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5. Consider an linear ordinary least-squares {OLS) model between Y arid X as
Y=a+pXre, i=1,.. N.

Assume the residual terms ¢; are independently and identically distributed with zero mear
and variance ¢’, that is, &, are iid(0, o).

() Write down the detailed statistical definitions for the term “iid(0, a°)”. (5%)

(b)  Write down the Normal Equations. (5%)

(¢} Derive the least squares (LS) estimators of g and B. (5%)

(d)  Derive the estimated standard errors of the LS estimators of a and . (5%)

(e) Suppose now-the residuals have a positive mean, E(g;)=c>0. Is the LS estimator of 3

unbiased? (5%)

6. Weaim to test if stock investors, in general, benefit from large R&D investments. To test
our idea, in the beginning of a given year, we draw a sample of 100 firms that have
undertaken large R&D investment projects (Sample 1), and another sample of 200 firms
that have not (Sample 2). We then trace the stock returns of these 300 firms for one year.
Suppose over this one year, in Sarﬁple 1 there are 80 firms have positive returns and in
Sample 2 there are 120 firms have positive returns. Please perform the following tests. Be
sure to write down the tested hypothesis.

(a)  Testat 10% significance leve] that the undertaking of large R&D investments has no
effect on firms’ likelihood of eﬁ(periencing positive stock returns. (5%)

(b)  Suppose the average returns of Sample 1 and Sample 2 are 6% and 3%, and the standard
deviations of the returns of Sample 1 and Sample 2 are 12% and 16%, respectively, Test
the hypothesis at 10% significance level that the undertaking of large R&D iﬁvestments

has no effect on the level of subsequent returns, assuming unequal variances. (5%)
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7. Assume we have a relationship between variables y and x as follows:
y =frte,
where e~N{(0, ¢2). However, sometimes we are not able to observe the “actual” values of x
or y in data, but can only observe the value of variables # and 7 that are related to x and ¥
in the following manner:
¥ = x 4+ u, where u~N{c2),
¥ =y 4 v, where v~N(c?).
(a)  When we observe x but not y, and can only estimate the model ¥ = Bx + g, is
the LS estimator § biased, and why? (3%)
(b)  When we observe y but not x, and can only estimate the model y = g% +‘ g, 18

the LS estimator f biased, and why? (4%)

8.  We believe that firm characteristics F can predict subsequent return R, and thus
draw a sample S and estimate the model R; = a + SF; + e;, where ¢;~N (0, ¢%)
and i=1,...,N. Suppose there is new observation, firm ; that is not in the sample S,
and its value of variable F'is Fy (£;=Fp). Using the estimated model, we may derive
the predicted return for firm j as Ry = & + fF,. Suppose the actual return for firm 7
is Ro, what is the variance of prediction error Ry — Ry? (Hint: We know E[(B -
Be=0) (8%)




