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Abstract: The aim with our research is to contribute to a
better understanding of how colour research findings can
be conveyed to a broader target audience, using digital
media. This article presents a user study focusing on the
popular science project the Virtual Colour Laboratory

(VCL). The VCL is an interactive webpage for presenting
and demonstrating existing research results on spatial
colour phenomena. It was initiated and carried out with
the intention of spreading knowledge of colour appear-
ance and colour perception to a wider target audience,
from the viewpoint of practice based architectural colour
research. The VCL enables the user to investigate
actively how colours appear in different situations, and
provides information on relevant literature and links for
further studies. In a questionnaire study, carried out in
2014, two groups of users including architecture students
and professionals within architecture, art and design
evaluated the usability of the VCL with a combination of
qualitative and quantitative methods. The predominant
result showed that the VCL generally was highly appre-
ciated. However, the results also show differences in
how the two groups experienced the visual and written
content of the stations in the VCL, as well as differences
in how they experienced the VCL as a whole. This high-
lights the importance of adjusting levels of information
depending on the target group, as well as presents
advantages and difficulties of showing research on spa-
tial colour appearance on the web using digital visual-

ization as a medium for presentation. VC 2015 Wiley

Periodicals, Inc. Col Res Appl, 41, 611–625, 2016; Published Online

13 October 2015 in Wiley Online Library (wileyonlinelibrary.com).
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INTRODUCTION

How can colour phenomena be displayed and explained

so that people will understand them correctly? It is a hard

task, since colours always need to be experienced visu-

ally. Our other senses cannot convey what colours are,

and words are not sufficient in themselves to explain

them. The traditional way of mediating colour is through

illustrated written material in physical shape, like books.

Using digital media and the Internet in order to explain

colours is starting to become increasingly common,

allowing a great variety in ways to present the informa-

tion. At numerous websites various kinds of colour phe-

nomena are explained using different terminology and

different methods. Blogs, managed by communities or

individuals, are used for presenting, sharing and discus-

sing colour appearance and colour phenomena, often in

the contexts of design, fashion, crafts, etc.1–4 Other web-

sites have a complete, or partial, focus on academic or

professional colour research.

Where colour research is concerned, a common type of

website is that published by individual researchers, or

research groups, about their own work. The aim of such

sites is to convey their research to a larger audience. The

material is most often presented with images and short

explanatory texts;5 with short interactive demonstrations;6

or with short films.7 General colour science is presented
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and demonstrated on the Internet for profitable or non-

profitable purposes by companies or individuals. A wide

spectrum of tutorials focused on basic colour education

and colour science can be found displayed, for example,

as web pages with static or interactive written and visual

information;8 as short films on e.g. YouTube;9 or as

downloads in the shape of e-books.10 A popular subject

on websites including colour science, published by

researchers or other individuals with an interest in the

field, is the description of colour and lightness phenom-

ena by using the term illusions.6,11–14 Here the perspec-

tive is that colour is an illusion. Typical, however

extreme, phenomena related to contrast are visually dis-

played, often from a 2D-perspective. Adaptation plays a

central role, and the visualization are central as means for

the presentation. Other websites which include colour

research are created by organizations, often at a national

level, such as The Colour Society of Australia15 and Col-
our Research Society of Canada.16 Those sites aim to

serve as platforms and communities for people from

diverse areas of practice and academic disciplines con-

nected to colour, and are often restricted in terms of

requiring membership to access the content. Research

here can, for example, be presented with links to confer-

ences and conference proceedings. Colourspot17 by Swed-
ish Colour Centre Foundation provides short written

information and links on some current Scandinavian col-

our research.

A common type of website is that published by consul-

tants within e.g. brand identity, product design, packaging

design, logos, and corporate image.18,19 These sites pres-

ent their own specific studies and projects within colour

research, with the aim of promoting their own services.

Other companies, for example paint or wallpaper manu-

facturers such as Dulux and Alcro Becker, present how a

coloured material will appear in a room, with the aim of

visualizing their products. A common method used on

this kind of site is to choose a paint or wallpaper sample

and see what it will look like when painted on the surfa-

ces of a room in an interactive model20 or in an image.21

The question here is how well this method conveys the

effects the coloured material will have on the total colour

appearance of the room in terms of, for example, reflec-

tions, or if they just take the colour sample and transfer it

to the walls of the room model.

We have so far been unable to find a web-based tool

similar to the VCL, with the purpose of demonstrating

colour research findings for educational purposes. When

it comes to the evaluation of web-based learning tools

similar to the VCL but focusing on other areas than col-

our research, user studies are so far few in number22,23

which makes this study important.

AIM, SCOPE, AND LIMITATIONS

The aim with our research is to contribute to a better

understanding of how colour research findings can be

conveyed to a broader target audience, using digital

media. In this article we discuss the challenges of pre-

senting research results on spatial colour appearance on

the web using digital visualization as a medium for pre-

sentation. A user study is presented, focusing on the pop-

ular science project the Virtual Colour Laboratory
(VCL)*.24–26 The VCL is an interactive webpage devel-

oped for presenting and demonstrating existing research

results on spatial colour phenomena. It was initiated and

carried out at the Department of Architecture at Chalmers

University of Technology with the intention of contribut-

ing to a more widespread understanding of colour appear-

ance† in the built environment, from the viewpoint of

practice based architectural colour research. The purpose

of the VCL is to present research results; to develop the

forms for such presentations; and to identify the comple-

mentary research needed. It enables the user to actively

investigate how colours appear in different situations, and

provides information on relevant literature and links for

further studies. In a questionnaire study, carried out in

2014, two groups of users including architecture students

and professionals within architecture, art and design eval-

uated the usability of the VCL with a combination of

qualitative and quantitative methods. The results from the

study are accounted for in this article, together with a dis-

cussion on how to convey understanding of spatial colour

appearance using the web as a medium; and, given the

limitations of displaying trustworthy colour appearance

digitally, what levels of information in the visualizations

are suitable for different target groups.

In this article the focus lies on the questionnaire study,

not primarily on the creation, appearance, and functions

of the VCL itself. A description of the current version of

the VCL is included in The Virtual Colour Laboratory—

Basic Design section of the article, but for more thorough

information about the project, its background and the

problems connected to the translation of paint to digital

equivalences, we refer to articles.24–27

BACKGROUND

Our project idea was originally to create an interactive

virtual environment, opened and used via the web, where

users in real time could explore and learn more about

indoor and outdoor colour phenomena. Users were first

guided through a landscape on a road leading up to the

actual colour laboratory building. Along the road were a

number of stations, each presenting a specific colour phe-

nomenon, regarding e.g. characteristic aspects of colours

in nature; the impact of distance perception on colours;

and the coloured materials’ interaction with the surround-

ing landscape. Inside the laboratory, various rooms dem-

onstrated the effects of different choices of colour; light;

*The VCL can be accessed at http://dvfl.portal.chalmers.se/.
†Colour appearance is here referred to as a general concept for the per-

ceived colour of a surface.
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pattern; and material. At some stations users could make

interactive choices. The graphical user interface displayed

written information about the colour phenomenon cur-

rently in view, as well as a link to The Colour Guide—a

pdf file containing further information. In the core of the

building was a library, intended to contain relevant links,

references and publications; and in the corridor connect-

ing the rooms, surfaces showed 2D-colour phenomena

and optical illusions connected to perspective.

The VCL-project originally had the ambition of dis-

playing colour phenomena so that they resembled their

real world appearance as closely as possible, with calibra-

tion of the monitor as a condition before using the appli-

cation. In order to achieve this visual realism, substantial

studies and comparisons between reality and digital mod-

els were conducted. For the methodology used in the pro-

cess of translating real world colour appearance to digital

counterparts we refer to articles.25,27 However, factors

connected to the visualization of realistic colour appear-

ance, combined with spatial differences in virtual settings

compared with reality, made it difficult for the application

to function as intended. Since a realistic colour appear-

ance could not be accurately reproduced due to this, the

problem of visualizing colour phenomena instead became

a problem of correctly compensating for the different

conditions in Virtual Reality (VR) compared with reality.

In the VCL, visual correctness was thus “feigned”, though

this could only be done since the colour appearance of

reality was already known.25,26

Regarding the spatial differences, there are several

problems connected to the spatial experience in a virtual

setting. However well made, a virtual environment can

never offer the sense of real presence. We do not move

around in the same way in a virtual setting as we do in

reality, and our attention is not drawn by the same means.

A virtual setting consists mainly of sight impressions and

active investigation is strongly restricted. To make a user

of the VCL observe a specific coloured detailed, or a cer-

tain phenomenon, was therefore difficult. This was most

obvious in the outdoor model, where a constant problem

was that the landscape, meant to look as natural as possi-

ble, did not look natural enough. Although it looked suffi-

ciently natural in the software Virtual Map, where it was

designed, a significant loss of light and details became

visible in the export via 3Ds max to the interactive dem-

onstrator. As a result, much of what in reality is experi-

enced as harmonic became dull and uninteresting in the

virtual VCL-model. Furthermore, it was difficult to focus

on relevant aspects of what was visualized, since the dif-

ferent parts of the model contained equal visual informa-

tion with no protruding elements. This problem was also

partially connected to the different experience of scale in

VR compared with reality. The objects in the model were

perceived as smaller, and further away, than in reality

(Fig. 1). These combined issues made it necessary to

rethink the concept for the VCL. In 2014, a new and sim-

plified version was introduced.

EXPERIMENTAL PROCEDURE

In this section, the preconditions, the design and the set-

up of the study are discussed.

The Virtual Colour Laboratory—Basic Design

In its current shape the VCL28 is a partially interactive

web page, so far comprising nine free standing stations,

all of which are always accessible from the index page

[Fig. 2(A) and 2(B)]. Each station is structured around an

exercise on a specific colour phenomenon or principle,

using partially interactive visualizations together with a

short explanatory text (Figs. 3–10). Here, the user can

make choices in order to experience different settings,

such as change the colour properties of a surface or

change the illumination in a room. Connected to each sta-

tion is a fly out page providing background information

for the demonstrated colour phenomenon (Fig. 11). The

text is kept relatively short throughout all stations as an

adaptation to the digital medium. For those who want to

read more about the subject, each station also provides

tips for relevant reading material as well as source mate-

rial on the research connected to the presented colour

Fig. 1. The changing colour appearance of a facade according to distance was a central phenomenon to be shown in
VCL. The objects in the model were, however, perceived as smaller than in reality and further away, which made the façade
hard to notice when approaching it.
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Fig. 2. A. The starting page of the VCL showing all the different stations. B. The schematic structure of the VCL web-
site.

Fig. 3. The station About the Virtual Colour Laboratory.
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phenomenon. The current language is Swedish, but a

future version of the VCL will also contain an English

translation. Since the principle in the current version of

the VCL is more about demonstrating tendencies than

defining specific values, the decision was made not to

include calibration of the screen as a necessary prepara-

tion for using the web page. The importance lies not in

presenting the colour appearance of each surface cor-

rectly, since every display show colours differently, but

the relation between coloured surfaces, which is generally

consistent on different screens.‡ One effect of this deci-

sion, however, is that it has been difficult to visualize

specific NCS-values correctly. Therefore, coloured surfa-

ces are mostly demonstrated with the addition of a

descriptive name, e.g. light green.

The Stations of the VCL. The VCL currently com-

prises the following nine stations:

1. About the Virtual Colour Laboratory (Fig. 3) is the

introductory station which informs the user about the

VCL and the group behind it. It also provides a brief

overview of the NCS-system upon which the demon-

strated research is based. It is always possible to reach

this station when navigating through the other stations

in the VCL.

2. Simultaneous Contrast: Different becomes similar [Fig.

4(A)] demonstrates simultaneous contrast. The setting

consists of two large background fields, containing one

smaller square each in the middle. The smaller squares

are not physically identical, i.e., they have different

RGB values. The user can experiment with getting the

smaller, physically different squares to look as they

have the same colour appearance, by changing the col-

our of the background fields.

3. Simultaneous Contrast: Similar becomes different [Fig.

4(B)] also demonstrates simultaneous contrast. The set-

ting is the same as in the previous exercise, however, in

this station the squares in the middle are physically iden-

tical, i.e. they have the same RGB-notations. The user

can experiment with getting the smaller squares to look

as they have different colour appearance, by changing

the colour of the background fields.

4. The RGB-Room (Fig. 5) deals with RGB, and demon-

strates how, by changing the colour of the illumination

from neutral to either red or green, the coloured pattern of

the wall surfaces will appear differently. After changing

the illumination, it is possible to drag the line dividing the

differently illuminated rooms to enhance the comparison.

5. Perceived colour: Painted facades (Fig. 6) demonstrates

colour appearance on façades at a distance. The user can

choose between six different colour schemes (green,

brown, yellow, red, blue, and white) by clicking on a

bucket of paint to the right, and consequently see how

three different nuances of the chosen paint will look on

the adjoining facades at about 50 m distance.

6. Perceived colour: Indoors and outdoors (Fig. 7) demon-

strates the fundamental principles of how a paint is per-

ceived when applied on an exterior façade compared

with indoor wall surfaces. The user can choose between

four different colour schemes (light green, brown, light

blue, and yellow) by clicking on the colour samples to

Fig. 5. The station The RGB-Room.

Fig. 4. A. The station Simultaneous Contrast: Different
becomes similar. B. Simultaneous Contrast: Similar becomes
different.

‡Through elaborations in the VCL-project we have concluded that the

RGB-value of a colour sample is consistent between different screens

though its colour appearance may vary.
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the right, and consequently see how the chosen paint is

perceived on a façade compared with in a room.

7. Perceived colour: South- and north facing rooms (Fig. 8)

demonstrates the difference in colour appearance in

rooms facing different directions. Both the perceived col-

our and the character of the room change between a south

facing room with direct sunlight, and a north facing room

without direct sunlight but with plenty of daylight. The

user can chose between four different colour schemes

(pink, yellow, light green, and light blue) by clicking on

the colour samples to the right. It is then possible to make

further choices between four different nuances of the

selected colour scheme, and consequently see how the

chosen paint is perceived in a south- compared with a

north-facing room.

8. Reflection effects: Floor (Fig. 9) deals with interreflec-

tions within a spatial setting. This station demonstrates

how surfaces in a room are affected by the reflections

from the floor. The user can paint the floor in one of six

different hues (gray, blue, green, yellow, brown, and

magenta) by clicking on the colour samples to the right.

The room lacks furniture in order to demonstrate the

principle more clearly.

9. Reflection effects: Blue and Yellow (Fig. 10) also

deals with interreflections within a spatial setting.

This station allows the user to change the colour on

different room surfaces and see how this will affect

the room as a whole. The surfaces are painted either

yellow or light blue (except for the ceiling which is

white), and there are six different combinations to

choose from in order to see how the reflections of

the surfaces affect the colour appearance of the

room.

Technical Data

In their current shape, the stations of the VCL are

based on model images constructed in 3Ds max, Cinema

4D, and Adobe Photoshop; and are the result of thorough

studies of colour phenomena in real world environments.

Adobe Photoshop and the web-based NCS Navigator29

have been used in order to correct the colour appearance

on the rendered textures and images. The graphical con-

tent in the graphical user interface, e.g. images and icons,

was created in Adobe Photoshop. Regarding the coding

of the web page, HTML was used in order to create all

included elements such as text, images, links and buttons.

CSS was used for setting typeface, colouring and posi-

tioning of objects on the page. Javascript was used to

make the objects moveable and PHP for giving the page

functionality.

The Subjects

The subjects were divided into two categories: Group 1

contained professionals within the areas of architecture,

design, lighting design, art and interaction design. Group 2

contained first year architecture students. For the first

Fig. 7. The station Perceived colour: Indoors and outdoors.

Fig. 6. The station Perceived colour: Painted facades.
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category, the questionnaires were sent out via e-mail to 31

individual professionals, from whom 25 answered that they

were willing to participate and 20 sent in a completed ques-

tionnaire. For the second category, 90 students (the first

year class of the Architecture program) were asked directly

if they wanted to participate in the study. In this category 35

were willing to participate, and 25 sent in a fully completed

questionnaire.

The Questionnaire

The questionnaire was divided into three sections. The

first section concerned the personal and professional pro-

file of the participants, while the second focused on their

experience of working with and their use of colours. The

third and biggest section concerned the actual evaluation

of the colour laboratory. For this section, the users were

given the link to the webpage. They were expected to

have familiarized themselves with the content before pro-

ceeding with answering the questions. A combination of

qualitative and quantitative approaches was applied

throughout the questionnaire. For the evaluation of each

separate station, the following evaluation techniques were

used:

1. Semantic differential scaling. The participants were

asked to mark the importance of different characteristics

for each station (pedagogical value, included images,

Fig. 9. The station Reflection effects: Floor.

Fig. 8. The station Perceived colour: South- and north facing rooms.
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included text, set-up and general impression) on a 7-

grade scale ranging from 23 (very bad) to 3 (excellent).

As a complement to this, the participants were given the

opportunity to comment on their choices.

2. Answers of a yes/no/don’t know character in response

to questions concerning the relevance of the station for

the user.

3. Free views and comments on each station, according to

specific criteria. This included, for example, how inter-

esting and useful the content was; how pedagogical the

station was; how comprehensible the images were, and

how the text was perceived.

4. Free comments on each station were encouraged as an

important supplement to the scaling questions.

In the last part of Background section, questions con-

cerned which station the user found functioned best,

according to some specific criteria. Here choices of one

or more stations were combined with free comments as

an explanation for each choice.

RESULTS

In this section, the results from the different parts of the

questionnaire are presented.

Fig. 11. Example of one station’s flyout page, providing background information on the demonstrated colour
phenomenon.

Fig. 10. The station Reflection effects: Blue and Yellow.
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Part 1 and 2 of the Questionnaire: Target Groups

and their Colour Knowledge and Experience

Part 1 of the questionnaire regarded the personal and

professional profile of the participants, while Part 2 con-

cerned their knowledge of colour appearance and their

experience of working with colour.

In group 1, 20 professionals within the areas of archi-

tecture, design, and art participated. 16 of these were

occupied within research and/or teaching at post-

secondary and/or university level. Nine were architects

and/or designers, six were artists, and two were catego-

rized as “other.” Out of the 20 there were 15 women and

5 men. The age of the participants varied from 32 to 67

years, with an average of 49.4 years. All of the partici-

pants professionally worked with, and had a great interest

in colour. Almost all of them (19 out of 20) had a large to

very large colour knowledge. 75% had more than 20 years

of colour experience, 15% had 10 to 20 years of colour

experience, 5% had 5 to 10 years, and 5% had 0 to 1 year.

In group 2, 25 first year architecture students partici-

pated; 19 women and 5 men. The age of the participants

varied from 18 to 31 years, with an average of 22 years.

All of the subjects had some basic colour training, includ-

ing the NCS-system, through their architecture education.

A few of them also had additional training from art

schools; 60% had 0 to 1 year of experience, 20% had 1

to 2 years, and 20% had 2 to 5 years of experience. Most

of the subjects (76%) had limited colour knowledge,

while 24% had a larger amount.

Part 3 of the Questionnaire: Evaluation of Each

Station Separately and the VCL as a Whole

In the third part of the questionnaire an evaluation was

made of each station and of the VCL as a whole.§,¶

Evaluation of Each Station Separately. The subjects

were asked to evaluate each station from the criteria (1)

pedagogical value; (2) readability; (3) visual clarity; (4)

structural clarity; and (5) general impression using semantic

scaling ranging from 23 (very bad) to 3 (excellent). The

predominant result showed that the VCL generally was

highly appreciated by the users in the study (Fig. 12),

although the assessed quality of the stations differed. More-

over, there was a common tendency for group 2 (the stu-

dents) to be more unified in their answers compared with

group 1 (the professionals). Group 2 also, generally, rated

the stations higher than group 1 for the different criteria.

This tendency was particularly evident in the combined rat-

ings of the stations Simultaneous Contrast: different

becomes similar [Fig. 4(A)]; Simultaneous Contrast: similar

becomes different [Fig. 4(B)]; The RGB-Room (Fig. 5);

Perceived colour: painted façades (Fig. 6); and Reflection

effects: Blue and yellow (Fig. 10), all of which were given

significantly higher ratings from group 2, compared with

from group 1. The generally highest ranked station for

group 1 and group 2 together was Perceived colours:

Indoors and outdoors (Fig. 7) which most observers found

both interesting and useful. For group 1, the lowest rated

station, by a significant margin, was the RGB-Room, which

observers considered slightly over explicit and too basic.

For group 2 also, the RGB-Room was rated lowest, though

it was notably more highly rated than by group 1. The only

two comments in addition from group 2 concerned size and

interaction of the visualization.

The evaluation of the five criteria separately shows the

same tendency for group 2 to rate most of the stations

more highly than group 1. This difference in ratings is

particularly striking for the station Perceived colour:

Painted façades (Fig. 6) concerning the criterion Struc-

tural clarity (Table I). Comments from group 1, in addi-

tion to their semantic scaling ratings, reveal a spread in

opinions, where most are positive about the content and

structure of the station, with a few exceptions that call for

better interaction and clearer structure in the exercise.

The semantic scaling ratings for group 2 show that the

students are more collectively positive towards the struc-

ture of this station, however they do not leave any addi-

tional comments.

There are only a few cases where group 1 rates a station

higher than group 2, including Perceived colour: South-

and north-facing rooms (Fig. 8) for the criteria Pedagogical

value and Readability (Table II). Comments from group 1

show that this station is engaging and raises an interest in

the demonstrated phenomenon. Many suggestions on visual

improvements for the exercise are given. In group 2 darker

colour samples are called for to elaborate with in the

Fig. 12. The combined mean value of all answers for the five criteria Pedagogical value; Readability; Visual clarity; Struc-
tural clarity; and General impression. Semantic scaling was used, ranging from 23 (very bad) to 3 (excellent).

§Some participants did not answer one or more of the questions, and there-

fore the numbers of answers which are accounted for in the results vary

between 16 and 20 for group 1, and between 13 and 25 for group 2.
¶Important to note is that participants sometimes stated more than one alter-

native in their answers. For the statistical analysis we have therefore dis-

carded these answers.
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exercise, as well as photos from real life situations. About

the Virtual Colour Laboratory (Fig. 3) is also rated higher

by group 1 than by group 2 for the criteria Readability and

Structural clarity (Table III). Comments from the groups

concern, above all, the layout of this station, which is con-

sidered, despite having interesting content, a bit too dense

and hard to read.

There was a concordance between the groups rating

Perceived colour: Indoors and outdoors (Fig. 7) highest

for the criterion Visual clarity. Participants from group 1,

though liking the general idea and written content of this

station, call e.g. for a higher degree of detailing in the

visualizations and NCS-codes for the demonstrated paints.

Comments from group 2 call for photos with examples

from reality, and for more colour samples to compare.

When it comes to the criterion General impression, all

stations are rated high by both groups. The highest rated

stations for group 1 regarding this criterion are Perceived

colour: Painted façades (Fig. 6); Perceived colour:

Indoors and outdoors (Fig. 7) and Perceived colour:

South- and north facing rooms (Fig. 8), while group 2

rates About the Virtual Colour Laboratory (Fig. 3);

Simultaneous Contrast: Different becomes similar [Fig.

4(A)]; Simultaneous Contrast: Similar becomes different

[Fig. 4(B)]; and Perceived colour: Indoors and outdoors

(Fig. 7) highest.

The participants were also asked to evaluate which sta-

tion or stations they considered to work best pedagogi-

cally (Fig. 13), as well as to give the best understanding

of colour appearance (Fig. 14). They were asked to

choose one or more stations for each question, adding

comments as support for their choices.

The station that in group 1 was found to be best work-

ing pedagogically (Fig. 13) was Perceived colour: Painted

façades (Fig. 6) (18%), followed by Simultaneous Con-

trast: Similar becomes different [Fig. 4(B)] (16%) and

Simultaneous Contrast: Different becomes similar [Fig.

4(A)] (14%). Comments in connection to this stated that

the stations on simultaneous contrast “offer more ways of

‘teaching myself,’ and ‘offer a smooth and easy way to

let colours interact on the screen, instead of cutting col-

oured paper, or mixing colours on a palette!’” Many com-

ments stated that they found these stations clear and

straight forward. A few found them over-pedagogical.

In group 2, Simultaneous Contrast: Different becomes

similar (21%) got the highest marks on the same ques-

tion, followed by Perceived colours: Painted façades

(15%), and Perceived colour: Indoors and outdoors (Fig.

7) (15%). Comments in connection to this stated that the

exercise in Simultaneous Contrast: Different becomes

similar was fun and motivating to work with and that the

text explained the content well. One participant remarked

that the station very clearly showed how colour surfaces

affect each other. Another participant wrote that the sta-

tion pointed out a phenomenon that “I think most will be

surprised over, at least I was.” Regarding Perceived col-

our: Painted façades comments stated that this station

raises an interest, though “one understands what it is

about, without reading the text”; and “It is clear and extra

user friendly.” Perceived colours: Indoors and outdoors

was perceived as extra clear and usable, and experienced

as trustworthy.

Regarding which station or stations that group 1 con-

sidered provided the best understanding of the appear-

ance of colour (Fig. 14). Perceived colour: Painted

façades got the highest ranking, closely followed by the

station Simultaneous contrast: Different becomes similar.

Several of the participants in group 1 found that these

stations were clear and simple, and easy to understand.

Comments read that they worked well on the screen, and

that in Simultaneous contrast: Different becomes similar

“the colour appearance on the screen was undisturbed

by all the affecting light sources of reality.” One partici-

pant noted that these stations increased his/her will to

better understand colour appearance, and provided

increased insight into colour phenomena. Others men-

tioned that the interaction added value, that the text was

good and explicable, and that the real world examples in

TABLE III. Mean value and standard deviation for
groups 1 and 2 regarding the criteria Readability and
Structural clarity for the station About the Virtual Col-
our Laboratory.

Readability Group 1 Group 2

Mean value 1.58 1.08
Standarddev. 1.77 1.32
Responses 19 13

Structural clarity Group 1 Group 2

Mean value 1.32 0.72
Standarddev. 1.53 1.41
Responses 19 18

TABLE II. Mean value and standard deviation for
groups 1 and 2 regarding the criteria Pedagogical
value and Readability for the station Perceived
colour: South- and north-facing rooms.

Pedagogical value Group 1 Group 2

Mean value 2.39 2.13
Standard deviation 0.85 1.39
Responses 18 24
Readability Group 1 Group 2
Mean value 2.56 2
Standard deviation 0.92 1.29
Responses 18 24

TABLE I. Mean value and standard deviation for
groups 1 and 2 regarding the criterion Structural
clarity for the station Perceived colour: Painted
façades.

Structural clarity Group 1 Group 2

Mean value 0.32 2.42
Standard deviation 1.79 0.97
Responses 19 24
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Perceived colour: Painted façades were easiest to relate

to. In group 2, Simultaneous contrast: Different becomes

similar got the highest rankings. The next two highest

ranked stations were Perceived colour: Painted façades

and Perceived colours: Indoors and outdoors. One partic-

ipant remarked that these stations “describe different

ways that colours behave which you don’t normally

think about, and which is useful both in an everyday

context and professionally” and another that these sta-

tions focused on “the questions I sometimes think about

Fig. 14. Evaluation of which station is considered to provide the best understanding of colour appearance, shown in
percentage.

Fig. 13. Evaluation of which station is considered as best working from a pedagogical point of view, shown in
percentage.
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regarding colour.” Many commented that these stations

most clearly demonstrated differences in colour appear-

ance depending on circumstances, and most concretely

displayed how coloured surfaces are affected by light

and surrounding colours.

The two groups were further asked to evaluate the con-

tent of each separate station from the criteria (1) Is the

content interesting?; (2) Is the content relevant to you in

your work?; and (3) Is the content generating new knowl-

edge for you? (Table IV). From a compilation of all

answers (Fig. 15), it is evident that both groups, particu-

larly group 2, considered the project to be interesting and

relevant. However, the largest difference between the

groups concerned the question of whether the VCL gener-

ates new knowledge for the user or not. The largest part

(80%) of group 2, consisting of the students, considered it

to do this, compared with 55% of the professionals in

group 1, who did not. In group 1 there was a larger

spread in answers, indicating a more mixed response.

Evaluation of the VCL as a Whole. On a scale ranging

from 23 (very bad) to 3 (excellent) regarding how they per-

ceived the VCL as a whole, a majority of both groups rated it

highly (Fig. 16). Most of the comments were positive about

the VCL, showing for example that participants thought the

VCL “a valuable simple form of practical knowledge media-

tion,” “fun, and a simple way to discover great differences [in

colour appearance],” “giving fast, concrete examples of the

complexity of colours,” and “making it possible to understand

how colours affect each other which it is not possible to learn

via text alone.” Others gave constructive criticism, for exam-

ple that the VCL “so far is not nuanced enough,” “does not

provide enough new knowledge,” “needs a bit of sharpening,”

and “has a middle-level which reaches neither the inexper-

ienced nor the experienced.” A few noted that the mediation

of colour appearance via digital media was a problem.

The larger part of group 1 (the professionals) could see

the meaning of using the VCL as a pedagogical tool in

their work (group 2, only consisting of students, was not

TABLE IV. Evaluation for group 1 (left) and group 2 (right) regarding whether or not the content of each station
was (1) interesting, (2) relevant, and (3) knowledge generating.

Stations:

Group 1: Group 2:

Content
interesting?

Content
relevant in
your work?

Content
generating new

knowledge
to you?

Content
interesting?

Content
relevant in
your work?

Content
generating new

knowledge
to you?

About the Virtual
Colour
Laboratory

Yes 18 15 7 25 25 20
No 0 0 11 0 0 2
Don’t know 1 3 2 0 0 3

Simultaneous
Contrast:
Different
becomes
similar

Yes 18 14 5 24 24 20
No 0 1 9 0 0 2
Don’t know 0 2 4 0 0 2

Simultaneous
Contrast:
Similar
becomes
different

Yes 19 16 5 24 25 20
No 1 2 14 0 0 3
Don’t know 0 2 1 0 0 2

The RGB-Room Yes 14 11 5 15 20 16
No 2 5 12 4 0 5
Don’t know 3 4 3 5 4 3

Perceived
colour:
Painted
facades

Yes 17 13 10 25 25 20
No 1 4 7 1 0 4
Don’t know 1 2 2 0 0 1

Perceived
colour:
Indoors and
outdoors

Yes 17 14 11 24 25 19
No 2 3 8 1 0 5
Don’t know 0 2 0 0 0 1

Perceived
colour: South-
and North-
facing rooms

Yes 15 12 6 24 24 23
No 1 3 10 1 1 2
Don’t know 0 2 0 0 0 0

Reflection
effects: Floor

Yes 19 13 6 22 24 20
No 1 5 13 0 1 4
Don’t know 0 2 0 3 0 1

Reflection
effects: Blue
and Yellow

Yes 16 14 5 24 24 23
No 2 2 12 0 0 2
Don’t know 2 4 2 1 1 0

A few participants sometimes stated more than one alternative in their responses. For the statistical analysis we have discarded
these answers. Moreover, some participants did not answer all of the questions. Therefore, the number of responses varies between 16
and 20 for group 1, and between 24 and 25 for group 2.
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asked this question). Many of the teachers within group 1

stated that they were positive about using the VCL as a

complement to their teaching, giving comments such as

“students can elaborate on their own, without already

given answers”, and that “the stations are often pedagogi-

cal and clear, and would be a good complement [to the

teaching].” Other participants stated that they would rec-

ommend the site to those interested in colour.

Regarding suggestions on improvements for the VCL,

the participants in both groups commented on aspects

such as design and graphical user interface, usability, con-

tent, target audience and level of interactivity. Both

increased and reduced interactivity was called for, as well

as increased complexity in, as well as more, exercises. A

few participants from both groups asked for more realistic

looking settings for the room stations, including more

detailing such as furniture and visible light sources etc. In

group 1 more detailing and the use of NCS-coding was

called for, as well as a better colour adaptation to digital

media. Participants from group 2 asked for more facts

and explanations on colour appearance, more colour sam-

ples to choose from in the stations, clearer instructions

and pop-up signs when an elaboration was successfully

completed with information on why it worked.

DISCUSSION

As we move further towards a digitalized society, using

visualization as a tool for pedagogical learning is becom-

ing increasingly common, and the advantages of using

this new medium for communicating ideas are many.

However, computer generated visualizations can in some

ways lead to misunderstandings between the designer and

the recipient, originating from the appearance of the visu-

alization itself. Today’s technology allows visualizations

so realistic in appearance that they are hard to tell apart

from the real thing, and can thus convey any message,

truthful or not. Visualizations aiming to be realistic, but

Fig. 16. Ratings using semantic scaling ranging from 23 (very bad) to 3 (excellent) for how the observers experienced
the Virtual Colour Laboratory as a whole. Nineteen observers answered this question from group 1, and 25 from group 2.

Fig. 15. A compilation of all answers from groups 1 and 2 regarding how interesting, relevant and knowledge generating
they consider the VCL to be, shown in percentage.
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which are not realistic enough, can create focus on the

faults in appearance rather than on the intended design.

The challenge thus lies in conveying the design idea as

accurately as possible, while at the same time visually

minimizing false interpretations. In the VCL-project it

has from the start been a challenge to find the correct

level of detail and information in the visualizations. Com-

bining visual correctness with pedagogical accuracy has

been a focus in the project. Technological issues and lim-

itations, including the difficulties of translating real world

colour appearance to a digital setting, have led to a lower

degree of photorealism in favor of the principle of the

exercise being more clearly demonstrated. But what level

of realism is enough in pedagogical demonstrations of

this kind? The more knowledge you possess on a subject,

the higher your demands for detailed precision will be. In

this study it has proved important to consider the qualita-

tive follow up to each quantitative answer from both

groups. Comments from group 1 (the professionals)

revealed a higher sensitivity to the visual exactness of the

presented material, and called among other things for

NCS-codes for all the colour samples used in the demon-

strations and exercises. Group 2 (the students) generally

accepted a lower degree of visual exactness, and instead

tended to comment on the stations’ capacity to convey

the information, as well as the interactivity. Other calls

regarding the visualizations of the VCL concerned more

detailing, and more options in many of the exercises; as

well as sometimes a higher, and sometimes a lower,

degree of interactivity.

There was a general tendency for group 2 to be more

concurrent than group 1 in their answers, as well as fre-

quently rating all stations more highly for the different

criteria, as was particularly clear in the evaluation of the

stations Simultaneous Contrast: Different becomes similar

and Simultaneous Contrast: Similar becomes different.

One explanation for the high ratings of these particular

stations can be that the students had had a course in col-

our theory in the weeks before the survey, and through

this had the analog versions of the Josef Albers-based

exercises presented in these stations fresh in their minds.

It also suggests that the tool is pedagogically functioning

as intended in these two stations.** However, group 2

though giving higher ratings were not prone to give many

comments on their evaluation. Group 1, though generally

being a bit more critical, were more reflective and gave

much feedback.

One plausible reason for the generally higher spread in

answers for group 1 could be that this group consisted of

professionals from varying fields connected to colour.

While the students in group 2 had not yet started their

individual careers, and were all at the same stage in the

same education, the professionals did not have a uniform

educational background and worked within various differ-

ent fields connected to architecture, art and design, thus

constituting a less homogenous group than group 2. Their

evaluation of the tool from their role as professionals

within the field of colour could be a reason for the

amount of often very detailed comments and criticism, in

many cases connected to their own experience, which

they provided; compared with group 2 in which the

observers generally gave the stations higher ratings, but

rarely explained the reasons for their choices. Analyzing

the background of the commentators, the conclusion is

drawn that the VCL might not be as relevant as a peda-

gogical tool for artists and in art education, as in design

and architectural teaching, since the focus of the exercises

currently lies on colour appearance in the built

environment.

CONCLUSIONS

Though published user studies for this kind of tools so far

are few in number, the use of digital demonstration tools

for educational purposes is constantly increasing, making

this study highly relevant. The VCL has been a small pro-

ject, with high aspirations but with a limited amount of

time. In spite of this the user evaluation shows high

appreciation of the tool and great potential for this kind

of pedagogical aid. In this user study we got a clearer

image of how the VCL is perceived by potential users,

and what adaptations that could be useful to make in

order to meet relevant suggestions regarding e.g. interface

and interaction. The high ratings for some of the stations

point towards the tool working as intended in these, and

they can thus be looked upon as guidance in the further

development of the VCL.

What we have learned from this evaluation is that the

VCL probably functions best as a pedagogical tool when

used as a complement for a teacher giving a lecture or a

workshop, and as such it has the potential to be devel-

oped further. The evaluation made by the observers, and

particularly their qualitative comments, have been very

valuable when considering both the design and content in

the future development of the VCL.

Future Work

The VCL is an on-going project with great potential to

become a useful NCS-based demonstration tool within

colour education for designers and architects. In this

development, the results from the user study need to be

considered, both regarding content, structure, graphics,

and user interaction of the site. A possible future develop-

ment could be to include results from other research areas

connected to colour appearance, for example illumination,

as well as visual illusions. In order to make the site more

dynamic, the VCL could also be expanded to include the

possibility to give feed-back and comments directly on

the website, and perhaps also provide a forum for

exchanging ideas and opinions in connection to the

**Noteworthy is that Simultaneous contrast: Similar becomes different and

Simultaneous contrast: Different becomes similar are demonstrating the

same exercise, from two angles, which might lead to the conclusion that

participants choosing one of these also include the other in their choice.
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presented material. First however, we want to broaden the

VCL with more stations on spatial colour phenomena. In

this development we invite other researchers to contribute

with their research, existing or in progress, to form a

base for new stations and also for an international

collaboration.

ACKNOWLEDGMENTS

The authors thank all the observers who volunteered to par-

ticipate in this study for the time and the effort they put to

it. Furthermore, we thank Visual Arena Research/Visual

Arena Lindholmen for support and use of facilities.

1. Creative Market Labs, Inc., COLOURlovers—Blog. 2015. Available

from: www.colourlovers.com/blog. Publisher: Creative Market Labs,

Inc., Lake Oswego, OR 97034. Last cited 2015 April 1.

2. Wager L. Color collective. 2010. Available from: http://color-collective.

blogspot.se/. Publisher: Wager L, through Squarespace Inc., New York,

NY 10013. Last cited April 1, 2015.

3. Douglas C. Plenty of colour - Inspiration devoted to colour. 2015.

Available from: http://plentyofcolour.com/. Publisher: Douglas C,

through FeedBurner, Google Inc., CA 94043. Last cited April 1, 2015.

4. Colaluca J. Design seeds - For all who love color. 2015. Available

from: http://design-seeds.com/. Publisher: Colaluca J, through Feed-

Burner, Google Inc., CA 94043. Last cited April 1, 2015.

5. Cornell University Program of Computer Graphics. The Cornell Box.

1998. Available from: www.graphics.cornell.edu/online/box. Publisher:

Cornell University, NY 14853. Last cited April 1, 2015.

6. Bach M. Optical illusions & visual phenomena. 2015. Available from:

http://www.michaelbach.de/ot/. Publisher: Bach M, Freiburg, Germany.

Last cited April 1, 2015.

7. McCann J. Colour vision challenges in electronic imaging. 2011. Avail-

able from: https://www.youtube.com/watch?v5UtB-UUuM1Ds. Pub-

lisher: McCann J, through SPIE.TV, YouTube, CA 94066. Last cited

April 1, 2015.

8. Zawischa D. Introduction to colour science. 2011. Available from:

https://www.itp.uni-hannover.de/~zawischa/ITP/introcol.html. Publisher:

Zawischa D, University of Hannover, Germany. Last cited April 1,

2015.

9. Blackwell C. Color vision 1: Color basics. 2013. Available from:

https://www.youtube.com/watch?v5iDsrzKDB_tA. Publisher: Blackwell

C, through YouTube, CA 94066. Last cited April 1, 2015.

10. Morton JL. Color Voodoo. 2014. Available from: http://www.colorvoo-

doo.com/index.htm. Publisher: Color Voodoo, Hawaii 96816. Last cited

March 31, 2015.

11. Landrigan DT. Color Phenomena. 2015. Available from: http://dragon.

uml.edu/psych/colors1.html. Publisher: Landrigan, DT, University of

Massachusetts Lowell, MA 01854. Last cited April 1, 2015.

12. Sarcone GA, Waeber M-J. Colors of the mind - Color illusions. 2015.

Available from: http://www.archimedes-lab.org/color_optical_illusions.

html. Publisher: Archimedes’ Lab, Genova, Italy. Last cited April 1,

2015.

13. Schils P. Color phenomena. 2010. Available from: http://www.color-

theory-phenomena.nl/index.html. Publisher: Schils P., The Netherlands.

Last cited April 1, 2015.

14. Adelson EH. Lightness perception and lightness illusions. Available

from: http://web.mit.edu/persci/gaz/. Publisher: Talusan, M., MIT, MA

02139. Last cited April 1, 2015.

15. Colour Society of Australia. Colour Society of Australia - Knowledge,

inspiration, community. 2015. Available from: http://www.coloursoci-

ety.org.au. Publisher: Colour Society of Australia through Web123,

QLD 4802. Last cited March 30, 2015.

16. Colour Research Society of Canada. Colour Research Society of Canada

(CRSC) - Soci�et�e canadienne de recherche sur la couleur. 2014. Avail-

able from: http://www.colourresearch.org/. Publisher: Colour Research

Society of Canada, Toronto, Ontario. Last cited March 30, 2015.

17. Swedish Colour Centre Foundation. Colourspot: Swedish Colour Centre

Foundation – Svenskt F€argcentrum. 2015; Available from: http://www.

colourspot.org/. Publisher: Swedish Colour Centre Foundation through

WordPress.com. Last cited March 30, 2015.

18. Colorcom. Welcome to Colorcom – The color consultant experts. 2015.

Available from: http://www.colorcom.com/. Publisher: Colorcom, USA.

Last cited March 30, 2015.

19. Global Color Research. Think Colour. 2015. Available from: http://

www.globalcolor.co.uk/. Publisher: Global Color Research, London,

UK. Last cited March 30, 2015.

20. Alcro F€arg. Alcro Design. 2015. Available from: http://www.alcro.se/

Artiklar/Alcro-Design/. Publisher: Alcro F€arg, Stockholm, Sweden. Last

cited March 30, 2015.

21. Dulux. Dulux Visualizer. 2015. Available from: http://www.dulux.ie/en/

inspiration/dulux-visualiser. Publisher: Dulux through Imperial Chemi-

cal Industries Ltd. Last cited April 1, 2015.

22. Storey M-A, Phillips B, Maczewski M, Wang M. Evaluating the usabil-

ity of web-based learning tools. Journal of International Forum of Edu-

cational Technology & Society, 5 (3), 2002, pp. 91–100.

23. Hsi S. A study of user experiences mediated by nomadic web content

in a museum. Journal of Computer Assisted Learning, 19 (3), 2003, pp.

308–319.

24. Stahre B, Billger, M, Fridell Anter K, Hårleman M. The virtual colour

laboratory: The development of an interactive web application for col-

our education. In: Proceedings of AIC 2013—12th International AIC

Congress: Bringing Colour to Life, Newcastle upon Thyne, UK, July 8-

12, 2013. pp. 673-676.

25. Stahre B, Billger M, Fridell Anter K. To colour the virtual world – dif-

ficulties in visualizing spatial colour appearance in virtual environments.

International Journal of Architectural Computing (IJAC), 07 (02), 2009,

pp. 289–308.

26. Stahre B, Billger Monica, Fridell Anter K. A virtual colour laboratory

– presentation and invitation. In: Proceedings of AIC 2009 - 11th Con-

gress of the International Colour Association, Sydney, Australia, Sep-

tember 27– October 2, 2009.

27. Billger M, Heldal I, Stahre B, Renstr€om K. Perception of colour and

space in virtual reality: a comparison between a real room and virtual

reality models. In: Proceedings of IS&T SPIE 16th Annual Meeting on

Colour Imaging, San Jos�e, CA, January 18-22, 2004, pp. 90–98.

28. Billger M, Stahre W€astberg B, Hårleman M. Det virtuella

f€arglaboratoriet. 2014. Available from: http://dvfl.portal.chalmers.se.

Publisher: Chalmers University of Technology, Gothenburg, Sweden.

Last cited April 1, 2015.

29. NCS Colour AB, NCS Navigator. 2015. Available from: http://www.

ncscolour.com/en/design-architecture/work-digitally-with-ncs/ncs-naviga-

tor/. Publisher: NCS Colour AB, Stockholm, Sweden. Last cited March

31, 2015.

Volume 41, Number 6, December 2016 625

 15206378, 2016, 6, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/col.22000 by Statens B

eredning, W
iley O

nline L
ibrary on [14/08/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

http://www.colourlovers.com/blog
http://color-collective.blogspot.se/
http://color-collective.blogspot.se/
http://plentyofcolour.com/
http://design-seeds.com/
http://www.graphics.cornell.edu/online/box
http://www.michaelbach.de/ot/
https://www.youtube.com/watch?v5UtB-UUuM1Ds
https://www.itp.uni-hannover.de/~zawischa/ITP/introcol.html
https://www.youtube.com/watch?v5iDsrzKDB_tA
http://www.colorvoodoo.com/index.htm
http://www.colorvoodoo.com/index.htm
http://dragon.uml.edu/psych/colors1.html
http://dragon.uml.edu/psych/colors1.html
http://www.archimedes-lab.org/color_optical_illusions.html
http://www.archimedes-lab.org/color_optical_illusions.html
http://www.color-theory-phenomena.nl/index.html
http://www.color-theory-phenomena.nl/index.html
http://web.mit.edu/persci/gaz/
http://www.coloursociety.org.au
http://www.coloursociety.org.au
http://www.colourresearch.org/
http://www.colourspot.org/
http://www.colourspot.org/
http://www.colorcom.com/
http://www.globalcolor.co.uk/
http://www.globalcolor.co.uk/
http://www.alcro.se/Artiklar/Alcro-Design/
http://www.alcro.se/Artiklar/Alcro-Design/
http://www.dulux.ie/en/inspiration/dulux-visualiser
http://www.dulux.ie/en/inspiration/dulux-visualiser
http://dvfl.portal.chalmers.se
http://www.ncscolour.com/en/design-architecture/work-digitally-with-ncs/ncs-navigator/
http://www.ncscolour.com/en/design-architecture/work-digitally-with-ncs/ncs-navigator/
http://www.ncscolour.com/en/design-architecture/work-digitally-with-ncs/ncs-navigator/

