
NTHU STAT 5510               Midterm Examination         April 27, 2022 

Instructions: Attempt all questions. Short and specific answers are preferred. Given explanation when required, but 

keep it as short and simple as possible. Give only one answer to each question – if you give alternative 

answers, the worst answer will be graded. 

 

Question A. 

For each of the following experiments,   

(a) identify its treatment factor(s) and block factor(s) (or covariate),   

(b) determine the types (i.e., qualitative or quantitative) and numbers of levels of these factors,   

(c) identify the experimental units, 

(d) suggest an appropriate conceptual model,   

(e) recognize the design plan(s) (e.g., one-way layout, two-way layout, multi-way layout, completely 

randomized design, paired comparison design, randomized block design, Latin square design, BIBD, 

analysis of covariance, ...) that is suitable for the experiment. 

(1) (3 pts) A paint company wants to compare the abilities of four white house paints to 

withstand environmental conditions. Four square houses, each with one side facing 

exactly north, were available for the experiment. Each side (indicated here by directions – 

north, south, east, and west) of a house is possibly exposed to different types of weather. 

Each paint should occur at least once on each house and at least once in each direction. 

(2) (3 pts) An experiment was run to compare the times required for three different digital 

thermometers to register body temperature at two different sites --- in the mouth and 

under the arm. Four subjects were selected at random from the graduate students of a 

university and each of the six treatment combinations was measured once for each 

subject. The four subjects used in the experiment are not themselves of interest. Of more 

interest is how the thermometers react on average over a large population of subjects. 

The population of graduate students at the university is large, but not infinite. However, 

the four subjects used in the experiment are, hopefully, representative of all possible 

graduate students 

(3) (4 pts) A study is planned to investigate: (i) whether 4 gasoline additives differ with 

respect to the reduction in oxide of nitrogen, and (ii) if such differences exist, whether 

they depend on the makes of the cars used in the study. The investigator has selected 3 

makes (models) of cars: Ford, Honda, and Porsche. For each model, he has 4 cars 

available, and he uses 4 different drivers. Each time, he can choose a car and a driver to 

test one gasoline additive in a drive. He can afford at most 16 drives for a model. He 

believes that for each model, systematic differences are likely to occur in the cars’ 

performance. Also, even though the drivers may do their best to drive the car in a manner 

required by the test, systematic differences can occur from driver to driver. In planning 

the study, the investigator would like to have an experimental design that can eliminate 

the car-to-car variation and the driver-to-driver variation. He wants to use the same four 
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drivers for the whole experiment. [Note. There are 12 different cars in total used in the 

experiment. Hint: recognize the design plan first for the case of only one make.] 

 

Question B. 

Consider the following incomplete ANOVA table based on the data collected from an experiment. 

 

 

(4) (1 pt) Complete the ANOVA table. 

(5) (1 pt) What is the estimate of the error variance? 

(6) (1 pt) Use F-test at level 0.01 to test the null hypothesis that the treatments are alike. [Hint. 

, , , .] 

(7) (2 pts) The treatment averages are given below.  

 

Use Tukey’s method to perform multiple comparisons of treatments A, B, C, D, at the 0.01 

level. You may consult the critical values , , , 

or  for the studentized range distribution. 

 

Suppose that you have the following regression output for the experiment. 

Coefficients: 

              Estimate Std. Error t value   

(Intercept)   53.233   0.9798    54.330   

TreatmentA   3.667     1.2394     2.958    

TreatmentB    2.542    1.2962     1.961    

TreatmentD    -2.108   1.2962    -1.627    

 

Correlation of Coefficients: 

         (Intercept) TreatmentA TreatmentB 

TreatmentA  -0.7906                   

TreatmentB  -0.7559       0.5976       

TreatmentD  -0.7559       0.5976    0.5714 

 

(8) (1 pt) What constraint on the over-parameterized parameters was used in the coefficient 
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estimation of this regression model? Explain. 

(9) (1 pt) Report the R-square of the regression model. 

(10) (2 pts) Under the regression model, test the null hypotheses and 

 at 5% level of significance individually, where , , and  are the 

treatment effects of B, C, and D, respectively. Explain the steps involved in the tests. You 

might use . 

 

Question C. 

Consider an experiment conducted in order to compare the tastes of five different brands of ice-cream A, 

B, C, D, and E. Some expert ice-scream tasters are available. You would like the tasters to taste the 

different brands, and rate them on a 1-10 scale (1: very poor, 10: excellent). However, in order to assess 

and compare the tastes properly, only three brands can be offered to an expert taster. 

 

(11) (1 pt) What experimental design should be used that would ensure balanced comparison of 

treatments? (Just name the design.) 

(12) (1 pt) Argue that you cannot construct such a design with five tasters. 

(13) (2 pts) Find out the minimum possible number of tasters needed to construct such a design. 

Explain how you obtain the number.  

(14) (1 pt) For the design in (13), how many within-block comparisons and how many 

between-block comparisons occur in the contrasts of two treatments, say A and B? 

 

Question D. 

Consider the following Graeco-Latin square design with two treatment factors and two block factors. 

                               

 

(15) (1 pt) Assuming zero-sum constraints, write down the least square estimate of the effect of 

the treatment represented by the Greek letter  in terms of  (denote the grand 

average by ). 

(16) (1 pt) Write down the contrast (in terms of ) for comparing treatments A and B. 

(17) (1 pt) Write down the contrast (in terms of ) for comparing treatments  and . 

(18) (1 pt) Are the contrasts obtained in (16) and (17) orthogonal? Explain. 

(19) (1 pt) Express the sum of square due to the factor represented by Latin letters in terms of 

. 

(20) (1 pt) How useful do you think is this Graeco-Latin square design for determining 

significance of factor effects? Explain. [Hint. Calculate the degrees of freedom left for 

estimating error variance] 


