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What	
  you	
  need	
  to	
  know!	
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Only	
  one	
  central	
  ques+on	
  

E*2$unlikely	
  !%$&+#$1',,$+)8*&+#%!%$<!9#1$*'/$-.&.N$

O',,$>EFA$
Popula'on	
  mean	
  

Mean	
  difference	
  =	
  0	
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Cri'cal	
  Region	
  Cri'cal	
  Region	
  

Cri'cal	
  Value	
   Cri'cal	
  Value	
  

1-­‐tailed	
  or	
  2-­‐tailed	
  test?	
  
Test	
  sta+s+c?	
  Z-­‐test?	
  T-­‐test?	
  



Only	
  one	
  central	
  ques+on	
  

E*2 $'1,!0#,) 	
  !%$&+#$1',,$+)8*&+#%!%$given	
  our	
  dataN$

$Popula'on	
  
R$S$F$
T$S$UF$

EFV$µ = F$
$

Alpha	
  level?	
  

OSPFF$
@#.1$S$U"W$

Type	
  I	
  error?	
  
Type	
  II	
  error?	
  

Sta's'cs	
  
4?@$S$U$
X$S$P"U$
p$S$F"UY$
d	
  =	
  F"PU$$
$

.05	
  
NO!	
  
Maybe??	
  



Only	
  one	
  central	
  ques+on	
  

E*2 $'1,!0#,) 	
  !%$&+#$1',,$+)8*&+#%!%$given	
  our	
  dataN$

$Popula'on	
  
R$S$F$
T$S$UF$

EFV$µ = F$
$

Alpha	
  level?	
  

OS400	
  
@#.1$S$U"W$

Type	
  I	
  error?	
  
Type	
  II	
  error?	
  

Sta's'cs	
  
4?@$S$1	
  
X$S$2.4	
  
p$S$0.016	
  
d	
  =	
  F"PU$$
$

.05	
  

.016	
  chance	
  
NO!	
  



Class	
  Example:	
  
Openness	
  to	
  experience	
  

One	
  of	
  the	
  5-­‐factor	
  personality	
  dimensions	
  
•  .659#$!;.<!1.5*1$
•  .#%&+#56$%#1%!59!&)$
•  .Z#159#1#%%$&*$!11#/$7##,!1<%$
•  8/#7#/#16#$7*/$9./!#&)$
•  !1&#,,#6&'.,$6'/!*%!&)$
$
Ques+ons	
  from	
  survey:	
  
P"  [16#$H$M1-$&+#$/!<+&$2.)$&*$-*$%*;#&+!1<\$H$%560$&*$!&$
U"  H$.;$!1&/!<'#-$=)$&+#$8.Z#/1%$H$M1-$!1$./&$.1-$1.&'/#$
Y"  H$*]#1$#1D*)$8,.)!1<$2!&+$&+#*/!#%$.1-$.=%&/.6&$!-#.%$
W"  H$+.9#$,!Z,#$!1&#/#%&$!1$%8#6',.51<$*1$&+#$1.&'/#$*7$&+#$'1!9#/%#$*/$&+#$

+';.1$6*1-!5*1$



Observed	
  distribu+on	
  of	
  openness	
  
scores	
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What	
  is	
  the	
  
standard	
  error	
  of	
  
the	
  mean	
  (SEM)	
  
if	
  we	
  sample	
  30	
  
individuals?	
  



Sampling	
  distribu+on	
  of	
  mean	
  
openness	
  scores	
  

%.;8,#$O$S$YF$
;#.1$S$13.17	
  
%&"$-#9"$S$$0.58	
  
$
O';=#/$*7$
%.;8,#%$S$100	
  

sample_means[1:100]
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Sampling	
  distribu+on	
  of	
  mean	
  
openness	
  scores	
  

%.;8,#$O$S$YF$
;#.1$S$13.26	
  
%&"$-#9"$S$$0.56	
  
$
O';=#/$*7$
%.;8,#%$S$1000	
  

sample_means[1:1000]
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Sampling	
  distribu+on	
  of	
  mean	
  
openness	
  scores	
  

%.;8,#$O$S$YF$
;#.1$S$13.28	
  
%&"$-#9"$S$$0.54	
  
$
O';=#/$*7$
%.;8,#%$S$5000	
  

sample_means[1:5000]
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Sampling	
  distribu+on	
  of	
  mean	
  
openness	
  scores	
  

%.;8,#$O$S$YF$
;#.1$S$13.28	
  
%&"$-#9"$S$$0.54	
  
$
O';=#/$*7$
%.;8,#%$S$10000	
  

sample_means[1:10000]
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Now	
  we	
  can	
  
conduct	
  
inferen+al	
  tests	
  
on	
  this	
  data!	
  Yay!	
  	
  



t-­‐test	
  fun!	
  
Underlying	
  theme	
  –	
  always	
  comparing	
  one	
  to	
  another	
  	
  
	
  
•  Z-­‐test	
  

–  6*;8./#$.$%.;8,#$&*$.$8*8',.5*1$
–  8*8',.5*1$;#.1$.1-$9./!.16#$ known	
  

•  One	
  sample	
  t-­‐test	
  
–  6*;8./#$.$%.;8,#$&*$.$8*8',.5*1$
–  8*8',.5*1$9./!.16#$unknown	
  

•  Two	
  sample	
  t-­‐test	
  
–  6*;8./#$&2*$%.;8,#%$
–  8**,#-$9./!.16#$

•  Dependent	
  t-­‐test	
  
–  6*;8./#$1#%&#-$*=%#/9.5*1%$2!&+!1$.$%.;8,#$
–  K!(#/#16#$%6*/#%$



z-­‐test	
  
z$7*/$Zeus	
  
	
  
Zeus	
  swooped	
  down	
  ….	
  
`*,-$'%$&+#$8*8',.5*1$;#.1$7*/$*8#11#%%$&*$#a8#/!#16#$!%$
PU8&%$.1-$&+#$8*8',.5*1$%&.1-./-$-#9!.5*1$!%$W8&%$

$
EFV$NN$$
EPV$NN$$
.,8+.NN$$
B:6/!&NN$$

	
  

µ	
  =	
  12	
  
µ	
  	
  	
  	
  12	
  
.05	
  
1.96	
  
	
  



z-­‐test	
  

Popula'on	
  
R$S$PU$
T$S$W$

EFV$µ = PU$
$

Sample	
  
OSPF^$
@#.1$S$PY"U^$

!"#$%$&%'
SEM	
  =	
  0.38	
  
z-­‐crit	
  =	
  +/–	
  1.96	
  
z	
  =	
  3.37	
  
( 	
  =	
  0.00075	
  
)'*' 0.32	
  	
  
$

PU"bW$PP"Uc$

X ! µ
! / n



4	
  Sentence	
  summary	
  
•  d#$2#/#$!1&#/#%&#-$!1$-#&#/;!1!1<$2+#&+#/$Ie$8%)6+$

%&'-#1&%$.&$&+#$e1!9#/%!&)$*7$I*,*/.-*$.&$f*',-#/$>IeA$
-!(#/$!1$*8#11#%%$!1$#a8#/!#16#$2!&+$&+#$<,*=.,$8*8',.5*1"$

$$
•  `*$!19#%5<.&#$&+!%\$2#$6*,,#6&#-$*8#11#%%$&*$#a8#/!#16#$

;#.%'/#%$*7$PF^$Ie$8%)6+$%&'-#1&%"$
$
•  `+#$%&'-#1&%$%6*/#-$P"U^$8*!1&%$+!<+#/$>@SPY"U^A$&+.1$&+#$

<,*=.,$;#.1$*7$PU$>I*+#1g%$dSF"YUA\$.$M1-!1<$'1#a8#6&#-$
=)$6+.16#$>BSY"Yb\$pSF"FFFbA"$

$
•  d#$/#D#6&$&+#$1',,$+)8*&+#%!%$.1-$6*16,'-#$&+.&$Ie$8%)6+$

%&'-#1&%$+.9#$higher$*8#11#%%$&*$#a8#/!#16#$&+.1$&+#$
<,*=.,$8*8',.5*1$&*-.)"$



t-­‐test	
  fun!	
  
Underlying	
  theme	
  –	
  always	
  comparing	
  one	
  to	
  another	
  	
  
	
  
•  Z-­‐test	
  

–  6*;8./#$.$%.;8,#$&*$.$8*8',.5*1$
–  8*8',.5*1$;#.1$.1-$9./!.16#$ known	
  

•  One	
  sample	
  t-­‐test	
  
–  6*;8./#$.$%.;8,#$&*$.$8*8',.5*1$
–  8*8',.5*1$9./!.16#$unknown	
  

•  Two	
  sample	
  t-­‐test	
  
–  6*;8./#$&2*$%.;8,#%$
–  8**,#-$9./!.16#$

•  Dependent	
  t-­‐test	
  
–  6*;8./#$1#%&#-$*=%#/9.5*1%$2!&+!1$.$%.;8,#$
–  K!(#/#16#$%6*/#%$



One	
  sample	
  t-­‐test	
  
$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$9%$
$

	
  
Colorado	
  Daily	
  swooped	
  down	
  .	
  .	
  .	
  
`*,-$'%$&+.&$I4e$8%)6+$</.-$%&'-#1&%$+.-$.1$.9#/.<#$*8#11#%%$
&*$#a8#/!#16#$%6*/#$*7$PY8&%$
$
EFV$NN$$
EPV$NN$$
.,8+.NN$$
&:6/!&NN$$

$

$

µ	
  =	
  13	
  
µ	
  	
  	
  	
  13	
  
.05	
  
df	
  =	
  107,	
  t-­‐crit	
  =	
  +/-­‐	
  1.982	
  



one	
  sample	
  t-­‐test	
  

Popula'on	
  
R$S$13	
  
T$S$??	
  

EFV$µ = 13	
  
$

Sample	
  
OSPF^$
@#.1$S$PY"U^$
4K$S$2.99	
  !"#$%$&%'

SEM	
  =	
  0.38	
  
t-­‐crit	
  =	
  +/–	
  1.982	
  
t	
  =	
  0.96	
  
( 	
  =	
  0.34	
  
)'*' 0.09	
  	
  
$

13.75	
  12.25	
  

Xd ! µd

SDd / n



4	
  Sentence	
  summary	
  
•  d#$2#/#$!1&#/#%&#-$!1$-#&#/;!1!1<$2+#&+#/$Ie$8%)6+$

%&'-#1&%$.&$&+#$e1!9#/%!&)$*7$I*,*/.-*$.&$f*',-#/$>IeA$
-!(#/$!1$*8#11#%%$!1$#a8#/!#16#$2!&+$CSU	
  psych	
  students"$

$$
•  `*$!19#%5<.&#$&+!%\$2#$6*,,#6&#-$*8#11#%%$&*$#a8#/!#16#$

;#.%'/#%$*7$PF^$Ie$8%)6+$%&'-#1&%"$
$
•  `+#$%&'-#1&%$%6*/#-$0.28$8*!1&%$+!<+#/$>@SPY"U^A$&+.1$&+#$

CSU	
  student	
  mean	
  of	
  13$>I*+#1g%$dS0.09A\$.$M1-!1<$
#a8#6&#-$=)$6+.16#$>"(107)S0.96\$pS0.34A"$

$
•  d#$fail	
  to	
  /#D#6&$&+#$1',,$+)8*&+#%!%$.1-$6*16,'-#$&+.&$Ie$

8%)6+$%&'-#1&%$-*$1*&$+.9#$different$*8#11#%%$&*$
#a8#/!#16#$&+.1$I4e$8%)6+$%&'-#1&%"$



t-­‐test	
  fun!	
  
Underlying	
  theme	
  –	
  always	
  comparing	
  one	
  to	
  another	
  	
  
	
  
•  Z-­‐test	
  

–  6*;8./#$.$%.;8,#$&*$.$8*8',.5*1$
–  8*8',.5*1$;#.1$.1-$9./!.16#$ known	
  

•  One	
  sample	
  t-­‐test	
  
–  6*;8./#$.$%.;8,#$&*$.$8*8',.5*1$
–  8*8',.5*1$9./!.16#$unknown	
  

•  Two	
  sample	
  t-­‐test	
  
–  6*;8./#$&2*$%.;8,#%$
–  8**,#-$9./!.16#$

•  Dependent	
  t-­‐test	
  
–  6*;8./#$1#%&#-$*=%#/9.5*1%$2!&+!1$.$%.;8,#$
–  K!(#/#16#$%6*/#%$



Two	
  sample	
  t-­‐test	
  
$Reality	
  finally	
  sets	
  in	
  .	
  .	
  .	
  
$

K*$.9#/.<#$*8#11#%%$&*$#a8#/!#16#$%6*/#%$-!(#/$=#&2##1$
<#1-#/$*7$Ie$8%)6+$%&'-#1&%N$

$
EFV$NN$$
EPV$NN$$
.,8+.NN$$
&:6/!&NN$$

$

$

µ1	
  -­‐	
  µ2	
  =	
  0	
  
µ1	
  -­‐	
  µ2	
  	
  	
  	
  0	
  
.05	
  
df	
  =	
  106,	
  t-­‐crit	
  =	
  +/-­‐	
  1.982	
  	
  	
  
>.6&'.,,)$-7SPFh$-'#$&*$<**-$*,g$OQg%A	
  



Two	
  sample	
  t-­‐test	
  
NO	
  Popula'on!	
  
Sample	
  descrip'ves	
  
7#;.,#$;#.1$S$12.7	
  
;.,#$;#.1$S$14.59	
  
8**,#-$4KV$2.89	
  

EFV$µ1 - µ2 = 0	
  
$

Sample	
  
OSPF^$>bP$7#;.,#\$Yb$;.,#A$
@#.1$-!(#/#16#$S$-­‐1.89$$$
4K$S$2.89	
  

!"#$%$&%'
SEMD	
  =	
  0.587	
  
t-­‐crit	
  =	
  +/–	
  1.982	
  
t	
  =	
  -­‐3.37	
  
( 	
  =	
  0.001	
  
)'*' 0.63	
  	
  
$

1.16	
  -­‐1.16	
  

( ) ( )

( ) ( )

1 2

1 2

1 2 1 2
2

1 2 1 2

2 2

1 2

n n

X X
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X X

s

X X

s s

n n
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µ µ
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!
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=
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4	
  Sentence	
  summary	
  
•  d#$2#/#$!1&#/#%&#-$!1$-#&#/;!1!1<$2+#&+#/$Ie$8%)6+$

%&'-#1&%$.&$&+#$e1!9#/%!&)$*7$I*,*/.-*$.&$f*',-#/$>IeA$
-!(#/$!1$*8#11#%%$!1$#a8#/!#16#$according	
  to	
  gender"$

$$
•  `*$!19#%5<.&#$&+!%\$2#$6*,,#6&#-$*8#11#%%$&*$#a8#/!#16#$

;#.%'/#%$*7$PF^$Ie$8%)6+$%&'-#1&%$and	
  divided	
  our	
  
sample	
  into	
  male	
  and	
  female	
  groups"$

$
•  G#;.,#%$%6*/#-$1.89$8*!1&%$,*2#/$>@S12.7A$&+.1$males	
  

(@S14.59,	
  I*+#1g%$dS0.63A\$.$M1-!1<$1*&$#a8#6&#-$=)$
6+.16#$>"(105)S-­‐3.37\$pS0.001A"$

$
•  d#$/#D#6&$&+#$1',,$+)8*&+#%!%$.1-$6*16,'-#$&+.&$Ie$8%)6+$

females$+.9#$lower$*8#11#%%$&*$#a8#/!#16#$&+.1$males"$



Openness	
  by	
  gender	
  

F M

4
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8
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t-­‐test	
  fun!	
  
Underlying	
  theme	
  –	
  always	
  comparing	
  one	
  to	
  another	
  	
  
	
  
•  Z-­‐test	
  

–  6*;8./#$.$%.;8,#$&*$.$8*8',.5*1$
–  8*8',.5*1$;#.1$.1-$9./!.16#$ known	
  

•  One	
  sample	
  t-­‐test	
  
–  6*;8./#$.$%.;8,#$&*$.$8*8',.5*1$
–  8*8',.5*1$9./!.16#$unknown	
  

•  Two	
  sample	
  t-­‐test	
  
–  6*;8./#$&2*$%.;8,#%$
–  8**,#-$9./!.16#$

•  Dependent	
  t-­‐test	
  
–  6*;8./#$1#%&#-$*=%#/9.5*1%$2!&+!1$.$%.;8,#$
–  K!(#/#16#$%6*/#%$



Dependent	
  sample	
  t-­‐test	
  
$When	
  you	
  have	
  the	
  same	
  people!!	
  
$

Q/#$.9#/.<#$*8#11#%%$&*$#a8#/!#16#$%6*/#%$different	
  than$
.9#/.<#$1#'/*56!%;$%6*/#%N$

$
EFV$NN$$
EPV$NN$$
.,8+.NN$$
&:6/!&NN$$

$

$

µ1	
  -­‐	
  µ2	
  =	
  0	
  
µ1	
  -­‐	
  µ2	
  	
  	
  	
  0	
  
.05	
  
df	
  =	
  108,	
  t-­‐crit	
  =	
  +/-­‐	
  1.982	
  	
  	
  
>.6&'.,,)$-7SPFb$-'#$&*$<**-$*,g$OQg%A	
  



Get	
  your	
  difference	
  scores	
  



Dependent	
  sample	
  t-­‐test	
  
NO	
  Popula'on!	
  
Sample	
  descrip'ves	
  
*8#11#%%$;#.1$S$13.28	
  
1#'/*56!%;$;#.1$S$11.26	
  
SD	
  of	
  difference:	
  4.67	
  

EFV$µd = 0	
  
$

Sample	
  
OSPF^$
@#.1$-!(#/#16#$S$2.02$$$!"#$%$&%'

SEMD	
  =	
  0.45	
  
t-­‐crit	
  =	
  +/–	
  1.982	
  
t	
  =	
  4.49	
  
( 	
  =	
  1.79e-­‐5	
  
)'*' 0.43	
  	
  
$

0.89	
  -­‐0.89	
  

Xd ! µd
SDd / n



4	
  Sentence	
  summary	
  
•  d#$2#/#$!1&#/#%&#-$!1$-#&#/;!1!1<$2+#&+#/$Ie$8%)6+$

%&'-#1&%$.&$&+#$e1!9#/%!&)$*7$I*,*/.-*$.&$f*',-#/$>IeA$
-!(#/$!1$*8#11#%%$!1$#a8#/!#16#$compared	
  to	
  neuro+cism"$

$$
•  `*$!19#%5<.&#$&+!%\$2#$6*,,#6&#-$*8#11#%%$&*$#a8#/!#16#$

and	
  neuro+cism$;#.%'/#%$*7$PF^$Ie$8%)6+$%&'-#1&%"$
$
•  Openness	
  to	
  experience	
  scores$>@S13.28A$were	
  higher	
  

than	
  neuro+cism	
  scores	
  (@S11.26,	
  I*+#1g%$dS0.43A\$.$
M1-!1<$1*&$#a8#6&#-$=)$6+.16#$>"(107)S-­‐4.49\$pS1.79e-­‐5A"$

$
•  d#$/#D#6&$&+#$1',,$+)8*&+#%!%$.1-$6*16,'-#$&+.&$Ie$8%)6+$

students	
  measure	
  higher	
  on	
  openness	
  to	
  experience	
  than	
  
on	
  neuro+cism"$



Confidence	
  interval	
  
_hi$IH$j:k$8:9.,'#$

EF$ l*'/$*=%#/9#-$
;#.1$



Now	
  you’re	
  ready	
  to	
  do	
  science!	
  



Ques+ons?	
  



`+.10%$m#!&+3$


