Kg\( Stat 511 Exam |l
April 7, 2004 ) Prof. Vardeman

1. Consider a 3x3 factorial analysis with factors A and B under an ordinary (fixed effects) linear model.
The effects model under the R baseline restriction has parameter vector for mean responses
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6}"5 a) Write out all 9 cell means in terms of the entries of y in the table below. Let rows correspond to levels of
A (1 to 3 top to bottom) and columns correspond to levels of B (1 to 3 left to right).
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b) Give below a matrix C so that the testable hypothesis H, :Cy =0 is the hypothesis H, : 8, =0 Vj. (As
always, B, =p - i .) /l\AS 1S M /J( //( 3 {. €.
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¢) Give below a matrix C so that the testable hypothesis 'Ho :Cy =0 is the hypothesis that considering only

' .
‘]’L levels 2 and 3 of A and levels 2 and 3 of B (the lower right 4 cells in the table) “there are no interactions
(considering only these 4 cells an interaction plot of means would have the “parallelism” property).
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7?’(5 d) Suppose that all cell sample sizes are 1 and write Y' = (3, Y13, Y13, Ya1» V31> Viz» Yazs Yias V33 ) - The
hypothesis in ¢) is that EY is in some subspace of R’ of dimension 8. Write below a 9x 8 matrix X, so

that C'(X,) is this subspace. (Hint: Note that this hypothesis says nothing at all about 5 of the 9 mean
responses, and be careful to pay attention to the order of the entries of Y listed above.)
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2. A data set of Kaplan, et al. (1972) on the metabolism of sulfisoxazole can be found on page 273 of Bates
and Watts. This substance was administered intravenously to a su Jesct and blood samples were taken over
time. Concentration of sulfisoxazole, y (in ug/ml), in the plasmayfieasured. Bates and Watts suggest an

analysis of the data based on a model for concentration as a function of time, # (in minutes from injection),
yi =6 exp(—@zt,)+93 eXp("Hzttf)'*'gr )
Attached to this exam is an R printout that you should use to answer the following questions.

ﬁ a) There are actually two different non-linear regression models represented on the R printout. The first is
model (*) and the second is the less complex model y, =6, exp(—f)zt, ) +¢,. What quantitative support does

the printout provide for the use of model (*) rather than the simpler second model?
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7 b) In fitting model (*), what one gets as parameter estimates depends upon one’s starting values for
(01,92,493,494) . In fact, it is possible to produce exactly the same predicted values and SSE as shown on the

printout for a different set of parameter estimates (é,*éz 6.6, ) How is this already obvious from (*)?
ey T voles ploged by (6,8,) sl (65,8.) n
A (*) foe ’ . T > 2 5 2)
VAL f:’w\? LL Ml (9,,92_,93, A

mni mizes (Y- Y) ’ (Y- ?) , So 4 [%a wi |
A A, A A A A n A
(e)k) gi*rﬁgt; 54"‘) = ( é3/9‘l‘ J Q 92 )

by




Henceforth base your responses on model (*).

@'\; ¢) Based on model (*), an initial concentration is &, +6,. Give approximate 95% confidence limits for this
value. (You don t need to do arithmetic, but YOU MUST PLUG IN NUMBERS.)

Use (B+%8,)T ¢, (A exv e 5+2,)
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' ’g d) Itis potentially of interest to know the value of
% : t ; = the time at which concentration is .5(6, + 6, )

t s is some function of (6),6,,6,,6,), say 7(6,,6,,6,,6,). Itis possible to show (don’t try to do so) that here
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Give approx1mate 95% conﬁdence limits for ¢#,. (Again, don’t do arithmetic, BU DO/I\’LUS}\ IN
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3. Consider a scenario in which 12 samples of a large lot of material are sent 3 aplece to 4 different lab’ for-
hardness testing. At the labs, each specimen is tested twice. For
Y, = the hardness measured on the kth test of the jth specimen at the ith lab
where i=1,2,3,4andj=1,2,3 and k =1,2, suppose that
y(/k = /ui + ¢1/ + 8(/‘/( (**)
for constants 14,44, 5,44, , the @, 1id N(0,0';) independent of the iid N(O,az) random variables ¢, .
@fi}a) For the y, written in dictionary order in Y, what are X,B,Z, and u so the model can be written in .
standard mixed linear mode! form? 4 &,,
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The second R printout attached to this exam gives an analysis for 24 hypothetical hardness values under
model (**). Use it to answer the following questions. ' -

6';§ b) Under the mixed linear model used in this problem, measurements made on the same specimen are
)/ correlated. What is an estimate of that correlation?
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@ ¢) Give approximate 95% confidence limits for both o, and o.

For o,

For o:

- |
|
.72, |.e2
(.72, ) | (./z).ze)
|
|
|

5 (\3 d) Give a sensible point (single number) prediction and standard error for the sarréEle meap of two hardness |
y tests made on a 13" specimen sent to Lab 1 for hardness testing. ( PL v& TN, 51
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@S’E e) R reports “8 degree of freedom” standard errors for its estimates of each of 4, 1,, 14, and 4, . Those

estimates are 3, ,¥, ,¥, , andy, . Consider the values ¥, and say why “8” makes sense and how you think
the standard error@ould be computed from these sample means using simple computations.
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