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What	
  makes	
  a	
  good	
  example?	
  

•  Compelling	
  story	
  directly	
  related	
  to	
  key	
  
learning	
  objec-ves	
  

•  Non-­‐trivial	
  problem	
  
•  Data	
  and	
  calcula-ons	
  are	
  correct	
  
•  Physics	
  and	
  assump-ons	
  are	
  correct	
  
•  Results	
  are	
  representa-ve	
  of	
  the	
  real	
  world	
  
•  Can	
  be	
  completed	
  in	
  one	
  class	
  



Big	
  Messages	
  

•  Effec-ve	
  examples	
  are	
  central	
  to	
  student	
  
learning	
  (90%)	
  

•  Begin	
  with	
  the	
  end	
  in	
  mind:	
  an	
  understanding	
  
of	
  learning	
  objec-ves	
  drama-cally	
  improves	
  
your	
  effec-veness	
  as	
  an	
  instructor	
  (86%)	
  

•  Alignment	
  of	
  learning	
  objec-ves	
  AND	
  
cogni-ve	
  levels	
  between	
  notes,	
  examples,	
  
assignments,	
  and	
  tes-ng	
  is	
  cri-cal	
  to	
  pushing	
  
student	
  learning	
  to	
  the	
  next	
  level	
  



Some	
  things	
  you	
  may	
  find	
  helpful	
  
before	
  we	
  start.	
  

•  Examples	
  engage	
  students	
  in	
  understanding.	
  
•  Students	
  learn	
  differently	
  than	
  professors.	
  
•  Applica-on	
  of	
  concepts	
  to	
  new	
  problems	
  requires	
  a	
  

very	
  high	
  level	
  of	
  cogni-ve	
  development	
  (making	
  the	
  
right	
  connec-ons	
  is	
  hard!).	
  



1.	
  Ac-ve	
  Learning	
  (examples)	
  Work.	
  

Figure	
  1:	
  Ac,ve-­‐engagement	
  (examples)	
  vs.	
  tradi,onal	
  instruc,on	
  for	
  
improving	
  students’	
  conceptual	
  understanding	
  of	
  basic	
  physics	
  concepts	
  	
  

(Laws,	
  P.,	
  D.	
  Sokoloff,	
  and	
  R.	
  Thornton,	
  “Promo-ng	
  Ac-ve	
  Learning	
  Using	
  the	
  Results	
  of	
  Physics	
  
Educa-on	
  Research,”	
  UniServe	
  Science	
  News,	
  Vol.	
  13,	
  July	
  1999;	
  see	
  also	
  Carl	
  Weiman’s	
  work	
  at	
  
UBC.)	
  

How	
  many	
  of	
  your	
  favorite	
  professors	
  did	
  this?	
  



2.	
  Students	
  are	
  sequen-al	
  learners.	
  
•  Felder’s	
  Learning	
  Styles	
  Inventory	
  administered	
  to	
  (

hdp://www4.ncsu.edu/unity/lockers/users/f/felder/public/Learning_Styles.html)	
  

–  over	
  100	
  new	
  professors	
  and	
  over	
  1000	
  students	
  
–  Similar	
  balance	
  on	
  (Visual	
  (8.5)	
  to	
  Verbal	
  (1.5),	
  

	
  Ac/ve	
  (6.5)	
  to	
  Reflec-ve	
  (3.5),	
  and	
  Sensing	
  (7.0)	
  to	
  Intui-ve	
  (3.0).	
  

–  BIG	
  mismatch	
  on	
  Sequen/al	
  (7.5)	
  to	
  Global	
  (2.5)	
  domain	
  
(Larry	
  Unsworth	
  referred	
  to	
  this	
  as	
  the	
  induc-ve	
  vs	
  deduc-ve	
  teaching	
  style)	
  

•  Professors	
  prefer	
  global	
  learning	
  (3.5/6.5),	
  students	
  sequen-al	
  
–  Sequen-al	
  learners	
  tend	
  to	
  gain	
  understanding	
  in	
  linear	
  steps,	
  with	
  each	
  step	
  

following	
  logically	
  from	
  the	
  previous	
  one.	
  They	
  tend	
  to	
  follow	
  logical	
  stepwise	
  
paths	
  in	
  finding	
  solu-ons.	
  

–  Global	
  learners	
  need	
  the	
  big	
  picture	
  of	
  a	
  subject	
  before	
  they	
  can	
  master	
  details.	
  
They	
  may	
  be	
  able	
  to	
  solve	
  complex	
  problems	
  quickly	
  or	
  put	
  things	
  together	
  in	
  
novel	
  ways	
  once	
  they	
  have	
  grasped	
  the	
  big	
  picture.	
  They	
  may	
  also	
  have	
  
difficulty	
  explaining	
  how	
  they	
  did	
  it.	
  

•  Examples	
  open	
  the	
  door	
  between	
  these	
  learning	
  styles!	
  



Bloom’s	
  Very	
  Powerful	
  Idea	
  

Synthesis:	
  
Combine	
  	
  or	
  
rearrange	
  
elements	
  to	
  
propose	
  
alterna-ve	
  
solu-ons	
  or	
  solve	
  
a	
  new	
  problem	
  

Comprehension 

Application 

Analysis 

Synthesis 

Evaluation 

Knowledge 

Create  



*Center	
  for	
  Teaching	
  and	
  Learning,	
  University	
  of	
  Alberta,	
  2012	
  



3.	
  Teaching	
  Advanced	
  
Problem	
  Solving	
  is	
  a	
  bit	
  tricky.	
  

1.  Math	
  skills	
  in	
  x,	
  y,	
  z	
  unknowns	
  

2.  Transla-on	
  map	
  to	
  real	
  physical	
  variables	
  
(the	
  word	
  problem–	
  Junior	
  High	
  and	
  HS)	
  

3.  Using	
  one	
  skill	
  to	
  solve	
  one	
  problem	
  
(text	
  book	
  drill	
  problems	
  –	
  HS,	
  1st	
  and	
  2nd	
  year)	
  

4.  Selec-ng	
  from	
  several	
  tools	
  to	
  solve	
  from	
  a	
  small	
  
range	
  of	
  problems	
  (1st	
  2nd	
  and	
  3rd	
  year)	
  e.g.	
  
dynamics	
  

As	
  we	
  go	
  through	
  the	
  next	
  steps,	
  iden,fy	
  the	
  course	
  where	
  you	
  
first	
  became	
  aware	
  of	
  doing	
  this.	
  



5.  Selec-ng	
  the	
  right	
  tool*	
  for	
  a	
  problem	
  with	
  a	
  new	
  
twist	
  (2nd	
  3rd	
  and	
  4th	
  year)	
  e.g.	
  MEB,	
  HTF,	
  Unit	
  Ops	
  

6.  Given	
  a	
  new	
  problem	
  in	
  one	
  subject	
  area,	
  iden-fy	
  
the	
  right	
  tools	
  to	
  apply	
  to	
  solve	
  it.	
  (4th	
  year	
  and	
  
graduate	
  school)	
  e.g.	
  Process	
  control	
  

7.  Given	
  a	
  new	
  problem	
  with	
  many	
  facets,	
  define	
  the	
  
key	
  aspects	
  of	
  the	
  problem	
  and	
  select	
  the	
  correct	
  
tools	
  to	
  apply	
  to	
  find	
  the	
  best	
  solu-on.	
  (4th	
  year	
  
design	
  course,	
  graduate	
  school	
  thesis,	
  experienced	
  
engineering	
  design)	
  

*  It	
  takes	
  several	
  guided	
  examples	
  (3)	
  for	
  students	
  to	
  start	
  to	
  see	
  
which	
  tools	
  to	
  select	
  for	
  a	
  new	
  problem.	
  
(e.g.	
  Ross,	
  BH	
  and	
  Kennedy,	
  PT,	
  Generalizing	
  From	
  the	
  Use	
  of	
  Earlier	
  Examples	
  in	
  Problem	
  Solving,	
  J	
  Exptl	
  Psych	
  –	
  
Learning	
  Memory	
  and	
  Cogni,on,	
  16	
  (1):	
  42-­‐55	
  Jan	
  1990)	
  

Do	
  the	
  steps	
  in	
  Cogni,ve	
  Development	
  for	
  Problem	
  Solving	
  correlate	
  with	
  Bloom’s	
  Hierarchy?	
  



What	
  next?	
  
The	
  good	
  news:	
  These	
  tools	
  allow	
  us	
  to	
  take	
  the	
  students	
  

much	
  further	
  along	
  the	
  path	
  to	
  advanced	
  cri-cal	
  thinking	
  
and	
  problem	
  solving!	
  

What	
  comes	
  next?	
  Start	
  with	
  the	
  learning	
  objec-ve	
  (content	
  
and	
  cogni-ve	
  level),	
  then	
  design	
  an	
  example.	
  

Moral	
  of	
  the	
  story:	
  Be	
  aware	
  of	
  matching	
  the	
  level	
  of	
  
teaching	
  in	
  examples	
  and	
  homework	
  to	
  the	
  level	
  of	
  exam	
  
ques-ons	
  you	
  would	
  like	
  to	
  ask!	
  Select	
  all	
  of	
  these	
  with	
  
an	
  awareness	
  of	
  the	
  students’	
  developmental	
  level(s!).	
  

Some,mes	
  learning	
  objec,ves	
  first	
  appear	
  to	
  us	
  as	
  a	
  failure	
  
to	
  teach/learn	
  a	
  key	
  concept	
  in	
  the	
  course!	
  



Teaching	
  by	
  Example:	
  The	
  Case	
  of	
  
the	
  Linear	
  Momentum	
  Balance	
  

•  Changing	
  the	
  direc-on	
  of	
  mo-on	
  requires	
  applica-on	
  of	
  a	
  
force.	
  (Know)	
  

•  What	
  does	
  the	
  momentum	
  of	
  a	
  fluid	
  mean?	
  (Understand)	
  
•  How	
  to	
  select	
  co-­‐ordinates	
  and	
  decompose	
  the	
  vector	
  

equa-on	
  into	
  components?	
  (Analyse,	
  Apply	
  and	
  Synthesize!)	
  

•  What	
  assump-ons	
  are	
  needed	
  to	
  complete	
  the	
  problem	
  
solu-on?	
  Are	
  they	
  reasonable?	
  (Evaluate,	
  Understand)	
  



...for	
  the	
  rest	
  of	
  this	
  story...	
  



Teaching	
  by	
  Example:	
  The	
  Case	
  of	
  
the	
  Linear	
  Momentum	
  Balance	
  

•  Changing	
  the	
  direc-on	
  of	
  mo-on	
  requires	
  applica-on	
  of	
  a	
  
force.	
  (Know)	
  

•  What	
  does	
  the	
  momentum	
  of	
  a	
  fluid	
  mean?	
  (Understand)	
  
•  How	
  to	
  select	
  co-­‐ordinates	
  and	
  decompose	
  the	
  vector	
  

equa-on	
  into	
  components?	
  (Analyse,	
  Apply	
  and	
  Synthesize!)	
  

•  What	
  assump-ons	
  are	
  needed	
  to	
  complete	
  the	
  problem	
  
solu-on?	
  Are	
  they	
  reasonable?	
  (Evaluate,	
  Understand)	
  



First	
  step:	
  What	
  cogni-ve	
  barriers?	
  

1.  Mo-va-on.	
  
2.  Vector	
  equa-on.	
  
3.  Concrete,	
  “gut	
  feeling”	
  for	
  linear	
  momentum	
  

of	
  a	
  fluid.	
  
4.  Assump-ons	
  can	
  be	
  counter-­‐intui-ve.	
  

5.  Results	
  can	
  be	
  counter-­‐intui-ve.	
  

Iden,fy	
  at	
  least	
  one	
  cogni,ve	
  barrier	
  in	
  your	
  own	
  difficult	
  concept.	
  
Explain	
  the	
  barrier	
  to	
  the	
  person	
  signg	
  next	
  to	
  you.	
  
Reframe	
  the	
  barrier	
  as	
  an	
  illustra,ve	
  example	
  to	
  clarify	
  the	
  point.	
  



Jet	
  deflec-on	
  by	
  a	
  target	
  
•  Firefighter	
  aims	
  a	
  hose	
  

at	
  a	
  trash	
  can	
  lid	
  target	
  
and	
  the	
  stream	
  of	
  water	
  
is	
  deflected.	
  

•  What	
  is	
  the	
  force	
  on	
  the	
  
trash	
  can	
  lid?	
  

hdp://www.me.uvic.ca/~mech345/	
  	
  



What	
  became	
  clear?	
  

•  Classic	
  illustra-ve	
  example	
  is	
  deeply	
  flawed.	
  
•  Not	
  enough	
  -me	
  is	
  spent	
  on	
  the	
  key	
  concepts:	
  

– selec-on	
  of	
  the	
  coordinate	
  system	
  

– valida-on	
  of	
  necessary	
  assump-ons	
  
– decomposi-on	
  of	
  the	
  problem	
  into	
  three	
  
component	
  problems	
  

•  More	
  than	
  one	
  example	
  will	
  be	
  needed	
  to	
  get	
  
to	
  understanding	
  and	
  competent	
  applica-on!	
  



Modified	
  Introductory	
  Examples	
  

•  Water	
  from	
  a	
  faucet	
  
– Easily	
  accessible	
  
– Physical,	
  sensory,	
  force	
  of	
  fluid	
  
– No	
  numerical	
  analysis	
  –	
  focus	
  on	
  the	
  “gut	
  feeling”	
  

•  Flixborough	
  Plant	
  Explosion	
  
– Emo-onal	
  impact	
  (this	
  concept	
  maders)	
  

– Adds	
  a	
  second	
  component	
  to	
  the	
  problem	
  and	
  
mo-vates	
  the	
  vector	
  solu-on	
  



Changing	
  Fluid	
  Direc-on	
  Requires	
  Force	
  
•  Water	
  from	
  a	
  faucet	
  

–  Easily	
  accessible	
  
–  Physical,	
  sensory,	
  force	
  of	
  fluid	
  
–  One	
  dimension,	
  aligned	
  with	
  gravity	
  so	
  

intui-on	
  is	
  simpler	
  
–  This	
  image	
  clearly	
  shows	
  some	
  of	
  the	
  places	
  

where	
  the	
  student	
  experience	
  does	
  not	
  
align	
  with	
  the	
  very	
  idealized	
  trash	
  can	
  lid	
  
example!	
  

–  Do	
  not	
  do	
  analysis	
  here	
  –	
  point	
  out	
  
complica-ons	
  with	
  analysis!	
  

What	
  are	
  the	
  problems	
  with	
  the	
  deflec,on	
  example?	
  

Think	
  about	
  water	
  higng	
  
your	
  hands.	
  Do	
  you	
  feel	
  
the	
  force	
  of	
  the	
  fluid?	
  



Flixborough	
  Reactor	
  Train	
  

Bypass	
  
Reactor	
  5	
  

Unstamped	
  design	
  did	
  
not	
  consider	
  forces	
  due	
  
to	
  momentum	
  



Flixborough	
  Fire	
  and	
  Explosion	
  -­‐	
  1974	
  

•  The	
  resul-ng	
  blast	
  waves	
  and	
  
fires	
  leveled	
  the	
  en-re	
  plant.	
  

•  Twenty-­‐eight	
  people	
  were	
  
killed,	
  including	
  all	
  18	
  in	
  the	
  
control	
  room.	
  Thirty-­‐six	
  
people	
  were	
  hospitalized.	
  

•  The	
  explosion	
  demolished	
  
1,800	
  houses	
  and	
  160	
  shops	
  
and	
  factories	
  in	
  surrounding	
  
villages.	
  

•  The	
  fires	
  burned	
  for	
  10	
  days.	
  



What	
  went	
  wrong?*	
  

*Kletz,	
  Trevor,	
  Learning	
  from	
  Accidents,	
  2001,	
  Buderworth.	
  

Both	
  the	
  forces	
  needed	
  to	
  change	
  the	
  fluid	
  direc-on	
  and	
  the	
  pressure	
  forces	
  induce	
  a	
  
clock-­‐wise	
  moment	
  on	
  the	
  joint.	
  There	
  was	
  a	
  sudden	
  increase	
  in	
  pressure	
  which	
  made	
  
this	
  worse,	
  and	
  actually	
  tore	
  the	
  joint	
  away	
  from	
  the	
  bellows.	
  	
  

Ini-al	
  
vector	
  

Deflected	
  
vector	
  

Deflec-on	
  
force	
  is	
  
velocity*
mass	
  flow	
  



What	
  is	
  right	
  about	
  this	
  example?	
  

•  Contained	
  flow!	
  	
  
– Assump-on	
  of	
  uniform	
  flow	
  matches	
  observa-on.	
  

•  Viscous	
  forces	
  are	
  negligible	
  
– With	
  high	
  flow	
  rate	
  (ρQA)V	
  is	
  very	
  large	
  

•  Context	
  matches	
  student	
  learning	
  goal	
  
– Chemical	
  engineer	
  and	
  PEng	
  vs.	
  Firefighter!	
  

•  Vector	
  formula-on	
  is	
  clearly	
  necessary!	
  



Reinforcing	
  the	
  Concepts	
  

•  Addi-onal	
  examples	
  show	
  different	
  combina-ons	
  
of	
  forces	
  and	
  deflec-ons	
  

•  Assignment	
  problem	
  combines	
  several	
  ideas	
  and	
  
requires	
  defini-on	
  of	
  coordinates	
  and	
  control	
  
volumes	
  

•  Final	
  exam	
  ques-on	
  is	
  another	
  new	
  context	
  with	
  
the	
  assump-ons	
  clearly	
  stated	
  
–  Requires	
  vector	
  applica-on	
  and	
  calcula-on	
  of	
  force	
  
–  Students	
  must	
  either	
  evaluate	
  validity	
  of	
  assump-ons	
  
in	
  this	
  new	
  context	
  or	
  set	
  the	
  control	
  volume	
  



Begin	
  with	
  the	
  End	
  in	
  Mind:	
  Lesson	
  Plan*	
  
1.  Provide	
  a	
  tac-le	
  example	
  of	
  fluid	
  momentum.	
  
2.  Provide	
  compelling	
  industrial	
  example	
  of	
  fluid	
  forces	
  (#1	
  

Flixborough).	
  Decompose	
  into	
  linear	
  momentum	
  components	
  at	
  a	
  
conceptual	
  level.	
  

3.  Present	
  the	
  momentum	
  equa-on	
  in	
  its	
  general	
  integral	
  form.	
  
Decompose	
  into	
  3	
  simplified	
  components.	
  	
  

4.  Apply	
  to	
  a	
  problem	
  (#2	
  Pipe	
  Elbow).	
  In	
  this	
  example,	
  discuss	
  
simplifying	
  assump-ons,	
  why	
  they	
  are	
  problema-c	
  on	
  first	
  glance,	
  
why	
  they	
  are	
  OK	
  in	
  prac-ce,	
  and	
  where	
  they	
  may	
  fail.	
  

5.  Apply	
  to	
  a	
  third	
  example	
  (#3	
  Go-­‐Devil)	
  in	
  seminar.	
  Seminar	
  comes	
  
aver	
  the	
  lectures	
  and	
  at	
  least	
  3	
  days	
  before	
  the	
  assignment	
  is	
  due.	
  
Reinforce	
  all	
  key	
  concepts	
  in	
  1	
  through	
  4	
  in	
  solu-on.	
  

6.  Apply	
  to	
  modified	
  example	
  on	
  assignment	
  (#4	
  Snow	
  Making	
  Wand),	
  
with	
  support	
  of	
  example	
  in	
  text	
  (#5)	
  and	
  last	
  years’	
  assignments	
  (#6).	
  

7.  Examine	
  at	
  the	
  same	
  cogni-ve	
  level	
  on	
  exam	
  (#7	
  Sand	
  Blaster	
  
problem	
  with	
  short	
  answer	
  ques-ons	
  on	
  the	
  necessary	
  assump-ons	
  
and	
  their	
  plausibility	
  in	
  the	
  new	
  case).	
  

*See	
  vp://vp.colorado.edu/cuboulder/courses/chen3200/Lectures/Balan3200_4.pdf	
  for	
  another	
  set	
  of	
  5	
  examples	
  



Some	
  more	
  examples...	
  

Incorpora-ng	
  Engineering	
  Design	
  into	
  
Core	
  Courses	
  



Example	
  2:	
  The	
  Failed	
  Copper	
  Pipe	
  

	
  Problem	
  statement:	
  	
  
Size	
  a	
  pump	
  for	
  an	
  8	
  story	
  apartment	
  building	
  
with	
  2	
  inch	
  ID	
  copper	
  pipe.	
  

•  Pressure	
  drop	
  and	
  piping	
  calcula-ons	
  correct.	
  	
  Pump	
  will	
  
give	
  great	
  showers	
  to	
  the	
  penthouse	
  dwellers.	
  

•  Data	
  incomplete.	
  
•  TA’s	
  father	
  was	
  a	
  plumber.	
  Proper-es	
  of	
  copper	
  pipe	
  not	
  

suitable	
  for	
  the	
  applica-on.	
  	
  Pipe	
  fails	
  at	
  the	
  first	
  floor	
  of	
  
the	
  apartment	
  building.	
  

•  Professional	
  responsibility	
  to	
  close	
  this	
  loop	
  with	
  the	
  
class.	
  	
  Use	
  it	
  as	
  an	
  opportunity	
  for	
  discussion	
  and	
  
development	
  of	
  cri-cal	
  thinking.	
  

•  Moral	
  of	
  the	
  story:	
  The	
  real	
  world	
  is	
  complicated!	
  Talk	
  to	
  
your	
  students.	
  	
  Learn	
  from	
  them.	
  



Example	
  3:	
  Cri-cal	
  Pipe	
  Diameter	
  	
  

	
  Ques-onable	
  Example:	
  There	
  is	
  an	
  op,mum	
  pipe	
  
diameter	
  that	
  exactly	
  matches	
  the	
  balance	
  
between	
  material	
  cost	
  (small	
  pipe	
  is	
  bejer)	
  and	
  
pumping	
  cost	
  (bigger	
  pipe	
  is	
  bejer)	
  

•  Math	
  is	
  delighwully	
  complex	
  and	
  itera-ve	
  and	
  the	
  
physical	
  principles	
  are	
  solid	
  

•  The	
  problem	
  misses	
  the	
  main	
  point	
  in	
  design,	
  which	
  is	
  
material	
  selec-on	
  and	
  corrosion	
  allowance	
  for	
  the	
  
required	
  pressure	
  and	
  fluids	
  

•  Worse	
  yet:	
  real	
  pipes	
  only	
  come	
  in	
  fixed	
  standard	
  sizes!	
  



Example	
  4:	
  Plas-c	
  Inserts	
  in	
  Aging	
  Piping	
  

	
  Beder	
  example:	
  Use	
  a	
  plas,c	
  insert	
  to	
  rehabilitate	
  
aging	
  carbon	
  steel	
  gas	
  lines.	
  	
  Drop	
  in	
  fric,on	
  due	
  to	
  
pipe	
  roughness	
  compensates	
  for	
  increase	
  fric,on	
  due	
  
to	
  the	
  drop	
  in	
  pipe	
  diameter	
  and	
  increased	
  velocity.	
  

•  Correct	
  physics	
  and	
  assump-ons	
  
•  Representa-ve	
  of	
  the	
  real	
  world	
  
•  Student	
  brought	
  sample	
  matching	
  calcula-ons.	
  
•  Victory!	
  



Example	
  5:	
  Horizontal	
  vs	
  Ver-cal	
  
Sizing	
  of	
  a	
  flash	
  drum	
  to	
  allow	
  separa-on	
  of	
  droplets	
  by	
  

gravity	
  (not	
  completely	
  resolved!):	
  
•  Both	
  drums	
  work.	
  	
  Sizing	
  methods	
  are	
  quite	
  different.	
  	
  

Students	
  found	
  it	
  very	
  difficult	
  to	
  decide	
  which	
  one	
  to	
  pick	
  
•  The	
  difficulty	
  in	
  this	
  problem	
  was	
  to	
  find	
  the	
  key	
  dis-nguishing	
  

feature	
  for	
  ini-al	
  vessel	
  selec-on	
  
•  Answer:	
  depends	
  on	
  whether	
  the	
  liquid	
  or	
  the	
  gas	
  flow	
  rate	
  is	
  

bigger.	
  	
  Horizontal	
  is	
  cheaper	
  and	
  is	
  preferred	
  if	
  possible.	
  	
  
Ver-cal	
  will	
  handle	
  large	
  gas	
  flow	
  rates	
  beder.	
  



Moral	
  of	
  the	
  Story	
  

•  This	
  is	
  not	
  so	
  easy!!!	
  
•  Outstanding	
  examples	
  that	
  clearly	
  illustrate	
  
the	
  physical	
  principles	
  can	
  (and	
  should	
  be)	
  
–  refined	
  and	
  reused	
  
– shared	
  with	
  colleagues	
  and	
  refined	
  again	
  
– published	
  and	
  credited	
  like	
  any	
  other	
  scholarly	
  or	
  
intellectual	
  work!*	
  

*Our	
  colleagues	
  in	
  business	
  call	
  examples	
  “case	
  studies,”	
  provide	
  an	
  extensive	
  teaching	
  resource	
  
guide	
  with	
  the	
  context,	
  and	
  collect	
  licensing	
  fees	
  per	
  student	
  for	
  their	
  use.	
  



Mechanics	
  and	
  Time	
  



Gexng	
  it	
  done	
  in	
  one	
  class…	
  
•  Only	
  20%	
  of	
  student	
  notes	
  match	
  the	
  professor’s	
  original	
  

notes.	
  I	
  recommend	
  pos-ng	
  the	
  original	
  version	
  on	
  a	
  
website.	
  

•  I	
  use	
  30%	
  of	
  lecture	
  -me	
  on	
  examples.	
  

•  To	
  teach	
  basic	
  skills,	
  do	
  a	
  simple	
  example	
  step	
  by	
  step	
  on	
  
the	
  board.	
  	
  Repe--on	
  is	
  a	
  good	
  thing.	
  Commentary	
  is	
  a	
  
great	
  thing.	
  Be	
  sure	
  to	
  write	
  it	
  down.	
  

•  Stop	
  to	
  reflect	
  on	
  difficult	
  assump-ons	
  and	
  concepts,	
  
data	
  sources,	
  verify	
  units,	
  sign	
  and	
  magnitude	
  of	
  results	
  

•  Noise	
  is	
  an	
  indica-on	
  that	
  learning	
  is	
  happening,	
  or	
  that	
  
it	
  is	
  -me	
  to	
  check	
  in	
  for	
  possible	
  confusion.	
  



Directly	
  Engaging	
  Students	
  in	
  Solu-ons	
  

•  Start	
  slow	
  and	
  build	
  up;	
  set	
  them	
  up	
  to	
  win	
  
•  Select	
  key	
  steps	
  in	
  the	
  solu-on	
  for	
  them	
  to	
  do:	
  

– problem	
  defini-on	
  
– ambiguous	
  step	
  
– dis-nc-ons	
  between	
  two	
  defini-ons	
  

•  Think-­‐Pair-­‐Share	
  
– do	
  it,	
  compare	
  your	
  answer	
  with	
  a	
  neighbor,	
  share	
  
ques-ons	
  and/or	
  difficul-es	
  and/or	
  ideas	
  with	
  the	
  
class	
  



TAPPS	
  (Thinking	
  Aloud	
  Paired	
  Problem	
  Solving)	
  

•  Ideal	
  for	
  long	
  problems,	
  or	
  complex	
  discussion.	
  

•  One	
  example:	
  
– Work	
  out	
  the	
  solu-on	
  to	
  a	
  long	
  example	
  problem.	
  

–  Hand	
  out	
  copies	
  to	
  the	
  students,	
  who	
  work	
  in	
  pairs.	
  (also	
  
works	
  for	
  text,	
  essay,	
  or	
  other	
  analysis)	
  

–  For	
  the	
  first	
  5	
  minutes,	
  student	
  A	
  explains	
  the	
  solu-on,	
  while	
  
student	
  B	
  can	
  only	
  ask	
  ques-ons.	
  

–  Pause	
  for	
  group	
  discussion	
  and	
  clarifica-on	
  
–  Students	
  trade	
  roles.	
  

•  Allows	
  coverage	
  of	
  a	
  2	
  hour	
  example	
  in	
  a	
  50	
  minute	
  class,	
  with	
  
the	
  students	
  cri-quing	
  my	
  solu-on	
  in	
  the	
  process!	
  



Conclusion	
  
Examples	
  provide	
  a	
  powerful	
  way	
  to	
  implement	
  
and	
  model	
  higher	
  level	
  thinking	
  skills	
  and	
  learning	
  
objec,ves.	
  

	
   	
   	
  ⇔	
  
Learning	
  objec,ves	
  and	
  cogni,ve	
  levels	
  provide	
  a	
  
powerful	
  structure	
  for	
  the	
  design	
  of	
  great	
  
examples.	
  



...one	
  last	
  thing..Affec-ve	
  Domain	
  

•  The	
  affec-ve	
  domain	
  can	
  enrich	
  
or	
  inhibit	
  student	
  learning	
  

•  It	
  forms	
  a	
  large	
  part	
  of	
  effec-ve	
  
communica-on,	
  stake	
  holder	
  
engagement,	
  building	
  a	
  safety	
  
culture,	
  and	
  the	
  ability	
  to	
  
embrace	
  change	
  and	
  diversity	
  

•  Outside	
  the	
  scope	
  of	
  today’s	
  talk	
  
–	
  expect	
  more	
  here	
  as	
  we	
  see	
  
implementa-on	
  of	
  learner	
  
outcomes	
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