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Compute SSA, SSB, SSAB, SSE, SSTR for corn yield data.”” 7ere Fridoy 3/ Mareh
Put up the ANOVA table with formulas, including E(MS).

ANOVA table \J& .« L
Source Sum of df Mean mxcmoﬁma
of Variation Squares Square Mean Square
Factor A SSA a—1 S5A o2 + nb 22
2
Factor B SSB b—1 - o’ + §Mm_
ABinteraction ~ SSAB (a—1)(b—1) =SS %4 a¥
Error SSE ab(n — 1) %%m: o’
Total SSTO nab — 1
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Question 1 for ANOVA Analysis First question we examine in the statistical
analysis is: Is there an interaction between Factor A and Factor B? That
IS, does the effect of Factor A depend on what is the level of Factor B?

Ex. Corn Yield

Cell Means \ ﬁ.%e;v waslvv
Fertilizer Individual Measures
Manure n=5 Low High of effect
Low < 13 13.9  13.9-113 =26
High 14.0 15.1 15.1 - 14.0=1.1
Individual Measures
of effect 140—-11.3 15.1 —13.9
= 2.7 =1.2
(s 3.1m¢

The individual measures of effect are not equal, for this data.
Question: Are the observed aﬁmﬁm:omﬂ_cmﬁ due to chance?

in m\,zlm m.I,,on
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Example Corn Yield it < tingle o, fhe igh wallior

Set up the data set in R: J

There are twenty observations in the file corn-yield.txt. Do the
following to make the data frame: ko He code wm  lecZeV

> yield <- Hmma.ﬁmvwmA=OOHD|<HmHQ.ﬁxﬁ=~wmmamwuﬁwdmv

> fertilizer <- rep(c("high","low"),c(10,10))

> manure <- HmwAHm@AOA=SH@S=~=Hos=V~0Am~mvv~mv

> fertilizer <- factor (fertilizer, levels=c("low","high"))
> yield.df <~ data.frame(yield=yield,

+ fertilizer=fertilizer, manure=manure)

_m<m_wu Dﬁ,,_os\;\ :?mwr\\dv

V menvra_ & %9&.8\ A3P>c<.w\
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Get the boxplots of “high” and “low” levels, for each factor separately:

~

fertilizer*manure, data=yield.df)

- l wrolr@x _\%&@ :Swih::\,
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Interaction Plot We do this two possible ways; choose one.

> 1nteraction.plot(fertilizer,manure, response=yield)
> interaction.plot (manure, fertilizer, response=yield)
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*G\E»*:\q _s&l :o+9¢osa _\spsc%f«%ﬁi,%ﬁ%ésim * \N

1&, > ml <- mo<A<H®HQ " manurexfertilizer,data=yield.df)

,¢;§w > anova (ml)
Analysis of Variance Table

Response: yield

Df Sum Sg Mean Sg F value Pr (>F)
manure 1 19.208 19.208 6.9218 0.01816 =
fertilizer 1 17.672 17.672 6.3683 0.02258 «*

manure: fertilizer 1 3.042 3.042 1.0962 0.31066
Residuals 16 44.400 (2.775=6" = Msg

Three F tests are given in the table.

Each F statistic (labelled “F value”) is a ratio of mean squares:

MS(Factor)
MS(Residuals)

NH.o_omH
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Test of interaction effect

Hy : No interaction between the two factors
Or, more specifically:

Hy : all (afB); =0

H,: notall (af); =0

The test statistic is:

MSAB

Foos = MSE.

Under Hy, the distribution of Fops IS F—1)(—1),(n—1)ab

Umo_m_o:mc_m“ ibwzwzvx f?%
We wanf o occept mﬂﬂ iﬁ won wred fert

pocsdust v sk of b0 jok Mo

v E.\% -
§& Qp%&ﬂﬁo?% \Sgieﬁi\sé& &%?@»

¢ i wm ﬁ@@ ) Tbx (n-1)ab 7 bobs
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Response: yield
Df Sum Sg Mean Sq F wvalue Pr (>F)

manure 1 19.208 19.208 6.9218 0.01816 *
fertilizer 1 17.672 17.672 _6.3683 0.02258 «
[manure:fertilizer 1 3.042  3.042 1.0962 0.31066

Residuals 16 44.400  2.775
Fobs = 3925 = 1.096; the null distribution of the F-statistic is F s,
P = 3107 . Ny

With this largea P-value we can “accept Hy” and conclude there is no
interaction effect.

In this case, we proceed to test factor main effects. If the interaction had
been significant, we would not have gone on to test factor main effects.
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The null hypothesis means there is no interaction between fertilizer and ma-
nure in their effect on corn yield. There is no difference in the effect of fertilizer
for the low and high levels of manure. There is no difference in the effect of
manure for the low and high levels of fertilizer.

Note: The P-value should be at least .20 before you accept Hy. In borderline
cases, consult a statistician. Whot "1 1054 Pe 20 €

Question: Why can’t you accept H for P = .06 say?

isﬁ\\ haven ' dedermined vv\\ﬁ,:% T error)
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