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Lab	
  5:	
  Understanding	
  Normal	
  and	
  Random	
  Data	
  
!
!"#$%&'($)!In	
   this	
   lab,	
   you	
  will	
  use	
   some	
  additional	
  graphical	
   tools	
   to	
   summarize	
   the	
  distribution	
   for	
  a	
  
!"#$"%&'()#(#'*+),*'(",-(./'.0("**12+3$),*(%'4)#'(+'#4)#2$,5("(*3"3$*3$."&(3'*36((7#"+/*(8)1(2$5/3(,''-(
to	
  examine	
  include	
  time	
  plots	
  for	
  data	
  collected	
  over	
  tim!"#$%"&&"'()*+",)-"./!.01$2"3/!*/!-"#"$)-4#("
!"#$$"curve)	
  model	
  is	
  a	
  reasonable	
  distribution	
  for	
  a	
  quantitative	
  variable.	
  These	
  techniques	
  can	
  be	
  very	
  
!"#$!%&'(&()#&"('*(&+$&,'('&'-'%."/"&(+&0#(&'&$##%&$+*&()#&,'('1!
!

Application:!#$%&!'(!)*+!,%-%.+$!/0!)*+!1+)$/')!2'.+$(!%-&!)/!3$+3%$+!0/$!)*+!-+4)!$/5-&!/0!)*+!36%7/00(8!
*+!9/56&!6':+!)/!$5-!%!*73/)*+('(!)+()!'-;/6;'-.!)*+!,+%-!-5,<+$!/0!$5-(!*'(!36%7+$(!*%;+!(=/$+&!/;+$!
)*+!6%()!,/-)*!/0!36%7>!!#$%&!:-/9(!)*%)!/-+!%((5,3)'/-!$+?5'$+&!0/$!3+$0/$,'-.!)*'(!%-%67('(!%</5)!)*+!
,+%-!'(!)*%)!*'(!&%)%!,5()!<+!=/-('&+$+&!%!$%-&/,!(%,36+!@)*+!/<(+$;%)'/-(!=%-!<+!;'+9+&!%(!=/,'-.!
0$/,! )*+! (%,+!3%$+-)!3/356%)'/-A>!B+!=%-!+4%,'-+! )*'(!%((5,3)'/-!<7!=/66+=)'-.! )*+! -5,<+$! /0!$5-(!
(=/$+&!/;+$!)*+!6%()!,/-)*!%-&!=$+%)'-.!%!)',+!36/)>!!
	
  
Overview:	
  1%)%!/-!%!?5%-)')%)';+!;%$'%<6+!(*/56&!<+!+4%,'-+&!.$%3*'=%667>!C0!)*+!&%)%!*%(!<++-!=/66+=)+&!
/;+$!)',+8!)*+!0'$()!.$%3*!)/!+4%,'-+!'(!%!time	
  plot>!!C0!)*+!$+(56)'-.!)',+!36/)!%33+%$(!)/!<+!()%<6+8!/$!'0!
)*+!&%)%!9%(!-/)!=/66+=)+&!/;+$!)',+8!)*+-!.$%3*(!)*%)!=%-!<+!5(+&!)/!(5,,%$'D+!)*+!&'()$'<5)'/-!0/$!%!
('-.6+!?5%-)')%)';+!;%$'%<6+!/$!$+(3/-(+!%$+!%!histogram,	
  %!boxplot8!%-&!3+$*%3(!%!QQ	
  plot>!!E%=*!.$%3*!
3$/;'&+(! &'00+$+-)! '-0/$,%)'/-! %</5)! )*+! &'()$'<5)'/->! ! 2*+! /;+$%66! (*%3+! /0! )*+! &'()$'<5)'/-! %-&!
+4'()+-=+!/0!/5)6'+$(!=%-!.+-+$%667!<+!5(+&!)/!%((+((! '0!)*+!&%)%!%33+%$!)/!<+!=/,'-.!0$/,!%!$+6%)';+67!
*/,/.+-/5(! 3/356%)'/->! ! C0! (/8! )*+-! ;%$'/5(! numerical	
   summaries! ,%7! <+! 5(+&! )/! =*%$%=)+$'D+! )*+!
=+-)+$!/0!)*+!&'()$'<5)'/-!%-&!)*+!(3$+%&!/0!)*+!&'()$'<5)'/->!!!
!

Note	
  that	
  some	
  graphical	
  tools	
  are	
  introduced	
  solely	
  in	
  lab,	
  not	
  in	
  lecture,	
  	
  
so	
  it	
  will	
  benefit	
  you	
  to	
  read	
  this	
  overview	
  thoroughly	
  

!
!"#$"%&"' ()*+",' -./012 	
   !"#"$%&'(#$ )*$ '"#(*+*,$ -.*+$#&%*/$$0%12-3%*4#$+"#*5$6#-78$1+&7*65$"4,$6"2*6$
!"#$%&'()%&(*$'+()(!&,(&-)./0&'1((23&4(5)+)("'(#)+3&%&5(67&%(+".&8('$93()'(+3&(4$.:&%(6!(%$4'( '96%&5(
!"#$% &% !'#% (!')*% +,% )*#% -./#$01% .)% .0% /#'#$&22,% 3.0#% )!% #4&(.'#% )*#% 5&)&% 62!))!"# $%$&'()# )&*!+# # ,-.)(#
!"!#$%&'&#()'*!$'+),)!-'&.)' (!#$' /)!&0+)%'1/' !'&#()'%)+#)%2'1,)+!--'3!&&)+$%'!$4'%&+#5#$"'4),#!&#1$'/+1('
!"#$%&'(!!%)*$+&&,#-%&#.%)(//&'(!!%)*$&!"(!&-(0&()1$%&()%2!
!

!  !"#$%&'&($)(*"+,)-"term	
  rise	
  or	
  fall	
  called	
  a	
  trend!!"#$%"&'#()&"*+#(,'-&'.")&"*+#(,/0!
!  A	
  pattern	
  that	
  repeats	
  itself	
  at	
  regular	
  intervals	
  of	
  time	
  called	
  !"#!$%#&'(#)*#+*$%!!
!  !" #$%&'&($)(*" +,)-"term	
   increase	
   or	
   decrease	
   in	
   the	
   !"#$"%$&'	
  of	
   the	
   observations	
   called	
   a	
  

!"##$%&'(&')"%("#(*&!"!
!

!"#$%&%#'(#)*++,)&,!"#$%&"'()%*"+",%-.%/0%"12#'"0+/"3%".,%!"'#"04%05"'4%"+,,.)1'(#/"#6"+"&+/!#)",+)12%*"
!"#$%& %$$'$'& "!(& )%"$($%*$& +(!*$',($-.& & /& (0%'!1& -01+2$& *!%-)-#-& !"&independent	
   !"#$ !"#$%!&'(()*
!"#$%"&'$(!!!"#"#$#%&'()*+,-."'/)#&&01")&2*-/)&.1*&'()*+,-."'/)&3-/&(*&3'/)"$*+*$&-)&-44&3'2"/5&6+'2&.1*&
!"#$%&"'$()%&*&+,")-*(%./-)0%)0$%!"#$%*'%!"#$%!&'()distribution)	
  and	
  are	
  !"#$%$"#$"&	
  !"#!$%#!&'%()##!
!
With	
  a	
  sequence	
  plot,	
  you	
  can	
  check	
  the	
  identically	
  distribu!"# !!"#$%&'()'!'*!+,(-'"!-#.$'/0'.((12+3')(*'
evidence	
  of	
  !"#$%&%"'!!"#$%&#'()$*##+$,-!(!$.#!/#/0'')1$&2#3%&"#-)$%#$%&#4&,"#)5#$%&#)-/&16,$!)"/#,"2#$%&#
!"#$%&'#(')!*+!&+#%'!"#%,'#-./*)!&+#%.'!00/!*'&#'-/'1#%.&!%&'#)/*'&+"/'!%2'&3/*/'2#/.'%#&'!00/!*'&#'
!"#$%!"!"##$%&'!"#$%&#'&()*$!"+#,*-$.##!
!



!

!"#$%&'("&)%$&*"+,"-."&/#$)*0&1-&)2"&31(*)&/#$)&)2"&$4*"(5')1$-*&'//"'(&)$&*,//$()&)2')&)2"&,-6"(#71-8&
!"#$%&&' ()*('+%,%"*(%-' ()%'#.&%"/*(0#,&'0&'&(*.1%2' .3(' ()*('0&' ,#(' ()%'$*&%'4#"' ()%'#.&%"/*(0#,&'0,' ()%'
!"#$%&' ()$*' $n	
   the	
   right.	
   	
   In	
   this	
   case,	
   there	
   appears	
   to	
   be	
   an	
   increasing	
   trend,	
   thus	
   the	
   underlying	
  
!"#$%&&'(#%&')#*'+!!%+"'*#',%'&*+,-%.'*/%'#,&%"0+*1#)&'&/#2-(')#*',%'$#)&1(%"%('+'"+)(#3'&+3!-%4!
!

!"#$%& '()*& +"& +,-&
!"#$%!#& "''$%(")%*+,&
!"#"$ %&$ '!"$ '%("$ )*+'$
!"#$% &!"#$"%& '(& $)"&
!"#$%&' ()' &"!*' +,%'
Detroit	
   Tigers	
   scored	
  
!"#$""%& '"(#")!"*&
!"# $%!&# '()# *+,-./0#
!"#$ %&!'($ )*+,$ +,$
!"#$%&'( &)!*+,&( #-(

!"# $"%&!'()# &*+)# ,(-&.# /0!1# "-&)%# &2!&# &2)0)# *%# !# (!03)#
variation	
   in	
   the	
  number	
  of	
   runs	
  scored	
  by	
   the	
  Tigers	
  early	
   in	
  
!"#$"%&" !"#$%"&'((" )*!+*%+,-"+-"%.'+!" !$-"%,%*&" *!,$-/" 0*1'"

21.	
  The	
  underlying	
  process	
  for	
  the	
  number	
  of	
  runs	
  scored	
  does	
  not	
  appear	
  to	
  stable,	
  so	
  Brad	
  should	
  not	
  
consider	
  this	
  a	
  random	
  sample.	
  	
  !
!

!!"#$%&'(	
  !"#$%&#$'(%)$(assumption	
  of	
  a	
  normal	
  model	
  for	
  a	
  !"!#$%&'"()"*)+,-!"(-,-).'$$)/,)(,,0,0)
!"#$%&'%#($#)'%*$%+#,'%(-!"#!"*'%'",'#)%$,'&.%'/!""#"$%&'()*+,"-+."/0"
!"#$%&'%(#&%)*%+$#)%',%&-#%"-).#%',%)%$+"&/+0!&+'*1%%2'3#4#/5%&-#/#%)/#%
!"#$% &$'&()(*$% )""+&% ,"#% -.$-/('0% 1.$).$#% ).$% &.23$% (&%!"#$%! to	
   a	
  
normal	
  (b!"""curve)	
  model.	
  	
  The	
  !"#$!!"#$%$&'$%(')%*+%,-+.%$#%(&+(/%0#1%
!"#$%&'()*'+*,%&&-.*%*//*0&"(1*23',3*4&"(+*(3-*4-#,-!('&-+*567%!('&-+8*"9*
!"#$!%&!'&"%(')!*"&+#$'+,-$+(%"!.!+%#$"$/(#0"(1"$/0"(,#0'20&"&!$!3""41"
the	
   observations	
   follow	
   an	
   approximately	
   normal	
   !"#$%"&'$"()*+ $,-+
resulting	
   points	
   should	
   follow	
   roughly	
   a	
   straight	
   line	
   with	
   a	
   positive	
  
!"#$%&' ' ()*#+,' -%./0)/#+!' 1#2"-' /+-/30)%' $#!!/4"%' -%$0*)2*%!' 5*#6' 0'
!"#$%&'()*+#),-+)"!.' ' /+'+01'#)20+')*'%!'13%$4&1'"5'%'66'7&"+'*0"8)!2'
!"#"$ #%"#$ !&'($ ('')$ #&$ *&)'$ +!"#$ %$ &"&'(%)*"+$ ,*)-$ %+$
!""#$%&'!()*+,-$#'!*,.&/(#&01(&$-2,!
!

!"#$ %"&##$ '&()"*$ +#,-.$ (&#$ #/(0),#*$ 1-&$ ."23"$ ($ 4-&0(,$ 0-5#,$ 1-&$ %"#$ &#*)-4*#$ 5-#*$ 4-%$ *##0$
!"#$%&#'(")*+,"*--*.(%/*%&*/,"*0#!*("0/*1&213#/"$*/,"*"41$/"&3"*%0*/5%*3(6$/"!$*%0*%'$"!7#/1%&$)**+,!"##"
!"#$%&'%$()%*)'$)+%,(#-,%.'%)/.0!")%-()+)%$()%,(.!)%#1%$()%2&,$+&34$&#'%.!!).+,%$#%3)%,5)-)2%+&6($7%%
!"#$ %%$ &'()$ (*$ )"#$ +,-$ -./")$ 0"(10$ #2.3#*4#$ (+$ ,*$ 5*3#-'6.*/$ 3.0)-.75).(*$ )",)$ ",0$ 0"(-)#-$ ),.'0$
!"#$%&'()*")*+",')"-)%)."&#%/)(0,*&012*0".3)!



!

Note:	
   F%-7! '-0+$+-=+! 3$/=+&5$+(8! '-=65&'-.! (/,+! 7/5! 9'66! 5(+! 6%)+$! '-! )*+! (+,+()+$8! $+?5'$+! )*+!
%((5,3)'/-!/0!-/$,%667!&'()$'<5)+&!3/356%)'/-@(A>!F/()!/0!)*+(+!3$/=+&5$+(!%$+!$/<5()!9*'=*!,+%-(!9+!
9/56&! -++&! )/! (++! ()$/-.!+;'&+-=+! /0!%!&+3%$)5$+!0$/,! -/$,%6')7! )/!=/-=65&+! )*'(!%((5,3)'/-! '(! -/)!
,+)>!G/,+!,'6&!&+3%$)5$+(!0$/,!-/$,%6')7!9/56&!()'66!%66/9!5(!)/!=/-=65&+!)*+!5-&+$67'-.!,/&+6!0/$!)*+!
$+(3/-(+!'(!$+%(/-%<67!-/$,%667!&'()$'<5)+&>!!
!
!
Finally,	
   consider	
   the	
   QQ	
   plot	
   at	
   the	
   right.	
   	
   In	
   this	
   case,	
   we	
  
!"#$%& '(!" #$%" &&" '()#" *$)+*" %,-.%/0%" )1" 2/" 3/.%4(!-/5"
!"#$%"&'$"()* +,"-,* "#* .//%(0"1.$234* )(%1.3* 20-2/$* 5(%* ()2*
!"#$%&'()!*%#&)+")&,+'(!-&.%&/(#)+%#&*01%,)*$")%-2&&3()!*%#,&4'(!-&
!""#!$%&'%#&()#$%()#%*""#$%+$%,+-#$%(!&,.!
!

!
!
!
!

!
!"#$ -­‐!"#$%&'()*+, 	
  
!
!"#$%&#%'&()"*%&!"#$%&'"()*(+%#&*,*(&*('#*!#!-%#!.#(*&#)"(/,"0#1&%&2!
!
!!!!" ! !!Histogram! ! !"#$%&'()%#*+#,%-.%)/#-*.#'%-'0.01%#.*#*(.20%)'!

!

____	
  ! .!!"#$%&"#'! ! !"#$%&'()*#+,-.),/0.,%1-#2/0.#1%.#.3*,)#-3('*-4!

!

!!!!" ! !!!"#$ ! ! !"#$%&'()*#+(,-.(/0-(1)#12#&#3&-*41.(3&5#6&.(&/5*!

!

! !!!" 4!!Median! ! D.	
  Helps	
  assess	
  if	
  can	
  treat	
  data	
  as	
  a	
  random	
  sample!

!

____	
  ! !!!"#$"!" "!"#$%&'()*'+!! ! !"#$%&'()%#*+#',)%&-!

!

!!!!" ! .!!"# ! ! !"#$%&'()*#+(,-.(/0-(1)#12#&#30&)-(-&-(4*#4&.(&/5*!

!

!!!!" 7.!!"#$%&'()! ! !"#$%&'(#)((%((#*+#,-.%/&0*-1#.*(2/*3,2*4-#*(#3%&&"!"#$%&'!

! !

!!!!" 8!!!!"#$%&! ! !"#$%&'()%#*+#,%-.%)/#'%-'0.01%#.*#*(.20%)'!

!

!
! !



!

!"#$%&'()%Visualizing	
  and	
  Exploring	
  Quantitative	
  Data	
  
!

!"#$%&'#!""!"#$%&'()*+,$-'.$/011$*&)"+)$"220+0'3"1$.4)5.1$6&"784$"32$'#+"03$9'&)$2)4*&07+0:)$4+"+04+0*4$5'&$
!"#$%&%#%&'()!"#"$%&'()$*+!
!

Task	
  1:!!!!"#$%&'(""	
  
	
  
H> !"#$%%&'("&)$'$&*"'&!"#$%&!!'()*+*, !"#$%&#'(&#)"*+%$&"#( "#( ,+-."/,,'(%$(%( !"+-%#/0(%#1($2%$(%(

!"#$%&'()* %+* $!,* -.'',/$* #(0('1* 2($(* "/2"-($,2* (* #$'%/&01* #3,4,2* $%* $!,* '"&!$* 2"#$'"5.$"%/6* * 7,$8#*
!"#$%&!' #'!!" #$%&"!"#$%&'(!"# $%&'%# (!# (# )*(%+,-""comparison	
   plot)	
   to	
   see	
   that	
   it	
   supports	
   this	
  
!"! "!"#$%&'()%*+#),' '-"'.#)%*)'%'//'0&"*1'2"'*"'!"#$%&'(' )*#+,-./ -­‐!"#$%&'(")*$+", !and	
  select	
  the	
  
!"#"$%&!"#$"%&'(!
!
I$/;'&+!%! (:+)=*!%-&!+436%'-! */9! )*+! JJ!36/)! (533/$)(! )*%)! )*+!underlying	
   distribution	
   of	
   salary	
  
does	
  not	
  appear	
  to	
  be	
  normal	
  (or	
  bell"!"#$%&'!
!
!

!
!
!
!
!
K> !"#$%&#%'()#$)&(*+",#-%.*&/#00#1')2(#3),#+*33","&2#1)14'%2*)&(5##6"$%''#27%2#27"#+*(2,*842*)&#)3#(%'%,9#

!"#$%&'"#&(&)*$+,*$!,#$-)**$*.)+)/$(0,'$(0)$+0"-)$/&*(#&12(&"'3$4)(5*$(#6$%,.&'7$,$88$9-"($"!$*,-,#6$
for	
  minorities.	
  	
  To	
  do	
  this,	
  we	
  will	
  need	
  to	
  make	
  a	
  !"#$%&'&("'$')&'$*!+,$-*!'&.!($/.!*0.'."($.!$.'1$$2"$
!"#$%&'#()#*"&+*#$"#!"#"$%$&'#()*$+"#"$,*#$%$-./,*#$"'#()*$+"#"$,*#.	
  	
  The	
  subset	
  expression	
  should	
  be	
  
formatted	
  like	
  VARIABLE==“value”	
  L	
  !"#"$%&!"%'(#)(*+"%,"%(#"%-.+)&&)/0%*1%)-%!"#$%"&' !"#$%"&'"&#$("
! ll	
  observations	
  with	
  the	
  value	
  “Yes”	
  for	
  MINORITY!!!"#$%&'#()	
  !"#$%"&'(()'*+) !""#$%&"'(&")*'*"+&'"*"
new	
  name	
  and	
  click	
  OK	
  L!if	
  done	
  correctly,	
  the	
  new	
  data	
  set	
  will	
  appear	
  in	
  blue	
  text	
  at	
  the	
  top.!
!
Now,	
  make	
  a	
  QQ	
  plot	
  of	
  the	
  !"#"$%&!"#$"%&'(")(*'(+$+(!"#$%"&'()*&)*"&+"'&,-)-&.")/&&0$'&,$".&)*(.&
!"#$%"&'$"()*(+*,")(%"$"-#*.(,/0%-*$(*$1-*-)$"%-*!"#$%"&'$"()*+%(,*$1-*/%-2"('#*3'-#$"()4**5('6!*7('*
!"#$%&'()*+%$),)#"(-,.)&%$*(%/0*%"#1!

	
  
	
  
	
  
	
  
	
  
	
  
	
  
M> !"#$%& #'(& )*)+(,-*.& #/"& *0'1)+-#(& 02& 34& %50'"%& .-6"*& -*& #/"& 7)#)%"#&!"#$%&'&()!"#$"% $&'()#'*%

!"#$%&'(!$") #%$&) *!+*) ,-*$$.) ,(/01"(,) -$..1-(10) #$%) (*1) 2/%2$,1) $#) 13'&!"!"+) (*1) %1.'(!$",*!2)
!"#$""%&'(&)*+,")&-%.&/012&&3"4+,"&*,"-#5%6&-&((&78+#9&$"&*-%&6"#&-%&!"#$%&'%()#%"!*(+!,-(!&.%&'%/0%
!"#$%!& '(& !)*+,(& *-.)/0& -& 1)!2#0$-*3& & 4-.%& -& !.%2"1& #5& 21)!& 1)!2#0$-*& '%,#63& & 7#& (#8& 21)/.& 21%&
!"!#$%&'"()"*)+,)-."/0-)1'23&)*"$$"4)%)("/1%$)5'-&/'6#&'"(7!

!
!
!



!

!
N> !"#$%& %""& '(& )*+& %*%,'-').%& (+)/& #0"& ,+"1')*%& ,+)23"/& 4+"& -)++"-#5!!"#$ %!&'$ !$ (($ )*+,$ +-$ ,.'$ /($

!"#$%!&''(#)'*+,,'-%%.'"#.%'!+/+,0$'1#'*201'*%')!%.'+-'3$#4,%/'5'L!!"#$%%&'($'&)$!*$+%"&,$-".&#$,&+"&
!"#$#%&'(&)*")+",-&.,&!"#$%&'('%)#(!"!
!

!"#$%&'(%"()*+&,-.%//%0+1&%2(+1$3%%4)%#%-1"5#+%6,)&",2*&,1-%#%"(#)1-#2+(%516(+%71"%4/%!"#$%!&'(&)*%&
population	
  based	
  on	
  this	
  QQ	
  plot?!

!
!
!
!
!
!
	
  
!"#$%&'!!!"#$%&'()*+%%!
!!
! .	
  ! 2*+!&%)%!(+)!oldfaithful.Rdata!=/-)%'-(!)*+!&%)+!%-&!&5$%)'/-! /0!+$53)'/-(!@'-!,'-5)+(A!/0!)*+!O6&!

P%')*056!.+7(+$>!!2*+!&%)%!9%(!=/66+=)+&!(+;+$%6!)',+(!3+$!&%7!/;+$!KM!=/-(+=5)';+!&%7(!""#$"%&'("&"
!"#$%&'(!)%*$%*"''%+,-$%!(%./$%/(#$%0./!(#%0(1$)%,/%!+$2$%"/%3(%4%5(##,31$2%6.30!"(3%6(!"#"$%&'"
!"#$%&&'#&()*+&)&$,(+&!"#$&#-&$.+&!"#$%&'( !!"#$"%&'()#*+(,-'(!"#$%&'($)"*!"#"$%&#'$#()&$#*&$+,--,./01$
!"#$%&'("%()$%!"#$%&'("!"# !!"#"$%#"&'#&(#)&*+#,#-&..!/0%+!!"#$%!&!"#$%&$'%&$()%&*+&$'%&,%$$%-&.&/0$&
must	
  be	
  lowercase):!

	
  
 plot(oldfai thful$DURATI ON, type=ÒlÓ , main="Time Plot of variable 

by name")  
	
  
! B'.*6'.*)!)*'(!=/&+8!%-&!)*+-!=6'=:!)*+!Submit!<5))/->!!F%:+!%!(:+)=*!/0!)*'(!)',+!36/)>!
!
!
!
!
!
!
!
K>!! 1/+(!)*+!36/)!%33+%$!)/!(*/9!%-7!)$+-&(!/$!=*%-.'-.!;%$'%)'/-Q!!R/56&!7/5!=/-('&+$!')!)/!<+!()%<6+Q!
!
!
!
!
M> R/56&!')!<+!$+%(/-%<6+!)/!=/-=65&+!)*+(+!&%)%!%$+!%!$%-&/,!(%,36+!/0!+$53)'/-(Q!
!
!
!
!
N> R/56&! ')! ,%:+! (+-(+! )/! ./! /-! )/! ,%:+! %! *'()/.$%,! /0! )*+(+! &%)%Q! S! JJ! 36/)! /0! )*+(+! &%)%Q!!

1+(=$'3)';+!(5,,%$'+(Q!!R*7!/$!9*7!-/)Q !
!
!
!



!

!
!
T> U+)V(! +4%,'-+! %-/)*+$! )',+! 36/)!L! &/9-6/%&! )*+! &%)%! (+)!chemical.Rdata8! 9*'=*! =/-)%'-(! )*+!

=/-=+-)$%)'/-(! /0! %! =+$)%'-! =*+,'=%6! '-! HT! =/-(+=5)';+67! 3$/&5=+&! <%)=*+(! /0! (/65)'/->! ! W$+%)+! %!
)',+!36/)!/0!)*+! concentration!;%$'%<6+!%-&!,%:+!%!?5'=:!(:+)=*!*+$+8!5('-.!=/&+!(','6%$!)/!3$/<6+,!
H>!
!
!
!
!
!
!

X> 1/+(!)*+!36/)!%33+%$!)/!(*/9!%-7!)$+-&(!/$!=*%-.'-.!;%$'%)'/-Q!!R/56&!7/5!=/-('&+$!')!)/!<+!()%<6+Q!
!
!
!
!

Y> R/56&!')!<+!$+%(/-%<6+!)/!=/-=65&+!)*+(+!&%)%!%$+!%!$%-&/,!(%,36+!/0!+$53)'/-(Q!
!
!
!
!

Z> R/56&! ')! ,%:+! (+-(+! )/! ./! / -! )/! ,%:+! %! *'()/.$%,! /0! )*+(+! &%)%Q! S! JJ! 36/)! /0! )*+(+! &%)%Q!!
1+(=$'3)';+!(5,,%$'+(Q!!R*7!/$!9*7!-/)Q !
!

!
!

!
!""# -­‐!"#$%&'()*+&,"-.&/$0).123$04$5&67"-2&849)&:;"21	
  
	
  	
  
S!-+9!,+)*/&!/0!,+%(5$'-.!3*/(3*/$5(!6+;+6(!'-!(/'6!'(!
5-&+$! =/-('&+$%)'/->! ! S! (%,36+! /0! HH! (/'6! (3+=',+-(! '(!
%-%67D+&! 5('-.! )*+! -+9! ,+)*/&>! 2*+! )',+! (+$'+(!
@(+?5+-=+!36/)A!0/$!)*+!HH!/<(+$;%)'/-(!'(!3$+(+-)+&>!!
!
W/,,+-)!/-!)*+!/;+$%66!()%<'6')7!/0!)*+(+!&%)%!<%(+&!/-!
)*'(!36/)>!
!
!
!
R/56&!')!<+!%33$/3$'%)+!)/!./!/-!)/!,%:+!%!*'()/.$%,!/0!
)*+(+!&%)%Q!!E436%'->!

!

!

!
! !

Sequence number

1110987654321

P
H

S
L

E
V

660

640

620

600

580

560

540

520



!

Optional	
  Review	
  of	
  Time	
  Plot	
  and	
  QQ	
  Plot	
  Examples!
!

!"#$%&#'%&()#(*+,#-%#(%%+#.-#/%0,#,1./2(,3#%"#44#2(%-3#5'6*76#6,(2#.33,33#'6,-6,0#-6,#/%),(#"%0#-6,#
underlying	
  population	
  of	
  responses	
  seems	
  to	
  be	
  normal)	
  and	
  examples	
  of	
  time	
  plots	
  (which	
  help	
  assess	
  
whether	
  our	
  underlying	
  process	
  appears	
   to	
  be	
  stable	
  and!if	
  we	
  can	
  consider	
   the	
  data	
   to	
  be	
  a	
   random	
  
!"#$%&'()(*+,(-.*(*/&!&(*"!0!(.!123(!-#&(!1#.%"*1-2!(41*/(5(65(!7+1$*!'8(!
!
!"#$%&'%!"#$"#$%&#!"#$%&'()*(+!!"#$%&#%'&()%*&()+,%+"-,%.#/%*!"*$%&#%-0,%!!"#$%&'" ()" *!!"#$%"#%&'(%!")&*%
!"#$"%&'("&)*+,-./012&*)/0'&'("&!"#$%&'()*&+,*,(-+%(&,*'./*!!"#$%!!"#$%&'($)*'+,-$"-',$))'.%*/'0%'&-*'
!"#$%&$'()*!
!

! !"! !"#$%&'("&)*+#*,-&./&"%'"*$%#&'("&0+11+2$%#&3+--,%45! !!"#$%&'(	
  
!

! !"! !"#"$%&'()*&+,-.#"&+/0"&1'&"2%"*/23&,&2)-1"*&1"%4""2&5&,26&577778!
!

! !"! Select	
  if	
  you	
  want	
  a	
  QQ	
  plot	
  from	
  a	
  normal	
  or	
  non"normal	
  distribution.	
  !
!

4.	
  ! !"#$#%&%"normal	
  distribution,	
  select	
  the	
  type	
  of	
  distribution	
  you	
  would	
  like	
  to	
  see.	
  !
!

! .	
  ! Once	
  your	
  QQ	
  plots	
  and	
  the	
  corresponding	
  histograms	
  have	
  been	
  created,	
  you	
  will	
  be	
  asked!if	
  you	
  
wish	
  to	
  save	
  the	
  plot.	
  You	
  will	
  then	
  be	
  prompted	
  to	
  select	
  a	
  sample	
  size.	
  Create	
  QQ	
  plots	
  for	
  many	
  
different	
  samples.	
  !

!

6.	
  ! !"#$%&'$&#'((')*+$',-.'/01$+23,4'5+3','1,4)*#'53+4','1"#6#.'302&$'.01$3078$0+-9'!
! QQ	
  plot:! ! ! ! Histogram:!
!
!
!
!"#$%&'%!"#$"#$%e	
  Extra	
  Review	
  !"#$%&#%'&()%*&()+,%+"-,%.#/%*!"*$%&#%-0,%!"#$%&'()*%"+%,	
   link	
  in	
  the	
  list.	
  
Review	
  the	
  background	
  about	
  the	
  simulator	
  and	
  download	
  the	
  timeseries	
  !"#$%&'($)*'+,-$"-',$))'.%*/'0%'
!"#$%$&'()'*+,-!
!!

! !"! Begin	
  the	
  program	
  by	
  entering	
  the	
  following	
  command:! !"#$%$&"$%'()!
!

2!"! !"#"$%&'()*&+,-.#"&+/0"&1'&"2%"*/23&,&2)-1"*&1"%4""2&5&,26&577778!
!

3.	
  ! !"#"$%&'(&)*+&,*+#-&#'."&/0&"1/23#"&*(&/&4%/5#"&*6&+04%/5#"&%'2"&3#*%7!
!

! .	
  ! If	
  unstable	
  time	
  plots	
  are	
  selected,	
  select	
  the	
  type	
  of	
  pattern	
  you	
  want	
  to	
  see.	
  	
  !
!

! !"! !"#$%&'()%*+,$%-.'*/%012$%3$$"%#)$1*$45%&'(%6+..%3$%1/7$4%+8%&'(%61"*%*'%/12$%*0$%-.'*9%:'(%6+..%*0$"%
!"#$%&'$(")#(&#*"+",(#-#*-'$+"#*./"0#1%2#&3(#(4"#5-%.&3*#&$(.&6*#-6)#"7$+&%"#(4"#5-%.&3*#$-(("%6*#&8#
!"#$%&'(!)*%!

!

! !"! !"#$%#&$&%'(#&)*+%&,+"&$&-$()*#&+,&.///&0$%$&)+'1%-&%$2#1&,"+(&$&)"+3#--&4'%5&$1&'13"#$-'16&(#$1&
and	
  decreasing	
  variance.	
  Sketch	
  the	
  time	
  plot	
  below.	
  !

!
! !



!

	
   	
  



!

	
  


