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SLR	  Diagnos)cs	  Summary	  
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Is	  the	  rela)onship	  
between	  x	  and	  y	  linear?	   Try	  a	  transforma)on	  

NO	  

YES	  

Does	  the	  residual	  plot	  
show	  any	  viola)ons?	  

Compute	  correla)on	  	  
and	  least	  squares	  line	  

YES	  

Does	  there	  appear	  to	  be	  a	  
trend	  in	  the	  residuals	  over	  

)me?	  

Proceed	  with	  
mul)ple	  regression	  or	  	  
)me	  series	  analysis	  

NO	  

YES	  

Is	  it	  plausible	  that	  the	  
residuals	  are	  normally	  

distributed?	  

NO	  

Is	  the	  sample	  
size	  large?	  

NO	   NO	  
Are	  there	  any	  outliers?	  

YES	  

YES	  

Proceed	  with	  inference	  
(CIs,	  PIs,	  and	  HTs)	  

Can	  you	  
explain	  them?	  

NO	  

YES	  

Remove	  them	  
(if	  appropriate)	  

YES	  

Are	  they	  
influen)al?	  

NO	  

NO	  

Fit	  coefficients	  
with	  and	  without;	  	  
do	  not	  perform	  

inference	  

YES	  

START	  
Keep	  them	  	  



Mul)ple	  Linear	  Regression	  (MLR) 
•  SLR:	  models	  the	  rela)onship	  between	  a	  response	  
variable	  (y)	  with	  a	  single	  predictor	  (x)	  

•  When	  the	  response	  variable	  (y)	  actually	  depends	  on	  
several	  factors	  (x1,	  x2,…,	  xp)	  we	  can	  use	  a	  mul$ple	  linear	  
regression	  model	  

•  Many	  of	  the	  ideas	  and	  general	  concepts	  we	  learned	  for	  
SLR	  are	  also	  applicable	  for	  MLR	  
–  Sums	  of	  squares	  
–  Assump)ons	  1	  through	  4	  on	  the	  errors	  
–  Interpreta)on	  of	  coefficients	  
–  Diagnos)cs,	  etc…	  
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Basic	  MLR	  Model 
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•  Dependent	  con)nuous	  variable	  y	  
•  p	  independent	  con)nuous	  variables	  x1,	  x2,…,	  xp	  
•  n	  observa)ons:	  ordered	  pairs	  (yi,	  x1i,	  x2i,…,	  xpi)	  

	  
•  Predicted	  yi	  for	  a	  set	  of	  x1i,	  x2i,…,	  xpi:	  

yi = β0 +β1x1i +β2x2i +...+βpxpi +εi

ŷi = β̂0 + β̂1x1i +...+ β̂pxpi



Varia)ons	  on	  the	  MLR	  Model	  

•  Polynomial	  regression	  model	  
–  Dependent	  con)nuous	  variable	  y	  	  
–  p	  degrees	  of	  one	  independent	  variable	  x	  
–  n	  observa)ons:	  ordered	  pairs	  (yi,	  xi)	  	  

•  Quadra)c	  model	  of	  two	  independent	  variables	  
–  Dependent	  con)nuous	  variable	  y	  	  
–  2	  degrees	  of	  two	  independent	  variables	  x1	  and	  x2	  
–  n	  observa)ons:	  ordered	  pairs	  (yi,	  x1i,	  x2i)	  	  
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yi = β0 +β1xi +β2x
2
i +...+βpx

p
i +εi

yi = β0 +β1x1i +β2x2i +β3x1i x2i +β4x
2
1i +β5x

2
2i +εi

Interac)on	  



Least	  Squares	  Coefficients	  
•  Minimize	  the	  sum	  of	  squared	  residuals	  (SSE)	  to	  obtain	  
coefficient	  point	  es)mates	  
–  Analogous	  to	  SLR,	  involves	  taking	  p+1	  par)al	  deriva)ves,	  se_ng	  

them	  equal	  to	  zero,	  and	  solving	  a	  system	  of	  p+1	  equa)ons…	  
–  OR	  a	  much	  more	  elegant	  expression	  using	  linear	  algebra…	  
–  But	  we’ll	  rely	  on	  R	  to	  calculate	  the	  values	  for	  us	  

•  SSE	  is	  s)ll	  the	  sum	  of	  squared	  differences	  between	  
observed	  y	  and	  predicted	  ŷ	  –	  no	  longer	  can	  visualize	  in	  2D	  
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β̂0, β̂1,..., β̂p

ei = yi − ŷi = yi − β̂0 − β̂1x1i −...− β̂pxpi

SSE = ei
2

i=1

n

∑



Next 

•  More	  on	  Mul)ple	  Linear	  Regression	  
–  Interpre)ng	  Coefficients	  
– Obtaining	  Es)mates	  
– Performing	  Inference	  
– Diagnos)cs	  
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