
The	  experience	  of	  colour	  
This	  chapter	  is	  presented	  in	  the	  Thesis	  of	  Iris	  Bakker	  and	  is	  realised	  with	  co-‐author	  Jan	  de	  Boon	  
	  
Abstract	  
The	  experience	  of	  colour	  is	  a	  complex	  phenomenon	  that	  it	  is	  difficult	  to	  define	  and	  to	  measure	  the	  influences	  
on	  people.	  In	  the	  current	  paint	  industry	  three	  indicators	  are	  used	  to	  define	  the	  qualities	  of	  colour:	  hue,	  
saturation	  and	  intensity	  (HSI)	  (Castleman,	  1998).	  Colour	  studies	  use	  these	  terms	  to	  define	  colour	  qualities.	  
However,	  it	  appears	  that	  these	  three	  colour	  qualities	  are	  too	  limited	  to	  describe	  colour	  experience	  in	  its	  
totality.	  The	  research	  findings	  show	  large	  differences.	  People	  experience	  their	  environment,	  including	  colour,	  
at	  different	  processing	  levels:	  physiological,	  affective	  and	  cognitive.	  A	  framework	  with	  these	  perspectives	  is	  
used	  to	  learn	  about	  the	  background	  of	  colour.	  Humans	  experience	  the	  coloured	  environment	  with	  all	  their	  
senses	  as	  the	  human	  sensory	  information	  system	  is	  the	  only	  system	  that	  is	  responsible	  for	  transporting	  data	  
concerning	  the	  connection	  between	  the	  outer	  environment	  and	  the	  inner	  human.	  Each	  sense	  focuses	  on	  a	  
specific	  colour	  characteristic	  as	  it	  appears	  in	  nature.	  As	  these	  colour	  characteristics	  represent	  themselves	  as	  
polarities	  such	  as	  warmth	  and	  coldness,	  harmony	  and	  disharmony	  and	  light	  and	  darkness,	  they	  appeal	  to	  
specific	  colour	  contrasts.	  In	  their	  turn	  these	  colour	  contrasts	  appeal	  to	  specified	  senses.	  For	  example,	  the	  sense	  
of	  temperature	  is	  sensitive	  for	  the	  warmth-‐coldness	  contrast.	  The	  connection	  between	  twelve	  natural	  
phenomena,	  twelve	  senses	  and	  twelve	  colour	  contrasts	  explain	  the	  colour	  experience	  in	  its	  totality.	  This	  view	  
shows	  that	  the	  HSI	  method	  is	  too	  limited,	  since	  it	  only	  uses	  three	  types	  of	  colour	  contrasts.	  Relying	  solely	  on	  
the	  HSI	  method	  may	  be	  one	  of	  the	  causes	  why	  colour	  research	  shows	  ambiguous	  results.	  
	  
	  
6.1	   Introduction	  
Previous	  research	  described	  in	  the	  chapters	  4	  and	  5	  shows	  the	  difficulties	  of	  establishing	  effects	  of	  colour	  on	  
productivity.	  Colour	  appears	  to	  be	  a	  complex	  and	  versatile	  phenomenon	  that	  influences	  people	  via	  
physiological,	  affective	  and	  cognitive	  processes	  and	  thereby	  may	  affect	  productivity.	  The	  goal	  of	  the	  present	  
research	  is	  to	  examine	  how	  colour	  influences	  people	  and	  their	  productivity	  and	  to	  specify	  the	  optimal	  physical	  
conditions	  for	  enhancing	  productivity.	  For	  this	  reason,	  an	  exploration	  is	  carried	  out	  within	  three	  knowledge	  
areas	  to	  be	  able	  to	  define	  the	  total	  colour	  experience.	  The	  following	  questions	  have	  been	  a	  guide	  for	  this	  
search:	  

1. Physiological	  level:	  Which	  evolutionary	  developed	  systems	  and	  physiological	  mechanisms	  in	  the	  eye	  
can	  be	  traced	  determining	  the	  way	  how	  we	  see	  and	  experience	  colours?	  	  

2. Affective	  level:	  Does	  colour	  influence	  emotional	  and	  motivational	  processes	  and	  feelings?	  
3. Cognitive	  level:	  How	  does	  colour	  influence	  the	  mind	  and	  how	  we	  think	  about	  colour.	  Can	  we	  learn	  

about	  the	  mechanism	  by	  looking	  at	  ancient	  cultures	  and	  applied	  languages	  on	  colour?	  	  
As	  the	  focus	  is	  purely	  on	  seeing	  and	  experiencing	  colours,	  no	  attention	  will	  be	  paid	  to	  the	  capacities	  of	  
recognizing	  of	  movement	  and	  changes,	  although	  this	  is	  a	  fundamental	  functionality	  of	  the	  human	  eye.	  Also	  
colour	  is	  a	  dynamic	  phenomenon	  in	  nature	  and	  the	  human	  eye	  is	  a	  perfect	  instrument	  of	  vision	  with	  the	  focus	  
on	  differences.	  The	  eye	  is	  extremely	  focused	  on	  signal	  movements.	  Even	  in	  stable	  situations	  without	  any	  
changes	  in	  the	  environment,	  the	  eye	  is	  searching	  with	  so-‐called	  cascades	  for	  movements.	  In	  this	  chapter	  we	  
focus	  on	  the	  influences	  of	  colour,	  although	  it	  is	  realised	  that	  vision	  concerns	  integrated	  functionalities.	  In	  fact	  
colour	  analysis	  and	  coding	  cannot	  be	  isolated	  from	  analysis	  and	  coding	  of	  attributes	  such	  as	  form	  and	  motion	  
(Gegenfurtner	  and	  Kiper,	  2003).	  In	  addition,	  the	  eye	  is	  not	  developed	  to	  observe	  monochromatic	  colours,	  but	  is	  
always	  searching	  for	  changes	  and	  variations	  in	  colour.	  	  
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Due	  to	  the	  complex	  and	  elusive	  character	  of	  colour,	  in	  addition	  to	  experimental	  research,	  also	  other	  views	  will	  
be	  examined	  to	  understand	  the	  influences	  of	  colour.	  The	  focus	  is	  on	  the	  influence	  of	  colours	  through	  the	  eye.	  It	  
could	  be	  possible	  that	  in	  addition	  colours	  have	  effects	  through	  the	  human	  skin,	  although	  this	  has	  not	  been	  
demonstrated	  by	  experimental	  research.	  Cojochen	  et	  al	  (2006)	  showed	  there	  was	  no	  acute	  elevation	  of	  body	  
temperature	  or	  suppression	  of	  melatonin	  when	  light	  was	  administered	  to	  the	  skin	  in	  the	  popliteal	  area	  
(Cajochen	  et	  al,	  2005).	  In	  addition,	  Foster	  et	  al	  (1991),	  Eastman	  et	  al	  (2000),	  Lindblom	  et	  al	  (2000)	  and	  Wright	  
and	  Czeisler	  (2002)	  showed	  no	  effects	  when	  bright	  light	  is	  lit	  behind	  the	  knee.	  In	  contrast,	  Campbell	  and	  
Murphy	  (1998)	  found	  this	  effect.	  
	  
As	  the	  environment	  influences	  people	  in	  their	  development,	  behaviour,	  their	  ways	  of	  thinking,	  also	  colour	  
influences	  our	  behaviour,	  since	  colour	  is	  an	  integrated	  part	  of	  the	  environment.	  To	  understand	  how	  colour	  
influences	  people,	  it	  is	  important	  to	  understand	  how	  colour	  is	  experienced.	  Colour	  research	  makes	  use	  of	  the	  
HSI	  system,	  with	  Hue,	  Saturation	  and	  Intensity	  as	  features	  to	  define	  the	  exact	  colour.	  The	  HSI-‐	  system	  is	  often	  
used	  in	  the	  paint	  industry	  (Castleman,	  1998)	  and	  provides	  users	  practical	  information	  on	  what	  the	  colour	  looks	  
like.	  Other	  systems	  used	  are	  physical	  and	  focus	  on	  wavelengths	  and	  number	  of	  quanta	  (Van	  Beek,	  1983)	  or	  
physiological	  with	  a	  focus	  on	  the	  number	  of	  red,	  blue	  and	  green	  photons	  as	  the	  receptors	  in	  the	  human	  eye	  are	  
sensitive	  for	  these	  colours	  (Conway,	  2009).	  The	  choice	  of	  system	  used	  in	  research	  determines	  the	  output.	  The	  
system	  used	  to	  watch	  determines	  the	  results.	  In	  this	  paper	  the	  assumption	  is	  that	  when	  colour	  research	  is	  
based	  on	  the	  three	  HSI-‐factors,	  significant	  facts	  can	  be	  found	  related	  to	  these	  factors	  (Tedford	  et	  al,	  1977,	  
Valdez	  and	  Mehrabian,	  1994,	  Mahnke,	  1996,	  Camgoz	  et	  al,	  2003).	  If	  the	  HSI-‐factors	  are	  not	  the	  only	  indicators	  
for	  human	  experience,	  conflicting	  results	  could	  be	  found	  in	  colour	  research	  and	  this	  is	  exactly	  the	  case:	  colour	  
researches	  show	  in	  many	  cases	  conflicting	  results	  (Bakker,	  2013b,	  2013c).	  	  
	  
People	  experience	  their	  environment	  on	  an	  unconscious	  level	  (Dijksterhuis,	  2007).	  People	  generally	  focus	  on	  
the	  activities	  they	  are	  doing	  and	  not	  on	  details	  in	  the	  environment.	  This	  is	  due	  to	  the	  efficient	  energy	  system	  of	  
the	  human	  brain:	  the	  neurological	  processes	  are	  efficiently	  organised	  to	  minimize	  the	  need	  for	  energy	  
consumption	  (Niven	  and	  Laughlin,	  2008).	  Although	  the	  brain	  only	  accounts	  for	  2%	  of	  the	  human	  bodyweight,	  it	  
accounts	  for	  20%	  of	  the	  resting	  metabolism	  (Attwell	  and	  Laughlin,	  2001)	  with	  a	  relative	  high	  demand	  for	  the	  
visual	  cortex	  (Wong-‐Riley,	  2010).	  To	  minimize	  this	  need	  for	  energy,	  the	  human	  vision	  system	  has	  developed	  
high	  efficiency	  methods	  to	  transport	  and	  manipulate	  visual	  data.	  James	  Grimes	  (1996)	  demonstrated	  that	  the	  
eye	  registers	  far	  less	  details	  when	  subjects	  are	  showed	  nearly	  the	  same	  pictures.	  This	  example	  stresses	  the	  
dominant	  role	  of	  mental	  representations	  in	  perception	  (in	  Gregory,	  1998).	  Another	  efficiency	  measure	  is	  that	  
looking	  at	  areas	  with	  the	  same	  brightness,	  the	  eye	  mainly	  focuses	  on	  boundaries	  of	  those	  areas	  and	  not	  on	  the	  
areas	  themselves	  (Fortner	  and	  Meyer,	  1997;	  Gregory,	  1998).	  The	  blind	  spot	  test,	  used	  by	  Gerritsen	  (1972),	  
shows	  that	  the	  human	  eye	  completes	  images	  without	  testing	  exactly	  all	  details.	  The	  blind	  spot	  test	  shows	  not	  
only	  the	  existence	  of	  the	  blind	  spot,	  but	  also	  that	  the	  human	  eye	  completes	  images	  which	  actually	  do	  not	  exist.	  
Gerritsen	  used	  as	  background	  for	  the	  blind	  spot	  test	  a	  checkered	  pattern	  and	  it	  can	  be	  observed	  that	  exactly	  at	  
the	  blind	  spot,	  the	  checkered	  pattern	  emerges	  and	  the	  eye	  completes	  the	  checkered	  pattern,	  which	  in	  fact	  the	  
eye	  could	  not	  see.	  	  	  
	  
People	  experience	  colour	  depending	  on	  context	  and	  their	  expectations.	  Detailed	  environmental	  information	  
appears	  on	  a	  conscious	  level	  only	  in	  situations	  in	  which	  the	  environment	  does	  not	  fit	  to	  our	  expectations,	  or	  if	  
we	  pay	  specific	  attention	  to	  it	  for	  other	  reasons.	  If	  a	  tree	  has	  violet	  colours,	  people	  are	  aware	  of	  this	  strange	  
phenomenon	  because	  it	  differs	  from	  their	  expectations	  of	  a	  green	  tree	  that	  they	  are	  accustomed	  to	  (Vonk,	  
2003).	  People	  consciously	  pay	  attention	  to	  the	  violet	  tree	  because	  it	  is	  abnormal	  to	  their	  expectations.	  In	  
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hospitals	  for	  instance	  the	  colour	  white	  is	  often	  applied	  to	  hospital	  walls.	  If	  a	  wall	  is	  pink	  coloured	  in	  a	  hospital,	  
it	  will	  be	  more	  striking	  than	  if	  found	  in	  a	  trendy	  clothing	  store	  where	  striking	  colours	  are	  often	  applied	  (Vonk,	  
2003).	  The	  representations	  stored	  in	  the	  human	  memory,	  are	  connected	  with	  contextual	  information.	  
	  
The	  main	  question	  
The	  main	  question	  is	  whether	  any	  mechanism	  exists	  that	  more	  accurately	  defines	  the	  human	  experience	  of	  
colour	  and	  how	  people	  physiologically,	  affectively	  and	  cognitively	  are	  influenced.	  	  
Related	  to	  the	  physiological	  processes,	  insight	  is	  needed	  on	  how	  the	  human	  eye	  functions	  (Figure	  1).	  First,	  the	  
evolutionary	  development	  of	  the	  human	  eye	  could	  be	  useful	  in	  understanding	  the	  working	  principles	  and	  
learning	  more	  about	  colour	  experience.	  Next,	  it	  could	  be	  useful	  to	  learn	  about	  physiological	  insights.	  Related	  to	  
the	  affective	  processes,	  insight	  is	  needed	  on	  how	  people	  psychologically	  experience	  and	  react	  on	  colour.	  
Thirdly,	  related	  to	  the	  cognitive	  processes,	  cultural	  developments	  and	  etymological	  information	  about	  the	  
development	  of	  colour	  words	  and	  original	  meanings	  are	  interesting.	  	  
	  
The	  next	  guide	  will	  be	  followed	  to	  find	  the	  way	  how	  colour	  influences	  people	  (see	  Figure	  1):	  
	  
	  	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
Figure	  1:	  The	  view	  on	  colour:	  physiological,	  affective	  and	  cognitive	  view	  

	  	  
In	  the	  next	  paragraphs	  the	  experience	  of	  colour	  will	  be	  discussed	  separately	  for	  the	  three	  mentioned	  views.	  
Each	  paragraph	  begins	  with	  a	  question	  and	  ends	  with	  a	  conclusion.	  Lastly,	  a	  view	  is	  presented	  to	  define	  the	  
human	  colour	  experience	  in	  a	  more	  appropriate	  way.	  
	  

6.2	   	  What	  is	  the	  influence	  of	  colour	  on	  physiological	  processes?	  

	  

	  

	  

physiological	  processes
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Figure	  2:	  The	  view	  on	  physiological	  processes	  
	  

The	  research	  question	  with	  respect	  to	  the	  physiological	  processes	  is:	  which	  evolutionary	  developed	  systems	  or	  
(physiological	  mechanisms	  in	  the	  eye	  determine	  the	  way	  how	  we	  see	  and	  experience	  colours?	  
	  

6.2.1	   Colour	  vision	  and	  evolution	  

Are	  there	  any	  evolutionary	  developed	  systems	  in	  the	  human	  eye	  which	  physically	  influences	  colour	  experience?	  	  

More	  than	  600	  million	  years	  ago	  (Mya	  period)	  early	  organisms	  evolved	  with	  photoreceptors	  with	  a	  light	  
sensitivity	  (Conway,	  2009).	  These	  types	  of	  vision	  had	  purely	  a	  cardian	  and/or	  shadow	  detecting	  function	  (Lamb	  
et	  al,	  2007).	  Since	  they	  have	  only	  one	  type	  of	  photoreceptor	  these	  early	  organisms	  could	  not	  discern	  any	  
colour.	  After	  a	  development	  of	  sensitivity	  for	  the	  yellow	  (middle	  waves)	  and	  the	  blue	  light	  (short	  waves)	  and	  a	  
long	  period	  of	  dichromatic	  vision,	  about	  thirty	  million	  years	  ago,	  the	  trichromatic	  colour	  vision	  of	  today	  
developed	  (Nathans,	  1999).	  During	  this	  period	  a	  gen	  duplication	  and	  modification	  took	  place.	  After	  this	  gen	  
duplication	  and	  modification,	  a	  comparison	  of	  the	  middle	  and	  long	  waves	  was	  possible	  thereby	  providing	  the	  
early	  ancestors	  of	  people	  the	  ability	  to	  see	  the	  colour	  red	  (Conway,	  2009).	  Scientists	  in	  the	  nineteenth	  century	  
developed	  the	  hypothesis	  that	  the	  gen	  duplication	  is	  a	  co-‐evolutionary	  development	  connected	  with	  the	  
appearance	  of	  yellow	  or	  orange	  coloured	  fruit	  of	  tropical	  trees.	  More	  recent	  ecological	  evidence	  shows	  that	  
these	  trees	  such	  as	  several	  members	  of	  the	  family	  Sapotaceae,	  are	  exclusively	  dispersed	  by	  monkeys,	  with	  the	  
same	  colour	  vision	  system	  of	  trichromacy	  (Mollon,	  1995).	  The	  development	  of	  trichromacy	  and	  the	  ability	  to	  
see	  the	  colour	  red	  was	  induced	  by	  the	  existence	  of	  ripe	  fruit.	  Evolutionary,	  the	  only	  reason	  to	  see	  colours	  is	  the	  
ability	  to	  discern	  objects	  when	  the	  background	  is	  multi-‐coloured	  and	  vary	  in	  forms	  and	  lightness	  and	  to	  see	  in	  
complex	  environments	  which	  elements	  belong	  together	  (Mollon,	  1995).	  The	  early	  existence	  of	  being	  able	  to	  
see	  the	  middle	  wavelengths	  (yellow)	  is	  probably	  due	  to	  the	  fact	  that	  these	  wavelengths	  had	  the	  lowest	  
attenuation	  through	  saltwater	  (Conway,	  2013).	  We	  hypothesize	  that	  the	  early	  existence	  of	  seeing	  blue	  is	  
caused	  by	  the	  need	  for	  polarity	  of	  seeing	  yellow,	  due	  to	  the	  fact	  that	  all	  sensory	  systems	  are	  based	  on	  polarities	  
in	  order	  to	  see	  and	  experience	  the	  world	  as	  a	  totality	  (Schneider,1987;	  Goethe,	  1981;	  Bortoft,	  2010;	  Bohm,	  
1985).	  
	  
Conclusion	  
The	  human	  eye	  is	  not	  developed	  as	  an	  instrument	  to	  observe	  colours	  but	  to	  discern	  objects.	  	  
	  

6.2.2	   Physiology	  of	  the	  human	  eye	  

psychological	  insights

cultural	  and	  	  etymological	  
insights

evolutionary	  and
(neuro)	  physiological	  insights

cognitive	  processes

physiological	  processes

affective	  processes
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Which	  mechanisms	  in	  the	  eye	  determine	  the	  way	  how	  we	  see	  and	  experience	  colours?	  
All	  processes	  are	  strongly	  connected	  to	  each	  other	  and	  all	  the	  organs	  in	  the	  human	  body	  cooperate	  together,	  
therefore	  it	  is	  difficult	  to	  separate	  them.	  The	  reason	  we	  focus	  on	  colour	  vision	  by	  means	  of	  different	  
mechanisms	  and	  data	  streams,	  is	  to	  bring	  some	  clarity	  to	  the	  different	  functionalities	  and	  the	  way	  how	  
mechanisms	  operate	  together.	  As	  Darwin	  states	  ‘the	  eye,	  with	  all	  its	  inimitable	  contrivances...	  could	  have	  been	  
formed	  by	  natural	  selection,	  seems,	  I	  freely	  confess,	  absurd	  in	  the	  highest	  possible	  degree...’	  (	  Lamb	  et	  al,	  2007),	  
it	  is	  impossible	  to	  describe	  all	  details	  of	  the	  human	  eye	  in	  a	  respectful	  way.	  Many	  excellent	  researchers	  as	  
Hering,	  Helmholtz,	  Land,	  Maxwell	  and	  Young	  have	  made	  enormous	  progress	  giving	  insight	  in	  how	  people	  
observe	  colours.	  However,	  there	  are	  still	  many	  questions.	  After	  analysing	  data	  and	  mechanisms	  on	  the	  human	  
eye	  (realizing	  that	  the	  functionality	  of	  the	  human	  will	  be	  simplified),	  it	  appears	  that	  for	  the	  experience	  of	  
colours	  two	  mechanisms	  are	  fundamental	  in	  observing	  and	  experiencing	  colours.	  The	  first	  mechanism	  concerns	  
discerning	  and	  recognizing	  objects	  by	  means	  of	  colour	  contrast	  and	  colour	  constancy	  respectively.	  Colour	  
contrast	  enables	  people	  to	  discern	  objects	  and	  colour	  constancy	  contributes	  to	  the	  ability	  of	  recognition.	  The	  
second	  mechanism	  concerns	  the	  cooperation	  between	  physiological,	  affective	  and	  cognitive	  processes	  and	  
forms	  an	  intelligent	  exchange	  system	  of	  visual	  information	  located	  in	  the	  central	  part	  of	  the	  brain	  (Milner,	  
1974;	  Gegenfurtner	  and	  Kiper,	  2003;	  Sarter	  et	  al,	  2006).	  	  	  
	  
Colour	  contrasts	  and	  colour	  constancy:	  making	  comparisons	  
In	  the	  process	  of	  seeing	  colours	  the	  ability	  of	  seeing	  distinction	  is	  based	  on	  detecting	  contrasts.	  The	  eye	  is	  
extremely	  focused	  on	  detecting	  different	  types	  of	  contrasts.	  Even	  the	  basic	  organisation	  for	  transformation	  of	  
information	  to	  the	  brain	  by	  neurons	  is	  a	  complex	  network	  of	  thousands	  or	  millions	  connections	  with	  other	  
neurons,	  enabling	  the	  ability	  to	  discern	  contrasts.	  The	  communication	  between	  neurons	  happens	  by	  on	  and	  off	  
cells,	  the	  so	  called	  excitatory	  and	  inhibitory	  cells:	  if	  signals	  of	  information	  are	  too	  small	  or	  too	  large,	  an	  
inhibitory	  process	  begins,	  however	  if	  the	  signals	  are	  appropriate,	  excitatory	  processes	  forward	  the	  information	  
(Hubel,	  1990;	  Kandel	  et	  al,	  2000).	  The	  human	  eye	  observes	  incoming	  wavelengths	  not	  as	  isolated	  signals,	  but	  
observes	  data	  in	  their	  totality	  related	  to	  their	  spatial	  and	  temporal	  context	  (Grossberg,	  1994;	  Grossberg	  et	  al,	  
1997;	  Conway,	  2009).	  Complex	  networks	  of	  opponent	  cells,	  double	  opponent	  cells,	  bipolar	  cells	  and	  horizontal	  
cells	  all	  contribute	  to	  find	  these	  contrasts	  related	  to	  context	  (Stockman	  and	  Brainard,	  2010;	  Conway,	  2009).	  In	  
the	  retina	  and	  in	  the	  visual	  cortex	  processes	  of	  comparison	  take	  place	  of	  the	  cone	  activities	  to	  compute	  these	  
colour	  contrasts	  (Conway,	  2009).	  This	  theme	  of	  comparison	  is	  recognizable	  by	  observing	  colour	  in	  two	  ways.	  
First,	  comparisons	  are	  made	  between	  objects	  and	  their	  context	  and	  background	  by	  making	  use	  of	  colour	  
contrasts	  to	  discern	  objects.	  Different	  types	  of	  colour	  contrast	  exist,	  such	  as:	  dark-‐light	  contrast,	  colour	  
contrast,	  warm-‐cold	  contrast,	  complementary	  contrast,	  simultaneous	  contrast,	  successive	  contrast,	  quality	  
contrast	  and	  quantity	  contrast.	  It	  appears	  that	  these	  types	  of	  contrast	  enable	  us	  to	  see	  the	  nuances	  in	  colour.	  
Secondly,	  the	  comparisons	  between	  new	  objects	  and	  objects	  in	  our	  memory,	  make	  use	  of	  colour	  constancy	  to	  
facilitate	  recognition.	  
	  
Colour	  constancy	  is	  achieved	  by	  local	  comparison	  of	  light	  reflections	  coming	  from	  the	  object	  and	  adjacent	  areas	  
(Hurlbert	  and,	  Wolf,	  2004;	  Danilova	  and	  Mollon,	  2006).	  The	  result	  is	  that	  we	  observe	  well	  known	  coloured	  
objects	  as	  the	  same	  colour	  while	  in	  reality	  the	  colours	  are	  different	  due	  to	  different	  illumination	  conditions.	  For	  
example,	  while	  looking	  at	  a	  white	  paper	  under	  a	  tree	  with	  greenish	  light	  reflections	  through	  the	  green	  leaves,	  
we	  just	  see	  a	  white	  paper.	  However,	  a	  camera	  makes	  use	  of	  the	  factual	  existence	  of	  middle	  wavelengths	  and	  
registers	  a	  greenish	  coloured	  image.	  Under	  different	  light	  conditions	  objects	  appear	  the	  same	  and	  facilitate	  
recognition.	  Factors,	  such	  as	  memory	  and	  learning	  are	  the	  critical	  and	  determining	  factors	  that	  contribute	  to	  
colour	  constancy.	  Scientists	  have	  long	  searched	  for	  the	  mechanisms	  of	  colour	  constancy:	  Helmholtz	  (1867)	  
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wrote	  about	  human	  judgement	  of	  colours	  through	  the	  undefined	  process	  of	  the	  ‘unconscious	  interference’.	  
Hering	  (1877)	  emphasized	  the	  importance	  of	  memory	  (Zeki	  and	  Marini,	  1998)	  and	  Land	  and	  McCann	  (1971)	  
formulated	  his	  retinex	  theory.	  Zeki	  and	  Marini	  (1998)	  indicated	  the	  involvement	  of	  higher	  cognitive	  functions	  
and	  the	  predominant	  role	  of	  the	  cerebral	  cortex.	  Recently	  computations	  with	  algorithms	  define	  how	  the	  
primary	  visual	  cortex	  arranges	  colour	  constancy	  (Barnard	  et	  al,	  2002;	  Finlayson	  and	  Trezzi,	  2004;	  Van	  de	  Weijer	  
et	  al,	  2007).	  	  
	  
Intelligent	  exchange	  of	  visual	  information	  connects	  physiological,	  affective	  and	  cognitive	  processes	  .	  	   	  
The	  colour	  information	  sent	  from	  the	  retina	  is	  translated	  into	  understandable	  images	  and	  is	  not	  transported	  
through	  one	  simple	  stream	  of	  factual	  colour	  information	  directly	  to	  the	  visual	  cortex	  for	  decoding,	  but	  
encounters	  mediating	  systems	  before	  reaching	  the	  visual	  cortex	  (Das	  et	  al,	  2005;	  Sarter	  et	  al,	  2006).	  Two	  basic	  
pathways	  transport	  visual	  data	  and	  transform	  data	  into	  perceptual	  information:	  the	  optical	  pathway	  and	  the	  
energetic	  pathway.	  
	  
The	  optical	  pathway	  
In	  1860	  Helmholtz	  already	  argued	  ‘it	  may	  often	  be	  rather	  hard	  to	  say	  how	  much	  of	  our	  perceptions	  
(Anschauungen)	  as	  derived	  by	  the	  sense	  of	  sight	  is	  due	  directly	  to	  sensation,	  and	  how	  much	  of	  them,	  on	  the	  
other	  hand,	  is	  due	  to	  experience	  and	  training’	  (Pollen,	  1999).	  With	  the	  terms	  ‘Vorstellung’	  or	  ‘Idea’	  he	  meant	  all	  
visual	  images	  people	  have	  in	  their	  mind	  without	  any	  present	  sensory	  impression	  and	  he	  applied	  the	  term	  
‘Perzeption’	  for	  an	  awareness	  of	  a	  direct	  sensation	  (Pollen,	  1999).	  Helmholtz	  believed	  in	  the	  existence	  of	  
processes	  that	  permanently	  mix	  the	  ideas	  in	  our	  memory	  and	  present	  sensory	  impression.	  Neurological	  
evidence	  research	  has	  found	  how	  neurological	  networks	  combine	  new	  sensory	  information	  with	  cognitive	  
recognitions	  (Pollen,	  1999).	  This	  combination	  solves	  the	  ‘stability-‐plasticity-‐dilemma’:	  new	  sensory	  data	  is	  
compared	  to	  stable	  memories	  and	  learnt	  expectations	  but	  the	  brain	  remains	  flexible	  enough	  to	  process	  new	  
sensory	  input	  (Pollen,	  1999).	  To	  blend	  new	  sensory	  data	  with	  our	  memory	  and	  expectations,	  brain	  feedback	  
loops	  exist	  between	  the	  different	  portions	  of	  the	  visual	  brain	  (V1	  till	  V5	  i.e.	  parts	  of	  the	  visual	  cortex)	  and	  the	  
LGN	  (Lateral	  Geniculate	  Nucleus	  i.e.	  the	  centre	  relaying	  visual	  information	  from	  the	  retina	  to	  the	  visual	  cortex)	  
in	  the	  thalamus	  (Milner,	  1974)	  which	  functions	  as	  the	  primary	  relay	  centre	  for	  visual	  information	  (Figure	  3).	  	  	  
	  
In	  1969	  Gerald	  Schneider	  assumed	  an	  optical	  system	  with	  a	  separation	  in	  the	  brain	  of	  the	  localization	  of	  a	  
stimulus	  (the	  ‘where’	  pathway)	  and	  the	  identification	  of	  a	  stimulus	  (the	  ‘what’-‐	  pathway).	  This	  assumption	  
appeared	  to	  be	  true.	  The	  ‘where’	  pathway	  appeared	  to	  be	  the	  so	  called	  dorsal	  pathway	  (Milner	  and	  Goodale,	  
1995)	  which	  sends	  retinal	  information	  concerning	  localization	  of	  a	  stimulus	  and	  goes	  from	  the	  tractus	  opticus,	  
through	  the	  superior	  colliculus	  located	  in	  the	  mid	  brain	  to	  the	  posterior	  parterial	  cortex.	  It	  is	  interesting	  to	  
understand	  perception	  and	  how	  we	  experience	  colour	  through	  the	  ‘what-‐pathway’.	  The	  ‘what’	  pathway	  
appeared	  to	  be	  the	  ventral	  pathway	  (Milner	  and	  Goodale,	  1995)	  which	  sends	  most	  of	  the	  retinal	  information	  
through	  the	  tractus	  opticus	  and	  then	  through	  the	  lateral	  geniculate	  nucleus	  (dorsal	  part)	  (LGNd)	  -‐	  which	  is	  
located	  in	  the	  thalamus	  -‐	  to	  the	  inferior	  temporal	  cortex	  (Mishkin	  et	  al,	  1983;	  Goodale	  and	  Milner,	  1992;	  
Gegenfurtner	  and	  Kiper,	  2003).	  This	  ventral	  pathway	  sends	  information	  concerning	  presentation,	  identification,	  
recognition	  and	  perception	  inclusive.	  Due	  to	  our	  mental	  representations,	  objective	  colour	  characteristics	  such	  
as	  data	  concerning	  wavelengths	  are	  transformed	  into	  labelled	  colour	  information.	  This	  information	  system	  
unconsciously	  influences	  the	  psychological	  and	  physiological	  state	  of	  people.	  The	  centre	  of	  the	  psychological	  
processes	  is	  the	  amygdala	  (Morris	  et	  al,	  1996).	  The	  thalamus	  –	  in	  which	  the	  LGN	  is	  located-‐	  is	  directly	  
connected	  to	  the	  amygdala	  (Das,	  2005)	  and	  the	  reticular	  activating	  system	  (Sarter	  et	  al,	  2006).	  In	  the	  thalamus	  
an	  exchange	  of	  colour	  information	  takes	  place,	  and	  actually	  physiological,	  affective	  and	  cognitive	  processes	  
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cannot	  be	  entangled	  but	  work	  strongly	  together	  (Figure	  3).	  	  Also	  in	  his	  book	  ‘Descartes'	  Error:	  Emotion,	  Reason,	  
and	  the	  Human	  Brain‘	  Damasio	  (1994)	  indicates	  this	  strong	  connection	  between	  physiological,	  affective	  and	  
cognitive	  processes.	  	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
Figure	  3:	  illustration	  of	  the	  way	  in	  which	  colour	  characteristics	  are	  translated	  into	  labelled	  information,	  from	  wavelength	  into	  recognition	  of	  colours.	  
	  
	  
The	  energetic	  pathway	  
In	  order	  to	  process	  retinal	  information	  very	  quickly,	  there	  is	  a	  second	  path,	  i.e.	  the	  energetic	  pathway	  that	  is	  
stimulated	  by	  light.	  	  This	  second	  pathway	  was	  recently	  discovered	  in	  1990s	  by	  researchers	  as	  Berson	  et	  al	  
(2002,	  2003),	  Foster	  (2005)	  and	  Hankins	  and	  Lucas	  (2002).	  It	  appeared	  that	  about	  1	  %	  of	  the	  retinal	  ganglion	  
cells	  have	  a	  specific	  light	  sensitivity.	  This	  system	  is	  not	  only	  responsible	  for	  the	  regulation	  of	  sleep	  and	  circadian	  
rhythms,	  but	  in	  addition	  sends	  information,	  colour	  information	  inclusive,	  through	  the	  Reticular	  Formation-‐	  the	  
most	  influential	  component	  of	  the	  Ras-‐system-‐,	  located	  in	  the	  brainstem	  to	  the	  ascending	  arousal	  system	  that	  
is	  responsible	  for	  cortical	  arousal	  (Garcia-‐Rill,	  2002;	  Saper	  et	  al,	  2005;	  Walusinki,	  2006).	  This	  rather	  small	  part	  of	  
retinal	  information	  directly	  influences	  the	  physiological	  processes	  through	  the	  hypothalamus	  and	  the	  pituitary	  
gland	  (Figure	  3).	  
	  
There	  is	  a	  maximum	  sensitivity	  for	  the	  blue	  part	  of	  the	  spectrum	  (420-‐480	  nm)	  (Foster,	  2005;	  Cajochen	  et	  al,	  
2005).	  Hankins	  and	  Lucas	  (2002)	  measured	  activities	  at	  the	  576	  nm	  wavelength,	  and	  also	  larger	  wavelengths	  
that	  resulted	  in	  increased	  light	  response	  to	  the	  condition	  that	  the	  wavelengths	  are	  bright	  enough	  (Berson,	  
2013).	  Human	  unconscious	  responses	  to	  light	  (pupillary,	  circadian	  or	  neuroendocrine,	  etc.)	  are	  largely	  
mediated	  by	  the	  ganglion-‐cell	  photoreceptors.	  These	  ganglion	  cells	  also	  draw	  information	  from	  the	  other	  
photoreceptor	  types	  by	  way	  of	  indirect	  synaptic	  circuits.	  This	  means	  that	  these	  "reflexive"	  or	  "non-‐image-‐
forming"	  visual	  responses	  are	  actually	  quite	  broad	  in	  their	  spectral	  (colour)	  tuning	  (Berson,	  2013).	  Through	  the	  
energetic	  pathway	  humans	  unconsciously	  experience	  colour	  characteristics.	  
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Through	  the	  optical	  pathway	  and	  the	  energetic	  pathway	  objective	  retinal	  information	  is	  processed	  through	  
loops	  encountering	  our	  memories	  –	  colour	  memories	  inclusive-‐	  and	  is	  transformed	  into	  labelled	  colour	  
information.	  Due	  to	  our	  memory,	  objective	  colour	  information	  is	  transformed	  into	  labelled	  colour	  information.	  
People	  do	  not	  experience	  colour	  in	  an	  objective	  way.	  	  
	  
	  
Conclusion:	  	  
Seeing	  colours	  helps	  people	  to	  discern	  and	  recognize	  objects	  by	  means	  of	  colour	  contrast	  and	  colour	  constancy.	  
Neurological	  systems	  transform	  objective	  colour	  information	  into	  colour	  qualities,	  a	  process	  located	  in	  the	  visual	  
cortex	  with	  strong	  interference	  of	  the	  amygdala	  and	  the	  reticular	  activating	  system.	  Intern	  loops	  blend	  colour	  
information	  perceived	  by	  the	  ganglia	  in	  the	  eye	  with	  physical,	  cognitive	  and	  emotional	  memories	  into	  colour	  
labels.	  Seeing	  and	  experiencing	  colours	  is	  a	  result	  in	  which	  physiological,	  affective	  and	  cognitive	  processes	  are	  
closely	  intertwined.	  Due	  to	  our	  personal	  characteristics	  and	  memories,	  it	  is	  possible	  that	  personal	  reactions	  on	  
colour	  stimuli	  differ.	  	  
	  
6.3	   	  Colour	  and	  the	  affective	  processes	  

	  

	  

	  

	  

	  

	  

	  

	  
	  
	  
	  
	  
	  
	  
Figure	  4:	  the	  view	  on	  affective	  processes	  

	  
The	  research	  question	  with	  respect	  to	  affective	  processes:	  What	  are	  the	  effects	  of	  colour	  on	  affective	  processes?	  

Our	  brain	  probably	  encodes	  the	  external	  world	  by	  means	  of	  symbolic	  representations	  of	  things,	  creatures	  and	  
events	  (Ramachandran,	  2006)	  and	  therefor	  the	  world	  of	  colour	  seems	  to	  be	  extremely	  difficult	  to	  understand.	  
Is	  it	  true	  that	  our	  own	  nature	  determines	  which	  story	  a	  colour	  will	  tell?	  Goethe	  (1810)	  indicated	  the	  central	  role	  
of	  the	  soul	  in	  the	  phenomenological	  observation	  when	  the	  subjective	  colour	  feelings	  and	  objective	  colour	  
quality	  meet;	  it	  is	  the	  soul	  that	  translates	  the	  language	  of	  colour.	  Steiner	  (1914)	  mentioned	  that	  ‘Colour	  is	  the	  
language	  of	  the	  soul	  of	  the	  universe’.	  Also	  Kandinsky	  relates	  the	  effects	  of	  colour	  directly	  to	  the	  soul.	  Albers	  
(2006)	  indicated	  the	  fact	  that	  colour	  continuously	  deceives.	  Albers	  wrote:	  ‘First,	  it	  should	  be	  learned	  that	  one	  
and	  the	  same	  colour	  evokes	  innumerable	  readings.	  And	  experience	  teaches	  that	  in	  visual	  perception	  there	  is	  a	  
discrepancy	  between	  physical	  fact	  and	  psychic	  effect.	  In	  visual	  perception	  a	  colour	  is	  almost	  never	  seen	  as	  it	  
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really	  is	  –	  as	  it	  physically	  is.	  This	  fact	  makes	  colour	  the	  most	  relative	  medium	  in	  art’.	  Birren	  (1982)	  writes	  
‘Uniform	  illumination	  and	  uniform	  brightness	  in	  the	  field	  of	  vision	  may	  be	  ideal	  from	  an	  academic	  standpoint,	  
but	  they	  are	  inconsistent	  with	  the	  natural	  properties	  and	  capabilities	  of	  human	  beings’.	  Itten	  (1961)	  
distinguishes	  the	  real	  value	  of	  colour	  and	  the	  subjective	  colour	  quality	  as	  two	  different	  phenomena.	  
	  
Colour	  directly	  influences	  the	  psyche	  as	  colour	  influences	  mood	  and	  affect	  (Goethe,	  1810;	  Rosenstein,	  1985;	  
Kwallek	  et	  al,	  1988;	  Küller	  et	  al,	  2006,	  2009).	  People	  do	  not	  observe	  the	  environment	  as	  a	  collection	  of	  
objective	  facts,	  but	  rather	  experience	  spaces,	  climate	  aspects,	  things	  and	  colours	  subjectively	  depending	  on	  
personal	  experiences,	  characteristics,	  mood	  and	  constitution.	  The	  so	  called	  mental	  representations,	  a	  mix	  of	  
objective	  factual	  information	  and	  subjective	  personal	  interpretations	  determines	  our	  affect	  (Goethe,	  1810;	  
Zeylmans	  van	  Emmichoven,	  1923;	  Scheuerle,	  1984;	  Bendin,	  2008;	  Vonk,	  2003).	  Learnt	  associations	  and	  
memories	  contribute	  to	  these	  subjective	  interpretations.	  The	  colour	  red	  for	  instance	  is	  associated	  with	  energy	  
and	  blue	  is	  associated	  with	  calmness.	  Due	  to	  these	  learnt	  associations,	  red	  feels	  energetic	  and	  blue	  suggests	  
calm.	  	  
	  
Memories	  determine	  the	  way	  in	  which	  we	  perceive	  colour	  (Bendin,	  2008).	  For	  instance,	  a	  person	  whose	  
parents	  had	  a	  yellow	  carpet	  in	  the	  bedroom	  and	  as	  a	  young	  child	  the	  parents	  provided	  feelings	  of	  safety	  in	  the	  
bedroom,	  the	  young	  child	  may	  have	  developed	  a	  learnt	  preference	  for	  the	  same	  colour	  of	  yellow	  as	  the	  carpet	  
because	  that	  colour	  represents	  feelings	  of	  safety.	  So,	  mental	  representations	  permanently	  influence	  
consciously	  or	  unconsciously	  the	  way	  how	  we	  perceive	  the	  environment,	  colours	  inclusive.	  This	  also	  exists	  
during	  pre-‐conscious	  observation,	  the	  so-‐called	  subliminal	  observation	  -‐	  when	  a	  stimulus	  is	  shown	  in	  such	  a	  
short	  period,	  that	  the	  observer	  hasn’t	  been	  aware	  of	  the	  presentation-‐	  the	  information	  is	  being	  interpreted	  and	  
judged	  and	  has	  an	  influence	  on	  the	  affect.	  When	  a	  phobia	  exists,	  such	  as	  being	  afraid	  of	  snakes	  and	  a	  person	  
observes	  a	  picture	  of	  a	  snake	  subliminally,	  (i.e.	  the	  presentation	  of	  the	  image	  is	  so	  brief	  as	  to	  not	  see	  the	  snake	  
on	  conscious	  level),	  the	  skin	  conductance	  of	  the	  person	  increases	  (Goleman,	  1996).	  In	  addition,	  this	  happens,	  
even	  when	  we	  say	  that	  we	  are	  not	  afraid	  of	  a	  snake.	  Cognition	  –the	  snake	  is	  recognized	  by	  means	  of	  mental	  
representations	  -‐	  influences	  the	  physiological	  processes	  while	  actually	  not	  being	  aware	  of	  any	  snake.	  In	  
addition,	  when	  people	  experience	  colours	  on	  conscious	  level	  or	  on	  unconscious	  level,	  mental	  representations	  
have	  influence	  how	  they	  experience	  colours.	  These	  mental	  representations	  can	  be	  genetically	  based	  
mechanisms	  or	  innate	  learning	  systems.	  It	  is	  interesting	  to	  ask	  to	  what	  extent	  the	  intrinsic	  colour	  quality	  
expresses	  itself	  in	  these	  mental	  representations.	  	  	  
	  
Conclusion	  	  
Both	  at	  a	  conscious	  level	  and	  on	  an	  unconscious	  level	  the	  perception	  and	  experience	  of	  colour	  is	  modulated	  by	  
psychological	  processes,	  both	  at	  an	  affective	  and	  cognitive	  level.	  	  
	  
	  
6.4	   Colour	  and	  the	  cognitive	  processes:	  Ancient	  cultures	  and	  applied	  language	  on	  colours	  	  
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Figure	  5:	  The	  view	  on	  cognitive	  processes	  
	  

The	  research	  question	  concerning	  the	  cognitive	  processes	  is:	  How	  does	  colour	  influence	  cognitive	  processes	  and	  
what	  can	  we	  learn	  by	  looking	  at	  ancient	  cultures	  and	  applied	  language	  on	  colour?	  
	  
In	  1836	  Emerson	  wrote:	  ‘Nature	  always	  wears	  the	  colours	  of	  the	  spirit’.	  Maxwell	  (1872)	  searched	  on	  an	  
approach	  for	  the	  world	  of	  colour.	  He	  wrote:	  ‘If	  the	  sensation	  which	  we	  call	  colour	  has	  any	  laws	  it	  must	  be	  
something	  in	  our	  own	  nature	  that	  determines	  the	  form	  of	  these	  laws….The	  science	  of	  colour	  must	  therefore	  
regarded	  as	  essentially	  a	  mental	  science’	  (in	  Zeki	  and	  Marini,	  1998).	  Both	  a	  poet	  and	  a	  mathematical	  physicist	  
indicate	  the	  role	  of	  the	  spirit	  and	  the	  mind	  in	  the	  relationship	  to	  colour.	  To	  learn	  about	  this	  role,	  a	  focus	  on	  the	  
ancient	  cultures	  and	  the	  applied	  language	  is	  practical,	  because	  cultures	  and	  applied	  languages	  enfold	  
information	  about	  mental	  development.	  	  	  
	  
For	  ancient	  cultures,	  such	  as	  Ancient	  Greece	  or	  Mesopotamia,	  there	  was	  no	  separation	  between	  the	  inner	  
world	  of	  thoughts	  and	  the	  outer	  worldly	  experience.	  The	  inner	  and	  outer	  worlds	  were	  combined	  and	  inner	  and	  
environmental	  experience	  embraced	  each	  other.	  During	  the	  beginning	  of	  the	  5th	  century	  A.D,	  the	  period	  of	  
Saint	  Augustine,	  a	  modulation	  of	  thoughts	  appeared:	  people	  needed	  physical	  evidence	  for	  beliefs	  by	  seeing	  
something	  in	  reality	  in	  the	  outer	  world.	  Inner	  and	  outer	  world	  became	  separated	  areas	  (Sennett,	  1992).	  
Additionally,	  in	  language	  the	  development	  of	  separatism	  developed:	  in	  the	  ancient	  Hebrew	  language	  the	  verb	  
has	  the	  leading	  role	  with	  the	  accents	  on	  connection	  and	  the	  process.	  In	  modern	  languages	  the	  noun	  is	  
accentuated	  which	  underlines	  the	  separatism	  between	  things	  (Bohm,	  1985).	  	  
	  
These	  characteristics	  of	  the	  old	  cultures	  show	  the	  two	  ways	  people	  looked	  at	  colour.	  In	  the	  old	  culture	  colour	  
was	  not	  seen	  as	  a	  separated	  and	  standalone	  phenomenon,	  but	  was	  perceived	  as	  a	  broader	  description	  taking	  
the	  process	  into	  account.	  For	  example,	  in	  ancient	  Egyptian	  the	  word	  ‘green’	  (wadj)	  described	  the	  processes	  of	  
growing,	  flourishing,	  or	  being	  fresh,	  unspoilt,	  raw,	  young	  or	  healthy.	  One	  word	  expresses	  different	  colours.	  The	  
word	  ‘red’	  (desjer)	  meant	  intense	  red	  (as	  blood)	  and	  yellow	  red	  as	  barley	  (Loose,	  2010).	  Also	  in	  the	  ancient	  
Greek	  time	  these	  processes	  were	  not	  described	  as	  separated	  aspects.	  The	  word	  ‘chloros’	  for	  instance	  used	  in	  
ancient	  Greek	  documents	  that	  modern	  Greek	  colour	  theorists	  translate	  as	  ‘green’,	  did	  not	  exactly	  define	  a	  
colour	  but	  was	  used	  as	  connotations	  that	  can	  be	  related	  to	  green.	  In	  the	  Ilias	  honey	  is	  ‘chloros’,	  in	  de	  Odyssey	  a	  
nightingale	  is	  ‘chloros’.	  Pindaros	  mentioned	  ‘chloros’	  as	  dew	  and	  Euripides	  used	  ‘chloros’	  to	  represent	  tears	  
and	  blood.	  ‘Chloros’	  was	  a	  term	  not	  used	  to	  define	  the	  colour	  green,	  but	  rather	  to	  describe	  conditions	  as	  fresh,	  

psychological	  insights

cultural	  and	  	  etymological	  
insights

evolutionary	  and
(neuro)	  physiological	  insights

affective	  processes

cognitive	  processes

physiological	  processes

	  



11	  
	  

wet	  and	  live	  and	  as	  such	  this	  term	  was	  used	  to	  describe	  processes.	  In	  Old	  Testament	  biblical	  or	  ancient	  
traditional	  literature	  colour	  was	  not	  conceived	  as	  a	  standalone	  phenomenon.	  Often,	  the	  information	  given	  is	  
not	  about	  a	  specific	  colour	  but	  the	  degrees	  of	  lightness	  and	  darkness	  (MacLaury,	  2005).	  Only	  white,	  red	  and	  
green	  are	  distinguished	  by	  name,	  whereas	  yellow	  and	  blue	  terms	  are	  wanting	  (see	  jewish	  encyclopedia).	  In	  
primitive	  cultures	  colours	  were	  not	  accentuated	  with	  specific	  colour	  names,	  but	  related	  to	  the	  things	  and	  
materials	  that	  represented	  the	  colour	  such	  as	  soil,	  bile	  or	  rendeer	  buck	  (MacLaury,	  2005).	  Etymology	  shows	  this	  
relationship	  such	  as	  the	  colour	  ‘brown’	  coms	  from	  ‘bheros’	  that	  means	  ‘dark	  animal’	  or	  the	  Greek	  word	  
‘phrynos’	  that	  also	  means	  brown	  animal.	  	  	  
	  
In	  old	  cultures,	  people	  observed	  a	  colour	  not	  as	  a	  separated	  characteristic,	  but	  experienced	  the	  quality	  of	  the	  
colour	  within	  their	  intense	  connection	  between	  the	  inner	  and	  outer	  world	  (Zajonc,	  1993).	  In	  history	  the	  
meeting	  between	  the	  inner	  human	  light	  and	  the	  outer	  light	  is	  a	  central	  theme.	  The	  Bhagavad-‐Gita,	  Homer,	  
Empedocles,	  Plato	  and	  the	  evangelist	  Matthew,	  all	  speak	  about	  the	  meeting	  of	  the	  two	  lights	  as	  a	  mediating	  
process	  between	  the	  inner	  world	  and	  the	  outer	  world	  (Zajonc,	  1993).	  In	  ancient	  cultures	  light	  is	  a	  central	  issue	  
that	  is	  expressed	  by	  the	  polarity	  of	  yellow	  and	  blue.	  It	  is	  intriguing	  how	  the	  colours	  yellow	  and	  blue	  are	  used	  in	  
the	  ancient	  cultures.	  In	  the	  Odyssey	  Homer	  mentions	  the	  copper	  coloured	  sky	  and	  the	  sea	  coloured	  as	  wine.	  In	  
the	  countless	  descriptions	  of	  Homer	  of	  the	  sky	  and	  the	  sea,	  linguists	  never	  found	  the	  name	  of	  the	  colour	  blue,	  
but	  only	  found	  the	  iron	  or	  copper	  coloured	  sky	  and	  a	  black,	  white,	  grey,	  purple	  or	  wine	  coloured	  sea.	  The	  Greek	  
word	  ‘kyanos’	  is	  associated	  with	  the	  blue	  colour	  of	  lapis	  lazuli,	  but	  is	  only	  used	  to	  describe	  darkness.	  The	  Greek	  
conceived	  blue	  as	  a	  quality	  of	  darkness	  (Zajonc,	  1993).	  This	  is	  recognized	  in	  etymological	  data.	  Blue,	  induced	  
from	  the	  Germanic	  word	  ‘blao’	  is	  possibly	  related	  to	  the	  Latin	  ‘flavus’	  that	  means	  yellow.	  The	  Old	  Saksich	  word	  
for	  blue,	  blao,	  meant	  not	  only	  blue,	  but	  also	  yellow.	  In	  addition,	  ‘blao’	  is	  connected	  to	  the	  old	  Greek	  word	  
‘mélas’	  that	  means	  black.	  The	  old	  Norwegian	  word	  for	  blue	  ‘blãr’	  means	  both	  blue	  and	  black	  (Van	  der	  Sijs,	  
2010).	  It	  appears	  that	  in	  the	  ancient	  times	  the	  colour	  blue	  was	  not	  considered	  as	  this	  colour	  is	  today,	  but	  
merely	  the	  colour	  of	  darkness.	  In	  addition,	  the	  appearance	  of	  blue	  being	  connected	  to	  the	  appearance	  of	  
yellow	  indicates	  the	  importance	  of	  the	  polarity	  yellow	  -‐	  blue	  and	  as	  such	  light-‐	  darkness.	  This	  phenomenon	  is	  
mentioned	  by	  Gage	  (1995)	  who	  indicates	  that	  colour-‐usage	  is	  not	  always	  understood	  by	  colour	  science.	  He	  
mentions	  that	  the	  old	  French	  word	  ‘bloi’	  both	  meant	  blue	  and	  yellow,	  and	  the	  term	  ‘sinople’	  used	  in	  the	  Middle	  
Ages,	  both	  meant	  red	  and	  green.	  Gage	  also	  describes	  that	  in	  non-‐European	  languages	  white	  has	  assimilated	  to	  
black.	  The	  polarities	  of	  the	  usage	  of	  colour	  terms	  play	  an	  important	  role.	  	  

Bortoft	  (2010)	  speaks	  about	  ‘the	  organizing	  idea’	  how	  we	  actually	  observe	  and	  as	  mentioned	  before,	  Helmholtz	  
used	  the	  term	  ‘perzeption’.	  It	  is	  not	  purely	  the	  physical	  qualities	  that	  determine	  the	  impressions	  of	  personal	  
images,	  but	  it	  is	  the	  organizing	  idea	  that	  determines	  what	  is	  seen.	  This	  organizing	  idea	  is	  dependent	  on	  time	  
and	  space.	  Concerning	  the	  influence	  of	  time,	  Graves	  developed	  the	  model	  of	  Spiral	  Dynamics	  described	  by	  Beck	  
and	  Cowan.	  The	  bio	  psychological	  Spiral	  Dynamics	  model	  connects	  time	  through	  history	  with	  specific	  types	  of	  
drives,	  thinking	  methods,	  structures	  and	  processes	  (Beck	  and	  Cowan,	  2004).	  Beck	  and	  Cowan	  developed	  the	  so	  
called	  v-‐memes,	  (value	  attracting	  meta	  memes)	  that	  are	  units	  of	  cultural	  information	  (Fiandt	  et	  al,	  2003).	  These	  
v-‐memes	  can	  be	  conceived	  as	  psycho	  cultural	  DNA	  that	  influences	  our	  ways	  of	  thinking.	  These	  ideas	  are	  
comparable	  with	  the	  ideas	  of	  Rupert	  Sheldrake	  concerning	  the	  morphogenetic	  fields:	  these	  fields	  contain	  
genetic	  information	  for	  the	  development	  of	  form,	  behaviour	  and	  instinct	  (Bos,	  2009).	  Time	  and	  culture	  
influence	  the	  ‘idea’	  that	  determines	  the	  inner	  world	  and	  forms	  the	  key	  factors	  of	  how	  humans	  experience	  
colour.	  In	  its	  turn	  this	  ‘idea’	  determines	  the	  mental	  representations	  that	  influence	  the	  way	  how	  people	  
experience	  colour.	  

Conclusion	  
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Ancient	  cultures	  did	  not	  discern	  colours	  by	  using	  specified	  colour	  names.	  In	  many	  cultures	  no	  specified	  colour	  
names	  are	  found	  in	  the	  applied	  language.	  Ancient	  cultures	  perceived	  the	  intrinsic	  quality	  of	  colour	  relating	  to	  
their	  connection	  between	  inner-‐	  and	  outer	  world	  and	  descriptions	  are	  mainly	  used	  to	  define	  the	  differences	  of	  
darkness	  and	  lightness	  levels.	  In	  modern	  culture	  inner	  and	  outer	  world	  are	  separated.	  In	  addition,	  in	  modern	  
culture	  colour	  is	  conceived	  as	  a	  separated	  cue.	  At	  present,	  mental	  representation	  determine	  the	  way	  how	  
people	  experience	  colour.	  	  
	  
6.5	   Intermezzo:	  Intriguing	  blue,	  what	  is	  its	  secret?	  
The	  early	  ancestors	  of	  the	  hominids	  possessed	  dichromatic	  vision	  and	  saw	  some	  colour	  due	  to	  two	  types	  of	  
cones	  with	  peak	  sensitivities	  in	  the	  yellow	  (middle	  wavelength)	  and	  the	  blue	  (short	  wave	  length)	  spectrum	  
(Conway,	  2009).	  The	  ability	  of	  seeing	  the	  colour	  blue	  is	  an	  intriguing	  phenomenon.	  To	  avoid	  the	  possibilities	  of	  
oxidative	  damage	  due	  to	  chemical	  reactions	  induced	  by	  short	  wavelength	  illumination	  with	  the	  free	  radical	  
cells,	  the	  eye	  had	  developed	  different	  protection	  methods	  to	  attenuate	  the	  short	  wave	  lengths	  (Lamb,	  2013).	  
The	  lens	  (Stockman	  et	  al,	  1999;	  Margrain	  et	  al,	  2004)	  attenuates	  the	  short	  wave	  lengths	  and	  near	  and	  on	  the	  
fovea,	  an	  area	  of	  the	  retina	  is	  covered	  with	  macular	  pigment	  that	  also	  attenuates	  short	  wavelengths	  (Conway,	  
2009).	  It	  appears	  that	  human	  eye	  systems	  were	  developed	  to	  detect	  the	  colour	  blue	  in	  an	  appropriate	  way	  
avoiding	  the	  risk	  of	  oxidative	  damage	  caused	  by	  the	  high	  energy	  of	  short	  wavelengths.	  	  
In	  addition,	  the	  percentage	  of	  the	  blue	  cones	  is	  low,	  8%-‐	  10%	  of	  all	  cones,	  compared	  to	  the	  percentages	  of	  the	  
red	  and	  green	  cones	  (Stockman	  and	  Sharpe,	  1999).	  In	  the	  fovea,	  the	  centre	  part	  in	  the	  eye	  with	  high	  acuity,	  the	  
number	  of	  the	  blue	  cones	  amounts	  only	  3	  %	  (Mollon,	  1995)	  and	  in	  the	  foveola,	  the	  middle	  centre	  in	  the	  fovea	  
with	  the	  highest	  acuity,	  there	  are	  no	  blue	  cones	  at	  all	  (Mollon,	  1995;	  Stockman	  and	  Sharpe,	  1999;	  Conway,	  
2009).	  So,	  with	  the	  part	  of	  our	  eye	  that	  enables	  us	  to	  see	  sharply,	  the	  blue	  cones	  do	  not	  contribute	  much.	  The	  
pigment	  rhodopsin	  however	  enables	  the	  blue	  cone	  to	  discern	  the	  blue	  light	  appropriately:	  rhodopsin	  is	  very	  
sensitive	  for	  blue	  light	  (Fortner	  and	  Meyer,	  1997).	  Additionally,	  the	  short	  wave	  cones	  play	  a	  limited	  role	  in	  
perceiving	  luminance	  (Stockman	  and	  Sharpe,	  1999;	  Fortner	  and	  Meyer,	  1997)	  and	  the	  short	  wave	  cones	  only	  
relate,	  in	  a	  limited	  way,	  visual	  data	  to	  their	  spatial	  and	  temporal	  context	  to	  judge	  the	  totality	  (Stockman	  and	  
Sharpe,	  1999).	  As	  such,	  the	  functionality	  of	  the	  blue	  cones	  is	  remarkable	  as	  they	  play	  a	  minor	  role	  in	  observing	  
totality	  and	  context.	  In	  addition,	  the	  short	  wave	  cones	  have	  genetically	  a	  different	  structure	  (Nathans	  and	  
Hogness,	  1986).	  	  
	  
In	  the	  period	  of	  dichromaticy	  the	  yellows	  and	  the	  blues	  could	  be	  discerned.	  These	  yellows	  and	  blues	  are	  
interesting	  colours.	  In	  contrast	  to	  Newton	  who	  stated	  that	  colours	  can	  be	  conceived	  as	  separated	  parts	  of	  the	  
light,	  Goethe	  was	  convinced	  that	  colours	  appear	  in	  the	  dynamic	  process	  between	  the	  polarities	  light	  and	  
darkness.	  This	  polarity	  of	  light	  and	  darkness	  is	  the	  central	  theme	  in	  his	  colour	  theory.	  Darkness	  is	  not	  conceived	  
as	  a	  passive	  phenomenon	  of	  nonexistence	  of	  light,	  but	  as	  an	  influencing	  polarity	  of	  light.	  There	  must	  be	  both	  
light	  and	  darkness	  as	  absolute	  preconditions	  for	  the	  existence	  of	  colour.	  Aristotle	  mentioned	  the	  phenomenon	  
that	  colours	  are	  created	  by	  the	  ‘blends	  of	  light	  and	  darkness’	  (Birren,	  1969).	  In	  1810,	  Goethe	  wrote:	  ‘Yellow	  is	  a	  
light	  which	  has	  been	  dampened	  by	  darkness;	  blue	  is	  a	  darkness	  weakened	  by	  light’.	  This	  basic	  colour	  effect	  can	  
easily	  be	  observed	  during	  the	  day.	  When	  sunrays	  enter	  a	  room	  through	  cut	  glass	  edges	  and	  shine	  on	  the	  walls,	  
one	  can	  discern	  the	  yellow	  and	  blue	  lines	  showing	  the	  edges	  of	  the	  glass.	  The	  same	  effect	  can	  be	  observed	  in	  a	  
swimming	  pool	  with	  daylight	  with	  a	  white	  bottom	  and	  painted	  black	  lines.	  Looking	  down	  at	  the	  black	  lines,	  one	  
sees	  at	  the	  white-‐black	  boundary	  blue	  lines	  and	  at	  the	  black-‐white	  boundary	  the	  colour	  yellow	  while	  physically	  
at	  the	  bottom	  of	  the	  swimming	  pool	  no	  yellow	  or	  blue	  coloured	  lines	  exist.	  Looking	  from	  the	  opposite	  
direction,	  both	  blue	  and	  yellow	  colours	  will	  change	  depending	  on	  the	  direction	  of	  looking	  at	  the	  dark	  lines.	  	  
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Due	  to	  the	  fact	  that	  the	  blue	  cones	  genetically	  are	  differently	  structured	  and	  differently	  located	  in	  the	  retina	  
than	  the	  red	  and	  the	  green	  cones,	  and	  that	  blue	  cones	  don’t	  play	  any	  role	  to	  relate	  spatial	  and	  temporal	  
context	  to	  judge	  the	  totality,	  it	  could	  be	  hypothesised	  that	  the	  blue	  cones	  only	  exist	  as	  a	  polarity	  to	  the	  yellow	  
ones	  to	  balance	  the	  polarity	  of	  light	  and	  darkness.	  Etymologically,	  in	  ancient	  languages,	  the	  colour	  blue	  plays	  a	  
minor	  role	  and	  blue	  is	  often	  used	  as	  a	  description	  of	  darkness.	  The	  focus	  of	  attention	  was	  the	  amount	  of	  light	  
and	  even	  etymologically	  the	  original	  words	  for	  blue	  meant	  ‘yellow’	  as	  yellow	  stood	  for	  light.	  Polarity	  is	  a	  basic	  
phenomenon	  in	  the	  human	  sensory	  information	  system,	  for	  example	  one	  feels	  something	  as	  hard	  versus	  soft,	  
warm	  versus	  cool,	  dynamic	  versus	  static.	  This	  is	  comparable	  with	  the	  on	  and	  off	  functionalities	  in	  the	  neuronal	  
systems.	  The	  need	  for	  polarity	  may	  be	  the	  cause	  why	  people	  can	  see	  the	  colour	  blue.	  However,	  this	  is	  only	  a	  
hypothesis.	  
	  
	  
6.6	   Intrinsic	  colour	  quality	  
	  
Is	  it	  the	  colour	  itself	  and	  as	  such	  its	  intrinsic	  colour	  quality	  that	  influences	  people?	  
	  
People	  are	  unconsciously	  influenced	  by	  the	  intrinsic	  colour	  quality	  that	  we	  cannot	  influence	  (Goethe,	  1810;	  
Steiner,	  1909).	  Physiological,	  affective	  and	  cognitive	  processes	  are	  closely	  intertwined	  and	  may	  be	  mental	  
representations	  predominate	  how	  people	  react	  on	  colour.	  To	  what	  extent	  are	  people	  directly	  influenced	  by	  the	  
intrinsic	  colour	  quality	  and	  what	  mental	  representations	  are	  constructed	  by	  the	  intrinsic	  colour	  quality?	  	  For	  
instance,	  it	  can	  be	  questioned	  as	  to	  whether	  the	  activating	  effect	  of	  red	  or	  the	  calming	  effect	  of	  blue	  are	  
intrinsic	  colour	  qualities	  themselves	  or	  purely	  learnt	  mental	  representations.	  	  
	  
Natural	  themes:	  twelve	  polarities	  
To	  answer	  this	  question,	  a	  move	  to	  the	  direction	  of	  the	  colour	  world	  itself	  and	  how	  humans	  experience	  this	  
world	  is	  in	  order.	  This	  colour	  world	  cannot	  be	  quantitatively	  measured.	  After	  collecting	  knowledge	  on	  colour	  
from	  different	  perspectives,	  it	  appears	  that	  it	  is	  fundamental	  to	  conceive	  colour	  as	  a	  natural	  phenomenon,	  a	  
view	  that	  is	  mentioned	  among	  others	  by	  Goethe	  (1810),	  Frieling	  and	  Auer	  (1961),	  Müller	  and	  Spillmann	  (1987)	  
and	  Goldbeck-‐Löwe	  (2011).	  The	  intrinsic	  colour	  quality	  can	  be	  defined	  by	  carefully	  observing	  how	  colour	  
expresses	  itself	  in	  nature,	  because	  the	  origins	  of	  the	  colour	  world	  begin	  with	  nature.	  By	  taking	  a	  closer	  look	  at	  
nature,	  twelve	  natural	  phenomena	  with	  their	  polarities	  can	  be	  observed,	  realizing	  that	  this	  approach	  has	  a	  
hypothetical	  character:	  	  	  

1. Colour	  appears	  or	  vanishes	  depending	  on	  light	  conditions.	  In	  the	  black	  of	  the	  night,	  colour	  disappears	  
but	  	  colour	  also	  disappears	  when	  	  light	  	  is	  very	  intensive.	  People	  recognize	  this	  process	  as	  seen	  in	  
under-‐	  and	  overexposed	  photographs.	  In	  living	  creatures	  a	  total	  lack	  of	  light	  is	  recognizable	  in	  the	  
appearance	  of	  the	  colour	  white	  as	  can	  be	  seen	  in	  roots	  of	  plants	  or	  bulbs	  as	  the	  onion	  and	  the	  tulip,	  or	  
in	  the	  skeletons	  which	  do	  not	  receive	  direct	  light.	  Appearance	  and	  disappearance	  concerns	  the	  polarity	  
of	  to	  be	  or	  not	  to	  be.	  	  

2. Colour	  is	  a	  sign	  of	  life	  that	  can	  be	  recognised	  in	  the	  saturation	  of	  colours.	  No	  saturation	  of	  colour	  shows	  
only	  black	  and	  white	  tones.	  For	  the	  life	  processes	  both	  light	  and	  warmth	  is	  necessary,	  however,	  not	  too	  
little	  and	  not	  too	  much.	  Is	  there	  no	  light	  or	  warmth,	  but	  also	  is	  there	  an	  abundance	  of	  light	  or	  warmth,	  
no	  life	  is	  possible.	  When	  there	  is	  no	  warmth	  at	  all,	  but	  only	  coldness,	  we	  recognize	  white	  in	  snow	  and	  
ice.	  But	  also	  at	  the	  highest	  temperature,	  iron	  for	  instance	  will	  turn	  into	  a	  white	  coloured	  mass.	  The	  
colour	  of	  death	  is	  black,	  as	  carbon	  existing	  out	  of	  dead	  materials	  is	  black.	  Only	  when	  life	  begins,	  colour	  
reveals	  itself.	  As	  soon	  as	  springtime	  arrives,	  colour	  reveals	  itself	  very	  gently,	  more	  saturated	  in	  summer	  
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and	  burning	  in	  autumn,	  before	  fading	  away	  in	  wintertime.	  Living	  humans	  are	  connected	  with	  colour.	  
When	  people	  do	  not	  feel	  well,	  one	  speaks	  of	  “off-‐colour”	  and	  when	  people	  die,	  colour	  disappears	  and	  
the	  dead	  body	  grows	  pale.	  These	  phenomena	  show	  the	  polarity	  of	  growing	  and	  deceasing.	  

3. Colour	  is	  a	  dynamic	  phenomenon.	  Some	  colours	  in	  nature	  draw	  near,	  while	  others	  draw	  back.	  A	  field	  of	  
yellow	  sunflowers	  or	  red	  roses	  seems	  closer	  and	  more	  defined	  than	  a	  field	  of	  violet	  lavender.	  The	  
furthest	  row	  in	  a	  row	  of	  mountains	  appears	  more	  blue	  and	  atmospheric	  in	  the	  open	  landscape.	  This	  
phenomenon	  is	  known	  as	  the	  colour	  perspective,	  a	  phenomenon	  that	  is	  strengthened	  by	  the	  
functionality	  of	  the	  human	  eye	  (i.e.	  chromatic	  aberration	  3).	  Colour	  perspective	  concerns	  a	  polarity	  
between	  approaching	  and	  retreating.	  	  

4. The	  appearance	  of	  colours	  in	  plants	  is	  often	  accompanied	  by	  its	  complementary	  colours.	  A	  fresh	  green	  
bud	  of	  a	  leaf	  often	  shows	  the	  complementary	  colour	  purple	  (Kadam,	  1974;	  Goethe,	  1981;	  Pavek	  et	  al,	  
1992;	  Jarret	  et	  al,	  1993;	  Winthrop	  and	  Simon,	  2000).	  In	  the	  spring,	  many	  yellow	  flowers	  appear,	  the	  
daffodil,	  celandine	  and	  the	  crocus,	  but	  also	  violet	  flowers	  appear	  as	  the	  crocus	  and	  the	  violet.	  Another	  
phenomenon	  is	  the	  coloured	  shadows,	  as	  we	  see	  the	  complementary	  colour	  of	  a	  light	  source.	  In	  
addition	  we	  see	  the	  complementary	  colour	  in	  the	  so	  called	  afterimages,	  after	  looking	  at	  a	  certain	  
colour	  for	  some	  time.	  Colour	  and	  its	  complementary	  colour	  are	  shown	  as	  polarities	  in	  the	  colour	  circle.	  	  	  

5. Colour	  in	  nature	  shows	  the	  status	  of	  the	  cradle	  to	  grave	  process	  and	  reveals	  the	  status	  of	  this	  process	  
such	  as	  young,	  light	  green	  grass	  in	  the	  spring,	  green	  to	  dark	  green	  grass	  in	  the	  summer,	  dry,	  yellow	  
grass	  in	  the	  autumn.	  We	  see	  green,	  then	  yellow,	  then	  red	  strawberries	  that	  turn	  brown	  when	  overripe.	  
This	  polarity	  shows	  the	  conditions	  from	  fresh	  to	  decay.	  	  

6. Nature	  shows	  large	  amounts	  of	  striking	  and	  showy	  colour	  combinations	  and	  different	  harmonies.	  The	  
most	  well-‐known	  colour	  natural	  phenomenon	  is	  the	  rainbow	  which	  like	  other	  atmospheric	  phenomena,	  
shows	  colour	  in	  its	  natural	  brightness.	  Some	  colour	  combinations	  are	  more	  harmonious	  than	  others.	  
This	  phenomenon	  is	  known	  as	  The	  Law	  of	  Müller,	  based	  on	  the	  natural	  brightness	  of	  colours.	  Aemilius	  
Müller,	  professor	  at	  the	  Academy	  of	  Winterthur	  in	  Switzerland,	  discovered	  a	  universal	  colour	  
preference	  based	  on	  the	  natural	  brightness	  of	  colours.	  The	  opposite	  phenomenon	  that	  colours	  do	  not	  
correspond	  with	  their	  natural	  brightness	  is	  known	  as	  ‘inversion’.The	  phenomenon	  that	  colour	  presents	  
itself	  in	  a	  wide	  variety	  of	  colour	  combinations	  shows	  the	  polarity	  harmony	  and	  disharmony.	  

7. Colour	  is	  a	  phenomenon	  which	  appears	  in	  the	  interaction	  between	  light,	  darkness,	  material	  and	  the	  
human	  eye.	  Goethe	  wrote:	  ‘Yellow	  is	  a	  light	  which	  has	  been	  dampened	  by	  darkness;	  Blue	  is	  a	  darkness	  
weakened	  by	  light’	  (Goethe,	  1810;	  Zajonc,	  1976;	  Ribe,	  1985;	  Goldbeck-‐Löwe,	  2011).	  Every	  colour	  has	  its	  
own	  typical	  brightness:	  the	  highest	  level	  of	  brightness	  is	  shown	  in	  citron	  yellow,	  the	  lowest	  in	  blue	  violet	  
(Gerritsen,	  1972).	  This	  phenomenon	  concerns	  the	  polarity	  of	  light	  and	  darkness.	  	  

8. Colour	  can	  be	  experienced	  as	  warm	  or	  cool	  colours.	  The	  red	  and	  yellow	  colours	  are	  generally	  
experienced	  as	  warm	  colours.	  The	  blue	  and	  bluish	  green	  colours	  are	  perceived	  as	  cool	  colours	  (Birren,	  
1950;	  Sivik,	  1973;	  Jacobs	  and	  Suess,	  1975;	  Bellizi	  et	  al,	  1983;	  Mahnke,	  1996;	  Stone	  and	  English,	  1998;	  
Tofle,	  2004;	  Kaya	  and	  Epps,	  2004).	  This	  concerns	  the	  polarity	  of	  warmth	  and	  coldness.	  	  

9. Colour	  shows	  order.	  Colour	  appears	  in	  daylight,	  in	  minerals	  and	  metals	  and	  living	  creatures	  in	  a	  natural	  
order.	  Sulfur	  for	  instance	  is	  white	  when	  cold,	  but	  at	  21	  degrees	  it	  changes	  to	  the	  colour	  yellow,	  and	  at	  
higher	  temperatures	  it	  turns	  to	  red	  (Frieling	  and	  Auer,	  1961).	  Also	  the	  process	  of	  tempering	  steel	  shows	  
white,	  yellow,	  gold-‐yellow,	  red,	  purple,	  violet,	  dark	  blue,	  blue,	  light	  blue,	  then	  grey.	  In	  the	  growing	  
process	  of	  plants	  this	  sequence	  of	  colours	  is	  observed:	  in	  the	  dark	  earth,	  the	  seed	  and	  the	  roots	  are	  
white,	  when	  receiving	  some	  light,	  the	  young	  plant	  turns	  yellow,	  then	  to	  yellow	  green.	  With	  more	  
sunlight	  the	  plant	  colours	  change	  to	  green	  (Frieling	  and	  Auer,	  1961;	  Frieling,	  1968).	  This	  process,	  the	  
intensification	  of	  colours	  (Steigerung),	  is	  first	  mentioned	  by	  Goethe	  and	  is	  found	  in	  his	  colour	  circle	  
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(Goethe,	  1810;	  Goldbeck-‐Löwe,	  2011)	  characterised	  by	  order	  and	  the	  appearance	  of	  intervals.	  Here	  the	  
polarity	  of	  intensification	  is	  observed.	  	  

10. Colours	  appear	  with	  their	  own	  unique	  character.	  One	  colour	  is	  more	  elementary	  than	  another	  one,	  but	  
all	  colours	  show	  their	  own	  typical	  hue.	  All	  together	  they	  create	  the	  so	  called	  colour	  space	  (Frieling	  and	  
Auer,	  1961;	  Hardin,	  1988;	  Heller,	  1990).	  Colour	  shows	  the	  polarity	  from	  distinction	  to	  non-‐
identification	  by	  means	  of	  the	  hue.	  	  

11. Colours	  have	  symbolic	  meaning	  for	  different	  cultures	  in	  the	  world	  (Frieling,	  1968;	  Gage,	  1995;	  Mahnke,	  
1996)	  which	  in	  general	  seems	  to	  be	  comparable.	  Goethe	  (1810)	  tried	  to	  describe	  the	  sensual	  –	  moral	  
aspects	  of	  colour,	  trying	  to	  find	  the	  objective	  inner	  quality.	  Later	  on	  other	  colour	  scientists	  used	  different	  	  
colour	  systems	  such	  as	  the	  systems	  of	  Itten,	  Hering,	  Young,	  Munsell	  and	  Frieling	  to	  express	  the	  human	  
colour	  experience	  basics	  (Birren,	  1969)	  .	  All	  colour	  systems	  search	  for	  the	  intrinsic	  colour	  quality.	  Looking	  
at	  applied	  systems,	  etymologically	  how	  colour	  words	  have	  developed,	  and	  philosophically	  some	  central	  
issues	  can	  be	  discerned:	  yellow	  is	  the	  sign	  of	  light	  as	  blue	  is	  the	  sign	  of	  darkness.	  Green	  is	  the	  sign	  of	  the	  
living	  world	  of	  plants	  as	  red	  is	  the	  sign	  of	  the	  living	  world	  of	  animals	  and	  people.	  Violet	  is	  a	  combination	  
of	  red	  and	  blue,	  combining	  human	  life	  with	  darkness,	  causing	  mystic	  experience.	  Light	  green	  a	  
combination	  of	  yellow	  as	  sign	  of	  light	  with	  green	  as	  sign	  of	  the	  world	  of	  the	  plants	  shows	  itself	  in	  the	  
young	  leafs.	  All	  these	  signs	  show	  the	  deeper	  sense	  of	  colour.	  Colour	  shows	  the	  polarity	  from	  the	  deeper	  
sense	  to	  showing	  no	  sense	  at	  all.	  

12. Colour	  immediately	  communicates	  with	  the	  adjacent	  colours.	  In	  nature	  colour	  is	  never	  experienced	  as	  
a	  separated	  colour	  with	  separated	  colour	  qualities,	  but	  we	  experience	  colour	  relative	  to	  other	  colours.	  
Colours	  interact	  and	  influence	  each	  other	  in	  their	  appearance	  (Chevreul,	  1855).	  As	  such	  colour	  can	  
never	  be	  experienced	  as	  an	  isolated	  phenomenon	  but	  only	  in	  context.	  This	  is	  recognizable	  in	  the	  
polarity	  between	  separated	  identity	  and	  placement	  in	  context.	  	  
	  

As	  people	  are	  part	  of	  nature,	  nature	  and	  a	  natural	  environment	  consequently	  has	  positive	  influence	  on	  people	  
(Ulrich,	  1981;	  Hartig	  et	  al,	  1991;	  Ulrich	  et	  al,	  1991;	  Kaplan,	  1993,	  1995,	  2001;	  Frumkin,	  2001;	  Van	  den	  Berg	  et	  al,	  
2003;	  Groenewegen	  et	  al,	  2006;	  Van	  den	  Berg	  et	  al,	  2007;	  Berman	  et	  al,	  2008).	  It	  can	  be	  hypothesized	  that	  
naturally	  applied	  colours	  with	  aforementioned	  the	  twelve	  characteristics,	  attribute	  to	  the	  most	  optimal	  
conditions	  for	  people	  and	  in	  addition	  the	  optimal	  productive	  work	  environment.	  During	  a	  long	  period	  of	  
millions	  of	  years,	  people	  and	  their	  ancestors	  are	  exposed	  to	  the	  twelve	  characteristics	  of	  colour	  in	  nature.	  
There	  seems	  to	  be	  a	  general	  and	  universal	  trend	  on	  how	  colour	  influences	  the	  human	  psyche	  (Goethe,	  1810;	  
Adams	  and	  Osgood,	  1973;	  Heller,	  1990;	  Crozier,	  1999;	  Ou	  et	  al,	  2004).	  This	  universal	  trend	  shows	  stable	  
connections	  between	  colour	  categories	  and	  meanings.	  In	  addition,	  trends	  can	  be	  observed	  in	  the	  development	  
of	  applied	  colour	  words	  in	  language.	  Berlin	  and	  Kay	  (1969)	  formulated	  a	  hypothesis	  regarding	  the	  existence	  of	  
semantic	  universals	  in	  colour	  lexicons	  and	  a	  constrained	  order	  in	  evolutionary	  development	  of	  basis	  colour	  
vocabularies.	  Research	  has	  shown	  that	  applied	  colour	  names	  in	  languages	  follow	  an	  evolutionary	  pattern.	  The	  
terms	  ‘black’	  and	  ‘white’	  are	  present	  in	  all	  languages.	  If	  a	  language	  shows	  three	  colour	  terms,	  the	  third	  one	  is	  
‘red’.	  Languages	  with	  four	  colour	  terms	  always	  show	  either	  green	  or	  yellow	  and	  with	  five	  colour	  terms	  show	  
both	  green	  and	  yellow.	  If	  six	  terms	  are	  used,	  the	  sixth	  term	  is	  blue	  and	  if	  seven	  terms	  the	  seventh	  term	  is	  
brown.	  If	  more	  than	  seven	  colour	  terms	  are	  found,	  different	  orders	  of	  terms	  are	  observed	  for	  other	  colours	  
such	  as	  pink,	  purple,	  orange	  and	  grey.	  In	  their	  search	  for	  causes	  Berlin	  and	  Kay	  supposed	  the	  existence	  of	  
biological	  systems	  such	  as	  response	  patterns	  of	  non-‐opponent	  and	  opponent	  cells	  in	  the	  LGN	  providing	  
information	  concerning	  hue,	  brightness	  and	  saturation	  (Kay	  et	  al,	  1991).	  In	  addition,	  in	  epigenetic	  research	  
learnt	  facts	  about	  stimuli	  belonging	  to	  the	  environment	  can	  be	  shown	  at	  least	  two	  generations	  later.	  Dias	  and	  
Ressler	  (2013)	  recently	  showed	  that	  odour	  fear	  conditioning	  with	  mice	  can	  be	  inherited	  for	  two	  sequent	  
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generations	  at	  behavioural,	  neuroanatomical	  and	  epigenetic	  levels.	  This	  phenomenon	  covered	  by	  epigenetics,	  
could	  possibly	  result	  in	  culturally	  learnt	  patterns	  concerning	  colour.	  	  
Preferences	  for	  colours	  show	  patterns	  that	  can	  be	  related	  to	  among	  other	  things	  culture,	  age,	  sex,	  education	  
and	  human	  characteristics	  such	  as	  being	  emotional	  or	  being	  technical	  (Bakker	  et	  al,	  2013c).	  Regarding	  culture,	  	  
evidence	  exists	  that	  environmental	  conditions	  physiologically	  influence	  how	  people	  see	  colour.	  In	  1973	  
Bornstein	  showed	  that	  people	  living	  in	  the	  regions	  concentrated	  near	  the	  equator	  had	  more	  yellow	  macular	  
pigmentation	  than	  people	  living	  close	  to	  the	  poles.	  More	  macular	  pigmentation	  causes	  a	  decrease	  of	  the	  
amount	  of	  short	  wavelengths	  reaching	  the	  retina.	  These	  people	  are	  less	  sensitive	  to	  blue	  and	  less	  able	  to	  
distinguish	  blue	  from	  green	  (Hardin,	  1988).	  It	  is	  possible	  that	  the	  effect	  of	  colour	  on	  people	  shows	  a	  certain	  
order,	  due	  to	  the	  existing	  patterns	  in	  comparable	  semantic	  values	  of	  colours	  among	  different	  cultures,	  the	  
application	  in	  languages	  and	  colour	  preferences.	  This	  order	  is	  originated	  in	  the	  colour	  itself	  and	  its	  intrinsic	  
colour	  quality.	  The	  way	  colour	  influences	  the	  human	  psyche	  can	  be	  found	  in	  the	  twelve	  characteristics	  of	  
colour.	  It	  seems	  to	  be	  that	  the	  intrinsic	  colour	  quality	  forms	  a	  large	  share	  of	  the	  human	  mental	  representations.	  
The	  differences	  in	  the	  representations	  are	  due	  to	  local,	  cultural	  and	  temporal	  factors	  and	  individual	  differences	  
such	  as	  personal	  characteristics	  and	  memories.	  

.	  	  
The	  existence	  of	  genetically	  based	  preferences”	  and/or	  “innate	  learning	  mechanisms	  is	  discussed	  in	  some	  
colour	  research	  studies	  (Hurlbert	  and	  Ling,	  2007).	  Hurlbert	  and	  Ling	  argue	  that	  the	  development	  of	  trichromacy	  
caused	  a	  stronger	  colour	  preference	  for	  red	  in	  females	  rather	  than	  males	  as	  females	  were	  in	  accordance	  with	  
the	  hunter-‐gather-‐theory	  supposed	  to	  gather	  ripe	  red	  coloured	  fruit.	  Indeed,	  for	  language	  and	  speech,	  
evidence	  is	  found	  for	  the	  genetic	  influence	  by	  the	  gen	  FOXP2	  (Fisher	  and	  Scharff,	  2009),	  however	  language	  and	  
speech	  are	  cognitive	  functions	  which	  is	  not	  purely	  the	  case	  for	  experiencing	  colours.	  Moreover,	  we	  cannot	  
make	  simple	  linkages	  between	  researches	  on	  colour	  or	  on	  language	  or	  speech,	  as	  normal	  adults	  require	  more	  
time	  to	  mention	  the	  name	  of	  a	  colour	  than	  to	  read	  the	  names	  of	  that	  colours	  presented	  in	  words	  (Mayfield	  
Ligon,	  1930.	  Moreover,	  Taylor	  et	  al	  (2012)	  showed	  evidence	  that	  the	  theory	  of	  Hurlbert	  and	  Ling	  is	  not	  
consistent.	  Also	  colour	  associations	  can	  vary	  depending	  on	  culture	  (Madden	  et	  al,	  2000).	  In	  addition,	  Block	  
(2003)	  does	  not	  exclude	  the	  possibility	  of	  innate	  behavioural	  differences	  between	  the	  experience	  of	  different	  
colours,	  although	  he	  asks	  questions	  about	  the	  existence	  of	  well-‐known	  associations.	  No	  genetic	  influence	  is	  
found	  related	  to	  colour	  experience	  until	  now.	  
	  
	  
6.7	   In	  search	  for	  a	  method	  to	  define	  the	  influence	  of	  the	  intrinsic	  colour	  quality.	  	  
	  
6.7.1	   	  A	  short	  view	  on	  colour	  research	  
	  
Does	  colour	  research	  result	  in	  valid	  and	  reliable	  data?	  
To	  understand	  the	  exact	  influence	  of	  colour	  on	  people,	  valuable	  colour	  research	  is	  conducted	  and	  a	  large	  
amount	  of	  interesting	  findings	  are	  available.	  However,	  the	  findings	  on	  colour	  frequently	  show	  conflicting	  
results	  due	  to	  the	  complex	  environmental	  conditions,	  the	  complex	  test	  processes,	  human	  interactions,	  and	  the	  
complexity	  of	  colour	  itself.	  In	  these	  studies	  two	  ways	  are	  generally	  followed	  to	  learn	  about	  the	  influences	  of	  
colour:	  at	  the	  one	  hand	  subjects	  are	  asked	  about	  the	  influences	  and	  at	  the	  other	  hand	  effects	  on	  people’s	  
performances	  and	  physiological	  effects	  are	  measured.	  In	  the	  case	  of	  asking	  subjects	  about	  the	  influences	  of	  
colour	  it	  is	  unclear	  whether	  the	  answers	  to	  questions	  (often	  mentioned	  in	  questionnaires)	  have	  anything	  to	  do	  
with	  the	  intrinsic	  colour	  quality	  itself.	  Bakker	  et	  al,	  2013(a)	  conducted	  research	  in	  a	  real-‐life	  setting	  during	  
regular	  meetings	  and	  showed	  that	  the	  answers	  given	  do	  not	  concern	  factual	  information	  on	  the	  applied	  
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colour(s)	  but	  primarily	  address	  the	  personal,	  social	  and	  environmental	  contextual	  situation	  (see	  Chapter	  7).	  	  
Psychological	  phenomena	  such	  as	  social	  desirability,	  cognitive	  dissonance	  and	  a	  lack	  of	  exactness,	  muddle	  the	  
truth	  on	  colour	  (Foddy,	  1993;	  Vonk,	  2003;	  Bakker	  et	  al,	  2013b).	  	  
It	  appears	  that	  the	  second	  option	  to	  measure	  facts	  is	  more	  fruitful	  to	  tell	  something	  about	  the	  effects	  of	  colour.	  
In	  colour	  research	  two	  topics	  are	  measured:	  different	  type	  of	  performances	  and	  physiological	  values.	  
Measuring	  performances	  is	  complicated	  and	  difficult	  to	  define	  and	  to	  compare,	  not	  only	  due	  to	  the	  type	  of	  
performances	  but	  also	  due	  to	  different	  contextual	  factors.	  Although	  the	  research	  shows	  trends	  with	  patterns	  
based	  on	  larger	  number	  of	  subjects	  (Mikellides,	  1990;	  Elliot	  et	  al,	  2007;	  Küller	  et	  al,	  2009),	  physiological	  
measurements	  appear	  to	  be	  a	  more	  valid	  method	  for	  colour	  research	  due	  to	  factual	  and	  objective	  physiological	  
data.	  The	  measurements	  in	  physiological	  colour	  research	  show	  quantitative	  data	  that	  at	  first	  glance	  seem	  to	  be	  
comparable.	  A	  large	  amount	  of	  indicators	  is	  used	  such	  as	  different	  types	  of	  brainwaves	  (alpha	  to	  theta),	  
galvanic	  skin	  conduction,	  blood	  pressure	  and	  heartbeat.	  A	  closer	  look	  on	  this	  research	  reveals	  weaknesses	  such	  
as	  an	  unclear	  relationship	  between	  colour	  and	  physiological	  reaction,	  unclear	  and/or	  unknown	  physiological	  
values,	  a	  weak	  explanation	  of	  physiological	  measurements,	  weaknesses	  in	  the	  measurement	  and	  an	  artificial,	  
not	  natural	  application	  of	  light	  colours	  such	  as	  shining	  light	  beams	  with	  high	  frequency	  into	  the	  eye	  (Wilson,	  
1966;	  Ali,	  1972;	  Jacobs	  and	  Hustmeyer,	  1974;	  Noguchi	  and	  Sakaguchi,	  1999;	  Kim,	  2004;	  Yoto,	  2007;	  Küller	  et	  al,	  
2009:	  Rajae-‐Joordens,	  2011;	  Steer-‐Reeh,	  2012;	  Kim	  et	  al,	  2012;	  Yamashita	  et	  al,	  2012).	  An	  extensive	  overview	  
of	  the	  research	  applying	  physiological	  measurements	  is	  found	  in	  attachment	  A.	  It	  appears	  the	  quantitative	  data	  
derived	  from	  physiological	  measurements	  does	  not	  provide	  clear	  information	  on	  the	  relationship	  of	  colour	  and	  
physiological	  reaction.	  Some	  examples	  of	  physiological	  research	  on	  colour	  that	  does	  raise	  questions:	  

• Physiological	  measurements	  are	  used	  which	  not	  clearly	  indicate	  the	  relation	  between	  colour	  and	  colour	  
effect.	  Kim	  (2004)	  indicates	  changes	  in	  beta	  and	  gamma	  waves	  and	  Küller	  et	  al	  (2009)	  in	  delta	  waves,	  as	  
evidence	  of	  attention	  or	  arousal	  caused	  by	  colours,	  whereas	  beta	  waves	  primarily	  indicate	  intrinsic	  
motivation	  related	  to	  motoric	  activity	  (Lal	  and	  Craig,	  2001),	  gamma	  waves	  primarily	  are	  connected	  to	  
very	  short	  stimuli	  (Hoogenboom,	  2006)	  and	  delta	  waves	  primarily	  show	  activity	  in	  the	  auditory	  cortex	  
(McGee	  et	  al,	  1993;	  Lakatos	  et	  al,	  2005).	  Further	  research	  and	  study	  is	  needed	  to	  develop	  a	  clear	  
relationship	  between	  the	  effects	  of	  colour	  and	  a	  physiological	  reaction	  showing	  changes	  in	  brainwaves.	  	  	  

• Measurements	  are	  applied	  that	  (at	  this	  moment)	  cannot	  be	  clearly	  interpreted.	  Ali	  (1972)	  and	  Yoto	  
(2007)	  used	  the	  AAC	  value.	  The	  AAC	  Value	  in	  general	  is	  an	  indicator	  of	  attention.	  However,	  what	  this	  
AAC	  value	  exactly	  means	  in	  relation	  to	  the	  colour	  effects	  is	  not	  yet	  clear.	  	  

• Unknown	  measurements	  are	  used	  as	  the	  COH	  Value	  (coherence,	  i.e.	  correlation	  between	  respiration	  
and	  heart	  rate;	  Rajae,	  2011)	  while	  the	  general	  known	  RSA	  (Respiratory	  sinus	  arrhythmia) is	  not	  applied.	  	  

• Explanations	  concerning	  physiological	  reactions	  are	  unclear.	  Küller	  et	  al	  (2009)	  explains	  why	  subjects	  
show	  a	  decrease	  of	  their	  heartbeat	  while	  seeing	  red	  as	  a	  reaction	  of	  such	  an	  excited	  state	  that	  this	  
causes	  a	  paradoxical	  slowing	  heartbeat.	  However,	  physiologically	  a	  decrease	  of	  the	  heart	  beat	  always	  
goes	  together	  with	  a	  decrease	  of	  arousal.	  	  

• Unclear	  measurements	  and	  weaknesses	  exist	  such	  as	  no	  or	  unclear	  categorisation	  of	  alpha	  	  
waves,	  lacking	  data	  concerning	  the	  localization	  of	  electrodes,	  uncontrolled	  light	  and/or	  colour	  
conditions,	  low	  numbers	  of	  subjects	  and	  combining	  methods	  as	  heartbeat,	  brainwaves	  and	  GSR	  with	  
different	  reaction	  times.	  

	  
It	  is	  questionable	  if	  completing	  questionnaires	  in	  psychological	  research	  or	  measuring	  physiological	  processes	  
tell	  the	  truth	  about	  the	  effects	  of	  colours	  
	  
6.7.2	   Twelve	  characteristics	  of	  colour	  and	  the	  twelve	  senses	  	  
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Colour,	  context,	  test	  method	  and	  a	  diversity	  of	  measurements	  complicate	  the	  interpretation	  of	  findings.	  
Perhaps,	  the	  twelve	  characteristics	  of	  colour	  which	  form	  the	  intrinsic	  colour	  quality	  in	  nature	  can	  function	  as	  a	  
better	  guide	  for	  understanding	  a	  clearer	  relationship	  between	  colour	  and	  colour	  effects.	  According	  to	  Steiner	  
(1909,	  1910,	  1911)	  people	  have	  twelve	  senses:	  four	  bodily	  senses	  (focusing	  on	  what),	  four	  senses	  which	  
provide	  information	  about	  the	  environment	  (focusing	  on	  how)	  and	  four	  mental	  senses	  (focusing	  on	  why).	  
Humans	  experience	  the	  environment	  with	  these	  twelve	  senses.	  Schneider	  (1987)	  translated	  what	  information	  
is	  provided	  by	  which	  sense	  concerning	  the	  built	  environment.	  Each	  sense	  can	  be	  conceived	  as	  a	  lurch	  between	  
two	  polarities.	  Depending	  on	  the	  features	  of	  the	  stimulus	  there	  is	  movement	  between	  the	  two	  polarities	  i.e.	  
movement	  between	  warmth	  and	  coldness,	  form	  and	  motion	  and	  light	  and	  darkness.	  An	  overview	  of	  the	  twelve	  
senses	  with	  their	  primary	  targets	  is	  shown	  in	  Table	  1.	  It	  has	  to	  be	  mentioned	  that	  the	  concept	  of	  the	  twelve	  
senses	  is	  an	  hypothetical	  approach	  to	  understand	  the	  sensory	  information	  system	  although	  evidence	  such	  as	  
modern	  neurological	  research	  (Dijksterhuis,	  2007)	  is	  growing	  on	  this	  concept.	  	  
	  
Table	  1:	  The	  twelve	  senses	  as	  mentioned	  by	  Steiner	  and	  Schneider	  and	  primary	  targets	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  

	  
	  
	  
All	  twelve	  senses	  provide	  colour	  information	  as	  colour	  forms	  a	  part	  of	  the	  environment.	  Colour	  primarily	  is	  
observed	  by	  the	  sense	  of	  sight	  as	  we	  see	  colour	  through	  the	  eyes.	  However,	  colour	  feeds	  the	  other	  senses	  
which	  can	  be	  recognized	  through	  language	  and	  expressions	  such	  as	  warm	  colours	  (sense	  of	  temperature),	  soft	  
colours	  (sense	  of	  touch)	  and	  sweet	  colours	  (sense	  of	  taste)	  (Soesman,	  2005).	  Because	  people	  experience	  the	  
outer	  world,	  colour	  inclusive,	  by	  means	  of	  the	  twelve	  senses,	  which	  all	  measure	  polarities,	  this	  could	  be	  a	  
solution	  to	  understand	  the	  intrinsic	  colour	  quality	  in	  its	  totality.	  As	  a	  hypothesis,	  a	  model	  can	  be	  developed	  
showing	  the	  connection	  between	  the	  twelve	  characteristics	  of	  the	  intrinsic	  colour	  quality	  such	  as	  these	  appear	  
in	  nature	  and	  which	  are	  mentioned	  before	  (see	  paragraph	  6.6	  )	  and	  the	  twelve	  senses	  with	  their	  polarity	  (see	  
Table	  2).	  	  	  
	  
Table	  2	  :	  Relation	  between	  the	  twelve	  characteristics	  of	  the	  intrinsic	  colour	  quality	  as	  viewed	  in	  nature	  and	  the	  twelve	  
senses	  with	  their	  character	  (This	  table	  is	  based	  on	  detailed	  information	  on	  the	  senses	  and	  asks	  for	  a	  short	  explanation:	  
Senses	  are	  mainly	  sensitive	  for	  one	  specified	  stimulus	  and	  provide	  information	  about	  the	  status	  between	  two	  polarities.	  The	  
sense	  of	  touch	  primarily	  provides	  sensory	  information	  about	  the	  existence	  of	  the	  outer	  world,	  providing	  additionally	  
evidence	  of	  the	  own	  existence.	  The	  sense	  of	  life	  learns	  about	  someone’s	  constitution.	  The	  sense	  of	  movement	  provides	  
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information	  about	  the	  situation	  between	  standstill	  and	  movement.	  The	  sense	  of	  balance	  helps	  to	  find	  balance.	  The	  sense	  of	  
smell	  learns	  about	  the	  quality	  of	  the	  situation	  in	  the	  process	  and	  provides	  information	  about	  value	  what	  is	  healthy	  and	  
good.	  The	  sense	  of	  taste	  is	  sensitive	  for	  modulation	  and	  harmony	  which	  can	  be	  found	  in	  nature.	  The	  sense	  of	  sight	  primarily	  
focus	  on	  the	  differences	  between	  light	  and	  darkness.	  The	  sense	  of	  temperature	  indicates	  on	  warmth	  to	  coldness	  
differences.	  The	  sense	  of	  proportion	  provides	  information	  on	  the	  level	  of	  order.	  The	  sense	  of	  gestalt	  focuses	  on	  unities	  
which	  are	  recognizable	  due	  to	  learning	  processes.	  The	  sense	  of	  symbol	  provides	  background	  information	  about	  original	  
meanings	  and	  symbols	  and	  explains	  about	  the	  sense.	  The	  sense	  of	  identity	  explains	  about	  the	  existence	  of	  other	  individuals	  
and	  learns	  about	  one’s	  own	  uniqueness.	  See	  for	  further	  explanation	  Bakker	  and	  de	  Boon,	  2012).	  	  	  

	  

	  

	  

	  

	  

	  

	  

	  

	  

	  

	  

	  

	  

	  

	  

	  

A	  connection	  is	  made	  between	  the	  mentioned	  colour	  characteristics	  and	  the	  human	  senses	  with	  their	  
polarities.	  Humans	  experience	  the	  environment	  by	  means	  of	  their	  senses	  and	  each	  sense	  is	  sensitive	  for	  a	  
specified	  polarity:	  for	  example	  the	  sense	  of	  sight	  is	  sensitive	  for	  the	  polarity	  light	  and	  dark.	  A	  mechanism	  to	  
define	  colour	  experience	  in	  its	  totality	  could	  make	  use	  of	  this	  sensory	  information	  and	  their	  sensory	  polarities	  
inclusive.	  

In	  paragraph	  6.6	  the	  twelve	  colour	  characteristics	  are	  shown	  accompanied	  by	  their	  colour	  polarities.	  It	  is	  
generally	  accepted	  that	  colour	  shows	  itself	  by	  means	  of	  contrasts	  such	  as	  well-‐known	  and	  often	  used	  
complementary	  contrast,	  warm-‐cool	  contrast	  and	  quality	  contrast.	  Colour	  contrasts	  are	  equivalent	  to	  
polarities.	  Because	  senses	  all	  are	  sensitive	  for	  polarities,	  they	  are	  sensitive	  for	  contrasts.	  As	  such	  a	  match	  is	  
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possible	  between	  the	  twelve	  senses	  and	  colour	  contrasts.	  The	  sensory	  information	  system	  can	  be	  applied	  as	  
mechanism	  to	  define	  the	  total	  colour	  quality	  (Table	  3).	  	  

Table	  3	  :	  Relationship	  between	  the	  twelve	  characteristics	  of	  intrinsic	  colour	  quality	  as	  viewed	  in	  nature,	  the	  twelve	  senses	  
and	  the	  twelve	  colour	  contrasts.	  (Explanation	  on	  contrast	  types:	  The	  sense	  of	  touch	  provides	  insight	  in	  existence/non-‐
existence	  and	  mentions	  whether	  there	  is	  colour	  or	  no	  colour.	  Life	  reveals	  itself	  by	  showing	  colours	  by	  means	  of	  the	  level	  of	  
saturation.	  When	  life	  vanishes,	  colours	  are	  growing	  pale	  and	  become	  unsaturated.	  The	  sense	  of	  life	  focus	  on	  the	  level	  of	  
saturation.	  The	  sense	  of	  movement	  is	  linked	  to	  the	  motion	  contrast	  and	  the	  sense	  of	  balance	  shows	  itself	  by	  means	  of	  
colours	  and	  their	  complementary	  colours	  finding	  balance	  in	  the	  opposite	  colours	  of	  the	  colour	  wheel.	  The	  sense	  of	  smell	  
show	  the	  quality	  contrast	  and	  the	  polarity	  between	  pure	  and	  murky	  colours.	  The	  sense	  of	  taste	  is	  sensitive	  for	  harmony	  and	  
as	  such	  for	  the	  harmony	  contrast.	  The	  sense	  of	  sight	  is	  sensitive	  for	  the	  light-‐darkness	  contrast	  as	  primary	  function	  of	  the	  
eye.	  The	  sense	  of	  temperature	  reacts	  on	  the	  warm	  coldness	  contrast.	  The	  sense	  of	  proportion	  focus	  on	  the	  different	  tension	  
between	  colours.	  The	  sense	  of	  gestalt	  is	  sensitive	  for	  unity	  and	  recognition	  and	  focuses	  on	  hue	  contrast.	  The	  sense	  of	  
symbol	  provides	  information	  of	  the	  meaning	  and	  as	  such	  the	  sense	  itself,	  focusing	  on	  the	  contrast	  sense-‐no	  sense.	  The	  
sense	  of	  identity	  shows	  	  the	  connection	  to	  adjacent	  colours	  that	  shows	  itself	  by	  means	  of	  the	  simultaneous	  contrast.	  	  
	  

	  

	  

	  

	  

	  

	  

	  

	  

	  

	  

	  

	  

This	  mechanism	  with	  the	  twelve	  colour	  contrasts	  could	  provide	  a	  possibility	  to	  analyse	  and	  define	  in	  a	  more	  
detailed	  way	  how	  colour	  influences	  people.	  This	  detailed	  way	  generates	  not	  only	  information	  about	  HSI-‐values	  
(hue	  being	  information	  provided	  by	  the	  sense	  of	  gestalt,	  saturation	  being	  information	  provided	  by	  the	  sense	  of	  
life	  and	  intensity	  being	  information	  provided	  by	  the	  sense	  of	  sight)	  but	  in	  addition	  takes	  the	  information	  of	  the	  
other	  nine	  senses	  into	  account.	  By	  using	  all	  twelve	  senses	  people	  working	  in	  science	  such	  as	  researchers	  or	  in	  
companies	  such	  as	  the	  paint	  industry	  are	  able	  to	  define	  colour	  in	  its	  totality	  and	  as	  such	  they	  are	  able	  to	  define	  
colour	  experience	  in	  its	  totality.	  For	  architects,	  designers,	  employees	  in	  home	  decoration	  stores,	  shops	  for	  
interior	  design	  or	  paint	  shops,	  this	  can	  be	  helpful	  for	  communication	  with	  customers	  such	  as	  residents	  and	  
users	  of	  buildings	  such	  as	  offices	  and	  hospitals.	  People	  in	  general	  speak	  about	  sweet	  colours	  when	  they	  for	  
instance	  want	  to	  decorate	  a	  nursery	  room	  or	  they	  speak	  about	  warm	  colours	  want	  they	  like	  to	  create	  a	  warmer	  
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atmosphere	  in	  their	  homes.	  It	  would	  be	  practical	  to	  support	  this	  communication	  supporting	  the	  way	  people	  in	  
general	  speak	  about	  colours.	  Because	  the	  HSI-‐factors	  don’t	  provide	  any	  information	  on	  qualities	  such	  as	  
sweetness	  or	  warmth,	  a	  method	  would	  be	  practical	  that	  not	  only	  informs	  about	  the	  qualities,	  but	  in	  addition	  all	  
sensory	  information.	  The	  twelve	  colour	  contrasts	  (Figure	  6	  and	  7)	  provide	  this	  information	  and	  it	  is	  possible	  to	  
create	  new	  colour	  cards	  and	  colour	  fans	  that	  can	  be	  applied	  in	  contacts	  between	  suppliers	  and	  users	  to	  select	  
colours.	  This	  facilitates	  the	  communication	  and	  supports	  understanding	  what	  users	  and	  customers	  prefer.	  	  

	  

	  

	  

	  

	  

	  

	  

	  
	  
	  
	  
	  
Figure	  6:	  HSI	  factors	  only	  provide	  sensory	  information	  collected	  by	  the	  sense	  of	  gestalt,	  sense	  of	  life	  and	  the	  sense	  of	  sight.	  There	  is	  missing	  data	  
concerning	  the	  other	  nine	  senses	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
Figure	  7:	  HSI	  factors	  only	  focus	  on	  the	  three	  colour	  contrasts	  and	  the	  other	  nine	  colour	  contrasts	  are	  missing	  
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Research	  on	  colour	  shows	  many	  conflicting	  results.	  The	  method	  using	  all	  sensory	  information	  of	  the	  twelve	  
senses,	  is	  a	  possible	  solution	  to	  understanding	  the	  influence	  of	  colour	  in	  its	  totality.	  It	  can	  be	  concluded	  that	  
the	  present	  method	  to	  define	  the	  colour	  by	  means	  of	  the	  HSI-‐values	  should	  broadened	  to	  include	  the	  twelve	  
indicators	  based	  on	  the	  twelve	  senses	  developed	  by	  Rudolf	  Steiner	  (see	  Figure	  8	  and	  9).	  It	  is	  recommended	  to	  
introduce	  a	  colour	  system	  focusing	  on	  all	  twelve	  colour	  contrasts.	  These	  colour	  contrasts	  are	  directly	  connected	  
with	  the	  appearance	  of	  colours	  in	  nature	  (see	  Figure	  8).	  	  

	  

	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
Figure	  8:	  HSI	  factors	  related	  to	  natural	  phenomena	  (see	  chapter	  4.5)	  

	  
6.8	   Conclusion	  
The	  main	  question	  of	  this	  analysis	  on	  colour	  was	  whether	  any	  mechanism	  exists	  that	  accurately	  defines	  the	  
human	  experience	  of	  colour	  and	  how	  physiological,	  affective	  and	  cognitive	  processes	  are	  influenced.	  Next,	  it	  is	  
examined	  whether	  this	  analysis	  provides	  a	  practical	  guideline	  for	  applying	  colours	  in	  the	  physical	  environment	  
that	  contribute	  to	  productivity.	  	  
	  
In	  an	  evolutionary	  perspective	  seeing	  colours	  is	  developed	  as	  an	  instrument	  to	  discern	  objects	  and	  not	  
primarily	  to	  see	  colours.	  On	  both	  a	  conscious	  and	  unconscious	  level	  mental	  representations	  of	  colour	  
permanently	  influence	  how	  people	  experience	  colour.	  Also	  time	  and	  culture	  influence	  the	  character	  of	  the	  
mental	  representations	  which	  determine	  how	  people	  experience	  colours.	  As	  thinking	  in	  modern	  times	  is	  such	  
an	  important	  activity,	  these	  mental	  representations	  are	  determining	  how	  people	  experience	  colour.	  Because	  
people	  primarily	  focus	  on	  the	  activities	  they	  are	  doing,	  they	  experience	  the	  physical	  environment	  most	  often	  
unconsciously.	  At	  this	  level,	  the	  intrinsic	  colour	  quality	  has	  an	  influence	  on	  people	  and	  their	  productivity.	  This	  
intrinsic	  colour	  quality	  presents	  itself	  in	  nature	  by	  means	  of	  twelve	  themes.	  It	  appears	  that	  the	  way	  colour	  
shows	  itself	  in	  nature	  creates	  the	  optimal	  circumstances	  for	  the	  productive	  environment.	  	  
	  
Colour	  is	  a	  natural	  phenomenon	  that	  presents	  itself	  by	  means	  of	  twelve	  themes	  as	  they	  appear	  in	  nature,	  that	  
are	  in	  accordance	  with	  twelve	  polarities	  and	  twelve	  colour	  contrasts.	  These	  colour	  contrasts	  are	  observed	  by	  
the	  twelve	  senses	  (Figure	  11).	  These	  twelve	  senses	  appear	  to	  be	  a	  mechanism	  to	  express	  colour	  experience	  in	  
its	  totality.	  The	  current	  view	  to	  define	  colour	  by	  means	  of	  the	  three	  factors	  hue,	  saturation	  and	  intensity	  (HSI-‐
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system)	  is	  too	  limited	  as	  it	  only	  describes	  three	  colour	  contrasts.	  Using	  the	  sensory	  information	  mechanism	  
including	  the	  twelve	  senses,	  can	  be	  a	  helpful	  mechanism	  that	  provides	  information	  how	  colour	  influences	  
physiological,	  affective	  and	  cognitive	  processes.	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
Figure	  11:	  HSI	  (Hue,	  Saturation	  and	  Intensity)	  factors	  related	  to	  natural	  phenomena	  ,	  senses	  and	  colour	  contrasts	  

	  
	  
Finally	  a	  small	  remark	  to	  show	  some	  modesty	  concerning	  the	  versatile	  and	  complex	  topic	  colour.	  It	  seems	  to	  be	  
that	  the	  little	  man	  in	  our	  head	  telling	  us	  ‘Hi	  there,	  that	  is	  magenta’	  or	  ‘Hi	  there,	  that	  is	  the	  magenta	  of	  your	  
grandma’s	  hat’	  is	  an	  intriguing	  creature,	  and	  even	  a	  creature	  without	  any	  exactly	  located	  residence.	  	  
(Ramachandran	  2006).	  	  
	  
6.9	   Back	  to	  productivity	  
In	  order	  to	  understand	  the	  experience	  of	  colour	  from	  a	  broad	  perspective,	  this	  chapter	  mainly	  focused	  on	  the	  
experience	  of	  colour	  in	  general	  and	  not	  particular	  on	  the	  effects	  of	  colour	  on	  productivity.	  Looking	  back	  at	  this	  
analysis	  and	  the	  other	  chapters	  the	  next	  conclusions	  can	  be	  made	  about	  the	  relationship	  between	  colour	  and	  
productivity:	  

1. No	  significant	  effects	  of	  colour	  could	  be	  found	  on	  perceived	  productivity,	  cohesion	  and	  wellbeing	  in	  the	  
real	  life	  setting	  test	  of	  chapter	  4.	  Most	  subjects	  mentioned	  that	  they	  did	  not	  have	  any	  preference	  
concerning	  the	  red,	  the	  blue	  or	  the	  reference	  room	  and	  	  most	  subjects	  (65%)	  had	  the	  opinion	  that	  
colour	  was	  not	  of	  importance	  for	  productivity.	  	  In	  the	  study	  on	  colour	  preferences	  (chapter	  5)	  the	  
colour	  ‘white’	  is	  the	  most	  preferred	  colour:	  41%	  of	  the	  participants	  chose	  white	  for	  the	  office	  and	  30%	  

Nature Senses

Colour	  Contrasts
	  



24	  
	  

chose	  white	  for	  the	  meeting	  room.	  Many	  participants	  stated	  that	  they	  had	  no	  colour	  preference:	  
concerning	  the	  office	  16%	  and	  concerning	  the	  meeting	  room	  22%	  of	  the	  participants.	  	  

2. After	  selecting	  studies	  about	  the	  effects	  of	  colour	  on	  productivity	  with	  the	  selection	  criteria	  application	  
of	  colour	  on	  walls	  in	  rooms	  without	  light	  manipulations	  and	  without	  other	  applications	  such	  as	  
pictures,	  studies	  show	  the	  next	  results.	  Küller	  et	  al	  (2008)	  carried	  out	  three	  experiments	  focussing	  on	  a	  
coloured	  versus	  grey	  condition	  and	  a	  red	  versus	  blue	  condition.	  No	  significant	  effects	  were	  found	  on	  
clerical	  and	  creativity	  tasks.	  In	  addition,	  Ainsworth	  et	  al	  (1993)	  did	  not	  find	  any	  significant	  relationships	  
of	  three	  colour	  conditions	  red,	  blue/green	  and	  white	  on	  typing	  performance.	  Analysing	  the	  effects	  of	  
nine	  monochromatic	  colours	  in	  offices	  (1996)	  Kwallek	  found	  no	  significant	  differences	  between	  the	  
effects	  of	  the	  colours.	  Only,	  in	  the	  white	  condition	  significantly	  more	  errors	  were	  made.	  In	  addition,	  in	  
1990	  Kwallek	  et	  al	  found	  significant	  differences	  concerning	  a	  proofreading	  task	  in	  a	  white,	  red	  and	  
green	  coloured	  room:	  in	  the	  white	  condition	  significantly	  more	  errors	  were	  made	  than	  in	  the	  red	  
condition.	  In	  her	  other	  studies	  (1997	  and	  2007)	  Kwallek	  found	  differences	  between	  high	  and	  low	  
screeners	  but	  no	  significant	  differences	  between	  the	  effects	  of	  the	  colours	  red,	  blue/green	  and	  white.	  
It	  is	  interesting	  that	  Küller	  et	  al	  (2008)	  found	  significant	  differences	  between	  subjects	  with	  a	  positive	  or	  
negative	  mood.	  

3. In	  chapter	  6	  indications	  are	  found	  that	  physiological	  measurements	  do	  not	  give	  clear	  insights	  how	  
colour	  influences	  can	  be	  related	  to	  the	  different	  measured	  values	  such	  as	  heart	  beat,	  pulse	  rate	  and	  
brainwaves.	  	  

	  
The	  studies	  show	  only	  in	  a	  limited	  way	  that	  environmental	  colours	  significantly	  influence	  productivity.	  Many	  
people	  are	  not	  convinced	  of	  the	  importance	  of	  the	  applied	  environmental	  colours	  regarding	  the	  influence	  on	  
productivity	  and	  more	  than	  half	  of	  the	  participants	  in	  the	  test	  on	  colour	  preferences	  choose	  for	  white	  or	  the	  
option	  ‘no	  colour	  preference’	  concerning	  their	  colour	  preferences	  for	  the	  office	  and	  the	  meeting	  room.	  
However,	  in	  many	  circumstances	  people	  experience	  the	  physical	  environment	  unconsciously	  (Dijksterhuis,	  
2007).	  Since	  they	  are	  not	  or	  hardly	  aware	  of	  the	  effects	  they	  often	  do	  not	  express	  clear	  colour	  preferences	  and	  
think	  that	  colours	  are	  not	  important.	  Since	  colour	  influences	  mood	  (Goethe,	  1810;	  Rosenstein,	  1985;	  Kwallek	  et	  
al,	  1988;	  Kwallek	  et	  al,	  1997;	  Kuller,	  1981;	  Küller	  et	  al,	  2006,	  2009),	  this	  effect	  may	  in	  turn	  	  influence	  
productivity	  (Van	  der	  Voordt,	  2010).	  In	  chapter	  2	  it	  is	  mentioned	  that	  four	  moods	  namely	  contemplation,	  
awareness,	  collectiveness	  and	  social	  observation	  contribute	  to	  productivity.	  Due	  to	  the	  fact	  that	  colour	  
significantly	  influences	  mood,	  it	  can	  be	  assumed	  that	  colour	  in	  addition	  influences	  productivity.	  	  
	  
We	  live	  in	  a	  society	  in	  which	  we	  want	  to	  find	  quick	  solutions	  for	  everything	  without	  too	  much	  thinking	  or	  time	  
for	  reflexion.	  The	  world	  of	  colour	  is	  different.	  There	  seems	  to	  be	  no	  one	  to	  one	  relationship	  between	  
productivity	  and	  colour	  –	  this	  relationship	  is	  to	  the	  best	  of	  our	  knowledge	  never	  found-‐	  and	  there	  is	  no	  simple	  
short	  term	  solution	  to	  know	  which	  colours	  should	  be	  applied	  in	  practice.	  For	  optimising	  knowledge	  productivity	  
it	  might	  be	  worthwhile	  to	  explore	  if	  a	  harmonious	  environment	  with	  a	  balance	  between	  structure	  and	  variety,	  
in	  which	  people	  feel	  psychologically	  safe	  and	  are	  nurtured	  in	  their	  identity	  leads	  to	  optimising	  productivity.	  	  
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