
Week	  3,	  January	  27th 2017



Assignment	  #1
• What	  did	  you	  feel	  confident	  about?
• What	  did	  you	  not	  feel	  confident	  about?



Assignment	  #2
• The	  most	  important	  thing	  Sarah	  considers	  when	  hiring	  new	  staff
• One	  of	  the	  most	  important	  things	  Sarah	  will	  consider	  when	  reading	  your	  assignments



Assignment	  #2



Dichotomous	  Variables
• What	  are	  they?
• Which	  variables	  in	  the	  radon	  dataset	  (as	  provided)	  are	  dichotomous?
• What	  hypotheses	  do	  we	  have	  about	  the	  association	   between	  these	  variables	  and	  

radon	  concentrations?
• What	  other	  dichotomous	  variables	  would	  be	  nice	  to	  have	  in	  the	  dataset?



Missing	  Data
• What	  does	  this	  mean	  for	  us?!?
• How	  do	  we	  deal	  with	  them?
• ASIDE:	  What	  will	  Sarah	  do	  to	  you	  if	  you	  treat	  the	  word	  “data”	  as	  singular	  in	  your	  

assignments?



Box	  Plots
• Box	  plots	  are	  a	  nice	  way	  to	  visualize	  the	  relationship	  between	  a	  dichotomous	  variable	  

and	  a	  continuous	  variable
• They	  also	  help	  us	  understand	  the	  distribution	  of	  a	  variable



Box	  Plots

Median

75th percentile

25th percentile

Default	  is	  no	  
more	  than	  
1.5*IQR	  in	  R

• Box	  plots	  are	  one	  of	  the	  LEAST	  STANDARDIZED	  visualization	  tools	  available	   in	  different	  
statistical	  software	  platforms	  

• You	  must	  understand	  what	  your	  software	  is	  showing	  you,	  and	  you	  must	  provide	  that	  
information	  to	  your	  readers

• The	  devil	  is	  in	  the	  whiskers	  
GG	  plot	  is	  
weird!



Someone	  is	  Wrong	  on	  the	  Internet



Box	  Plots
• Most	  statistical	   software	  gives	  you	  control	  over	  the	  parameters	  of	  your	  boxplots
• Deducer allows	  you	  to	  do	  some	  pretty	  crazy	  stuff,	  so	  make	  sure	  you	  understand	  what	  

you’re	  doing!

Mean

Max

Min



Density	  Plots
• Useful,	  but	  doesn’t	  allow	  for	  the	  same	  visual	  comparison	  on	  medians	  and	  IQRS



Density	  Plots
• Are	  we	  likely	  to	  see	  a	  statistically	  significant	  difference	  between	  these	  means?
• What	  is	  the	  reasoning	  behind	  your	  answer?



t-‐test	  of	  Two	  Means
• Means	  are	  the	  same	  in	  all	  cases
• Which	  do	  you	  think	  are	  significantly	  different?
• What	  are	  the	  features	  we	  need	  to	  assess?



t-‐test	  of	  Two	  Means
• It	  comes	  down	  to	  the	  ratio	  of	  the	  difference	  between	  the	  groups	  and	  the	  variability	  

within	  the	  groups
• This	  is	  otherwise	  known	  as	  the	  signal:noise ratio,	  which	  is	  fundamental	  to	  the	  field	  of	  

statistics
• Why	  are	  larger	  sample	  sizes	  better	  from	  this	  perspective?



t-‐test	  of	  Two	  Means
• Test	  for	  a	  difference	  in	  the	  mean	  between	  two	  INDEPENDENT	  samples
• H0:	  the	  difference	  between	  the	  means	   is	  0
• H1:	  the	  difference	  between	  the	  means	   is	  not	  0
• Can	  be	  one-‐tailed	  (testing	  for	  a	  difference	  in	  one	  direction	  only)	  or	  two-‐tailed	  (testing	  

for	  a	  difference	  in	  either	  direction).
• One	  tail	  more	  powerful,	  but	  only	  to	  be	  used	   if	  your	  hypothesis	  is	  in	  one	  direction	  –

EXAMPLES?



The	  t	  Statistic
• The	  t	  statistic	  you	  calculate	  depends	  on	  a	  few	  different	  things

• Are	  your	  samples	  paired	  or	  independent?
• Are	  the	  sample	  sizes	  equal?
• Do	  they	  have	  approximately	  equal	  variance?	  

• For	  unpaired	  samples	  with	  different	  sizes	  and	  approximately	  equal	  variance,	  the	  t	  
statistic	   is	  calculated	  as	  follows

• Where	  s2 is	  the	  sample	  VARIANCE,	  or	  the	  standard	  deviation	  squared
• Are	  the	  variances	  approximately	  equal	  in	  our	  clay	  and	  loam	  data?



Welch’s	  t	  Statistic
• For	  unpaired	  samples	  with	  different	  sizes	  and	  UNEQUAL	  variance,	  the	  t	  statistic	   is	  

calculated	  as	  follows
• Where	  s2 is	  the	  sample	  VARIANCE,	  or	  the	  standard	  deviation	  squared
• Which	  t	  statistic	  would	  we	  use	  for	  our	  data?
• Should	  we	  test	  the	  UNTRANSFORMED	  or	  LOG-‐TRANSFORMED	  data?
• What	  is	  the	  value	  of	  our	  t-‐statistic?



The	  Student	  t	  Distribution
• The	  t	  statistic	   follows	  a	  t	  distribution
• This	  distribution	   is	  the	  standard	  normal	  distribution	  when	  the	  size	  of	  the	  sample	  

approximates	  the	  size	  of	  the	  entire	  population	  (i.e.	  v	  =	  df =	  +∞)
• When	  the	  size	  of	  the	  sample	   is	  small	  the	  distribution	   is	  much	  wider
• We	  can	  use	  a	  t-‐table	  to	  look	  up	  the	  probability	  of	  observing	  our	  t	  statistic





Simple	  Linear	  Regression
• Regression	   is	  a	  method	  we	  use	  to	  evaluate	  how	  MEAN	  VALUES	  of	  a	  DEPENDENT	  

variable	  (i.e.	  the	  Y	  VALUES	  in	  your	  regression	  equation)	  are	  associated	  with	  values	  of	  
one	  or	  more	  INDEPENDENT	  variables	  (i.e.	  the	  X	  VALUES	  in	  your	  regression	  equation)

• Linear	  regression	  assumes	   that	  the	  DEPENDENT	  variable	  is	  normally	  distributed
• In	  its	  simplest	  form	  your	  regression	  equation	   is	  Y	  =	  β0 +	  β1X



Y	  =	  β0 +	  β1X
• β0 is	  a	  COEFFICENT	   called	  the	   INTERCEPT,	  and	  it	  indicates	  the	  
mean	  of	  the	  DEPENDENT	   variable	  when	  the	  value	  of	  X	  is	  zero

• β1 is	  the	  COEFFICIENT	   for	  X,	  and	  it	  indicates	  the	  EFFECT	  of	  X	  on	  Y

• When	  X	  is	  a	  dichotomous	  variable,	  one	  of	  the	  categories	  will	  be	  
assigned	  a	  value	  of	  0	  and	  the	  other	  will	  be	  assigned	  a	  value	  of	  1

• This	  conversion	  to	  0	  and	  1	  is	  called	  a	  DUMMY	  variable	  that	  
stands	  in	  for	  the	  actual	  values

• The	  assignment	  will	  be	  ARBITRARY	  unless	  you	  specifically	  tell	  
your	  statistical	  software	  which	  category	  should	  be	  0	  

• The	  category	  that	  is	  0	  is	  called	  the	  REFERENCE	   category

• Thus,	  when	  X	  is	  a	  dichotomous	  variable,	  β0 indicates	  the	  mean	  
of	  the	  DEPEDENT	   variable	  for	  the	  REFERENCE	   category



MainRadon =	  β0 +	  β1*soil
• This	  is	  a	  report	  from	  R,	  which	  will	  be	  similar	   in	  Deducer.	  You	  will	  find	  similar	  

information	  in	  the	  report	  from	  any	  statistical	   software	  program
• Let’s	  write	  out	  this	  equation	  on	  the	  board



MainRadon =	  β0 +	  β1*soil
• What	  does	  the	  significance	  of	  the	   intercept	  mean?



MainRadon =	  β0 +	  β1*soil
• Why	  was	  CLAY	  chosen	  as	  the	  reference	  category	  by	  the	  statistical	  software	  (the	  

category	  with	  the	  DUMMY	  value	  of	  0)	  and	  not	  LOAM?

Loam	  soil	  is	  associated	  with	  a	  12.6	  Bq/m3DECREASE	  
in	  radon	  concentrations	  COMPARED	  WITH	  clay	  soil	  
ON	  AVERAGE.	  



Confidence	  Intervals
• What	  is	  the	  95%	  confidence	   interval	  around	  the	  estimate	   for	  the	  effect	  of	  SOIL	  on	  

RADON?

LCI	  =	  β1 -‐ 1.96	  *	  Standard	  Error	  of	  β1 =	  -‐12.6	  – 1.96*9.8	  =	  -‐31.9
UCI	  =	  β1 +	  1.96	  *	  Standard	  Error	  of	  β1 =	  -‐12.6	  +	  1.96*9.8	  =	  6.6

Therefore	  the	  estimate	  for	  the	  effect	  of	  SOIL	  on	  RADON	  is	  a	  
-‐12.6	  [-‐31.9,	  6.6]	  Bq/m3 change	  for	  loam	  compared	  with	  clay.	  



R2 =	  Coefficient	  of	  Determination	  
• A	  measure	  of	  how	  well	  your	  model	  fits	  your	  data
• Indicates	  the	  percent	  of	  the	  variability	  in	  your	  DEPENDENT	  variable	  that	  is	  described	  

the	  variability	  in	  your	  INDEPENDENT	  variable(s)

A	  whopping	  0.15%!!!



Fitted	  Values
• What	  radon	  concentration	  does	  the	  model	  estimate	   for	  a	  home	  built	  on	  clay	  soil?
• What	  radon	  concentration	  does	  the	  model	  estimate	   for	  a	  home	  build	  on	  loam	  soil?



log(MainRadon)	  =	  β0 +	  β1*soil
• We	  can	  do	  it	  with	  the	  UNTRANSFORMED	  data,	  but	  this	  violates	  the	  normality	  of	  

assumption	  of	  linear	  regression	  modelling	  
• We	  will	  talk	  more	  about	  the	  underlying	  assumptions	   in	  the	  coming	  weeks
• Better	  to	  use	  the	  LOG-‐TRANSFORMED	  data,	  but	  the	  math	  gets	  trickier!
• What	  does	  the	  INTERCEPT	  mean	  now?



log(MainRadon)	  =	  β0 +	  β1*soil
• How	  do	  we	  find	  the	  effect	  of	  SOIL	  on	  RADON	  concentrations	  now?

Loam	  soil	  is	  associated	  with	  a	  0.07	  log(Bq/m3)	  INCREASE	  
in	  the	  LOG	  radon	  concentrations	  COMPARED	  WITH	  clay	  
soil.	  



Log	  Scales

• How	  many	  bacteria	  at	  1	  hour?
• How	  many	  at	  2	  hours?
• Are	  there	  twice	  as	  many	  at	  2	  hours	  than	  at	  1	  hour?
• Log	  scale	  =	  multiplicative	  framework



What	  does	  this	  really	  mean?

• Geometric	  mean	  of	  radon	  for	  clay	  soil	  is	  exp(3.85447)	  =	  47.20	  Bq/m3

• Geometric	  mean	  of	  radon	  for	  loam	  soil	  is	  exp(3.85447+0.07002)	  =	  50.63	  Bq/m3

• 50.63	  /	  47.20	  =	  1.07	  
• exp(0.07002)	  =	  1.07

Loam	  soil	  is	  associated	  with	  a	  1.07-‐fold	  difference	  in	  the	  
geometric	  mean	  of	  radon	  concentrations	  COMPARED	  
WITH	  clay	  soil.	  Can	  also	  be	  stated	  as	  a	  7%	  increase.



Confidence	  Intervals
• What	  is	  the	  95%	  confidence	   interval	  around	  the	  estimate	   for	  the	  effect	  of	  SOIL	  on	  

RADON?

LCI	  =	   exp(β1 -‐ 1.96	  *	  Standard	  Error	  of	  β1)	  =	  
exp(0.07002	  – 1.96*0.07158)	  =	  0.93

UCI	  =	   exp(β1 +	  1.96	  *	  Standard	  Error	  of	  β1)	  =	  
exp(0.07002	  +	  1.96*0.07158)	  =	  1.23

Therefore	   the	  estimate	  for	  the	  effect	  of	  SOIL	  on	  the	  geometric	  mean	  of	  radon	  is	  a	  
1.07-‐fold	  difference	   [0.93,	  1.23]	  for	  loam	  compared	  with	  clay.	  This	  can	  also	  be	  
stated	  as	  a	  7%	  increase	  [-‐7%,	  23%].



Next	  Week
• Assessing	   the	  relationship	  between	  a	  categorical	  and	  continuous	  variable
• Box	  plots	  to	  visualize
• ANOVA	  to	  test	  for	  differences	  in	  the	  means
• Hypothesis	  generation
• More	  on	  DUMMY	  variables
• Simple	  linear	  regression	  PART	  II
• Standard	  reporting
• Model	  diagnostics


