STAT 8230 — Applied Nonlinear Regression
Homework 3 – Due Thursday, Oct. 6
Homework Guidelines:
• Homework is due by 4:30 on the due date speciﬁed above. You may turn it in at
the beginning of class or place it in my mailbox in the Statistics Building. No
late homeworks will be accepted without permission granted prior to
the due date.
• Use only standard (8.5 × 11 inch) paper and use only one side of each sheet.
• Homework should show enough detail so that the reader can clearly understand
the procedures of the solutions.
• Problems should appear in the order that they were assigned.
Assignment:
From the book by Bates & Watts, do the following problems: 3.4, 3.5. These
problems are appended to this assignment sheet. When they ask that you plot the data
on semi-log paper, instead plot the log response variable versus x.
In addition, do the following problems:
1. The plot below shows the apparent density (also known as bulk density) versus
moisture content for a sample of 30 onions. These data can be found on the
course website in the ﬁle onions2.dat. For now, ignore the variables “source” and
“variety” in this dataset.
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These data were analyzed by researchers who used the following function as the
deterministic component of a nonlinear regression model relating apparent density

(y) to moisture content (x):

1+x
,
ρ−1
a + βx/ρw

where ρa and β are unknown parameters, identiﬁed by the researchers as the
dry solid apparent density and the volume shrinkage coeﬃcient, respectively. In
addition, ρw is the enclosed water density, which is a constant known to be equal
to 1000.

a. Add an appropriate random component to this model and ﬁt this model
with ordinary least squares. Summarize the resulting ﬁtted model and plot
the ﬁtted curve on a scatterplot of the data. Compute 95% conﬁdence
intervals for each regression parameter. Does the model seem to ﬁt these
data adequately? Why or why not?

b. To ﬁt your model you will need starting values. Interpret the regression
parameters in your model and describe a method for obtaining starting
values for each one. Create a self starting function in R to implement
your method automatically for models like the one you chose to use for
these data. Make sure that your self starting function returns analytic
derivatives as well as starting values.

c. Suppose that the investigators were concerned that the enclosed water density may not have been exactly 1000 and they wanted to estimate this parameter instead of treating it as a known constant. However, when they
tried to do this they ran into diﬃculty ﬁtting the model. They suspected
that the problem was poor starting values or not having enough data. What
do you think the trouble is that they encountered, and what should they
do about it?

2. The data below come from an experiment in which turf grass was grown in acidic
soil with diﬀering amounts of calcium added to the soil. The calcium was added
for the purpose of reducing soil acidity and improving plant growth. The response
variable measured was the root mass of grass grown over a ﬁxed period of time.
These data are also contained in the ﬁle grass.dat on the course web site.
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a. Fit the Gompertz model
yi = θ1 exp{− exp[−(x − θ3 )/θ2 ]} + ei

(∗)

to these data, where e1 , . . . , en are mean zero, constant variance errors.
Summarize the ﬁtted model and comment on the adequacy of the assumption of additive, homoscedastic errors.
b. With reference both to the context of this particular data set and the
general mathematical properties of this model, provide interpretations for
the parameters θ1 , θ2 , θ3 in model (*).
c. The scientist who collected these data was interested in determining how
much calcium was necessary to fully neutralize soil acidity and achieve
“optimal” growth. In an asymptotic model for these data, mean growth
would increase asymptotically with calcium and maximal growth would
never be achieved with a ﬁnite vlaue of calcium. So, trying to identify
the calcium level that achieves maximal growth according to model (*) is
clearly not an appropriate way to try to answer the question of scientiﬁc
interest. Instead, one way to answer the scientiﬁc question is to identify
the calcium level that a given high percentage of maximal growth (80%
of maximal growth say). Model (*) can be reparameterized to facilitate
identiﬁcation of this “eﬀective dose” value of calcium. In particular, model
(*) can be reparameterized so that the ED80 (eﬀective dose at which 80%
of the maximal response is achieved) can be directly estimated. Find such a
reparameterization and ﬁt the resulting model to the grass data set. Report
an estimate and 95% conﬁdence interval for the ED80 for this data set.
Hint: consider a transformation of the form (θ1 , θ2 , θ3 )T → (ϕ1 , c(ϕ2 −
ϕ3 ), ϕ3 )T for some appropriately chosen constant c.

3. For 31 black cherry trees the following measurements were obtained:
V = Volume of usable wood (cubic feet)
H = Height of tree (feet)
D = Diameter at breast height (inches)
These data are contained in the ﬁle cherrytree.dat. Before analyzing these data,
transform D from inches to feet by the replacement D ← D/12. We consider a
model for volume based on the formula for the volume of a cone: V = πHD2 /12.
Of course, cherry trees aren’t exactly shaped like cones, so we consider a model of
the form
i = 1, . . . , 31.
Vi = θ1 Hiθ2 Diθ3 + ei ,
a. Fit this model using both homoscedastic errors and heteroscedastic errors.
Which assumption appears to be more appropriate here? (You may want
to make use of the AIC and BIC information criteria here).
b. Describe both a theoretical approach and an empirical approach to obtaining starting values in this problem.
c. Summarize and interpret the ﬁtted model that you feel is most appropriate
for these data.
π
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d. Test the null hypothesis H0 : θ1 = 12
versus H1 : θ1 ̸= 12
at signiﬁcance
level α = .05. State and interpret your conclusions from this test.

