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ABSTRACT

In this study, we developed a color training application for digital device displays, with special
attention to the appearance of colors on screen. Moreover, we evaluated the application in use. The
purpose was to assist in the learning of color mechanisms and schemes in color education. The main
features of the application are the function to customize the color palette and question items used for
learning, the function to adjust color-area ratios for the selected color scheme, and the function to
save and archive training results as digital data. Since the system is implemented as a web application,
it is independent of the digital device’s platform (e.g., Windows or Mac OS). Color selection from
the color palette is performed with a simple mouse click—a digital capability not possible with
conventional materials such as a brush and paint set or colored paper. Furthermore, the application
allows for the selective adjustment of color-area ratios, which makes it possible to confirm not only
the color selection trends of learners but also other user trends, including the coloring ratios (that is,
color schemes) selected. For the evaluation of the color training application, female university
students (aged 18-22 years) used the application with 156 color palettes and responded to an online
questionnaire. The questionnaire items included the evaluation of the color training application’s
effectiveness for color education; the time spent by the learner using the application; the confirmation
of each user’s own color usage trends (user specific characteristics, including habitual preferences);
and the number of colors the user considers appropriate for a color training application. Results were
as follows. In response to the question item “The color training application helped me to become
interested in colors,” 84.8% gave a positive response, selecting one of the two top ratings, “I agree”
and “I somewhat agree.” In response to “The color training applications helped me identify my own
color use tendencies (habits and characteristics),” 87.0% of learners selected one of the two top
ratings. For “The color training application helped me to better understand the effects and
impressions of colors,” 93.5% of learners selected one of the two top ratings. These results indicate
that the use of the color training application was effective in helping users learn about the
mechanisms of color, color schemes, and so on.

INTRODUCTION

Color education in the fields of art and design has been conducted through lectures and practical
training, with emphasis on three aspects: color theory (knowledge aspect), color expression
(sensory aspect), and color interpretation (comprehension aspect) [1]. Hands-on practice such as
making two-dimensional compositions using paints or cutting and pasting color charts is conducted



as a way to learn the psychological effects of color harmony and color schemes as well as physical
expression methods.

Meanwhile, the rapid spread of personal computers and smartphones in recent years has quickly
expanded advertising media beyond traditional print media and television to the Internet domain. In
this context, efforts are being made to incorporate digital devices such as PCs into conventional
color education. On the educational side, a course called “Digital Color Seminar” has been
reportedly introduced for university students majoring in media arts and design [2] [3]. In terms of
research, numerous studies have been conducted, including one on the visual measurement in the
Practical Color Coordinate System (PCCS) on an iPad display [4] and another one on the emotional
effects of colors elicited from looking at color charts and displays [5].

Based on the above, design work involving the use of personal computers will be indispensable
for future color education in the fields of art and design, in addition to conventional learning
methods. Therefore, it is important to research educational methods and develop applications for
this purpose.

In this study, we developed and evaluated a color training application to learn about how color
works and about color schemes in the context of color education.

SOFTWARE

Color training application

The color training application developed in this study is intended to help students learn about the
characteristics of color and color schemes in the context of color education with the use of digital
devices. The following is a summary of the usage and functions of the color training application.

It should be noted that the appearance of colors in the application can vary depending on the
environment pertaining to the computer display.

Instruction on usage
The application is used as follows (Figure 1):

1) Check the content of the questionnaire items
Check the content of the questionnaire items displayed on the right side of the screen.

2) Click on a color
Select and click the appropriate color from the color palette according to the content of the
question.

3) Check the selected color
Check whether the selected color is the expected color by looking at the confirmation space.

4) Click on the square box of the question
Return to the questionnaire item on the right side of the screen and click on the square box under
the questionnaire item.

By following the steps described above, the selected color will be reflected and displayed in the
square question box. Color training can be performed by repeating these steps.
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Figure 1. Instructional steps on the use of the application
Functions

1) Customizable color palette and questionnaire items

Conventional methods of color education involve the use of painting materials such as paints and
color charts, but these methods require the preparation of painting materials for each training session.
When training with color charts, time is often spent on processes other than color education, such as
the time required to physically cut and paste the color charts, the difficulty in selecting the desired
color scheme as many color charts consist of bundles of each color, and the time required to compare
each color.

The color training application developed in this study allows users to easily select colors from a
color palette with a mouse click, enabling operations that take advantage of the features of digital
devices, which are not available with conventional methods using paints, color charts, and other
drawing materials. Furthermore, the color palette in the application can be customized by replacing
CSV data files to support the color systems used in various information media and design work, such
as the relationship between hues and tones in the color palette in terms of their arrangement as well
as the number of colors and color settings (Figures 2 and 3). Through the customization of the color
palette, the system is designed for more practical and effective training by using color codes of the
color systems that are mainly adopted in the field or line of work that the user is aiming to master.

Moreover, the questionnaire items in the color training application are also customizable, so that
they can be changed simply by rewriting the (JSON) file in accordance with the content of the
student’s studies (Figure 4).



Figure 2: 130-color palette Figure 3: 156-color palette
(9 hues, 13 tones, 13 achromatic colors) (12 hues, 12 tones, 12 achromatic colors)

"Messages": {
"Title": "Color Training (BB&rL—=24)" 1. Choose three colors that you like most. 2. Select three colors that you associate with the
"Q2 Sub(B terms)": [ ’ following words.
"#l(morning)",
"&(midday)",
"4 (sunset)",

u& (ni ht) " 3. Select a single color, two colors, and three colors that you associate with the words below.
] ) U Use the arrows to adjust the area of the three colors you have chosen to match the words.
'

"Q3 sub(9 terms)": [ (1) Lovely "
"(1) i%bl’\”, 1 color 2colors 3 colors v v
"(2) ZELLY,

]

morning midday

Figure 4. (JSON) File for setting questionnaire items and examples of questionnaire items

2) Adjustment of the color-area ratio

Since the impression that a color produces differs depending on the size of the area that it covers,
we added a function that allows users to adjust the color-area ratio of the selected colors for
questionnaire items, the answer to which consists of a three-color scheme (Figure 5). The color-
area ratio of each color can be changed by dragging the mouse.

(Before adjustment) (After adjustment)

.............. vV

Ajust the color area by dragging ¥ with the mouse.

Figure 5. An example of adjusting the color-area ratio



3) Saving and storing training results and reusability

The addition of a function for saving and storing training results in digital data facilitates the
comparison and review of training results for multiple trainees and reduces trainees’ workload
(e.g., cutting and pasting paper color charts) as well as the cost of conducting training (no need to
prepare paper color charts for each training session).

EVALUATION OF THE APPLICATION
Methods

1) Survey methods

The study participants consisted of 46 female university students who were asked to run the color
training application displayed on a webpage from their desktop or notebook computers.
Subsequently, they completed an anonymous questionnaire to complete using Google Forms. It
was explained to the participants that the data obtained would not be used for any other purpose
than the present study, and their answering the questionnaire was deemed as their consent to
participate in the study.

2) About the application

The application included 20 questionnaire items in five categories. The questionnaire items were
about “favorite colors,” “colors associated with nine nouns,” “colors associated with nine
adjectives,” “colors that are popular in your country,” and “colors that you associate with your
hometown.”

A total of 156 colors were used for the color palette, consisting of 144 chromatic colors with 12
hues and 12 tones, plus 12 achromatic colors from the PCCS color chart [6]. Each color was fine-
tuned so that the hue and tone variations were uniform when arranged on the color palette.

9 ¢

3) Questionnaire

The questionnaire consisted of nine questionnaire items in three categories: “Effectiveness of the
color training application,” “Specifications of the user interface (UI) of the color training
application,” and “Improvements to the color training application” (eight multiple-choice
questionnaire items and one open question).

SURVEY RESULTS

The results of the survey revealed that 84.8% of the students developed an interest in color, and
71.7% of the students were able to learn how colors work (Figure 6). Furthermore, a high
percentage (87.0%) of the students indicated that the color training application was useful in
confirming their own color use tendencies (habits and characteristics) and in understanding the
effects and impressions that colors produced on them.
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The numbers on the far right indicate the percentage of respondents who selected either of the two top
ratings (“Somewhat agree" and “Agree").

Figure 6. Survey results on the effectiveness of the application

FUTURE CHALLENGES

In future research, with the users’ feedback in mind, further development of the application will
be necessary to improve usability pertaining to the color-area ratio when selecting colors; support
digital devices other than notebook PCs and desktop PCs, such as smartphones and tablets; and to
make it possible for user to access the questionnaire results on their own and get advice on their
individual color use tendencies. Furthermore, it will be necessary to adjust the content and number
of questionnaire items in the application for it to become more effective for color education and
less physically demanding.
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