
 Start every new question from a new page  

 Use the numbering for the subparts as mentioned in the question, or else the 

examiner wouldn’t check that particular question and the question gets disqualified  

 Use left alignment throughout if possible, looks more preofessional  

 So presentation wise, the submission is not at all upto mark, need to work over this  

Question 1 

Given,  

𝑋1, 𝑋2 … 𝑋𝑛~𝑁(𝜇, 𝜎2) 

1)  The shape of sampling distribution will be positively skewed in starting as n 

tends toward ∞, the shape of distribution will be symmetric.  

limited explanation provided for a 2 marker, first you were required to define what 

is the distribution, then only comment on the shape.  

Also do not write at the starting, use technical word like small sample size n and 

large sample size n  

2) As we know,  

(𝑛 − 1)𝑆2

𝜎2 
~𝜒𝑛−1

2  

𝑎𝑝𝑝𝑙𝑦𝑖𝑛𝑔 𝑣𝑎𝑟𝑖𝑎𝑛𝑐𝑒 𝑏𝑜𝑡ℎ 𝑠𝑖𝑑𝑒𝑠,  

𝑉𝑎𝑟 [
(𝑛 − 1)𝑆2

𝜎2
] = 2[𝑛 − 1] →

(𝑛 − 1)2

𝜎4
𝑉[𝑆2] = 2[𝑛 − 1] 

→ 𝑉[𝑆2] =
2𝜎4

𝑛 − 1
 

Would suggest you usign new line for each diff step rather than using → 

Correct derivation though  

[1+2] 

[3/4]  

Question 2  

Given,  

𝑛 = 49 𝑎𝑛𝑑 99% 𝐶𝐼 𝑓𝑜𝑟 𝜇 ∈ (30,50) 

99% 𝐶𝐼 𝑓𝑜𝑟 𝜇 ∈ (30,50) → (30 = 𝑋̅ − 𝑍0.005  
𝜎

√49
, 50 = 𝑋̅ + 𝑍0.005  

𝜎

√49
 ) 

→ (30 = 𝑋̅ − 2.5758
𝜎

7
, 50 = 𝑋̅ + 2.5758

𝜎

7
) 

By solving it we get,  

𝑋̅ = 40, 𝜎 = 27.176 



90% 𝐶𝐼 𝑓𝑜𝑟 𝜇 ∈ (𝑋̅ ± 𝑍0.05 ×
𝜎

√49
) → (40 ± 1.6449 ×

27.176

7
) → (33.614,46.385) 

So the 90% 𝐶𝐼 𝑓𝑜𝑟 𝜇 𝑖𝑠 (33.614,46.385)  

Mention table book refrence for the formula as well  

Correct CI though  

[5/5]  

Question 3  

1) As we know the sampling distribution of sample variance,  

(𝑛 − 1)𝑆2

𝜎2 
~𝜒𝑛−1

2  

𝑎𝑝𝑝𝑙𝑦𝑖𝑛𝑔 𝑒𝑥𝑝𝑒𝑐𝑡𝑎𝑡𝑖𝑜𝑛 𝑏𝑜𝑡ℎ 𝑠𝑖𝑑𝑒𝑠,  

𝐸 [
(𝑛 − 1)𝑆2

𝜎2
] = [𝑛 − 1] →

𝑛 − 1

𝜎2
𝐸[𝑆2] = 𝑛 − 1 → 𝐸[𝑆2] = 𝜎2 

 

2) A) Given,  

𝐺2 =
1

𝑛
[∑𝑥𝑖

2 − 𝑛𝑥̅2] 

𝐸[𝐺2] =
1

𝑛
[∑𝐸[𝑥𝑖

2] − 𝑛𝐸[𝑥̅2]] =
1

𝑛
[∑(𝜎2 + 𝜇2) − 𝑛 [

𝜎2

𝑛
+ 𝜇2]] 

1

𝑛
[𝑛𝜎2 + 𝑛𝜇2 − 𝜎2 − 𝑛𝜇2] =

1

𝑛
[𝑛𝜎2 − 𝜎2] =

𝑛 − 1

𝑛
𝜎2 

𝑏𝑖𝑎𝑠 = 𝐸[𝐺2] − 𝜎2(𝑎𝑠 𝑔𝑖𝑣𝑒𝑛 𝑖𝑛 𝑞𝑢𝑒𝑠𝑡𝑖𝑜𝑛) 

𝑏𝑖𝑎𝑠 =
𝑛 − 1

𝑛
𝜎2 − 𝜎2 = −

𝜎2

𝑛
 

B) as n increases bias decreases 

 

[5/5]  

Question 4  

Given,  

𝑋𝑖~𝑁 (
1

2
𝜈2, 𝜎2) 

1) By MME,  

𝐸[𝑥𝑖] = 𝑋̅ →
1

2
𝜈2 = 𝑋̅ → 𝜈2 = 2𝑋̅ 



→ 𝜈̂ = √2𝑋̅ 

2) Given,  

𝑛 = 200, ∑𝑋𝑖 = 900 

𝜈̂ = √2 ×
900

200
= ±3 

3) When,∑𝑋𝑖 < 0, 

𝜈̂  𝑖𝑡 𝑤𝑖𝑙𝑙 𝑏𝑒 𝑖𝑛𝑣𝑎𝑙𝑖𝑑  

For ∑𝑋𝑖 ≥ 0,  

𝜈̂ 𝑤𝑖𝑙𝑙 𝑏𝑒 𝑠𝑖𝑔𝑛𝑖𝑓𝑖𝑐𝑎𝑛𝑡 

Correct, but (iiii) needs a little better framed description. Make sure to check out 

the original answer once 

[4.5/5]  

 

Question 5  

As given,  

𝑆2 =
1

𝑛 − 1
∑(𝑥𝑖 − 𝑥̅)2 , 𝑤ℎ𝑒𝑟𝑒 𝑛 = 9 

1) 𝑃(𝑆2 > 𝜎2) = 𝑃 (
𝑆2

𝜎2 > 1) = 𝑃 (
(𝑛−1)𝑆2

𝜎2 > 8) = 𝑃(𝜒8
2 > 8) = 0.5665 

All correct equations, but the final probability calcualtion is wrong, make sure to 

retry it once again.  

2) 𝑃(𝑋̅ > 𝜇 | 𝑆2 > 𝜎2) = 𝑃(𝑋̅ − 𝜇 > 0) = 𝑃 (
𝑋̅−𝜇

𝑆

√𝑛

> 0) = 

𝑛𝑒𝑒𝑑 𝑡𝑜 𝑚𝑒𝑛𝑡𝑖𝑜𝑛 𝑡ℎ𝑎𝑡 𝑠𝑖𝑛𝑐𝑒 𝑋̅𝑎𝑛𝑑 𝑆2𝑎𝑟𝑒 𝑖𝑛𝑑𝑒𝑝𝑒𝑛𝑑𝑒𝑛𝑡  

Incomplete part  

3) 𝑃(𝑋̅ − 𝜇 > 𝜎) = 𝑃 (
(𝑋̅−𝜇)

𝜎

√𝑛

> 3) = 𝑃(𝑍 > 3) = 1 − 𝑃(𝑍 < 3) = 1 − 0.99865 =

1.35 × 10−3 write as 0.00135  

4) 𝑃(𝑋̅ − 𝜇 > 𝑆) =  𝑃 (
(𝑋̅−𝜇)

𝑆

√𝑛

> 3) = 𝑃(𝑡8 > 3) = 0.5% < 𝑝(𝑥) < 1% 

You were required to do linear interpolation as well, though not show the whole 

workings, but the final answer need to be stated  

 

Mention table book refrences as well  

[1.5+0.5+2+1] 

[5/8]  



 

Question 6 unattempted  

Question 7 

Here, 𝑛 = 10 𝑎𝑛𝑑 𝑋 𝑖𝑠 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑐𝑢𝑝 𝑐𝑜𝑟𝑟𝑒𝑐𝑡𝑙𝑦 𝑖𝑑𝑒𝑛𝑡𝑖𝑓𝑖𝑒𝑑  

𝑋~𝐵𝑖𝑛(10, 𝑝) 

1) 𝐻0: 𝑝 = 0.5 𝐻1: 0.5 

𝑃(𝑡𝑢𝑝𝑒 1 𝑒𝑟𝑟𝑜𝑟) = 𝑃(𝑟𝑒𝑗𝑒𝑐𝑡𝑖𝑛𝑔 𝐻0 𝑤ℎ𝑒𝑛 𝐻0 𝑖𝑠 𝑡𝑟𝑢𝑒) = 𝑃(𝑋 ≥ 7 |𝑝 = 0.5) 

→ 𝑃(𝑋 ≥ 7) = 1 − 𝑃(𝑋 < 7) = 1 − 𝑃(𝑋 ≤ 6) =  1 − 0.8281 = 0.1719 

2) Here,  

A) 𝐻0: 𝑝 = 0.3 𝑣/𝑠 𝐻1: 𝑝 = 0.7 

      𝑃(𝑡𝑢𝑝𝑒 2 𝑒𝑟𝑟𝑜𝑟) = 𝑃(𝑎𝑐𝑐𝑒𝑝𝑡𝑖𝑛𝑔 𝐻0 𝑤ℎ𝑒𝑛 𝐻0 𝑖𝑠 𝐹𝐴𝐿𝑆𝐸) = 𝑃(𝑋 < 7 | 𝑝 = 0.7) 

= 𝑃(𝑋 ≤ 6) = 0.3508 

B) 𝐻0: 𝑝 = 0.2 𝑣/𝑠 𝐻1: 𝑝 = 0.8 

  𝑃(𝑡𝑢𝑝𝑒 2 𝑒𝑟𝑟𝑜𝑟) = 𝑃(𝑎𝑐𝑐𝑒𝑝𝑡𝑖𝑛𝑔 𝐻0 𝑤ℎ𝑒𝑛 𝐻0 𝑖𝑠 𝐹𝐴𝐿𝑆𝐸) = 𝑃(𝑋 < 7 | 𝑝 = 0.8) 

= 𝑃(𝑋 ≤ 6) = 0.1209 

3) 𝑝𝑜𝑤𝑒𝑟 𝑜𝑓 𝑡𝑒𝑠𝑡 = 1 − 𝑃(𝑡𝑦𝑝𝑒 2 𝑒𝑟𝑟𝑜𝑟) = 1 − 0.3508 = 0.6482 for p=0.7 

          𝑝𝑜𝑤𝑒𝑟 𝑜𝑓 𝑡𝑒𝑠𝑡 = 1 − 𝑃(𝑡𝑦𝑝𝑒 2 𝑒𝑟𝑟𝑜𝑟) = 1 − 0.1209 = 0.8792 for p=0.8 

You were not required to calcualte the power of test, but to commet over that which 

is missing here  

Too clustered presentation, difficult to check the answer. Avoid such presentations  

[3+4+0.5] 

[7.5/10]  

 

 

 

 

 

 

 

 

 

 

 



 

 

 

Question 8  

Given,  

𝑋1 𝑎𝑛𝑑 𝑋2 𝑎𝑟𝑒 𝑖𝑛𝑑𝑒𝑝𝑒𝑛𝑑𝑒𝑛𝑡 𝑏𝑜𝑡ℎ 𝑓𝑜𝑙𝑙𝑜𝑤 𝑈(−𝜃, 𝜃) 

And,  

𝜃1 = 3𝑍,𝑍 = max (𝑋1, 𝑋2) 

1) 𝐹(𝑍 ≤ 𝑧) = 𝑃(max(𝑋1, 𝑋2) ≤ 𝑧) = 𝑃(𝑋1 ≤ 𝑧)𝑃(𝑋2 ≤ 𝑧) 𝑠𝑖𝑛𝑐𝑒 𝑖𝑛𝑑𝑒𝑝𝑒𝑛𝑑𝑒𝑛𝑡 

𝐹(𝑧) × 𝐹(𝑧) =
(𝑧 − (−𝜃))

2

(𝜃 − (−𝜃))
2 =

(𝑧 + 𝜃)2

4𝜃2
 

𝑓(𝑧) =
𝑑𝐹[𝑧]

𝑑𝑧
=

1

4𝜃2
2 × (𝑧 + 𝜃) =

𝑧 + 𝜃

2𝜃2
 

2) 𝐸[𝑍] = ∫ 𝑧 × 𝑓𝑧(𝑧)
𝜃

−𝜃
𝑑𝑧 =

1

2𝜃2 ∫ 𝑧2 + 𝑧𝜃 
𝜃

−𝜃
𝑑𝑧 =

1

2𝜃2
[

𝑍3

3
+

𝑧2𝜃

2
 ]

−𝜃

𝜃

 

→
1

2𝜃2
[
𝜃3

3
+

𝜃3

2
− [−

𝜃3

3
+

𝜃3

2
]] =

1

2𝜃2
×

𝜃3

3
=

𝜃

3
 

3) 𝐸[𝜃1] = 𝐸[3𝑍] = 3 ×
𝜃

3
= 𝜃 

𝑏𝑎𝑖𝑠 = 𝐸[𝜃] − 𝜃 = 𝜃 − 𝜃 = 0 

𝑀𝑆𝐸(𝜃1) = 𝑉𝑎𝑟(𝜃1) = 9 × 𝑉𝑎𝑟(𝑍) 

𝐸[𝑍2] = ∫ 𝑧2 × 𝑓𝑧(𝑧)
𝜃

−𝜃

𝑑𝑧 =
1

2𝜃2
∫ 𝑧3 + 𝑧2𝜃 

𝜃

−𝜃

𝑑𝑧 =
1

2𝜃2
[
𝑍4

4
+

𝑧3𝜃

3
 ]

−𝜃

𝜃

 

𝐸[𝑍2] =
𝜃2

3
 

𝑉𝑎𝑟[𝑍] = 𝐸[𝑧2] − (𝐸[𝑧])2 =
𝜃2

3
−

𝜃2

9
=

2𝜃2

9
 

So,  

𝑀𝑆𝐸(𝜃1) = 𝑉𝑎𝑟(𝜃1) = 9 × 𝑉𝑎𝑟(𝑍) = 2𝜃2 

Subpart a and b not metioned in iii question, no marks to be allotted. Correct 

solution though 

4) Now,𝜃2 = 2𝑍 

𝐸[𝜃2] = 2𝐸[𝑍] = 2 ×
𝜃

3
=

2𝜃

3
 



𝑏𝑎𝑖𝑠 = 𝐸[𝜃2] − 𝜃 =
2

3
𝜃 − 𝜃 = −

𝜃

3
 

𝑀𝑆𝐸[𝜃2] = 𝑉𝑎𝑟(𝜃2) + 𝑏𝑎𝑖𝑠2 = 4 × 𝑉[𝑍] +
𝜃2

9
=

8𝜃2

9
+

𝜃2

9
=

9𝜃2

9
= 𝜃2 

Same issue as in (iii), no subpart mentioned, thus no marks allotted .Correct solution 

though 

 

5) 𝜃1̂ 𝑖𝑠 𝑎𝑛 𝑢𝑛𝑏𝑎𝑖𝑠𝑒𝑑 𝑝𝑎𝑟𝑎𝑚𝑒𝑡𝑒𝑟 𝑎𝑛𝑑 ℎ𝑎𝑣𝑒 𝑀𝑆𝐸 𝑂𝐹 2𝜃2 𝑤ℎ𝑒𝑟𝑒𝑎𝑠𝑒 𝑡ℎ𝑒 𝜃2 𝑖𝑠 𝑛𝑜𝑡 𝑢𝑛𝑏𝑎𝑖𝑠𝑒𝑑 𝑏𝑢𝑡 

ℎ𝑎𝑣𝑒 𝑀𝑆𝐸 𝑜𝑓 𝜃2 𝑤ℎ𝑖𝑐ℎ 𝑖𝑠 𝑙𝑜𝑤𝑒𝑟 𝑡ℎ𝑎𝑛 𝜃1 . 

correct interpretation  

[4+1+0+0+2] 

[7/16]  

question 9  

let,  

𝑠𝑢𝑟𝑣𝑒𝑦 1,2,3 = 1,2,3 𝑟𝑒𝑠𝑝𝑒𝑐𝑡𝑖𝑣𝑒𝑙𝑦  

𝑝𝑟𝑜𝑝𝑜𝑡𝑖𝑜𝑛 𝑜𝑓 𝑠𝑚𝑜𝑘𝑒𝑟 𝑖𝑛 𝑠𝑢𝑟𝑣𝑒𝑦 1 = 𝑝̂1 =
36

124
= 0.2903 

𝑝𝑟𝑜𝑝𝑜𝑡𝑖𝑜𝑛 𝑜𝑓 𝑠𝑚𝑜𝑘𝑒𝑟 𝑖𝑛 𝑠𝑢𝑟𝑣𝑒𝑦 2 = 𝑝̂2 =
25

136
= 0.1838 

1) 𝐻0: 𝑝1 = 𝑝2  𝑣/𝑠  𝐻1: 𝑝1 ≠ 𝑝2 

𝑝̂ =
𝑋1 + 𝑋2

𝑛1 + 𝑛2
= 0.2346 

𝑇𝑆𝑉 𝑢𝑛𝑑𝑒𝑟 𝐻0,  

𝑇𝑆𝑉 =
𝑝̂1 − 𝑝̂2

√
𝑝̂(1 − 𝑝̂)

𝑛1
+

𝑝̂(1 − 𝑝̂)
𝑛2

 

=
0.1065

√0.1795
124 +

0.1795
136

= 2.2024 

𝐶𝑉 = 𝑍0.025 = 1.96 

𝑤𝑒 𝑎𝑟𝑒 𝑐𝑎𝑟𝑟𝑦𝑖𝑛𝑔 𝑜𝑢𝑡 𝑎 2 𝑡𝑎𝑖𝑙 𝑡𝑒𝑠𝑡 𝑎𝑡 5% 𝑠𝑖𝑔𝑛𝑖𝑓𝑖𝑐𝑎𝑛𝑡 𝑙𝑒𝑣𝑒𝑙 𝑜𝑓 𝑝𝑟𝑜𝑝𝑜𝑡𝑖𝑜𝑛 𝑒𝑞𝑢𝑎𝑙𝑖𝑡𝑦,  

ℎ𝑒𝑟𝑒 𝑤𝑒 𝑐𝑎𝑛 𝑠𝑒𝑒 𝑡ℎ𝑎𝑡 |𝑇𝑆𝑉| > 𝐶𝑉, 𝑠𝑜 𝑡ℎ𝑒𝑟𝑒 𝑖𝑠 𝑠𝑢𝑓𝑓𝑖𝑐𝑒𝑛𝑡 𝑒𝑣𝑖𝑑𝑒𝑛𝑐𝑒 𝑡𝑜 𝑟𝑒𝑗𝑒𝑐𝑡 𝐻0, 𝑠𝑜 𝑡ℎ𝑒𝑟𝑒 𝑖𝑠 

𝑠𝑖𝑔𝑛𝑖𝑓𝑖𝑐𝑎𝑛𝑡 𝑑𝑖𝑓𝑓𝑟𝑒𝑛𝑐𝑒 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑡ℎ𝑒 𝑠𝑚𝑜𝑘𝑒𝑟 𝑝𝑟𝑜𝑝𝑜𝑡𝑖𝑜𝑛 𝑖𝑛 𝑏𝑜𝑡ℎ 𝑠𝑢𝑟𝑣𝑒𝑦𝑠 

Correct  

Would suggest you to use normal text (not eq editor) to write the text portion  



2) Contingency table 

Here,  

Survey smoker Non smoker total 

1 36 88 124 

2 25 111 136 

3 26 115 141 

total 87 314 401 

 

𝐻0: 𝑝𝑟𝑜𝑝𝑜𝑡𝑖𝑜𝑛 𝑖𝑠 𝑑𝑖𝑓𝑓𝑒𝑛𝑡 𝑖𝑛 𝑎𝑙𝑙 𝑡ℎ𝑟𝑒𝑒 𝑠𝑢𝑟𝑣𝑒𝑦𝑠 

𝐻1: 𝑝𝑟𝑜𝑝𝑜𝑟𝑡𝑖𝑜𝑛 𝑖𝑠 𝑛𝑜𝑡 𝑑𝑖𝑓𝑓𝑟𝑒𝑛𝑡 𝑖𝑛 𝑎𝑙𝑙 𝑡ℎ𝑟𝑒𝑒 𝑠𝑢𝑟𝑣𝑒𝑦𝑠 

 

 

𝐸𝑖 , 

26.90 97.09 

29.506 106.49 

30.59 110.40 

   

𝑇𝑆𝑉 = 𝐶𝑖 =
∑(𝑜𝑖 − 𝐸𝑖 )2

𝐸𝑖
 

By solving,  

𝑇𝑆𝑉 = 5.689 

𝐶𝑉 = 𝜒(3−1)(2−1),0.05
2 = 𝜒2,0.05

2 = 5.991 

We are carrying out one tail contingency table statistical test at 5% significant level, 

since 

𝑇𝑆𝑉 < 𝐶𝑉, so we don’t have sufficient evidence to reject 

𝐻𝑂  𝑠𝑜 𝑡ℎ𝑒𝑟𝑒 𝑖𝑠 𝑠𝑖𝑔𝑛𝑖𝑓𝑖𝑐𝑎𝑛𝑡 𝑑𝑖𝑓𝑓𝑟𝑒𝑛𝑐𝑒 𝑏𝑡𝑤 𝑎𝑙𝑙 𝑡ℎ𝑟𝑒𝑒 𝑠𝑚𝑜𝑘𝑒𝑟 𝑝𝑟𝑜𝑝𝑜𝑡𝑖𝑜𝑛  

Need to specifically mention out about the dof of chi-square test. 1 mark deducted for 

the same.  

3) A) 𝑝̂3 =
26

141
= 0.1843 

B) 

𝑏𝑜𝑡ℎ 𝑡ℎ𝑒 𝑡𝑒𝑠𝑡 𝑝𝑟𝑜𝑜𝑣𝑒𝑠 𝑡ℎ𝑎𝑡 𝑡ℎ𝑒𝑟𝑒 𝑖𝑠 𝑑𝑖𝑓𝑓𝑟𝑒𝑛𝑐𝑒 𝑏𝑡𝑤 𝑡ℎ𝑒 𝑝𝑟𝑜𝑝𝑜𝑡𝑖𝑜𝑛 𝑜𝑓 𝑠𝑚𝑜𝑘𝑒𝑟 𝑖𝑛 𝑎𝑙𝑙 𝑡ℎ𝑟𝑒𝑒  

Given survey. Not a satisfactory explanation, read out the original one  



[7+6+1] 

[14/16]  

 

TOTAL:51/77  
Would have received more marks if numbering would have been correct  

Good performance overall, few areas of improvisation as marked specifically for 

each question, make sure to work on that.  

Also one question left unattempted, If it is because of time constraint, make sure 

to speed up the pace of attempting the paper.  

  


