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d) Find approximate 95% prediction limits for the next grip force ; based on the nonlinear
_’2& model (**). (There is enough information on the printout to allW you to apply a bit of calculus
and some simple matrix calculations to get this. When you have reduced your answer to a
completely numerical expressmn you may stop without doing arithmetic.)
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7 ﬁ e) The graph on the printout is a contour plot for the error sum of squares. Based on this plot, how
plausible is the hypothesis H,:a = 650 and # =—-.007 ? Make some quantitative statement if you

can. (It’s possible, for example to geta rough idea of a p-value from the plot.) \
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% f) A model is linear in its (mean) parameters exactly when the error sum of squares is quadratlc in
those parameters (and timse produces exactly elliptical level contours). In light of this fact, what
does the substantial agreement between answers to parts a) and b) and the appearance of the contour
plot indicate about model (**) and the inferences based on it?
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2. Consider the small mixed model
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for G =o? J andR = o? L.
‘_IE a) What is the variance-covz;riance matrix forY in this model?
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b) REML estimation of variance components in this model is maximum llke_hhood estimation of
— variance components based on B Y for an appropriate B. Give one suchB
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The second printout attached to this exam enables a mixed effects analysis for the observation

vector Y =(.7,.6,2.1,2.3,.1,1.5) .

]gi c) The numerical maximization of the restricted likelihood produces & =.1118. There is another
route to producmg essentially this value. Show an elementary calculation that produces this value.
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d) Give 95% exact confidence limits for o . (Show some work. Plug in numerical values, but you
T don'tneed to do arithmetic)
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g f e) What are 95% approximate confidence limits foro, ?
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,7 f) Observations y, and y, are from "group 1." How do you suggest predicting another

(unobserved) value from this group? (Give a numerical value and say what it is in terms used in
lecture.) Would you use the same numerical value for predicting if instead of the mixed model

we used a fixed effects model with 4 unknown group means and oI for a variance-covariance
matrix? (If not, what value would you use?)
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3. In the study of the precision of a measuring device, each of a =2 widgets (call widgets levels of

Factor A) was measured m = 2 times by each of b = 5 different technicians (call "technicians" levels

of Factor B). The resulting data can be thought of as having 2 x 5 (complete, balanced, replicated)

factorial structure. With ' '
Y, = measurement k by technician j on widget i

model as
y,.j,(=y+a,.+ﬁj+a,3,j+€yk '
where y is the only fixed effect, all the random effects are independent, thea, ~ N ( 0,0';) , the
B, ~N (O,O'f, ) ,the aff, ~ N (O,oiﬂ), and the &, ~ N (0,0'2 ) Standard 2-way factorial ANOVA
calculations were done and produced the following ANOVA table.

Source df MS EMS

A 1 20.0 | o* +202, +100,,

B 4 100 | 67 +207, +407 ‘
AB 4 6.0 | o +202,

Error 10 201 &2

’Jﬁ‘ a) A quantity of serious interest in this context is 0'3, + ofﬂ (which is called a measure of
measurement "reproducibility"). Find a sénsible- pomt estimate of this quantity.
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7E'fs b) Make approximate 90% confidence limits for O'ﬂ + craﬂ. (As usual, you should plug in numbers,
but you don't need to do arithmetic.)
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