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Introduction

• In the present work we will use concept maps

to facilitate the process of conceptual change

in students from the analysis of their

preconceptions on a particular topic, namely

the perception of colour of the famous dress

with ambiguous colours.



#theDress



#theDress

• This phenomenon began

on late February 2015,

when a user of the social

networking service Tumblr

published a photo of a

dress and asked people

about what colour was

the dress.



#theDress

• Surprisingly, the answers to this simple

question were divided into two very different

categories:

Blue & black /  White & gold



Objectives

• Develop an educational and informative 

explanation using concept maps to promote 

conceptual change on colour perception.

• Find an answer to the question: Why is the 

dress perceived in different colours by different 

people?



Why is the dress perceived in different 

colours by different people?

• To answer this question, we must first answer 

another preliminary question:

On what depends the colour we 

perceive in a certain object?



First Elaboration Level

• It is advisable to take first the online test 

available at http://grupoorion.unex.es/test to 

detect colour misconceptions.

http://grupoorion.unex.es/test


About the Apple Test

• Over 20,000 respondents

• Only 15.7% answered correctly

• The vast majority (78.2%) of incorrect response 
patterns matched just four sequences, 
corresponding to four types of misconceptions.

• This high percentage of wrong answers revealed 
the need to develop educational tools to achieve 
progressive conceptual changes, allowing us to 
combat the misconceptions found around the 
perception of colour.



Colour is not a property of the object

• One of the most widespread misconceptions is 
to consider colour as a property of the object.

• To combat this misconception it is useful to use 
concept maps allowing us to refine the meaning 
of the propositions within.

• Thus, the first conceptual change needed to 
explain the perceived colour of a given object is 
to clarify that it depends not only on its 
characteristics, but also on the incoming light, 
which is reflected by the object. 



First Conceptual Change



Second Elaboration Level

• Both stick figures 
are wearing the 
same dress.

• Commonly, we will 
perceive the blue 
faced stick figure on 
the left dressed in 
“white and gold” and 
the yellow faced 
stick figure on the 
right dressed in 
“blue and black”.



Second Elaboration Level

• However, despite 
perceived differently, 
if we check the RGB 
colour coordinates 
we can note that 
both dresses have 
the same colour 
coordinates (you 
can use a colour 
picker tool to 
check).



Second Elaboration Level



The colour of the environment 

influences the colour perceived
• The experience shows that the colour of the 

environment (background and surround) strongly 
influences the colour we perceive in an object.

• If we want to incorporate this content in a 
concept map, we must expand the proposition 
developed, which implies a second conceptual 
change.

• The colour an object is perceived depends on 
both the colour of the light traveling from the 
object to our eyes and also the colours of the 
environment (background and surround). 



Second Conceptual Change



Third Elaboration Level

• On the following slide, please stare at the 

black dot in the centre of the left image for 30 

seconds.

• Then, without moving your eyes from the 

black dot, go to the next slide.







Chromatic Adaptation

• If you did it right, the second image would 

have looked in full colour for a few seconds.

• However, as you can see, the image is in fact a 

black & white photograph.

Puerta de Palmas (Badajoz, Spain). 



Chromatic Adaptation

• This is due to the phenomenon known as 
“chromatic adaptation”, which leads us to add 
another progressive differentiation in our 
concept map.

• The perceived colour for a given object 
depends on the colour of the light traveling 
from the object to our eyes, the colours of the 
surrounding environment and also the colours 
visualized immediately before. 



Third Conceptual Change



Fourth Elaboration Level

• Have the squares marked A 

and B the same colour?



Fourth Elaboration Level

• Are you sure?



Colour depends on subjective 

mechanisms
• The perceived colour of 

the squares depends on 
the context.

• Our visual system needs 
to determine the colour 
of objects, and it uses 
several mechanisms to 
determine where the 
shadows are and how to 
compensate for them, in 
order to determine the 
“true colour” that 
belongs to the surface.



Colour depends on subjective 

mechanisms
• Thus, our visual system takes into 

account first local contrast: a 
square that is lighter than its 
neighbouring squares is probably 
lighter than average, and vice 
versa.

• The light square B in the shadow 
is surrounded by darker squares. 
Thus, even though the square is 
physically dark, it is light when 
compared to its neighbours.

• The dark checks outside the 
shadow, conversely, are 
surrounded by lighter checks, so 
they look dark by comparison.



Colour depends on subjective 

mechanisms
• The visual system also tends 

to ignore gradual changes in 
light level, so that it can 
determine the colour of the 
surfaces without being misled 
by shadows.

• Last, the appearance of the 
square is aided by the form of 
the cross-junctions formed by 
4 neighbouring squares. This 
type of intersection is usually a 
signal that all the edges should 
be interpreted as changes in 
surface colour rather than in 
terms of shadows or lighting.



Fourth Conceptual Change



What kind of mechanisms?

• Within certain limits, we have a tendency to 

perceive an object always with the same 

colour, regardless of the type of illumination.

• To avoid confusions, our visual system has 

evolved by developing what is known as 

colour constancy.



Colour constancy

• Colour constancy is a mechanism by which 

our visual system evaluates all colour 

information coming from the whole scene we 

are viewing.

• From this information, it can be assumed that 

our brain attempts to determine the 

approximate composition of the illuminating 

light, which is then discounted.



Discounting the illuminant

• Thus, the perceived colour of a given object 

depends on the colour of the light traveling 

from the object to our eyes, the colours of the 

environment, the colours visualized 

immediately before, and the perceptual 

mechanism called discounting the illuminant.



Final Map



Back to #theDress

• We acquired a model of the dress from the 

original manufacturer.

Viral photograph Photograph from the 

manufacturer webpage

Photograph from 

our dress



Results

• The results obtained in our colour laboratory 
have revealed that the problem of 
disparities in colour perceptions is not 
attributable to the dress itself, because all 
the respondents have expressed that they saw 
such dress as blue and black. 



Results

• Specifically, we used a sample of more than

300 people of different ages and educational

backgrounds.

• They had to complete a questionnaire with 
independent variables related to gender, age, 
education, etc.

• They also identified the perceived colours of

the dress under different light sources.



The problem is in the photograph

• However, we obtained 

different answers if they 

were shown the viral 

photograph, so:

– In what conditions was 

that picture taken?

– What kind of 

illumination was used?

– Which camera model 

and settings were used? 



• The most interesting question to us is:

How can we explain that most people perceive the 

dress in the photograph with so different colours?

• The answer to this question, from an 

educational and informative point of view, is 

related to the different levels of elaboration 

shown in the previous concept maps. 



• The fundamental objective of our visual system is 

to identify and recognize objects, and colour is 

one of the most useful tools for this goal.

• In the case of non-luminous objects, if we change 

the illuminant, the light reflected by the objects 

will also change.

• Thus, we should perceive them with different 

colours, which might make us think them as 

different objects.



• As we have seen, our visual system is probably able to 
discount the illuminant in a different amount, or as a 
consequence of different unknown factors.

• That is, the colours that people perceive in the 
photograph of the dress depend not only on the 
colours of the light traveling from every area of this 
photo to their eyes, but also on the specific 
backgrounds and surrounds behind this dress, the 
subjects’ specific ability to discount the illuminant, etc.

• Nevertheless, this mechanism of colour constancy is 
not triggered equally in all individuals, and some are 
abler than others to discount the illuminant. 



• The background colour 

(indicated by the arrow) 

suggests that, when the 

picture was taken, a 

yellowish hue was 

added (due to the 

illuminant or the 

camera settings).



Discounting the illuminant

• If the brain of the 

person who perceives 

the photo is able to to 

realize this and discount 

the yellowish illuminant, 

they will see the picture 

with the colours of the 

original dress, blue & 

black.



Not discounting the illuminant

• If they are unable to 

discount the yellowish 

illuminant, the brain will 

perceive the picture 

white & gold.



• We can assume that the discount of the 
illuminant is the most relevant factor to explain 
the differences between colours reported by 
different observers of the photography (not of 
the real dress).

• While currently this seems a reasonable 
hypothesis, it cannot be discarded that other 
factors (like observers’ pupil size) may have also 
played an important role in the problem we have 
considered here.



• The figure in the next slide shows the global 

concept map developed to give an educational 

and informative answer to the colour 

perception of the dress with ambiguous 

colours. 



http://grupoorion.unex.es:8001/rid=1Q4SZ4CZ6-1HSZF9X-83R/Colour Perception_REV.cmap


Acknowledgements

This Research was supported by the European 

Regional Development Fund (ERDF), the 

Ministry of Economy and Competitiveness of the 

Government of Spain, and the Regional 

Government of Extremadura, through grants 

FIS2013-40661-P and GR15102.



References (1/6)

• Adelson, E.H.: Checker shadow illusion, 
http://web.mit.edu/persci/people/adelson/checkershadow_illusion.html

• Adelson, E.H.: Lightness Perception and Lightness Illusions. In: Gazzaniga, M. 
(ed.) The New Cognitive Neurosciences. MIT Press, Cambridge (2000)

• Adelson, E.H.: Perceptual Organization and the Judgment of Brightness. 
Science, 262, 2042-2044 (1993)

• Ausubel D.P., Novak J.D., Hanesian H.: Educational psychology: A cognitive 
view. Holt, Rinehart & Winston, New York (1978)

• Ausubel, D.P.: Educational psychology: A cognitive view. Holt, Rinehart & 
Winston, New York (1968)

• Ausubel, D.P.: The acquisition and retention of knowledge: a cognitive view. 
Kluwer Academic Pubishers, Dordrecht (2000)

• BuzzFeed Life. What colors are this dress?, 
http://www.buzzfeed.com/catesish/help-am-i-going-insane-its-definitely-blue

http://web.mit.edu/persci/people/adelson/checkershadow_illusion.html
http://www.buzzfeed.com/catesish/help-am-i-going-insane-its-definitely-blue


References (2/6)

• Cañas, A.J., Ford, K.M., Coffey, J., Reichherzer, T., Carff, R., Shamma, D., 

Breedy, M.: Tools to build and share knowledge models based on concept 

maps (in Spanish). Rev. Inform. Educ. 13(2), 145-158 (2000)

• Crick, F., Koch, C. The problem of consciousness. Sci. Am. 267(3), 153-159, 

(1992)

• Eaton, J.F., Anderson, C.W., Smith, E.L.: Students' misconceptions interfere 

with learning: Case studies of fifth-grade students Elem. School J. 64 (4), 

365-379 (1984)

• Fairchild, M.D.: Color appearance models. John Wiley & Sons, Hoboken 

(2013)

• Fraser, K. Edwards, J.: The Effects of Training in Concept Mapping on Student 

Achievement in Traditional Classroom Tests. Res. Sci. Educ. 15, 158-165 (1985)

• Guesne, E.: Light. In: Driver, R., Guesne, E., Tiberghien, A. (eds.) Children's 

ideas in science. Open University Press, Philadelphia (1985)



References (3/6)

• Horton, P.B., McConney, A.A., Gallo, M., Woods, A. L., Senn, G. J. Hamelin, D.: 

An investigation of the effectiveness of concept mapping as an instructional 

tool. Sci. Educ. 77, 95–111 (1993)

• Martínez-Borreguero, G., Pérez-Rodríguez, Á.L., Naranjo-Correa, F.L., 

Suero-López, M.I., Pardo-Fernández, P.J.: Meaningful learning in physics 

education. Is our brain physiologically constructivist? In: Gómez Chova, L., 

López Martínez, A., Candel Torres, I. (eds.) ICERI2012 Proceedings, pp. 

5494-5503. IATED, Valencia (2012)

• Martinez-Borreguero, G., Pérez-Rodríguez, Á.L., Suero-López, M.I., Pardo-

Fernández, P.J.: Detection of misconceptions about colour and an 

experimentally tested proposal to combat them. Int. J. Sci. Educ. 35(8), 

1299-1324 (2013)

• Martínez, G., Naranjo, F.L., Pérez, Á.L., Suero, M.I., Pardo, P.J.: Meaningful 

learning Theory in science education: just another pedagogical trend? J. Sci. 

Educ. (in press) (2016)



References (4/6)

• Martínez, G., Pérez, Á.L., Suero, M.I., Pardo, P.J., Naranjo, F.L.: Using concept 

maps to create reasoning models to teach thinking: An application for 

solving kinematics problems. Knowl. Manage. E-Learn. 7(1), 162-178 (2015)

• Martínez, G., Pérez, Á.L., Suero, M.I., Pardo, P.J.: The effectiveness of concept 

maps in teaching physics concepts applied to engineering education: 

Experimental comparison of the amount of learning achieved with and 

without concept maps. J. Sci. Educ. Technol.  22(2), 204-214 (2013)

• McCann, J.J.: Do humans discount the illuminant?. Proc. SPIE 5666, 9-16 

(2005)

• Melgosa, M., Gómez‐Robledo, L., Suero, M.I., Fairchild, M.D.: What can we 

learn from a dress with ambiguous colours?. Color Res. Appl. 40(5), 525-

529 (2015)

• Munroe, R.: XKCD - Dress Color, http://www.xkcd.com/1492/

http://www.xkcd.com/1492/


References (5/6)

• Naranjo, F. L., Martinez, G., Perez, A.L., Lopez, M.I., Pardo, P.J.: A new online 

tool to detect colour misconceptions. Color Res. Appl. 41(3), 325-329 

(2015)

• Novak, J.D., Gowin, D.B.: Learning How to Learn. Cambridge University 

Press, New York (1984)

• Novak, J.D.: Learning, creating, and using knowledge: Concept Maps as 

Facilitative Tools in Schools and Corporations. Lawrence Erlbaum 

Associates, Mahweh (1998)

• Okebukola, P.A., Jegede, O.J.: Cognitive preference and learning mode as 

determinants of meaningful learning through concept mapping. Sci. Educ. 

72(4), 489-500 (1988).

• Pérez, A.L.; Suero, M.I.; Montanero, M.; Pardo, P.J., Montanero, M.: Concept 

maps and conceptual change in physics. In: de CâssiaVeiga Marriott, R., 

LupionTorres, P. (eds.) Handbook of research on Collaborative learning 

using concept mapping. IGI Global, Hershey (2009)



References (6/6)

• Reigeluth, C.M., Stein, F.S.: The Elaboration Theory of Instruction. In: 

Reigeluth, C.M. (ed.) Instructional design theories and models: an overview 

of their current status. L. Erlbaum, Hildsdale (1983)

• RIT University News: RIT color scientists explain the dress that went viral, 

https://www.rit.edu/news/story.php?id=51266

• Roth, W.M., Roychoudhury, A.: Science discourse through collaborative 

concept mapping: New perspectives for the teacher. Int. J. Sci. Educ. 16(4), 

437-455 (1994)

• Vemuri, K., Bisla, K., Pulpuru, S., Varadharajan, S.: Do normal pupil diameter 

differences in the population underlie the color selection of #thedress?. J. 

Opt. Soc. Am. A 33, A137-A142 (2016)

• Zeki, S.: The visual image in mind and brain. Sci. Am. 267 (3), 68-76 (1992)

https://www.rit.edu/news/story.php?id=51266


http://grupoorion.unex.es

http://grupoorion.unex.es/

