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4.3	  Case	  study	  3	  (CS3	  Greece)	  
Concept	  Focus	   White	  light	  and	  primary	  colours	  
Activities	  implemented	   Activity	  D,	  Activity	  E	  
Inquiry	  skills	   Planning	  investigations	  

Forming	  coherent	  arguments	  
Scientific	  reasoning	  and	  literacy	   Scientific	  reasoning	  (drawing	  conclusions,	  making	  comparisons)	  
Assessment	  methods	   Classroom	  dialogue	  

Teacher	  observation	  
Worksheets	  

Student	  group	   Grade:	  lower	  second	  level	  
Age:	  12-‐13	  years	  
Group	  composition:	  mixed	  gender	  and	  ability;	  24	  students	  
Prior	  experience	  with	  inquiry:	  None	  

This	   case	   study	   looked	   at	   two	   activities	   –	   exploring	   white	   light	   and	   filters	   and	   exploring	   primary	  
colours.	  In	  addition	  to	  prisms,	  the	  teacher	  utilised	  some	  online	  resources	  to	  aid	  student	  learning	  and	  
encouraged	  students	  to	  observe	  pixels	  in	  their	  mobile	  using	  a	  magnifying	  glass.	  Classroom	  dialogue	  
was	  a	  key	  method	  for	  assessment	  of	  skill	  in	  forming	  coherent	  arguments	  and	  planning	  investigations,	  
while	  the	  teacher	  also	  evaluated	  students’	  worksheets	  using	  the	  rubrics	  proposed	  in	  the	  unit.	  	  

(i)	  How	  was	  the	  learning	  sequence	  adapted?	  
The	   Light	   SAILS	   unit	   was	   implemented	   in	   a	   single	   120-‐minute	   lesson.	   Activities	   investigated	  were	  
Activity	   D:	   Exploring	  white	   light	   and	   filters	   and	  Activity	   E:	   Exploring	   primary	   colours.	   The	   learning	  
sequence	  followed	  the	  steps	  described	  in	  the	  unit	  without	  significant	  modifications.	  	  
	  
The	  teacher	  started	  the	  lesson	  by	  announcing	  to	  the	  students	  the	  problem	  of	  the	  investigation.	  The	  
teacher	   divided	   the	   students	   into	   groups	   of	   3-‐4	   members	   and	   then	   described	   the	   steps	   of	   the	  
research	  process.	  Each	  group	  tried	  to	  carry	  out	  the	  first	  activity,	  i.e.	  to	  project	  light	  through	  a	  prism	  
onto	  a	  white	  sheet	  of	  paper.	  The	  teacher	  asked	  all	  the	  students	  to	  carry	  out	  the	  experiment.	  All	  the	  
students	  completed	  the	  task,	  some	  students	  with	  the	  help	  of	  the	  teacher	  or	  the	  help	  of	  their	  group	  
schoolmates.	  
	  
Then,	  the	  teacher	  presented	  the	  two	  alternative	  explanations	  for	  this	  phenomenon	  (either	  the	  prism	  
“converts”	  white	  light	  into	  coloured	  light	  or	  white	  light	  is	  a	  mixture	  of	  colours	  that	  are	  subsequently	  
“separated”	  by	  the	  prism	  through	  different	  angles)	  and	  asked	  from	  students	  to	  plan	  an	  investigation	  
in	  order	  to	  resolve	  this	  issue.	  The	  teacher	  raised	  the	  following	  questions:	  
• What	  would	  you	  look	  for?	  	  
• Do	  you	  need	  any	  other	  equipment?	  
• What	  can	  you	  do	  in	  order	  to	  get	  as	  trustworthy	  results	  as	  possible?	  
	  
There	  were	   a	   lot	   of	   discussions	   between	   the	   groups.	   At	   the	   end	   each	   student	  wrote	   his/her	   own	  
suggestions	   in	   the	  worksheet.	   The	   answers	   showed	   that	   students	   did	   not	   find	   the	   ideal	   solution,	  
however	  there	  were	  students	  who	  suggested	  the	  use	  of	  two	  prisms.	  Others	  suggested	  formation	  of	  
rainbows	  as	  another	  experiment.	  Many	  students	  were	  lost	  in	  finding	  what	  they	  had	  to	  do.	  	  
	  
Then	  the	  teacher	  introduced	  the	  coloured	  filters.	  He	  showed	  the	  suggested	  experiment	  to	  students	  
and	  he	  also	  used	  the	  recommended	  resources	  from	  freezeray.com:	  
• http://freezeray.com/flashFiles/prism.htm	  	  
• http://freezeray.com/flashFiles/colouredFilters.htm	  	  
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The	  teacher	  asked	  students	  to	  play	  with	  these	  applets	  in	  order	  to	  investigate	  the	  effect	  of	  different	  
coloured	   filters.	   The	   students	   liked	   this	   activity	   very	   much.	   Then,	   they	   completed	   the	   next	   two	  
activities	   of	   the	   worksheet.	   After	   the	   completion	   of	   the	   activities	   the	   teacher	   returned	   to	   the	  
previous	  issue	  of	  the	  two	  alternative	  explanations	  for	  the	  phenomenon	  and	  asked	  students	  now	  to	  
explain	  which	  of	   the	   two	  possibilities	   is	   supported	  by	   their	  observations	   through	   the	  use	  of	   filters	  
(forming	  coherent	  arguments).	  Most	  of	  the	  students	  reported	  justified	  answers.	  
	  
In	   the	  next	   hour	   the	   teacher	   focused	  on	  Activity	   E:	   Exploring	  primary	   colours	   (understanding	   that	  
white	   light	   can	   be	   produced	   by	  mixing	   red,	   green	   and	   blue	   light).	   The	   teacher	   announced	   to	   the	  
students	   that	   they	   would	   play	   with	   colours,	   and	   then	   raised	   the	   following	   questions	   (planning	  
investigations):	  
• Is	  it	  possible	  to	  create	  white	  light	  without	  using	  the	  seven	  colours	  of	  the	  rainbow?	  	  
• Can	  you	  suggest	  an	  experiment	  that	  might	  be	  able	  to	  answer	  this	  question?	  	  
• What	  kind	  of	  equipment	  would	  you	  need?	  
• What	  can	  you	  do	  in	  order	  to	  get	  as	  trustworthy	  results	  as	  possible?	  	  
	  
After	  discussions	  in	  groups,	  the	  students	  wrote	  their	  answers	  on	  a	  worksheet.	  Almost	  all	  the	  groups	  
suggested	  combining	  the	  coloured	   lights.	  However,	  there	  were	  some	  students	  that	  mentioned	  this	  
would	  be	  a	  hard	  process	  because	  there	  will	  be	  a	  lot	  of	  combinations	  and	  it	  would	  be	  better	  to	  find	  
something	  faster.	  Two	  students	  wrote	  that	  they	  could	  use	  a	  computer	  to	  make	  the	  experiment	  but	  
they	  don't	  know	  how	  to	  program	  this.	   In	  general,	  this	  activity	  engaged	  a	   lot	  the	  students	  and	  they	  
actually	  faced	  with	  the	  scientific	  methodology	  when	  they	  study	  a	  phenomenon.	  
	  
After	  that,	  the	  teacher	  proceeded	  to	  the	  suggested	  experiment	  using	  the	  red,	  green	  and	  blue	  filters.	  
After	   various	   combinations	   and	   discussions	   the	   students	   realised	   that	   these	   three	   colours	   can	  
produce	   a	   large	   amount	   of	   different	   colours	   as	   well	   as	   white	   light.	   Then	   the	   teacher	   asked	   from	  
students	   to	   play	   an	   online	   game	   provided	   by	   the	   Centre	   for	   Applied	   Research	   in	   Educational	  
Technologies	  (CARET)	  at	  the	  University	  of	  Cambridge.	  The	  game	  includes	  two	  modes	  (a)	  the	  mode	  of	  
mixing	  light	  colours	  and	  (b)	  the	  mode	  of	  mixing	  paints.	  The	  teacher	  asked	  from	  students	  to	  observe	  
and	  write	  their	  findings	  in	  the	  related	  activities	  of	  the	  worksheet.	  
	  
Finally,	  the	  teacher	  asked	  from	  students	  to	  examine	  the	  pixels	  of	  their	  mobile	  phone	  screen	  using	  a	  
magnifying	  glass	  in	  order	  to	  verify	  the	  usage	  of	  red,	  green	  and	  blue	  light	  mixing.	  Students	  were	  really	  
impressed.	  

(ii)	  Which	  skills	  were	  to	  be	  assessed?	  
In	   this	   case	   study,	   the	   inquiry	   skills	   assessed	   were	   planning	   investigations	   and	   forming	   coherent	  
arguments.	   The	   teacher	   used	   the	   suggested	   rubrics	   from	   the	   original	   unit.	   For	   the	   skill	   forming	  
coherent	  arguments	  he	  used	  the	  rubric	  named	  “interpreting	  results	  and	  drawing	  conclusions.”	  The	  
teacher	  observed	  the	  students	  during	  the	  activities	  by	  giving	  feedback.	  The	  suggested	  rubrics	  were	  
used	  on	  the	  written	  artefacts.	  

(iii)	  Criteria	  for	  judging	  assessment	  data	  	  
Planning	  investigations	  

For	  the	  assessment	  of	  this	  skill	  the	  teacher	  used	  the	  following	  criteria:	  
1. The	   student	   suggests	   how	   an	   investigation	   might	   be	   designed,	   but	   not	   in	   detail	   (very	   poor	  

design).	  	  
2. The	   student	   suggests	   how	   an	   investigation	   might	   be	   designed,	   but	   where	   the	   design	   is	  

incomplete	  in	  respect	  to	  (a),	  (b),	  (c)	  of	  the	  next	  criterion.	  	  
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3. The	  student	  suggests	  an	  investigation,	  where	  the	  design	  includes:	  (a)	  Which	  variables	  to	  change	  
and	  which	  to	  be	  held	  constant,	  (b)	  In	  which	  order	  to	  perform	  different	  parts	  of	  the	  investigation,	  
(c)	  Which	  equipment	  to	  be	  used.	  

	  
Forming	  coherent	  arguments	  (interpreting	  results	  and	  drawing	  conclusions)	  

For	  the	  assessment	  of	  this	  skill	  the	  teacher	  used	  the	  following	  criteria:	  
1. The	  student...	  

...draws	   conclusions,	   but	   only	   uses	   a	   limited	   amount	   of	   the	   results	   from	   the	   investigation	  
…compares	  the	  results	  from	  the	  investigation	  with	  the	  hypothesis.	  

2. The	  student...	  
...draws	  conclusions	  based	  on	  the	  results	  from	  the	  investigation	  	  
...compares	  the	  results	  from	  the	  investigation	  with	  the	  hypothesis.	  	  

3. The	  student...	  	  
...draws	  conclusions	  based	  on	  the	  results	  from	  the	  investigation.	  
...relates	  the	  conclusions	  to	  scientific	  concepts	  (or	  possibly	  models	  and	  theories)	  	  
...compares	  the	  results	  from	  the	  investigation	  with	  the	  hypothesis.	  
...reasons	  about	  different	  interpretation	  of	  the	  results.	  

(iv)	  Evidence	  collected	  
Teacher	  opinion	  

The	  students	  were	  motivated	  and	  enjoyed	  the	  activities,	  especially	  the	  activities	  with	  the	  coloured	  
filters,	  the	  game	  activity	  and	  the	  examination	  of	  mobile	  screens'	  pixels.	  The	  teacher	  tried	  to	  use	  the	  
suggested	  rubric	  sheets	  for	  assessing	  the	  skills.	  	  	  
	  
Sample	  student	  artefacts	  

	  
	  

The	  above	  group	  suggests	  an	  experiment	  that	  will	  involve	  the	  use	  of	  “two	  prisms	  a	  small	  and	  a	  big	  one;	  
one	  after	   the	  other,	  the	  big	  one	  should	  be	  put	  at	   the	  same	  position	  where	   it	  was	  the	  white	  sheet	  of	  
paper	   before.”	  When	   the	   teacher	   asked	  why	   do	   you	   need	   a	   bigger	   prism	   they	   said	   in	   order	   to	   have	  
enough	  space	  to	  fit	  all	  the	  colors.	  	  
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This	  group	  suggests	  the	  phenomenon	  of	  rainbow	  formation	  as	  an	  evidence	  that	  white	  light	  is	  a	  mixture	  
of	  different	  colours.	  According	  to	  the	  teacher,	  the	  underlying	  group	  just	  recalled	  material	  from	  previous	  
class.	  

There	  are	  two	  possible	  explanations	  for	  the	  colours	  you	  have	  observed	  on	  the	  screen.	  These	  are:	   	  
(a)	  The	  prism	  changes	  white	  light	  into	  different	  colours	  
(b)	  White	  light	  is	  a	  mixture	  of	  different	  colours	  to	  begin	  with	  and	  the	  prism	  separates	  them	  	  

Which	  of	  these	  explanations	  is	  correct?	  How	  do	  you	  know	  based	  on	  your	  observations?	  
	  
Most	   student	   know	   that	   the	   second	   option	   is	   the	   correct	   but	   they	   can't	   formulate	   an	   acceptable	  
argument	  (in	   relation	  to	  the	  experiment	  with	  the	  prism).	  This	  group	   just	  wrote	  that	  “we	  know	  it	   from	  
previous	  class.”	  	  
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As	  it	  concerns	  the	  question	  “Is	  it	  possible	  to	  create	  white	  light	  without	  using	  the	  seven	  colours	  of	  
the	  rainbow?	  Can	  you	  suggest	  an	  experiment	  that	  might	  be	  able	  to	  answer	  this	  question?”	  all	  the	  
groups	  answered	  that	  they	  had	  to	  try	  all	  the	  colours.	  	  
	  

“We	  noticed	  that	  when	  we	  put	  a	  filter	  either	  before	  or	  after	  the	  prism	  in	  the	  white	  paper	  appears	  only	  
the	  color	  that	  permits	  the	  filter	  to	  pass	  through.	  When	  we	  place	  the	  filter	  after	  the	  prism	  it	  is	  clear	  that	  
from	  all	   colors	   that	   came	  out	  of	   the	  prism	   the	   filter	   leaves	   to	  pass	   just	  one.	  When	  we	  put	   the	   filter	  
before	  the	  prism	  again	  the	  filter	  lets	  pass	  only	  one	  colour,	  which	  then	  passes	  through	  the	  prism.	  Thus	  
we	  conclude	  that	  the	  2nd	  hypothesis	  is	  the	  correct	  one.”	  The	  group	  shows	  that	  it	  can	  draw	  conclusions	  
based	  on	  the	  results	  from	  the	  investigation	  as	  well	  as	  it	  can	  compare	  the	  results	  from	  the	  investigation	  
with	  the	  hypothesis.	  

Moreover,	  the	  next	  group	  shows	  more	  deep	  understanding	  that	  scores	  the	  best	  because	   it	  says	  “After	  
trying	  different	   filters	  we	   observed	   that	   the	   prism	  does	  not	   change	   the	   light	   but	   allows	   to	  pass	   the	  
colors	   included	   in	   the	   white	   light	   at	   different	   points	   on	   the	   white	   paper.	   Each	   color	   when	   passes	  
through	  the	  prism	  does	  not	  go	  to	  the	  same	  point	  of	  the	  white	  paper.	  By	  use	  of	  the	  filters	  proved	  that	  
only	   the	   color	   passing	   through	   the	   filter	   reaches	   the	  white	   paper	   at	   the	   same	   spot.	   The	   prism	   only	  
changes	  the	  direction.	  So	  the	  assumption	  that	  the	  prism	  converts	  white	   light	   into	  colored	   light	   is	  not	  
correct.”	  
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(v)	  Use	  of	  assessment	  data	  
The	  teacher	  reported	  that	  he	  had	  a	  successful	  experience.	  For	  the	  first	  time	  he	  tried	  to	  assess	  certain	  
inquiry	   skills	   and	   he	   believes	   that	   it	   was	   successful.	   He	   thinks	   that	   it	   is	   possible	   to	   be	   done	   in	  
classroom	  but	  it	  must	  be	  very	  well	  prepared.	  Also,	  he	  appreciated	  the	  material	  of	  the	  unit	  and	  the	  
suggested	  rubrics.	  	  

(vi)	  Advice	  for	  teachers	  implementing	  the	  unit	  
It	  must	  be	  a	  well-‐prepared	  task.	  	  

This	  group	  suggests	  to	  “mix	  first	  2	  colours,	  then	  3	  colours,	  etc.	  with	  the	  use	  of	  filters	  and	  we'll	  see	  when	  
white	  light	  is	  produced.”	  

This	   group	   makes	   the	   same	   suggestion	   as	   above,	   but	   with	   a	   qualitative	   difference.	   The	   students	   go	  
further	  because	  they	  identify	  some	  variables.	  They	  will	  need	  a	  huge	  number	  of	  combinations	  and	  time	  is	  
a	  problem.	  	  


