Problem set 7

2. You design two new kinds of light bulb (LED light and Compact Fluorescent) and then conduct an experiment that assesses the growth of plants subjected to these light regimes.  Some plants received natural sun light (control), some receive LED light, and some receive fluorescent light. You measure plant height (cm) after 6 weeks growth.

Plants were randomly assigned to treatments (light regimes).

Is light treatment a fixed or random effect?

Carry out an analysis to determine which, if any, kinds of light alter plant growth.

(Answer by hand and using SAS)

Sun
LED
Flour

12
9
7

15
8
5                             Ho: μsun =  μled = μflour
14
10
4 

13
11
6                             Ha: one or more means differ

16
8
5                              α = 0.05

           12
7

 

6

	mean
	14
	9.666667
	5.714286

	var
	2.5
	2.666667
	1.238095

	sum
	70
	58
	40

	sum sq
	990
	574
	236

	n
	5
	6
	7

	
	
	
	

	grand sum
	168
	
	

	grand sumsq
	1800
	 
	 

	N
	18
	
	


TotalSS = 1800 - (168)2/18  = 232

GroupSS = 702/5 + 582/6 +402/7 - (168)2/18 = 201.2381

ErrorSS = 1800 - (702/5 + 582/6 +402/7) = 30.7619

check that TotalSS = Group SS + ErrorSS

Anova table

Source           DF             SS               MS                  Fcalc           Fcrit 0.05,2,15

Total             17             232            

Group             2         201.2381       100.619          49.06               3.68 

Error            15           30.7619        2.051

Reject Ho. since Fcalc >> Fcrit. One or more of the light sources alters mean plant growth 

Now continue on using an aposteriori test to determine which means differ.

Use Tukey-Kramer q statistic.

So we need to compute the standard error SE for each pair of comparisons of means using equation

SE = square root (Mserror (1/n1 + 1/n2))

qcalc = (mean1 - mean2)/SE

Means           Difference    SE           qcalc       qcrit 3,15    Decision 

compared      in means

Sun Led         4.33            0.867       5.17          2.60              Reject Ho

Sun Flour      8.29             0.839       9.88          2.60              Reject Ho

Led Flour      3.95            0.797       4.96           2.60              Reject Ho

So here our result is very simple. 

All the means differ from each other with Sun having the greatest plant growth followed by Led lights followed by Fluorescent lights.

Data quest6;

input light $ growth;

datalines;

sun 12

sun 15

sun 14

sun 13

sun 16

led 9

led 8

led 10

led 11

led 8

led 12

flu 7

flu 5  

flu 4 

flu 6  

flu 5  

flu 7

flu 6

;

proc sort;

  by light;

PROC ANOVA;

  CLASS light;

  MODEL growth = light;

    MEANS light / HOVTEST TUKEY;

RUN;

SAS results

	Levene's Test for Homogeneity of growth Variance
ANOVA of Squared Deviations from Group Means

	Source
	DF
	Sum of Squares
	Mean Square
	F Value
	Pr > F

	light
	2
	4.9411
	2.4705
	0.94
	0.4137

	Error
	15
	39.5670
	2.6378
	
	


Test for homogeneity of variances . Don't reject Ho., so proceed to ANOVA

	Source
	DF
	Sum of Squares
	Mean Square
	F Value
	Pr > F

	Model
	2
	201.2380952
	100.6190476
	49.06
	<.0001

	Error
	15
	30.7619048
	2.0507937
	
	

	Corrected Total
	17
	232.0000000
	
	
	


	R-Square
	Coeff Var
	Root MSE
	growth Mean

	0.867406
	15.34349
	1.432059
	9.333333


Reject Ho so proceed to Tukey

	Comparisons significant at the 0.05 level are indicated by ***.

	light
Comparison
	Difference
Between
Means
	Simultaneous 95% Confidence
Limits
	

	sun - led
	4.3333
	2.0809
	6.5857
	***

	sun - flu
	8.2857
	6.1077
	10.4638
	***

	led - sun
	-4.3333
	-6.5857
	-2.0809
	***

	led - flu
	3.9524
	1.8829
	6.0218
	***

	flu - sun
	-8.2857
	-10.4638
	-6.1077
	***

	flu - led
	-3.9524
	-6.0218
	-1.8829
	***


3. You study the intensity of sound produced by male toads raised at two temperatures (15 C vs 25 C) to determine if ambient temperature influences the intensity of their vocalizations (measured in decibels).  You are aware that the size of a toad influences the magnitude of their sound, so you begin by pairing toads by size, where one member of each pair is raised at 15C and the other at 25C. Sound levels are below. Note that outliers lead to a violation of the assumptions of normality of the distribution of differences.

Pair
15C
25C       Diffs    Sign

1
55
54         1            +

2
50
101      -51          -

3
53
56         -3           -

4
58
59        -1            -

5
62
104      -42          -

6
68
69        -1            -

7
70
74         -4           -

8
80
83          -3          -

Here we'd be inclined to do a paired t-test, but as hinted at in the question, there are some very large outlying observations/differences (-51, -42) which violate the assumption of normality of the differences. Therefore, we simply determine the sign of each difference and do a Sign test, which is really a binomial test. In this case the test will be two tailed and we'll be determining the probability of obtaining a result as extreme or more extreme than just one + sign, under Ho : sound level at 15C is same as sound level at 25C

                                            Ha: sound levels differ.

so converting this to a sign or binomial test, we'd rewrite as 

Ho: p=0.5 ie proportion of louder toads is 0.5

Ha: p doesn't equal 0.5

α = 0.05

n = 8

p=0.5

Equation for binomial distn is below

Pr(X) =      n!/{X!(n-X)!}   pX (1-p)n-X
We need to determine Pr(X=1) + Pr(X=0), and multiply by 2 since it is a 2-tailed test

Pr(x = 1) = 0.03125

Pr(x = 0) = 0.0039

P-value = 0.07.  Therefore we do not reject Ho. We have no reason to believe loudness of vocalization differs at different temperatures

4. In a "quick and dirty" experiment for a project in your course in Irrelevant Studies 1001, you wish to determine whether there are differences in the length of peoples arms as a function of whether they are active in sports or not.

You obtain a random sample of students from the York campus, and so as not to bias your results, you first just line them all up and rank them from smallest to largest arm length (you had no time or equipment to actually measure their arms). 

You then ask them whether or not they participate in sports.

Here are the data. (S means they do sports, N means no sports).

(answer by hand and using SAS)

Rank      1  2   3   4   5   6    7    8   9  10   11   12   13   14   15   16

Sports   N  S   S  N   S   S   N   S   N  S     S     N    S     S     N    N

Determine whether sporty people differ in arm length from the non-sporty.

Here we have ranked data and two groups. So we'll do a Mann-Whitney U test to test 

Ho: arm length sports people = arm length non-sport

Ha: arms lengths differ.

two tailed test, α = 0.05

Begin by putting ranked data back into groups:

Sport                      Nosport

2                               1

3                               4

5                               7

6                               9

8                             12

10                           15

11                           16

13

14

72 = R1    sum    R2 =64

n1=9                   n2=7

U1=n1n2+n1(n1+1)/2 - R1 = 36

U2=n1n2+n2(n2+1)/2-R2 =27

check to ensure U1 + U2 = n1n2

So we choose the larger as our Ucalc statistic, so Ucalc = 36.

Look up Ucrit,7,9 = 51. 

Since Ucalc < Ucrit, we do not reject Ho. We have no reason to believe sporty vs nonsporty people have different arm lengths.

SAS

DATA SILLY;

INPUT TREAT $  ACTIVITY;

CARDS;

SPORT 2   
SPORT 3   
SPORT 5   
SPORT 6   
SPORT 8   
SPORT 10 
SPORT 11 
SPORT 13
SPORT 14

NOSPORT    1

NOSPORT    4

NOSPORT    7

NOSPORT    9

NOSPORT  12
NOSPORT  15
NOSPORT  16
;
PROC SORT;

  BY TREAT;

PROC NPAR1WAY;

      CLASS TREAT;

   RUN;

Note that SAS uses a different test statistic . It uses the Kruskal-Wallis test.
Involving  a chisquare.

	Wilcoxon Scores (Rank Sums) for Variable armrank
Classified by Variable activity

	Activity
	N
	Sum of
Scores
	Expected
Under H0
	Std Dev
Under H0
	Mean
Score

	Nosport
	7
	64.0
	59.50
	9.447222
	9.142857

	Sport
	9
	72.0
	76.50
	9.447222
	8.000000


	Kruskal-Wallis Test

	Chi-Square
	0.2269

	DF
	1

	Pr > Chi-Square
	0.6338


5.  You compare the size of pollen for plants of "the same species" sampled from two cytotypes (diploid versus tetraploid) where the tetraploid cytotype has twice the number of chromosomes as the other (diploid) and hence larger nuclei. You expect the tetraploid cytotype to have larger pollen size, because the nuclear volume and cell size generally should be larger.  

Pollen size below is measured in microns.

Diploid : 27, 28, 26, 27, 30, 25           mean = 27.2   S2 = 2.97    nd = 6

Tetraploid : 30, 25, 46, 52, 81, 55, 72 mean = 51.6   S2 = 416.3, nt = 7

Conduct the most powerful and appropriate statistical test, testing first, any assumptions of your analysis.

This should be analysed as a 2 sample t-test that is one-tailed provided we meet the assumptions. We will first test the assumption that the variances are equal (homogeneous) using an Ftest.

Assumption test.

Ho: σ2diploid = σ2tetraploid

Ha: σ2diploid not equal to σ2tetraploid

α = 0.05, 2-tailed F-test.

Fcalc = great variance/smaller variance,

So Fcalc = 416.3/2.97 = 140.3

Fcrit,6df,5df = 4.95
Therefore we reject Ho and the variances differ violating the assumption of a t-test.

Could seek a transformation that removes the problem.

I tried both Ln, and Square root transformations. Both still left the variances quite different, so we must resort to a Mann White U test.

So begin by ranking all the data.

Below I put all data together, ranked from small to large. Replaced tied ranks with the average of the ties.

	25
	1
	1.5

	25
	2
	1.5

	26
	3
	3

	27
	4
	4.5

	27
	5
	4.5

	28
	6
	6

	30
	7
	7.5

	30
	8
	7.5

	46
	9
	9

	52
	10
	10

	55
	11
	11

	72
	12
	12

	81
	13
	13


Now put ranks into groups

Diploid : 27, 28, 26, 27, 30, 25 

Diploid :  4.5, 6, 3, 4.5, 7.5, 1.5  sum ranks R1 = 27, n1 = 6

Tetraploid : 30, 25, 46, 52, 81, 55, 72

Tetraploid : 7.5, 1.5, 9, 10, 13, 11, 12 sum ranks R2 = 64,  n2 = 7

Ho: Tetraploid pollen size = diploid pollen

Ha: tetraploid pollen size > diploid pollen.

α = 0.05, 1-tailed Mann Whitney Test.

so, here we U1 since diploid is proposed to be smaller.

Ucalc = U1=n1n2+n1(n1+1)/2 - R1 = 36

Ucrit6,7 = 36

So here we reject Ho since probability of a result as or more extreme than ours is 0.05.

Hence tetraploid pollen is larger than that of diploids.

SAS if you run proc ttest first, it will test for homogeneity of variances

Data quest2;

input ploidy $ pollen;

datalines;

diploid 27

diploid 28

diploid 26

diploid 27 

diploid 30

diploid 25

tetraploid 30

tetraploid 25

tetraploid 46

tetraploid 52

tetraploid 81

tetraploid 55

tetraploid 72

; 

PROC SORT;

  BY ploidy;

PROC TTEST;

      CLASS ploidy;

   RUN;

	Equality of Variances

	Method
	Num DF
	Den DF
	F Value
	Pr > F

	Folded F
	6
	5
	140.32
	<.0001


So reject Ho. 

So now rerun with data setup as above but use:

PROC SORT;

  BY ploidy;

   PROC NPAR1WAY;

      CLASS ploidy;

   RUN;

The NPAR1WAY Procedure 

	Wilcoxon Scores (Rank Sums) for Variable pollen
Classified by Variable ploidy

	ploidy
	N
	Sum of
Scores
	Expected
Under H0
	Std Dev
Under H0
	Mean
Score

	diploid
	6
	27.0
	42.0
	6.971094
	4.500000

	tetraplo
	7
	64.0
	49.0
	6.971094
	9.142857

	Average scores were used for ties.


	Kruskal-Wallis Test

	Chi-Square
	4.6300

	DF
	1

	Pr > Chi-Square
	0.0314


Normal Approximation Z -2.0800 One-Sided Pr < Z 0.0188 Two-Sided Pr > |Z| 0.0375

6. You wish to find out what effect 3 common fertilizers have on plants and which one(s), if any, produce the tallest plants. You obtain 12 seedlings and randomly assign 3 to each of the following treatments:

No fertilizer (C); Nitrogen fertilizer (N); Phosphorus (P); Potassium (K).

After 8 months of growth, you measure plant height.

Perform the most powerful analysis to address the questions posed above:

(answer by hand and using sas). Is fertilizer type a fixed or random effect?

Table of plant heights (in inches) for plants given 

various fertilizer treatments.  Note that we should test homogeneity of variance assumption using Levene's test, using SAS.

______________________________________

     C                    N                     P                K

_______________________________________

    22                    35                   23                24

   17                    32                   18                19

   19                    28                   20                18

 _______________________________________

mean
19.33333
31.66667
20.33333
20.33333

s2
6.333333
12.33333
6.333333
10.33333

sum
58
95
61
61

sum sq
1134
3033
1253
1261

Grandsum = 275

grandsumsq= 6681

N=12

n = 3 all sample sizes equal

TotalSS = 6681 - (275)2/12  = 378.9167

GroupSS = 582/3 + 952/3 +612/3+612/3 - (275)2/12 = 308.25

ErrorSS = 6681 - (582/3 + 952/3 +612/3+612/3) = 70.66667

check that TotalSS = Group SS + ErrorSS

Ho: μc =  μn = μp = μk

Ha: one or more means differ  α = 0.05

Anova table

Source           DF             SS               MS                  Fcalc           Fcrit 0.05,3,8

Total             11            378.92            

Group             3             308.25       102.75                11.63               4.07

Error              8                70.67           8.83

Reject Ho. since Fcalc > Fcrit. One or more of the fertilizers affects plant growth.

Now carry out TukeyKramer to find out which means differ

So we need to compute the standard error SE for each pair of comparisons of means using equation. Since sample sizes are equal SE will be the same for all comparisons.

SE = square root (Mserror (1/n1 + 1/n2))

qcalc = (mean1 - mean2)/SE

SE = square root (8.83(1/3 +1/3)) =   2.43

Means           Difference    SE           qcalc       qcrit 4,8    Decision 

compared      in means

C vs N        12.3            2.43      5.08              4.53             Reject Ho

C vs P          1.0            2.43        0.41             4.53             Don't Reject Ho

C vs K         1.0            2.43       0.41              4.53             Don't Reject Ho

N vs P       11.3            2.43       4.67              4.53             Reject Ho

N vs K       11.3            2.43       4.67             4.53             Reject Ho

P vs K      3.95              2.43         0.0             4.53           Don't Reject Ho

We can now summarize the results of Tukey Kramer by writing means

in order from large to small and indicate using superscripts which ones

do not differ.

N

P

K

C

31.7b

20.3a

20.3a

19.3a

Means sharing the same superscript are not significantly different following ANOVA (F3,8 = 11.63, P < 0.01) and a Tukey Kramer test 

SAS

Data quest6;

input fertil $ size;

datalines;

c 22                                                   

c 17                                                    

c 19                                                    

n 35

n 32 

n 28 

p 23

p 18

p 20   

k 24

k 19

k 18

;

proc sort;

  by fertil;

PROC ANOVA;

  CLASS fertil;

  MODEL size = fertil;

    MEANS fertil / HOVTEST TUKEY;

RUN;

Levene's tests indicate variances are not heterogeneous so proceed to ANOVA

	Levene's Test for Homogeneity of size Variance
ANOVA of Squared Deviations from Group Means

	Source
	DF
	Sum of Squares
	Mean Square
	F Value
	Pr > F

	fertil
	3
	36.0000
	12.0000
	0.42
	0.7407

	Error
	8
	226.1
	28.2593
	
	


	Source
	DF
	Sum of Squares
	Mean Square
	F Value
	Pr > F

	Model
	3
	308.2500000
	102.7500000
	11.63
	0.0027

	Error
	8
	70.6666667
	8.8333333
	
	

	Corrected Total
	11
	378.9166667
	
	
	


	R-Square
	Coeff Var
	Root MSE
	size Mean

	0.813503
	12.96913
	2.972092
	22.91667


Reject Ho., so proceed to Tukey test

Tukey's Studentized Range (HSD) Test for size 

	Note:
	This test controls the Type I experimentwise error rate, but it generally has a higher Type II error rate than REGWQ.


	Alpha
	0.05

	Error Degrees of Freedom
	8

	Error Mean Square
	8.833333

	Critical Value of Studentized Range
	4.52877

	Minimum Significant Difference
	7.7711


	Means with the same letter
are not significantly different.

	Tukey Grouping
	Mean
	N
	fertil

	A
	31.667
	3
	n

	
	
	
	

	B
	20.333
	3
	k

	B
	
	
	

	B
	20.333
	3
	p

	B
	
	
	

	B
	19.333
	3
	c


