
Surviving statistics 101
mean (x): Sx where x  are x , x , x ....xn       n 1 2 3 nn

2 2 2sum of squares (SS): S(x -x)    or  Sx -(Sx )n n n

n-1
2variance (s ): SS

2standard deviation (s):  SS    or   sn-1

n nstandard error of the mean (SEM):   s

confidence interval (CI): x ± [(t )(SEM)]0.05, n-1

}}
}

}

}
square each observationthen sum

difference of every observationfrom the mean, then square, and finally sum for all observations

Table A.2. (two tailed) where 0.05 is a  (x axis) and n-1 is the degrees of freedom (df, y axis)

sum the observationsthen square

n

Example of statistical analyses handout

(n if population; n-1 if sample)

2sor



 t =      x  - xdata 1 2
2s 1n1

2s 2n2
+

where, for example, x  is the mean for group 1, 12s is the variance for group1,1 and n  is the sample size for group 1 1

H : mean = mean : there is no significant difference between the groupso 1 2H : mean Ä mean : there is a significant difference between the groupsA 1   2

H : mean - mean =0: there is no significant difference between the groupso 1 2H : mean -mean Ä 0: there is a significant difference between the groupsA 1  2 

H : mean = mean : there is no significant difference between the groupso 1 2H : mean Ä mean : there is a significant difference between the groupsA 1   2
T   >   T : accept Htable data oT   <   T : reject Htable data o

T   >   T : accept Htable data oT   <   T : reject Htable data o

T   >   T : accept Htable data oT   <   T : reject Htable data o

T : t  table 0.05, n-1

T : t  -2table 0.05, nt

T : t  table 0.05, n-1

}

}
}

Table A.2. (two tailed) where 0.05 is a  (x axis) and n-1 is the degrees of freedom (df, y axis) from the group with smallest sample size

Table A.2. (two tailed) where 0.05 is a  (x axis) and n -2 is the total sample size (n +n )-2 (y axis) t 1 2

Table A.2. (two tailed) where 0.05 is a  (x axis) and n-1 is the degrees of freedom (df, y axis) for the total number of pairs-1.

T test for independent samples

Paired T test for dependent samples (e.g., before vs. after)

a more powerful T test when assuming equal variances

 t  =                    x  - xdata 1 2

 t  =  X (x -x )data a b           SEM(x -x )a b

SS +SS1 2df +df1 2
SS +SS1 2df +df1 2

where, for example, x  is the mean for group 1, SS is the sum of squares 1 1 for group 1, df  is the degrees of freedom for group 1 (n-1), and n  is the1 1 sample size for group 1 

where x (x -x ) is the mean value for the difference of group a (beginning) from group b (end) (every pair of valuesa bis subtracted and then the mean difference is obtained for all pairs), and  SEM (x -x ) is the standard error of the mean a b 1 for the difference of group a (beginning) from group b (end).

n1 n2
+



one way ANOVA (analysis of variance)
H : mean = mean = mean = mean  :no significant difference between groupso 1 2 3 nH : mean Ä mean Ä mean Ä mean : at least one group is a significant differentA 1  2  3  n

GroupAA1A2A3....An

GroupBB1B2B3....Bn

GroupCC1C2C3....Cn

nA
xA

SxA

2(Sx )A

2SxA

nB
xB

SxB

2(Sx )B

2SxB

nC
xC

SxC

2(Sx )C

2SxC

2(Sx )A      nA

2(Sx )B      nB

2(Sx )C       nC

mean for each group
sample size for each group

sum of x for each group
2 sum of x for each group

sum of x then squaredfor each group 
sum of x then squaredand then divided by the sample size for each group 

H : mean (from your study) = mean from the population (the population parameters must be known)oH : mean (from your study) Ä  mean from the population (the population parameters must be known)A  

T   >   T : accept Htable data oT   <   T : reject Htable data o
T : t  table 0.05, n-1}

Table A.2. (two tailed) where 0.05 is a  (x axis) and n-1 is the degrees of freedom (your sample size -1).

Single sample T test to test your result vs. that of a population
 t  =  X - mdata           SEMx

where x is the mean value for your study, m is the mean value for the population, and  SEM is thex standard error of the mean four your study



to calculate
1) n = (n +n +n )t A B C
2) x  = (Sx +Sx +Sx )t A B C

2 2 2 23) x = (Sx + Sx + Sx )t A B C
2  2  4) (x ) = [(Sx )+ (Sx )+(Sx )]     t A B C

2(Sx )A      nA

2(Sx )B      nB

2(Sx )C       nC

2(Sx )n      nn
S + +=[ ]2(Sx )A      nA

2(Sx )B      nB

2(Sx )C       nC

2(Sx )n      nn
S + +=[ ]

2 (x )t     nt

5) 
6) 

2 (x )t   nt 2 (x )t   nt

27) SS  = x  -   total t 

9) SS  = SS - SSerror total treatment

2(Sx )n      nn
S8) SS  = treatment

one way ANOVA (analysis of variance)

10) df  = number of groups -1treatment
11) df  = N  -1total t12) df  = df  - df   error total treatment 

ANOVA tableSource ofvariation Sum of Squares Mean squares (MS) Fdata

Treatment(between groups)
Error (within groups)

Total

SStreatment SStreatment MStreatment

SSerror
SSerror

MSerror

SStotal

dftreatment dftreatment

dftotal

dferror dferror

F : Ftable df , df  errortreatment 

Table A.6. the table is already at a=0.05 and thedf  (x axis)  and df  (y axis)treatments error

}

F   >   F : accept Htable data oF   <   F : reject Htable data o



Tukey’s Multiple Comparisons test

Linear Regression (least squares regression)

you need the MS  from the ANOVA for the multiple group comparisonerror

Critical Value (CV): q       MSerror2(n • n )A Bn + nA B
( ( where MS  is obtained from the ANOVA table, n  is theerror Asample size for group A, n  is the sample size for group B, andBq is the studentized range value obtained form Table A.7.

How to compare groups A, B, and C:
A vs. B: if (x  - x ) > CV then they are significantly differentA BA vs. C: if (x  - x ) > CV then they are significantly differentA CB vs. C: if (x  - x ) > CV then they are significantly differentB C

qgroups,df  error

Table A.7. the table is already at a=0.05 and data are needed fromthe ANOVA table: groups represents the total number of treatments (x axis)  and df  (y axis)error

Table A.7. the table is already at a=0.05 and data are needed fromthe ANOVA table: groups represents the total number of treatments (x axis)  and df  (y axis)error

}}

X Y
X1X2..Xn

Y1Y2..Yn

linear equation = a + bx

Sxy - SxSy             n
2 2Sx   - (Sx)             n 

slope (b) =

intercept = y - bx 

where a is intercept at the  y axisand b is the slope or rate of changeper unit of x axis



Regression ANOVA
to calculate
2) Sx 

8) Sxy 
9) SxSy 

3) Sy
24) Sx  
25) Sy  

2 210) SS = Sy - (Sy)total                              n  

26) (Sx)  
27) (Sy)  

11) SS  = b   Sxy - SxSy regression                                        n  

1) n = number of x-y pairs

(                   )
12) SS  = SS  - SSerror total regresssion

ANOVA tableSource ofvariation Sum of Squares Mean squares (MS) Fdata

Regression
Error
Total

SSregression SSregression MSregression
SSerror SSerror

MSerror

SStotal

dfregression dfregression

dftotal

dferror

dferror

F   >   F : accept Htable data oF   <   F : reject Htable data o

13) df  = 1regression

14) df  = n -1total
15) df  = df  - df   error total regression 

F : Ftable df , df  errorregression 

Table A.6. the table is already at a=0.05 and thedf  (x axis)  and df  (y axis)regression error

}

H : b=0: no significant difference from a slope of zeroo  H : bÄ0: significantly different from a slope of zeroA   



Calculating confidence interval of the slope   

Calculating confidence for a predicted y value 

2Calculating coefficient of determination (r ) 

S  =      MSb error2 2           Sx  - (Sx)                        n   

2S  =      MS  1         (x -x)y error  i2 2                        n     Sx  - (Sx)                                            n   

b: b ± [(t )(S )]b0.05, n-2

y ± [(t )(S )]y0.05, n-2

}

}

Table A.2. (two tailed) where 0.05 is a  (x axis) and n-2 is the degrees of freedom (df, y axis)

Table A.2. (two tailed) where 0.05 is a  (x axis) and n-2 is the degrees of freedom (df, y axis)

y = a + bxi
where a is intercept at the  y axisand b is the slope or rate of changeper unit of x axis

[                           ]+

First, calculate the predicted y value at the x value of interest (x )iNext, use x  to obtain Si y

2r  = SSregression        SStotal

this value explains how much of the variability in y is explained by x0 = no dependence of y on x; 1 = perfect dependence of y on x
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