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Abstract

Applied colorimetry is an important module in the program of the elective subject "Colour Science:
industrial applications”. This course is taught in the Optics and Optometry Degree and it has been
used as a testing for the application of new teaching and assessment techniques consistent with the
new European Higher Education Area. In particular, the main objective was to reduce the attendance
to lessons and encourage the individual and collective work of students. The reason for this approach
is based on the idea that students are able to work at their own learning pace. Within this dynamic
work, we propose online lab practice based on Excel templates that our research group has
developed ad-hoc for different aspects of colorimetry, such as conversion to different colour spaces,
calculation of perceptual descriptors (hue, saturation, lightness), calculation of colour differences,
colour matching dyes, etc.

The practice presented in this paper is focused on the learning of colour differences. The session is
based on a specific Excel template to compute the colour differences and to plot different graphs with
these colour differences defined at different colour spaces: CIE AE, CIE AE94 and the CIELAB colour
space. This template is implemented on a website what works by addressing the student work at a
proper and organized way. The aim was to unify all the student work from a website, therefore the
student is able to learn in an autonomous and sequential way and in his own pace. To achieve this
purpose, all the tools, links and documents are collected for each different proposed activity to achieve
guided specific objectives. In the context of educational innovation, this type of website is normally
called WebQuest. The design of a WebQuest is established according to the criteria of usability and
simplicity.

There are great advantages of using WebQuests versus the toolbox “Campus Virtual” available in the
University of Alicante. The Campus Virtual is an unfriendly environment for this specific purpose as the
activities are organized in different sectors depending on whether the activity is a discussion, an
activity, a self-assessment or the download of materials. With this separation, it is more difficult that
the student follows an organized sequence. However, our WebQuest provides a more intuitive
graphical environment, and besides, all the tasks and resources needed to complete them are
grouped and organized according to a linear sequence. In this way, the student guided learning is
optimized. Furthermore, with this simplification, the student focuses on learning and not to waste
resources.

Finally, this tool has a wide set of potential applications: online courses of colorimetry applied for
postgraduate students, Open Course Ware, etc.
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1 INTRODUCTION

Applied colorimetry is a thematic module in the program of the course "Colour Science: industrial
applications". This course is taught in the Optics and Optometry degree. It was used as a test for the
application of new teaching and assessment techniques consistent with the immersion within the
European Area of Higher Education (EAHE). In particular, the new trends to reduce the attendance to
lessons and to encourage individual and collective work of students are shown in this work.

This course is proposed in an online way from 2008 through the “Campus Virtual”’, an internal tool
provided by the University of Alicante what allows to create a platform with tutorials, discussions, tests,
etc. In addition, a blog was particularly designed for this course. The reason for using this
methodology is based on the purpose to allow the student to establish an own learning pace.
Following this online methodology, online lab practices are proposed what are focused on Excel
templates. We designed these practices for different aspects of colorimetry such as conversion to
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different colour spaces, calculation of perceptual descriptors (hue, saturation, lightness), calculation of
colour differences, etc.

The characterization of any colour can be treated in a mathematical way. Thus, different standard
colour spaces have been developed to describe colours. Furthermore, colour differences formulae
have been also defined to quantify colour differences between test and standard samples. This
development has many applications in different industrial sectors [1-4]. For instance, in textile industry:
when a manufacturer receives a production order, he should get a colour as close as possible to the
sample of a catalogue (colour reproduction). This is an everyday process, for this reason everybody
assumes that it is simple, but it is a complicated and hard process. For this case, the dye transfer is a
chemical process that depends strongly on the boundary conditions, and it is not easily reproducible.
Therefore, a battery of tests with a different dye concentration is often necessary to achieve a good
colour reproduction. This colour matching can be measured visually, i.e. "by eye", or can be measured
numerically through a colour difference formula. In a globalized world, with several important industrial
groups that move 165 billions of Euros, the quality control about colour differences, it is becoming an
area of enormous economic interest. Therefore, this topic is an important subject in this course and
many efforts have been done to try that students understand the complexity of colour reproduction.

To achieve this purpose, different online lab practices were designed. In this paper, we present the
practice related to the computation of colour differences.

2 METHODOLOGY

As said previously, a practice is proposed to learn and understand the concepts and calculations
about colour differences. The practice is focused on an Excel template prepared for applying colour
difference formulaes and to plot them in standard colour spaces defined by the International
Commision on lllumination (CIE) such as the CIELAB colour space. In addition, this template is
implemented in a website designed for this course. The aim of this website is to unify all the student
work from a website, thus the student can learn in an autonomous and sequential way, and following
his own learning pace. The website collects all the tools, links and documents in each proposed
activity to achieve a set of objectives in a guided way. This type of website is adjusted what in the
Technologies of the Information and the Communication (ICT) is called a WebQuest.

A WebQuest is a learning unit which aims to build the student knowledge from information and
resources found on the web. The WebQuest has a very characteristic structure. In general, all the
WebQuests show the following elements [5-6]:

- INTRODUCTION: This section presents a problem and the student is motivated to do the
proposed tasks to solve the problem.

- TASK: This section sets out clearly the objectives to be achieved and what tasks are
necessary to do in order to achieve the objectives.

- PROCESS: This section is where all tasks are listed. All the activities are explained step by
step.

- EVALUATION: This section contains a self-assessment in order to allow students to be clear
what is expected of them. They can assess whether the objectives are achieved or not.

- CONCLUSION: In this section the student can draw the conclusions obtained after achieving
the objectives by doing the proposed tasks. Different questions can be added to expand
knowledge.

The WebQuest has been developed has another relevant section: frequently asked questions (FAQs).
This section is not common on WebQuest but we consider that this section can be very useful for
students:

- FAQs: In this section, a set of questions will be added. These questions are common doubts
among students from other similar courses.

This WebQuest was designed as a work desk by collecting activities of a particular topic, previously
worked through the “Campus Virtual” tool. The advantages of using WebQuests versus the “Campus
Virtual” are significant. The “Campus Virtual” has an unfriendly environment and tasks are divided into
different sectors depending on whether they were a discussion, an activity, a self-assessment or hte
download of materials. However, the WebQuest is a website with a friendly graphic environment, it is
more intuitive and all the tasks and resources are organized according to a linear sequence. This will
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optimize the student guided learning and the student time. Furthermore, this simplification helps the
student focus on learning and not waste time to search information.

Therefore, our main propose is to simplify the working environment. To achieve this we define a set of
guidelines for the development of the website:

1.

Usability. The usability, or the ease of use, is one of the basic keys to an educational website.
A simple website enables the student to focus exclusively on educational content. The website
should be easy to use, and it cannot become a labyrinth for the student. Therefore, the
website is presented in a clean and simple format. The access tabs are always on the left side
and the student can access to all the contents with a single click and with a direct return to the
home page.

Simplicity. We decided a website with a non-hierarchical linear structure of contents. Thus, the
student is making progress in a constant and orderly way from one tab to the next one. All
tabs follow a continuous by defining a way.

Compatibility with simple applications. We decided to use simple and well known software.
The materials are in pdf and xlIs files; these formats are not free but they are the most
common and accessible from free software as Open Office or PDF reader. Firstly, we
considered develop the website to work with free software (Open Office or Lotus Symphony)
but finally we decided to use Microsoft programs because they are more widely distributed.
Furthermore, this software is installed in all the computer rooms at the University of Alicante.
Thus, students can open the files and to save in a different format depending on their needs.

Following this guideline, we designed a website. The Fig. 1 shows the main page of this website. The
format is simple, classic and clean colours. A bar with a series of tabs is found in the left part to guide
the student throughout the session. On the right side, the contents of the selected tab are presented,
which basically correspond to the sections described above.

Introduction: It raises a series of questions intended to motivate students and to define the
background. In addition, the objectives what it is supposed that the student will achieve are
summarized in this section.

Task: The list of objectives to be achieved by doing the three proposed tasks is presented.

Process: This section is divided into three tasks. Each task has a specific purpose. Different
activities are proposed in each task to help students to construct knowledge related to the
calculation and analysis of colorimetric data.

o Task 1: This task is designed with the aim that student reviews the concepts of the
learning unit, “Colorimetry”. Some readings are recommended. The student is asked to
answer a set of basic questions to make sure he knows the main concepts.

o Task 2: This task tries that the student knows the necessary measurements to
characterize a colour. A specific activity is proposed to learn how to obtain the
tristimulus values of a colour sample from physical variables that can be measured,
such as the spectral power distribution. A excel template is provided to do these
calculations. Thus, an activity is also planted to learn to manage this template.

= Activity: A pdf file with a complete explanation about the use of the Excel template:
what are the input parameters? what calculations are in each sheet?

= Activity: A realistic problem is proposed about the computation of colour
differences and analysis of results. This activity is focused on the industry textile.

o Task 3:

= Activity: A pdf file with a complete explanation about the use of the Excel template:
what are the input parameters? what calculations are in each sheet?

= Activity: A realistic problem is proposed about the computation of colour
differences and analysis of results. This activity is focused on the industry car.

Evaluation: Self-assessment to be aware whether the objectives have been achieved. In
addition, students are asked to answer a brief questionnaire with ten questions to evaluate
their knowledge. The student has to obtain a minimum mark of 7. On the contrary, the student
is asked to review the activities since the concepts are not clear.
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- Conclusions: This section outlines the conclusions that the student should obtain at the end of
this online practice. More activities and readings are recommended for those who want to go
into the subject.

- FAQs: Frequently asked questions. This section is growing course by course with response to
tutorials done by students.

Fig.1-4 show the general structure of this WebQuest. The different sections previously explained are
shown.

) Introduccion - Mozilla Firefox

archivo  Edtar  Yer Historial Marcadores Herramientas  Ayuda

‘ulntmducmén l gt ‘
\(_-/s | filefjiC:/Documents and i 2011/Webquest_redes201 1 fintroduccin.html MR Pl

Introduccion

/ 5 \ Reflexion

Alguna vez te has preguntado si dos colores son lo suficientemente parecidos como para que sean indistinguibles.

Seguro que conoces a alguien que tras un pequefio golpe ha llevado el coche al chapistay que, pese a que cuando lo ha recogido a plena luz de dia, todo el carrozado
parecia del mismo color, bajo la luz de la farola, a las 10 de la noche, se ve claramente que la zona que el chapista ha vuelto a pintar tiene un color diferente al resto del
coche. ¢Bajo qué condiciones dos colores son distinguibles? ¢Cémo podemos caracterizarlos para compararlos y evaluar si son el mismo color?

Objetivos
N

A lo largo de esta webquest vamos a aprender a caracterizar un color, a la vez que vamos a desarrollar una serie de tareas centradas en el cdlculo de las diferencias de
color. El abjetivo final es aprender a calcular e interpretar los resultados numéricos y grdficos obtenidos en funcién de los criterios de tolerancia que nos exija el sector
industrial en el que estemos trabajando.

¥ si tienes alguna duda, recuerda que siempre puedes ponerte en contacto con el profesor.
« Anterior | Siguiente »

Fig. 1. General structure of our WebQuest. The menu is on the left and the content of the section
“Introduction” is shown in the centre. Firstly, the problem is shown with an individual reflection. Next,
the main purpose is described.

) Tarea - Mozilla Firefox

archivo  Edtar  Yer Historial Marcadores Herramientas  Ayuda

| [ area [+]
\(_-/s | filefjiC:/Documents and i 2011/Webquest_redes2011jtarea.html MR Pl
Tarea
Inic Las tareas que se proponen en esta WebQuest estdn disefiadas para que en un primer lugar adquieras o refresques los conocimientos teéricos sobre la colorimetria que se necesitan para
Intraduccién poder desarrollar las actividades propuestas.

Tarea 1

La siguiente actividad tiene por objetivo poner en tu conocimiento los datos y las caracterfisticas que necesitas saber o medir para, a partir de ellos, poder caracterizar un color de
forma matemética. Para ello se trabajard sobre una plantilla Excel preparada para el cdleulo de los valores que caracterizan al color en funcién de los datos medidos.

Tarea 2

La Gltima tarea se centra en el aprendizaje del cdlculo de diferencias de color, a partir de los datos que caracterizan a cada uno de los colores. Para ello se facilitard una plantilla
Excel preparada para el célculo de las diferencias de color y la representacion gréfica de las mismas con las férmulas estdndar CIE AE y CIE AE4, y espacio CIELab.

Tarea 3

« Anterior | Siguiente »

Fig. 2. General structure of our WebQuest. Three different tasks are proposed to the student. The first
task is a review of the main concepts about applied colorimetry. The second task is about the
calculation of the tristimulus values with an exercise related to the textile industry. The last
task is an exercise related to the car industry.
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2) Tarea 3 - Mozilla Firefox

Archivo  Editar Ver Hitorial Marcadores Herramientas  Ayuda

| [ treas [+ -

\(_-J" | file:f1fC:fDc nts and A 2011)Webquest_redes2011tarea_3.html -l ‘.‘iv Plla

~

Tarea 3

En la tarea 2 hemos aprendido céma se obtienen los valores friestimulo de un color a partir de las magnitudes fisicas que se pueden medir. Ahora vamas a ir un poco mds alld y vamos a

Inicio B
ver, sieguiendo la misma metodogia que en la tarea anteriro, como se pueden obtener las diferencias de color a partir de los valores triestimulo.

Introduccidn
De nuevo os proporcionamos una plantilla en Excel, sobre la que trabajaremos para alcanzar los objetivos.

Objetivos especificos de la Tarea 3

En esta tarea nos vamos a centrar en el cdlculo de diferencias de color, a partir de los datos que caracterizan a cada uno de los colores, es decir, a partir de los
valores triestimulo que ya sabemos obtener (si has complepletado la tarea 2).

Para ello se facilitard una plantilla Excel preparada para el cdlculo de las diferencias de color y la representacian gréfica de las mismas con las férmulas estdndar
CIE AE y CIE AE94, y espacio CIELab.

® Actividad de Lectura

En esta actividad puedes descargarte un breve turorial de la plantilla Excel sobre la que vamos a trabajar. Si se te plantean mds dudas ponte en contacto con el
profesor.

Para descargar el tutorial, pincha aqui.

Descdrgate la siguiente plantilla Excel y realiza los mismos pasos que has visto en el tutorial.

Para descargar la plantilla Excel de diferencias de color, pincha aqui. v

Fig.3. Task 3: computation of colour differences by using an Excel template. The calculations in the
Excel file, after doing the activity 2, allow to the abstraction. The student is focused on understand
the concepts by avoiding the difficult calculations with a manual calculator.

EX

©) Evaluacion - Mozilla Firefox

archivo  Editar Ver Historial Marcadores Herramientas  Ayuda

| [ Evaluacisn |+ -
\(_-/ L file{{C:/Documents and SettingsElisabet/Mis documentos/Redes 2011/Webquest_redes2011 fevaluacin.html 2 ol P i
-~

Evaluacion

Ini

Comprueba td mismo si has alcanzado los objetivos de esta WebQuest con ayuda de |a siguiente rabrica. Recuerda que estds a tiempo de hacer cambios y repasar
Introduccidn cosas antes de entregar tu material.

Habilidades ‘ﬁéjorilile i i}len [Perfecto

adquiridas

Actividad 1
Conocimientos Conozeo todos los  |Conozco todos los Conozco todos los términos,
relacionados en el términos. {términos, podria podria definirlos y tengo L |
‘espacio de color \definirlos. claras sus aplicacioncs.
CIELAB |
'Conocimientos [Conozco todos los |Conozco todos los Conozco todos los términos,
relacionados con  términos. {términos, podria podria definirlos y tengo
las formulas de definirlos. |claras sus aplicaciones.
diferencias de
‘color basadas en
CIELAB |

Actividad 2
Conocer el papel [ iConozco la rel ia (Conozco la rel ia del
del iluminante en del iluminantc en la |iluminante cn la
la caracterizacion \caraclerizacion de un  caracterizacion de un estimulo
‘colorimétrica de lestimulo. 'y soy capaz de caracterizarlo
un estimulo. | independientemente del

| mismo.
Ser capaces de Soy capaz de Soy capaz de obtener | Soy capaz de obtener ¢

obtener los datos  obtener los datos (¢ interpretar los datos  interpretar los datos

Fig. 4. Self-assessment. With this test, the student reflects on the tasks and the theoretical knowledge.
The student should achieve a minimal mark (7/10) whether not; the student should review the
concepts and tasks.
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| X(m) | Y(m)|Z(m) | L*(m)|a*(m)|b*(m)| Cup*(m) | hy*(m) @
- 10,23 | 850 | 14,84 | 3500 | 18,00 | -15,00 | 2343 320,2
3
« X(std)| Y (std)| Z (std) | L* (std)| a* (std)| b* (std)| C,u* (std) | h,p* (std)
s 923 | 850 | 17,11 | 35,00 | 10,00 | -20,00 | 22,36 296,6
L)
3
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» |
I
2
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W« > Wi i / XY2Luvch ), XvZLabch  Dagramas comitcos /_ ferencas restvas_/ PG/ GHC_I_c // 80F_|c / CIEDES4 / CIEDE2000 /- 1+ i o |

g e e 1045
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Fig.5. Technical aspects of the excel template about different colour difference formulae. The
tristimulues values and the CIELAB data are computed from the spectral power distribution of

a test and standard sample. Next, the CIELAB colour difference is calculated. Furthermore,
the student can see the colour appearance of both sample and to do a visual judgement.

Microsoft Excel - diferenias_color GVC_UA o | 53 ol
T 7S z Escriba uns pregunts caf® X

BUEHE WXL % % EEECT AR X TSI |

claridad L*

240 es dernmazo| |

verde - rojo a*

M4 b M\ Inico / XYZLuvh / XVZLabOh ), Diagramces cromaticos,| Dferencess rebtas £ FMCTI / CMC_Lc 7 BOF_L< / CIEDES / CIEDE2000 /.
NG (o s (wal=lels]" o

Fig.6. Technical aspects of the excel template about different colour difference formulae. The
chromatic diagram b* vs. a* and L* vs. C* are also plotted in this template. Therefore, the
student learn about colour spaces.
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oscuro

Fig.7. Technical aspects of the excel template about different colour difference formulae. The colour
difference between the test and the standard sample is plotted in a chromatic diagram. In this way,
the student can characterize the colour sample: For instance, the test sample can be darker or
lighter that the standard sample. The test sample can be more greenish or reddish than the
standard sample.

Microsoft Excel - diferencias_color GVC_UA
ORI

o3 4l I - Bismeo =2 =[Nlx s | E
A0 oL
= Y € (3 3 F [ H { Y S S Y S S ) . T O T N - Y = |
| X(m) | Y(m) | Z(m) | L*(m) | a*(m) | b*(m) |Cu*(m)| hy* (m) (a
2| 10,23 | 8,50 | 14,84 | 35,00 18,00 | -15,00 | 2343 | 320.2
3
+ X (std) Y (std)|Z (std) | L* (std) | a* (std) | b* (std) |C,.* (std)[h,,,‘ (std)l
5| 923 | 850 [17.11] 35,00 10,00 | -20,00 | 2236 [ 2966 |
L
7
s muestra
3 patron
0 AL* AC.." AH.;'
=, 000 | 1,07 | 937
¢
sl S | Sc | su | Wk ke [ m’
«1,0000/2,0062 | 1,3354 1 1 1 7.04
5
%
i
©
|s |
w0
12 } ! v
4 » ]\ Tnico / XYZLuvCh / XYZLabCh / Diagramas cromiticas / Dderencers relithas / FMCTI / CMC_Lc / BDF_I ¢ )\ CIFDE94 / CIEDE2000 / [ o ™ (|

G (=)= (w(s]=lole]"
Fig. 8. Technical aspects of the excel template about different colour difference formulae.
The tristimulues values and the CIELAB data are computed from the spectral power

distribution ofa test and standard sample. Different colour difference formulae are
computed in the Excel file: CIELAB colour difference, CIEDE94 and CIEDE2000.

5541



3 RESULTS AND CONCLUSIONS

The main conclusions are summarized below:

A WebQuest was developed for studying applied colorimetry in order to reduce the attendance
to lessons and to provide a useful tool for students to learn and understand important
concepts by themselves.

At the present time, we have fully developed a pilot practice about colour differences, but there
are plans to extend the experience to other practices of this course. In the future, the course
"Colour Science: industrial applications” could be an online course.

The WebQuest has a fundamental advantage over “Campus Virtual’. The environment is
much friendlier by generating a single desktop and focused exclusively on academic proposal
(in our case, applied colorimetry). The new Technologies of the Information and the
Communication allow to develop new tools for students with more advantages about the
traditional ones.

The design of the WebQuest is set according to the criteria of usability and simplicity. For this
reason, the WebQuest is a platform where the student can acquire new knowledge and to put
in practice all the concepts with different tasks.

Furthermore, there are many potential applications of using WebQuest: online courses for industries
about applied colorimetry, International Master of Vision, Open Course Ware, etc. Therefore, it is a
very useful tool that opens new possibilities to share knowledge.
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