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The sample variance, s, is the measure of dispersion that applies when we are evaluating
a sample of 7 observations from a population. The sample variance is calculated using the
following formula:

f: (X; —X)?
i=1

n—1

2=

The most noteworthy difference from the formula for population variance is that the
denominator for s> is n — 1, one less than the sample size 7, where 62 uses the entire
population size V. Another difference is the use of the sample mean, X , instead of the
population mean, p. Based on the mathematical theory behind statistical procedures,
the use of the entire number of sample observations, 7, instead of n — 1 as the divisor in
the compurtation of s%, will systematically underestimate the population parameter, 62,
particularly for small sample sizes. This systematic underestimation causes the sample
variance to be what is referred to as a biased estimator of the population variance. Using
n — 1 instead of 7 in the denominator, however, improves the statistical properties of s>
as an estimator of 62. Thus, 2, as expressed in the equation above, is considered to be an
unbiased estimator of 2.

As with the population standard deviation, the sample standard deviation can be calculated
by taking the square root of the sample variance. The sample standard deviation, s, is

defined as:
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Sample Covariance and Correlation

Sample covariance is calculated as:

covariance = i (Xi _ X) (Yi _ Y)

i=1

n—1

where:

n = sample size

X, = ith observation on the variable X
X

mean of the variable X observations
ith obserbation on the variable Y

<l
1l I

mean of the variable Y observations

The actual value of the covariance is not very meaningful because its measurement is
extremely sensitive to the scale of the two variables. Also, the covariance may range from
negative to positive infinity and its computation results in squared units (e.g., percent
squared). For these reasons, we calculate the correlation coefficient, which converts the
covariance into something that is more useful and intuitively appealing.
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The(sample correlation coefficient; 7, is a measure of the strength of the linear relationship

(correlation) between two variables. The correlation coefficient is unitless; it is a “pure”
measure of the tendency of two variables to move together.

The sample correlation coefficient for two variables, X and ¥; is calculated as:

oo sample covariance of X and Y ~ Cov(X,Y)
(sample standard deviation of X)(sample standard deviation of Y)  (sx )(sy)
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The Schweser Study Notes
include all GARP assigned
learning objectives (i.e.,
AIMS) which are listed
directly before a given
concept is presented.
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SkEwNESs AND KurToOsis

AIM 11.7: Define, calculate and interpret the skewness and kurtosis of a random
variable.

AIM 11.8: Describe and identify a platykurtic and leptokurtic distribution.

AIM 11.9: Define the skewness and kurtosis of a normally distributed random
variable.

A distribution is symmetrical if it is shaped identically on both sides of its mean.
Distributional symmetry implies that intervals of losses and gains will exhibit the same
frequency. For example, a symmetrical distribution with a mean return of zero will have
losses in the —6% to —4% interval as frequently as it will have gains in the +4% to +6%
interval. The extent to which a returns distribution is symmetrical is important because the
degree of symmetry tells analysts if deviations from the mean are more likely to be positive
or negative.

Skewness, or skew, refers to the extent to which a distribution is not symmetrical.
Nonsymmetrical distributions may be either positively or negatively skewed and result from
the occurrence of outliers in the data set. Outliers are observations with extraordinarily large
values, either positive or negative.

* A positively skewed distribution is characterized by many outliers in the upper region,
or right tail. A positively skewed distribution is said to be skewed right because of its
relatively long upper (right) tail.

* A negatively skewed distribution has a disproportionately large amount of outliers that
fall within its lower (left) tail. A negatively skewed distribution is said to be skewed left
because of its long lower tail.

Mean, Median, and Mode for a Nonsymmetrical Distribution

Skewness affects the location of the mean, median, and mode of a distribution as
summarized in the following bulleted list.

*  For a symmetrical distribution, the mean, median, and mode are equal.

*  For a positively skewed distribution, the mode is less than the median, which is less than
the mean. The mean is affected by outliers; in a positively skewed distribution, there
are large, positive outliers which will tend to “pull” the mean upward, or more positive.
An example of a positively skewed distribution is that of housing prices. Suppose that
you live in a neighborhood with 100 homes; 99 of them sell for $100,000, and one
sells for $1,000,000. The median and the mode will be $100,000, but the mean will be
$109,000. Hence, the mean has been “pulled” upward (to the right) by the existence of
one home (outlier) in the neighborhood.

*  For a negatively skewed distribution, the mean is less than the median, which is less than
the mode. In this case, there are large, negative outliers which tend to “pull” the mean
downward (to the left).
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Professor’s Note: The key to remembering how measures of central tendency are
affected by skewed data is to recognize that skew affects the mean more than
the median and mode, and the mean is “pulled” in the direction of the skew. \;
The relative location of the mean, median, and mode for different distribution
shapes is shown in Figure 9. Note the median is between the other two measures
for positively or negatively skewed distributions.

Figure 9: Effect of Skewness on Mean, Median, and Mode

Symmetrical

(Mean = Median = Mode)

Mean
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Mode
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(Mean > Median > Mode)
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—— Mode
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Mode

Kurtosis is a measure of the degree to which a distribution is more or less “peaked” than a
normal distribution. Leptokurtic describes a distribution that is more peaked than a normal

distribution, whereas platykurtic refers to a distribution that is less peaked, or flatter than a
normal distribution.

As indicated in Figure 10, a leptokurtic return distribution will have more returns clustered
around the mean and more returns with large deviations from the mean (fatter tails).
Relative to a normal distribution, a leptokurtic distribution will have a greater percentage
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Key CoNCEPTS

1.

10.

11.

12.

13.

14.

Point estimates are single value estimates of population parameters, and confidence

intervals are ranges of estimated values within which the actual value of the parameter Key concepts are provided
will lie with a given probability. for each assigned

reading. These concepts
summarize the material
consistency. within a given topic.

Desirable statistical properties of an estimator include unbiasedness, efficiency, and

The #distribution is similar, but not identical, to the normal distribution in shape—it
is defined by the degrees of freedom, has a lower peak, and has fatter tails.

The #distribution is used to construct confidence intervals for the population mean
when the population variance is not known. The (1-a) confidence interval for the

. A s
population mean, p, is: X £t/5 —=-
Jn
Use the #-distribution if:
* Population distribution is normal with an unknown variance (large or small sample).

* Population distribution is nonnormal with unknown variance, but the sample is

large (n >30).

The standard normal distribution (z-distribution) is used to construct confidence
intervals for the population mean when the population variance is known. The (1 — o)
. . . o
confidence interval for the population mean, i, is: X +z_, e
n
Use the z-distribution if:

* Population distribution is normal with known variance.
* DPopulation distribution is nonnormal and the sample is large (n > 30).

The hypothesis testing process requires a statement of a null and an alternative
hypothesis, the selection of the appropriate test statistic, specification of the significance
level, a decision rule, the calculation of a sample statistic, a decision regarding the
hypotheses based on the test, and a decision based on the test results.

The null hypothesis is what the researcher wants to reject. The alternative hypothesis
is what the researcher wants to prove, and it is accepted when the null hypothesis is
rejected.

A two-tailed test results from a two-sided alternative hypothesis (e.g., H,: p = ). A
one-tailed test results from a one-sided alternative hypothesis (e.g., H AL H > g, OF

Hy:po< ).

The decision rule depends on the alternative hypothesis and the distribution of the test
statistic.

A Type I error is the rejection of the null hypothesis when it is actually true, while a
Type II error is the failure to reject the null hypothesis when it is actually false.

The significance level can be interpreted as the probability that a test statistic will reject
the null hypothesis by chance when it is actually true (i.e., the probability of a Type I
error).

The power of a test is the probability of rejecting the null when it is false. The power of
atest = 1 — P (Type II error).
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Concert CHECKERS

1. If the variance of the sampling distribution of an estimator is smaller than all other
unbiased estimators of the parameter of interest, the estimator is:
A. reliable.
B. efficient.
C. unbiased.

D. consistent.

Use the following data to answer Questions 2 through 4.

Austin Roberts believes that the mean price of houses in the area is greater than $145,000.
A random sample of 36 houses in the area has a mean price of $149,750. The population
standard deviation is $24,000, and Roberts wants to conduct a hypothesis test at a 1% level
of significance.

2. The appropriate alternative hypothesis is:
A. H,:p < $145,000.
B. H,:p + $145,000.
C. H,:p = $145,000.
D. Hy:p> $145,000.

3. The value of the calculated test statistic is closest to:
A. z=0.67.
B. z=1.19.
C. z=4.00.
D. z=8.13.
4. Which of the following most accurately describes the appropriate test structure?
A. F-test.

B. Two-tailed test.
C. One-tailed test.
D. Chi-square test.

5. For a hypothesis test with a probability of a Type II error of 60% and a probability
of a Type I error of 5%, which of the following statements is most accurate?
A. The power of the test is 40%, and there is a 5% probability that the test statistic
will exceed the critical value(s).
B. There is a 95% probability that the test statistic will be between the critical
values if this is a two-tail test.
The power of the test is 55%, and the confidence level is 95%.
There is a 5% probability that the null hypothesis will be rejected when actually
true, and the probability of rejecting the null when it is false is 40%.

oo
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Concept checkers

are provided for each
assigned reading.
These questions test a
candidates knowledge
of the material just
reviewed and serve to
assist with application
of the main concepts.
Answers to each question
are provided at the end
of each topic.
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3. Based on the regression results, which model is more reliable?

A.
B.
C.
D.

The passenger car model because 3.86 > 1.93.

The motorcycle model because 1.93 < 3.86.

The passenger car model because 0.758 > 0.676.
The motorcycle model because 1/0.676 < /0.758.

4. Which of the following is not a necessary assumption of simple linear regression
analysis?

A.
B.
C.
D.

The residuals are normally distributed.

There is a constant variance of the error term.

The independent variable is uncorrelated with the residuals.
The dependent variable is uncorrelated with the residuals.

5. What is the appropriate alternative hypothesis to test the statistical significance of
the intercept term in the following regression?

Y=a,+a,(X)+¢

oSOw>

A #0.
At >0,
A2, #0.
Aty >0,

T T T T

CHALLENGE PROBLEMS

6. In testing a set of data, you are trying to determine if the normality assumption
is reasonable using a 1% significance level. The sample is considered large at 150
observations, and you have determined that the skewness and the excess kurtosis of
the data are 0.5 and 0.2, respectively.

Based on the information provided above, which of the following statements are
correct?

L.
II.

Jarque-Bera value is 6.5.
Jarque-Bera value is 55.25.

III. Reject the null hypothesis that the data is normal.
IV.  Not reject the null hypothesis that the data is normal.

A.

B.
C.
D. IIand IV.

I and III.
I and IV.
IT and III.
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Challenge Problems are
designed to provide
candidates with additional
questions that rigorously test
their understanding of the
core FRM concepts.
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Relevant past FRM exam questions are provided in the back of each book. These questions
identify how concepts have been tested on previous FRM exams. GARP answers to each
question are provided as well as Professor's Notes for additional clarification. The year a
given question was tested and the topic tested from is also provided.

FRM OLp QUuUEsTION REVIEW
(FroMm PreviOUS FRM Exams)

Credit Risk Measurement and Management

Professor’s Note: The following questions are from the 2006, 2004, 2003, and
2002 actual FRM exams.

1. Suppose the rate on 1-year zero-coupon corporate bonds is 13.5% and the implied
probability of default is 3.96%. Assume LGD is 100%. Based on the given

information, the 1-year T-bill rate is closest to:

A, 4.49%.
B. 9.00%.
C. 6.74%.
D. 6.00%.
2. Which of the following is not a modeling approach to credit scoring?

A. k-nearest neighbor classifier models.
B. Logit and Probit models.

C. Fisher linear discriminant analysis.
D. Bayesian vector autoregression.

3. Which of the following is not a commonly used method for generating a recovery
rate function?
A. Nonparametric kernel estimation.
B. Cubic SPLINE estimation.
C. Assume the recovery rate follows a beta distribution.
D. Estimate conditional densities with generalized method of moments.

4 Which of the following reduce a credit exposure by shortening the effective maturity
of a position?
I. Liquidity put.
II. Credit trigger.

A. BothIand Il

B. Ibut not II.

C. II but not1.

D. Neither of T or II.
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The index at the back of each book provides a list of key terms to be familiar with for the
exam. Use the index for a quick reference if you are searching for a particular concept.

INDEX

A

ABX indices 193

adjustable-rate mortgages 227

adjusted RAROC 50

advanced measurement approach (AMA) 120
Alt-A mortgages 187

arm’s length transaction 200

asset correlation 116

asset/liability risk 172, 176

available funds cap 191

B

backtest 11, 119

banking book 138

bank run 258

Basel I Accord 101

Basel 1T Accord 109

basic indicator approach 120
bid-ask spread 70

binomial distribution 6
building-block approach 57
business risk 56, 173, 176

business unit level 57

C

calibration error 18

capital ratio 103

capital requirement 104

cash flow at risk 77
CDO-squared 191

clean-up call 190

closed-end funds 67

coherent risk measure 154
collateralized debt obligations 191, 231
comparative advantage 40
compensating interest 190
comprehensive approach 116
conditional default threshold 116
conditional VAR 9

constant spread approach 72
Cooke ratio 101

counterparty credit risk 161
CrashMetrics 78

credit capital charge 49

credit migration risk 140

credit risk 47, 56, 172

credit risk mitigation 106
crisis-scenario analyses 79
cross-collateralization 190
currency debasement 245

D

data capture bias 6

dealer banks 252

default patterns 244
delta-gamma approximation 78
deposit insurance 66
discount window 66
diseconomies of scope 255
disintermediation 200
diversification 57

domino effect 239
downturn LGD 114

E

earnings volatility 177

economic capital 3,9, 39, 45, 56, 114, 154
economies of scope 255

effective maturity 112

elasticity 76

endogenous liquidity 71

enterprise risk management 35

equity exposures 113

equity tranche 228

event of default 192

event risk 56

excessive maturity transformation 234
excess spread 190

exogenous liquidity 71

exogenous spread approach 74
expected loss 114

expected shortfall 155

exposure at default 104, 112

external data 6

external ratings-based approach 117

F

fair value accounting 236
financial conglomerates 55
financing gap 65
firm-wide VAR 38
frequency distributions 6
funding liquidity risk 84
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