
Solutions
2.1 E(T ) = 1

3
(µ+ µ+ µ) = µ – unbiased ✓.

2.2 Var(T ) = 1
9
(3σ2) = σ2

3
– one third of a single observation’s variance, so averaging

three shrinks the standard deviation by a factor of
√
3.

2.3 X̄ ∼ N(25, 100
64
): z = 1.75

1.25
= 1.4, so P = 1− 0.9192 = 0.0808.

3.1 (a) Its value is computed solely from sample observations – it involves no unknown
population parameters. (b) E(R) = 1

2
E(X1) +

3
4
E(X20) = (1

2
+ 3

4
)µ = 5

4
µ ̸= µ, so R is

biased. (c) Bias = 5
4
µ−µ = µ

4
. (d) E(S) = a−b

2
µ = µ gives a− b = 2; E(T ) = 14a+6b

20
µ = µ

gives 14a+ 6b = 20. Solving: a = 1.6, b = −0.4.

3.2 (a) Standardising: P (X̄n < 45.2) = 0.3446 means the z-value is −0.4, so µ−0.4 σ√
n
=

45.2; P (X̄n > 75.2) = 0.0179 means z = 2.1, so µ+ 2.1 σ√
n
= 75.2. Subtracting: 2.5 σ√

n
=

30, so σ√
n
= 12, i.e. σ = 12

√
n ✓. (b) µ = 45.2+0.4(12) = 50 (check: 75.2−2.1(12) = 50

✓). (c) SE = 12: z = 59−50
12

= 0.75, so P = 1− 0.7734 = 0.2266.

Local review guidance: statistic defined by absence of parameters; bias in terms of the
parameter; two z-equations from the table values before any algebra. This is authored
classroom guidance.
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