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FINAL EXAMINATION 2023/2024

Duration: Two Hours.

Bate: 04.04.2024 Time: 9.30 a.m- 11.30 a.m

Answer FOUR questions only.

Instructions:
o This question paper consists of 06 questions. Answer only four questions.
« Statistical Tables are attached at the end of the question paper. When reading values,
you may use the closest degrees of freedom given in the table.
¢ Where appropriate, method of least squares will be used to fit the regression model.

o Non-programmable calculators are permitted.

1. A manufacturer claims that addition of a certain chemical improves the durability of a wood
polish. Following summary statistics were computed from durability (y) measured to the nearest
. month on 28 polished wood samples, after adding known amounts (x) of the said chemical,
prior to polishing. The amount of chemical used for the experiment had varied from 0 (no

chemical added) to 20 grams per litre of polish.
3 x=276,Y y=35457 x* =3796,3 y* = 5169.25, > xy =4178.4
The experimenter wants to fit a simple linear regression model for the durability, using the

amount of chemical added as the predictor variable.

i) Clearly state the assumptions needed to fit the model, using the method of least squares.
ii) Compute least squares estimates for the slope and intercept parameters.

iii) Write down the equation of the fitted model.

iv) Based on the fitted model, estimate the durability, if 5 grams of the said chemical was
added per litre.

v) Estimate the improvement in durability associated with 4 grams of increase of the
chemical, per litre.




2.

1) Briefly describe two advantages of examining scatter plots of variables, in regression
model building.
ii} A plot of observed reaction times (in minutes), y, of a chemical process in 42 samples,

after adding known amounts (mg) of a catalyst, x, to each sample is given below.
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State whether you agree or disagree with each of the following statements, based on the

above plot. In each case, give reasons for your answer.

a) Pearson comrelation coefficient is appropriate to assess the strength of the association
between the reaction time and the amount of catalyst added.

b) The relationship between reaction time and the amount of catalyst cannot be modelled
using a simple linear regression model.

¢) If a simple linear regression model is fitted using the amount of catalyst as the predictor
variable, observations with identical reaction times will have identical fitted values.

d) The plot indicates violation of the constant variance assumption.

In a study to assess the effect of protein on the weight gain of rats, a researcher measured
the weight gain (mg) of 34 rats, three months after giving a diet with known amounts (mg)
of protein, daily. The protein contents in the daily diets were in the range from 0 mg to Smg.
The model y =f +fBx+€ was fitted to the data using the method of least squares with
weight gain as the response variable and the protein content in the diet as the predictor
variable. The following table gives some parts of the output from the model fit.
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TParameter Estimate Standard error ]

Bo 2.43 0.28

B 0.26 0.10

Residual sum of squares = 30.57

i) Clearly explain what the value 0.10 in the table represents in relation to this study.

ii) Construct a 95% confidence interval for the slope parameter.

iif) Using the results in part (i) or otherwise, test the validity of each of the following
claims.

a) Protein in the diet has no significant effect on the weight gain of rats.

b) A change of 2 mg of protein content in the diet is associated with a change of
0.5 mg of weight gain in three months.

iv) Estimate the random error in the weight gain of rats.

4. i) State whether fitting a simple linear regression model, using the method of least squares is

appropriate to meet the stated objectives. In each case, give reasons for your answer.

a) A researcher wants to estimate the expected time a parachute would take to reach the
ground when released from a known height, far from the ground. Data are available on
the location and time, at each of 40 different locations immediately after releasc of the

parachute. .

b) A researcher wants to predict the number of seeds that will germinate from a packet of
50 grams. Data were available on the number of seeds that germinated from each of 40
packets of similar sceds with weights in the range of 10 grams to 100 grams, but none
of those packets was of 50 grams. Available data showed that a regression function of
the form n = w?/3 is appropriate, where n denote the expected number of seeds that
will germinate from a packet of weight equal to w.
ii} The following figure illustrates a plot of residuals against the predictor variable obtained
from fitting the model y = fg + B1x T € using the method of least squares, to the data




collected on the yield () of a tomato species with the amount of fertilizer added () as the
predictor variable.
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State whether each of the following statements is true or false according to the above plot,
In each case, give reasons for your answer.

a) The plot is adequate to conclude that there are no extreme values in the data set.

b) A plot of residuals against the fitted values will have a similar pattern as in the given
plot.

¢) The plot shows violation of the constant variance assumption.

d) Since there are similar number of positive and negative residuals, the random errors
will have a normal distribution.

e) A plot of fitted values against the predictor variable will have a pattern similar to the
given plot.

5. A researcher fitted the regression fimction By + B, to the data collected in'a study to assess
the effect of ambient temperature (°C ), x, on the drying time (in minutes), y, of a certain paint.
Least squares estimates of the stope and intercept parameters from this model fit, based on 44
observations were -0.65 and 45.62 respectively. The coefficient of determination R? and the
mean squared error were 0.71 and 7.56 respectively.

i) Clearly explain, what one can conclude from the value of RZ2, in relation to this study.
i} Calculate the Pearson correlation coefficient and clearly explain what one can conclude
from the value you computed
iii) Estimate the random error in the drying times of this paint,
a) Based on the fitted model
b) Assuming that the researcher had not recorded data on the ambient temperature

iv) Estimate the standard error of the least squares estimator for the slope parameter
4




6. The following descriptive statistics were computed from the lengths (cm)of the stem and the

longest petal length of 32 lotus flowers.

*Description Sample mean Standard deviation
Length of petal () 3.63 0.71
Length of stem (x) 11.5 233

Pearson correlation coefficient between the length of stem and length of petal = 0.69.

Part of the Analysis of variance (ANOVA) table obtained by fitting a simple linear regression

model for y using x as the predictor variable is given below.

Source of Sum of squares Degrees of ]
variation freedom
Regression (a) (d)
Residual (b) (e)

Total © ®

i) Compute the missing values indicated by (a), (b), (c), (d), (¢) and (£} in the ANOVA table.
i) Using a 5% significance level, fest whether the predictor variable significantly contributes to

predict the variation in the response variable. Clearly state your findings.

*uwxkk Copyrights reserved, ¥¥+7x




Table A2: Student's t - Distribution

|

P |50 20 10 5 pl i 0.2 0.1
Degrees of
freedom N
1 100 i3.08 1631 (127 1318 |63.7 |318 637
2 0.82 1189 292 (430 696 1992 (223 316
3 076 1164 235 |[3.18 (454 584 (102 129
4 074 {153 1213 |[2.78 (375 |[460 (717 [8.61
5 0.73 148 (202 (257 (336 [4.03 |589 ;6.87

6 072 144 (194 (245 1314 (371 |321 (596
7 071 (142 189 236 (3.00 350 (479 ;541
8 071 ;140 (186 (231 (290 (336 450 |504
9 070 138 {1.83 |2.26 |[2.82 (325 !430 478

10 070 [137 |181 |223 1276 1347 |414 (459
2 070 (136 |1.78 |2.18 1268 [3.05 [3.93 |432
15 060 134 |175 |213 1260 (295 |3.73 |4.07
20 069 132 |172 |209 253 |285 [355 !385
24 068 132 |171 |206 249 |280 |347 !375
30 068 131 1170 |204 246 |275 |3.39 |365
40 068 1130 |1.68 |202 1242 |270 |331 |35
) 068 130 |1.67 [200 1239 (266 |3.23 1346
o 0.67 [128 |1.64 1196 233 [258 |3.09 |329
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“These tables give the values of F for which z given percentage of the
F-distribution is greater than F.

The F-distribution anises when two independent estirpates of a vanance
are divided one by the other. Each of these estimates has its degrees
of freedom associated with it, thus te specify which particular
Fodistribution is o be considered, the degrees of freedom of both the
numerator a,, and the denominuier n_, must be given.
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1 3 K R 10 12

1 18.8 193 194 194 1B4 104
3 18.1 204 889 B85S 579 BM
4 .71 . 616 603  GO& 396 591
5 fel 579 S4l sly 505 45 488 482 404 4.08
6 s50  S14 476 453 433 42 42) 415 406 400 384
T SS9 474 435 412 390 3aT 136 A3 264 157 34l
8 ‘a1 446 40T 384 69 1sE 0 350 3 135 A% i
1 S12 4326 386 163 345 117 3@ 32 a4 307 2.40
10 195 &L 371 34 333 322 34 307 298 291 294
12 475 389 349 326 L1130 1yl 2ES 275 269 2.51
15 454 36 120 16 190 279 271 244 2 248 229
20 235 349 300 281 LTI 260 251 245 233 228 208
14 4oe 34 301 298 162 151 a4z 136 228 i3 1.9%
30 £ 3327 292 269 253 142 233 227 L6 249 1.89
0 | 408 323 284 261 145 234 22 218 2UR 200 L7
60 ¢ 4.00 ils .76 2.53 237 225 3.47 130 1.99 1.92 1L




