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Undergraduate	  Students	  Experience	  in	  
Using	  Simula4ons	  and	  Remote	  Web-‐

based	  Science	  Labs	  in	  Physics	  

Kemi	  Jona,	  Ph.D	  
NANSLO	  Webinar	  9/19/14	  

WHAT	  ARE	  REMOTE	  LABS?	  
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Northwestern	  X-‐ray	  powder	  
diffrac4on	  iLab	  

•  IdenCficaCon	  of	  
unknown	  crystalline	  
materials	  

•  Measurement	  of	  
sample	  purity	  
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Thompsons	  River	  University	  
Shimadzu	  TOC/TN	  

Total	  Organic	  Carbon/Nitrogen	  
Analysis	  

MIT	  Microelectronics	  Device	  
Characteriza4on	  iLab	  

Del	  Alamo,	  J.	  A.,	  Brooks,	  L.,	  McLean,	  C.,	  Hardison,	  J.,	  Mishuris,	  G.,	  Chang,	  V.,	  &	  Hui,	  L.	  (2002,	  
May).	  The	  MIT	  microelectronics	  weblab:	  A	  web-‐enabled	  remote	  laboratory	  for	  
microelectronic	  device	  characterizaCon.	  In	  World	  Congress	  on	  Networked	  Learning	  in	  a	  
Global	  Environment,	  Berlin	  (Germany).	  
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7	  

MIT	  Force	  on	  a	  Dipole	  iLab	  

MIT	  Neutron	  Beam	  iLab	  
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University	  of	  Technology	  Sydney	  
Remote	  Lab	  Facility	  

Conven4onal,	  remote,	  and	  
simula4on	  labs	  

“The	  debate	  over	  different	  technologies	  is	  confounded	  
by	  the	  use	  of	  different	  educaConal	  objecCves	  as	  criteria	  
for	  judging	  the	  laboratories:	  Hands-‐on	  advocates	  
emphasize	  design	  skills,	  while	  remote	  lab	  advocates	  
focus	  on	  conceptual	  understanding.	  We	  observe	  that	  
the	  boundaries	  among	  the	  three	  labs	  are	  blurred	  in	  the	  
sense	  that	  most	  laboratories	  are	  mediated	  by	  
computers,	  and	  that	  the	  psychology	  of	  presence	  may	  be	  
as	  important	  as	  technology.”	  

Ma,	  J.	  &	  Nickerson,	  J.	  V.	  (2006).	  Hands-‐on,	  simulated,	  and	  remote	  laboratories:	  A	  comparaCve	  
literature	  review.	  ACM	  Compu7ng	  Survey,	  38(3),	  p.	  7.	  	  My	  emphasis.	  
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What	  are	  the	  learning	  goals?	  

Ma,	  J.	  &	  Nickerson,	  J.	  V.	  (2006).	  Hands-‐on,	  simulated,	  and	  remote	  laboratories:	  A	  comparaCve	  literature	  review.	  ACM	  
Compu7ng	  Survey,	  38(3),	  p.	  8	  
	  

Goals	  of	  each	  lab	  type	  

Ma,	  J.	  &	  Nickerson,	  J.	  V.	  (2006).	  Hands-‐on,	  simulated,	  and	  remote	  laboratories:	  A	  comparaCve	  
literature	  review.	  ACM	  Compu7ng	  Survey,	  38(3),	  p.	  7.	  	  
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HOW	  DO	  REMOTE	  LABS	  COMPARE	  
WITH	  SIMULATIONS?	  

Sauter,	  M,.	  Ueal,	  D.,	  Rapp,	  D.,	  Downing,	  M.,	  &	  Jona,	  K.	  (2013).	  Gegng	  real:	  The	  authenCcity	  of	  
remote	  labs	  and	  simulaCons	  for	  science	  learning.	  Distance	  Educa7on	  Journal,	  34(1),	  37-‐47.	  	  

Study	  design	  

Visualiza4on	  Condi4on	  

Lab	  type	  

Remote	  lab	  +	  
photo	  

Remote	  lab	  +	  	  
live	  webcam	  

SimulaCon	  +	  
photo	  

SimulaCon	  +	  
prerecorded	  video	  
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Subjects	  

•  123	  undergraduate	  students	  
–  Freshmen	  (N=83)	  
–  sophomores	  (N=19)	  
–  juniors	  (N	  =	  10)	  
–  seniors	  (N	  =	  11)	  

•  Previous	  physics	  coursework	  (avg	  =	  1	  course)	  
–  13	  had	  no	  previous	  physics	  experience	  
–  56	  had	  taken	  high	  school	  introductory	  physics	  
–  33	  had	  taken	  AP	  physics	  in	  high	  school	  
–  21	  had	  taken	  physics	  at	  the	  college	  level.	  	  

S4ll	  photo	  condi4on	  
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Iden4cal	  display	  of	  resul4ng	  
data	  (simulated	  or	  real)	  

RESULTS	  
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Presence	  

•  The	  remote	  lab	  group	  rated	  their	  experience	  as	  more	  
like	  a	  real	  lab.	  	  

•  Remote	  lab	  users	  more	  strongly	  believed	  that	  they	  
had	  done	  a	  real	  experiment	  than	  simulaCon	  users	  
did	  F(1,	  117)	  =	  5.14,	  p	  =	  <.05.	  	  

•  SimulaCon	  users	  who	  saw	  the	  video	  reported	  feeling	  
more	  like	  they	  completed	  an	  experiment	  than	  did	  
simulaCon	  users	  who	  just	  saw	  a	  photo,	  F	  (1,	  58)	  =	  
6.22,	  p	  =	  <.05,	  with	  no	  analogous	  difference	  for	  
remote	  users,	  F(1,	  59)	  =	  .45,	  p	  =	  ns.	  	  

Preference	  for	  lab	  type	  

•  ParCcipants	  preferred	  the	  remote	  lab	  over	  the	  
simulaCon,	  parCcularly	  if	  they	  had	  completed	  the	  remote	  
lab,	  χ2(1,	  N	  =	  116)	  =	  13.511,	  p	  =	  <0.01.	  Few	  remote	  lab	  
users	  preferred	  the	  simulaCon.	  	  

•  This	  preference	  did	  not	  vary	  as	  a	  funcCon	  of	  viewing	  a	  
picture	  or	  video	  within	  either	  the	  remote	  lab	  (χ2	  (1,	  N	  =	  
56)	  =	  .012,	  p	  =	  ns)	  or	  simulaCon	  (χ2	  (1,	  N	  =	  54)	  =	  .313,	  p	  =	  
ns).	  	  

•  This	  means	  that	  the	  lab	  type	  exerted	  a	  greater	  influence	  
on	  parCcipants’	  lab	  preferences	  than	  the	  visual	  features	  
did.	  	  
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Promp4ng	  “scien4fic	  
thinking”	  

•  Remote	  lab	  users	  tended	  to	  expect	  variability	  in	  their	  data	  
more	  open	  than	  simulaCon	  users	  did,	  F(1,	  116)	  =	  4.09,	  p	  
p=0.053.	  	  

•  Remote	  lab	  users	  more	  likely	  to	  want	  to	  run	  lab	  again,	  F(1114)	  
=	  4.24,	  p	  =	  <.05.	  	  

•  Remote	  users	  who	  saw	  a	  video	  more	  likely	  to	  want	  to	  rerun	  
the	  lab	  as	  compared	  to	  users	  who	  saw	  a	  photo,	  F	  (1,	  57)	  =	  
5.23,	  p	  =	  <.05.	  	  

•  SimulaCon	  users	  showed	  no	  such	  paeern,	  F(1,	  57)	  =	  0.04,	  
p=ns.	  	  

•  ParCcipants’	  reasons	  for	  wanCng	  to	  rerun	  the	  lab	  included	  a	  
desire	  to	  confirm	  or	  replicate	  their	  original	  data	  and	  to	  try	  
different	  segngs	  or	  methods.	  

Remote	  Lab	  vs.	  Simula4on	  

•  Key	  results	  
–  ParCcipants	  who	  used	  the	  remote	  lab	  wrote	  higher-‐quality	  research	  
quesCons	  [F(1,	  121)	  =	  15.99,	  p	  <	  .01]	  

–  Remote	  lab	  users	  who	  saw	  a	  video	  of	  the	  device	  wrote	  higher-‐quality	  
quesCons	  than	  did	  users	  who	  saw	  only	  a	  photo	  [F(1,	  60)	  =	  12.04,	  p	  <	  .
01],	  but	  simulaCon	  users	  did	  not	  show	  this	  difference	  [F(1,	  59)	  =	  .258,	  
p	  =	  N.S.]	  	  

•  Implica4ons	  
–  Remote	  lab	  users	  seemed	  more	  invested	  in	  the	  actual	  experiment–	  
they	  craped	  beeer	  research	  quesCons,	  considered	  how	  their	  
experiment	  limited	  human	  error	  while	  also	  evaluaCng	  other	  possible	  
sources	  of	  variability	  in	  their	  data,	  and	  wanted	  to	  run	  their	  experiment	  
mulCple	  Cmes	  	  

–  Remote	  users	  who	  watched	  the	  video	  felt	  most	  engaged	  with	  the	  task	  
Sauter,	  M,.	  Ueal,	  D.,	  Rapp,	  D.,	  Downing,	  M.,	  &	  Jona,	  K.	  (2013).	  Gegng	  real:	  The	  authenCcity	  of	  remote	  labs	  and	  simulaCons	  for	  science	  learning.	  Distance	  Educa7on	  Journal,	  34(1),	  37-‐47.	  	  
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Learning	  differences:	  
Conceptual	  understanding	  

•  Within	  the	  remote	  group,	  parCcipants	  who	  saw	  a	  
video	  were	  beeer	  at	  explaining	  the	  relaCon	  between	  
distance	  and	  intensity	  of	  radiaCon	  than	  those	  who	  
only	  saw	  a	  photo,	  F(1,	  58)	  =	  8.38,	  p	  =	  <.01,	  with	  no	  
comparable	  difference	  for	  simulaCon	  users,	  F(1,	  58)	  
=	  2.29,	  p=ns.	  	  

•  By	  viewing	  the	  video,	  parCcipants	  saw	  the	  relaCon	  
between	  distance	  and	  radiaCon	  in	  acCon:	  The	  
parCcle	  counts	  decreased	  as	  the	  Geiger	  sensor	  
moved	  away	  from	  the	  source.	  	  

Research	  ques4on	  quality	  

•  ParCcipants	  who	  used	  the	  remote	  lab	  wrote	  higher-‐
quality	  quesCons	  than	  did	  parCcipants	  who	  used	  the	  
simulaCon,	  F(1,	  121)	  =	  15.99,	  p	  =	  <.01.	  

•  And,	  remote	  lab	  users	  who	  saw	  a	  video	  wrote	  
higher-‐quality	  quesCons	  than	  did	  users	  who	  saw	  a	  
photo,	  F(1,	  60)	  =	  12.04,	  p	  =	  <.01	  

•  SimulaCon	  users	  did	  not	  show	  this	  difference,	  F(1,	  
59)	  =	  0.258,	  p	  =	  ns).	  	  
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Experimental	  design	  quality	  

•  ParCcipants’	  experimental	  designs	  did	  not	  differ	  
according	  to	  condiCon.	  	  

Improved Experimental 
Designs & Research 

Questions 

Experiment 
Design 

Parameter 
First Run Second Run Significance 

Average number 
of distances 5.8 7.7 p < 0.001 

Average 
measurement 

time 
5.5 5.8 p < 0.001 

Average number 
of trials 5.0 5.5 p < 0.01 

Research 
question quality 1.47 1.54 p < 0.05 

For students conducting more than one run of the experiment 
 

N=352 
  

Jona,	  K.	  &	  Vondracek,	  M.	  (2013,	  January).	  	  A	  Remote	  RadioacCvity	  Experiment.	  The	  Physics	  Teacher,	  51,	  25-‐27.	  	  
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Be_er	  reten4on	  

Source:	  Michael	  Downing	  (2012),	  Undergraduate	  Thesis,	  Northwestern	  University	  Dept.	  of	  Psychology	  

First Run of 
Experiment N Distances Measurement 

Time Trials 

In Class 238 5.04 5.10 4.50 

Out of Class 342 7.21 6.17 6.31 

ü Experimental	  designs	  were	  of	  higher	  quality	  when	  
used	  out	  of	  class	  Cme	  

Jona,	  K.	  &	  Vondracek,	  M.	  (2013,	  January).	  	  A	  Remote	  RadioacCvity	  Experiment.	  The	  Physics	  Teacher,	  51,	  25-‐27.	  	  

Flexibility of access =  
greater opportunity to 

engage in scientific inquiry  
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Flexibility of access =  
greater opportunity to 

engage in scientific inquiry  

ü When	  used	  out	  of	  class	  Cme,	  3X	  students	  
voluntarily	  did	  more	  experiments	  than	  required	  

In class Out of Class Significance 

Students conducting 
3 or more 

experimental runs 
4.6% 12% p < 0.0001 

Jona,	  K.	  &	  Vondracek,	  M.	  (2013,	  January).	  	  A	  Remote	  RadioacCvity	  Experiment.	  The	  Physics	  Teacher,	  51,	  25-‐27.	  	  

Conclusions	  

•  An	  important	  difference	  between	  the	  remote	  lab	  and	  
simulaCon	  condiCons	  involved	  beliefs	  about	  the	  data	  
source	  

•  Remote	  lab	  users	  are	  able	  to	  gather	  real	  data	  from	  a	  real	  
device	  whereas	  simulaCon	  users	  use	  computaConally	  
derived	  data	  -‐-‐	  which	  did	  not	  feel	  as	  realisCc	  or	  
scienCfically	  authenCc.	  	  

•  Even	  though	  the	  remote	  lab	  and	  the	  simulaCon	  looked	  
the	  same	  on	  the	  screen,	  the	  remote	  lab’s	  connecCon	  to	  a	  
real	  device	  was	  integral	  to	  fostering	  an	  engaging	  and	  
realisCc	  lab	  experience.	  	  
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Conclusions	  

•  The	  authenCcity	  of	  the	  data	  was	  important	  because	  
it	  encouraged	  student	  engagement	  with	  the	  
experimental	  task	  (e.g.,	  higher-‐quality	  research	  
quesCons	  and	  wanCng	  to	  run	  the	  lab	  again).	  

•  Earlier	  study	  showed	  that	  running	  the	  lab	  mulCple	  
Cmes	  significantly	  increased	  experimental	  design	  and	  
research	  quesCon	  quality	  

•  Also	  showed	  that	  given	  chance	  out	  of	  class,	  students	  
do	  in	  fact	  voluntarily	  run	  lab	  more	  than	  required	  

Logic	  model	  

AuthenCcity	   Engagement	   Desire	  to	  run	  
lab	  again	  

Increased	  
quality	  
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Thank	  you!	  

kjona@northwestern.edu	  
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