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UBC	
  is	
  commi7ed	
  to	
  improving	
  student	
  learning	
  in	
  undergraduate	
  physics	
  by	
  transforming	
  their	
  tradi.onal	
  large	
  lectures	
  (>	
  200	
  students)	
  into	
  interac.ve	
  
classrooms.	
   Instructors	
  engage	
  the	
  students	
  with	
  challenging	
  ques.ons	
  and	
  tasks,	
  which	
  allow	
  students	
  to	
  prac.ce	
   	
  problem	
  solving	
  and	
  reasoning	
  skills.	
  
Also	
   interrup.ng	
   lecture	
   with	
   a	
   task	
   allows	
   students	
   to	
   refocus	
   and	
   receive	
   frequent	
   targeted	
   feedback	
   from	
   the	
   instructor.	
   Here	
   we	
   report	
   on	
   two	
  
components	
   introduced	
   into	
   several	
   first-­‐year	
   physics	
   courses:	
   (i)	
   pre-­‐class	
   assignments	
   that	
   are	
   completed	
   at	
   home	
   by	
   the	
   students	
   online,	
   and	
   (ii)	
  
worksheets	
  that	
  are	
  worked	
  on	
  in	
  small	
  groups	
  in	
  class.	
  

course for many years. 
 

Tutorials: These were a mini version of the lectures. Each tutorial is 
50 minutes. One purpose was to clean up any confusion on topics from 
lectures. The two TAs worked as a team. There was a discussion 
problem that was worked on in groups of 3 followed by clicker questions. 
The TAs used the remaining time to answer general questions. 
• Homework: Homework sets consisting of 5 or 6 written problems were 

assigned each week. The homework sets were divided into A and B 
sets to avoid students copying each other’s work. This also gave 
students access to 10 to 12 different problems to review for the final. 
Additionally, there were periodic Mastering Physics assignments. 

• Tutorial Clickers and Discussion problems: Using the new 
methods, in the fall we were able to cover more advanced topics when 
considering thermodynamics such as a more complete introduction to 
entropy and temperature-entropy plots. 

 
The first data we have for comparison is from the April and 

December exams. We compared the percentage of students failing on 
the raw grade this year vs. past years. Specifically we compared the 
percentage of students with <40% and <50% grade, respectively, on the 
exam in 2010-2011 to that in past years for both the December and April 
exams. In these graphs, the notation 2k11=2011, etc., indicate the year 
the course was completed. Although exams are not necessarily a 
complete measure of learning, the results show improvement. 
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IMPROVED	
  EXAM	
  PERFORMANCE	
   CONCLUSIONS	
  

“I	
  think	
  it	
  is	
  very	
  valuable	
  to	
  have	
  the	
  pre-­‐readings	
  	
  to	
  understand	
  the	
  lecture	
  material	
  and	
  
the	
  pre-­‐reading	
  quizzes	
  because	
  if	
  there	
  are	
  ques<ons	
  on	
  the	
  quiz	
  that	
  look	
  unfamiliar	
  or	
  
I'm	
  not	
  completely	
  comfortable	
  	
  	
  with	
  it	
  mo<vates	
  me	
  to	
  go	
  back	
  to	
  the	
  text.”


“It's	
  for	
  marks	
  and	
  it	
  gives	
  me	
  a	
  heads	
  up	
  on	
  what	
  we	
  will	
  be	
  learning	
  in	
  class.	
  it	
  helps	
  me	
  
to	
  dis<nguish	
  what	
  I	
  know	
  and	
  what	
  I	
  have	
  troubles	
  with	
  so	
  I	
  can	
  be	
  all	
  ears	
  in	
  the	
  parts	
  
where	
  I	
  am	
  struggling	
  with	
  in	
  class.”	
  

The	
  pre-­‐readings	
  were	
  more	
  useful	
  than	
  I	
  thought.	
  It	
  was	
  evident	
  during	
  the	
  week	
  where	
  
there	
  was	
  no	
  pre-­‐reading	
  and	
  I	
  wasn't	
  sure	
  what	
  the	
  lecture	
  was	
  going	
  to	
  cover.	
  I	
  had	
  much	
  
more	
  difficulty	
  understanding	
  the	
  concepts	
  that	
  week.	
  “	
  

	
  
	
  

What MOTIVATED you to do the pre-readings? 	
  

109:	
  helps	
  understand	
  material/	
  know	
  what	
  to	
  expect	
  in	
  lectures/	
  found	
  rou.ne	
  helpful	
  
56:	
  	
  only	
  for	
  the	
  2%	
  marks	
  
3:	
  	
  	
  	
  did	
  not	
  find	
  the	
  pre-­‐reading	
  helpful	
  

170:	
  to	
  know	
  	
  how	
  well	
  I	
  am	
  understanding	
  the	
  material	
  /apply	
  pre-­‐reading/	
  work	
  with	
  others/	
  good	
  prac.ce/	
  everyone	
  is	
  
doing	
  them/	
  to	
  solve	
  it/	
  possibility	
  of	
  a	
  follow-­‐up	
  clicker	
  ques.on/the	
  challenge/	
  do	
  well	
  on	
  the	
  exam/	
  immediate	
  feedback	
  
0:	
  not	
  finding	
  the	
  worksheets	
  helpful	
  or	
  worth	
  their	
  .me	
  

What MOTIVATED you to do the worksheets?	
  

“Trying	
  the	
  problems	
  aDer	
  just	
  being	
  introduced	
  to	
  concepts	
  is	
  such	
  a	
  great	
  way	
  to	
  understand	
  the	
  material.	
  It	
  
allows	
  you	
  to	
  clarify	
  the	
  concepts	
  and	
  realize	
  what	
  you	
  are	
  unsure	
  of.”	
  
	
  
“I	
  wanted	
  to	
  see	
  if	
  I	
  actually	
  understood	
  what	
  I	
  had	
  done	
  in	
  the	
  pre-­‐reading	
  and	
  to	
  see	
  if	
  I	
  could	
  apply	
  it.”	
  

“I	
  found	
  that	
  the	
  worksheets	
  were	
  really	
  helpful	
  to	
  "cement"	
  the	
  concepts	
  in	
  my	
  mind.	
  It	
  was	
  also	
  a	
  good	
  break	
  from	
  
the	
  lecture	
  ...	
  Plus	
  it	
  was	
  helpful	
  to	
  have	
  other	
  people	
  around	
  me	
  to	
  help	
  me	
  if	
  I	
  didn't	
  understand	
  the	
  ques<ons.”	
  

“At	
  first	
  I	
  wasnt	
  really	
  mo<vated	
  to	
  work	
  on	
  them	
  at	
  all,	
  but	
  once	
  I	
  realized	
  that	
  they	
  helped	
  my	
  learning	
  and	
  would	
  
likely	
  improve	
  my	
  mark	
  I	
  started	
  working	
  on	
  them.”	
  

“I	
  was	
  not	
  par<cularly	
  fond	
  of	
  physics	
  to	
  begin	
  with,	
  but	
  I	
  actually	
  started	
  to	
  enjoy	
  it	
  somewhat	
  as	
  the	
  course	
  
unfolded.	
  	
  Although	
  this	
  course	
  hasn't	
  made	
  me	
  want	
  to	
  major	
  in	
  physics	
  or	
  pursue	
  a	
  career	
  in	
  physics,	
  my	
  
apprecia<on	
  and	
  understanding	
  of	
  its	
  relevance	
  in	
  our	
  lives	
  and	
  in	
  the	
  world	
  were	
  certainly	
  made	
  clear	
  in	
  this	
  
course,	
  I	
  am	
  glad	
  that	
  I	
  had	
  to	
  take	
  this	
  course	
  because	
  I	
  learned	
  a	
  lot.	
  The	
  reading	
  assignments	
  were	
  very	
  helpful,	
  
because	
  they	
  introduced	
  to	
  certain	
  concepts	
  that	
  I	
  might	
  otherwise	
  have	
  overlooked	
  or	
  disregarded.	
  	
  I	
  found	
  the	
  
Mastering	
  Physics	
  problem	
  sets,	
  worksheets	
  and	
  tutorials	
  to	
  be	
  par<cularly	
  helpful	
  because	
  they	
  helped	
  to	
  reinforce	
  
the	
  important	
  concepts	
  from	
  our	
  readings	
  that	
  I	
  usually	
  did	
  not	
  understand	
  too	
  well,	
  and	
  the	
  tutorials	
  really	
  helped	
  
to	
  show	
  me	
  how	
  to	
  apply	
  certain	
  concepts	
  with	
  certain	
  formulas	
  in	
  order	
  to	
  solve	
  a	
  problem.”	
  	
  

PRE-­‐CLASS	
  ASSIGNMENTS	
  

21.4	
  Standing	
  Sound	
  Waves	
  and	
  Musical	
  Acous<cs.	
  Compare	
  Fig.	
  21.16	
  to	
  21.11:	
  Only	
  certain	
  
wavelengths	
  fit	
  on	
  a	
  string	
  or	
  inside	
  a	
  tube.	
  Make	
  sure	
  you	
  understand	
  what	
  the	
  boundaries	
  (open	
  or	
  
closed	
  tube)	
  impose	
  on	
  the	
  wavelengths	
  and	
  where	
  equa.ons	
  21.17	
  and	
  21.18	
  come	
  from.	
  Look	
  
carefully	
  at	
  example	
  21.5	
  and	
  21.6	
  .	
  Compare	
  the	
  equa.on	
  for	
  a	
  traveling	
  wave	
  to	
  that	
  of	
  a	
  standing	
  
wave.	
  Why	
  is	
  the	
  amplitude	
  2a?	
  Is	
  a	
  standing	
  wave	
  moving?	
  	
  

refer	
  to	
  specific	
  
figures,	
  
equa.ons,	
  and	
  
examples;	
  	
  	
  	
  	
  	
  	
  
give	
  ques.ons	
  to	
  
focus	
  reading	
  

à  Students	
  must	
  complete	
  an	
  online	
  quiz	
  due	
  before	
  lectures	
  on	
  Mondays.	
  	
  
à Quiz	
  ques.ons	
  will	
  oden	
  refer	
  to	
  specific	
  figures	
  as	
  well,	
  	
  
	
  	
  	
  	
  	
  	
  e.g.,	
  In	
  Fig.	
  21.4,	
  what	
  does	
  the	
  red	
  line	
  represent?	
  
à  Clear	
  .e	
  to	
  textbook	
  &	
  connec.on	
  to	
  lecture	
  
à  Expecta.ons:	
  students	
  should	
  read	
  text,	
  but	
  it’s	
  OK	
  if	
  they	
  are	
  confused	
  

The	
   main	
   purpose	
   of	
   a	
   pre-­‐class	
   assignment	
   is	
   to	
   prepare	
   students	
   for	
  
learning	
  in	
  the	
  next	
  class.	
  Similar	
  to	
  Just-­‐In-­‐Time-­‐Teaching,	
  students	
  are	
  first	
  
introduced	
  to	
  the	
  material	
  by	
  reading	
  the	
  textbook,	
  so	
  that	
  	
  lecture	
  becomes	
  
their	
   second	
   exposure.	
   By	
   assigning	
   guided	
   readings	
   (example	
   below)	
  
coupled	
   with	
   targeted	
   quiz	
   ques.ons,	
   students	
   begin	
   to	
   recognize	
   the	
  
textbook	
  as	
  being	
  helpful	
  to	
  their	
  learning.	
  	
  

student	
  	
  
•  first	
  exposure	
  at	
  their	
  own	
  pace	
  
•  explicitly	
  guided	
  reading	
  helps	
  students	
  focus	
  	
  
•  come	
  prepared	
  for	
  lecture	
  –	
  cri.cal	
  for	
  peer	
  instruc.on	
  	
  	
  
	
  

instructor	
  Benefits	
  
•  be7er	
  use	
  of	
  class	
  .me	
  	
  
•  reveal	
  possible	
  trouble-­‐spots	
  	
  
•  higher	
  level	
  ques.ons	
  in	
  class	
  	
  

Are	
  the	
  
students	
  
actually	
  

reading	
  the	
  
text?	
  

85%	
  of	
  the	
  students	
  report	
  reading	
  the	
  textbook	
  on	
  a	
  regular	
  basis	
  
à matches	
  student	
  comments	
  
	
  
97%	
  of	
  the	
  students	
  report	
  taking	
  the	
  quiz	
  on	
  a	
  regular	
  basis	
  
à	
  confirmed	
  by	
  electronic	
  records	
  

Phys	
  101	
  
introductory	
  
physics	
  course	
  

IN-­‐CLASS	
  WORKSHEETS	
  

à  Students	
  asked	
  to	
  do	
  calcula.ons	
  AND	
  
explain	
  their	
  answers	
  

à  Connect	
  to	
  informa.on	
  in	
  textbook	
  	
  
à  Encouraged	
  to	
  work	
  together	
  
à More	
  problems	
  than	
  can	
  be	
  finished	
  in	
  class	
  
à  Similar	
  ques.ons	
  appear	
  on	
  exams	
  
à  FEEDBACK:	
  mix	
  of	
  clicker	
  ques.ons,	
  class	
  

discussion,	
  work	
  through	
  problem	
  at	
  front	
  

The	
   purpose	
   of	
   in-­‐class	
   worksheets	
   (example	
  
right)	
   is	
   to	
   engage	
   the	
   students	
  with	
   the	
  new	
  
material.	
  This	
  forces	
  the	
  students	
  to	
  recognize	
  
which	
   parts	
   of	
   the	
   lecture	
   they	
   have	
  
understood	
  and	
  where	
  they	
  are	
  s.ll	
  struggling.	
  	
  	
  

STUDENT	
  COMMENTS	
  

STUDENT	
  COMMENTS	
  

ü technology	
  allows	
  for	
  individual	
  
feedback	
  in	
  large	
  lectures	
  	
  

ü students	
  recognize	
  the	
  benefits	
  of	
  
ac.ve	
  learning	
  components	
  

ü posi.ve	
  student	
  feedback	
  may	
  
increase	
  mo.va.on	
  	
  

ü fewer	
  students	
  failing	
  exams	
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Compare	
  final	
  exam	
  raw	
  scores	
  over	
  the	
  
years	
  for	
  PHYS	
  153:	
  physics	
  for	
  engineers	
  
à	
  2011	
  course	
  fully	
  transformed	
  	
  	
  
	
  
CONTENT	
  
Dec	
  exam:	
  thermodynamics,	
  simple	
  
harmonic	
  oscillators,	
  waves	
  
	
  
Apr	
  exam:	
  	
  	
  electricity	
  and	
  magne.sm,	
  
circuits,	
  EM	
  waves	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  

91%	
  of	
  the	
  students	
  report	
  regularly	
  working	
  on	
  the	
  worksheets	
  	
  
à even	
  though	
  worth	
  NO	
  marks	
  
à confirmed	
  by	
  classroom	
  observa.ons	
  

Number	
  of	
  Students	
  

When	
  given	
  .me	
  to	
  work	
  on	
  the	
  worksheets	
  
in	
  class,	
  I	
  usually	
  …	
  

0	
   20	
   40	
   60	
   80	
   100	
  

worked	
  on	
  them	
  in	
  
LESS	
  THAN	
  HALF	
  of	
  

the	
  classes	
  

did	
  not	
  work	
  on	
  
them	
  in	
  class	
  

worked	
  on	
  them	
  in	
  
HALF	
  of	
  the	
  classes	
  

worked	
  on	
  them	
  in	
  
MOST	
  classes	
  

worked	
  on	
  them	
  in	
  
EVERY	
  class	
  

120	
  

30%	
  	
  

4%	
  	
  

5%	
  	
  

1%	
  	
  

61%	
  

Number	
  of	
  Students	
  

If	
  we	
  did	
  NOT	
  FINISH	
  a	
  worksheet	
  in	
  class,	
  I	
  usually	
  …	
  

0	
   20	
   40	
   60	
   80	
  

did	
  NOT	
  try	
  to	
  complete	
  it	
  at	
  
home	
  

Other	
  (please	
  specify)	
  

tried	
  to	
  complete	
  it	
  as	
  home	
  at	
  
some	
  point	
  BEFOR	
  THE	
  EXAM	
  

tried	
  to	
  complete	
  is	
  at	
  home	
  
WITHIN	
  A	
  WEEK	
  

tried	
  to	
  complete	
  it	
  at	
  home	
  
the	
  SAME	
  or	
  NEXT	
  DAY	
  

70%	
  of	
  the	
  students	
  report	
  trying	
  to	
  complete	
  the	
  worksheets	
  
à	
  even	
  though	
  answers	
  were	
  NOT	
  regularly	
  posted	
  

18%	
  	
  

26%	
  	
  

10%	
  	
  

4%	
  	
  

42%	
  

Number	
  of	
  Students	
  

I	
  READ	
  the	
  assigned	
  pre-­‐reading	
  sec.ons:	
  

0	
   20	
   40	
   60	
   80	
   100	
  

6%	
  	
  

6%	
  	
  	
  

3%	
  	
  	
  

LESS	
  THAN	
  HALF	
  of	
  the	
  
.me	
  

I	
  RARELY	
  read	
  the	
  
assigned	
  sec.ons	
  

about	
  HALF	
  of	
  the	
  .me	
  

MOST	
  weeks	
  (I	
  missed	
  a	
  
couple)	
  

EVERY	
  week	
   51%	
  

34%	
  

email:	
  heiner@phas.ubc.ca	
  	
  


