
The	
  mo'on	
  of	
  two	
  objects	
  is	
  represented	
  in	
  the	
  graph.	
  
When	
  are	
  the	
  two	
  objects	
  moving	
  with	
  the	
  same	
  speed?	
  

Two	
  balls	
  roll	
  along	
  the	
  paths	
  shown.	
  A	
  snapshot	
  of	
  the	
  
posi'on	
  of	
  the	
  balls	
  is	
  taken	
  every	
  second.	
  At	
  what	
  point	
  
in	
  'me	
  does	
  Ball	
  B	
  have	
  the	
  same	
  speed	
  as	
  Ball	
  A?	
  

How	
  does	
  the	
  final	
  speed	
  of	
  cart	
  A	
  compare	
  to	
  the	
  final	
  
speed	
  of	
  cart	
  B,	
  if	
  the	
  mass	
  of	
  the	
  carts	
  is	
  the	
  same	
  and	
  
they	
  both	
  start	
  at	
  rest?	
  (Fric'onal	
  effects	
  can	
  be	
  
ignored)	
  

Rank	
  the	
  changes	
  in	
  poten'al	
  energy	
  during	
  the	
  
skier's	
  descent	
  down	
  each	
  slope	
  from	
  greatest	
  to	
  
least.	
  

Red	
  numbers	
  indicate	
  the	
  order	
  in	
  which	
  the	
  shapes	
  appeared.	
  Each	
  appeared	
  on	
  screen	
  for	
  1s	
  at	
  a	
  7me.	
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METHODS	
  
Par'cipants:	
  Students	
  enrolled	
  in	
  algebra-­‐based,	
  introductory	
  
mechanics	
  course	
  randomly	
  assigned	
  to	
  a	
  cued	
  (N=38)	
  or	
  non-­‐cued	
  
(N=42)	
  condi'on.	
  

Materials:	
  Four	
  sets	
  of	
  conceptual	
  physics	
  problems	
  related	
  to	
  energy	
  
and	
  speed.	
  The	
  order	
  of	
  the	
  sets	
  was	
  randomized,	
  as	
  were	
  the	
  order	
  
of	
  the	
  training	
  problems	
  within	
  a	
  set.	
  	
  

	
  
	
  
	
  

	
  

	
  

Procedure:	
  Students	
  par'cipated	
  in	
  individual	
  sessions	
  las'ng	
  50-­‐60	
  
minutes	
  and	
  were	
  randomly	
  assigned	
  a	
  condi'on.	
  Problems	
  were	
  
presented	
  on	
  a	
  computer	
  screen.	
  Students	
  solved	
  the	
  problems	
  while	
  
their	
  eye	
  movements	
  were	
  recorded	
  and	
  provided	
  verbal	
  answers.	
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INTRODUCTION	
  
	
  

Ø  There	
  are	
  several	
  visual	
  environments	
  in	
  physics	
  used	
  for	
  learning	
  and/or	
  
assessment	
  which	
  contain	
  both	
  relevant	
  and	
  irrelevant	
  features.	
  

Ø  Visual	
  afen'on	
  may	
  be	
  redirected	
  through	
  the	
  usage	
  of	
  cues.	
  	
  
Ø  In	
  a	
  variety	
  of	
  contexts,	
  cueing	
  has	
  been	
  shown	
  to	
  increase	
  learning	
  in	
  

anima'ons	
  and	
  sta'c	
  problems	
  [1-­‐5].	
  	
  
Ø We	
  have	
  found	
  that	
  incorrect	
  solvers	
  spend	
  more	
  'me	
  than	
  correct	
  

solvers	
  afending	
  to	
  the	
  irrelevant	
  features	
  of	
  a	
  problem	
  diagram	
  [6].	
  

Can	
  visual	
  cueing	
  help	
  students	
  correctly	
  solve	
  and	
  reason	
  about	
  
conceptual	
  physics	
  problems	
  they	
  previously	
  were	
  unable	
  to?	
  
Furthermore,	
  can	
  cueing	
  and	
  feedback	
  promote	
  transfer?	
  

For	
  those	
  students	
  whose	
  performance	
  improved	
  on	
  the	
  transfer	
  
problem	
  rela've	
  to	
  the	
  ini'al	
  problem,	
  how	
  do	
  the	
  eye	
  movements	
  of	
  
the	
  cued	
  students	
  compare	
  with	
  those	
  of	
  the	
  non-­‐cued	
  students	
  on	
  
both	
  the	
  ini'al	
  and	
  transfer	
  problem? 	
  

EXAMPLES	
  OF	
  CUES	
  

CONCLUSIONS	
  

CORRECTNESS	
  OF	
  RESPONSES	
  

EFFICIENCY	
  OF	
  EXTRACTING	
  RELEVANT	
  INFORMATION	
  FROM	
  DIAGRAM	
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How	
  does	
  the	
  final	
  speed	
  of	
  cart	
  A	
  compare	
  to	
  the	
  
final	
  speed	
  of	
  cart	
  B,	
  if	
  the	
  mass	
  of	
  the	
  carts	
  is	
  the	
  
same	
  and	
  they	
  both	
  start	
  at	
  rest?	
  (Fric'onal	
  effects	
  
can	
  be	
  ignored)	
  

Two	
  iden'cal	
  balls	
  roll	
  down	
  a	
  hill.	
  How	
  does	
  the	
  final	
  
speed	
  of	
  ball	
  A	
  compare	
  to	
  the	
  final	
  speed	
  of	
  ball	
  B	
  if	
  
the	
  masses	
  are	
  the	
  same	
  and	
  they	
  both	
  start	
  at	
  rest?	
  
(Fric'onal	
  effects	
  can	
  be	
  ignored)	
  

TRANSFER	
  PROBLEM	
  

TRAINING	
  PROBLEM	
  

INITIAL	
  PROBLEM	
  

EXAMPLE	
  PROBLEM	
  SET	
  

Among	
  students	
  who	
  incorrectly	
  solved	
  the	
  ini'al	
  problem	
  in	
  a	
  set,	
  those	
  who	
  saw	
  visual	
  cues	
  correctly	
  solved	
  and	
  reasoned	
  about	
  a	
  significantly	
  
greater	
  propor'on	
  of	
  training	
  problems.	
  	
  
When	
  asked	
  to	
  solve	
  a	
  transfer	
  problem	
  (without	
  cues),	
  those	
  who	
  saw	
  cues	
  on	
  the	
  training	
  problems	
  are	
  significantly	
  more	
  likely	
  to	
  provide	
  a	
  
correct	
  answer	
  and	
  explana'on.	
  
Among	
  students	
  who	
  provided	
  an	
  incorrect	
  response	
  on	
  the	
  ini'al	
  problem,	
  but	
  were	
  able	
  to	
  solve	
  the	
  transfer	
  problem	
  correctly,	
  those	
  who	
  saw	
  
cues	
  on	
  the	
  training	
  problems	
  were	
  able	
  to	
  more	
  efficiently	
  extract	
  the	
  relevant	
  informa'on	
  from	
  the	
  diagram	
  on	
  the	
  transfer	
  problem.	
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Those	
  in	
  CUED	
  condi'on	
  saw	
  colored	
  shapes	
  overlaid	
  on	
  the	
  
training	
  problem	
  diagrams	
  for	
  8s	
  at	
  a	
  'me.	
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Overall	
  both	
  groups	
  spend,	
  on	
  average,	
  the	
  same	
  
amount	
  of	
  'me	
  solving	
  the	
  problems	
  and	
  have	
  similar	
  
fixa'on	
  dura'ons.	
  	
  

The	
  cued	
  group	
  spent	
  a	
  SMALLER	
  propor'on	
  of	
  'me	
  afending	
  to	
  the	
  relevant	
  features	
  of	
  the	
  transfer	
  
problem	
  and	
  had	
  SHORTER	
  fixa'on	
  dura'ons	
  in	
  the	
  expert-­‐like	
  area	
  than	
  the	
  non-­‐cued	
  group,	
  
indica'ng	
  that	
  cues	
  help	
  students	
  process	
  the	
  relevant	
  informa'on	
  more	
  efficiently.	
  

Both	
  groups	
  have	
  significant	
  shiqs	
  
towards	
  the	
  relevant	
  features	
  of	
  the	
  
diagram.	
  

No	
  Cue:	
  F(1,94)	
  =	
  41.63,	
  p<.001,	
  d=1.59	
  	
  
Cue:	
  F(1,	
  94)	
  =	
  14.94,	
  p<.001,	
  d=.79	
  	
  

Comparing	
  the	
  propor'on	
  of	
  'me	
  spent	
  
afending	
  	
  to	
  the	
  relevant	
  informa'on,	
  
there	
  is	
  no	
  significant	
  difference	
  on	
  the	
  
ini'al	
  problem,	
  F(1,	
  94)	
  <	
  1.	
  

On	
  the	
  transfer	
  problem,	
  the	
  non-­‐cued	
  
group	
  spends	
  a	
  larger	
  propor'on	
  of	
  'me	
  
afending	
  to	
  the	
  relevant	
  features,	
  	
  
F(1,	
  94)	
  =	
  14.25,	
  p<.001,	
  d=.652	
  

There	
  was	
  no	
  significant	
  
difference	
  in	
  the	
  propor'on	
  of	
  
students	
  in	
  each	
  group	
  who	
  
were	
  able	
  to	
  solve	
  the	
  ini'al	
  
problem.	
  
χ2(1,	
  N=320)	
  =	
  2.72,	
  p=.106	
  
	
  
A	
  significantly	
  larger	
  propor'on	
  
of	
  students	
  who	
  received	
  cues	
  
on	
  the	
  training	
  problems	
  were	
  
able	
  to	
  correctly	
  solve	
  the	
  
transfer	
  problem.	
  	
  
χ2(1,	
  N=320)	
  =	
  38.15,	
  p<.001,	
  V=.345	
  

Those	
  who	
  solved	
  the	
  ini'al	
  
problem	
  correctly	
  spent	
  a	
  
significantly	
  higher	
  propor'on	
  of	
  
'me	
  afending	
  to	
  the	
  relevant	
  
features	
  of	
  the	
  diagram.	
  
F(1,	
  318)	
  =	
  13.20,	
  p<.001,	
  d=.445	
  
	
  
Those	
  who	
  solved	
  the	
  ini'al	
  
problem	
  incorrectly	
  spent	
  a	
  
significantly	
  higher	
  propor'on	
  of	
  
'me	
  afending	
  to	
  the	
  irrelevant	
  
features	
  of	
  the	
  diagram.	
  	
  
F(1,	
  318)	
  =	
  14.85,	
  p<.001,	
  d=.791	
  

Correct	
  problem	
  solvers	
  allocate	
  significantly	
  more	
  
afen'on	
  to	
  the	
  relevant	
  features	
  in	
  the	
  diagram.	
  


