of Learning Theories
“I believe that (the) educational process has two sides—one psychological
and one sociological. . . Profound differences in theory are never gratuitous or
invented. They grow out of conflicting elements in a genuine problem.” (Dewey,
1959).
There are three sets of learning theory generally used in educational
circles, under the headings of learning theories fall: behaviorism, cognitivism,
and constructivism. Behaviorism focuses only on the objectively observable
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aspects of learning. Cognitive theories look beyond behavior to explain brainbased learning. And constructivism views learning as a process in which the
learner actively constructs or builds new ideas or concepts.
All of them make important points, and while the prototype is centered
around constructivism, the issue is the range of convenience and effects on the
learner of each of the models. In other words what is the learning theory good for,
or good at helping the learner achieve in their educational experience?
Identifying individual differences among learners can help improve
understand and guide the learning process. People can be seen as possessing a
number of intelligences beyond the linguistic and logical-mathematical abilities
typically emphasized in schools. Learners also possess inter- and intrapersonal
intelligences, musical, kinesthetic, and spatial abilities. It is also known that
individual learners process information differently while they are reading or
making mathematical calculations, for example. Learners have processing
differences that influence how they handle visual, aural, or kinesthetic
information. Information that is available through learning modalities or
pathways that are better developed will be easier to understand and use.

5.4 Constructivist Learning Theory and its Effect
Constructivism is a revolution in educational psychology. Built on the
work of Piaget and Bruner, constructivism emphasizes the importance of active
involvement of learners in constructing knowledge for themselves.
Constructivism emphasizes top-down processing: begin with complex problems
and teach basic skills while solving these problems (Yount, 1996).
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Constructivism as a paradigm or worldview proposes that learning is an
active, constructive process. The learner is an information constructor. People
actively construct or create their own subjective representations of objective
reality. New information is linked to prior knowledge, thus mental
representations are subjective (Crawford, 1996).
A reaction to instructional approaches such as behaviorism and
programmed instruction, constructivism states that learning is an active,
contextualized process of constructing knowledge rather than acquiring it
(Wertsch, 1995). Knowledge is constructed based on personal experiences and
hypotheses of the environment. Learners continuously test these hypotheses
through social negotiation. Each person has a different interpretation and
construction of knowledge process. The learner is not a blank slate but brings
past experiences and artistic factors to a situation (Vygotsky, 1978).
A common misunderstanding regarding constructivism is that instructors
should never tell students anything directly but, instead, should always allow
them to construct knowledge for themselves (Driscoll, 1994). This is actually
confusing a theory of pedagogy with a theory of knowing. Constructivism
assumes that all knowledge is constructed from the learner’s previous knowledge,
regardless of how one is taught. Thus, even listening to a lecture involves active
attempts to construct new knowledge.
There are several theories surrounding the Constructivist Learning
approach. The most interesting and appropriate research in student exploration
of the interaction of color is centered around a method of inquiry-based
instruction, discovery learning believes that it is best for learners to discover facts
and relationships for themselves. It doesn’t matter how aesthetically pleasing the
prototype screens are designed, if the student is not making the discovery of
knowledge on their own, it seems the attempt to create a explorative solution for
learning will be lost.
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Chapter 6: Benefits and Opportunities
6.1: The Benefits of Implementing The Proposed Tool
In order to become a well-rounded Graphic Designer, there are a variety of
skills that are essential to handling a clients or employers tasks proficiently. As
competitive design education programs continue to adapt to today’s climate of
media convergence, it is necessary to develop a more sharply focused curriculum
in such fundamental elements as Color Theory. Color selection is a very
important element in digital design because colors have an effect on your
audience before they begin to read the content. When color is used incorrectly, it
can compromise your design solution and confuse your target audience.
Nearly all private and public institutions, such as The Ohio State
University, currently teach design students Color Theory and the communication
of color using physical media, such as cut paper and acrylic paint. Translation of
traditional methods from the physical space to the digital space has proven to be
insufficient. Correct knowledge of color interaction on the computer is key to
successful digital design, and cut paper and acrylic paint are not enough, and are
no longer the only tools available. With emerging technology we have the to
power to enhance the educational experience and give designers the tools to
succeed. Today’s design graduates will be using a computer and jobseekers are
expected to face keen competition; individuals with web and mobile application
design and animation experience will have the best opportunities.
The interactive color theory modules are supplemental tools useful to the
teacher communicating foundational color theories in the classroom. This
software application/tool is an Interactive interface that not only helps teach
designers and emerging artists basic color attributes in the digital space, but
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allows students to create color schemes based on the teacher's lesson plan. This
product supports the growth of cognitive skills as a new approach to
manipulating color and understanding color relationships and schemes in a
digital setting.
Using the applications, students can interact with the on-screen color and
manipulate color with touch technology on a large scale Touch Screen. By
leveraging touch technology, the student will participate in a richer interactive
experience compared to one using a mouse and keyboard. The touch screen
interaction mimics the actions educators have traditionally used within the
analog experience of using traditional methods of using cut paper and paint.
Touch screen technology also opens the door to the possibilities of future
implementation of a multi-touch experience and exposure to collaboration and
co-creation in the classroom.
6.2 Rationale and Areas for Improvement
This thesis will examine the effectiveness of various prototypes, which
utilize interaction design and advanced technologies with color theory being the
main component of experimentation. There are several arguments to support the
purpose and benefit this research poses to the design industry as well as higher
education.
First of all, students today need to be learning about color and the
interaction of color on-screen. 7 out of 10 students graduating with a degree in
Design will be salary or wage designer. Approximately 3 out of 10 designers are
self-employed. Many did freelance work—full time or part time—in addition to
holding a salaried job in design or in another occupation. In 2010, about 29
percent of graphic designers were self-employed due to the extremely competitive
nature of the industry today. However nearly 100% of designers complete their
design work on a computer (Bureau of Labor Statistics, 2012). Correct knowledge
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of color interaction on the computer is key to successful design, and cut paper
and acrylic paint are no longer the only tools available.
Secondly, many educators and researchers have criticized learning-style
theories. Various researchers have attempted to provide ways in which learning
style theory can take effect in the classroom. By experimenting with various
learning theories within in interactive system the outcome of effectiveness will
yield more meaningful results. The various results will allow me to create a wider
rubric for interactive learning of color theory.
Thirdly, the final interactive prototypes will not only provide a useful
educational tool for students, but educators and practitioners will also benefit
from the ability to measure progress and assess feedback in order to improve
performance and knowledge of color interaction.
Fourth of all, research states that interactive learning enhances
comprehension and understanding (Middleton, 2005). Students are conditioned
to retain material at different rates for varying purposes, paying attention to
some portions of the lesson or exercise carefully and skimming others (Evers,
2004). Interactive learning modules will create experiences, which allow the
students to do something or make something. If students are given the
opportunity to be involved in the creation of something, this may give them a
sense of involvement and ownership, which will give the learning more meaning.
Students who may be struggling with the content are especially supported by the
use of interactive guides and system feedback and support.
Lastly, 11 out of 13 institutions interviewed, such as The Ohio State
University, currently teach design students Color Theory and the communication
of color using physical media, such as cut paper and acrylic paint. The translation
of traditional methods from the physical space to the digital space has proven to
be insufficient. Correct knowledge of color interaction on the computer is a key
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component to successful design practice. Cut paper and acrylic paint are no
longer the only tools available and with emerging technology we have the power
to enhance the educational experience and give design students a more in-depth
cognizance of color interaction.
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Chapter 7: Secondary Research
7.1: A Heuristic Review of Color: An Interactive Tutorial
Conducting	
  a	
  heuristic	
  review	
  allows	
  a	
  more	
  in-‐depth	
  look	
  at	
  the	
  usability	
  
and	
  functionality	
  of	
  such	
  a	
  large	
  program,	
  and	
  the	
  results	
  will	
  be	
  bene;icial	
  as	
  I	
  begin	
  
developing	
  a	
  prototype	
  for	
  my	
  current	
  thesis	
  direction	
  of	
  developing	
  an	
  interactive	
  
tool	
  to	
  teach	
  color	
  theory	
  with	
  a	
  digital	
  medium.	
  Rather	
  than	
  conducting	
  a	
  task	
  
analysis,	
  a	
  heuristic	
  review	
  will	
  take	
  a	
  look	
  at	
  the	
  details	
  of	
  the	
  design,	
  ease	
  of	
  use,	
  
and	
  whether	
  or	
  not	
  the	
  tasks	
  are	
  intuitive	
  throughout	
  the	
  user	
  experience.	
  The
following heuristics were examined during the review.
1. Consistency
2. Feedback
3. Visibility
4. Orientation
5. Error prevention
6. Affordances
7. Language
8. Design
9. Legibility
10. Task sequencing
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Color: An Interactive Tutorial is an interactive CD-ROM that balances
color theory and new media to explain how color is perceived, how it is used and
misused, and how to effectively work in an increasingly full-color graphic
communications environment. Color is at the center of graphic communications.
Every stage of the process incorporates the proper use of color – from design, to
production and printing. The interactive CD-ROM offers thorough explanations
of all aspects of color: relationships, perception, hue, and saturation.
Additionally, it features discussions reinforced by exercises throughout the CDROM’s system. The program’s workshop area allows users to apply the theory
introduced. Originally the CD-ROM came with an accompanying Instructor’s
Guide that provided an answer key, but this Instructor’s Guide is no longer
available.
The program was released for educational purposes in 1999, which
proposes that some of the design attributes are dated, and due to lack of technical
abilities some of the functionality is under par for today’s standards of usability,
universal functionality and design aesthetics.
However, this is considered one of the more prominent educational
resources for teaching color theory. It offers valuable information to artists,
designers, design students and design educators wanting to explore color theory
in a digital setting. The main objectives of this program are pertinent to the
education of color theory in digital space, and the is program inspiring despite its
many flaws.
The heuristic review was centered around the color attributes sequence of
the program. It focuses on teaching basic color vocabulary such as hue, value and
intensity. The correct definitions of these words are as follows:
Hue: Color in the purest form, as determined by the dominant wavelength of the
light.
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Value: The lightness or darkness of the hue. Adding white to a hue produces a
high-value color, called a tint. Adding black to a hue produces a low-value color,
called a shade.
Intensity: Intensity refers to the brightness, or saturation, of a color. A color is
at full intensity when not mixed with black or white - a pure hue.
The targeted user varies in age and educational background. The majority
of users are going to be comfortable using a computer, and more than likely going
to possess a higher than average interest in design or art in digital media.
The system effectively informs the user of the fundamentals of color theory
and allows the user to exercise what they have learned through basic interactive
activities.
On the contrary, overall the system is inconsistent, offers incorrect
information at times, and the exercises are monotonous, lack motivation to the
user and are void of interest. The navigation throughout the system is confusing,
inconsistent, and ultimately leads to the possibility of the user quitting before
completing their tasks.
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Figure 7.1: Color - An Interactive Tutorial: Main Screen

After an initial analysis of the sequence, there are obvious defects in need
of attention. In order to create a more effective interactive experience for the
user, the navigation, legibility of instructional and informative text and various
incorrect information need to be addressed immediately.
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Figure 7.2: Color - An Interactive Tutorial: Path Selection and Viewing Options

There are a few minor and critical defects obvious after a first impression.
User immediately has to make a uniformed choice, and is unable to go back and
change his/her decision once entering system. Once the system launches, a set of
confusing instructions appears, preparing user for the ill-designed interface.
Ironically a tool to teach color uses illegible color interactions when displaying
larger amounts of information necessary to complete task. The system states it
will present a demonstration of common functions, which never begins, and
offers no way to navigate to the demonstration, so user immediately feels lost.
Certain buttons that appear clickable do not work, yet in other areas the
same “button” works, and at times “button” will take you different places, which
is a critical defect. An experienced user would restart the program and select the
experienced user option. The main screen appears and they would be faced with
more minor defects.
Furthermore, a new user is unsure where to begin and an experienced user
is unable to begin sequence where they left off. There is no hierarchy in the
navigation to prompt the user where to begin the interaction sequence. The
button “Navigate” at the bottom is confusing, and serves no purpose, it merely
reiterates the system navigation to the left.
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Color Attributes Sequence:

Figure 7.3: Color- An Interactive Tutorial: Color Vocabulary

Figure 7.4: Color - An Interactive Tutorial: Attributes Sequence Introduction
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Figure 7.5: Color - An Interactive Tutorial: Learning about Hue

Figure 7.6: Color - An Interactive Tutorial: Learning about Value
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Figure 7.7: Color - An Interactive Tutorial: Learning about Saturation

After an analysis of the Color Attributes color sequence, it is clear that a
simple, linear sequence keeps the user on task and ensures all information from
the lesson is relayed to the user. The vocabulary is concise and uses simple
language with proper visuals to enforce the lesson.
On the contrary, a user is unable to easily skip areas that are unimportant,
or uninteresting. The main navigation is no longer available, design is poor,
visuals are not stimulating, and colors represented are unnatural and vibrate to
the user’s eye. This is due to technological restraints at the time. Details such as
spelling and spacing create legibility issues.
Exercises promised to the user do not appear at the end of the lesson,
which is a critical defect. A first time user would be unaware of how to begin color
attribute exercises and would possibly quit.

Let’s Explore Sequence:
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Figure 7.8: Color - An Interactive Tutorial: Isolating Value

Figure 7.9: Color - An Interactive Tutorial: Let’s Explore Sequence
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Figure 7.10: Color - An Interactive Tutorial: System Menu and Exit Process

The system menu and exit process is just as poorly designed. However, the main
navigation is accessible through the “navigation” button. The same language is
used throughout the system to attempt to establish consistency.
That being said, the navigation changes from screen to screen. There is no
feedback at any point without actually selecting something, which is irreversible.
Colors chosen are illegible and text is aliased, creating more legibility issues.
“Exit” and “Quit” either execute the same task or operate differently depending
on where the user is in the sequence.
The user is unable to save position in sequence, and is often confused on how to
quit tasks. Many times buttons simply do not work and the user is forced to do a
hard restart. Some buttons have an inferior “hit state” and the user assumes he is
doing something wrong and quits due to frustration. These are just a few of the
critical defects found during an initial analysis of this portion of the program.
In conclusion, this was just a glimpse into the possibilities of this tutorial.
The main objectives of this program are pertinent to the education of color theory
in digital space, and the program is inspiring despite many flaws. The following
recommendations could positively affect the user experience and the educational
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value of this program. The findings of this review will be used as a foundation
during the design and development process of the initial prototypes of this thesis
research. The following recommendations are likely to improve user experience
and usability of this program.
• Implement a new navigation, with feedback and consistent placement
• Create new exercises for each lesson to motivate user to continue
• Allow experienced user total access, eliminating monotony
• Expand colors to adhere to current available color spectrum
• Pay attention to details such as spelling and correct language
• Give user more creative liberties in exercises and in workshop area
• Establish universal language for navigation as well as instructions
• Offer feedback, both in system navigation and during exercises
• Keep error prevention in mind, allowing user to go back with ease
• Make sure buttons in navigation and in exercises intuitively imply actions

7.2: A Usability Study: Competitive Analysis of Adobe Kuler and Color Schemer
The goal of this study was to analyze the usability of two different color
theory websites based on three tasks. The two websites being analyzed are http://
www.kuler.adobe.com and http://www.colorschemedesigner.com. The
participants for this usability test are students at The Ohio State University who
are learning about color theory. A total of nine participants were part of this
usability study. Throughout three main tasks that were appointed to the students,
some major flaws and weaknesses of the websites emerged, as well as some
strengths.
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Some of the weaknesses of the kuler.adobe.com website include the
inconsistency of color hues once the user decides to change the base color,
determining the base color, and the process in which to save and export a desired
color theme. The main strength of this website was the ease of being able to
change the value of the HEX color without much confusion. Some
recommendations to the designers of this website include having an easier
navigation from the main page to the “Create” page, having a way to adjust the
values of one color while not having the system automatically change the rest of
the colors, and having an easier way to save and export the color themes.
The main weakness of the colorschemedesinger.com website is a
mislabeling of the HEX color as “RGB”. However, the users are able to quickly
and efficiently export their desired color schemes onto a computer. Some of the
recommendations to the designers include changing the mislabeled “RGB” label
to say “HEX” as well as redesigning the input field for the HEX color to be an
obvious link for the user to click on.
The three major tasks the participants were presented with include:
1. Creating a monochromatic color scheme based on the HEX color 0018FF.
2. Creating an analogous color scheme based on the HEX color FF0000.
3. Export your color theme into either an ACO (Adobe Color) or ASE (Adobe
Swatch Exchange) file format.
These tasks were video taped and the users were asked to use the “think
aloud” protocol, which allowed them to narrate the exact steps they were taking
in order to achieve the aforementioned tasks. The following task analysis details
the steps required to perform the three tasks, followed by the results of the
usability study.
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Task Sequence
1) Creating a monochromatic color scheme based on the HEX color 0018FF on
the abobe.kuler.com website
The user first clicks on the “Create” link, which is located on the left menu
of the home page (See Figure 7.11). This takes the user to a new page (See Figure
7.12). The user must now click on the word “Monochromatic” which appears
under the “Select a Rule” menu. Now the user must locate the “HEX” input field
below the “Base Color,” which is the color located on the middle of the page. The
user must click inside the input field, type in the desired number, and hit “Enter”
on his or her keyboard.
2) Creating a monochromatic color scheme based on the HEX color 0018FF on
the colorschemedesigner.com website
The user must clock on the “mono” label or image at the top of the color
wheel. The user must then click on the text on the bottom right of the main color
wheel which is labeled “RGB” (See Figure 7.13). Then the user must type the
desired number inside the new dialog box that opens up, and then click on the
“OK” button.
3) Creating an analogous color scheme based on the HEX color FF0000 on the
adobe.kuler.com website
The user must now click on the word “Analogous” which appears under
the “Select a Rule” menu. Now the user must locate the “HEX” input field below
the “Base Color,” which is the color located on the middle of the page. The user
must click inside the input field, type in the desired number, and hit “Enter” on
his or her keyboard.
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4) Creating an analogous color scheme based on the HEX color FF0000 on the
colorschemedesigner.com website.
The user must click on the “analogical” label or image at the top of the
color wheel. The user must then click on the text on the bottom right of the main
color wheel which is labeled “RGB.” Then the user must type the desired number
inside the new dialog box, which opens up, and then click on the “OK” button.
5) Exporting the color theme onto an ACO or ASE file type on the
adobe.kuler.com website.
Note: This task may only be done by a registered user of the website.
The user must type a filename into the input box beside the color wheel,
then click on the “save” button (See Figure 4). This saves the file and redirects the
user to the main “theme” website. Then the user must click on the “download”
button and save the file type onto the computer (See Figure 5).
6) Exporting the color theme into an ACO or ASE file type on the
colorschemedesigner.com website.
The user must click on the “Export” menu at the top right of the page and
then click on “ACO (Photoshop Palette).” The user must then click “Save” once
the color theme is ready for exporting.
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Figure 7.11: Adobe Kuler Website: Home Page
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Figure 7.12: Adobe Kuler Website: Create Theme Screen
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Figure 7.13: Color Scheme Designer Website: Home Page

Figure 7.14: Adobe Kuler Website: Input Field
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Figure 7.15 – Adobe Kuler Website: Download button (second from left)

Usability Analysis
Task # 1 - Kuler.adobe.com:
All of the participants were able to perform this task by themselves. Most of the
participants took between 1 – 2 minutes to complete the task.
Some of the most common issues include:
• Users didn’t know they had to change the “Base Color” in order to create a
scheme.
• Users thought they could just write the HEX into the search bar in order to
create the scheme.
• Users did not like the color scheme the system created for them, “this is not the
color palette I would have created”.
• Users tried to alter the color scheme to personalize it, and ended up changing
the hue every time.
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• Users had no idea what the difference between the color modes were, and were
blindly changing the colors.
In terms of efficiency, this process could be made simpler by letting the
user create the scheme on the home page. Also, the “Base Color” could be put at
the beginning of the row. This experience would be better if the system locked
down the hue of other swatches so the user could easily and freely alter the value
and saturation of the other swatches in the palette in order to make “their own”
scheme.
Task # 1 - Colorschemedesigner.com:
For this task, only 1 participant was able to complete the task by himself.
The rest of the users were given hints because they were lost and were starting to
get frustrated with the system. Most of the participants took between 1 – 2
minutes to complete the task. The most common issue was that the user could
not find the place to input the HEX color.
This process is efficient because the user gets what they want in just one
step. The only problem is that the HEX field is mislabeled as “RGB” and the field
in which to input the HEX value does not look like an input field.
Task # 2 - Kuler.adobe.com:
All of the participants were able to complete this task. For most of the
participants, the task took between 0 – 30 seconds to complete. The users were
not satisfied with not being able to change the color scheme to colors they
wanted.
In terms of efficiency, this task is similar to the previous one. The users
were frustrated about not being able to change colors independently, and some
argued that the color scheme was not truly analogous. As for learnability, once
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the participant got used to the sequence in the previous task, this new task was a
lot easier.
Task # 2 - Colorschemedesigner.com:
All of the participants were able to complete this task. For most of the
participants, the task took between 0 – 30 seconds to complete.
In terms of efficiency, this task is similar to the previous one. As for
learnability, once the participant got used to the sequence in the previous task,
this new task was a lot easier.
Task # 3 - Kuler.adobe.com:
Seven out of the nine participants were able to complete this task without
help. For the two that were not able to complete the task, the users did not realize
that a name had to be input into the “Title” field before being able to save. This
was a common error for many participants, but the rest were able to figure out
this step after a few tries with the system. Most of the participants took 2 minutes
or longer to complete the task.
In terms of efficiency, participants were not able to save the file if they
didn’t input a title, and the system gave them no feedback for this error. Then
once they were redirected to the second page, users had a hard time finding the
button to export the scheme.
Task # 3 - Colorschemedesigner.com:
All of the users were able to complete this task, most of them between 0 –
30 seconds. A few of the users were having trouble locating the “export” menu at
the beginning, but eventually got to it.
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Participants commented that this process was extremely easy and userfriendly. Overall, this task is extremely efficient.
Adoption
In terms of adoption for an academic setting, the theory behind these two
websites is good, but there are some changes which must occur. First of all
neither sites are educational in their mission, so they are unlikely to be adopted
in the classroom setting. After the test was over a few students who did not have
time to participate were playing with both websites, commenting they were
enjoying playing with the colors online. Therefore, students are genuinely
interested in the concept. It should be noted that both of these sites were
introduced to a color course during a previous quarter for exploration purposes
and some students actually used it for their projects.
6.3: A Curriculum Study
Using the feedback from the competitive analysis and literature review, an
initial prototype began to take shape. In addition to examining current interactive
tools for color, and reading literature to aid in creation, it was also imperative to
gather a general inventory of current color theory rubric in art and design
programs. While The Ohio State University has a design centric undergraduate
program, it is beneficial to look at a wide variety of programs catering to different
types of artists and designers who will ultimately be working with color on a
computer in their professional practice.
After interviewing educational professionals employed at thirteen different
four year universities and researching each programs curriculum, I was able to
construct an inventory of exercises, concepts and objectives for each program. By
examining the inventory, looking for patterns and voids, I narrowed it down to
the essential components I needed to include in the preliminary prototype.
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It is essential to point out that out of thirteen universities, the program at
Kent State University in Kent, Ohio is the only program with dedicated exercises
surrounding additive color. Additionally, Anne Marie LeBlanc, the director of the
School of Visual Communication Design at Kent State stated that out of the
sixteen week semester, they typically dedicate one day to additive color exercises.
While other universities, such as the University of Cincinnati and the University
of Tennessee, among several others, declared that courses dedicated to the
subject of color theory alone will be completely eliminated over the next 1-5 years
due to budget cuts, a shift in program focus, or other undisclosed reasons.
Making matters worse, some of the programs eliminating the color theory course
affirmed they have not decided whether the topic of color will be even integrated
into a separate design foundations course. The reasoning behind this seems to be
that they assume design students will absorb everything they need to know about
the subject through exposure or by default. I would strongly argue this
assumption, as it has been proven that color knowledge is key to successful
design practice.
However, there is a strong pattern among the course objectives, concepts
and exercises that all thirteen programs submitted. It is clear that The Ohio State
University if following a common formula being used by nearly all other school
investigated. It seems the course curriculum was loosely based on the emphasis
of design within the program, and what kind of design was in the foreground of
the program. There seems to be two basic types of color theory courses, one that
focuses on teaching students about the meaning of color and how to use color as a
communication tool, and programs that teach students about color selection, and
how to create harmonious or discordant color palettes. Either way, as stated
before, 12 out of 13 of the programs contacted and researched are teaching these
concepts to students using subtractive color and physical media to execute the inclass exercises and assignments.
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It is crucial for these students to be exposed to color in a digital setting
during their design education. Design is a professional skill, meaning that upon
being hired, they are expected to be prepared across many facets. Designers
should be ready to enter the industry upon graduation without additional
education or skill preparation. The application of color should not be overlooked
or discarded as one of the elements of design that students gain a complete
understanding about during their undergraduate education. It is just as essential
to achieving a successful result as drawing, layout, typography or imagery in their
professional arena.
6.4: A Design and Interaction Survey
My initial approach was to create a design based on the knowledge I
gained from being around the students at the Ohio State University. The NUS
(National University of Singapore) is an industrial design centric program, and
the curriculum currently does not include any sort of color foundations. Before
diving into a hands-on color workshop, I decided to engage the students in small
group discussions centered on the following topics:
• Cooperative Learning
• Just-In-Time Learning
• Design Research
• Memory Recall
• Positive Past Learning Experiences
• Negative Past Learning Experiences
• The Use of Interactivity in Design Classrooms
• What makes an interactive experience “Cool”?
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In addition to small discussions, I created a small survey to gather
information from the students who were hard to reach or unavailable. Overall,
design students are driven to explore visual aids in seeking inspiration in the
creative steps of the design process. Looking at blogs, or pictures, or examples
online help guide their research and inspire creativity or innovation.
Additionally, getting accurate information is a key component of their
creative process. They acknowledge the fact that not all beautiful designs function
as they should. While they may refer to popular design blogs or website such as
www.informationisbeautiful.net or aiga.org, they recognize that a beautiful
design does not always mean a beautiful experience. During small group
discussions several students commented that as a design student in a very
competitive field in their country, they hope to themselves stand out from the
competition by being the type of designer who can look at the bigger picture. In
Singapore the number of graduating design students able to secure a position
without moving abroad is very low, they realize that they need to be a wellrounded designer, with the ability to balance form and function with total
harmony.
When asked how they approach new information in class, 37% of the
students prefer to take notes, a popular method we have been taught since the
beginning of our education. However, after taking notes, guided hands-on
learning was a close second at 32%, with 18% preferring non-guided hands-on
learning following right behind.
In response to the question, “What is the coolest website or application
you use? Why?”, students in general are drawn to programs that offer
customization and inspiration. Anything that allows them to customize
everything down to color and typography gets their attention and keeps it longer.

69

Overall, many students expressed being drawn to interactive learning as
well as programs or website that offered gentle tips or nearly invisible interfaces.
They want to focus on the content or personal experience they are trying to
achieve by using the tool, not the actual aesthetics of the tool itself, which I found
very interesting coming from industrial design students.
These group discussions as well as surveys nearly contradicted my initial
approach to the interface design of the first prototype. They not only forced me to
simplify the look and feel of the interface of the exercises for the workshops I was
going to conduct while in Singapore, but I also kept the interface for the final
prototype very minimal based on this experience.
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Chapter 8: Primary Research
8.1 Overview of The Evolution of the Prototype
The first step in generating these prototypes required compiling the results
of current design program approaches to the subject of color. Highlighting
repetitive themes and curricular objectives identified widespread areas of
concern within the discipline.
Next, I mapped out prevalent content being taught and identified the most
important lessons taught in color theory and how they translated to the digital
space. It was critical to create a scaffolding of the inventory of exercises to
determine which exercises required a formal educational background in the
foundations of color theory of design and which exercises involve little experience
with the subject matter. Below is a list of the universal concepts found in design
programs offering course specifically about color theory or courses the contained
elements of instruction based around color theory.
•
•
•
•

Color Wheel
Bias Color Wheel
Additive and Subtractive Color Mixing
Properties of Color

•
•
•
•
•

Hue
Value
Intensity/Saturation
Chromatic Grays
Visual Color Mixing

•
•
•
•
•

Successive/Simultaneous Contrast
Color as Emphasis
Color as Balance
Harmony/Disharmony
Color Schemes
• Monochromatic
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•

Triad

•
•
•
•
•

Complement
Split Complement
Double Complement
Tetrad
Analogous

• Expressive Use of Color
• Emotional Color
• Color Symbolism
• Arbitrary Color

There are four prototypes that will be reviewed and displayed in this
chapter. The final prototype is the result of thorough testing, iterative research
and evolutionary design. The properties of each prototype should be considered
in comparison to the previous version, in addition to the acknowledgement that
certain features or elements have been introduced of taken away based on testing
results or discoveries through literature review.
Touch Screen Prototype
The initial prototype is a result of preliminary heuristic reviews and
usability tests of the combination of competitive interactive tools and
comparative color manipulating tools. By examining current design trends and
maintaining an easy to use learning structure, the design and usability of the first
prototype tested well, but the instructional design and learning objectives needed
solidification to create a more comprehensible application.
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Figure 8.1: Touch Screen Prototype- Simultaneous Contrast Screen

Figure 8.2 Touch Screen Prototype: Transparency Screen

Adobe Illustrator Color Exercises
The initial prototype tested well, with students claiming the application
was “fun an easy to use” and “easier and faster than working with paint”, however
it addressed a more specific type of student, one who had been exposed to the
foundations of color theory before beginning the exercises. This streamlined
iteration is stripped of embellishing aesthetics, and focuses on functionality,
student engagement and whether or not students who have never been
introduced to the material understood how to complete the exercises and the
reasoning behind them.
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Figure 8.3: Color Workshop- Color Basics Exercise

Figure 8.4: Color Workshop- Simultaneous Contrast Exercise

Large Scale Touch Screen
The final prototype was actually broken into two separate concepts. This
prototype stayed in line with all previous iterations, using both positive and
negative feedback from several rounds of testing in Singapore to provide a
platform for a stronger application. However, an additional void became
apparent during the creation and assessment of each prototype, which prompted
me to create two final prototypes. This final prototype is centered around a large
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scale touch screen environment, and the student typically interacting with the
application alone.

Figure 8.5: Touch/Gesture Prototype- Alter Saturation Screen

Figure 8.6: Touch/Gesture Prototype- Alter Value Screen

Gesture Based Additive Mixing Game
While the previous application provided an effective platform for the
digital translation of traditional color theory exercises, it was vital to explore
additive color and how students understood its difference from subtractive color,
and the interaction and mixing of additive colors on a very basic level. The fact
that yellow is created by mixing red and green was foreign to most students, so
this prototype’s aim is to visually represent that information to the students in a

75

fun, interactive and competitive environment, using a gestural based input device
such as the Microsoft Kinect.

8.7: Gesture Based Game: Additive Color Mixing

Testing Goals
The purpose for this test was to assess the ease of use of this interactive
color theory module, designed to enhance the learning experience of color theory
taught at the college level, as well as assisting design students in understanding
the interaction of color in the digital setting. It was my hypothesis that this
module would enhance the learning experience and will make design students
knowledgeable of how color interacts in the digital space. Exhibiting seven critical
screens to four participants, and conducting a task walkthrough along with a
simple heuristic review tested this assumption.
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Figure 8.8: Large Scale Touch Screen Interaction

Introduction of Application and Interface
What I propose is adding a supplemental tool to the design foundations
classroom, specifically in the courses teaching students about the importance of
color. This Interactive interface will not only teach designers and emerging artists
basic color attributes in the digital space, but will also allow the students to create
color schemes based on the teacher’s lesson plan and allow a cognitive approach
to manipulating the interaction of color in a digital setting.
Using the digital color theory application, students can interact with the
interface and manipulate color with touch technology on a large scale HP Touch
smart screen with a screen resolution of 1920 x 1200 pixels. By leveraging touch
technology, the student will participate in a richer interactive experience
compared to one using a mouse and keyboard. The touch screen interaction
mimics the actions akin to the analog experience of using traditional methods of
using cut paper and paint. Touch screen technology also opens the door to the
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possibilities of future implementation of a multi-touch experience and exposure
to collaboration and co-creation in the classroom.
The target audience for this application would be an undergraduate
student who is on track to apply to the undergraduate design program. Ideally
they would be currently enrolled in color and communication 310 at The Ohio
State University. The student is not an advanced user of creative software
programs, but is excited about the possibilities of interface and web design. His
goals are first to graduate with his BS in Design, and then to attain an entry-level
position at a well respected mid-sized firm. He excels in all of his design courses
and is motivated in learning the skills he needs to search for jobs in a fast growing
and competitive industry.
The system contains five modules, offering the student five different ways
to explore the theories of color accompanied by thorough explanations of color
interactions in the digital setting, such as color relationships, perception hue, and
saturation and value. Lessons reinforced by exercises throughout the system.
System’s workshop area allows users to apply the theories introduced.
Accompanying feedback provides assistance and allows user to correctly
manipulate the color interaction, while giving user complete control in each
exercise, remembering progress, as well as offering tips.
The application launches a template exactly like the ones students
currently use in class with the traditional methods of cut paper. Students are able
to freely manipulate the colors based on color mode preference (RGB, CMYK,
LAB, HSV, etc), and how the colors are interacting on the computer screen. The
interface controls are clearly labeled so there is no confusion as to what they
doing. The interface is designed to allow the student to navigate easily between
exercises and modules. If the student would like to experiment with a different
theory of color or download their color scheme they can easily do so by the use if
intuitive interface controls, The application will remember a student’s progress
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and they can easily return to the exercise if they navigate to a different area of the
application.
Additionally, students are able to compare results to classmates and try
the exercises again to get a better score. By touching the home button at anytime
they can return to the main menu and explore a different area of the application.
Overall, the experience gives design students exposure to color interactions in the
digital setting and prepares them for a competitive job hunt, and makes them a
well-rounded designer.

Testing Goals
The reason for this test is to assess the ease of use of this interactive color
theory module, designed to enhance the learning experience of color theory
taught at the college level, as well as assisting design students in understanding
the interaction of color in the digital setting. It is my hypothesis that this module
will enhance the learning experience and will make design students
knowledgeable of how color interacts in the digital space. Exhibiting seven critical
screens to four participants, and conducting a task walkthrough along with a
simple heuristic review tested this assumption.

Proposed Contribution
In order to become a well-rounded Graphic Designer, there are a variety of
skills that are essential to handling a clients or employers tasks proficiently. As
competitive design education programs continue to adapt to today’s climate of
media convergence, it is necessary to develop a more sharply focused curriculum
in such fundamental elements as Color Theory.
Color selection is a very important element in digital design because colors
have an effect on your audience before they begin to read the content. When color
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is used incorrectly, it can compromise your design solution and confuse your
target audience.
Most public institutions, such as The Ohio State University, currently
teach design students Color Theory and the Interaction of color using physical
media, such as cut paper and acrylic paint. Translation of traditional methods
from the physical space to the digital space has proven to be insufficient. Correct
knowledge of color interaction on the computer is key to successful digital design,
and cut paper and acrylic paint are not enough, and are no longer the only tools
available. With emerging technology we have the power to enhance the
educational experience and give designers the tools to succeed. Today’s design
graduates will be using a computer and job seekers are expected to face keen
competition; individuals with web site design and animation experience will have
the best opportunities. This speculation is based on the overwhelming number of
job openings for web design, interaction design, animation and 3-D design that
can be seen on coroflot.com, core77.com, aiga.org, caa.org (Dec. 5, 2011) or any
other number of sources designers utilize when seeking employment. Typically
these design positions list the various graphic software applications a candidate
must be familiar with in order to be considered for the position. Referencing any
type of graphic software indicates the position will be working on a computer.
The interactive color theory modules will serve as a supplemental tool
useful to the teacher communicating foundational color theories in the
classroom. The use of an interactive module will help teach designers and
emerging artists’ basic color attributes in the digital space, and will also create
experiences, which allow the students to do something or make something. If
students are given the opportunity to be involved in the creation of something,
this may give them a sense of involvement and ownership, which will give the
learning more meaning. Students who may be struggling with the content are
especially supported by the use of interactive guides and system feedback and
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support. These prototypes support the growth of cognitive skills as a new
approach to manipulating color and understanding color relationships and
schemes in a digital setting.
Preliminary prototype design no.1

Figure 8.9: Touch Screen Prototype: Module Selection
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Figure 8.10: Touch Screen Prototype: Itten’s Contrasts Exercises Selection

Figure 8.11: Touch Screen Prototype: Simultaneous Exercise Selection
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Figure 8.12: Touch Screen Prototype: Simultaneous Contrast Color Exploration

Figure 8.13: Touch Screen Prototype: Color Scheme Viewing and Downloading
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Figure 8.14: Touch Screen Prototype: View Solution at Full Screen

Figure 8.15: Touch Screen Prototype: View Classroom Solutions Comparison

84

Figure 8.16: Touch Screen Prototype: Change Exercise Menu

Figure 8.17: Touch Screen Prototype: Transparency Color Exploration
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Use Case Scenario
Jeffrey is a sophomore who is on track to apply to the undergraduate
design program during the spring quarter. He is currently enrolled in Color and
Communication 310 at The Ohio State University. Jeffrey is not an advanced user
of creative software programs, but is excited about the possibilities of interface
and web design. His goals are first to graduate with his BFA in design, and then
to attain an entry-level position at a mid-sized design firm. He excels in all of his
design courses and is motivated in learning the skills he needs to search for jobs
in a fast growing and competitive industry.
The system contains 5 main components, offering the student 5 different
ways to explore the theories of color, with thorough explanations of color
interactions in the digital setting, such as color relationships, perception hue, and
saturation and value. Lessons reinforced by exercises throughout the system.
System’s workshop area allows users to apply the theories introduced.
Accompanying feedback provides assistance and allows user to correctly
manipulate the color interaction, while giving user complete control in each
exercise, remembering progress, as well as offering tips.
Once Jeffrey has launched the application, he is presented with five
choices. Today in class they discussed Johannes Itten’s seven contrasts of color.
The teacher has instructed them to take some time on the touch screen to
experiment with the concept of simultaneous contrast. Once he touches the
experiment option, Jeffrey is faced with a series of options. Since the lesson was
about Itten’s contrasts, he chooses this option. He is then faced with a few more
options. He touches simultaneous contrast.
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The application launches a template exactly like the one the students are
using in class with the traditional methods of cut paper. Jeffrey is able to freely
manipulate the colors based on his preference and how the colors are interacting
on the computer screen. The interface controls are clearly labeled so there is no
confusion as to what he is doing.
If Jeffrey would like to experiment with a different contrast of color or
download his color scheme he can easily do so through the interface, the
application will remember his progress and he can easily return to the exercise if
he changes his mind. Jeffrey is also able to compare results to classmates and try
the exercises again to get a different result.
Overall, the experience gives Jeffrey exposure to color interaction in the
digital setting and contributes to a formal cognitive development of the
knowledge of color interaction. The exercises he experiments with in the module
can assist in refining the sensitivities to successful design solutions.

Next Steps from Pilot Study
• Label all ambiguous buttons, or ensure the button uses universal symbols to
convey function.
• Research comparative educational applications and the presence of user
accounts and purpose. Re-evaluate the purpose of this function.
• Design a more intuitive, seamless navigation to endure ease of use.
• Delete the 4 color modes that the participants did not understand or devise a
way to offer instructions throughout site without compromising the simple
design and navigational elements.
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• Consider including basic instructions throughout system that could be hidden
once the content was read or if user does not feel like he/she needs them.
• Design color exercises appropriate for additional lessons to allow for a richer
usability test in the future.

Next Steps for Prototype Development
• Conduct a second usability test once the revisions from the pilot study have
been made, reaching out to a wider audience for better results.
• Design each screen for prototype development, including administrative
screens.
• Implement prototype in the autumn quarter Color & Communication 310
course at OSU.
• Perform a comparative study between the results of students experimenting
with color in the digital space (using the interactive digital application) and the
physical space (using traditional methods of cut paper and paint).

As I begin to develop the prototype for my interactive project, it is
important to begin looking at comparative applications and to examine what is
working and what is not working, both functionally and aesthetically. During the
winter term of 2010, I was able to conduct usability evaluations on two
prominent websites that are recognized as being superior online applications for
experimenting with color, as well as doing a heuristic review on an interactive
application with goals similar to my own.
After analyzing the results of these three critical tests, I was ready to begin
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designing and developing the application. After reflecting on my research so far,
at this point I felt the application should offer thorough explanations of color
interactions in the digital setting, such as color relationships, perception, hue,
and saturation, etc. Lessons should be reinforced by exercises throughout the
system and the system’s workshop area will allow users to apply the theories
introduced either through the system or in the classroom. Accompanying
feedback provides assistance and allows user to correctly manipulate the color
interaction, while giving user complete control in each exercise, remembering
progress, as well as offering tips.
By leveraging touch technology, the student will participate in a rich
interactive experience compared to one using a mouse and keyboard. The touch
screen interaction mimics the actions akin to the analog experience of using
traditional methods of using cut paper and paint. Touch screen technology also
opens the door to the possibilities of future implementation of a multi-touch
experience and enables exposure to collaboration and co-creation in the
classroom.
Third of all, after designing an interface and getting positive feedback from
my Rich Media Design 674 course, I was ready to being testing the prototype
during this quarter in Design Seminar 787. Using the digital color theory
application, students can interact with the interface and manipulate color with
touch technology on a large scale HP Touch smart screen with a screen resolution
of 1920 x 1200 pixels. Overall, the experience gives design students exposure to
color interactions in the digital setting and prepares them for a competitive job
hunt, and makes them a well-rounded designer.
Last of all, I have evaluated the results from my pilot usability test, which
was very successful. I was able to expose three areas in need of improvement, the
absence of critical labeling throughout the interface, four of six color mode
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options available to the user that none of the participants understood, and the
confusion among the participants of the purpose of the personal user account
within the application. All together, the participants were overwhelmingly
interested in the goals of the application, and seemed captivated by the
interaction and design of the interface. Each participant went so far as to say they
would not only like to be a part of any further test of the prototype, but fully
supported my efforts and were hopeful of the possibilities of future design
students having the application become part of their design curriculum.

8.2: An International Color Study: Design, Workshops and Feedback
During the Autumn term of 2010, I had the incredible opportunity to join
Professor R. Brian Stone in Singapore as a visiting scholar at The National
University of Singapore. I used this time to take a closer look at the content I plan
to incorporate into my final thesis prototypes. I coordinated several workshops
for the students to learn about the fundamental basics of color theory as well as
some more advanced workshops that allowed them to manipulate color in a
digital setting.
After reviewing the results from my Pilot Study in the spring quarter of
2010, I was in search of ways to improve the prototype interface in order to create
a more effective and fun learning experience that was driven more by the
student’s curiosity.
Color Workshop Planning
Based on the results from the survey and the discussion groups I held with
the students, I began designing a simple interface to use in a small experimental
workshop teaching students very basic fundamentals about color theory. The
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workshops would be held in the School of Design and Environment’s computer
labs, to ensure the students would have the correct software and be familiar with
the computer operating systems.
The content for the workshops needed to be scaled back from the concepts
that were represented in my Pilot Study from the spring quarter.
Additionally, the students were going to need more supplemental
materials in order to complete the exercises since the majority of them have had
no exposure to color theory in their education. The concepts incorporated into
the workshops are as follows:
• Basic Color Wheel
• Properties: Hue, Saturation, Value
• Color Harmonies: Achromatic, Monochromatic, Triadic etc.
• Complementary Color
• Color Transparency
• Using Color to create Dimension
The interface wireframes for the Color Workshops went through several
iterations, based on student feedback after each session. The final interface
wireframes are found in the following pages. The students used Adobe Illustrator
to open the templates and I monitored the different tools they chose to
manipulate color and recorded the various ways they completed the exercises.
7-10 students participated in each workshop, allowing me to have plenty of oneon-one time with each student as they approached the various exercises.
Once the students were finished with the exercises, we discussed the
various aspects of the workshop. Was it fun? Was it educational? Which concepts
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were difficult? Which task was difficult because of the software or lack of tools?
How would you have completed a task different if the tools had been different?
Preliminary	
  Content	
  Design

Figure 8.18: Color Workshop: Color Vocabulary (Color Wheel) Screen
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Figure 8.19: Color Workshop: Color Vocabulary (Properties) Screen

Figure 8.20: Color Workshop: Color Vocabulary (Harmony) Screen
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Figure 8.21: Color Workshop: Color Wheel Basics Exercise Screen
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Figure 8.22: Color Workshop: Complementary Color Exercise Screen

Figure 8.23: Color Workshop: Color Harmony Exercise Screen
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Figure 8.24: Color Workshop: Simultaneous Contrast Exercise Screen

Figure8.25: Color Workshop: Color Transparency Exercise Screen
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Figure8.26: Color Workshop: 3D Color Exercise Screen

Color Workshop Results
The workshop sessions were extremely helpful. The results were
overwhelming and will enable me to begin a few new prototypes with various
learning theory approaches and more in-depth lessons in the following quarters. I
need to consider the following results before beginning the design and needed
development of any new prototypes.
• The students at this academic level are not comfortable with Adobe Illustrator
or Photoshop
• Larger groups can get too chaotic to manage
• The Interactive sessions need to follow a more comprehensive lesson on color
theory
• The interface needs more instructional assistance
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• The prototype(s) need to take into account different levels of comprehension
• Several students requested a quiz-like element incorporated into the interface
• Nearly every student remarked the color wheel needs a “middle”
• Students do not understand the difference between Saturation and Value
• Students want to be able to see a much larger Color Wheel
• Adobe Illustrator tools really limit the full potential of the exercises
• Students are not able to alter the saturation of a hue using its complement

Plans for the Future
Based on the results of the color workshops conducted in addition to
ongoing literary research, the next iteration of the study will be to create multiple
experimental prototypes utilizing interactivity to engage students and enhance
the learning experience.
The next steps will be experimenting with creating a working prototype in
Adobe Flash and Abode Flash Catalyst, which allows rapid prototyping.
Additionally, it may be interesting to explore other systems allowing a different
interactive environment, such as a gesture based system similar to the Microsoft
Kinect.
The overall goal is to experiment with creating interactive environments
that allows students to interact with color in various ways as well as exploring
color in a multi-dimensional manner. Whether the students are interacting with
projected light, learning about the interaction of reflective color or any other
number of exercises, it is important that they understand that the outcome of any
color is contingent upon multiple properties. It will be interesting to see how each
prototype succeeds, fails, or offers new ideas for teaching students about color

98

8.3: Revisions and Additional Prototype Development
During the winter term of 2012, I conducted a comparison of the
constructivist and cognitive learning theories using two different prototypes.
Each prototype is a platform allowing students to gain an understanding of color
mixing in the RGB color space. The overall goal provides the appropriate
platform to allow student understanding of digital color interaction in order to
assist them in their design education and ultimately professional design
practices.
Although I am currently studying in a program that is centered around
design, similar design courses are taught in many art programs, and my research
proves that both art and design based programs lack courses that discuss the
RGB color space and digital color interaction.
The color workshops I conducted in Singapore along with the work I did
with the Genetics Literacy Project at OSU’s Advanced Computing Center of Art
and Design, I decided to improve upon and expand the two prototypes I had
already tested, pushing interactivity to engage students and enhance the learning
experience as well as focusing on the understanding of color mixing and
interaction in the additive color space.
During the spring of 2011 I experimented with creating a working
prototype in Interactive Media Arts 741 with Adobe Flash and Abode Flash
Catalyst, which allows rapid prototyping. I also utilized my time in Visual
Performance and Installation Technologies 758, where I created a computer
mediated performance and installation system, focusing on real-time video
processing, 3D graphics, and environmental sensing. Each prototype took
elements and results from the research conducted testing the initial prototypes,
and carried those concepts into richer, more engaging platforms, not only
focusing on real time feedback of user interactions, but the effect of harmonious
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and incongruous color combinations and the interactions of those combinations
on-screen.
Additionally, through my iterative research, I found that it was important
for the student or designer to experiment with these concepts on a screen size
similar to the end result or the device he or she would be working on.
Experimenting with on-screen color interaction at a very large scale is
entertaining to the student, but hinders the understanding of the concept if the
student ultimately is designing for a 320 by 480 pixel iPhone screen.
My overall goal is to experiment with creating interactive environments
that allows students to interact with color in various ways. Whether the students
are interacting with projected light, learning about reflective color interacting or
any other number of experiences. It will be interesting to see how each prototype
succeeds, fails, or offers new ideas for teaching students about color interaction
in a more innovative and exciting way.
Final Touch Screen Prototype:

	
  

Figure 8.27: Final Touch Screen Prototype: Introductory Screen
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Figure8.28: Final Touch Screen Prototype: Spin the Wheel Screen

Figure8.29: Final Touch Screen Prototype: Select a Hue Screen

Figure30: Final Touch Screen Prototype: Directly Adjust Hue (add yellow)
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Figure 8.31: Final Touch Screen Prototype: Rotate Color Wheel

Figure8.32 : Final Touch Screen Prototype: Color Property Menu (neutral
saturation)
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Figure 8.33: Final Touch Screen Prototype: Directly Adjust Neutral Saturation

Figure 8.34: Final Touch Screen Prototype: Indirectly Adjust Complementary
Saturation
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Figure 8.35: Final Touch Screen Prototype: Save Created Color

Figure 8.36: Final Touch Screen Prototype: Begin Exploration Again
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Final	
  Gesture	
  Based	
  Color	
  Mixing	
  Game:

Figure 8.37: Final Gestural Prototype: Main Screen for Individual Play

Figure 8.38: Final Gestural Prototype: Main Screen for Game Play
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Research Design and Methods:
During the final evaluative sessions, the student will be asked to demonstrate the
following three learning objectives in a controlled environment.
• Adjust the saturation of a given hue using its complement.
• Create a split-complementary color scheme.
• Create a specific hue (Yellow) by mixing additive light.

Based on the results of testing previous models of these prototypes, I
believe these revised prototypes, both focused on additive color mixing, will aid
in enhancing student comprehension of digital color interaction in multimedia
platforms.

Results
Usability Analysis of Final Touch Screen Prototype
While evaluating the learning assessment of the latest prototypes, quite a
few students offered feedback pertaining to the usability aspects of the
prototypes. In an attempt to constantly be looking for ways to improve the
concept, it is essential these ideas not be ignored. In addition to exploring a
suitable platform for learning about the interaction of color in the digital space,
there is a constant aim to observe people using the product to discover errors and
areas of improvement. This particular usability test involved measuring how well
test subjects respond in four areas: efficiency, accuracy, recall, and emotional
response. The results of this test can be compared to the results of the testing of
prototype no.1 to indicate improvement, and offer suggestions for the next step.
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Areas of feedback from usability testing:
• Performance -- How much time, and how many steps, are required for people to
complete basic tasks? (For example, find something to buy, create a new
account, and order the item.)
• Accuracy -- How many mistakes did people make? (And were they fatal or
recoverable with the right information?)
• Recall -- How much does the person remember afterwards or after periods of
non-use?
• Stickiness -- How much time he/she spends
• Emotional response -- How does the person feel about the tasks completed? Is
the person confident, stressed? Would the user recommend this system to a
friend?
Positive Feedback:
Students overwhelmingly found the minimalistic approach to the interface
design positive, allowing them to focus on the exercise and the interaction of the
colors on screen.
Negative Feedback:
80% of the students commented on the lack of labels being a possible issue
when using the application, even after the second and third usage. Each function
needs to be clearly labeled, and demonstrate its functionality and purpose for
each activity. If the function is not necessary in order for the student to complete
the task, it should not appear on screen to avoid any confusion. Additionally, the
four different ways to alter the colors are labeled with just the first letter of the
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property a user can adjust; hue, saturation one, saturation two, and value. Using
the first letter is not enough information for some students, especially students
who are enrolled in the color theory course as a design minor or as an elective. It
should be taken into account that students from other disciplines will be expected
to use the application in the course and will need additional assistance and
instructions to participate.
The central circular piece does not have the same affordance as the tabs,
which glow in order to demonstrate their ability to be interacted with.
Despite the fact that students are able to adjust the properties of the colors on
screen by interacting with the application in two areas; the property panels on the
left hand side and the large circle in the center of the screen; there was confusion
where to begin the exercise. The mapping between the two devices was not as
clear as originally expected.
Suggestions for the next version:
The lesson preceding this exercise needs to include a brief introductory
lecture combined with a demonstration or a video explaining the various
exercises available within the application and the function of each tab.
There were varied results regarding the minimalistic 4-point color wheel. While
many students liked the unobtrusive interface, others felt differently. Some of the
suggestions received regarding the color wheel were:
• The ability to see a larger color wheel
• Making the 4 circles larger
• Adding circles as the user rotates the color wheel
• Including an animation as the user rotates the wheel to showcase what is
happening behind the scenes
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Chapter 9: Conclusions and Recommendations

9.1 Project Summary and Objectives
The goal of this project was to create a prototype that could potentially be
used as a method for enhancing different tasks in experimenting with additive
color in a digital setting. Overall, I had observed that past and current offerings in
the space tend to neglect user needs, provide inaccurate information and fail to
allow the user to understand why colors interact differently with various colors
based on their properties. By taking advantage of emerging technologies and a
user centered approach, I hypothesized that a solution could be developed for the
digital space.
To verify this hypothesis, I developed a research plan with the goal of
getting useful data and implementing a new design. To begin, I did an analysis of
the existing landscape. During this early investigation, I evaluated the design of
color manipulation tools, educational tools and instructional aids that made a
successful transition to a digital format. Additionally I did a thorough
examination of design programs and their approach to color education. I
interviewed instructors at thirteen international universities in order to
accurately choose the best exercises to incorporate for the first iteration of this
prototype. All of the information I gathered helped inform my design of a new
solution.
With students in mind, I developed a set of surveys and interviews to
better understand their needs and desires in the space. The information I
gathered in those sessions allowed me to develop a prototype of an application on
a large scale touch screen device. The prototype integrated needs that I heard
specifically from student users as well as best practices in interactive design tools,
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which included a simplified color wheel, real-time feedback, intuitive controls
and a thorough explanation of the difference between value and saturation.
After that investigation, I began the development of a prototype around
the exercise addressing simultaneous contrast. Through a series of testing,
evaluating, revising and introducing new content, a generative approach allowed
me to create a more in depth solution. Additionally I made sure to test the
prototype on students with a wide range of exposure to the content. This enabled
me to focus on the translation of the material and gauge the level of student
comprehension with the application independent of lecture or tutorial.
The prototype went through an iterative design process over the course of
its creation. Each prototype was designed, developed and then tested for ease of
use, student understanding and the level of student engagement. Using the
feedback and results of each assessment, I created an improved prototype while
introducing new concepts or material into each successive iteration. This
evolutionary design process allowed me to constantly keep the student’s needs as
my priority in addition to ensuring that I was utilizing the best design practices as
well as using the best interactive platform that would lend itself to creating a
hands-on, exploratory learning experience.
After evaluative testing on a total of four prototypes with undergraduate
students at Ohio State University as well as the National University of Singapore,
I determined that this solution is highly desirable based on judgements and from
the overall reactions of the students. Students had thoughts about improving the
application in many ways but collectively expressed interest in using it in their
classes. While there is still work to be done in this area, it is a clear step in the
right direction.
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9.2 Color Theory Courses of The Future
Professional designers work on a computer. Even when the final output
may be a printed deliverable, the creation process takes place in a digital realm.
There is no doubt that great emphasis is placed on beautiful layout, typography,
hierarchy, and other elements of design in order to communicate effectively
through design. Color is one of those very important elements that can either
support the delivery of that message, or prevent it from being understood by the
viewer.
Something as basic as legibility can be hindered by the incorrect
application of color, especially in the additive color space where a designer has
the choice of over 4 billion colors, as opposed to a pack of color-aid containing a
range of 314 matt-finished colors. The color-aid system consists of 34 vivid hues
(saturated colors), 100 tints (clean, light colors), 47 shades (dark, deep colors),
114 pastels (muted, or soft colors) and 17 grays from dark to light, plus black and
white.
The limitations this prescribed box of colored pieces of paper places on the
lessons in today’s color theory course has only begun to be outlined in this thesis.
By allowing students to experiment with the interaction of colors in a digital
setting instead of using the color-aid or physical pigments opens students up to
opportunities that will actually apply to their professional needs and practice
while engaging them in a meaningful way. The original exercises from Johannes
Itten and Josef Albers remain essential to the curriculum today, but these
standard activities must be translated into a digital setting, where students are
not only more comfortable, but where they will actually be applying the lessons
learned in the classroom.
What is the point of a design education if a design student is not able to
apply a theory they have learned in a meaningful way? How often will a
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professional designer be consulting his or her box of color-aid papers in order to
create a color palette or to select two harmonious colors that contrast but do not
vibrate once placed in close proximity? The answer is simple, they won’t. They
will be experimenting with the properties of each color on their computer.
Introducing a digital application into the color theory classroom is
essential as we move forward in design and color education. Students of this
generation are already questioning classroom methods of using colored paper
and paint. They are already recreating the exercises on the computer to
accommodate for their digital portfolios. I believe the adoption of this prototype
would not only be welcomed with a smooth transition, but would increase the
ability for students to comprehend the concepts behind the exercises, open up
more classroom time for additional significant course work, reduce the cost of
enrollment and eliminate the amount of wasted materials in a typical color theory
classroom. Additionally, programs who are terminating the color theory course
due to budget cuts or other reasons would be able to incorporate an in-depth
examination of color theory due to the application’s efficient way of handling the
exercises and allowing students to quickly and accurately complete the lessons.
Many students commented that many of the physical exercises they currently are
required to complete in a color theory course felt unnecessary and monotonous.
They stated that they understood the concept after either the introductory lecture
or first hands-on experimentation, and felt the proceeding exercises were
pointless, and they wished they could have moved on in the subject matter. If the
application were incorporated into the classroom as a supplement to the
exercises, more material could be covered over the course of a semester or
quarter, therefore giving students a much deeper and much needed
understanding of color.
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9.3 Suggestions for User Interface Development
Upon starting this research, I knew that the feedback portion of the
interface would be critical to the overall success. Due to constraints of time, I
chose to primarily focus on the translation of two prominent color exercises into
the digital space. Because students are the users that will benefit the most from
using an application like this, I focused on creating an engaging and effective tool
first. I felt that if the tool was overall successful at helping student understanding
of color theory and the interaction of color, we could later expand the application
to include more complex exercises around color and possibly even graduate into
design foundations courses as a whole.
In order to allow the student to explore color in a multi-dimensional
approach, four various properties of color are able to be manipulated in the final
touch screen prototype. By allowing the student to alter the hue, neutral
saturation, complementary saturation, and value of a single hue at the same time,
they begin to see that the final outcome of a single color on-screen as well as its
impact on surrounding colors is multi-dimensional. This type of exploration is
not achieved using pigment. When mixing paint, a student can only view the final
outcome of color mixing one property at a time.
In addition to creating a multi-dimensional exploration of color, the final
prototype allows for the user to make mistakes, and offers memory recall. If the
students is attempting to create a desaturated violet and accidentally adds too
much gray or yellow, the final touch screen prototype allows the student to not
only go back step by step, but also allows them to counteract the effects using
any number of other solutions. When using color-aid or paint, the mistake is
irreversible. The students must start over when using paint, and when using
color-aid they may have to choose a completely different color scheme based on
the availability of the remaining selections of color-aid pieces. For example, when
a student is using color-aid to complete an exercise, once they have used the pure
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red hue, it is no longer available for exercises in the future. Subsequently, any
other color that require pure red in order to complete a particular harmony,
scheme or contrast is also eliminated. In reality, the students are limited to even
less that the original 314 colors included in the box of color-aid. It should also be
noted that the high cost of color-aid often compels students to obtain already
used boxes of color-aid, which nearly always prevents them from creating
persuasive harmonies of interactions of color.
Prototypes no. and no.4 address the need for an iterative exploration of
color. The student is given real-time feedback, and completes the exercises
rapidly and is given visual cues when they have been successful in their
exploration, or when the interaction of colors on-screen in front of them is not
effective in the exercises at hand. By allowing students to quickly and efficiently
understand the concepts behind each exercise, the class is able to intelligently
move on to new content quicker, allowing room for more in depth discovery of
more advanced learning objectives.
After my final evaluative sessions, it became very clear that the
instructional component of the application is more important than I originally
assumed. During the final evaluation sessions students who had demonstrated a
firm grasp of the content before beginning the session still needed various
prompts or assistance in order to truly understand exactly what was happening
on screen with the interaction of the colors and why the interaction was
harmonious or incongruous. When students complete the exercise in the
classroom using colored paper, they expressed it felt more open ended, with a
multitude of possibilities, and no correct final outcome. While that abstract
outcome still applies to the digital exercise, students felt the need to repeatedly
gain confirmation from me that their choices were correct and they requested
permission to move on in the session rather than taking a more experiential
approach the activities as I had hoped.
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It would be interesting to investigate the benefits of including an
instructor portion of the interface, offering students tips to improve their work
through the exercises. Measures could be taken to evaluate the direct connection
between student need and instructor feedback. Instructors need to be alerted
when a student is creating a non-existing or low contrast on-screen interaction of
colors when the learning objective is to explore the effects of high contrast
interactions. Additionally, the application should provide rewards and the ability
to advance and get progressively more challenging or engaging. With better
understanding in this area, an interface can be constructed that allows them to
work efficiently and in turn positively effect the student experience.
Additionally, it is necessary to note that students requested the ability to
use the application across multiple platforms in order to properly evaluate the
interactive properties of colors in the space in which their design work would be
viewed. For example, if a student designed an application to be viewed on a
screen that is 640x480 pixels, they would like to experiment with various color
interactions on that size screen. While a large scale touch screen application was
engaging, the effect of the interaction of colors is not the same when being viewed
on a much smaller, more intimate screen.

9.4 Suggestions for Future Testing
The experimentation of several interactive prototypes could potentially be
used as options for enhancing different tasks in digitally manipulating color. A
different concept for each prototype allows for a wider evaluation of the
effectiveness of each prototype and create a more creative and exploratory
experience for the final product. The difficulties that advanced technology
presents can prohibit the completion of several conceptual prototypes. It would
be interesting to examine the effectiveness of contracting the knowledge and
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abilities of one or two computer science students to assist in creating fully
functional prototypes to strengthen the results of this research and to have the
ability to create a final product for usability analysis and investor presentations.
While animations and paper prototyping were effective in this initial
evaluation for proposal purposes, it would be necessary to create a fully
functioning prototype to futher assess the interactive components of the
application.
The above work and findings were a result of investigating the use of
digital tools in an educational settings. A considerable amount of planning was
completed in order to use appropriate methodologies to better understand the
needs of students in design programs studying color in the additive space. When
reflecting on the process that led to the final recommendations and design, I
believe that it can be used in the design of future digital environments as well as
expanding the final solution to allow for more advanced exercises around the
interaction of color in the digital space.
Moving forward, this process can easily be applied to the development of
other, similar foundational exercises in design curriculum. We will continue to
learn, but this thesis research has positioned us in a good place to spring board
someone into the next iteration of research. As technology progresses, designers
will become completely enveloped in the digital arena, professionally and
educationally. There is no doubt that designers will be impacted by the digital
interactions they have in our everyday lives as well. With a process similar to the
one outlined in this document, we can ensure that the use of interactivity in
education will be user-friendly, comprehensible and inspirational.
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Appendices and Bibliography
Appendix A: Pilot Study Consent Form

interactive!COLOR THEORY
CONSENT FORM

The purpose of this study is to evaluate the usability of the interactive color theory application. The
study will take approximately 15-30 minutes.
I understand that I will perform the following activities:
UÊ,i>`ÊµÕiÃÌÃÊ>`ÊÃÌÀÕVÌÃ
UÊ/ ÊÕÌÊÕ`ÊÜ iÊ
UÊ ÃVÕÃÃÊ«ÃÌÛiÊ>`Êi}>ÌÛiÊ>Ã«iVÌÃÊvÊÌ iÊÃÌÀÕVÌÃ
UÊ*ÀÛ`iÊ>ÃÜiÀÃÊÌÊÌ iÊµÕiÃÌÃÊÊµÕiÃÌ>ÀiÃ

While I am participating in the usability test, I further understand that:
UÊÞÊvÀÃÌÊ>i]Ê« Ì}À>« ]Ê>`ÊÛ`iÊvÌ>}iÊÜÊLiÊÕÃi`ÊÊ>ÊÃÕ>ÀÞÊvÊÌ iÊv>ÊÀiÃÕÌÃÊÌ >ÌÊÜÊÊ
ÊÊÊLiÊ«ÀÛ`i`ÊÌÊ>ÊÀi«ÀiÃiÌ>ÌÛiÊvÊÌ iÊ"-1Ê iÃ}Ê,iÃi>ÀV Ê/i>°
Compensation for Participation
I will not be compensated for my participation.
Freedom to Withdraw
I realize that research participation is completely voluntary. I understand that I am free to refuse to
participate in this study or withdraw at any time. There is no penalty for either non-participation or
withdrawal.
Availability of Investigators
vÊÊ >ÛiÊVViÀÃÊÀÊµÕiÃÌÃÊ>LÕÌÊÌ iÊÀiÃi>ÀV ]ÊÌ iÊÛiÃÌ}>ÌÀÃÊV>ÊLiÊVÌ>VÌi`Ê>ÌÊ
____________________________.
Consent
ÞÊÃ}>ÌÕÀiÊLiÜÊ`V>ÌiÃÊÌ >ÌÊÊVÃiÌÊÌÊ«>ÀÌV«>ÌiÊÊÌ ÃÊÀiÃi>ÀV ÊÛiÃÌ}>Ì°

___________________________________
participant name (print)

______________________________________
participant’s signature
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__________
date

Appendix B: Photography, Video & Audio Recording Release Form

interactive!COLOR THEORY
PHOTOGRAPHY, VIDEO & AUDIO RECORDING RELEASE FORM

The OSU Design Research Team will videotape, audio record, and photograph this workshop. These
tapes and photos will be used for research purposes only. They will not be used commercially.

Please check off one or both of the statements below, then sign and date.

Thank you.

I allow the OSU Design Research Team to videotape, audio record, and
photograph me in this workshop sesion for research purposes.

I allow the OSU Design Research Team to use the photos from this session in
their research summary as well as for potential conference materials (papers or
presentations) in the future.

___________________________________
participant name (print)

______________________________________
participant’s signature
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__________
date

Appendix C: Pilot Study Checklist for Session

!"#$%&'#!($)!+%+,)("#+,.

!"#!$%&'()*+,)'#''&+!"#$%#$%&%'"(')*#$+%,-.%+"(%/.&01&+(%+(&'"#2/%&$$-'#&+($3%4&$(0%&.-120%+"(%5(+"-0%
+"&+%"&$%6-.)(0%,-.%0($#/2%.($(&.'"(.$%#2%+"(%7&$+8%9+%'-:(.$%&**%+"(%5&;-.%7-#2+$%,-.%
.122#2/%&%.($(&.'"%$($$#-2%$1'"%&$%+"#$8

<-**('+%'-2$(2+%,-.5$%&20%$+&.+%:#0(-+&7#2/8
=$(+%17%'&5(.&%+-%+&7(%+"(%#2+(.&'+#-2>
92+.-01'(%+"(%5-01*(%&20%#+?$%71.7-$(8
=(01'&+#2/%$+10(2+$%&4-1+%+"(%#2+(.&'+#-2%-,%'-*-.%-2%+"(%'-571+(.>
@(2+#-2%+"&+%+"(%(A(.'#$(%,-.5&+$%&.(%$#5#*&.%+-%+"(%&2&*-/%(A(.'#$($8
B#:(%+"(%7&.+#'#7&2+$%&%4.#(,%-:(.:#(6%-,%4&$#'%$C$+(5%5('"&2#'$8
!6-%,&'#*#+&+-.$%$"-1*0%$+&.+%7*&C#2/%6#+"%+"(%7&.+#'#7&2+$3%*#)(%'-&'"($8
D&'#*#+&+-.$%$"-1*0%#2+.-01'(%5-01*(%'-2(7+$%6"(2%+"(C%4('-5(%#57-.+&2+8
E"(2%+"(%7&.+#'#7&2+$%"&:(%&%/.&$7%-,%+"(%$C$+(53%4&')%-,,%
=41+%$+&C%2(&.%,-.%F1($+#-2$>
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Appendix D: Pilot Study Guidelines for Observer(s)

!"#$%&'#!($)1+&+,)23%+,4

!"#$%&#'%()*+,)+-(%,.%,/(0
!"#$%#$%&$$&'(#)**+%)%*#$(%,-%./&$(#,'$%(,%0&%)'$1&2&3%0+%("&%,0$&24&2%5,2%,0$&24&2$6%
,-%("&%(&$(#'7%$&$$#,'$8%!"&$&%)2&%("&%9):,2%./&$(#,'$%)'$1&2&3;%0/(%)33#(#,')*%
#'-,29)(#,'%#$%1&*<,9&3%)'3%&'<,/2)7&388

.H\WKLQJVWRSD\DWWHQWLRQWRDQGWDNHQRWHVRQZKLOHREVHUYLQJWKH´UVWLQWHUDFWLRQ

=8%%>2&%("&2&%)'+%)$?&<($%,-%("&%$+$(&9%(")(%)2&%',(%<*&)2%(,%("&%?)2(#<#?)'($%,2%-)<#*#()(,2$@
A8%%>2&%("&%?)2(#<#?)'($%7&'&2)**+%#'(&2&$(&3%#'%("&%#'(&2)<(#,'@
B8%%C")(%3,%("&%?)2(#<#?)'($%2&$?,'3%("&%9,$(%(,%5?,$#(#4&*+%)'3%'&7)(#4&*+6@
D8%%E,%("&%?)2(#<#?)'($%7&'&2)**+%$&&9%(,%0&%")4#'7%-/'@
F8%%G,1%*,'7%#$%("&%&H&2<#$&%$&$$#,'@
I8%%E,%("&+%1)'(%(,%(2+%)',("&2%&H&2<#$&@%JH?*)#'8

!"#$%&'()*$%+$,-#$-%%"(%'+($%+$-(.$%-/"$(+%"*$+($0&'1"$+2*"34'()$*52*"65"(%
LQWHUDFWLRQVRIWKHV\VWHP

=8%%G,1%*,'7%#$%("&%$&$$#,'@
A8%%E,%("&+%$&&9%(,%')4#7)(&%-2&&*+@%JH?*)#'8
B8%%G,1%3,%("&+%&H?*)#'%("&%9,3/*&%(,%,("&2%?)2(#<#?)'($@
D8%%E,%("&+%<,9?*&(&%("&%&H&2<#$&%<,22&<(*+@%E,%("&+%7#4&%/?@%JH?*)#'8
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Appendix E: Pilot Study Investigator Script

interactive!COLOR THEORY
INVESTIGATOR SCRIPT
Hello.
Thank you for participating in my usability study. My name is Lindsay, and I will be working with you
today. I am testing the ease of use of this interactive color theory module, designed to enhance the
learning experience of color theory, as well as assist design students in understanding the interaction
of color in the digital setting. Please keep in mind during the test that your solutions to the color
exercises are not what I am evaluating. I am conducting this test in order to determine whether
students are able to easily understand the interaction of the interface, if this is an effective teaching
medium for the material taught in color theory courses and whether or not this module is actually
enhancing the learning experience. I am also trying to determine what problems users may encounter,
if any, while interacting with the application. During the test, you will be asked to answer questions
about your experience. While you are examining the interface, I will be watching and taking notes.
(User will receive a packet which includes the following: Consent form, Photography & Video Release
form, background questionnaire, and Usability questionnaire)
Please talk aloud as you are examining the screens. Also, feel free to ask questions during the session.
Do you have any questions before we begin?
First, you will fill out a pre-test questionnaire. The rest of the testing session will be comprised of a
series of screens from a prototype that will be developed in the near future. After you complete the
session, I will ask you questions about your experience based on the interface and how well you understood the goals of the learning module and if the interface was clear. You will then fill out another
questionnaire. At the end, we will have a discussion period where you will be given the opportunity to
ask questions and comment on the design.
Again, please keep in mind we are not testing you, but are just looking for feedback regarding the
interface and the learning module as a whole. There are no right or wrong answers here, so just try to
have fun. These screens have not been tested with people, and there may be changes that need to be
made. Please be honest with your positive and negative thoughts.
(Participant will fill out Pre-test Questionnaire)
Thank you for completing the Pre-test Questionnaire. I would like to remind you to please think out
loud as you are working. For example, if you are would normally select a button while going through
the learning module, say it out loud and say anything that might come to mind. For example, if you
think something is confusing, please say so. On the other hand, if you find something to be exceptionally clear, these comments are welcome, too. Your comments will help me understand what students
are thinking and doing and where they might run into problems.
Let’s begin.
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Appendix F: Pilot Study Feedback Questionnaire

!"#$%&'#!($(&.1.0(,2".03
!""#$%&'()*"+,-.//%-0"
3OHDVHDQVZHUWKHIROORZLQJTXHVWLRQVWRWKHEHVWRI\RXUDELOLW\UHµHFWLQJRQWKHLQWHU!
IDFHWKDWZDVSUHVHQWHGWR\RX)HHOIUHHWRDVNTXHVWLRQVDQGRIIHUVXJJHVWLRQV\RXU
RSLQLRQPDWWHUV

,DPD
IUHVKPDQ
VRSKRPRUH
"#$%&'()*$%&'
JUDGVWXGHQWIDFXOW\SURIHVVLRQDO

$UH\RXFXUUHQWO\HQUROOHGRUKDYH\RXWDNHQ&RORU &RPPXQLFDWLRQRUDVLPLODUFRORUFRXUVH"
+*)
$&

$UHZHUH\RXD'HVLJQPDMRU"
+*)
$&

,IVRZKDWW\SHRI'HVLJQDUH\RXLQWHUHVWHGLQSXUVXLQJDFDUHHULQZKHQ\RXJUDGXDWH"
SULQW

DQLPDWLRQ

%$.*'%&'

JUDSKLF

,*-

PRWLRQJUDSKLFV

LQGXVWULDO

&./*'01222222222222

+RZRIWHQGR\RXXVHWKHFRPSXWHUIRU\RXU'HVLJQZRUN DWKRPHLQFODVVDQ\GHVLJQSURMHFW "
HYHU\GD\

QRWYHU\RIWHQPRQWKO\

DFRXSOHWLPHVDZHHN

UDUHO\RUQHYHU

+RZFRPIRUWDEOHDUH\RXXVLQJFRPPRQJUDSKLFVRIWZDUH H[$GREH3KRWRVKRS "
YHU\FRPIRUWDEOH

QRWFRPIRUWDEOH

FRPIRUWDEOH

,KDYHQHYHUXVHGWKHPGRQWNQRZ
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Appendix G: Pilot Study Task Walkthrough

interactive!COLOR THEORY
TASK WALKTHROUGH
on home page:
Which button would you touch to try some exercises similar to the ones you have done in-class?
What do you think the functions of the other buttons are?
Why would it be necessary to have an account that you log in to in order access the system?
Does this aspect bother you? Why?
secondary pages:
Are the buttons labeled clearly?
Are any buttons labeled unclearly? How?
Do you see any items (buttons) on the screen that do not make sense?
Are the sizes of the buttons legible?
How does your finger fit on the buttons when you touch them?
Is the text legible?
How would you rate the level of contrast on the screen? Are you having trouble reading any of the items?
exercise pages (2):
Is it clear as to what your options are for manipulating the color?
Do you understand the labels on the interface?
Do you feel as though you would be able to freely navigate and manipulate the interactions of the colors during these
exercises without pressure?
Is there anything you do not understand or do not like? Why?
comparison pages:
Do you like the fact that you can compare your results to the rest of your peers?
Do you understand the labels on this page?
Do you feel like if you are unhappy with a color scheme that you can easily make changes?
If you liked the colors you chose do you see an option for saving them for future digital projects? How? Why?
If you wanted to try an exercises from a different lesson, how do you think you could get there?
overall:
Is there any point where you were unsure as to what to do? Why?
Is there anything you would add to or subtract from in order to improve the experience of this application?
Is this something you would enjoy using during class time?
Is this something you would use at home, if given the choice?
Is this something you would use at home, on any other design projects? How? Why?

123

Appendix G: Pilot Study Post Session Conversation Guide

interactive!COLOR THEORY
POST-SESSION CONVERSATION GUIDE
After the Presentation:
In the remaining few minutes, I’d like to discuss your experiences. Please
share any comments you may have. Would you discuss any elements that you found easy or difficult to
understand? Describe any aspects of the interface that you found positive or negative.

How well do you think you understand the concept of the learning module?

Do you think the navigation in the interface was clear and easy to follow?

Please discuss any parts of the interface that are unclear.

Can you foresee any difficulty for the students of Color 310 using this module to learn about digital
color interaction?

How would you feel if this was incorporated into your education as a supplement to traditional class
room techniques of learning about color theory?

Thank you for coming today and for participating in the usability study. Your
time is valuable, and I appreciate your contribution.

(Investigator – turn off all recording devices and review/update notes)
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Appendix H: Applying Learning Theory to Interactive Media Survey


$SSO\LQJ/HDUQLQJ7KHRU\WR,QWHUDFWLYH0HGLD

$SSO\LQJ/HDUQLQJ7KHRU\WR,QWHUDFWLYH0HGLD
'HYHORSLQJHIIHFWLYHHGXFDWLRQDOH[SHULHQFHVUHTXLUHVDQXQGHUVWDQGLQJRIERWKOHDUQLQJWKHRU\
DQGZKDWDSSHDOVWROHDUQHUV,ZLOOEHFRQGXFWLQJDEULHIGLVFXVVLRQRQKRZ<28OHDUQEHVWDQG
KRZ<28HQMR\OHDUQLQJ7KDQNVLQDGYDQFHIRU\RXUWLPH
5HTXLUHG
<RXUFODVVKDVEHHQJLYHQWKHWDVNWRGHVLJQDQHZUHPRWHFRQWUROVSHFLILFDOO\IRUFKLOGUHQ
:KDWWRROVGR\RXXVHWREHJLQ\RXUUHVHDUFK"
FKHFNDOOWKDWDSSO\
ZLNLSHGLD
HQF\FORSHGLDV
OLEUDU\ERRNV
DVN\RXUPRP
JHWWRJHWKHUDVDJURXSWRGLVFXVVWKHWRSLF
JRRJOH\DKRRRURWKHUVHDUFKHQJLQH
GHVLJQEORJVDQGIRUXPV
SOD\DJDPH
ORRNDWSLFWXUHVRIRWKHUUHPRWHFRQWUROV
UHDGPDJD]LQHDUWLFOHVRUMRXUQDOHQWULHVDERXWWKHWRSLF
PDNHDPRYLHDERXWWKHWRSLF
2WKHU

<RXUFODVVLVOHDUQLQJDQHZVXEMHFWLQFODVVWRGD\<RXZLOOEHUHTXLUHGWRUHPHPEHUWKH
LQIRUPDWLRQUHYLHZHGDVZHOODVXVHWKHLQIRUPDWLRQLQIXWXUHSURMHFWV:KDWLVWKHEHVWZD\
IRU\RXWRUHPHPEHUWKHFRQWHQW"
6HOHFWWKHEHVWDQVZHU
WDNHQRWHV
ZDWFKDYLGHR
KDQGVRQJXLGHG
KDQGVRQIUHHSOD\
LQVWUXFWRUGHPRQVWUDWLRQ
TXL]RUWHVW
2WKHU

<RXKDYHPLQXWHVRIIUHHWLPHDQGDOORI\RXUDVVLJQPHQWVDUHFRPSOHWH%H\RQGW\SLFDO
VRFLDOPHGLDVLWHV )DFHERRN7ZLWWHU<RX7XEHHWF ZKDWZHEVLWHVZLOO\RXYLVLWWRKDYH
VRPHIXQ":K\DUHWKH\IXQIRU\RX"
7U\WRWKLQNRIVLWHVWKDWRIIHUKLJKGHJUHHVRILQWHUDFWLYLW\

KWWSVGRFVJRRJOHFRPVSUHDGVKHHWYLHZIRUP"IRUPNH\ G')VD:5\=(W6;G-F)=2/8[6=MOO0(0«
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$SSO\LQJ/HDUQLQJ7KHRU\WR,QWHUDFWLYH0HGLD
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FODVVURRPWROHDUQFRXUVHPDWHULDO",IVRFDQ\RXUHPHPEHUWKHVWUHQJWKVDQGZHDNQHVVHV
RIWKHH[SHULHQFH"

3OHDVHEULHIO\GHVFULEHWKHZRUVWOHDUQLQJH[SHULHQFH\RXKDYHHYHUKDG

3OHDVHEULHIO\GHVFULEHWKHEHVWOHDUQLQJH[SHULHQFH\RXHYHUKDG:K\ZDVLWVRVSHFLDO"

KWWSVGRFVJRRJOHFRPVSUHDGVKHHWYLHZIRUP"IRUPNH\ G')VD:5\=(W6;G-F)=2/8[6=MOO0(0«

126





$SSO\LQJ/HDUQLQJ7KHRU\WR,QWHUDFWLYH0HGLD

6XEPLW

3RZHUHGE\*RRJOH'RFV
5HSRUW$EXVH7HUPVRI6HUYLFH$GGLWLRQDO7HUPV

KWWSVGRFVJRRJOHFRPVSUHDGVKHHWYLHZIRUP"IRUPNH\ G')VD:5\=(W6;G-F)=2/8[6=MOO0(0«

127



Appendix I: Applying Learning Theory to Interactive Media Results Summary
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OXRMLH#KRWPDLOFRP

.HQQHWK
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VWLQJUD\NHEDE#JPDLOFRP

<HR
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EHQMDPLQ

QLWLNDNKDQQD#JPDLOFRP

6KDQJ<X

/LP

UR[RUZV#KRWPDLOFRP

:HQ6KX

0HOYLQD

DOSKDKHOL[#JPDLOFRP

VLPSO\PDWHHQ#KRWPDLOFRP

<RXUFODVVKDVEHHQJLYHQWKHWDVNWRGHVLJQDQHZUHPRWHFRQWUROVSHFLILFDOO\IRUFKLOGUHQ:KDWWRROVGR\RXXVHWREHJLQ\RXUUHVHDUFK"
ZLNLSHGLD





HQF\FORSHGLDV





OLEUDU\ERRNV





DVN\RXUPRP





JHWWRJHWKHUDVDJURXSWRGLVFXVVWKHWRSLF





JRRJOH\DKRRRURWKHUVHDUFKHQJLQH





GHVLJQEORJVDQGIRUXPV





SOD\DJDPH









UHDGPDJD]LQHDUWLFOHVRUMRXUQDOHQWULHVDERXWWKHWRSLF





PDNHDPRYLHDERXWWKHWRSLF





2WKHU





ORRNDWSLFWXUHVRIRWKHUUHPRWHFRQWUROV

DI]DO#JPDLOFRP

3HRSOHPD\VHOHFWPRUHWKDQRQHFKHFNER[VRSHUFHQWDJHVPD\DGGXSWRPRUHWKDQ

<RXUFODVVLVOHDUQLQJDQHZVXEMHFWLQFODVVWRGD\<RXZLOOEHUHTXLUHGWRUHPHPEHUWKHLQIRUPDWLRQUHYLHZHGDVZHOODVXVHWKHLQIRUPDWLRQLQIXWXUHSURMHFWV
:KDWLVWKHEHVWZD\IRU\RXWRUHPHPEHUWKHFRQWHQW"
WDNHQRWHV


ZDWFKDYLGHR





KDQGVRQJXLGHG





KDQGVRQIUHHSOD\





LQVWUXFWRUGHPRQVWUDWLRQ





TXL]RUWHVW





2WKHU





<RXKDYHPLQXWHVRIIUHHWLPHDQGDOORI\RXUDVVLJQPHQWVDUHFRPSOHWH%H\RQGW\SLFDOVRFLDOPHGLDVLWHV )DFHERRN7ZLWWHU<RX7XEHHWF ZKDWZHEVLWHVZLOO\RXYLVLWWRKDYH
VRPHIXQ":K\DUHWKH\IXQIRU\RX"
)DFHERRN<RXFDQNQRZZKDW VDURXQGLQIHZVHFRQGV ZZZGWDLOFRP LW VDGHVLJQEORJWKDWJLYHVPHDORWRILQVSLUDWLRQEHVWRIDOOWKH\XSGDWHTXLWHUHJXODUO\ ZZZXUEDQRXWILWWHUVFRP
MXVWWRVHHLIWKHUHDUHQLFHWKLQJVRQVDOHKDKD KPPLGRQ WUHDOO\VXUIWKHLQWHUQHWIRUIXQ
HGXFDWLRQDODWWKHVDPHWLPH.RQJUHJDWH)DQWDVWLFIODVKJDPHVIRUIUHH
MRWWLQJGRZQSHUVRQDOWKR

0\EORJ,JHWWRZULWHDQGFRGHDWWKHVDPHWLPH'HVLJQVLWHVEORJV*UHDWLGHDVIXQDQG

$UFKGDLO\'8'<(0\RZQEORJ)LUVWWZRDUHLQIRUPDWLYHDQGKHOSIXOZLWKVWXG\WKHODVWRQHLVDERXWKDYLQJIXQDQG



:KDWLVWKHFRROHVWZHEVLWHRUDSSOLFDWLRQ\RXXVH":K\"
7XPEOUFRP8VXDOO\,ZLOODGGWKHNLQGRISHUVRQZLWKWKHVDPHLQWHUHVWDVPLQHDQGJHWWRVHHWKHLULQWHUHVWLQJSRVWVDQGSLFWXUHVZLWKMXVWDFOLFN
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FRROHVWDSSZRXOGEHWKHVWLFN\QRWHVDSS





(GLWIRUP>$SSO\LQJ/HDUQLQJ7KHRU\WR,QWHUDFWLYH0HGLD@*RRJOH'RFV

RQPDFERRNLOLNHKRZLFDQFXVWRPLVHW\SHIDFHVDQGFRORXUVHWF KHOSVWRPDNHUHPLQGHUVORRNQLFHVRWKDWLZLOOORRNDWWKHPKDKD
KHOSVDORWLQP\ZRUN
ZRQGHUV

:RUGSUHVV([FHOOHQWEORJJLQJWRROV

$GREH,QGHVLJQ,W

3KRWRVKRS, YHOHDUQWDORWIURPSKRWRVKRSDQG,NQRZ,KDYHPRUHWRGLVFRYHU,WKDVKHOSHGLQP\DUWZRUNVVXEPLVVLRQVDQGSKRWRDPHQGPHQWV,WFUHDWH

IRQWFRQVWUXFWZHEVLWHZKHUHV



+DYH\RXHYHUXVHGDQRQOLQHRU&'520DSSOLFDWLRQGXULQJ\RXUFROOHJHHGXFDWLRQLQWKHFODVVURRPWROHDUQFRXUVHPDWHULDO",IVRFDQ\RXUHPHPEHUWKHVWUHQJWKVDQGZHDNQHVVHV
RIWKHH[SHULHQFH"
<HV$OLWWOHELWKDUGWRFDWFKWKHPHFKDQLVPRIWKHWRROVKRZHYHUZLWKDORWRISUDFWLFHDQGUHJXODUDSSOLFDWLRQVEHLQJGRQHLWLVPXFKHDVLHUWRPDVWHUWKHVRIWZDUH QRWLQFROOHJH <HV6HOI
SDFHGOHDUQLQJEXWVRPHWLPHVYHU\GLIILFXOWWRILQGPHDQVWRFODULI\GRXEWV

,QHYHUXVHWKDWEHIRUH

1RQH

LOHDUQ,Q'HVLJQWKURXJKRQOLQHWXWRULDOLW VYHU\HDV\WRIROORZDVHYHU\WKLQJLV

FOHDUO\H[SODLQHGWKURXJKDQLPDWLRQVWHSE\VWHSLW VYHU\LQWHUDFWLYHEXWZHFDQ WDVNWKHRQOLQHWXWRUIRUKHOSLIZHKDYHDQ\
HDV\WRXVHLQWHUDFWLYHI

,GRQ WWKLQN,FDQUHPHPEHU

'6ROLG:RUNV6WUHQJWKV



3OHDVHEULHIO\GHVFULEHWKHZRUVWOHDUQLQJH[SHULHQFH\RXKDYHHYHUKDG
2QFH,VWXGLHGEDVLFSKRWRJUDSK\DQGLWZDVP\ILUVWWLPHKDQGOLQJ'6/5FDPHUD,KDYHQRSULRUNQRZOHGJHDERXWWKHFDPHUDEXWKRZHYHUWKHOHFWXUHUZKRWDXJKWPHXVHGWRVFROGPH
ZKHQHYHU,SRVHGKLPWKHVDPHTXHVWLRQVDV,VWLOOGRQ WJHWLW6LQFHWKHQ,KDWHDVNLQJKLPDJDLQDQGOHDUQRQP\RZQ

LKDGDFKDQFHWROHDUQGUHDPZHDYHULQVFKRROTXLWHDZKLOHEDFN

DQGLWZDVVRUHVWULFWLYHEHFDXVHWKHWHDFKHUIRUFHGXVWRXVHVSHFLILFFRORXUVWKDWREYLRXVO\FODVKHGZLWKHDFKRWKHUSOXVWKHW\SHIDFHWKDWZHZHUHDOORZHGWRXVHZDVVRXJO\ FDQ WUPEZKDWLW
ZDVWKRXJK ,UPELKDWHGWKHHQ



3OHDVHEULHIO\GHVFULEHWKHEHVWOHDUQLQJH[SHULHQFH\RXHYHUKDG:K\ZDVLWVRVSHFLDO"
%HVWFODVVZRXOGEHWKHPRVWLQWHUDFWLYHFODVVZKHUH\RXJHWWRGRKDQGVRQZRUNRQWKHVSRWDQGWKHWHDFKHUZLOOFRPHWRXVDQGSUDLVHRUFULWLTXHRXUZRUN,UHPHPEHUP\'LOOXVWUDWLRQ
FODVVZKHUHWKHDVVLJQPHQWVKRXOGEHGRQHLQFODVVDQGVKRXOGEHKDQGHGRQWKHVDPHGD\:HZHUHGUDZLQJDQGSDLQWLQJLQDFLUFOHDQG,WUXO\HQMR\HGWKHFODVVEHFDXVH,ORYHGUDZLQJ7KH
OHFWXUHUZHQWDURXQGDQGVHHWKHVWXGHQWV ZRUNDQGKHSUDLVHGP\ZRUNZKLFKERRVWXSP\FRQILGHQFH
KDYHDWHDFKHUWRWHDFKPHZKDWWRROVW

7KHEHVWOHDUQLQJH[SHULHQFHIRUPHZRXOGEHKRZ,SLFNHGXSSKRWRVKRS,GLGQ W



1XPEHURIGDLO\UHVSRQVHV
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WKHWRSLFJRRJOH
\DKRRRURWKHU
VHDUFKHQJLQH
GHVLJQEORJVDQG
IRUXPVORRNDW
SLFWXUHVRIRWKHU
UHPRWHFRQWUROV

<RXUFODVVLV
OHDUQLQJDQHZ
VXEMHFWLQFODVV
WRGD\<RXZLOOEH
UHTXLUHGWR
UHPHPEHUWKH
<RXUFODVVKDV
LQIRUPDWLRQ
EHHQJLYHQWKH
UHYLHZHGDVZHOO
WDVNWRGHVLJQD
DVXVHWKH
QHZUHPRWHFRQWURO
LQIRUPDWLRQLQ
VSHFLILFDOO\IRU
IXWXUHSURMHFWV
FKLOGUHQ:KDW
:KDWLVWKHEHVW
WRROVGR\RXXVHWR
ZD\IRU\RXWR
EHJLQ\RXU
UHPHPEHUWKH
UHVHDUFK"
FRQWHQW"
<RXKDYH
PLQXWHVRIIUHH
WLPHDQGDOORI
\RXUDVVLJQPHQWV
DUHFRPSOHWH
%H\RQGW\SLFDO
VRFLDOPHGLDVLWHV
)DFHERRN
7ZLWWHU<RX7XEH
3OHDVHEULHIO\
HWF ZKDW
3OHDVHEULHIO\
GHVFULEHWKHEHVW
ZHEVLWHVZLOO\RX :KDWLVWKHFRROHVW GHVFULEHWKHZRUVW
OHDUQLQJ
YLVLWWRKDYHVRPH
ZHEVLWHRU
OHDUQLQJ
H[SHULHQFH\RX
IXQ":K\DUHWKH\
DSSOLFDWLRQ\RX
H[SHULHQFH\RX HYHUKDG:K\ZDV
IXQIRU\RX"
XVH":K\"
KDYHHYHUKDG
LWVRVSHFLDO"
WKHQGOHVVRQ
FRQGXFWHGE\3URI
%ULDQ6WRQH
HYHU\RQHLV
UHTXLUHGWRVKDUHG
WKHLURZQZRUNZLWK
IRQWFRQVWUXFW
UHVWRIWKHFODVV
ZHEVLWHZKHUH
LPLVVHGWKHILUVW
WKHUHDUHDORWRI
VRIWZDUGLV
SDUWRIDOHFWXUH
LQWHUDFWLRQV
SURYLGHGIRU
DQGIRUWKH
IHHGEDFN
EORJVRIGHVLJQHUV DQ\RQHLQWHUHVWHG UHPDLQLQJSDUWL
ZHOHDUQDORWIURP
WRYLHZQHZ
WRGHVLJQWKHLURZQ FDQ WXQGHUVWDQGDW RXURZQPLVWDNHV
WKLQJVDQGHQMR\
IRQWDQGVKDUHZLWK DOODQGHQGXS
DQGRXUSHHUV
WKHEHDXW\LWEULQJV RWKHUHV
ZDVWLQJWLPH
JRRGZRUN
'HYLDQWDUWFRP
&DQVHHDORWRI KWWSGHPRIE
DUWZRUNV
VHHLNHDFRPHLQWRWKHFORVHWVLWHGHIDXOWKWPO
,FDQ WUHPHPEHU
&DQMRLQ
<RXJHWWRPRYH EXWEDVLFDOO\WKH
,FDQ WUHPHPEHU
UROHSOD\LQJJURXSV WKHFKDUDFWHUVE\ ZRUVWOHDUQLQJ
DQ\EHVWOHDUQLQJ
ZKHUHRQHFDQ
WDSSLQJWKH
H[SHULHQFHLV
H[SHULHQFHVEXW,
UROHSOD\E\
NH\ERDUG
ZKHQ, PXQDEOHWR WKLQNDJRRG
GUDZLQJ
%DVLFDOO\WKH
DEVRUEZKDWWKH
OHDUQLQJ
-RLQ2ULJLQDO
FKDUDFWHUVPRYH
SHUVRQLVWDONLQJ
H[SHULHQFHLV
&KDUDFWHUV
XVLQJPXVLFVR
DERXWEHFDXVHRI ZKHQDFWLYLWLHVDUH
WRXUQDPHQWV
\RXFDQXSORDG
WKHZD\KHVKH
LQYROYHGDQGWKH
1HRSHWVFRP
PXVLFXQWRWKHVLWH WHDFKHV -XVW
WHDFKHUWULHVWR
*DPHV
DQGVHHWKH
UHDGLQJQR
LQWHUDFWZLWK
WRSZHEFRPLFVFRP FKDUDFWHUVPRYH
DFWLYLWLHV RU
SHRSOHLQWKH
&KHFNLQJRXW
DFFRUGLQJWRWKH
EHFDXVHRIWKH
FRXUVHVRQRQH
ZHEFRPLFV
PXVLF
DXGLHQFH QRLV\
IHHOVOHIWRXW
,GRQ WWKLQN,FDQ
UHPHPEHU

+DYH\RXHYHU
XVHGDQRQOLQHRU
&'520
DSSOLFDWLRQGXULQJ
\RXUFROOHJH
HGXFDWLRQLQWKH
FODVVURRPWROHDUQ
FRXUVHPDWHULDO",I
VRFDQ\RX
UHPHPEHUWKH
VWUHQJWKVDQG
ZHDNQHVVHVRIWKH
H[SHULHQFH"
LOHDUQ,Q'HVLJQ
WKURXJKRQOLQH
WXWRULDO
LW VYHU\HDV\WR
IROORZDV
HYHU\WKLQJLV
FOHDUO\H[SODLQHG
WKURXJKDQLPDWLRQ
VWHSE\VWHSLW V
YHU\LQWHUDFWLYH
EXWZHFDQ WDVN
WKHRQOLQHWXWRUIRU
KHOSLIZHKDYH
DQ\
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WDNHQRWHV

ZLNLSHGLDDVN\RXU
PRPJRRJOH
\DKRRRURWKHU
VHDUFKHQJLQH
GHVLJQEORJVDQG
IRUXPVORRNDW
SLFWXUHVRIRWKHU
UHPRWHFRQWUROV
WDNHQRWHV

ORRNDWSLFWXUHVRI
RWKHUUHPRWH
FRQWUROV

<RXUFODVVLV
OHDUQLQJDQHZ
VXEMHFWLQFODVV
WRGD\<RXZLOOEH
UHTXLUHGWR
UHPHPEHUWKH
<RXUFODVVKDV
LQIRUPDWLRQ
EHHQJLYHQWKH
UHYLHZHGDVZHOO
WDVNWRGHVLJQD
DVXVHWKH
QHZUHPRWHFRQWURO
LQIRUPDWLRQLQ
VSHFLILFDOO\IRU
IXWXUHSURMHFWV
FKLOGUHQ:KDW
:KDWLVWKHEHVW
WRROVGR\RXXVHWR
ZD\IRU\RXWR
EHJLQ\RXU
UHPHPEHUWKH
UHVHDUFK"
FRQWHQW"
<RXKDYH
PLQXWHVRIIUHH
WLPHDQGDOORI
\RXUDVVLJQPHQWV
DUHFRPSOHWH
%H\RQGW\SLFDO
VRFLDOPHGLDVLWHV
)DFHERRN
7ZLWWHU<RX7XEH
HWF ZKDW
ZHEVLWHVZLOO\RX :KDWLVWKHFRROHVW
YLVLWWRKDYHVRPH
ZHEVLWHRU
IXQ":K\DUHWKH\
DSSOLFDWLRQ\RX
IXQIRU\RX"
XVH":K\"
,GRQWKDYHD
VN\SH
SUHIHUDQFHIRU
JRRQJRVVLSVLWHV DQ\ZHEVLWHDWOHDVW
SHUH]LOWRQ
DSOLFDWLRQZLVH
HRQOLQH
,QGHVLJQLVTXLWH
PD\EHVRPH
JRRGDVLRQO\
GHVLJQHZHEVLWHV OHDUQWKRZWRXVHLW
VXFKDVQRWFRWRUJ UHFHQWO\
ZZZPDQJDIR[
FRP
:HEVLWH
ZZZ
VWLFNGHDWKFRP
DQLPHVHDVRQFRP 
ZZZ
7KLVLVGXHWRWKH
IUHHIXOOPRYLHVQHW VLPSOLVWLFXVHRI

IODVKWR
7KH\DUHIXQIRU
GHPRQVWUDWH
PHEHFDXVHRIWKH PRYHPHQWVWRU\
HQWHUWDLQPHQWWKH\ DQGUROHSOD\,W
SURYLGH
DOVRVKRZVKRZD
VSHFLILFDOO\YLVXDO VLPSOHIODVK
HQWHUWDLQPHQWOLNH GHPRQVWUDWLRQRI
PRYLHVVKRZV
PD\EHPLQXWH
DQLPHPDQJD
FDQWDNHDORWRI
FRPLFVHWF
WLPHWRGR
,FDQWUHPHPEHU
EXWPRVWOLNHO\
VRPHWKLQJDORQJ
WKHOLQHVRIDPRUH
NLQDHVWKHWLF
DSSURDFK

'6ROLG:RUNV
6WUHQJWKVHDV\WR
:KHQ,UHDGDVHOI :KHQ,VDWWKURXJK XVHLQWHUDFWLYH
KHOSERRNRQ
DVHPLQDURQ
IDVFLQDWLQJWR
LPSUHVVLRQVDQG
OHDGHUVKLSDQGWKH H[SORUH
HYHU\WKLQJWKH
GHWDLOVRIJRRG
:HDNQHVVHV6ORZ
DXWKRUKDGWRRIIHU KXPDQUHVRXUFH
WRUHVSRQGDW
ZDVFRPPRQ
PDQDJHPHQWDQG WLPHVFHUWDLQ
VHQVHDQGLWZDVQ W LQWHUSHUVRQDO
IHDWXUHVFDQWDNHD
PXFKRIDKHOSDW FRPPXQLFDWLRQ
ORWRIWLPHWR
DOO
ZDVGLVFXVVHG
H[SORUH

LWKLQNWKHZRUVWLV
OHDUQLQJIURPD
ORQJZRUG
GRFXPHQWVLPSO\
E\MXVWUHDGLQJLW
ZLWKRXWDQ\
GLDJUDPV

+DYH\RXHYHU
XVHGDQRQOLQHRU
&'520
DSSOLFDWLRQGXULQJ
\RXUFROOHJH
HGXFDWLRQLQWKH
FODVVURRPWROHDUQ
3OHDVHEULHIO\
FRXUVHPDWHULDO",I
3OHDVHEULHIO\
GHVFULEHWKHEHVW
VRFDQ\RX
GHVFULEHWKHZRUVW
OHDUQLQJ
UHPHPEHUWKH
OHDUQLQJ
H[SHULHQFH\RX
VWUHQJWKVDQG
H[SHULHQFH\RX HYHUKDG:K\ZDV ZHDNQHVVHVRIWKH
KDYHHYHUKDG
LWVRVSHFLDO"
H[SHULHQFH"
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ZLNLSHGLDJRRJOH
\DKRRRURWKHU
VHDUFKHQJLQH
GHVLJQEORJVDQG
IRUXPVORRNDW
SLFWXUHVRIRWKHU
UHPRWHFRQWUROV

<RXKDYH
PLQXWHVRIIUHH
WLPHDQGDOORI
\RXUDVVLJQPHQWV
DUHFRPSOHWH
%H\RQGW\SLFDO
VRFLDOPHGLDVLWHV
)DFHERRN
7ZLWWHU<RX7XEH
3OHDVHEULHIO\
HWF ZKDW
3OHDVHEULHIO\
GHVFULEHWKHEHVW
ZHEVLWHVZLOO\RX :KDWLVWKHFRROHVW GHVFULEHWKHZRUVW
OHDUQLQJ
YLVLWWRKDYHVRPH
ZHEVLWHRU
OHDUQLQJ
H[SHULHQFH\RX
IXQ":K\DUHWKH\
DSSOLFDWLRQ\RX
H[SHULHQFH\RX HYHUKDG:K\ZDV
IXQIRU\RX"
XVH":K\"
KDYHHYHUKDG
LWVRVSHFLDO"
,QJHQHUDOWKH
OHVVRQV,KDYH
WDNHQLQWKLV
5RFNPHOWEURZVHU
FRXUVHVRIDU7KH
,WLQWHJUDWHVIHHGV
VPDOOFODVVVL]H
IURP)DFHERRN
IDFLOLWDWHVOHDUQLQJ
DQG7ZLWWHULQWRWKH $ERULQJOHFWXUH
WKHWHDFKHUVDUH
EURZVHULWVHOIVR, <RXIHHOVOHHS\
HQJDJLQJDQG
FDQFKHFNP\
\RXFDQ W
LQWHUHVWLQJWKH
8VXDOO\,ZLOOVWLFN QHZVIHHGV
FRQFHQWUDWHDQG
FODVVHVDUHOLYHO\
ZLWK)DFHERRN
DQ\WLPH$OVR
QRWKLQJJRHVLQ
7KLVIRVWHUV
FKDWZLWKP\
LQWHJUDWHGLV
)RUEHWWHURU
LQWHUHVWDQG
IULHQGVRUSOD\
)DFHERRN&KDW
ZRUVHWKHUHLVVWLOO HQWKXVLDVPDQG
FRPSXWHUJDPHV ZKLFK,FDQXVH
WKHZHEFDVWRQOLQH WKHDGGLWLRQRI
,ISXUHO\ZHEVLWHV DQ\WLPH,DOVRFDQ WRZDWFKDIWHUWKH KDQGVRQZRUN
RQO\,ZLOOYLVLW
DGGIHHGVIURP
OHFWXUH+RZHYHU OLYHGHPRQVWUDWLRQ
ZHEVLWHVZLWKIODVK ZHEVLWHVVR,NQRZ WKHZHEFDVW
DQGYLGHRVKHOSWR
JDPHVWKDW V
ZKHQWKH\DUH
PDNHVPHIHHO
HQVXUHOHVVRQVDUH
KDQGVRQJXLGHG DERXWLW
XSGDWHG
VOHHS\WRR
QRWGU\

<RXUFODVVLV
OHDUQLQJDQHZ
VXEMHFWLQFODVV
WRGD\<RXZLOOEH
UHTXLUHGWR
UHPHPEHUWKH
<RXUFODVVKDV
LQIRUPDWLRQ
EHHQJLYHQWKH
UHYLHZHGDVZHOO
WDVNWRGHVLJQD
DVXVHWKH
QHZUHPRWHFRQWURO
LQIRUPDWLRQLQ
VSHFLILFDOO\IRU
IXWXUHSURMHFWV
FKLOGUHQ:KDW
:KDWLVWKHEHVW
WRROVGR\RXXVHWR
ZD\IRU\RXWR
EHJLQ\RXU
UHPHPEHUWKH
UHVHDUFK"
FRQWHQW"

1RSH

+DYH\RXHYHU
XVHGDQRQOLQHRU
&'520
DSSOLFDWLRQGXULQJ
\RXUFROOHJH
HGXFDWLRQLQWKH
FODVVURRPWROHDUQ
FRXUVHPDWHULDO",I
VRFDQ\RX
UHPHPEHUWKH
VWUHQJWKVDQG
ZHDNQHVVHVRIWKH
H[SHULHQFH"
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ZLNLSHGLDJHW
WRJHWKHUDVD
JURXSWRGLVFXVV
WKHWRSLFJRRJOH
\DKRRRURWKHU
VHDUFKHQJLQH
GHVLJQEORJVDQG
IRUXPVORRNDW
SLFWXUHVRIRWKHU
UHPRWHFRQWUROV
UHDGPDJD]LQH
DUWLFOHVRUMRXUQDO
HQWULHVDERXWWKH
WRSLFVWXG\KRZ
NLGVXVHQRUPDO
UHPRWHFRQWURO
WDNHQRWHV

<RXUFODVVLV
OHDUQLQJDQHZ
VXEMHFWLQFODVV
WRGD\<RXZLOOEH
UHTXLUHGWR
UHPHPEHUWKH
<RXUFODVVKDV
LQIRUPDWLRQ
EHHQJLYHQWKH
UHYLHZHGDVZHOO
WDVNWRGHVLJQD
DVXVHWKH
QHZUHPRWHFRQWURO
LQIRUPDWLRQLQ
VSHFLILFDOO\IRU
IXWXUHSURMHFWV
FKLOGUHQ:KDW
:KDWLVWKHEHVW
WRROVGR\RXXVHWR
ZD\IRU\RXWR
EHJLQ\RXU
UHPHPEHUWKH
UHVHDUFK"
FRQWHQW"
<RXKDYH
PLQXWHVRIIUHH
WLPHDQGDOORI
\RXUDVVLJQPHQWV
DUHFRPSOHWH
%H\RQGW\SLFDO
VRFLDOPHGLDVLWHV
)DFHERRN
7ZLWWHU<RX7XEH
HWF ZKDW
ZHEVLWHVZLOO\RX
YLVLWWRKDYHVRPH
IXQ":K\DUHWKH\
IXQIRU\RX"
HED\
DPD]RQ
DUPRUJDPHVFRP

:HOODOWKRXJKHED\
DQGDPD]RQPD\
QRWEHWKHQRUPDO
PRGHRIIXQIRU
PRVWSHRSOH,GR
HQMR\ORRNLQJ
WKURXJKRIIHUV
QHZLWHPVDQG
LWHPVWKDWDUHQRW
DYDLODEOHWRFROOHFW
RUWRIXOILOOP\
KREELHVOLNHKLJK
HQGHDUSKRQHV

$VIRU
DUPRUJDPHVFRP
LW VWRSDVVWLPH
TXLFNO\E\SOD\LQJ
VLPSOHIODVKEDVHG
JDPHV
<HVHOHDUQLQJ
SURJUDPPHE\D
OHFWXUHU:HOOLW V
JRRJOH
VWUHQJWKLVWKH

DQVZHUVWR
,W VVLPSO\GXHWR
TXHVWLRQVDVNHG
WKHIDFWWKDWLW VOLNH 7KHUHFHQWOHFWXUH
FDQEHGHULYHG
WKHEODQNSLHFHRI EDVHGFRPSXWHU
7KHEXWWRQVOHVVRQ GLUHFWO\IURPWKH
SDSHUWRDQDUWLVW DLGHGOHDUQLQJYLD E\'U&KULVWLDQ
SURJUDPPH7KH
ZDLWLQJWREH
OHFWXUHV$&$'
7KLVDOORZHGIRU
PDMRUZHDNQHVVLV
H[SORUHG,WRSHQV OHVVRQKDVWREH
VHOIGLVFRYHU\RI
WKHUHXVXDOO\QR
WKHZLQGRZWRWKH GRQHLQFRPSXWHU RQHVRZQGHVLJQ UHDOOHDUQLQJ
LQWHUQHWWRDOORZ
ODEDQGQRW
SKLORVRSK\ZLWK
LQYROYHGDV
XVHUVWRGLVFRYHU WKURXJKOHFWXUHV
MXVWXVLQJVLPSOH
VWXGHQWVGRQ W
LQIRUPDWLRQWKDW
KHQFHWKHSUDFWLFDO VKDSHV7KLV
UHVHDUFKIXUWKHURU
PDQ\\HDUVEDFN OHVVRQFDQEH
DOORZVIRUGLIIHUHQW WKDWWKHUHLVQR
VHHPVLPSRVVLEOH IROORZHGHDVLO\E\ IXQFWLRQVIURPWKH RQHDURXQGWR
ZLWKMXVWFOLFNRI VWXGHQWVRQDVWHS VDPHVKDSHRU
DQVZHUPRUH
WKHPRXVH
E\VWHSEDVLV
VLPLODUGHVLJQ
HQTXLULHV

+DYH\RXHYHU
XVHGDQRQOLQHRU
&'520
DSSOLFDWLRQGXULQJ
\RXUFROOHJH
HGXFDWLRQLQWKH
FODVVURRPWROHDUQ
3OHDVHEULHIO\
FRXUVHPDWHULDO",I
3OHDVHEULHIO\
GHVFULEHWKHEHVW
VRFDQ\RX
:KDWLVWKHFRROHVW GHVFULEHWKHZRUVW
OHDUQLQJ
UHPHPEHUWKH
ZHEVLWHRU
OHDUQLQJ
H[SHULHQFH\RX
VWUHQJWKVDQG
DSSOLFDWLRQ\RX
H[SHULHQFH\RX HYHUKDG:K\ZDV ZHDNQHVVHVRIWKH
XVH":K\"
KDYHHYHUKDG
LWVRVSHFLDO"
H[SHULHQFH"
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ZLNLSHGLDJHW
WRJHWKHUDVD
JURXSWRGLVFXVV
WKHWRSLFJRRJOH
\DKRRRURWKHU
VHDUFKHQJLQH
GHVLJQEORJVDQG
IRUXPVORRNDW
SLFWXUHVRIRWKHU
UHPRWHFRQWUROV
UHDGPDJD]LQH
DUWLFOHVRUMRXUQDO
HQWULHVDERXWWKH
WRSLF
KDQGVRQIUHH
SOD\

<RXUFODVVLV
OHDUQLQJDQHZ
VXEMHFWLQFODVV
WRGD\<RXZLOOEH
UHTXLUHGWR
UHPHPEHUWKH
<RXUFODVVKDV
LQIRUPDWLRQ
EHHQJLYHQWKH
UHYLHZHGDVZHOO
WDVNWRGHVLJQD
DVXVHWKH
QHZUHPRWHFRQWURO
LQIRUPDWLRQLQ
VSHFLILFDOO\IRU
IXWXUHSURMHFWV
FKLOGUHQ:KDW
:KDWLVWKHEHVW
WRROVGR\RXXVHWR
ZD\IRU\RXWR
EHJLQ\RXU
UHPHPEHUWKH
UHVHDUFK"
FRQWHQW"
<RXKDYH
PLQXWHVRIIUHH
WLPHDQGDOORI
\RXUDVVLJQPHQWV
DUHFRPSOHWH
%H\RQGW\SLFDO
VRFLDOPHGLDVLWHV
)DFHERRN
7ZLWWHU<RX7XEH
HWF ZKDW
ZHEVLWHVZLOO\RX
YLVLWWRKDYHVRPH
IXQ":K\DUHWKH\
IXQIRU\RX"
1RWFRWRUJ
2QHVKLIWFRP
)RRGSRUQGDLO\FRP

1RWFRWRUJ,ORYH
DOOWKHLQWHUHVWLQJ
QHZLGHDVWKH\
VKRZDQGKRZLW V
ODLGRXW,W VFOHDU
DQGWKHFDSWLRQV
DUHFRQFLVH

2QHVKLIWFRP,
ORYHFDUVVR,YLVLW
WKLV6LQJDSRUHDQ
ZHEVLWHWRJHWP\
GRVHRIFDUQHZV,
OLNHKRZLW VODLG
RXW,W VSUHWW\
VLPSOHWRQDYLJDWH
ZLWKWKHPRVW
H[FLWLQJQHZV
EHLQJRQWKH
EDQQHUWKDWLVWKH
ILUVWWKLQJ\RXVHH
$OVR,ORYHKRZ
WKH\KDYHORWVRI
SKRWRVIRUWKH
UHYLHZVDQG\RX
FDQMXVWFOLFNRQ
WKHSKRWRWRJRWR
WKHQH[WSKRWR
LQVWHDGRIILQGD
VPDOOOLQNWKDWPD\
QRWEHLQWKHVDPH
IUDPHDVWKH
SLFWXUH

)RRGSRUQGDLO\
FRP,OLNHKRZ\RX
MXVWVHHRQHKLJK
UHVROXWLRQSLFWXUH
RIDUDQGRPGLVK
DQGWKHGHVFULSWLRQ
3OHDVHEULHIO\
3OHDVHEULHIO\
GHVFULEHWKHEHVW
:KDWLVWKHFRROHVW GHVFULEHWKHZRUVW
OHDUQLQJ
ZHEVLWHRU
OHDUQLQJ
H[SHULHQFH\RX
DSSOLFDWLRQ\RX
H[SHULHQFH\RX HYHUKDG:K\ZDV
XVH":K\"
KDYHHYHUKDG
LWVRVSHFLDO"
)DFHERRN,W V
,KDGDQDPD]LQJ
GHILQLWHO\WKH
/LWHUDWXUHWHDFKHU
FRROHVW,W V
ZKRNQHZ
DPD]LQJKRZ
HYHU\WKLQJ+H
FRQQHFWHGLW
VSRNHDQGUHDG
PDNHVHYHU\RQH,I
/DWLQ+HDOVR
,ILQGDFRRO
NQHZVRPXFK
ZHEVLWHLQDIHZ
DERXWHYHU\WKLQJLQ
FOLFNV, YHVKDUHG ,KDGD3K\VLFV
JHQHUDO:HZHUH
LWZLWKP\IULHQGV WHDFKHUZKRLV
RQD/LW7ULSWRWKH
SUREDEO\UHDOO\
$FRROYLGHRRQ
8.DQGKHZDV
JRRGDW3K\VLFV
\RXWXEHRUDQ
WHOOLQJXVPRUH
DPD]LQJSKRWRRQ +HZDVQ WJRRGDW DERXWWKHSODFHV
IOLFNU"1RSUREOHP SXWWLQJKLV
ZHZHUHYLVLWLQJ
NQRZOHGJHDFURVV WKDQWKHWRXUJXLGH
6RPHIULHQGVRI
PLQHVWXG\DFURVV DQGKLVOHVVRQV
KLPVHOI7KHZD\
ZHUHQRWYHU\
WKHZRUOG,VHH
KHVSRNHZKLOHKH
FOHDU+H
WKHLUOLIHWKURXJK
ZDVWHOOLQJXVDOO
WKHSKRWRVWKH\ UH DQVZHUHG
WKLVLQIRUPDWLRQ
WDJJHGLQWKH\VHH TXHVWLRQVYHU\
ZDVDVLIKHZDV
TXLFNO\DQGEULHIO\
PLQH,VHHKRZ
WHOOLQJDVWRU\VR,
H[SHFWLQJPHWR
WKHLUORRNVFKDQJH
KXQJRQWRHYHU\
NQRZPRUHWKDQ,
OLNHLIWKH\GRQ W
ZRUGKHVSRNH
GLG$QGZKHQ,
VKDYHRUFKDQJH
%HVLGHVEHLQJD
VKRZHGWKDW,
WKHLUKDLUVW\OHDQG
JHQLXVWRPERI
GLGQ
WNQRZDV
LWKHOSVVRLGRQ W
NQRZOHGJHKHZDV
PXFKDVKH
WKLQNWKH\ORRNOLNH
DOVRURXQGDQG
WKRXJKW,GLGKH
VWUDQJHUVZKHQ
VPLOH\DQG
ORRNHGIUXVWUDWHG
WKH\JHWEDFN
IULHQGO\'XULQJ
6RQDWXUDOO\,JRW
KRPH9LFHYHUVD
OHVVRQVKH GPDNH
IUXVWUDWHGZLWKKLP
WKH\VHHP\OLIH
XVIHHODVLIKH
DQGWKHVXEMHFW
WRRVRWKRXJK
ZHUHEULQJLQJXV
ZH UHVRIDUDZD\
WKURXJKWKHZULWHU V
LWGRHVQ WUHDOO\
PLQG,WZDVQ WD
VHHPVR$PD]LQJ
OHFWXUHWKRXJK+H
,PXVWVD\
GLGHQFRXUDJHXV

WRVSHDNXSDQG
$OVRLWPDNHV
WKRXJKKH
VQDLOPDLOQRYHOW\
SUREDEO\KDG
VRLI, PVKRUWRI
WKRXJKWRI
ELUWKGD\LGHDVL
HYHU\WKLQJZH
VHQGDSUHWW\
FRXOGFRPHXS
SRVWFDUGDQGLW V
ZLWKKHPDGHXV
VHWWOHG
IHHOOLNHZH

+DYH\RXHYHU
XVHGDQRQOLQHRU
&'520
DSSOLFDWLRQGXULQJ
\RXUFROOHJH
HGXFDWLRQLQWKH
FODVVURRPWROHDUQ
FRXUVHPDWHULDO",I
VRFDQ\RX
UHPHPEHUWKH
VWUHQJWKVDQG
ZHDNQHVVHVRIWKH
H[SHULHQFH"
:HXVHDQRQOLQH
SRUWDOZKHUHZH
FDQILQGYLGHRFDVWV
RIVRPHOHFWXUHVRI
RXUPRGXOHVRU
QRWHVWKDWWKH\
KDQGHGRXWGXULQJ
WKHFODVVDQGDOVR
WKHVOLGHVWKDWWKH
OHFWXUHUVSUHVHQW
7KLVKHOSVZKHQ
WKHWLPHFRPHVIRU
UHYLVLRQRULI,ILQG
WKHVOLGHVRU
PDWHULDOVYHU\
LQWHUHVWLQJDQG
ZDQWWRNHHSWKHP
IRUIXWXUH
UHIHUHQFH,FDQ
MXVWGRZQORDGLW
RQWRP\FRPSXWHU

+RZHYHUWKH\
WHQGWREHSUHWW\
FRPSOH[LQWHUIDFHV
WKDWPDNHLWKDUG
IRUERWKWKH
VWXGHQWVDQG
OHFWXUHUVWRXVH
VRPHWLPHV
UHVXOWLQJLQXQGHU
XVH$OVRFRPSOH[
LQWHUIDFHVDQGP\
OD]LQHVVUHVXOWLQ
PHQRWUHIHUULQJWR
WKHFRXUVH
PDWHULDOVDV,
VKRXOG7KLV
XVXDOO\HQGVXS
ZLWKPHKDYLQJD
KDUGHUWLPHWKDQ,
VKRXOGZLWKWKDW
SDUWLFXODUWRSLF
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1RWFRWRUJ
2QHVKLIWFRP
)RRGSRUQGDLO\FRP

1RWFRWRUJ,ORYH
DOOWKHLQWHUHVWLQJ
QHZLGHDVWKH\
VKRZDQGKRZLW V
ODLGRXW,W VFOHDU
DQGWKHFDSWLRQV
DUHFRQFLVH
<RXUFODVVLV

OHDUQLQJDQHZ 2QHVKLIWFRP,
<RXKDYH
VXEMHFWLQFODVV ORYHFDUVVR,YLVLW
PLQXWHVRIIUHH
WRGD\<RXZLOOEH WKLV6LQJDSRUHDQ
WLPHDQGDOORI
UHTXLUHGWR
\RXUDVVLJQPHQWV
ZHEVLWHWRJHWP\
UHPHPEHUWKH
DUHFRPSOHWH
GRVHRIFDUQHZV,
<RXUFODVVKDV
LQIRUPDWLRQ
%H\RQGW\SLFDO
OLNHKRZLW
VODLG
EHHQJLYHQWKH
UHYLHZHGDVZHOO RXW,W
VRFLDOPHGLDVLWHV
VSUHWW\
WDVNWRGHVLJQD
DVXVHWKH
)DFHERRN
VLPSOHWRQDYLJDWH
QHZUHPRWHFRQWURO
LQIRUPDWLRQLQ
7ZLWWHU<RX7XEH
ZLWKWKHPRVW
VSHFLILFDOO\IRU
IXWXUHSURMHFWV H[FLWLQJQHZV
HWF ZKDW
FKLOGUHQ:KDW
:KDWLVWKHEHVW EHLQJRQWKH
ZHEVLWHVZLOO\RX
WRROVGR\RXXVHWR
ZD\IRU\RXWR
YLVLWWRKDYHVRPH
EDQQHUWKDWLVWKH
EHJLQ\RXU
UHPHPEHUWKH
IXQ":K\DUHWKH\
ILUVWWKLQJ\RXVHH
UHVHDUFK"
FRQWHQW"
IXQIRU\RX"
$OVR,ORYHKRZ
WKH\KDYHORWVRI
SKRWRVIRUWKH
UHYLHZVDQG\RX
FDQMXVWFOLFNRQ
WKHSKRWRWRJRWR
WKHQH[WSKRWR
LQVWHDGRIILQGD
VPDOOOLQNWKDWPD\
QRWEHLQWKHVDPH
IUDPHDVWKH
SLFWXUH

ZLNLSHGLDJHW
)RRGSRUQGDLO\
WRJHWKHUDVD
FRP,OLNHKRZ\RX
JURXSWRGLVFXVV
MXVWVHHRQHKLJK
WKHWRSLFJRRJOH
UHVROXWLRQSLFWXUH
\DKRRRURWKHU
RIDUDQGRPGLVK
VHDUFKHQJLQH
DQGWKHGHVFULSWLRQ
GHVLJQEORJVDQG
LVKLGGHQLQWKH
IRUXPVORRNDW
SLFWXUH$OVR\RX
SLFWXUHVRIRWKHU
RQO\QHHGWRFOLFN
UHPRWHFRQWUROV
RQWKDWSLFWXUHWR
UHDGPDJD]LQH
VHHPRUHGHOLFLRXV
DUWLFOHVRUMRXUQDO
SLFWXUHVVDWLDWH
HQWULHVDERXWWKH
KDQGVRQIUHH
\RXULQQHUIRRGLH
WRSLF
SOD\
GHVLUHV
)DFHERRN,W V
GHILQLWHO\WKH
FRROHVW,W V
DPD]LQJKRZ
FRQQHFWHGLW
PDNHVHYHU\RQH,I
,ILQGDFRRO
ZHEVLWHLQDIHZ
FOLFNV, YHVKDUHG
LWZLWKP\IULHQGV
$FRROYLGHRRQ
\RXWXEHRUDQ
DPD]LQJSKRWRRQ
IOLFNU"1RSUREOHP
:KDWLVWKHFRROHVW
6RPHIULHQGVRI
ZHEVLWHRU
PLQHVWXG\DFURVV
DSSOLFDWLRQ\RX
WKHZRUOG,VHH
XVH":K\"
WKHLUOLIHWKURXJK
WKHSKRWRVWKH\ UH
WDJJHGLQWKH\VHH
PLQH,VHHKRZ
WKHLUORRNVFKDQJH
OLNHLIWKH\GRQ W
VKDYHRUFKDQJH
WKHLUKDLUVW\OHDQG
LWKHOSVVRLGRQ W
WKLQNWKH\ORRNOLNH
VWUDQJHUVZKHQ
WKH\JHWEDFN
KRPH9LFHYHUVD
WKH\VHHP\OLIH
WRRVRWKRXJK
ZH UHVRIDUDZD\
LWGRHVQ WUHDOO\
VHHPVR$PD]LQJ
,PXVWVD\

$OVRLWPDNHV
VQDLOPDLOQRYHOW\
VRLI, PVKRUWRI
ELUWKGD\LGHDVL
VHQGDSUHWW\
SRVWFDUGDQGLW V
VHWWOHG
,KDGD3K\VLFV
WHDFKHUZKRLV
SUREDEO\UHDOO\
JRRGDW3K\VLFV
+HZDVQ WJRRGDW
SXWWLQJKLV
NQRZOHGJHDFURVV
DQGKLVOHVVRQV
ZHUHQRWYHU\
FOHDU+H
DQVZHUHG
TXHVWLRQVYHU\
TXLFNO\DQGEULHIO\
H[SHFWLQJPHWR
NQRZPRUHWKDQ,
GLG$QGZKHQ,
VKRZHGWKDW,
GLGQ WNQRZDV
PXFKDVKH
WKRXJKW,GLGKH
ORRNHGIUXVWUDWHG
6RQDWXUDOO\,JRW
IUXVWUDWHGZLWKKLP
DQGWKHVXEMHFW

3OHDVHEULHIO\
GHVFULEHWKHZRUVW
OHDUQLQJ
H[SHULHQFH\RX
KDYHHYHUKDG

,KDGDQDPD]LQJ
/LWHUDWXUHWHDFKHU
ZKRNQHZ
HYHU\WKLQJ+H
VSRNHDQGUHDG
/DWLQ+HDOVR
NQHZVRPXFK
DERXWHYHU\WKLQJLQ
JHQHUDO:HZHUH
RQD/LW7ULSWRWKH
8.DQGKHZDV
WHOOLQJXVPRUH
DERXWWKHSODFHV
ZHZHUHYLVLWLQJ
WKDQWKHWRXUJXLGH
KLPVHOI7KHZD\
KHVSRNHZKLOHKH
ZDVWHOOLQJXVDOO
WKLVLQIRUPDWLRQ
ZDVDVLIKHZDV
WHOOLQJDVWRU\VR,
KXQJRQWRHYHU\
ZRUGKHVSRNH
%HVLGHVEHLQJD
JHQLXVWRPERI
NQRZOHGJHKHZDV
3OHDVHEULHIO\
DOVRURXQGDQG
GHVFULEHWKHEHVW
VPLOH\DQG
OHDUQLQJ
IULHQGO\'XULQJ
H[SHULHQFH\RX
OHVVRQVKH
GPDNH
HYHUKDG:K\ZDV
XVIHHODVLIKH
LWVRVSHFLDO"
ZHUHEULQJLQJXV
WKURXJKWKHZULWHU V
PLQG,WZDVQ WD
OHFWXUHWKRXJK+H
GLGHQFRXUDJHXV
WRVSHDNXSDQG
WKRXJKKH
SUREDEO\KDG
WKRXJKWRI
HYHU\WKLQJZH
FRXOGFRPHXS
ZLWKKHPDGHXV
IHHOOLNHZH
GLVFRYHUHG
VRPHWKLQJ
FRPSOHWHO\QHZ
HDFKWLPHVR
WKRXJK,ZDV
LQWLPLGDWHGE\KLV
JHQLXV,ZDVQ W
DIUDLGWRVSHDNXS
GXULQJKLVOHVVRQV
2KKHDOVRORYHG
LWZKHQZH
FKDOOHQJHGKLV
RSLQLRQVRUHDFK
RWKHUVRSLQLRQV
:HXVHDQRQOLQH
SRUWDOZKHUHZH
FDQILQGYLGHRFDVWV
RIVRPHOHFWXUHVRI
+DYH\RXHYHU
RXUPRGXOHVRU
XVHGDQRQOLQHRU
QRWHVWKDWWKH\
&'520
KDQGHGRXWGXULQJ
DSSOLFDWLRQGXULQJ
WKHFODVVDQGDOVR
\RXUFROOHJH
WKHVOLGHVWKDWWKH
HGXFDWLRQLQWKH
OHFWXUHUVSUHVHQW
FODVVURRPWROHDUQ
7KLVKHOSVZKHQ
FRXUVHPDWHULDO",I
WKHWLPHFRPHVIRU
VRFDQ\RX
UHYLVLRQRULI,ILQG
UHPHPEHUWKH
WKHVOLGHVRU
VWUHQJWKVDQG
PDWHULDOVYHU\
ZHDNQHVVHVRIWKH
LQWHUHVWLQJDQG
H[SHULHQFH"
ZDQWWRNHHSWKHP
IRUIXWXUH
UHIHUHQFH,FDQ
MXVWGRZQORDGLW
RQWRP\FRPSXWHU

+RZHYHUWKH\
WHQGWREHSUHWW\
FRPSOH[LQWHUIDFHV
WKDWPDNHLWKDUG
IRUERWKWKH
VWXGHQWVDQG
OHFWXUHUVWRXVH
VRPHWLPHV
UHVXOWLQJLQXQGHU
XVH$OVRFRPSOH[
LQWHUIDFHVDQGP\
OD]LQHVVUHVXOWLQ
PHQRWUHIHUULQJWR
WKHFRXUVH
PDWHULDOVDV,
VKRXOG7KLV
XVXDOO\HQGVXS
ZLWKPHKDYLQJD
KDUGHUWLPHWKDQ,
VKRXOGZLWKWKDW
SDUWLFXODUWRSLF
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<RXKDYH
PLQXWHVRIIUHH
WLPHDQGDOORI
\RXUDVVLJQPHQWV
DUHFRPSOHWH
%H\RQGW\SLFDO
VRFLDOPHGLDVLWHV
)DFHERRN
7ZLWWHU<RX7XEH
HWF ZKDW
ZHEVLWHVZLOO\RX
YLVLWWRKDYHVRPH
IXQ":K\DUHWKH\
IXQIRU\RX"
ZZZVXSHUIXWXUH
FRP
ZHEVLWHZLWK
IRUXPLQWHUDFWLYLW\
RQIDVKLRQFXOWXUH
DQGHYHU\WKLQJ
HOVH

ZZZDLQWLWFRRO
FRP
KXPRXUILOOHG
OLEUDU\ERRNV
ZHEVLWHRQILOPV
JRRJOH\DKRRRU
ZLWKWUDLOHUV
RWKHUVHDUFK
DUWLFOHVDQG
HQJLQHORRNDW
FRPPHQWVVHFWLRQ
SLFWXUHVRIRWKHU
IRUUHDGHUV
UHPRWHFRQWUROV

REVHUYHFKLOGUHQ
ZZZJDPHWUDLOHUV
SOD\LQJZLWK
FRP
UHPRWHFRQWUROVRU
SODFHWRJHW
RSHUDWLQJDQ\IRUP
YLGHRVRQ
RIKDQGKHOG
XSFRPLQJJDPHV
V\VWHPV
KDQGVRQJXLGHG HWF

<RXUFODVVLV
OHDUQLQJDQHZ
VXEMHFWLQFODVV
WRGD\<RXZLOOEH
UHTXLUHGWR
UHPHPEHUWKH
<RXUFODVVKDV
LQIRUPDWLRQ
EHHQJLYHQWKH
UHYLHZHGDVZHOO
WDVNWRGHVLJQD
DVXVHWKH
QHZUHPRWHFRQWURO
LQIRUPDWLRQLQ
VSHFLILFDOO\IRU
IXWXUHSURMHFWV
FKLOGUHQ:KDW
:KDWLVWKHEHVW
WRROVGR\RXXVHWR
ZD\IRU\RXWR
EHJLQ\RXU
UHPHPEHUWKH
UHVHDUFK"
FRQWHQW"

0\VHFRQGDU\
VFKRROGD\V
*RRJOHHDUWK,FDQ 0RVWO\HYHU\WKLQJ
EHWKHH\HVRIWKH ZDVERRNVDQG
VDWHOOLWH
FODVVURRPV

0RVWO\IURPP\
3RO\WHFKQLFGD\V
DQGDWWKHPRPHQW
P\8QLYHUVLW\
GD\V7KH\ZHUH
DQGDUHDOOYHU\
KDQGVRQ1RWWR
VD\ERRNVDUHQ W
LPSRUWDQWEXWLWLV
DJRRG
FRPSOHPHQWWR
KDYHRQWKHVSRW
OHDUQLQJLQVWHDGRI
RQO\IRUFLQJ
LQIRUPDWLRQGRZQ
WKHWKURDWVRI
VWXGHQWV
1R

+DYH\RXHYHU
XVHGDQRQOLQHRU
&'520
DSSOLFDWLRQGXULQJ
\RXUFROOHJH
HGXFDWLRQLQWKH
FODVVURRPWROHDUQ
3OHDVHEULHIO\
FRXUVHPDWHULDO",I
3OHDVHEULHIO\
GHVFULEHWKHEHVW
VRFDQ\RX
:KDWLVWKHFRROHVW GHVFULEHWKHZRUVW
OHDUQLQJ
UHPHPEHUWKH
ZHEVLWHRU
OHDUQLQJ
H[SHULHQFH\RX
VWUHQJWKVDQG
DSSOLFDWLRQ\RX
H[SHULHQFH\RX HYHUKDG:K\ZDV ZHDNQHVVHVRIWKH
XVH":K\"
KDYHHYHUKDG
LWVRVSHFLDO"
H[SHULHQFH"
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JRRJOH\DKRRRU
RWKHUVHDUFK
HQJLQHGHVLJQ
EORJVDQGIRUXPV
UHDGPDJD]LQH
DUWLFOHVRUMRXUQDO
HQWULHVDERXWWKH
WRSLF

ZLNLSHGLDOLEUDU\
ERRNVJRRJOH
\DKRRRURWKHU
VHDUFKHQJLQH
GHVLJQEORJVDQG
IRUXPVORRNDW
SLFWXUHVRIRWKHU
UHPRWHFRQWUROV
UHDGPDJD]LQH
DUWLFOHVRUMRXUQDO
HQWULHVDERXWWKH
WRSLF

<RXKDYH
PLQXWHVRIIUHH
WLPHDQGDOORI
\RXUDVVLJQPHQWV
DUHFRPSOHWH
%H\RQGW\SLFDO
VRFLDOPHGLDVLWHV
)DFHERRN
7ZLWWHU<RX7XEH
3OHDVHEULHIO\
HWF ZKDW
3OHDVHEULHIO\
GHVFULEHWKHEHVW
ZHEVLWHVZLOO\RX :KDWLVWKHFRROHVW GHVFULEHWKHZRUVW
OHDUQLQJ
YLVLWWRKDYHVRPH
ZHEVLWHRU
OHDUQLQJ
H[SHULHQFH\RX
IXQ":K\DUHWKH\
DSSOLFDWLRQ\RX
H[SHULHQFH\RX HYHUKDG:K\ZDV
IXQIRU\RX"
XVH":K\"
KDYHHYHUKDG
LWVRVSHFLDO"

+DYH\RXHYHU
XVHGDQRQOLQHRU
&'520
DSSOLFDWLRQGXULQJ
\RXUFROOHJH
HGXFDWLRQLQWKH
FODVVURRPWROHDUQ
FRXUVHPDWHULDO",I
VRFDQ\RX
UHPHPEHUWKH
VWUHQJWKVDQG
ZHDNQHVVHVRIWKH
H[SHULHQFH"
<HV
6WUHQJWK,FDQGR
LWDWP\RZQ
OHLVXUHIDVWIRZDUG
P\VRMXFRP
DQGUHSOD\DV,
QRWKLQJ VPRUH
SOHDVH
HQWHUWDLQLQJWKDQ
6LWWLQJLQDOHFWXUH :HDNQHVV,W VD
DVLDQGUDPD
ZKHUHWROHFWXUHU
WDGWURXEOHVRPH
ZHKHDUWLWFRPQRW
KDGDVHQVHRI
DVWKHLQWHUQHW
YHU\LQWHUDFWLYH
JPDLOLJRRJOH,
KXPRXUVFUHHQHG DOORZVPRUH
EXWORRNLQJDW
OHDUQWWREH
6LWWLQJLQDOHFWXUH UHOHYDQWYLGHRV
VHDPOHVVDFFHVV
DHVWKHWLFDQG
PRUHRUJDQL]HG
WKHDWUHZKHUHWKH GLGQRWVSHDNLQ
WRPDWHULDOV
IXQQ\SLFWXUHV
ZLWKZRUNRXWVLGH OHFWXUHUSXUHO\
PRQRWRQHDQG
QRZDGD\V+HQFH
PDNHVPHKDSS\ RIVFKRRODQGLW
UHDGIURPWKH
VKDUHGXVHIXOLQSXW WKHUH VQRQHHGWR
LQVWUXFWRU

HYHQFRPHVZLWKD VOLGHVLQFRPSOHWH WRVXSSOHPHQWWKH FDUU\DGLVF
GHPRQVWUDWLRQ

FDOHQGDU/RO
PRQRWRQH
VOLGHV
DURXQG
LWZDVEDFNLQP\
VHFRQGDU\VFKRRO
QRWFRWRUJWRVHH
GD\VZHUHWKHUH
VRPHRWKHU
ZDVDYLGHRRIWKH
GHVLJQV
SHUVRQVSHDNLQJ
PDQJDVWUHDPWR
LFDQWUHPHPEHU
DQGDQRWKHU
KDYHP\ZHHNO\
WKHZHEVLWHOLQNEXW
SLFWXUHZKLFK
GRVHRIPDQJD
LWZDVXQLTXHDV
GLVSOD\HGKLV
('0: D
WKHZHESDJHGLG EURZVLQJWKURXJKD VOLGHV,WZDV
LWZDVERULQJDQG
VLQJDSRUHVRFLDO
QRWVFUROO
SRRUO\VFDQQHG
HQWHUWDLQLQJDQGLW OHQJWK\WKHUH
IRUXP WRFKHFN
GRZQZDUGVEXW
ERRNSDJHVDQG
PDQDJHGWR
FRXOGEHPRUH
RXWRQWKHODWHVW
VLGHZDUGVZKLFK WKHRULHQWDWLRQRI
FDSWXUHP\LQWHUHVW LQWHUDFWLYHVWXIIWR
JRVVLSVDQG
OHIWDGHHS
WKHSDJHVZHUHQRW IRUWKHHQWLUH
NHHSWKHXVHUV
KDQGVRQJXLGHG ODXJKWHU
LPSUHVVLRQIRUPH HYHQXSULJKW
FRXUVHRIVWXG\
DWWHQWLRQ

<RXUFODVVLV
OHDUQLQJDQHZ
VXEMHFWLQFODVV
WRGD\<RXZLOOEH
UHTXLUHGWR
UHPHPEHUWKH
<RXUFODVVKDV
LQIRUPDWLRQ
EHHQJLYHQWKH
UHYLHZHGDVZHOO
WDVNWRGHVLJQD
DVXVHWKH
QHZUHPRWHFRQWURO
LQIRUPDWLRQLQ
VSHFLILFDOO\IRU
IXWXUHSURMHFWV
FKLOGUHQ:KDW
:KDWLVWKHEHVW
WRROVGR\RXXVHWR
ZD\IRU\RXWR
EHJLQ\RXU
UHPHPEHUWKH
UHVHDUFK"
FRQWHQW"
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<RXKDYH
PLQXWHVRIIUHH
WLPHDQGDOORI
\RXUDVVLJQPHQWV
DUHFRPSOHWH
%H\RQGW\SLFDO
VRFLDOPHGLDVLWHV
)DFHERRN
7ZLWWHU<RX7XEH
3OHDVHEULHIO\
HWF ZKDW
3OHDVHEULHIO\
GHVFULEHWKHEHVW
ZHEVLWHVZLOO\RX :KDWLVWKHFRROHVW GHVFULEHWKHZRUVW
OHDUQLQJ
YLVLWWRKDYHVRPH
ZHEVLWHRU
OHDUQLQJ
H[SHULHQFH\RX
IXQ":K\DUHWKH\
DSSOLFDWLRQ\RX
H[SHULHQFH\RX HYHUKDG:K\ZDV
IXQIRU\RX"
XVH":K\"
KDYHHYHUKDG
LWVRVSHFLDO"
,FDQ WH[DFWO\
UHPHPEHUWKHEHVW
H[SHULHQFHEXW
WKHUHZDVRQFH
WKDW,XVHGD&'
OLEUDU\ERRNVDVN
IDFHERRN
URPVRIWZDUH
\RXUPRPJHW
QLWURPHFRP
LWKDVSUDFWLFDOO\
GXULQJDZRUNVKRS
WRJHWKHUDVD
PLQLFOLSVFRP
HYHU\WKLQJ,QHHG
WKDWHQDEOHGPHWR
JURXSWRGLVFXVV
ERWKDUHJDPH
IRUJRRG
OHDUQSLORWLQJDQ
WKHWRSLFJRRJOH
VLWHVWKXVDOORZLQJ FRPPXQLFDWLRQ
DLUFUDIWYLUWXDOO\,W
\DKRRRURWKHU
IRUIXQDQG
ZLWKIULHQGV
ZDVDFRXUVH
VHDUFKHQJLQH
UHOD[DWLRQ
UDQJLQJIURP
7KHUH VQRWUHDOO\D UHODWHGWRSK\VLFV
GHVLJQEORJVDQG
KLFRP
VWDWXVXSGDWH
EDGH[SHULHQFHIRU EXWZHKDGDORWRI
IRUXPVORRNDW
EHFDXVHLWVD
JURXSVHPDLO
PH7KHFGURP
IXQDQGOHDUQW
SLFWXUHVRIRWKHU
VRFLDOQHWZRUNLQJ FRQYHUVDWLRQVDQG MXVWFRXOGQRWVWDUW PDQ\QHZWKLQJV
UHPRWHFRQWUROV
KDQGVRQJXLGHG VLWH
SKRWRWDJJLQJ
XSWKHSURJUDP
DWWKHVDPHWLPH
ZLNLSHGLD
-XQJOH&RQILGHQFH
HQF\FORSHGLDVJHW
&RXUVHGXULQJ
WRJHWKHUDVD
DUP\,ZDVSXWLQ
JURXSWRGLVFXVV
DVLWXDWLRQZKHUH,
WKHWRSLFJRRJOH
FRXOGRQO\UHOD\RQ
\DKRRRURWKHU
P\VHOIDQGZKDW
VHDUFKHQJLQH
:LNLSHGLD)XOO
ZDVWDXJKWWRPH
ORRNDWSLFWXUHVRI
RIIDFWV
HDUOLHURQWR
RWKHUUHPRWH
,GDVLDRUJ
VXUYLYHGD\V
FRQWUROVUHDG
&KHFNRXWQHZ
$OHFWXUHZLWKWKH :KHQWKHUH VQR
PDJD]LQHDUWLFOHV
LQGXVWULDOGHVLJQV
OHFWXUHUUHDGLQJ
RWKHUZD\RXW\RX
RUMRXUQDOHQWULHV
1DWLRQDO
IURPWKHVFUHHQ
ORRNEDFNDQG
DERXWWKHWRSLF
*HRJUDSKLFV
ZLWKDPRQRWRQRXV DSSO\ZKDW\RX
PDNHREVHUYDWLRQV
,QWHUHVWLQJWRSLFV 0LFURVRIW3DLQW
YRLFH,QVWDQW
OHDUQWDQG\RX
RINLGV
WDNHQRWHV
DQGSKRWRJUDSK\ $SS
NQRFNRXW
OHDUQEHVW

<RXUFODVVLV
OHDUQLQJDQHZ
VXEMHFWLQFODVV
WRGD\<RXZLOOEH
UHTXLUHGWR
UHPHPEHUWKH
<RXUFODVVKDV
LQIRUPDWLRQ
EHHQJLYHQWKH
UHYLHZHGDVZHOO
WDVNWRGHVLJQD
DVXVHWKH
QHZUHPRWHFRQWURO
LQIRUPDWLRQLQ
VSHFLILFDOO\IRU
IXWXUHSURMHFWV
FKLOGUHQ:KDW
:KDWLVWKHEHVW
WRROVGR\RXXVHWR
ZD\IRU\RXWR
EHJLQ\RXU
UHPHPEHUWKH
UHVHDUFK"
FRQWHQW"

<HV,WZDVQRW
HDV\WRIRFXVRQ
WKHVFUHHQIRUD
ORQJSHULRGRIWLPH
/DFNRIIOH[LELOLW\
DVVRPHSDUWV
FDQQRWEH
UHSOD\HG

<HV
7KHPDWHULDOVZH
OHDUQDUH
LQWHUHVWLQJDQG
HQFRXUDJHPRUH
LQWHUDFWLYLW\EXW
WKHVRIWZDUH
HVSHFLDOO\IURP
&'URPV DUHVORZ
WRORDGRUPD\QRW
EHDEOHWRORDG

+DYH\RXHYHU
XVHGDQRQOLQHRU
&'520
DSSOLFDWLRQGXULQJ
\RXUFROOHJH
HGXFDWLRQLQWKH
FODVVURRPWROHDUQ
FRXUVHPDWHULDO",I
VRFDQ\RX
UHPHPEHUWKH
VWUHQJWKVDQG
ZHDNQHVVHVRIWKH
H[SHULHQFH"
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ZLNLSHGLDGHVLJQ
EORJVDQGIRUXPV
ORRNDWSLFWXUHVRI
RWKHUUHPRWH
FRQWUROVUHDG
PDJD]LQHDUWLFOHV
RUMRXUQDOHQWULHV
DERXWWKHWRSLF
KDQGVRQIUHH
SOD\

<RXUFODVVLV
OHDUQLQJDQHZ
VXEMHFWLQFODVV
WRGD\<RXZLOOEH
UHTXLUHGWR
UHPHPEHUWKH
<RXUFODVVKDV
LQIRUPDWLRQ
EHHQJLYHQWKH
UHYLHZHGDVZHOO
WDVNWRGHVLJQD
DVXVHWKH
QHZUHPRWHFRQWURO
LQIRUPDWLRQLQ
VSHFLILFDOO\IRU
IXWXUHSURMHFWV
FKLOGUHQ:KDW
:KDWLVWKHEHVW
WRROVGR\RXXVHWR
ZD\IRU\RXWR
EHJLQ\RXU
UHPHPEHUWKH
UHVHDUFK"
FRQWHQW"
<RXKDYH
PLQXWHVRIIUHH
WLPHDQGDOORI
\RXUDVVLJQPHQWV
DUHFRPSOHWH
%H\RQGW\SLFDO
VRFLDOPHGLDVLWHV
)DFHERRN
7ZLWWHU<RX7XEH
3OHDVHEULHIO\
HWF ZKDW
3OHDVHEULHIO\
GHVFULEHWKHEHVW
ZHEVLWHVZLOO\RX :KDWLVWKHFRROHVW GHVFULEHWKHZRUVW
OHDUQLQJ
YLVLWWRKDYHVRPH
ZHEVLWHRU
OHDUQLQJ
H[SHULHQFH\RX
IXQ":K\DUHWKH\
DSSOLFDWLRQ\RX
H[SHULHQFH\RX HYHUKDG:K\ZDV
IXQIRU\RX"
XVH":K\"
KDYHHYHUKDG
LWVRVSHFLDO"
0\ILUVWDQG
VHFRQG\HDULQ
MXQLRUFROOHJH

:KHQ,ZDV
ZDVDGPLWWHGLQWR
DQHZDFDGHPLF
)RQW6WUXFW
SURJUDPPHLQ

6LQJDSRUHFDOOHG
7KHZHEVLWHLV
WKH,QWHJUDWHG
1HZJURXQGV
HVVHQWLDOO\DQ
3URJUDPPH
FRP
RQOLQHIRQWFUHDWLRQ
6WXGHQWVLQWKH
,WKDVWKHODUJHVW
SURJUDP,GRQW
(QJLQHHULQJ
SURJUDPPHDUH
DQGPRVWXSWR
QHHGWRGRZQORDG OHFWXUHVDW186
DOORZHGWRVNLSRXU
GDWHFROOHFWLRQRI DQ\VRIWZDUHDV, 
2 OHYHOVDQGP\
IODVKJDPHVDQG
FDQXVHWKHIRQW
7KHSURIHVVRUIRU VFKRRO
DQLPDWLRQV
FUHDWRURQWKH
WKHHQJLQHHULQJ
H[SHULPHQWHGZLWK

ZHEVLWHLWVHOI,W V PRGXOH,WRRNWKLV QHZZD\VRI
1RWFRWRUJ
UHDOO\HDV\WRXVH VHPHVWHUZDVYHU\ WHDFKLQJ
'LVSOD\VD
DQGLWVSUHWW\IXQ
ZHDNLQOHFWXUH

FROOHFWLRQRIGHVLJQ DVZHOO$IWHU
GHOLYHU\+HZDV
/HVVRQVZHUH
UHODWHGVWXII
FUHDWLQJWKHIRQW
QRWHQJDJLQJDQG PRVWO\PRGXOH
)ULHQGO\DQGHDV\ IRUP\VHOI,FDQ
ZDVH[FUXFLDWLQJO\ EDVHG OLNH
WRXVHLQWHUIDFH
VKDUHLWZLWKRWKHU VORZ+HZRXOG
XQLYHUVLW\ DQG
.HHSVPHXSGDWHG SHRSOHXVLQJWKH
WDNHPLQXWHVWR OHVVRQFRQWHQWZDV
ZLWKWKHGHVLJQ
ZHEVLWH,FDQDOVR H[SODLQDEDVLF
KLJKO\LQWHJUDWHG
ILHOG
EURZVHWKH
LGHD,FRXOG
)RUH[DPSOHD

DUFKLYHVWRORRNIRU XQGHUVWDQGLQ
PRGXOHRQ6SDFH
*L]PRGRFRP
JRRGIRQWVWKDW
XQGHUDPLQXWH
ZRXOGLQWHJUDWHWKH
/RWVRIFRRO
RWKHUSHRSOHKDYH 7KHGU\OHFWXUH
FRQFHSWVRIPDWK
JDGJHWUHODWHG
FUHDWHGDQG
FRQWHQWGLGOLWWOHWR SK\VLFVDQG
DUWLFOHVDQGHWF
SRVWHG
KHOSKLP
DVWURQRP\

7KHUHZDVOLWWOHRU
QRHPSKDVLVRQ
H[DPLQDWLRQV
,QVWHDGOHDUQLQJ
ZDVPRVWO\SURMHFW
EDVHG7KHUHZDV
QRWH[WERRN:H
ZHUHHQFRXUDJHG
WROHDUQE\
VRXUFLQJIRUWKH
PDWHULDORXUVHOYHV
<HV

,QHYHUOLNHG
GLJLWDOEDVHG
OHDUQLQJ$OZD\V
SUHIHUUHGWKH
WUDGLWLRQDOOHFWXUH
RUOHVVRQZLWKD
WHDFKHU'LJLWDO
OHDUQLQJLVD
VROLWDU\SURFHVV
ZKLFKUHVWULFWVWKH
DELOLW\RIRQHWR
OHDUQPRUH
&ODVVURRP
OHDUQLQJWKULYHVRQ
WKHIDFWWKDWWKHUH
DUHFODVVPDWHVIRU
DFWLYHGLVFXVVLRQ
DQGOHDUQLQJ

+DYH\RXHYHU
XVHGDQRQOLQHRU
&'520
DSSOLFDWLRQGXULQJ
\RXUFROOHJH
HGXFDWLRQLQWKH
FODVVURRPWROHDUQ
FRXUVHPDWHULDO",I
VRFDQ\RX
UHPHPEHUWKH
VWUHQJWKVDQG
ZHDNQHVVHVRIWKH
H[SHULHQFH"

144
ZLNLSHGLDGHVLJQ
EORJVDQGIRUXPV
ORRNDWSLFWXUHVRI
RWKHUUHPRWH
FRQWUROVUHDG
PDJD]LQHDUWLFOHV
RUMRXUQDOHQWULHV
DERXWWKHWRSLF
KDQGVRQIUHH
SOD\

<RXUFODVVLV
OHDUQLQJDQHZ
VXEMHFWLQFODVV
WRGD\<RXZLOOEH
UHTXLUHGWR
UHPHPEHUWKH
<RXUFODVVKDV
LQIRUPDWLRQ
EHHQJLYHQWKH
UHYLHZHGDVZHOO
WDVNWRGHVLJQD
DVXVHWKH
QHZUHPRWHFRQWURO
LQIRUPDWLRQLQ
VSHFLILFDOO\IRU
IXWXUHSURMHFWV
FKLOGUHQ:KDW
:KDWLVWKHEHVW
WRROVGR\RXXVHWR
ZD\IRU\RXWR
EHJLQ\RXU
UHPHPEHUWKH
UHVHDUFK"
FRQWHQW"
<RXKDYH
PLQXWHVRIIUHH
WLPHDQGDOORI
\RXUDVVLJQPHQWV
DUHFRPSOHWH
%H\RQGW\SLFDO
VRFLDOPHGLDVLWHV
)DFHERRN
7ZLWWHU<RX7XEH
1HZJURXQGV
FRPHWF ZKDW
ZHEVLWHVZLOO\RX
,WKDVWKHODUJHVW
YLVLWWRKDYHVRPH
DQGPRVWXSWR
IXQ":K\DUHWKH\
GDWHFROOHFWLRQRI
IXQIRU\RX"
IODVKJDPHVDQG
DQLPDWLRQV

1RWFRWRUJ
'LVSOD\VD
FROOHFWLRQRIGHVLJQ
UHODWHGVWXII
)ULHQGO\DQGHDV\
WRXVHLQWHUIDFH
.HHSVPHXSGDWHG
ZLWKWKHGHVLJQ
ILHOG

*L]PRGRFRP
/RWVRIFRRO
JDGJHWUHODWHG
DUWLFOHVDQGHWF
)RQW6WUXFW

7KHZHEVLWHLV
HVVHQWLDOO\DQ
RQOLQHIRQWFUHDWLRQ
:KDWLVWKHFRROHVW
SURJUDP,GRQW
ZHEVLWHRU
QHHGWRGRZQORDG
DSSOLFDWLRQ\RX
DQ\VRIWZDUHDV,
XVH":K\"
FDQXVHWKHIRQW
FUHDWRURQWKH
ZHEVLWHLWVHOI,W V
UHDOO\HDV\WRXVH
DQGLWVSUHWW\IXQ
DVZHOO$IWHU
FUHDWLQJWKHIRQW
IRUP\VHOI,FDQ
VKDUHLWZLWKRWKHU
SHRSOHXVLQJWKH
ZHEVLWH,FDQDOVR
EURZVHWKH
DUFKLYHVWRORRNIRU
JRRGIRQWVWKDW
RWKHUSHRSOHKDYH
FUHDWHGDQG
SRVWHG
3OHDVHEULHIO\
GHVFULEHWKHZRUVW
(QJLQHHULQJ
OHDUQLQJ
OHFWXUHVDW186
 H[SHULHQFH\RX
KDYHHYHUKDG
7KHSURIHVVRUIRU
WKHHQJLQHHULQJ
PRGXOH,WRRNWKLV
VHPHVWHUZDVYHU\
ZHDNLQOHFWXUH
GHOLYHU\+HZDV
QRWHQJDJLQJDQG
ZDVH[FUXFLDWLQJO\
VORZ+HZRXOG
WDNHPLQXWHVWR
H[SODLQDEDVLF
LGHD,FRXOG
XQGHUVWDQGLQ
XQGHUDPLQXWH
7KHGU\OHFWXUH
FRQWHQWGLGOLWWOHWR
KHOSKLP

0\ILUVWDQG
VHFRQG\HDULQ
MXQLRUFROOHJH

:KHQ,ZDV
ZDVDGPLWWHGLQWR
DQHZDFDGHPLF
SURJUDPPHLQ
6LQJDSRUHFDOOHG
WKH,QWHJUDWHG
3URJUDPPH
6WXGHQWVLQWKH
SURJUDPPHDUH
DOORZHGWRVNLSRXU
2 OHYHOVDQGP\
VFKRRO
H[SHULPHQWHGZLWK
QHZZD\VRI
WHDFKLQJ

/HVVRQVZHUH
PRVWO\PRGXOH
EDVHG OLNH
XQLYHUVLW\ DQG
OHVVRQFRQWHQWZDV
KLJKO\LQWHJUDWHG
3OHDVHEULHIO\
)RUH[DPSOHD
GHVFULEHWKHEHVW
PRGXOHRQ6SDFH
OHDUQLQJ
ZRXOGLQWHJUDWHWKH
H[SHULHQFH\RX
FRQFHSWVRIPDWK
HYHUKDG:K\ZDV
SK\VLFVDQG
LWVRVSHFLDO"
DVWURQRP\

7KHUHZDVOLWWOHRU
QRHPSKDVLVRQ
H[DPLQDWLRQV
,QVWHDGOHDUQLQJ
ZDVPRVWO\SURMHFW
EDVHG7KHUHZDV
QRWH[WERRN:H
ZHUHHQFRXUDJHG
WROHDUQE\
VRXUFLQJIRUWKH
PDWHULDORXUVHOYHV
7KHUHZDVDODUJH
HPSKDVLVRQ
FUHDWLYH
H[SUHVVLRQ
+DYH\RXHYHU
XVHGDQRQOLQHRU
&'520
DSSOLFDWLRQGXULQJ
\RXUFROOHJH
HGXFDWLRQLQWKH
FODVVURRPWROHDUQ
FRXUVHPDWHULDO",I
VRFDQ\RX
UHPHPEHUWKH
<HV
 VWUHQJWKVDQG
ZHDNQHVVHVRIWKH
,QHYHUOLNHG
H[SHULHQFH"
GLJLWDOEDVHG
OHDUQLQJ$OZD\V
SUHIHUUHGWKH
WUDGLWLRQDOOHFWXUH
RUOHVVRQZLWKD
WHDFKHU'LJLWDO
OHDUQLQJLVD
VROLWDU\SURFHVV
ZKLFKUHVWULFWVWKH
DELOLW\RIRQHWR
OHDUQPRUH
&ODVVURRP
OHDUQLQJWKULYHVRQ
WKHIDFWWKDWWKHUH
DUHFODVVPDWHVIRU
DFWLYHGLVFXVVLRQ
DQGOHDUQLQJ
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OLEUDU\ERRNV
JRRJOH\DKRRRU
RWKHUVHDUFK
HQJLQHGHVLJQ
EORJVDQGIRUXPV
ORRNDWSLFWXUHVRI
RWKHUUHPRWH
FRQWUROV
WDNHQRWHV

<RXUFODVVLV
OHDUQLQJDQHZ
VXEMHFWLQFODVV
WRGD\<RXZLOOEH
UHTXLUHGWR
UHPHPEHUWKH
<RXUFODVVKDV
LQIRUPDWLRQ
EHHQJLYHQWKH
UHYLHZHGDVZHOO
WDVNWRGHVLJQD
DVXVHWKH
QHZUHPRWHFRQWURO
LQIRUPDWLRQLQ
VSHFLILFDOO\IRU
IXWXUHSURMHFWV
FKLOGUHQ:KDW
:KDWLVWKHEHVW
WRROVGR\RXXVHWR
ZD\IRU\RXWR
EHJLQ\RXU
UHPHPEHUWKH
UHVHDUFK"
FRQWHQW"
<RXKDYH
PLQXWHVRIIUHH
WLPHDQGDOORI
\RXUDVVLJQPHQWV
DUHFRPSOHWH
%H\RQGW\SLFDO
VRFLDOPHGLDVLWHV
)DFHERRN
7ZLWWHU<RX7XEH
3OHDVHEULHIO\
HWF ZKDW
3OHDVHEULHIO\
GHVFULEHWKHEHVW
ZHEVLWHVZLOO\RX :KDWLVWKHFRROHVW GHVFULEHWKHZRUVW
OHDUQLQJ
YLVLWWRKDYHVRPH
ZHEVLWHRU
OHDUQLQJ
H[SHULHQFH\RX
IXQ":K\DUHWKH\
DSSOLFDWLRQ\RX
H[SHULHQFH\RX HYHUKDG:K\ZDV
IXQIRU\RX"
XVH":K\"
KDYHHYHUKDG
LWVRVSHFLDO"
0\EHVWOHDUQLQJ

H[SHULHQFHZDV
 1DWLRQDO
P\JHRJUDSK\
*HRJUDSKLF
FODVVHVLQ-XQLRU
ZHEVLWH,ZLOOGH
FROOHJH,WZDV
VWUHVVE\
7KHZRUVW
VSHFLDOEHFDXVH
DWWHPSWLQJWKH
H[SHULHQFHLQ
ILUVWO\,ORYHGWKH
TXL]]HVWKHUH
UHFHQWWLPHV
VXEMHFWYHU\PXFK

ZRXOGEHP\
DQGVHFRQGO\,
 3LFQLNFRP,
6.<3(,W VVLPSO\ PRGHOPDNLQJ
OHDUQWDORWRIQHZ
ZLOOKDYHIXQ
WKHEHVWLQQRYDWLRQ FODVVHVEHFDXVH WKLQJVGXULQJWKH
HGLWLQJP\SKRWR
WRNHHSLQWRXFK
KRQHVWO\PRGHO
OHVVRQVLWNHSWP\
LPDJHVDWWKLVVLWH ZLWKORYHGRQHV
PDNLQJLVQRW
PLQGRFFXSLHG

ZKRDUHPLOHV
VRPHWKLQJWKDWFDQ FRQVWDQWO\IHHGLQJ
 *RRJOH,OLNHWR DZD\DQG,HQMR\ EHOHDUQWWKURXJK P\PLQGZLWKQHZ
UHDGJHRJUDSK\
XVLQJWKH
OHVVRQV<RX
LQIRUPDWLRQDERXW
UHODWHGDUWLFOHVRQ DSSOLFDWLRQ²,W V HLWKHUJHWLWRU\RX WKHWKLQJVDURXQG
JRRJOH
SUHWW\XVHUIULHQGO\ GRQ W
PH
1R

+DYH\RXHYHU
XVHGDQRQOLQHRU
&'520
DSSOLFDWLRQGXULQJ
\RXUFROOHJH
HGXFDWLRQLQWKH
FODVVURRPWROHDUQ
FRXUVHPDWHULDO",I
VRFDQ\RX
UHPHPEHUWKH
VWUHQJWKVDQG
ZHDNQHVVHVRIWKH
H[SHULHQFH"

Appendix K: Color Vocabulary: Basic Color Wheel Handout
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Appendix L: Color Vocabulary: Properties Handout
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Appendix M: Color Vocabulary: Harmony Handout
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Appendix N: Color Basics Adobe Illustrator Exercise
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Appendix O: Complementary Color Adobe Illustrator Exercise
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Appendix P: Color Harmony Adobe Illustrator Exercise
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Appendix Q: Simultaneous Contrast Adobe Illustrator Exercise
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Appendix R: Color Transparency Adobe Illustrator Exercise
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Appendix S: 3D Color Illusion Adobe Illustrator Exercise
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Appendix T: Simultaneous Contrast- Learning Retention and Assessment Survey


6LPXOWDQHRXV&RQWUDVW/HDUQLQJ5HWHQWLRQDQG$VVHVPHQW

6LPXOWDQHRXV&RQWUDVW/HDUQLQJ5HWHQWLRQDQG
$VVHVPHQW
$IWHUUHYLHZLQJWKH6LPXOWDQHRXV&RQWUDVWDSSOLFDWLRQDQVZHUWKHIROORZLQJTXHVWLRQVWRWKHEHVW
RI\RXUDELOLW\
&RQVLGHULQJKRZ\RXOLNHWROHDUQZKDWDUHWKHVWUHQJWKVRIWKLVDSSOLFDWLRQ"

&RQVLGHULQJKRZ\RXOLNHWROHDUQZKDWDUHWKHZHDNQHVVHVWKLVDSSOLFDWLRQ"

:HUHWKHLQVWUXFWLRQVHDV\WRIROORZ"
:DVWKHZRUGLQJFOHDU"'LG\RXHYHUILQG\RXUVHOIZRQGHULQJZKDW\RXZHUHVXSSRVHGWRGR"


















,ZDVFRQIXVHG


,FRPSOHWHGLWZLWKQRSUREOHPV

+RZPLJKW\RXWDLORUWKHLQVWUXFWLRQVWRIDFLOLWDWHEHWWHUFRPSUHKHQVLRQRIWKHFRQFHSW"

+RZGLGWKHLQWHUDFWLRQVIDFLOLWDWH\RXUXQGHUVWDQGLQJRIWKHLQIRUPDWLRQ"
%\WRXFKLQJWKHVFUHHQGLGWKDWKHOSFRQQHFWWKHPHQWDOGRWVRQKRZWRDGMXVWWKHFRORUV"

KWWSVGRFVJRRJOHFRPVSUHDGVKHHWYLHZIRUP"IRUPNH\ G(GZH7K719*2:O:'9OF8=V:O=S1PF«

155





6LPXOWDQHRXV&RQWUDVW/HDUQLQJ5HWHQWLRQDQG$VVHVPHQW

$IWHUUHIOHFWLQJWKHXVHRIWKLVDSSOLFDWLRQZKLFKSDUWLFXODUDUHDZDVPRVWPHPRUDEOH"
'HVDWXUDWLQJDFRORUXVLQJLW VFRPSOHPHQW
0DLQPHQXRIGLIIHUHQWFRQWUDVWH[HUFLVHV

:K\ZDVWKLVIXQFWLRQRUDUHDWKHPRVWPHPRUDEOH"

+RZGRHVWKHH[SHULHQFHFRPSDUHWRZKHQ\RXGLGWKLVDFWLYLW\LQ&RORU"




















,SUHIHUXVLQJ&RORU
$LG

,SUHIHUXVLQJWKH7RXFK6FUHHQ
$SS

:K\GR\RXSUHIHUGRLQJWKHDFWLYLW\WKDWZD\"

,QFRQVLGHULQJKRZ\RXEHVWOHDUQKRZZRXOG\RXUDWHWKHVHIHDWXUHVLQRUGHURISULRULW\"










5*%YV&0<.FRORU
VSDFH
+LVWRJUDP
6DYHG&RORU6HOHFWLRQ
3DOHWWH
9DULRXVZD\VWRDOWHU
FRORU
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6LPXOWDQHRXV&RQWUDVW/HDUQLQJ5HWHQWLRQDQG$VVHVPHQW

+LGGHQ&RORU:KHHO

)LUVWDQG/DVW1DPH

:KDWLV\RXULQWHQGHGSURIHVVLRQXSRQJUDGXDWLRQ"

+RZPDQ\KRXUVDGD\ZLOO\RXEHZRUNLQJSURIHVVLRQDOO\RQWKHFRPSXWHU"

+RZPDQ\RIWKRVHKRXUVZLOOUHO\RQDFFXUDWHFRORUFRQWUDVWDQGFRORULQWHUDFWLRQRQ
VFUHHQ"

.LQHFW)HHGEDFNZKDWUH\RXUIHHOLQJVDERXWWKLVJDPHEHLQJXVHGLQWKHFODVVURRPWR
WHDFKVWXGHQWVWKH5*%FRORUZKHHODQGDERXWDGGLWLYHFRORUPL[LQJ"
LIDQ\

6XEPLW

3RZHUHGE\*RRJOH'RFV
5HSRUW$EXVH7HUPVRI6HUYLFH$GGLWLRQDO7HUPV
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Appendix T: Simultaneous Contrast- Learning Retentions and Assessment
Results Summary


(GLWIRUP>6LPXOWDQHRXV&RQWUDVW/HDUQLQJ5HWHQWLRQDQG$VVHVPHQW@*RRJOH'RFV



UHVSRQVHV

6XPPDU\6HHFRPSOHWHUHVSRQVHV
&RQVLGHULQJKRZ\RXOLNHWROHDUQZKDWDUHWKHVWUHQJWKVRIWKLVDSSOLFDWLRQ"
7KHVLPSOHLQWHUIDFHLVQLFH7KHODFNRIFOXWWHUFRPSDUHGWRRWKHUVLWHVDOORZLQJH[SHULPHQWDWLRQRIFRORUKHOSVPHIRFXV
RQWKHH[HUFLVHDWKDQG,OLNHKRZLWLVYHU\VLPLODUWRWKHFXUUHQWPDQQHURIOHDUQLQJDERXWFRORULQWHUDFWLRQWKURXJKWULDO
DQGHUURU7KLVPDNHVLWDQHDVLHUPHQWDOEULGJHIURPWKHSK\VLFDODFWLYLW\WRWKHGLJLWDODFWLYLW\

,DPHDVLO\DEOHWR

QDYLJDWHEHWZHHQWKHYDULRXVZD\VRIPDQLSXODWLQJFRORUDQGJHWLPPHGLDWHUHVXOWVLQVWHDGRIGLJJLQJWKURXJKUDQGRP
SLHFHVRIFRORUDLG7KLVLVDOVRDFKHDSHURSWLRQ,ORYHWKHKLVWRU\LWZRXOGFRPHLQKDQG\ZKHQH[SODLQLQJ



&RQVLGHULQJKRZ\RXOLNHWROHDUQZKDWDUHWKHZHDNQHVVHVWKLVDSSOLFDWLRQ"
7KHSRLQWFLUFOHVWKDWUHSUHVHQWWKHFRORUZKHHOFRXOGEHELJJHUVR,NQRZZKDWH[DFWO\LVKDSSHQLQJEHKLQGWKHVFHQHV
7KHFHQWUDOFLUFXODUSLHFHGRHVQ WKDYHDVWURQJDIIRUGDQFHOHWWLQJPHNQRZ,FDQLQWHUDFWZLWKLW8QWLO,DFWXDOO\VWDUWLQJ
SOD\LQJZLWKWKHDSS,ZDVQ WVXUHZKDWLW VIXQFWLRQZDV(YHQWKRXJK,UHDOO\OLNHKRZPXFK,FDQGRZLWKFRORULQWKLV
HQYLURQPHQW,GRXEW,ZLOOUHPHPEHUDOORIWKHIXQFWLRQVRIWKHYDULRXVWDEVZLWKRXWODEHOV
DZD\

1RQH,FDQVHHULJKW

,QWKHEHJLQQLQJ,ZDVWU\LQJWRRKDUGWROHDUQKRZWKHDSSOLFDWLRQZRUNHGWRIRFXVRQZKDWZDVKDSSHQLQJ



:HUHWKHLQVWUXFWLRQVHDV\WRIROORZ"

,ZDVFRQIXVHG

,FRPSOHWHGLWZLWKQRSUREOHPV

 ,ZDVFRQIXVHG




















































,FRPSOHWHGLWZLWKQRSUREOHPV





+RZPLJKW\RXWDLORUWKHLQVWUXFWLRQVWRIDFLOLWDWHEHWWHUFRPSUHKHQVLRQRIWKHFRQFHSW"
,QWURGXFWRU\WRROWLSVWKDWFDQEHUHYHDOHGDQGKLGGHQEDVHGRQXVHUFKRLFHZRXOGEHQLFH,LPDJLQHDIWHUDIHZXVHV,ZLOO
QRORQJHUQHHGWKHUHPLQGHU,ZRXOGVWURQJO\VXJJHVWDQLQFODVVGHPRQVWUDWLRQEHIRUHJLYLQJWKHVWXGHQWVIUHHUHLJQWR
XVHWKHDSSOLFDWLRQSRVVLEO\HYHQDQLQWURGXFWRU\YLGHRVKRZLQJDVWXGHQWFRPSOHWLQJDQHQWLUHH[HUFLVHIURPEHJLQQLQJ
WRHQG

7KHPDSSLQJVHHPHGRIIHVSHFLDOO\RQFH\RXURWDWHGWKHFRORUZKHHOWKDWVKRXOGGHILQLWHO\EH

VWDWLRQDU\
WKHLG

,QGLFDWRURUHDV\WRKLGHWRROWLSV

,ZRXOGPDNHDGHPRQVWUDWLRQSDUWRIWKHLQFODVVOHFWXUH7KHQRQFH,JHW
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(GLWIRUP>6LPXOWDQHRXV&RQWUDVW/HDUQLQJ5HWHQWLRQDQG$VVHVPHQW@*RRJOH'RFV

+RZGLGWKHLQWHUDFWLRQVIDFLOLWDWH\RXUXQGHUVWDQGLQJRIWKHLQIRUPDWLRQ"
%\WRXFKLQJWKHVFUHHQDQGJHWWLQJWDFWLOHIHHGEDFNLWSURYLGHVDULFKHUHQYLURQPHQWDQGPRUHGHJUHHVRIIUHHGRPDQG
FKRLFHV 6WXGHQWVFRXOGSRWHQWLDOO\JHWRYHUZKHOPHGE\WKHDPRXQWRIFKRLFHVDQGJHWIUXVWUDWHG

:KHQ\RXGUDJWKH

ODUJHUSLHFH\RXVHHWKHFRORUFKDQJHULJKWDZD\,WLVYHU\FOHDUZKDWLVKDSSHQLQJWRWKHFRORUDQGZK\GXHWRWKH
H[SDQGHGSDQHORQWKHULJKWVLGHRIWKHVFUHHQ

%HLQJDEOHWRGUDJWKHZKHHOXSDQGGRZQZKHQDGMXVWLQJWKHWLQWV

VKDGHVDQGWRQDOYDOXHVRIWKHFRORUPDGHVHQVH+RZHYHUZKHQDGMXVWLQJWKHKXH,ZRXOGVKRZDEHKLQGWKHVFHQHV
WUDQVLWLRQRIZ



$IWHUUHIOHFWLQJWKHXVHRIWKLVDSSOLFDWLRQZKLFKSDUWLFXODUDUHDZDVPRVWPHPRUDEOH"
0DLQPHQXRIGLIIHUHQWFRQWUDVWH[HUFLVHV





5*%YV&0<.FRORUVSDFHRSWLRQV





+LVWRJUDP





0\VDYHGVHOHFWLRQSDOHWWH





5*%RU&0<.YDOXHUHSUHVHQWDWLRQ





7KHVXEWOHKLGGHQFRORUZKHHO





7ZRZD\VWRGHVDWXUDWHDFRORU





7KHSRLQWFRORUZKHHO





:K\ZDVWKLVIXQFWLRQRUDUHDWKHPRVWPHPRUDEOH"
7KLVZDVQHYHUPHQWLRQHGLQP\FRORUWKHRU\FRXUVH$GGLWLRQDOO\EHLQJDEOHWRVHHRQVFUHHQDJUDGLHQWZLWKWKHGHJUHHV
RIFKDQJHKDSSHQLQJDV,PDNHFKDQJHVPDGHLWYHU\FOHDUZKDWLVKDSSHQLQJZKHQ,DGMXVWWKHFRQWUROV

,QVWHDGRI

VHHLQJDJLDQWFRORUZKHHO,VHHZKDW,DPIRFXVLQJRQDQGFDQHDVLO\HYDOXDWHWKHFRQWUDVWRIWKHFRORUVRQVFUHHQZLWKRXW
GLVWUDFWLRQ7RRPDQ\FRORUVRQVFUHHQPDNHPHFRQIXVHG

7KHIRUPXOD,XVHGWRFUHDWHDFRORUZRXOGEHWKHVWURQJHVW

ZD\IRUPHWROHDUQZLWKLQWKLVDSSOLFDWLRQ(VSHFLDOO\VLQFHWKHUHDUHKRXUGLIIHUHQWZD\VWRPDQLSXODWHWKHFRORUV KXH

+RZGRHVWKHH[SHULHQFHFRPSDUHWRZKHQ\RXGLGWKLVDFWLYLW\LQ&RORU"
 ,SUHIHUXVLQJ&RORU$LG

,SUHIHUXVLQJ&RORU$LG ,SUHIHUXVLQJWKH7RXFK6FUHHQ$SS





















































,SUHIHUXVLQJWKH7RXFK6FUHHQ$SS
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(GLWIRUP>6LPXOWDQHRXV&RQWUDVW/HDUQLQJ5HWHQWLRQDQG$VVHVPHQW@*RRJOH'RFV

:K\GR\RXSUHIHUGRLQJWKHDFWLYLW\WKDWZD\"
,GRQ WKDYHWRZRUU\DERXWPDNLQJPLVWDNHVHPSKDVLVLVRQP\VHOHFWLRQRIFRORUVUDWKHUWKDQSUHFLVLRQDQG
PHDVXUHPHQWV7KLVLVDOVRDUHXVDEOHFRXUVHDQGP\FKRLFHVDUHUHDGLO\DEOHWRUHFDOO,FDQVHHWKHIRUPXODEHKLQGWKH
VFHQHVWKDWFUHDWHGWKHFRQWUDVWUHODWLRQVKLSEHWZHHQWKHFRORUV,FKRVH

,WLVHDVLHUWRVHHHYHU\WKLQJRQRQHVFUHHQ

$GGLWLRQDOO\DOORIWKHFRORUV,ZDQWWRXVHDUHUHSUHVHQWHGKHUHWKH&RORU$LGDOZD\VVHHPHGWREHODFNLQJWKHFRORUL
ZDQWHGWRXVHE\VRPHGHJUHHRIKXHVDWXUDWLRQRUYDOXHDQG,IHOW,ZDVQ WDEOHWRFRPSOHWHWKHDVVLJQPHQWVZLWK
DFFX



,QFRQVLGHULQJKRZ\RXEHVWOHDUQKRZZRXOG\RXUDWHWKHVHIHDWXUHVLQRUGHURISULRULW\"5*%YV
&0<.FRORUVSDFH



























,QFRQVLGHULQJKRZ\RXEHVWOHDUQKRZZRXOG\RXUDWHWKHVHIHDWXUHVLQRUGHURISULRULW\"+LVWRJUDP



























,QFRQVLGHULQJKRZ\RXEHVWOHDUQKRZZRXOG\RXUDWHWKHVHIHDWXUHVLQRUGHURISULRULW\"6DYHG&RORU
6HOHFWLRQ3DOHWWH
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(GLWIRUP>6LPXOWDQHRXV&RQWUDVW/HDUQLQJ5HWHQWLRQDQG$VVHVPHQW@*RRJOH'RFV

,QFRQVLGHULQJKRZ\RXEHVWOHDUQKRZZRXOG\RXUDWHWKHVHIHDWXUHVLQRUGHURISULRULW\"9DULRXV
ZD\VWRDOWHUFRORU


























,QFRQVLGHULQJKRZ\RXEHVWOHDUQKRZZRXOG\RXUDWHWKHVHIHDWXUHVLQRUGHURISULRULW\"+LGGHQ
&RORU:KHHO




)LUVWDQG/DVW1DPH
7D\ORU0XUSK\ .DWLH0LQVHU

.DWKHULQH:DONHU

3DSSDODUGR

-XOLD0L\DNH

/LQGVD\*ORYHU

0DWW6KHD

























$QGUHZ%URPZHOO

9LFWRULD%LOOLQJVOH\

%HQ

$PHOLD%R\HU
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(GLWIRUP>6LPXOWDQHRXV&RQWUDVW/HDUQLQJ5HWHQWLRQDQG$VVHVPHQW@*RRJOH'RFV

:KDWLV\RXULQWHQGHGSURIHVVLRQXSRQJUDGXDWLRQ"
&RJQLWLYH(QJLQHHU 7KHDWUH 6HW'HVLJQ 8VDELOLW\'HVLJQHU
'HVLJQHU

,GHQWLW\ %UDQG'HVLJQHU

'HVLJQHU

&RPPXQLFDWLRQV

0RELOH,QWHUIDFH'HVLJQHU

0RELOH 79GHVLJQHU

,QWHUDFWLYH'LJLWDO

9LVXDO&RPPXQLFDWLRQ



+RZPDQ\KRXUVDGD\ZLOO\RXEHZRUNLQJSURIHVVLRQDOO\RQWKHFRPSXWHU"
         

+RZPDQ\RIWKRVHKRXUVZLOOUHO\RQDFFXUDWHFRORUFRQWUDVWDQGFRORULQWHUDFWLRQRQVFUHHQ"
         

.LQHFW)HHGEDFNZKDWUH\RXUIHHOLQJVDERXWWKLVJDPHEHLQJXVHGLQWKHFODVVURRPWRWHDFKVWXGHQWVWKH5*%
FRORUZKHHODQGDERXWDGGLWLYHFRORUPL[LQJ"
,WKLQNVWXGHQWVZLOOWKULYHXVLQJWKLVDSSOLFDWLRQHVSHFLDOO\RQFHWKH\OHDUQWKHFRQFHSWRIDGGLWLYHFRORUPL[LQJ ,WKLQNLW
ZRXOGEHDEOHWRVKRZGHVLJQVWXGHQWVKRZWRSURSHUO\XVHWKHEOHQGIXQFWLRQLQ3KRWRVKRSDQGKRZHDFKGLIIHUHQWEOHQG
PRGHZRUNV$IXQKDQGVRQOHDUQLQJH[HUFLVHLVDOZD\VPRUHH[FLWLQJWKDQDOHFWXUHZLWKVOLGHV,ZRXOGOLNHWRPD\EHGR
WKLVH[HUFLVHHDUO\RQLQWKHFRXUVHIDFLOLWDWLQJJRRGLQWHUDFWLRQDPRQJGHVLJQVWXGHQWVIURPYDULRXVEDFNJURXQGV
EUHDNLQJWKHLFHDQGEXLOGLQJWUXVWWRJDLQSRVLWLYHIHHGEDFN DQGQHJDWLYH GXULQJFULWLTXHVWKURXJKRXWWKHUH



1XPEHURIGDLO\UHVSRQVHV
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&RJQLWLYH(QJLQHHU

:KDWLV\RXU
LQWHQGHG
SURIHVVLRQXSRQ
JUDGXDWLRQ"



&RQVLGHULQJKRZ
\RXOLNHWROHDUQ
ZKDWDUHWKH
VWUHQJWKVRIWKLV
DSSOLFDWLRQ"

7KHVLPSOH
LQWHUIDFHLVQLFH
7KHODFNRIFOXWWHU
FRPSDUHGWRRWKHU
VLWHVDOORZLQJ
H[SHULPHQWDWLRQRI
FRORUKHOSVPH
IRFXVRQWKH
H[HUFLVHDWKDQG,
OLNHKRZLWLVYHU\
VLPLODUWRWKH
FXUUHQWPDQQHURI
OHDUQLQJDERXW
FRORULQWHUDFWLRQ
WKURXJKWULDODQG
HUURU7KLVPDNHV
LWDQHDVLHUPHQWDO
EULGJHIURPWKH
SK\VLFDODFWLYLW\WR
 WKHGLJLWDODFWLYLW\

+RZPDQ\RI
+RZPDQ\KRXUVD WKRVHKRXUVZLOO
GD\ZLOO\RXEH
UHO\RQDFFXUDWH
ZRUNLQJ
FRORUFRQWUDVWDQG
SURIHVVLRQDOO\RQ FRORULQWHUDFWLRQRQ
WKHFRPSXWHU"
VFUHHQ"
$IWHUUHIOHFWLQJWKH
XVHRIWKLV
DSSOLFDWLRQZKLFK
SDUWLFXODUDUHDZDV
PRVWPHPRUDEOH"

%\WRXFKLQJWKH
VFUHHQDQGJHWWLQJ
WDFWLOHIHHGEDFNLW
SURYLGHVDULFKHU
HQYLURQPHQWDQG
PRUHGHJUHHVRI
IUHHGRPDQG
FKRLFHV

6WXGHQWVFRXOG
SRWHQWLDOO\JHW
RYHUZKHOPHGE\
WKHDPRXQWRI
FKRLFHVDQGJHW
7ZRZD\VWR
 IUXVWUDWHG
GHVDWXUDWHDFRORU

:HUHWKH
LQVWUXFWLRQVHDV\
WRIROORZ"

+RZGLGWKH
LQWHUDFWLRQV
IDFLOLWDWH\RXU
XQGHUVWDQGLQJRI
WKHLQIRUPDWLRQ"

7KLVZDVQHYHU
PHQWLRQHGLQP\
FRORUWKHRU\
FRXUVH
$GGLWLRQDOO\EHLQJ
DEOHWRVHHRQ
VFUHHQDJUDGLHQW
ZLWKWKHGHJUHHVRI
FKDQJHKDSSHQLQJ
DV,PDNHFKDQJHV
PDGHLWYHU\FOHDU
ZKDWLVKDSSHQLQJ
ZKHQ,DGMXVWWKH
FRQWUROV

:K\ZDVWKLV
IXQFWLRQRUDUHD
WKHPRVW
PHPRUDEOH"

:KDWIXQFWLRQ
UHVRQDWHGPRVW
ZLWK\RX":K\"

Appendix U: Simultaneous Contrast- Learning Retention and Assessment
Complete Results
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:KDWIXQFWLRQ
UHVRQDWHGPRVW
ZLWK\RX":K\"

,GRQ WKDYHWR
ZRUU\DERXW
PDNLQJPLVWDNHV
HPSKDVLVLVRQP\
VHOHFWLRQRIFRORUV
UDWKHUWKDQ
SUHFLVLRQDQG
PHDVXUHPHQWV
7KLVLVDOVRD
UHXVDEOHFRXUVH
DQGP\FKRLFHV
DUHUHDGLO\DEOHWR
UHFDOO,FDQVHH
WKHIRUPXODEHKLQG
WKHVFHQHVWKDW
FUHDWHGWKH
FRQWUDVW
UHODWLRQVKLS
EHWZHHQWKHFRORUV
 ,FKRVH








&RQVLGHULQJKRZ
\RXOLNHWROHDUQ
ZKDWDUHWKH
ZHDNQHVVHVWKLV
DSSOLFDWLRQ"
7KHSRLQWFLUFOHV
WKDWUHSUHVHQWWKH
FRORUZKHHOFRXOG
EHELJJHUVR,
NQRZZKDWH[DFWO\
LVKDSSHQLQJ
EHKLQGWKHVFHQHV
7KHFHQWUDOFLUFXODU
SLHFHGRHVQ WKDYH
DVWURQJ
DIIRUGDQFHOHWWLQJ
PHNQRZ,FDQ
LQWHUDFWZLWKLW
8QWLO,DFWXDOO\
VWDUWLQJSOD\LQJ
ZLWKWKHDSS,
ZDVQ WVXUHZKDW
LW VIXQFWLRQZDV
(YHQWKRXJK,
UHDOO\OLNHKRZ
PXFK,FDQGRZLWK
FRORULQWKLV
HQYLURQPHQW,
GRXEW,ZLOO
UHPHPEHUDOORI
WKHIXQFWLRQVRIWKH
YDULRXVWDEV
 ZLWKRXWODEHOV

,QFRQVLGHULQJKRZ
,QFRQVLGHULQJKRZ ,QFRQVLGHULQJKRZ ,QFRQVLGHULQJKRZ
\RXEHVWOHDUQ
,QFRQVLGHULQJKRZ
\RXEHVWOHDUQ
\RXEHVWOHDUQ
\RXEHVWOHDUQ
+RZGRHVWKH
KRZZRXOG\RX
\RXEHVWOHDUQ
KRZZRXOG\RX
KRZZRXOG\RX
KRZZRXOG\RX
H[SHULHQFH
UDWHWKHVHIHDWXUHV
KRZZRXOG\RX
UDWHWKHVHIHDWXUHV UDWHWKHVHIHDWXUHV UDWHWKHVHIHDWXUHV
FRPSDUHWRZKHQ :K\GR\RXSUHIHU LQRUGHURISULRULW\" UDWHWKHVHIHDWXUHV LQRUGHURISULRULW\" LQRUGHURISULRULW\" LQRUGHURISULRULW\"
\RXGLGWKLVDFWLYLW\ GRLQJWKHDFWLYLW\
>5*%YV&0<. LQRUGHURISULRULW\"
>6DYHG&RORU
>9DULRXVZD\VWR
>+LGGHQ&RORU
LQ&RORU"
WKDWZD\"
FRORUVSDFH@
>+LVWRJUDP@
6HOHFWLRQ3DOHWWH@
DOWHUFRORU@
:KHHO@
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&RQVLGHULQJKRZ
\RXOLNHWROHDUQ
ZKDWDUHWKH
ZHDNQHVVHVWKLV
DSSOLFDWLRQ"
7KHSRLQWFLUFOHV
WKDWUHSUHVHQWWKH
FRORUZKHHOFRXOG
EHELJJHUVR,
NQRZZKDWH[DFWO\
LVKDSSHQLQJ
EHKLQGWKHVFHQHV
7KHFHQWUDOFLUFXODU
SLHFHGRHVQ WKDYH
DVWURQJ
DIIRUGDQFHOHWWLQJ
PHNQRZ,FDQ
LQWHUDFWZLWKLW
8QWLO,DFWXDOO\
VWDUWLQJSOD\LQJ
ZLWKWKHDSS,
ZDVQ WVXUHZKDW
LW VIXQFWLRQZDV
(YHQWKRXJK,
UHDOO\OLNHKRZ
PXFK,FDQGRZLWK
FRORULQWKLV
HQYLURQPHQW,
GRXEW,ZLOO
UHPHPEHUDOORI
WKHIXQFWLRQVRIWKH
YDULRXVWDEV
ZLWKRXWODEHOV
,QWURGXFWRU\WRRO
WLSVWKDWFDQEH
UHYHDOHGDQG
KLGGHQEDVHGRQ
XVHUFKRLFHZRXOG
EHQLFH,LPDJLQH
DIWHUDIHZXVHV,
ZLOOQRORQJHUQHHG
WKHUHPLQGHU,
ZRXOGVWURQJO\
VXJJHVWDQLQ
FODVV
GHPRQVWUDWLRQ
EHIRUHJLYLQJWKH
VWXGHQWVIUHHUHLJQ
WRXVHWKH
DSSOLFDWLRQ
SRVVLEO\HYHQDQ
LQWURGXFWRU\YLGHR
VKRZLQJDVWXGHQW
FRPSOHWLQJDQ
HQWLUHH[HUFLVH
IURPEHJLQQLQJWR
HQG
,WKLQNVWXGHQWVZLOO
WKULYHXVLQJWKLV
DSSOLFDWLRQ
HVSHFLDOO\RQFH
WKH\OHDUQWKH
FRQFHSWRIDGGLWLYH
FRORUPL[LQJ

.LQHFW)HHGEDFN
ZKDWUH\RXU
IHHOLQJVDERXWWKLV
+RZPLJKW\RX
JDPHEHLQJXVHG
WDLORUWKH
LQWKHFODVVURRPWR
LQVWUXFWLRQVWR
WHDFKVWXGHQWVWKH
IDFLOLWDWHEHWWHU
5*%FRORUZKHHO
FRPSUHKHQVLRQRI DQGDERXWDGGLWLYH
WKHFRQFHSW"
FRORUPL[LQJ"
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7KHDWUH 6HW
'HVLJQ

:KDWLV\RXU
LQWHQGHG
SURIHVVLRQXSRQ
JUDGXDWLRQ"



&RQVLGHULQJKRZ
\RXOLNHWROHDUQ
ZKDWDUHWKH
VWUHQJWKVRIWKLV
DSSOLFDWLRQ"

,DPHDVLO\DEOHWR
QDYLJDWHEHWZHHQ
WKHYDULRXVZD\V
RIPDQLSXODWLQJ
FRORUDQGJHW
LPPHGLDWHUHVXOWV
LQVWHDGRIGLJJLQJ
WKURXJKUDQGRP
SLHFHVRIFRORUDLG
7KLVLVDOVRD
FKHDSHURSWLRQ,
ORYHWKHKLVWRU\LW
ZRXOGFRPHLQ
KDQG\ZKHQ
H[SODLQLQJKRZ,
GHULYHGWKHILQDO
 FRORUV

+RZPDQ\RI
+RZPDQ\KRXUVD WKRVHKRXUVZLOO
GD\ZLOO\RXEH
UHO\RQDFFXUDWH
ZRUNLQJ
FRORUFRQWUDVWDQG
SURIHVVLRQDOO\RQ FRORULQWHUDFWLRQRQ
WKHFRPSXWHU"
VFUHHQ"
$IWHUUHIOHFWLQJWKH
XVHRIWKLV
DSSOLFDWLRQZKLFK
SDUWLFXODUDUHDZDV
PRVWPHPRUDEOH"

:KHQ\RXGUDJWKH
ODUJHUSLHFH\RX
VHHWKHFRORU
FKDQJHULJKWDZD\
,WLVYHU\FOHDU
ZKDWLVKDSSHQLQJ
WRWKHFRORUDQG
ZK\GXHWRWKH
H[SDQGHGSDQHORQ
WKHULJKWVLGHRIWKH 7KHVXEWOHKLGGHQ
 VFUHHQ
FRORUZKHHO

:HUHWKH
LQVWUXFWLRQVHDV\
WRIROORZ"

+RZGLGWKH
LQWHUDFWLRQV
IDFLOLWDWH\RXU
XQGHUVWDQGLQJRI
WKHLQIRUPDWLRQ"

,QVWHDGRIVHHLQJD
JLDQWFRORUZKHHO,
VHHZKDW,DP
IRFXVLQJRQDQG
FDQHDVLO\HYDOXDWH
WKHFRQWUDVWRIWKH
FRORUVRQVFUHHQ
ZLWKRXWGLVWUDFWLRQ
7RRPDQ\FRORUV
RQVFUHHQPDNH
PHFRQIXVHG

:K\ZDVWKLV
IXQFWLRQRUDUHD
WKHPRVW
PHPRUDEOH"

7KHKLGGHQFRORU
ZKHHOZDVJUHDW,
KDWHWU\LQJWRXVH
DQDSSOLFDWLRQZLWK
WRQVRIYLVXDO
FOXWWHU

:KDWIXQFWLRQ
UHVRQDWHGPRVW
ZLWK\RX":K\"
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7KHKLGGHQFRORU
ZKHHOZDVJUHDW,
KDWHWU\LQJWRXVH
DQDSSOLFDWLRQZLWK
WRQVRIYLVXDO
FOXWWHU

:KDWIXQFWLRQ
UHVRQDWHGPRVW
ZLWK\RX":K\"

,WLVHDVLHUWRVHH
HYHU\WKLQJRQRQH
VFUHHQ
$GGLWLRQDOO\DOORI
WKHFRORUV,ZDQWWR
XVHDUH
UHSUHVHQWHGKHUH
WKH&RORU$LG
DOZD\VVHHPHGWR
EHODFNLQJWKH
FRORULZDQWHGWR
XVHE\VRPH
GHJUHHRIKXH
VDWXUDWLRQRUYDOXH
DQG,IHOW,ZDVQ W
DEOHWRFRPSOHWH
WKHDVVLJQPHQWV
ZLWK
 DFFXUDF\









&RQVLGHULQJKRZ
\RXOLNHWROHDUQ
ZKDWDUHWKH
ZHDNQHVVHVWKLV
DSSOLFDWLRQ"

1RQH,FDQVHH
 ULJKWDZD\

,QFRQVLGHULQJKRZ
,QFRQVLGHULQJKRZ ,QFRQVLGHULQJKRZ ,QFRQVLGHULQJKRZ
\RXEHVWOHDUQ
,QFRQVLGHULQJKRZ
\RXEHVWOHDUQ
\RXEHVWOHDUQ
\RXEHVWOHDUQ
+RZGRHVWKH
KRZZRXOG\RX
\RXEHVWOHDUQ
KRZZRXOG\RX
KRZZRXOG\RX
KRZZRXOG\RX
H[SHULHQFH
UDWHWKHVHIHDWXUHV
KRZZRXOG\RX
UDWHWKHVHIHDWXUHV UDWHWKHVHIHDWXUHV UDWHWKHVHIHDWXUHV
FRPSDUHWRZKHQ :K\GR\RXSUHIHU LQRUGHURISULRULW\" UDWHWKHVHIHDWXUHV LQRUGHURISULRULW\" LQRUGHURISULRULW\" LQRUGHURISULRULW\"
\RXGLGWKLVDFWLYLW\ GRLQJWKHDFWLYLW\
>5*%YV&0<. LQRUGHURISULRULW\"
>6DYHG&RORU
>9DULRXVZD\VWR
>+LGGHQ&RORU
LQ&RORU"
WKDWZD\"
FRORUVSDFH@
>+LVWRJUDP@
6HOHFWLRQ3DOHWWH@
DOWHUFRORU@
:KHHO@
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1RQH,FDQVHH
ULJKWDZD\

&RQVLGHULQJKRZ
\RXOLNHWROHDUQ
ZKDWDUHWKH
ZHDNQHVVHVWKLV
DSSOLFDWLRQ"

.LQHFW)HHGEDFN
ZKDWUH\RXU
IHHOLQJVDERXWWKLV
+RZPLJKW\RX
JDPHEHLQJXVHG
WDLORUWKH
LQWKHFODVVURRPWR
LQVWUXFWLRQVWR
WHDFKVWXGHQWVWKH
IDFLOLWDWHEHWWHU
5*%FRORUZKHHO
FRPSUHKHQVLRQRI DQGDERXWDGGLWLYH
WKHFRQFHSW"
FRORUPL[LQJ"
,WKLQNLWZRXOGEH
DEOHWRVKRZ
GHVLJQVWXGHQWV
KRZWRSURSHUO\
XVHWKHEOHQG
IXQFWLRQLQ
3KRWRVKRSDQG
KRZHDFKGLIIHUHQW
EOHQGPRGHZRUNV
$IXQKDQGVRQ
OHDUQLQJH[HUFLVH
LVDOZD\VPRUH
H[FLWLQJWKDQD
OHFWXUHZLWKVOLGHV
,ZRXOGOLNHWR
PD\EHGRWKLV
H[HUFLVHHDUO\RQ
LQWKHFRXUVH
IDFLOLWDWLQJJRRG
LQWHUDFWLRQDPRQJ
GHVLJQVWXGHQWV
IURPYDULRXV
EDFNJURXQGV
EUHDNLQJWKHLFH
DQGEXLOGLQJWUXVW
WRJDLQSRVLWLYH
IHHGEDFN DQG
QHJDWLYH GXULQJ
FULWLTXHV
WKURXJKRXWWKHUHVW
RIWKHTXDUWHU,
ZRXOGZDQWWKLVWR
EHP\ILUVW
H[SRVXUHWKHWKH
5*%FRORUZKHHO
HVSHFLDOO\VLQFH,
OHDUQEHVWWKURXJK
WULDODQGHUURU
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8VDELOLW\'HVLJQHU

0RELOH 79
GHVLJQHU

:KDWLV\RXU
LQWHQGHG
SURIHVVLRQXSRQ
7KHDWUH
6HW
JUDGXDWLRQ"
'HVLJQ

7KHLQWHUDFWLRQ
PRGHOLVLQWXLWLYH,
DFNQRZOHGJHWKH
LPSRUWDQFHRIFRORU
LQWHUDFWLRQDQG
ZRUNLQJZLWKFRORU
RQVFUHHQ
HYHU\WKLQJ,GR
ZLWKFRORULQRQ
VFUHHQDQG,RIWHQ
 VWUXJJOHZLWKLW

,DOZD\VSUHIHU
LQWHUDFWLYHOHDUQLQJ
WRUHDGLQJOHFWXUH
VOLGHVKRZVHWF,
ZLOOJLYHPRUHRI
P\DWWHQWLRQWR
VRPHWKLQJWKDW
HQJDJHVERWKP\
KDQGVDQGP\
 PLQG

,DPHDVLO\DEOHWR
QDYLJDWHEHWZHHQ
WKHYDULRXVZD\V
RIPDQLSXODWLQJ
FRORUDQGJHW
LPPHGLDWHUHVXOWV
LQVWHDGRIGLJJLQJ
WKURXJKUDQGRP
SLHFHVRIFRORUDLG
7KLVLVDOVRD
FKHDSHURSWLRQ,
+RZPDQ\RI
ORYHWKHKLVWRU\LW
+RZPDQ\KRXUVD WKRVHKRXUVZLOO ZRXOGFRPHLQ
&RQVLGHULQJKRZ
GD\ZLOO\RXEH
UHO\RQDFFXUDWH KDQG\ZKHQ
\RXOLNHWROHDUQ
ZRUNLQJ
FRORUFRQWUDVWDQG H[SODLQLQJKRZ,
ZKDWDUHWKH
SURIHVVLRQDOO\RQ FRORULQWHUDFWLRQRQ GHULYHGWKHILQDO
VWUHQJWKVRIWKLV
WKHFRPSXWHU" 
VFUHHQ"
DSSOLFDWLRQ"
 FRORUV
$IWHUUHIOHFWLQJWKH
XVHRIWKLV
DSSOLFDWLRQZKLFK
SDUWLFXODUDUHDZDV
7KHVXEWOHKLGGHQ
PRVWPHPRUDEOH"
FRORUZKHHO

,WLVDOZD\VJRRGWR
KDYHVRPHNLQGRI
WDFWLOHIHHGEDFN
EXWWKHLPPHGLDWH
YLVXDOIHHGEDFN,
UHFHLYHLQWKLV
DSSOLFDWLRQKHOSHG
PHXQGHUVWDQG
7KHVXEWOHKLGGHQ
 LPPHGLDWHO\
FRORUZKHHO

%HLQJDEOHWRGUDJ
WKHZKHHOXSDQG
GRZQZKHQ
DGMXVWLQJWKHWLQWV
VKDGHVDQGWRQDO
YDOXHVRIWKHFRORU
PDGHVHQVH
+RZHYHUZKHQ
DGMXVWLQJWKHKXH,
ZRXOGVKRZD
EHKLQGWKHVFHQHV
WUDQVLWLRQRIZKDW
 LVKDSSHQLQJ
+LVWRJUDP

:KHQ\RXGUDJWKH
ODUJHUSLHFH\RX
VHHWKHFRORU
FKDQJHULJKWDZD\
,WLVYHU\FOHDU
ZKDWLVKDSSHQLQJ
+RZGLGWKH
WRWKHFRORUDQG
LQWHUDFWLRQV
ZK\GXHWRWKH
:HUHWKH
IDFLOLWDWH\RXU
H[SDQGHGSDQHORQ
LQVWUXFWLRQVHDV\ WKHULJKWVLGHRIWKH
XQGHUVWDQGLQJRI
WRIROORZ"
WKHLQIRUPDWLRQ"
 VFUHHQ

:KLOHLWLVQ WD
SURPLQHQWIHDWXUH
,ZRXOGKDYHIXQ
H[SORULQJLWWRVHH
HYHU\WKLQJLWLV
FDSDEOHRIGRLQJ

,QVWHDGRIVHHLQJD
JLDQWFRORUZKHHO,
VHHZKDW,DP
IRFXVLQJRQDQG
FDQHDVLO\HYDOXDWH
WKHFRQWUDVWRIWKH
FRORUVRQVFUHHQ
:K\ZDVWKLV
ZLWKRXWGLVWUDFWLRQ
IXQFWLRQRUDUHD
7RRPDQ\FRORUV
WKHPRVW
RQVFUHHQPDNH
PHPRUDEOH"
PHFRQIXVHG
7KHIRUPXOD,XVHG
WRFUHDWHDFRORU
ZRXOGEHWKH
VWURQJHVWZD\IRU
PHWROHDUQZLWKLQ
WKLVDSSOLFDWLRQ
(VSHFLDOO\VLQFH
WKHUHDUHKRXU
GLIIHUHQWZD\VWR
PDQLSXODWHWKH
FRORUV KXH
VDWXUDWLRQWR
QHXWUDOVDWXUDWLRQ
WRFRPSOHPHQW
DQGYDOXH 6DYLQJ
WKHFRORUVLVQRWD
IXQFWLRQ,VHH
P\VHOIXVLQJ

7KHKLGGHQFRORU
ZKHHOZDVJUHDW,
KDWHWU\LQJWRXVH
:KDWIXQFWLRQ
DQDSSOLFDWLRQZLWK
UHVRQDWHGPRVW
WRQVRIYLVXDO
ZLWK\RX":K\"
FOXWWHU
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(YHU\WKLQJ,GRLV
GLJLWDOQRZ,GRQ W
HYHQWDNHQRWHV
ZLWKSHQFLODQG
SDSHUDQ\PRUH,
DPZRUNLQJRQD
QLJKWYLVLRQSURMHFW
WKDWZRXOGEHQHILW
IURPPHKDYLQJ
 WDNHQWKLVFRXUVH
8VLQJ&RORUBDLG
ZDVWRRWLPH
FRQVXPLQJ7KDW
EHLQJVDLG,GLG
HQMR\XVLQJP\
KDQGVDQGJHWWLQJ
DOLWWOHPHVV\
FRPSOHWLQJWKH
DVVLJQPHQWVZLWK
SK\VLFDOPDWHULDOV
+RZHYHU,QHYHU
OHDUQHGDERXW
 FRORURQVFUHHQ
















,ZRXOGOLNHWRKDYH
DQLQGLFDWRU
VRPHZKHUHRQ
VFUHHQDWDOOWLPHV
OLNHZKLFKDUHRI
WKHDSSOLFDWLRQ,
DPLQWHUDFWLQJ
ZLWKVR,NQRZ
ZKDW,DPGRLQJ
 DQGZK\

,QWKHEHJLQQLQJ,
ZDVWU\LQJWRRKDUG
WROHDUQKRZWKH
DSSOLFDWLRQZRUNHG
WRIRFXVRQZKDW
ZDVKDSSHQLQJWR
WKHFRORUV:KLOH,
DSSUHFLDWH\RX
RIIHULQJVRPDQ\
IXQFWLRQVLWPDGH
LWKDUGIRUPHWR
 NHHSXS

,WLVHDVLHUWRVHH
HYHU\WKLQJRQRQH
VFUHHQ
$GGLWLRQDOO\DOORI
WKHFRORUV,ZDQWWR
XVHDUH
UHSUHVHQWHGKHUH
WKH&RORU$LG
DOZD\VVHHPHGWR
EHODFNLQJWKH
FRORULZDQWHGWR
XVHE\VRPH
,QFRQVLGHULQJKRZ
,QFRQVLGHULQJKRZ ,QFRQVLGHULQJKRZ ,QFRQVLGHULQJKRZ
GHJUHHRIKXH
,QFRQVLGHULQJKRZ
\RXEHVWOHDUQ
\RXEHVWOHDUQ
\RXEHVWOHDUQ
7KHKLGGHQFRORU
VDWXUDWLRQRUYDOXH \RXEHVWOHDUQ
+RZGRHVWKH
KRZZRXOG\RX
\RXEHVWOHDUQ
KRZZRXOG\RX
KRZZRXOG\RX
KRZZRXOG\RX
&RQVLGHULQJKRZ
ZKHHOZDVJUHDW,
DQG,IHOW,ZDVQ W
H[SHULHQFH
UDWHWKHVHIHDWXUHV
KRZZRXOG\RX
UDWHWKHVHIHDWXUHV UDWHWKHVHIHDWXUHV UDWHWKHVHIHDWXUHV \RXOLNHWROHDUQ
KDWHWU\LQJWRXVH
DEOHWRFRPSOHWH
:KDWIXQFWLRQ
FRPSDUHWRZKHQ WKHDVVLJQPHQWV
:K\GR\RXSUHIHU LQRUGHURISULRULW\" UDWHWKHVHIHDWXUHV LQRUGHURISULRULW\" LQRUGHURISULRULW\" LQRUGHURISULRULW\"
ZKDWDUHWKH
DQDSSOLFDWLRQZLWK
UHVRQDWHGPRVW \RXGLGWKLVDFWLYLW\ ZLWK
GRLQJWKHDFWLYLW\
>5*%YV&0<. LQRUGHURISULRULW\"
>6DYHG&RORU
>9DULRXVZD\VWR
>+LGGHQ&RORU
ZHDNQHVVHVWKLV
WRQVRIYLVXDO
1RQH,FDQVHH
ZLWK\RX":K\"
LQ&RORU"  DFFXUDF\
WKDWZD\"
FRORUVSDFH@ 
>+LVWRJUDP@  6HOHFWLRQ3DOHWWH@
DOWHUFRORU@ 
:KHHO@
DSSOLFDWLRQ"
FOXWWHU
 ULJKWDZD\
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7KHPDSSLQJ
VHHPHGRII
HVSHFLDOO\RQFH
\RXURWDWHGWKH
FRORUZKHHOWKDW
VKRXOGGHILQLWHO\
EHVWDWLRQDU\

,ZRXOGOLNHWRKDYH
DQLQGLFDWRU
VRPHZKHUHRQ
VFUHHQDWDOOWLPHV
OLNHZKLFKDUHRI
WKHDSSOLFDWLRQ,
DPLQWHUDFWLQJ
ZLWKVR,NQRZ
ZKDW,DPGRLQJ
,QGLFDWRURUHDV\WR
DQGZK\
KLGHWRROWLSV

,QWKHEHJLQQLQJ,
ZDVWU\LQJWRRKDUG
WROHDUQKRZWKH
DSSOLFDWLRQZRUNHG
WRIRFXVRQZKDW
ZDVKDSSHQLQJWR
WKHFRORUV:KLOH,
DSSUHFLDWH\RX
RIIHULQJVRPDQ\
IXQFWLRQVLWPDGH
LWKDUGIRUPHWR
NHHSXS

&RQVLGHULQJKRZ
\RXOLNHWROHDUQ
ZKDWDUHWKH
ZHDNQHVVHVWKLV
1RQH,FDQVHH
DSSOLFDWLRQ"
ULJKWDZD\

7KLVLVDYHU\
LQWHUHVWLQJZD\WR
DSSURDFKDGGLWLYH
FRORUVRUKRZWKH
5*%FRORUVDUH
FUHDWHGLQWHUDFW
DQGKRZWKHFRORU
VSDFHZRUNVLQ
FRPSDULVRQWR
ZKDWZHDOONQRZ
UHG\HOORZ
RUDQJHQRWWKH
FDVHLQ5*%

H[FLWLQJWKDQD
OHFWXUHZLWKVOLGHV
,ZRXOGOLNHWR
PD\EHGRWKLV
H[HUFLVHHDUO\RQ
LQWKHFRXUVH
IDFLOLWDWLQJJRRG
LQWHUDFWLRQDPRQJ
GHVLJQVWXGHQWV
IURPYDULRXV
EDFNJURXQGV
EUHDNLQJWKHLFH
DQGEXLOGLQJWUXVW
WRJDLQSRVLWLYH
IHHGEDFN DQG
QHJDWLYH GXULQJ
FULWLTXHV
.LQHFW)HHGEDFN
WKURXJKRXWWKHUHVW
ZKDWUH\RXU
RIWKHTXDUWHU,
IHHOLQJVDERXWWKLV
ZRXOGZDQWWKLVWR
+RZPLJKW\RX EHP\ILUVW
JDPHEHLQJXVHG
WDLORUWKH
LQWKHFODVVURRPWR
H[SRVXUHWKHWKH
LQVWUXFWLRQVWR
WHDFKVWXGHQWVWKH
5*%FRORUZKHHO
IDFLOLWDWHEHWWHU HVSHFLDOO\VLQFH,
5*%FRORUZKHHO
FRPSUHKHQVLRQRI OHDUQEHVWWKURXJK
DQGDERXWDGGLWLYH
WKHFRQFHSW"
FRORUPL[LQJ"
WULDODQGHUURU
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,QWHUDFWLYH'LJLWDO
'HVLJQHU

:KDWLV\RXU
LQWHQGHG
SURIHVVLRQXSRQ
JUDGXDWLRQ"



&RQVLGHULQJKRZ
\RXOLNHWROHDUQ
ZKDWDUHWKH
VWUHQJWKVRIWKLV
DSSOLFDWLRQ"

7KHWRXFK
LQWHUDFWLRQLVWKH
VWURQJHVWDVSHFW
7KHDELOLW\WRSOD\
RQRUGHUWROHDUQ
0RYLQJWKHPDLQ
SLHFHDURXQGLV
UHDOO\FRRO
$GGLWLRQDOO\D
GLVWLQWVHSDUDWLRQ
RIWKHW\SHVRI
,WWHQ V FRQWUDVWV
ZRXOGKDYHEHHQ
PRUHHIIHFWLYHWKDQ
WULDODQGHUURUZLWK
&RORU$LGSDSHU
5HDOWLPHOHDUQLQJ
DQGWKHDELOLW\WR
UDSLGO\PDNHD
PLOOLRQRSWLRQVLV
DSSHDOLQJWRPH
(VSHFLDOO\WKH
DELOLW\WRVHHKRZ
VRPHFRORUVKDYH
DVWURQJHURU
TXLFNHUHIIHFWRQ
WKHUHODWLRQVKLSRI
WKHFRORUVRQ
VFUHHQLVHIIHFWLYH
 LQOHDUQLQJ

+RZPDQ\RI
+RZPDQ\KRXUVD WKRVHKRXUVZLOO
GD\ZLOO\RXEH
UHO\RQDFFXUDWH
ZRUNLQJ
FRORUFRQWUDVWDQG
SURIHVVLRQDOO\RQ FRORULQWHUDFWLRQRQ
WKHFRPSXWHU"
VFUHHQ"

7RXFKVFUHHQLV
DOZD\VPRUH
 HIIHFWLYHIRUPH

:HUHWKH
LQVWUXFWLRQVHDV\
WRIROORZ"

+RZGLGWKH
LQWHUDFWLRQV
IDFLOLWDWH\RXU
XQGHUVWDQGLQJRI
WKHLQIRUPDWLRQ"

0DLQPHQXRI
GLIIHUHQWFRQWUDVW
H[HUFLVHV

$IWHUUHIOHFWLQJWKH
XVHRIWKLV
DSSOLFDWLRQZKLFK
SDUWLFXODUDUHDZDV
PRVWPHPRUDEOH"

:K\ZDVWKLV
IXQFWLRQRUDUHD
WKHPRVW
PHPRUDEOH"
:KHQDGMXVWLQJ
WKHKXH,ZRXOG
UDWKHUXVHWKH
PLQLPDOSRLQW
FRORUZKHHOZLWK
WKHVXJJHVWHG
FRORUZKHHOEHKLQG
WKHVFHQHV,NQRZ
ZKDWLVEHWZHHQ
UHGDQG\HOORZ
RUDQJH 7KHKXH
JUDGLHQWVWULSRQ
WKHVLGHLVZKWZH
DOZD\VVHHLQ
JUDSKLFVRIWZDUH
DQG,IHHOOLNH,
DOZD\VKDYHWR
FOLFN DPLOOLRQ
WLPHVDQGVWLOOGRQ W
JHWWKHH[DFWKXH,
DPORRNLQJIRU,WLV
DOZD\VWRRZDUP
RUWRRFRRO
HVSHFLDOO\ZKHQ
WU\LQJWRILQGWKDW
SHUIHFWRUDQJHRU
YLROHW:LWKWKH
VXJJHVWLYHFLUFXODU
FRORUZKHHO,KDYH
DEHWWHUPHQWDO
PRGHORIH[DFWO\
ZKLFKGLUHFWLRQWR
JRLQRUGHUWRJHW
WKHWHPSHUDWXUHRI
WKHKXHH[DFWO\
SUHFLVHDFFRUGLQJ
WRZKDW,NQRZ
DERXWWKH
WUDGLWLRQDOFRORU
ZKHHO

:KDWIXQFWLRQ
UHVRQDWHGPRVW
ZLWK\RX":K\"
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:KDWIXQFWLRQ
UHVRQDWHGPRVW
ZLWK\RX":K\"

7KLVZDVVRPXFK
TXLFNHU,DPD
EXV\VWXGHQW,
ZDQWWRJHWP\
SURMHFWVGRQHDV
VRRQDVSRVVLEOH
ZKLOHGRLQJWKHP
FRUUHFWO\DQGVWLOO
OHDUQLQJ:LWKWKLV
DVVLJQPHQW
VLPXOWDQHRXV
FRQWUDVW ,IHOWOLNH
,XQGHUVWRRGWKH
FRQFHSWVEHKLQG
WKHH[HUFLVHV
EHIRUH,GLGWKH
DFWXDOSK\VLFDO
DFWLYLW\RIFUHDWLQJ
DQH[DPSOH7KH
DFWXDOFUHDWLRQRI
WKHDFWLYLW\IHOW
PXQGDQHWHGLRXV
DQGXQQHFHVVDU\,
ZDVUHDG\WRPRYH
RQWRWKHQH[WFRORU
FRQFHSWLQWKH
 FXUULFXOXP








&RQVLGHULQJKRZ
\RXOLNHWROHDUQ
ZKDWDUHWKH
ZHDNQHVVHVWKLV
DSSOLFDWLRQ"

7KHUHZDVDOLWWOH
FRQIXVLRQRQ
ZKHUHWREHJLQ
6KRXOG,MXVWVWDUW
PRYLQJWKHFLUFOH
DURXQGRULVWKHUH
DVSHFLILFHQWU\
SRLQWLQFRPSOHWLQJ
WKHH[HUFLVH
 FRUUHFWO\"

,QFRQVLGHULQJKRZ
,QFRQVLGHULQJKRZ ,QFRQVLGHULQJKRZ ,QFRQVLGHULQJKRZ
\RXEHVWOHDUQ
,QFRQVLGHULQJKRZ
\RXEHVWOHDUQ
\RXEHVWOHDUQ
\RXEHVWOHDUQ
+RZGRHVWKH
KRZZRXOG\RX
\RXEHVWOHDUQ
KRZZRXOG\RX
KRZZRXOG\RX
KRZZRXOG\RX
H[SHULHQFH
UDWHWKHVHIHDWXUHV
KRZZRXOG\RX
UDWHWKHVHIHDWXUHV UDWHWKHVHIHDWXUHV UDWHWKHVHIHDWXUHV
FRPSDUHWRZKHQ :K\GR\RXSUHIHU LQRUGHURISULRULW\" UDWHWKHVHIHDWXUHV LQRUGHURISULRULW\" LQRUGHURISULRULW\" LQRUGHURISULRULW\"
\RXGLGWKLVDFWLYLW\ GRLQJWKHDFWLYLW\
>5*%YV&0<. LQRUGHURISULRULW\"
>6DYHG&RORU
>9DULRXVZD\VWR
>+LGGHQ&RORU
LQ&RORU"
WKDWZD\"
FRORUVSDFH@
>+LVWRJUDP@
6HOHFWLRQ3DOHWWH@
DOWHUFRORU@
:KHHO@
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,ZRXOGPDNHD
GHPRQVWUDWLRQSDUW
RIWKHLQFODVV
OHFWXUH7KHQRQFH
,JHWWKHLGHD,
ZRXOGEHDQ[LRXV
WRMXPSLQDQGVWDUW
SOD\LQJHVSHFLDOO\
RQFH,UHDOL]HGLW
ZDVDQ
H[SHULPHQWDO
DSSURDFKUDWKHU
WKDQXVLQJWKH
IRUPXODRQWKH
7KHUHZDVDOLWWOH EDFNVLGHRIWKH
FRQIXVLRQRQ
&RORU$LGSLHFHV,
ZKHUHWREHJLQ
ZRXOGZDQWWR
6KRXOG,MXVWVWDUW GHULYHWKHIRUPXOD
PRYLQJWKHFLUFOH P\VHOIDOORZLQJ
DURXQGRULVWKHUH PHWROHDUQRQP\
DVSHFLILFHQWU\
RZQ,ZRXOG
SRLQWLQFRPSOHWLQJ UHPHPEHUWKDW
WKHH[HUFLVH
PRUHHDVLO\LQWKH
FRUUHFWO\"
IXWXUH

&RQVLGHULQJKRZ
\RXOLNHWROHDUQ
ZKDWDUHWKH
ZHDNQHVVHVWKLV
DSSOLFDWLRQ"

7KHFRQVWDQW
JHVWXUHLV
XQDSSHDOLQJWRPH
,ZRXOGJHWWLUHGRI
ZDYLQJP\KDQGV
DURXQGMXVWWRSDLQW
ZLWKUHGDQG
JUHHQ,VWLOOOLNH
WKDW,KDYHWKH
DELOLW\WRMXVWSOD\
,WZRXOGEH
LQWHUHVWLQJWRXVH
WKLVGHYLFHWR
GHPRQVWUDWHWKH
DFWXDOGLIIHUHQFH
EHWZHHQDGGLWLYH
DQGVXEWUDFWLYH
FRORUPL[LQJ6R
WKHFLUFOHRQRQ
VLGHLVPL[LQJWKH
FRORUDGGLWLYHO\
DQGWKHRWKHUFLUFOH
LVXVLQJWKH
VXEWUDFWLYH
DSSURDFK,DPVWLOO
FRQWUROOLQJERWK
VLGHVUDWKHUWKDQ
EHLQJGLVWUDFWHGE\
ZKDWP\RSSRQHQW
LVGRLQJ

.LQHFW)HHGEDFN
ZKDWUH\RXU
IHHOLQJVDERXWWKLV
+RZPLJKW\RX
JDPHEHLQJXVHG
WDLORUWKH
LQWKHFODVVURRPWR
LQVWUXFWLRQVWR
WHDFKVWXGHQWVWKH
IDFLOLWDWHEHWWHU
5*%FRORUZKHHO
FRPSUHKHQVLRQRI DQGDERXWDGGLWLYH
WKHFRQFHSW"
FRORUPL[LQJ"
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:KDWLV\RXU
LQWHQGHG
SURIHVVLRQXSRQ
JUDGXDWLRQ"
,QWHUDFWLYH'LJLWDO
'HVLJQHU

VWURQJHVWDVSHFW
7KHDELOLW\WRSOD\
RQRUGHUWROHDUQ
0RYLQJWKHPDLQ
SLHFHDURXQGLV
UHDOO\FRRO
$GGLWLRQDOO\D
GLVWLQWVHSDUDWLRQ
RIWKHW\SHVRI
,WWHQ V FRQWUDVWV
ZRXOGKDYHEHHQ
PRUHHIIHFWLYHWKDQ
WULDODQGHUURUZLWK
&RORU$LGSDSHU
5HDOWLPHOHDUQLQJ
DQGWKHDELOLW\WR
UDSLGO\PDNHD
PLOOLRQRSWLRQVLV
DSSHDOLQJWRPH
(VSHFLDOO\WKH
+RZPDQ\RI
DELOLW\WRVHHKRZ
+RZPDQ\KRXUVD WKRVHKRXUVZLOO VRPHFRORUVKDYH
&RQVLGHULQJKRZ
GD\ZLOO\RXEH
UHO\RQDFFXUDWH DVWURQJHURU
\RXOLNHWROHDUQ
ZRUNLQJ
FRORUFRQWUDVWDQG TXLFNHUHIIHFWRQ
ZKDWDUHWKH
SURIHVVLRQDOO\RQ FRORULQWHUDFWLRQRQ WKHUHODWLRQVKLSRI
VWUHQJWKVRIWKLV
WKHFRPSXWHU"
VFUHHQ"
DSSOLFDWLRQ"
WKHFRORUVRQ
VFUHHQLVHIIHFWLYH

 LQOHDUQLQJ
+RZGLGWKH
$IWHUUHIOHFWLQJWKH
LQWHUDFWLRQV
XVHRIWKLV
:HUHWKH
IDFLOLWDWH\RXU
DSSOLFDWLRQZKLFK
LQVWUXFWLRQVHDV\
XQGHUVWDQGLQJRI SDUWLFXODUDUHDZDV
WRIROORZ"
WKHLQIRUPDWLRQ" 0DLQPHQXRI
PRVWPHPRUDEOH"
7RXFKVFUHHQLV
DOZD\VPRUH
GLIIHUHQWFRQWUDVW
 HIIHFWLYHIRUPH
H[HUFLVHV

WKHVLGHLVZKWZH
DOZD\VVHHLQ
JUDSKLFVRIWZDUH
DQG,IHHOOLNH,
DOZD\VKDYHWR
FOLFN DPLOOLRQ
WLPHVDQGVWLOOGRQ W
JHWWKHH[DFWKXH,
DPORRNLQJIRU,WLV
DOZD\VWRRZDUP
RUWRRFRRO
HVSHFLDOO\ZKHQ
WU\LQJWRILQGWKDW
SHUIHFWRUDQJHRU
YLROHW:LWKWKH
VXJJHVWLYHFLUFXODU
FRORUZKHHO,KDYH
DEHWWHUPHQWDO
PRGHORIH[DFWO\
ZKLFKGLUHFWLRQWR
JRLQRUGHUWRJHW
WKHWHPSHUDWXUHRI
:K\ZDVWKLV
WKHKXHH[DFWO\
IXQFWLRQRUDUHD
SUHFLVHDFFRUGLQJ
WKHPRVW
WRZKDW,NQRZ
PHPRUDEOH"
DERXWWKH
WUDGLWLRQDOFRORU
ZKHHO
:KDWIXQFWLRQ
UHVRQDWHGPRVW
ZLWK\RX":K\"
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:KDWIXQFWLRQ
UHVRQDWHGPRVW
ZLWK\RX":K\"

7KLVZDVVRPXFK
TXLFNHU,DPD
EXV\VWXGHQW,
ZDQWWRJHWP\
SURMHFWVGRQHDV
VRRQDVSRVVLEOH
ZKLOHGRLQJWKHP
FRUUHFWO\DQGVWLOO
OHDUQLQJ:LWKWKLV
DVVLJQPHQW
VLPXOWDQHRXV
FRQWUDVW ,IHOWOLNH
,XQGHUVWRRGWKH
FRQFHSWVEHKLQG
WKHH[HUFLVHV
EHIRUH,GLGWKH
DFWXDOSK\VLFDO
DFWLYLW\RIFUHDWLQJ
7KHUHZDVDOLWWOH
,QFRQVLGHULQJKRZ
,QFRQVLGHULQJKRZ ,QFRQVLGHULQJKRZ ,QFRQVLGHULQJKRZ FRQIXVLRQRQ
DQH[DPSOH7KH
\RXEHVWOHDUQ
,QFRQVLGHULQJKRZ
\RXEHVWOHDUQ
\RXEHVWOHDUQ
\RXEHVWOHDUQ ZKHUHWREHJLQ
DFWXDOFUHDWLRQRI
+RZGRHVWKH
KRZZRXOG\RX
\RXEHVWOHDUQ
KRZZRXOG\RX
KRZZRXOG\RX
KRZZRXOG\RX 6KRXOG,MXVWVWDUW
&RQVLGHULQJKRZ
WKHDFWLYLW\IHOW
H[SHULHQFH
KRZZRXOG\RX
UDWHWKHVHIHDWXUHV UDWHWKHVHIHDWXUHV UDWHWKHVHIHDWXUHV PRYLQJWKHFLUFOH
\RXOLNHWROHDUQ
PXQGDQHWHGLRXV UDWHWKHVHIHDWXUHV
FRPSDUHWRZKHQ DQGXQQHFHVVDU\,
:K\GR\RXSUHIHU LQRUGHURISULRULW\" UDWHWKHVHIHDWXUHV LQRUGHURISULRULW\" LQRUGHURISULRULW\" LQRUGHURISULRULW\" DURXQGRULVWKHUH
ZKDWDUHWKH
\RXGLGWKLVDFWLYLW\ ZDVUHDG\WRPRYH
GRLQJWKHDFWLYLW\
>5*%YV&0<. LQRUGHURISULRULW\"
>6DYHG&RORU
>9DULRXVZD\VWR
>+LGGHQ&RORU
ZHDNQHVVHVWKLV
DVSHFLILFHQWU\
LQ&RORU"
WKDWZD\"
FRORUVSDFH@
>+LVWRJUDP@
6HOHFWLRQ3DOHWWH@
DOWHUFRORU@
:KHHO@
DSSOLFDWLRQ"
RQWRWKHQH[WFRORU
SRLQWLQFRPSOHWLQJ
FRQFHSWLQWKH
WKHH[HUFLVH
 FXUULFXOXP




 FRUUHFWO\"
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,ZRXOGPDNHD
GHPRQVWUDWLRQSDUW
RIWKHLQFODVV
OHFWXUH7KHQRQFH
,JHWWKHLGHD,
ZRXOGEHDQ[LRXV
WRMXPSLQDQGVWDUW
SOD\LQJHVSHFLDOO\
RQFH,UHDOL]HGLW
ZDVDQ
H[SHULPHQWDO
DSSURDFKUDWKHU
WKDQXVLQJWKH
IRUPXODRQWKH
7KHUHZDVDOLWWOH EDFNVLGHRIWKH
FRQIXVLRQRQ
&RORU$LGSLHFHV,
+RZPLJKW\RX
ZKHUHWREHJLQ
ZRXOGZDQWWR
&RQVLGHULQJKRZ GHULYHWKHIRUPXOD
WDLORUWKH
6KRXOG,MXVWVWDUW
\RXOLNHWROHDUQ P\VHOIDOORZLQJ
LQVWUXFWLRQVWR
PRYLQJWKHFLUFOH
ZKDWDUHWKH
IDFLOLWDWHEHWWHU
DURXQGRULVWKHUH
PHWROHDUQRQP\
ZHDNQHVVHVWKLV RZQ,ZRXOG
FRPSUHKHQVLRQRI
DVSHFLILFHQWU\
DSSOLFDWLRQ"
WKHFRQFHSW"
SRLQWLQFRPSOHWLQJ
UHPHPEHUWKDW
WKHH[HUFLVH
PRUHHDVLO\LQWKH
FRUUHFWO\"
IXWXUH

XQDSSHDOLQJWRPH
,ZRXOGJHWWLUHGRI
ZDYLQJP\KDQGV
DURXQGMXVWWRSDLQW
ZLWKUHGDQG
JUHHQ,VWLOOOLNH
WKDW,KDYHWKH
DELOLW\WRMXVWSOD\
,WZRXOGEH
LQWHUHVWLQJWRXVH
WKLVGHYLFHWR
GHPRQVWUDWHWKH
DFWXDOGLIIHUHQFH
EHWZHHQDGGLWLYH
DQGVXEWUDFWLYH
FRORUPL[LQJ6R
WKHFLUFOHRQRQ
.LQHFW)HHGEDFN
VLGHLVPL[LQJWKH
ZKDWUH\RXU
FRORUDGGLWLYHO\
IHHOLQJVDERXWWKLV
DQGWKHRWKHUFLUFOH
JDPHEHLQJXVHG
LVXVLQJWKH
LQWKHFODVVURRPWR
VXEWUDFWLYH
WHDFKVWXGHQWVWKH
DSSURDFK,DPVWLOO
5*%FRORUZKHHO
FRQWUROOLQJERWK
DQGDERXWDGGLWLYH
VLGHVUDWKHUWKDQ
FRORUPL[LQJ"
EHLQJGLVWUDFWHGE\
ZKDWP\RSSRQHQW
LVGRLQJ
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,GHQWLW\ %UDQG
'HVLJQHU

:KDWLV\RXU
LQWHQGHG
SURIHVVLRQXSRQ
JUDGXDWLRQ"



&RQVLGHULQJKRZ
\RXOLNHWROHDUQ
ZKDWDUHWKH
VWUHQJWKVRIWKLV
DSSOLFDWLRQ"

7KHFRORUZKHHO
VHWXSLVVXEWHQRW
WRRGLVWUDFWLQJIRUP
ZKDW,DP
VXSSRVHGWREH
 FRQFHQWUDWLQJRQ

+RZPDQ\RI
+RZPDQ\KRXUVD WKRVHKRXUVZLOO
GD\ZLOO\RXEH
UHO\RQDFFXUDWH
ZRUNLQJ
FRORUFRQWUDVWDQG
SURIHVVLRQDOO\RQ FRORULQWHUDFWLRQRQ
WKHFRPSXWHU"
VFUHHQ"
$IWHUUHIOHFWLQJWKH
XVHRIWKLV
DSSOLFDWLRQZKLFK
SDUWLFXODUDUHDZDV
PRVWPHPRUDEOH"

%HLQJDEOHWR
VHOHFWDKXHDQG
DFWXDOO\PRYHLW
DURXQGDQGVHH
WKHFKDQJHV
LPPHGLDWHO\ZRXOG
EHJUHDWDV
RSSRVHGWRPL[LQJ
SDLQWRUVRUWLQJ
WKURXJKDEXQFKRI
FRORUHGSLHFHVRI
&RORU$LGWKDWVWLOO
DUHQ WWKHDFWXDO
FRORUV,ZDQWWREH 7KHVXEWOHKLGGHQ
 XVLQJ
FRORUZKHHO

:HUHWKH
LQVWUXFWLRQVHDV\
WRIROORZ"

+RZGLGWKH
LQWHUDFWLRQV
IDFLOLWDWH\RXU
XQGHUVWDQGLQJRI
WKHLQIRUPDWLRQ"

7KHSODFHPHQWRI
WKLVDVSHFWRIWKH
DSSOLFDWLRQHDVLO\
OHQGVLWVHOIDV
EHLQJWKHPRVW
LPSRUWDQWWKLQJ,
IRFXVRQ1RWRQO\
FDQ,VHHWKH
FRORUVRIWKHHQG
SRLQWVRIWKH
SRLQWFRORUZKHHO
EXW,NQRZZKDWLV
LQEHWZHHQWKHP
:KHQ,VHHWKH
FRORUDFWXDOO\VKLIW
RQVFUHHQLW
UHLQIRUFHVWKDW
FRQFHSWLQP\
KHDG

:K\ZDVWKLV
IXQFWLRQRUDUHD
WKHPRVW
PHPRUDEOH"

:KDWIXQFWLRQ
UHVRQDWHGPRVW
ZLWK\RX":K\"
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:KDWIXQFWLRQ
UHVRQDWHGPRVW
ZLWK\RX":K\"

&RORU$LGZDVD
SDLQLQWKHDVV0\
FUDIWKDVDOZD\V
EHHQP\ZHDNHVW
WUDLWDVDGHVLJQHU
DQGZLWKRXWWKH
SRRUFUDIWP\
SURMHFWVZRXOG
KDYHEHHQ
VWURQJHUDQGP\
JUDGHZRXOGKDYH
EHHQKLJKHU,DOVR
UDQRXWRISUHWW\
FRORUVTXLFNO\DQG
,ZDVOHIWZLWKVR
PXFKZDVWHG
SDSHUDWWKHHQGRI
WKHFRXUVHWKDWFDQ
QRWEHUHF\FOHG
7KLVDSSOLFDWLRQ
HOLPLQDWHVDOORI
 WKHVHFRQFHUQV








&RQVLGHULQJKRZ
\RXOLNHWROHDUQ
ZKDWDUHWKH
ZHDNQHVVHVWKLV
DSSOLFDWLRQ"

7KHUHZHUH
VHYHUDOWKLQJVWR
PHPRUL]H,DP
QRWVXUH,
XQGHUVWRRGWKH
FRQFHSWRI
VLPXOWDQHRXV
FRQWUDVWEHIRUHZH
EHJDQWKH
H[HUFLVHV,ZRXOG
QHHGPRUH
LQVWUXFWLRQRQKRZ
WRXVHWKH
DSSOLFDWLRQ
HVSHFLDOO\ODEHOV
 IRUHDFKWDE

,QFRQVLGHULQJKRZ
,QFRQVLGHULQJKRZ ,QFRQVLGHULQJKRZ ,QFRQVLGHULQJKRZ
\RXEHVWOHDUQ
,QFRQVLGHULQJKRZ
\RXEHVWOHDUQ
\RXEHVWOHDUQ
\RXEHVWOHDUQ
+RZGRHVWKH
KRZZRXOG\RX
\RXEHVWOHDUQ
KRZZRXOG\RX
KRZZRXOG\RX
KRZZRXOG\RX
H[SHULHQFH
UDWHWKHVHIHDWXUHV
KRZZRXOG\RX
UDWHWKHVHIHDWXUHV UDWHWKHVHIHDWXUHV UDWHWKHVHIHDWXUHV
FRPSDUHWRZKHQ :K\GR\RXSUHIHU LQRUGHURISULRULW\" UDWHWKHVHIHDWXUHV LQRUGHURISULRULW\" LQRUGHURISULRULW\" LQRUGHURISULRULW\"
\RXGLGWKLVDFWLYLW\ GRLQJWKHDFWLYLW\
>5*%YV&0<. LQRUGHURISULRULW\"
>6DYHG&RORU
>9DULRXVZD\VWR
>+LGGHQ&RORU
LQ&RORU"
WKDWZD\"
FRORUVSDFH@
>+LVWRJUDP@
6HOHFWLRQ3DOHWWH@
DOWHUFRORU@
:KHHO@
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.LQHFW)HHGEDFN
ZKDWUH\RXU
IHHOLQJVDERXWWKLV
+RZPLJKW\RX
JDPHEHLQJXVHG
&RQVLGHULQJKRZ
WDLORUWKH
LQWKHFODVVURRPWR
\RXOLNHWROHDUQ
LQVWUXFWLRQVWR
WHDFKVWXGHQWVWKH
ZKDWDUHWKH
IDFLOLWDWHEHWWHU
5*%FRORUZKHHO
ZHDNQHVVHVWKLV FRPSUHKHQVLRQRI DQGDERXWDGGLWLYH
DSSOLFDWLRQ"
WKHFRQFHSW"
FRORUPL[LQJ"
,ZRXOGLQFRUSRUDWH
QRWMXVWWKHDFWXDO
JHVWXUHLQRUGHUWR
DSSO\SDLQWEXW
WKHIRUFHZLWK
ZKLFK\RXPDNH
WKHJHVWXUHFRXOG
DOVRDIIHFWWKH
DPRXQWRISDLQW,
DPDSSO\LQJ6RLI,
ZDQWHGWRFUHDWH
RQHRIWKHWHUWLDU\
FRORUV,FRXOGXVH
OHVVIRUFHWRFUHDWH
DFRUUHFWEOHQG
$GGLWLRQDOO\EHLQJ
DEOHWROHDUQWKH
FRORUZKHHOLQDQ
LQWHUDFWLYHVHWWLQJ
DQGZK\LWZRUNV
WKLVZD\LQVWHDGRI
WKHQRUPDO5<%
7KHUHZHUH
,WWHQZKHHOPDNHV
VHYHUDOWKLQJVWR
PRUHVHQVH,W
PHPRUL]H,DP
ZRXOGVWDQGRXWLQ
QRWVXUH,
P\PLQG
XQGHUVWRRGWKH
3UHVHQWLQJWKH
FRQFHSWRI
PDWHULDOWRPHDQG
VLPXOWDQHRXV
EHLQJWROGWRMXVW
FRQWUDVWEHIRUHZH
DFFHSWLWGRHVQ W
EHJDQWKH
UHVRQDWHDV
H[HUFLVHV,ZRXOG
PHPRUDEOH
QHHGPRUH
,ZDQWWRVHH
OHDUQLQJFRQWHQW,
LQVWUXFWLRQRQKRZ ODEHOVDWDOOWLPHV QHHGWRNQRZZK\
WRXVHWKH
,WZRXOGVWLOOWDNH
DQGKRZ
DSSOLFDWLRQ
PHDIHZUXQV
HVSHFLDOO\ZKHQ
HVSHFLDOO\ODEHOV
EHIRUH,JRWWKH
OHDUQLQJDERXW
IRUHDFKWDE
LGHD
DQ\WKLQJYLVXDO
FRORU 
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0RELOH,QWHUIDFH
'HVLJQHU

:KDWLV\RXU
LQWHQGHG
SURIHVVLRQXSRQ
JUDGXDWLRQ"
,GHQWLW\
%UDQG
'HVLJQHU



&KRRVLQJFRORU
LVQ WP\VWURQJHVW
VXLWDVDGHVLJQHU
,XVXDOO\QHHGWR
UHO\RQZHEVLWHV
OLNH$GREH.XOHUWR
FUHDWHP\FRORU
SDOHWWHRU,ZLOO
UDQGRPO\FKRRVH
FRORUVWKDWGRQ W
FUHDWHDSOHDVLQJ
HIIHFW,ZRXOGXVH
VRPHWKLQJOLNHWKLV
LQP\FUHDWLRQ
SURFHVV7KLVLV
DOVRDEHWWHUZD\LI
LQWURGXFLQJWKH
$GREH&UHDWLYH
6XLWHWRROVWRDOWHU
 FRORU

+RZPDQ\RI
+RZPDQ\KRXUVD WKRVHKRXUVZLOO 7KHFRORUZKHHO
&RQVLGHULQJKRZ
GD\ZLOO\RXEH
UHO\RQDFFXUDWH VHWXSLVVXEWHQRW
\RXOLNHWROHDUQ
ZRUNLQJ
FRORUFRQWUDVWDQG WRRGLVWUDFWLQJIRUP
ZKDWDUHWKH
SURIHVVLRQDOO\RQ FRORULQWHUDFWLRQRQ ZKDW,DP
VWUHQJWKVRIWKLV
WKHFRPSXWHU"
VFUHHQ"
DSSOLFDWLRQ"
VXSSRVHGWREH

 FRQFHQWUDWLQJRQ

,FDQVHHLQUHDO
WLPHKRZIDUWRJR
XSRUGRZQLQ
RUGHUWRDOWHUWKH
FRORURQVFUHHQ

$IWHUUHIOHFWLQJWKH
XVHRIWKLV
DSSOLFDWLRQZKLFK
SDUWLFXODUDUHDZDV
PRVWPHPRUDEOH"
7KHVXEWOHKLGGHQ
FRORUZKHHO

,WZDVPRUHD
YLVXDOIHHGEDFN
WKDQWKHSK\VLFDO
LQWHUDFWLRQ%HLQJ
DEOHWRVHHZKDW,
ZDVGRLQJDQG
KDYLQJLWKDSSHQ
DV,GRLW$V,
PRYHWKHODUJHU
FLUFOHWRZDUGVWKH
WRSLWJHWVOLJKWHU
DQGWKDWPDNHV
VHQVH:KHQ,
PRYHLWWRZDUGV
WKHEOXHFLUFOHLW
$''6EOXH
GRHVQ WMXVWMXPS
WREHLQJDEOXH
FLUFOHVR,FDQVHH
WKHFRORUPL[LQJLQ
DGGLWLRQWRWKHVKLIW
LQRQVFUHHQFRORU
LQWHUDFWLRQZLWKWKH
HOHPHQWVDURXQG
7ZRZD\VWR
 WKHEOXHSRUWLRQ
GHVDWXUDWHDFRORU

%HLQJDEOHWR
VHOHFWDKXHDQG
DFWXDOO\PRYHLW
DURXQGDQGVHH
WKHFKDQJHV
LPPHGLDWHO\ZRXOG
EHJUHDWDV
RSSRVHGWRPL[LQJ
SDLQWRUVRUWLQJ
+RZGLGWKH
WKURXJKDEXQFKRI
LQWHUDFWLRQV
FRORUHGSLHFHVRI
:HUHWKH
IDFLOLWDWH\RXU
&RORU$LGWKDWVWLOO
LQVWUXFWLRQVHDV\ DUHQ
XQGHUVWDQGLQJRI
WWKHDFWXDO
WRIROORZ"
WKHLQIRUPDWLRQ"
FRORUV,ZDQWWREH
 XVLQJ

7KHSODFHPHQWRI
WKLVDVSHFWRIWKH
DSSOLFDWLRQHDVLO\
OHQGVLWVHOIDV
EHLQJWKHPRVW
LPSRUWDQWWKLQJ,
IRFXVRQ1RWRQO\
FDQ,VHHWKH
FRORUVRIWKHHQG
SRLQWVRIWKH
SRLQWFRORUZKHHO
EXW,NQRZZKDWLV
LQEHWZHHQWKHP
:KHQ,VHHWKH
:K\ZDVWKLV
FRORUDFWXDOO\VKLIW
IXQFWLRQRUDUHD
RQVFUHHQLW
WKHPRVW
UHLQIRUFHVWKDW
PHPRUDEOH"
FRQFHSWLQP\
KHDG

:KDWIXQFWLRQ
UHVRQDWHGPRVW
ZLWK\RX":K\"
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:KDWIXQFWLRQ
UHVRQDWHGPRVW
ZLWK\RX":K\"

&RORU$LGZDVD
SDLQLQWKHDVV0\
FUDIWKDVDOZD\V
EHHQP\ZHDNHVW
WUDLWDVDGHVLJQHU
DQGZLWKRXWWKH
SRRUFUDIWP\
7KHUHZHUH
SURMHFWVZRXOG
VHYHUDOWKLQJVWR
KDYHEHHQ
PHPRUL]H,DP
VWURQJHUDQGP\
QRWVXUH,
JUDGHZRXOGKDYH
XQGHUVWRRGWKH
EHHQKLJKHU,DOVR
FRQFHSWRI
UDQRXWRISUHWW\
VLPXOWDQHRXV
FRORUVTXLFNO\DQG
FRQWUDVWEHIRUHZH
,QFRQVLGHULQJKRZ
,QFRQVLGHULQJKRZ
,QFRQVLGHULQJKRZ
,QFRQVLGHULQJKRZ
,ZDVOHIWZLWKVR
EHJDQWKH
\RXEHVWOHDUQ
,QFRQVLGHULQJKRZ
\RXEHVWOHDUQ
\RXEHVWOHDUQ
\RXEHVWOHDUQ H[HUFLVHV,ZRXOG
PXFKZDVWHG
+RZGRHVWKH
KRZZRXOG\RX
\RXEHVWOHDUQ
KRZZRXOG\RX
KRZZRXOG\RX
KRZZRXOG\RX QHHGPRUH
&RQVLGHULQJKRZ
SDSHUDWWKHHQGRI
H[SHULHQFH
KRZZRXOG\RX
UDWHWKHVHIHDWXUHV UDWHWKHVHIHDWXUHV UDWHWKHVHIHDWXUHV LQVWUXFWLRQRQKRZ
\RXOLNHWROHDUQ
WKHFRXUVHWKDWFDQ UDWHWKHVHIHDWXUHV
FRPSDUHWRZKHQ QRWEHUHF\FOHG
:K\GR\RXSUHIHU LQRUGHURISULRULW\" UDWHWKHVHIHDWXUHV LQRUGHURISULRULW\" LQRUGHURISULRULW\" LQRUGHURISULRULW\" WRXVHWKH
ZKDWDUHWKH
\RXGLGWKLVDFWLYLW\ 7KLVDSSOLFDWLRQ
GRLQJWKHDFWLYLW\
>5*%YV&0<. LQRUGHURISULRULW\"
>6DYHG&RORU
>9DULRXVZD\VWR
>+LGGHQ&RORU
ZHDNQHVVHVWKLV
DSSOLFDWLRQ
LQ&RORU"
WKDWZD\"
FRORUVSDFH@
>+LVWRJUDP@
6HOHFWLRQ3DOHWWH@
DOWHUFRORU@
:KHHO@
DSSOLFDWLRQ"
HOLPLQDWHVDOORI
HVSHFLDOO\ODEHOV
 WKHVHFRQFHUQV




 IRUHDFKWDE
,ZRXOGOLNHWRXVH
WKLVDSSOLFDWLRQWR
H[SORUHRWKHU
,DPWRUQRQWKLV
DVSHFWVRIFRORU
TXHVWLRQ,OLNH
WKDQMXVWFRQWUDVW
WKHPERWK
HVSHFLDOO\WKH
+RZHYHUWKLVLV
WHPSHUDWXUHRID
IUHHDQG&RORU$LG
FRORU0D\EH,
ZDVH[SHQVLYHIRU
FDQ WWHOOWKH
DILUVW\HDUFROOHJH
GLIIHUHQFHEHWZHHQ
VWXGHQWRQKLV
ZDUPDQGFRRO
RZQ,GLGQ WOLNH
VKDGHVEXWVHHLQJ
JHWWLQJJOXHDOO
WKHPRQVFUHHQ
RYHUP\KDQGV
QH[WWRHDFKRWKHU
SOXVLWVPHOOHG0\
ZRXOGKHOSPHLQ
RQO\KHVLWDWLRQLV
P\IXWXUHGHVLJQ
WKDW,OLNHGKDYLQJ
ZRUN/LNHDZDUP
DSK\VLFDOUHVXOW,
EODFNDQDFRRO
FRXOGWDNHKRPH
EODFN QRWWUXH
DVSURRIRIWKDW,
EODFN DOZD\VORRN
OHDUQHGDQG,
WKHVDPHWRPH
FRXOGVKRZP\
ZKHQYLHZLQJWKHP
IULHQGVDQGIDPLO\
LQGLIIHUHQW
ZKDW,GLGLQFODVV
HQYLURQPHQWVEXW
,ZRXOGDOVR
WKHP,SXWWKHPRQ
LQWHJUDWHD
WKHVDPH
3DQWRQHIXQFWLRQ
3KRWRVKRS
LQWRWKLV
GRFXPHQWDQG
DSSOLFDWLRQ/LNH
GRQ WXQGHUVWDQG
WKHFRQYHUVLRQRID
ZK\WKH\GRQ W
3DQWRQHFRORU,DP
PDWFK,GHILQLWHO\
XVLQJWR5*%SDFH
ZDQWDQ81'2
 RUYLFHYHUVD




 EXWWRQ
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FRORUV,FRXOGXVH
OHVVIRUFHWRFUHDWH
DFRUUHFWEOHQG
$GGLWLRQDOO\EHLQJ
DEOHWROHDUQWKH
FRORUZKHHOLQDQ
LQWHUDFWLYHVHWWLQJ
DQGZK\LWZRUNV
WKLVZD\LQVWHDGRI
WKHQRUPDO5<%
,WWHQZKHHOPDNHV
7KHUHZHUH
PRUHVHQVH,W
VHYHUDOWKLQJVWR
ZRXOGVWDQGRXWLQ
PHPRUL]H,DP
P\PLQG
QRWVXUH,
3UHVHQWLQJWKH
XQGHUVWRRGWKH
PDWHULDOWRPHDQG
FRQFHSWRI
EHLQJWROGWRMXVW
.LQHFW)HHGEDFN
VLPXOWDQHRXV
DFFHSWLWGRHVQ
W
ZKDWUH\RXU
FRQWUDVWEHIRUHZH
UHVRQDWHDV
IHHOLQJVDERXWWKLV
EHJDQWKH
PHPRUDEOH
+RZPLJKW\RX OHDUQLQJFRQWHQW,
JDPHEHLQJXVHG
H[HUFLVHV,ZRXOG
&RQVLGHULQJKRZ ,ZDQWWRVHH
WDLORUWKH
LQWKHFODVVURRPWR
QHHGPRUH
QHHGWRNQRZZK\
\RXOLNHWROHDUQ ODEHOVDWDOOWLPHV
LQVWUXFWLRQVWR
WHDFKVWXGHQWVWKH
LQVWUXFWLRQRQKRZ
DQGKRZ
ZKDWDUHWKH
IDFLOLWDWHEHWWHU HVSHFLDOO\ZKHQ
5*%FRORUZKHHO
WRXVHWKH
,WZRXOGVWLOOWDNH
ZHDNQHVVHVWKLV PHDIHZUXQV
FRPSUHKHQVLRQRI OHDUQLQJDERXW
DQGDERXWDGGLWLYH
DSSOLFDWLRQ
DSSOLFDWLRQ"
WKHFRQFHSW"
FRORUPL[LQJ"
HVSHFLDOO\ODEHOV
EHIRUH,JRWWKH
DQ\WKLQJYLVXDO
IRUHDFKWDE
LGHD
FRORU 
,ZRXOGOLNHWRXVH
WKLVDSSOLFDWLRQWR
H[SORUHRWKHU
DVSHFWVRIFRORU
WKDQMXVWFRQWUDVW
HVSHFLDOO\WKH
WHPSHUDWXUHRID
FRORU0D\EH,
,ZRXOGDGGDQ
FDQ WWHOOWKH
H[WUDGRWRUWZRLQ
GLIIHUHQFHEHWZHHQ UHFHGLQJVL]HVWR
ZDUPDQGFRRO
VKRZZKLFK
VKDGHVEXWVHHLQJ GLUHFWLRQWKHKXHLV
WKHPRQVFUHHQ
KHDGLQJLQWKH
QH[WWRHDFKRWKHU SRLQWFRORUZKHHO
ZRXOGKHOSPHLQ ZKLFKPLJKWDOVR
P\IXWXUHGHVLJQ
HOLPLQDWHWKHQHHG
ZRUN/LNHDZDUP WRVKRZDIXOOFRORU
EODFNDQDFRRO
ZKHHO(LWKHUZD\
EODFN QRWWUXH
,QHHGWRVHHPRUH
EODFN DOZD\VORRN WKDQFRORUV,
WKHVDPHWRPH
GRQ WNQRZZKDWLV
ZKHQYLHZLQJWKHP LQEHWZHHQHDFKRI
LQGLIIHUHQW
WKHFRORUVDOORIWKH
HQYLURQPHQWVEXW WLPH,DOVRGRQ W
WKHP,SXWWKHPRQ ZDQWWREHJLYHQ
WKHVDPH
WKHDELOLW\WRURWDWH
3KRWRVKRS
WKHFRORUVRQWKH
GRFXPHQWDQG
ZKHHOLWVKRXOG
GRQ WXQGHUVWDQG
VWD\VWDWLRQDU\OLNH
ZK\WKH\GRQ W
UHGVKRXOGDOZD\V
PDWFK,GHILQLWHO\ EHDWWKHWRS,
ZDQWDQ81'2
ZRXOGDGGDQXQGR
EXWWRQ
EXWWRQ
QD
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9LVXDO
&RPPXQLFDWLRQ
'HVLJQHU

:KDWLV\RXU
LQWHQGHG
SURIHVVLRQXSRQ
JUDGXDWLRQ"



&RQVLGHULQJKRZ
\RXOLNHWROHDUQ
ZKDWDUHWKH
VWUHQJWKVRIWKLV
DSSOLFDWLRQ"
7KHSDQHOVLQ
FRPELQDWLRQZLWK
WKHODUJHZKHHO
\RXFRXOGVHHULJKW
DZD\ZKDWLV
KDSSHQLQJ,QHYHU
XQGHUVWRRGKRZ
VDWXUDWLRQDQG
YDOXHGLIIHUHGQRZ
,GR7KLV
DSSOLFDWLRQDOORZV
VWXGHQWVWRJHWWR
WKHURRWRIWKH
SUREOHPDQGWKH\
ZLOOPDNHWKDW
GLVFRYHU\RQWKHLU
RZQZKLFKZLOOEH
 PRUHPHPRUDEOH

+RZPDQ\RI
+RZPDQ\KRXUVD WKRVHKRXUVZLOO
GD\ZLOO\RXEH
UHO\RQDFFXUDWH
ZRUNLQJ
FRORUFRQWUDVWDQG
SURIHVVLRQDOO\RQ FRORULQWHUDFWLRQRQ
WKHFRPSXWHU"
VFUHHQ"
$IWHUUHIOHFWLQJWKH
XVHRIWKLV
DSSOLFDWLRQZKLFK
SDUWLFXODUDUHDZDV
PRVWPHPRUDEOH"

7KLVWRXFKVFUHHQ
DOORZVPHWR
HPSKDVL]HP\
IRFXVRQWKH
H[HUFLVHDQGQRW
WRRPXFKRQWKH
LQWHUIDFH,FDQMXVW
VWDUWPRYLQJ
WKLQJVDQG
LPPHGLDWHO\WKH
 DFWLYLW\KDVEHJXQ +LVWRJUDP

:HUHWKH
LQVWUXFWLRQVHDV\
WRIROORZ"

+RZGLGWKH
LQWHUDFWLRQV
IDFLOLWDWH\RXU
XQGHUVWDQGLQJRI
WKHLQIRUPDWLRQ"

,WZRXOGEH
EHQHILFLDOWREH
DEOHWRJREDFN
DQGVHZKDW,GLG
ODVWWLPHWKDW
ZRUNHGRUJREDFN
DQGHGLWDGHFLVLRQ
,PDGHDORQJWLPH
DJRDQGVHHKRZ
PXFKLWHIIHFWVWKH
FRORUDOWHUDWLRQV
ODWHU

:K\ZDVWKLV
IXQFWLRQRUDUHD
WKHPRVW
PHPRUDEOH"

:KDWIXQFWLRQ
UHVRQDWHGPRVW
ZLWK\RX":K\"
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:KDWIXQFWLRQ
UHVRQDWHGPRVW
ZLWK\RX":K\"

,ZRXOGVWLOOZDQWWR
GRWKHH[HUFLVH
ZLWK&RORU$LGWRR
,JHWVLFNRIORRNLQJ
DWDFRPSXWHUDOO
GD\7KDWEHLQJ
VDLGWKLVRIIHUHV
VRPHRQHOLNHPH
DQH[FHOOHQW
EDODQFHEHWZHHQ
P\SK\VLFDODQG
 GLJLWDOZRUOG








&RQVLGHULQJKRZ
\RXOLNHWROHDUQ
ZKDWDUHWKH
ZHDNQHVVHVWKLV
DSSOLFDWLRQ"

,GRQ WVHHDQ\
 ULJKWQRZ

,QFRQVLGHULQJKRZ
,QFRQVLGHULQJKRZ ,QFRQVLGHULQJKRZ ,QFRQVLGHULQJKRZ
\RXEHVWOHDUQ
,QFRQVLGHULQJKRZ
\RXEHVWOHDUQ
\RXEHVWOHDUQ
\RXEHVWOHDUQ
+RZGRHVWKH
KRZZRXOG\RX
\RXEHVWOHDUQ
KRZZRXOG\RX
KRZZRXOG\RX
KRZZRXOG\RX
H[SHULHQFH
UDWHWKHVHIHDWXUHV
KRZZRXOG\RX
UDWHWKHVHIHDWXUHV UDWHWKHVHIHDWXUHV UDWHWKHVHIHDWXUHV
FRPSDUHWRZKHQ :K\GR\RXSUHIHU LQRUGHURISULRULW\" UDWHWKHVHIHDWXUHV LQRUGHURISULRULW\" LQRUGHURISULRULW\" LQRUGHURISULRULW\"
\RXGLGWKLVDFWLYLW\ GRLQJWKHDFWLYLW\
>5*%YV&0<. LQRUGHURISULRULW\"
>6DYHG&RORU
>9DULRXVZD\VWR
>+LGGHQ&RORU
LQ&RORU"
WKDWZD\"
FRORUVSDFH@
>+LVWRJUDP@
6HOHFWLRQ3DOHWWH@
DOWHUFRORU@
:KHHO@
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,GRQ WVHHDQ\
ULJKWQRZ

&RQVLGHULQJKRZ
\RXOLNHWROHDUQ
ZKDWDUHWKH
ZHDNQHVVHVWKLV
DSSOLFDWLRQ"

,ZRXOGDGGODEHOV QD

.LQHFW)HHGEDFN
ZKDWUH\RXU
IHHOLQJVDERXWWKLV
+RZPLJKW\RX
JDPHEHLQJXVHG
WDLORUWKH
LQWKHFODVVURRPWR
LQVWUXFWLRQVWR
WHDFKVWXGHQWVWKH
IDFLOLWDWHEHWWHU
5*%FRORUZKHHO
FRPSUHKHQVLRQRI DQGDERXWDGGLWLYH
WKHFRQFHSW"
FRORUPL[LQJ"
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&RPPXQLFDWLRQV
1HZ0HGLDDQG
7HFKQRORJ\

:KDWLV\RXU
LQWHQGHG
SURIHVVLRQXSRQ
JUDGXDWLRQ"



&RQVLGHULQJKRZ
\RXOLNHWROHDUQ
ZKDWDUHWKH
VWUHQJWKVRIWKLV
DSSOLFDWLRQ"

7KLVLVDPXFK
IDVWHUDSSURDFK,W
ZDVHDVLHUWRILQG
WKHH[DFWFRORU,
ZDVORRNLQJIRU,
WKRXJKWRIDFRORU,
ZDQWWRXVHDQG,
 FUHDWHLWLQVWDQWO\

+RZPDQ\RI
+RZPDQ\KRXUVD WKRVHKRXUVZLOO
GD\ZLOO\RXEH
UHO\RQDFFXUDWH
ZRUNLQJ
FRORUFRQWUDVWDQG
SURIHVVLRQDOO\RQ FRORULQWHUDFWLRQRQ
WKHFRPSXWHU"
VFUHHQ"
$IWHUUHIOHFWLQJWKH
XVHRIWKLV
DSSOLFDWLRQZKLFK
SDUWLFXODUDUHDZDV
PRVWPHPRUDEOH"

,WKHOSVGHYHORS
FRORUUHODWLRQVKLSV
IRU\RX7KH&RORU
$LGLVVRUDQGRPO\
SODFHGLQVLGHWKH
ER[HVSHFLDOO\
DIWHU\RXVWDUW
XVLQJWKHPDQG
WKH\DUHDOORYHU
WKHSODFH7+LV
DSSOLFDWLRQVWDUWV
WREXLOGDPHQWDO
PRGHORIZKDW
FRORUVDUHZKHUHLQ
VSDFH 0XQVHOO
7ZRZD\VWR
 &RORU6\VWHP
GHVDWXUDWHDFRORU

:HUHWKH
LQVWUXFWLRQVHDV\
WRIROORZ"

+RZGLGWKH
LQWHUDFWLRQV
IDFLOLWDWH\RXU
XQGHUVWDQGLQJRI
WKHLQIRUPDWLRQ"

7KHVHWZR
FRQFHSWVDUHYHU\
FRQIXVLQJWRPH,
QHHGHGWRVHHLWLQ
RUGHUWR
XQGHUVWDQGWKH
FRQFHSWDQGQRZ
WKHUHZLOOQRORQJHU
EHFRQIXVLRQ

:K\ZDVWKLV
IXQFWLRQRUDUHD
WKHPRVW
PHPRUDEOH"

:KDWIXQFWLRQ
UHVRQDWHGPRVW
ZLWK\RX":K\"
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:KDWIXQFWLRQ
UHVRQDWHGPRVW
ZLWK\RX":K\"

,QFRQVLGHULQJKRZ
,QFRQVLGHULQJKRZ ,QFRQVLGHULQJKRZ ,QFRQVLGHULQJKRZ
\RXEHVWOHDUQ
,QFRQVLGHULQJKRZ
\RXEHVWOHDUQ
\RXEHVWOHDUQ
\RXEHVWOHDUQ
+RZGRHVWKH
KRZZRXOG\RX
\RXEHVWOHDUQ
KRZZRXOG\RX
KRZZRXOG\RX
KRZZRXOG\RX
&RQVLGHULQJKRZ
H[SHULHQFH
UDWHWKHVHIHDWXUHV
KRZZRXOG\RX
UDWHWKHVHIHDWXUHV UDWHWKHVHIHDWXUHV UDWHWKHVHIHDWXUHV \RXOLNHWROHDUQ
FRPSDUHWRZKHQ :K\GR\RXSUHIHU LQRUGHURISULRULW\" UDWHWKHVHIHDWXUHV LQRUGHURISULRULW\" LQRUGHURISULRULW\" LQRUGHURISULRULW\"
ZKDWDUHWKH
\RXGLGWKLVDFWLYLW\ GRLQJWKHDFWLYLW\
>5*%YV&0<. LQRUGHURISULRULW\"
>6DYHG&RORU
>9DULRXVZD\VWR
>+LGGHQ&RORU
ZHDNQHVVHVWKLV
LQ&RORU"
WKDWZD\"
FRORUVSDFH@
>+LVWRJUDP@
6HOHFWLRQ3DOHWWH@
DOWHUFRORU@
:KHHO@
DSSOLFDWLRQ"
,ZRXOGVWLOO
SRVVLEO\ILUVWGR
WKH&RORU$LG
SRUWLRQRIWKH
H[HUFLVH7KHQ,
ZRXOGVWDUWSOD\LQJ
,GRQ WOLNHQRW
ZLWKWKHWRXFK
EHLQJDOHWR
VFUHHQ7KLV
UHIHUHQFHWKHIXOO
DSSOLFDWLRQLVYHU\
FRORUZKHHOZKHQ,
RUJDQL]HGDV
QHHGLW1RWWKH
RSSRVHGWRP\
KXHJUDGLHQWRQ
SK\VLFDOGHVNLQ
WKHVLGHWKH
VWXGLRFODVV
FLUFXODUSRLQW
(YHU\WKLQJLVULJKW
,WWHQZKHHOZHXVH
LQIURQWRIPHDQG,
LQFODVV%H\RQG
FDQFKRRVHWR
MXVWDGGLQJODEHOV
H[SDQGDQDUHDWR
DEHJLQQHUVWXGHQW
LQWHUDFWZLWKLW
ZLOOQRWNQRZZKDW
WKHQSXWLWDZD\
+66DQG9
ZKHQ,DPGRQH
UHSUHVHQW7KHUH
0\ZRUNLVZKDW,
VKRXOGEH
DPIRFXVHGRQQRW
GHILQLWLRQVXSRQ
 FOXWWHUDURXQGLW




 XVHUUHTXHVW
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,GRQ WOLNHQRW
EHLQJDOHWR
UHIHUHQFHWKHIXOO
FRORUZKHHOZKHQ,
QHHGLW1RWWKH
KXHJUDGLHQWRQ
WKHVLGHWKH
FLUFXODUSRLQW
,WWHQZKHHOZHXVH
LQFODVV%H\RQG
MXVWDGGLQJODEHOV
DEHJLQQHUVWXGHQW
ZLOOQRWNQRZZKDW
+66DQG9
UHSUHVHQW7KHUH
VKRXOGEH
GHILQLWLRQVXSRQ
XVHUUHTXHVW

&RQVLGHULQJKRZ
\RXOLNHWROHDUQ
ZKDWDUHWKH
ZHDNQHVVHVWKLV
DSSOLFDWLRQ"

/DEHO,PLJKWQRW
UHPHPEHUZKDW
HDFKSDUWGLG/LNH
,VDLGEH\RQGMXVW
DGGLQJODEHOV
ZKDWGRHVLWGR"
:K\GR,QHHGWR
SRVVLEO\XVHWKLV
IXQFWLRQ"

7KLVZRXOGEHVR
PXFKIXQDQG,
ZRXOGKDYHOLNHGWR
KDYHOHDUQHGPRUH
DERXWWKH5*%
FRORUVSDFHLQ
FODVVVLQFH,ZLOO
QHYHUEHGHVLJQLQJ
IRUSULQWPDWHULDOV

.LQHFW)HHGEDFN
ZKDWUH\RXU
IHHOLQJVDERXWWKLV
+RZPLJKW\RX
JDPHEHLQJXVHG
WDLORUWKH
LQWKHFODVVURRPWR
LQVWUXFWLRQVWR
WHDFKVWXGHQWVWKH
IDFLOLWDWHEHWWHU
5*%FRORUZKHHO
FRPSUHKHQVLRQRI DQGDERXWDGGLWLYH
WKHFRQFHSW"
FRORUPL[LQJ"
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0RELOH$SSOLFDWLRQ
0DQDJHPHQW

:KDWLV\RXU
LQWHQGHG
SURIHVVLRQXSRQ
JUDGXDWLRQ"



&RQVLGHULQJKRZ
\RXOLNHWROHDUQ
ZKDWDUHWKH
VWUHQJWKVRIWKLV
DSSOLFDWLRQ"
,ORYHVHHLQJRQ
VFUHHQZKDWLV
DFWXDOO\KDSSHQLQJ
EHKLQGWKHVFHQHV
,GLGQ WDFWXDOO\
XQGHUVWDQG
VDWXUDWLRQXQWLO
QRZ%\VHHLQJWKH
VKLIWLQFRORUDVZH
DSSURDFKWKH
FRPSOHPHQWRIWKH
FRORU,LQLWLDOO\
VHOHFWLWILQDOO\
PDNHVVHQVH
0RUHLPSRUWDQWO\
WKDQWKHODFNRI
WDFWLOHIHHGEDFN
WKHLPPHGLDWH
YLVXDOIHHGEDFN
ZDVVRVWURQJWKH
FRQFHSWVDUHYHU\
 ZHOOHQIRUFHG

+RZPDQ\RI
+RZPDQ\KRXUVD WKRVHKRXUVZLOO
GD\ZLOO\RXEH
UHO\RQDFFXUDWH
ZRUNLQJ
FRORUFRQWUDVWDQG
SURIHVVLRQDOO\RQ FRORULQWHUDFWLRQRQ
WKHFRPSXWHU"
VFUHHQ"
$IWHUUHIOHFWLQJWKH
XVHRIWKLV
DSSOLFDWLRQZKLFK
SDUWLFXODUDUHDZDV
PRVWPHPRUDEOH"

:K\ZDVWKLV
IXQFWLRQRUDUHD
WKHPRVW
PHPRUDEOH"

,QHYHUXQGHUVWRRG
XVLQJD
FRPSOHPHQWDU\
7KHLPPHGLDWH
FRORUWRDIIHFW
YLVXDOIHHGEDFN
VDWXUDWLRQXQWLO,
ZDVVWURQJHQRXJK
VDZLWKDSSHQLQJ
WKDWWKHFRQFHSWV
RQVFUHHQ,QRZ
UHDOO\PDGHVHQVH
DOVRVHHKRZLWLV
,VDZQRQHHGWR
UHODWHGWRXVLQJD
UHSHDWWKH
7ZRZD\VWR
JUH\ RIWKHVDPH
 H[HUFLVH
GHVDWXUDWHDFRORU YDOXH UHODWHV

:HUHWKH
LQVWUXFWLRQVHDV\
WRIROORZ"

+RZGLGWKH
LQWHUDFWLRQV
IDFLOLWDWH\RXU
XQGHUVWDQGLQJRI
WKHLQIRUPDWLRQ"

:KDWIXQFWLRQ
UHVRQDWHGPRVW
ZLWK\RX":K\"
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:KDWIXQFWLRQ
UHVRQDWHGPRVW
ZLWK\RX":K\"

,QFRQVLGHULQJKRZ
,QFRQVLGHULQJKRZ ,QFRQVLGHULQJKRZ ,QFRQVLGHULQJKRZ
\RXEHVWOHDUQ
,QFRQVLGHULQJKRZ
\RXEHVWOHDUQ
\RXEHVWOHDUQ
\RXEHVWOHDUQ
+RZGRHVWKH
KRZZRXOG\RX
\RXEHVWOHDUQ
KRZZRXOG\RX
KRZZRXOG\RX
KRZZRXOG\RX
&RQVLGHULQJKRZ
H[SHULHQFH
UDWHWKHVHIHDWXUHV
KRZZRXOG\RX
UDWHWKHVHIHDWXUHV UDWHWKHVHIHDWXUHV UDWHWKHVHIHDWXUHV \RXOLNHWROHDUQ
FRPSDUHWRZKHQ :K\GR\RXSUHIHU LQRUGHURISULRULW\" UDWHWKHVHIHDWXUHV LQRUGHURISULRULW\" LQRUGHURISULRULW\" LQRUGHURISULRULW\"
ZKDWDUHWKH
\RXGLGWKLVDFWLYLW\ GRLQJWKHDFWLYLW\
>5*%YV&0<. LQRUGHURISULRULW\"
>6DYHG&RORU
>9DULRXVZD\VWR
>+LGGHQ&RORU
ZHDNQHVVHVWKLV
LQ&RORU"
WKDWZD\"
FRORUVSDFH@
>+LVWRJUDP@
6HOHFWLRQ3DOHWWH@
DOWHUFRORU@
:KHHO@
DSSOLFDWLRQ"
,OLNHGKDYLQJD
SK\VLFDOSLHFHWR
WDNHKRPHZLWKPH
DVSURRIRI
,GRQ WXQGHUVWDQG
FRPSOHWLRQ,
WKHQHHGIRUVRPH
ZRXOGPDNHVXUH
RIWKHIXQFWLRQV
WKDWZDV
OLNH5*%YV
LQFRUSRUDWHG
&0<.,ZRXOG
VLPLODUWR\RXU
VLPSOLI\WKHQDWXUH
ROGHUSURWRW\SH
RIWKHDSSOLFDWLRQ
EHLQJDEOHWR
,WZRXOGEHFRROLI
UHIHUHQFHSDVW
WKHUHZDVWDFWLOH
H[DPSOHVDQG
IHHGEDFNPD\EH
FRPSDULQJWKHPWR
HYHQDVKLIWLQ
RWKHUVLQWKHFODVV
WHPSHUDWXUH$V,
(YHQWKRXJKWKLV
DGGRUDQJHP\
SURMHFWKDVD
ILQJHUVJHWD
VXEMHFWLYHUHVXOW,
ZDUPLQJ
OLNHGVHHLQJZKDW
VHQVDWLRQ2U
RWKHUVFDPHXS
ZKHQLWJHWVEOXH
ZLWKDQGKRZWKH\
P\ILQJHUVIHHO
 DOOFRPSDUHG




 FROGHU
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,GRQ WXQGHUVWDQG
WKHQHHGIRUVRPH
RIWKHIXQFWLRQV
OLNH5*%YV
&0<.,ZRXOG
VLPSOLI\WKHQDWXUH
RIWKHDSSOLFDWLRQ
,WZRXOGEHFRROLI
WKHUHZDVWDFWLOH
IHHGEDFNPD\EH
HYHQDVKLIWLQ
WHPSHUDWXUH$V,
DGGRUDQJHP\
ILQJHUVJHWD
ZDUPLQJ
VHQVDWLRQ2U
ZKHQLWJHWVEOXH
P\ILQJHUVIHHO
FROGHU

&RQVLGHULQJKRZ
\RXOLNHWROHDUQ
ZKDWDUHWKH
ZHDNQHVVHVWKLV
DSSOLFDWLRQ"

,ZRXOGDGGODEHOV
DQGWRROWLSVRU
LQVWUXFWLRQVWKDW
FRXOGEH
UHIHUHQFHGZKHQ
QHHGHG,I,
UHPRYHDVWHS
IURPKLVWRJUDP
GRHVWKDWHIIHFW
HYHU\WKLQJDIWHU
WKDW":KDWLVWKH
SXUSRVHRIWKDW
IXQFWLRQ"
QD

.LQHFW)HHGEDFN
ZKDWUH\RXU
IHHOLQJVDERXWWKLV
+RZPLJKW\RX
JDPHEHLQJXVHG
WDLORUWKH
LQWKHFODVVURRPWR
LQVWUXFWLRQVWR
WHDFKVWXGHQWVWKH
IDFLOLWDWHEHWWHU
5*%FRORUZKHHO
FRPSUHKHQVLRQRI DQGDERXWDGGLWLYH
WKHFRQFHSW"
FRORUPL[LQJ"
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