
Scaffolding	
  Students’	
  Understanding	
  Of	
  Force	
  In	
  Pulley	
  Systems	
  
Amy	
  Rouinfar1,	
  Adrian	
  Madsen1,	
  Tram	
  Do	
  Ngoc	
  Hoang2,	
  Sadhana	
  Puntambekar3,	
  and	
  N.	
  Sanjay	
  Rebello1	
  	
  

1Kansas	
  State	
  University,	
  2Ho	
  Chi	
  Minh	
  City	
  University	
  of	
  Pedagogy,	
  	
  3University	
  of	
  Wisconsin	
  
This	
  work	
  is	
  funded	
  in	
  part	
  by	
  U.S.	
  Department	
  of	
  EducaHon,	
  InsHtute	
  of	
  EducaHon	
  Sciences,	
  Award	
  #	
  R305A080507	
  

BACKGROUND	
  

Previous	
  studies1-­‐4	
  comparing	
  the	
  effecHveness	
  of	
  physical	
  and	
  virtual	
  
manipulaHves	
  have	
  shown:	
  

Virtual	
  Experiments	
  ≥	
  Physical	
  Experiments	
  

	
  Our	
  previous	
  research5	
  has	
  shown	
  that	
  students	
  learn	
  the	
  concept	
  of	
  
force	
  equally	
  well	
  using	
  physical	
  and	
  virtual	
  manipulaHves.	
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OBJECTIVE	
  
	
  

InvesHgate	
  how	
  students	
  interacHng	
  with	
  physical	
  and	
  virtual	
  
pulleys	
  discuss	
  force	
  while	
  comparing	
  various	
  pulley	
  systems.	
  

WHY	
  PULLEYS?	
  Pulleys	
  are	
  not	
  part	
  of	
  the	
  regular	
  course	
  curriculum,	
  
so	
  we	
  can	
  provide	
  students	
  with	
  an	
  authenHc	
  learning	
  experience.	
  

METHODS	
  

ParHcipants:	
  non-­‐science	
  majors	
  enrolled	
  in	
  conceptual-­‐based	
  
physics	
  laboratory	
  
Materials:	
  ViPS	
  Demo	
  SimulaHon	
  &	
  physical	
  pulleys	
  (see	
  below),	
  
tests,	
  and	
  worksheets	
  designed	
  to	
  scaffold	
  student	
  understanding	
  
Procedure:	
  Students	
  completed	
  similar	
  acHviHes	
  with	
  pulleys	
  using	
  
physical	
  (N=74)	
  OR	
  virtual	
  (N=69)	
  manipulaHves	
  and	
  answered	
  
analysis	
  quesHons	
  
Analysis:	
  Worksheet	
  responses	
  were	
  coded	
  and	
  analyzed	
  with	
  chi-­‐
square	
  test	
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QUESTIONS	
  
Which	
  pulley	
  system	
  requires	
  the	
  least	
  amount	
  of	
  
applied	
  force	
  to	
  lim	
  the	
  load	
  (the	
  weight)?	
  (The	
  
weights	
  are	
  equal	
  in	
  both	
  systems.)	
  

A)	
  Pulley	
  system	
  A	
  
B)	
  Pulley	
  system	
  B	
  
C)	
  They	
  require	
  the	
  same	
  applied	
  force	
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CONCLUSIONS	
  &	
  IMPLICATIONS	
  
Overall,	
  the	
  physical	
  group	
  is	
  more	
  likely	
  to	
  discuss	
  real-­‐world	
  effects	
  like	
  gravity	
  and	
  fricHon	
  and	
  talk	
  about	
  the	
  pulleys	
  
distribuHng	
  the	
  weight	
  

Ø Could	
  be	
  due	
  to	
  physically	
  stringing	
  the	
  pulleys	
  
Virtual	
  group	
  more	
  likely	
  to	
  break	
  systems	
  into	
  units	
  of	
  single	
  fixed	
  and	
  single	
  movable	
  pulleys	
  

Ø Could	
  be	
  due	
  to	
  seeing	
  pulleys	
  individually	
  on	
  the	
  screen	
  
Students	
  acHvate	
  different	
  resources	
  when	
  working	
  with	
  pulleys	
  
Instructors	
  should	
  keep	
  in	
  mind	
  instrucHonal	
  goals	
  when	
  choosing	
  between	
  physical	
  and	
  virtual	
  experiments.	
  

QUESTION	
  1	
  
Physical	
  group	
  more	
  likely	
  to	
  talk	
  about	
  gravity	
  

Virtual	
  group	
  more	
  likely	
  to	
  talk	
  about	
  force-­‐distance	
  tradeoff	
  

QUESTION	
  2	
  
Physical	
  more	
  likely	
  to	
  talk	
  about	
  the	
  pulleys	
  distribuHng	
  the	
  weight	
  

Virtual	
  more	
  likely	
  to	
  observe	
  that	
  the	
  systems	
  have	
  the	
  same	
  
number	
  of	
  movable	
  pulleys	
  

QUESTION	
  3	
  
Physical	
  group	
  more	
  likely	
  to	
  discuss	
  fricHon	
  

Virtual	
  group	
  more	
  likely	
  to	
  state	
  that	
  extra	
  fixed	
  pulley	
  does	
  nothing	
  

	
  

QUESTION	
  4	
  

Physical	
  group	
  more	
  likely	
  to	
  state	
  that	
  there	
  are	
  more	
  pulleys	
  to	
  
support	
  the	
  load	
  
Virtual	
  group	
  more	
  likely	
  to	
  judge	
  only	
  the	
  rightmost	
  pulley	
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χ2(6,	
  N=143)=25.618	
  	
  	
  
p-­‐value: 	
   	
  p<.001	
  
Effect	
  Size: 	
  V=.426	
  

χ2(2,	
  N=143)=38.926	
  	
  
p-­‐value: 	
   	
  p=<.001	
  
Effect	
  Size: 	
  V=.522	
  	
  

χ2(3,	
  N=143)=29.201	
  	
  
p-­‐value: 	
   	
  p<.001	
  
Effect	
  Size: 	
  V=.452	
  

χ2(2,	
  N=143)=7.439	
  	
  
p-­‐value: 	
   	
  p=.029	
  
Effect	
  Size: 	
  V=.228	
  	
  

χ2(7,	
  N=143)=47.140	
  	
  
p-­‐value: 	
   	
  p<.001	
  
Effect	
  Size: 	
  	
  V=.574	
  

χ2(2,	
  N=143)=48.237	
  
p-­‐value: 	
   	
  p=<.001	
  
Effect	
  Size: 	
  V=.581	
  	
  

χ2(2,	
  N=143)=15.267	
  	
  
p-­‐value: 	
   	
  p=<.001	
  
Effect	
  Size: 	
  V=.327	
  

χ2(9,	
  N=143)=25.618	
  	
  	
  
p-­‐value: 	
   	
  p<.001	
  
Effect	
  Size: 	
  V=.426	
  


