
	

Continue

25635285.5	43168158651	26892807008	50981355	77731722160	15251897.275	8821024205	60659278172	61600476.15	151393677.125	5946266817	17280735.572917	5658421.7017544	137131557602	14857357.354839	16622424054	1373959149	27368555867	27389440452	15644000691

https://lovig.co.za/XSRYdR1H?utm_term=2020+frm+learning+objectives+pdf+file+format+download


2020	frm	learning	objectives	pdf	file	format	download

Your	research	assistant	has	decided	to	conduct	his	analysis	using	only	the	returns	for	the	five	most	recent	years,	which	are	displayed	as	the	bold	numbers	in	the	data	set.	To	make	the	covariance	of	two	random	variables	easier	to	interpret,	it	may	be	divided	by	the	product	of	the	bivariate	random	variables’	standard	deviations.	replace	drawn	data	so	it
can	be	redrawn.	In	general,	if	the	price	of	a	security	goes	up,	it	is	viewed	as	a	success.	For	Acme,	we	have	P(40+)	=	6%	+	21%	+	10%	=	37%	of	the	employees	earn	more	than	$40,000	per	year.	A	discrete	probability	function	is	one	for	which	there	are	a	finite	number	of	possible	outcomes.	Overfit,	larger	models	have	a	high	bias	error	due	to	inclusion
of	too	many	independent	variables.	Summing	across	rows	constructs	the	marginal	distribution	for	the	column	variables	in	a	probability	matrix.	Taller	students	may	well	do	better	on	a	given	exam	than	shorter	(younger)	students.	Calculate	the	test	statistic.	EXAMPLE:	Marginal	distributions	Using	the	probability	matrix	in	Figure	15.1,	compute	the
marginal	PMF	for	the	3%	monthly	stock	return	as	well	as	the	marginal	PMF	for	a	0%	and	−3%	monthly	stock	return.	The	choice	of	seed	value	will	determine	the	random	number	sequence	that	is	generated.	.9463	.	I.	The	Black-Scholes-Merton	(BSM)	model	used	to	calculate	the	price	of	a	call	option	includes	inputs	for	the	current	asset	price,	strike
price,	time	to	maturity,	risk-free	interest	rate,	and	annual	variance.	A	quantile	function,	Q(x%),	provides	the	value	of	an	outcome	which	is	greater	than	x%	of	all	possible	outcomes.	Models	with	a	large	number	of	independent	variables	tend	to	have	a	high	bias	error.	A	two-tailed	test	for	the	population	mean	may	be	structured	as:	H0:	µ	=	µ0	versus	HA:
µ	≠	µ0	Because	the	alternative	hypothesis	allows	for	values	above	and	below	the	hypothesized	parameter,	a	two-tailed	test	uses	two	critical	values	(or	rejection	points).	0.126	0.140	C.	Alternatively,	recall	that	β	=	rX,Y	=	Cov(X,Y)	σ	X	σ	=	Y	0	σ	X	σ	Cov(X,Y)	Var	X	.	(LO	12.c)	Module	Quiz	12.2	1.	0.9981.	describe	the	consistency	of	an	estimator	and
explain	the	usefulness	of	this	concept.	The	long-run	(or	unconditional)	mean	reverting	level	of	an	AR(p)	series	is	computed	as:	μ	=	d	1−Φ	LO	21.e	1	−Φ	2	...−Φp	A	moving	average	(MA)	process	is	a	linear	regression	of	the	current	values	of	a	time	series	against	both	the	current	and	previous	unobserved	white	noise	error	terms,	which	are	random
shocks.	The	fact	that	a	car	chosen	at	random	is	a	convertible	gives	us	no	additional	information	about	whether	a	car	is	blue	or	red.	0.9207.	If	the	first	differences	are	not	a	stationary	series,	we	can	take	the	differences	of	those	(i.e.,	double	differencing).	Probabilities	cannot	be	less	than	0	or	greater	than	1.	rely	on	the	key	assumption	that	the	present
resembles	the	past.	less	peaked	distribution	of	returns.	The	following	equation	can	be	used	to	convert	between	the	simple	(R)	and	log	return	(r),	with	the	simple	return	always	exceeding	the	log	return:	1	+	Rt	=	exp	rt	Volatility,	Variance,	and	Implied	Volatility	LO	23.b:	Define	and	distinguish	between	volatility,	variance	rate,	and	implied	volatility.	C	A
lognormally	distributed	random	variable	cannot	take	on	values	less	than	zero.	.9793	.	1.660	.	This	is	an	important	concept	that	ensures	that	the	estimate	of	the	mean	and	variance	will	be	very	close	to	the	true	mean	and	variance	of	the	population	in	large	sample	sizes.	(page	97)	f.	Figure	14.7:	t-Distributions	for	Different	Degrees	of	Freedom	(df)	The
Chi-Squared	Distribution	Hypothesis	tests	concerning	population	parameters	and	models	of	random	variables	that	are	always	positive	are	often	based	on	a	chi-squared	distribution,	denoted	χ2.	If	the	orders	are	different,	the	pair	will	be	discordant.	0	is	not	in	this	confidence	interval.	0.02	.	0.9798.	The	second	central	moment	of	a	random	variable	is	its
variance,	σ2.	In	other	words,	quadrupling	the	number	of	scenarios	will	improve	the	accuracy	twofold.	What	is	the	marginal	probability	that	the	stock	has	a	positive	analyst	rating?	C	The	t-statistic	tests	the	null	that	industry	P/Es	are	equal.	A	regression	model	can	include	dummy	variables	for	up	to	one	less	than	the	frequency	of	the	data.	Remember
what’s	going	on	here:	random	samples	of	size	n	are	repeatedly	being	taken	from	an	overall	larger	population.	positive	linear	correlation.	(LO	22.c)	2.	According	to	PayScale,	the	average	yearly	salary	for	a	risk	analyst	is	$64,249.	0.8980.	Figure	17.5:	Critical	z-Values	Level	of	Significance	Two-Tailed	Test	One-Tailed	Test	0.10	=	10%	±1.65	+1.28	or
−1.28	0.05	=	5%	±1.96	+1.65	or	−1.65	0.01	=	1%	±2.58	+2.33	or	−2.33	When	the	sample	size	is	large	and	the	population	variance	is	unknown,	the	z-statistic	is:	z-statistic	=	x	¯−μ	0	s/√n	where:	x	=	sample	mean	µ0	=	hypothesized	population	mean	s	=	standard	deviation	of	the	sample	n	=	sample	size	Note	the	use	of	the	sample	standard	deviation,	s,
versus	the	population	standard	deviation,	σ.	KEY	CONCEPTS	LO	22.a	A	time	series	that	tends	to	grow	by	a	constant	amount	each	period	has	a	linear	trend.	(page	143)	h.	If	the	input	variables	have	fat	tails,	Monte	Carlo	simulation	is	not	relevant	because	it	always	draws	random	variables	from	a	normally	distributed	population.	A	risk	manager	gathers
the	following	sample	data	to	analyze	annual	returns	for	an	asset:	12%,	25%,	and	–1%.	(page	45)	b.	KEY	CONCEPTS	LO	16.a	The	sample	mean,	μ	ˆ,	and	sample	variance,	σ	ˆ2,	for	a	sample	of	n	independent	and	identically	distributed	(i.i.d.)	random	variables	Xi	are	computed	as:	n	∑	i=1	μ	=	Xi	n	n	σ	ˆ	2	=	1	n	2	∑	(Xi	−	μ)	ˆ	i−1	LO	16.b	The	sample	mean
is	an	estimator	based	on	a	known	data	set	where	all	data	points	are	observable.	Therefore,	we	can	reject	the	null	hypothesis	and	conclude	that	at	least	one	of	the	five	independent	variables	is	significantly	different	than	zero.	Recall	from	the	previous	reading	the	additional	assumption	needed	in	multiple	regression	as	opposed	to	a	single	regression:	X
variables	are	not	perfectly	correlated	(i.e.,	they	are	not	perfectly	linearly	dependent).	Printed	in	the	United	States	of	America.	MODULE	QUIZ	14.1	1.	0.5220	Standard	Error	1.2100	tStatistic	0.430	pValue	0.681	0.0460	0.0150	3.090	0.021	0.7102	0.9000	0.2725	0.5281	2.610	1.700	0.040	0.139	Coefficient	Intercept	Market	capitalization	Industry
ranking	Fortune	500	1.	Figure	14.10	displays	the	PDF	of	the	exponential	distribution	assuming	different	values	for	the	rate	parameter.	LO	19.b:	Interpret	regression	coefficients	in	a	multiple	regression.	Which	of	the	following	statements	regarding	Monte	Carlo	simulation	is	least	accurate?	LO	16.c	Point	estimates	are	single	(sample)	values	used	to
estimate	population	parameters,	and	the	formula	used	to	compute	a	point	estimate	is	known	as	an	estimator.	t	=	β−β0	S	=	b	−0.48−0.20	0.12	=	−0.68	0.12	=	−5.67	(LO	18.g)	3.	Consider	a	simple,	two-independent-variable	model:	Yi	=	α	+	β1	×	X1i	+	β2	×	X2i	+	εi	In	step	1,	we	estimate	the	residuals	in	the	following	model	using	OLS	estimation
techniques	discussed	previously	(the	estimated	coefficients	a	and	b	are	not	actually	used)	for	a	single	regression:	X1i	=	a	+	b	×	X2i	+	φi	In	step	2,	we	do	the	same,	but	this	time	estimate	the	residuals	in	the	model:	Yi	=	c	+	d	×	X2i	+	λi	Finally,	the	residuals	from	step	2	are	regressed	against	the	residuals	from	step	1	to	estimate	the	slope	coefficient	β1:
λi	=	β1	×	φi	+	εi	This	stepwise	estimation	process	ensures	that	the	slope	coefficient	(β1)	is	calculated	after	controlling	for	the	variation	in	the	other	independent	variable	(X2).	Finally,	understand	how	to	interpret	a	regression	equation.	LO	23.e	Normal	distributions	have	a	kurtosis	of	three	(and	excess	kurtosis	of	zero)	and	thin	tails.	The	Monte	Carlo
results	for	the	new	x*	variable	are	assumed	to	have	similar	properties	to	the	known	y	control	variable.	The	relation	between	X	and	Y	is	not	linear.	Seasonal	dummy	variables	can	take	a	value	of	either	one	or	zero	to	represent	the	season	being	on	or	off.	Generate	data	according	to	the	assumed	DGP.	0.0133.	Now,	from	the	z-table	for	negative	values	in
the	back	of	this	book,	we	find	that	F(−0.95)	=	0.1711,	or	17.11%.	The	probability	that	both	A	and	B	will	happen	is	the	product	of	their	unconditional	probabilities.	(page	159)	m.	A	positive	covariance	indicates	that	the	variables	tend	to	move	together;	a	negative	covariance	indicates	that	the	variables	tend	to	move	in	opposite	directions.	Which	of	the
following	statements	is	least	likely	to	represent	a	limitation	of	the	Monte	Carlo	technique	when	solving	problems	of	this	nature?	construct,	apply	and	interpret	joint	hypothesis	tests	and	confidence	intervals	for	multiple	coefficients	in	a	regression.	An	MA	representation	shows	evidence	of	autocorrelation	cutoff.	Models	with	fewer	independent	variables
tend	to	have	a	high	variance	error.	If	so,	we	can	improve	on	a	trend	model	by	using	autoregressive	(AR),	moving	average	(MA),	or	autoregressive	moving	average	(ARMA)	techniques	to	forecast	the	detrended	time	series.	OLS	estimates	are	sensitive	to	outliers,	and	large	outliers	have	the	potential	to	create	misleading	regression	results.	The	t-Test	The
t-test	is	a	widely	used	hypothesis	test	that	employs	a	test	statistic	that	is	distributed	according	to	a	tdistribution.	Estimating	quartiles	In	addition	to	the	median,	the	two	most	commonly	reported	quantiles	are	the	25th	and	75th	quantiles.	.5948	.	With	250	observations,	however,	the	sample	is	considered	to	be	large,	so	the	z-distribution	would	also	be
acceptable.	0.129	B.	For	a	continuous	uniform	distribution,	the	probability	of	outcomes	in	a	range	that	is	onehalf	the	whole	range	is	50%.	The	problem	with	this	is	that	the	alpha	(the	probability	of	incorrectly	rejecting	a	true	null)	is	only	accurate	for	one	single	hypothesis	test.	0.151	D.	The	first	moment	of	X	=	[X1,	X2]	is	the	expected	mean	of	the
components,	E[X].	The	values	for	both	must	lie	between	−1	and	1,	they	are	each	zero	when	the	returns	are	completely	independent,	they	are	scale	invariant,	and	both	are	positive	(negative)	based	on	the	increasing	(decreasing)	relationship	between	the	variables.	Variable	X2	should	be	dropped	from	the	model.	7.7.	B.	β	=	Cov(X,Y)	Var(X)	¯	¯	−	β¯	¯	¯	α
=	¯	Y	X	The	R2	represents	the	proportion	of	variation	in	the	dependent	variable	that	is	explained	by	the	independent	variable(s).	It	can	be	expressed	using	the	following	formula:	p(x)	=	P(X	=	x)	=	(number	of	ways	to	choose	x	from	n)px(1	−	p)n−x	where:	(number	of	ways	to	choose	x	from	n)	=	n!	(n−x)!x!	So,	the	probability	of	exactly	x	successes	in	n
trials	is:	p(x)=	n!	(n−x)!x!	x	p	(1	−	p)	n−x	EXAMPLE:	Binomial	probability	Assuming	a	binomial	distribution,	compute	the	probability	of	drawing	three	black	beans	from	a	bowl	of	black	and	white	beans	if	the	probability	of	selecting	a	black	bean	in	any	given	attempt	is	0.6.	You	will	draw	five	beans	from	the	bowl.	Common	notations	for	the	covariance
between	random	variables	X	and	Y	are	Cov(X,Y)	and	σXY.	C	A	distribution	that	has	a	greater	percentage	of	extremely	large	deviations	from	the	mean	will	be	leptokurtic	and	will	exhibit	excess	kurtosis	(positive).	0.30	.	The	denominator	is	the	unconditional	probability	of	gains,	P(gains|outperform)	+	P(gains|underperform)	(i.e.,	0.42	+	0.08	=	0.50).
Cross	reference	to	GARP	FRM	Part	I	Quantitative	Analysis,	Chapter	13.	For	the	first	two	assets,	the	skewness	is	negative	while	gold	returns	reflect	positive	skewness.	explain	the	challenges	of	modeling	time	series	containing	unit	roots.	Bootstrapping	simulations	A.	Module	13.2:	Mean,	Variance,	Skewness,	and	Kurtosis	4.	It	shifts	the	time	index	back
by	one	period.	The	equation	1	+	Rt	=	exp	rt	can	be	used	to	convert	between	simple	(R)	and	log	(r)	returns.	(page	50)	e.	It	is	the	same	test	statistic	computation	that	we	have	been	performing	all	along.	0.5279	.	0.01	.	Random	number	generators	are	used	to	produce	an	irregular	sequence	of	numerical	values.	Contents	1.	.9772	.	B	There	are	two	main
purposes	of	using	a	lag	operator.	This	implies	that	the	model	is	inaccurate	in	a	predictable	way	and	is	therefore	inadequate;	it	needs	to	be	revised,	perhaps	by	adding	more	lags.	only	applies	to	a	discrete	probability	distribution.	describe	the	application	of	AR,	MA	and	ARMA	processes.	However,	increasing	the	number	of	samples	drawn	may	be	costly
and	time	consuming.	A	linear	regression	function	assumes	that	the	relation	being	modeled	must	be	linear	in	A.	Mathematically,	we	take	the	integral	of	the	PDF	over	an	interval	to	calculate	the	probability	that	the	random	variable	will	take	on	a	value	in	that	interval.	define	and	describe	the	properties	of	autoregressive	(AR)	processes.	ANSWER	KEY
FOR	MODULE	QUIZZES	Module	Quiz	12.1	1.	The	second	step	of	the	simulation	generates	scenarios	or	trials	based	on	randomly	generated	inputs	drawn	from	a	pre-specified	probability	distribution.	Which	of	the	following	statements	about	hypothesis	testing	is	most	accurate?	However,	the	reality	is	that	financial	returns	often	follow	a	non-normal
distribution,	so	there	is	skewness	and	excess	kurtosis.	The	population	mean	and	sample	mean	are	both	examples	of	arithmetic	means.	The	variance	of	a	random	variable	is	defined	as:	σ	2	2	=	Var	[X]	=	E	[(X	−	E	[X])	]	The	population	moments	are	transformed	into	estimator	moments	by	replacing	the	expected	operator	of	a	random	variable,	E[X],	with
an	averaging	operator	that	divides	by	the	number	of	observations,	n,	such	that:	n	σ	ˆ	2	=	1	n	∑	(Xi	−	2	µ)	ˆ	i=1	Point	Estimates	and	Estimators	LO	16.c:	Distinguish	between	an	estimator	and	an	estimate.	Each	of	the	possible	outcomes	has	the	same	probability	of	occurring	(1/6	=	16.67%).	B	The	expected	value	is	computed	as:	(4)(10%)	+	(3)(30%)	+
(2)(40%)	+	(1)(20%)	=	2.3%.	A	process	such	as	a	time	series	must	have	certain	properties	if	we	want	to	forecast	its	future	values	based	on	its	past	values.	ANSWER	KEY	FOR	MODULE	QUIZZES	Module	Quiz	14.1	1.	D	The	reliability	of	the	slope	coefficient	is	inversely	related	to	its	variance	and	the	variance	of	the	slope	coefficient	(β)	increases	with
variance	of	the	error	term	and	decreases	with	the	variance	of	the	explanatory	variable.	This	function	qualifies	as	a	probability	function	because	the	probability	of	getting	one	of	the	possible	outcomes	is	1/10	+	2/10	+	3/10	+	4/10	=	10/10	=	100%.	For	hypothesis	tests	of	a	population	mean,	a	t-statistic	with	n	−	1	degrees	of	freedom	is	computed	as:
tn−1	=	x	¯−μ	0	s/√n	where:	x	=	sample	mean	µ0	=	hypothesized	population	mean	(i.e.,	the	null)	s	=	standard	deviation	of	the	sample	n	=	sample	size	PROFESSOR’S	NOTE	This	computation	is	not	new.	H0:	β1	=	β	2	=	β	3	=	….	(page	127)	20.	describe	independent	events	and	mutually	exclusive	events.	Consider	a	flip	of	a	fair	coin.	MODULE	12.1:
BASICS	OF	PROBABILITY	When	an	outcome	is	unknown,	such	as	the	outcome	(realization)	of	the	flip	of	a	coin	or	the	high	temperature	tomorrow	in	Dubai,	we	refer	to	it	as	a	random	variable.	The	marginal	and	conditional	distributions	are	used	to	transform	bivariate	distributions	and	provide	additional	insights	for	finance	and	risk	management.	P(A	or
B)	=	P(A)	×	P(B)	–	P(AB)	C.	R2	=	r2X,Y	where	rX,Y	=	correlation	between	X	and	Y	Assumptions	Underlying	Linear	Regression	LO	18.c:	Describe	the	key	assumptions	of	OLS	parameter	estimation.	1.812	5	10	.	use	sample	data	to	estimate	quantiles,	including	the	median.	This	is	always	the	case	for	a	covariance	stationary	series.	The	alternative
hypothesis,	which	specifies	the	values	of	the	test	statistic	over	which	we	should	reject	the	null.	0.9049.	Module	14.3:	Student’s	t,	Chi-Squared,	and	FDistributions	5.	z	=	8.13.	If	the	two	mean	estimators	are	considered	as	a	bivariate	mean	estimate,	µ,	we	can	apply	the	CLT	and	examine	the	joint	behavior	by	stacking	the	two	mean	estimators	into	a
vector:	μ	ˆ	=	[	μ	ˆX	]	μ	ˆY	If	the	multivariate	random	variable	Z	=	[X,	Y]	is	i.i.d.,	then	the	2	by	1	vector	is	asymptotically	normally	distributed	(i.e.,	the	estimator	converges	to	the	normal	distribution	as	sample	size	increases).	Similarly,	we	can	calculate	the	variance	of	an	AR(p)	process	by	subtracting	all	the	squared	coefficients	in	the	denominator.	HA:	µ
≥	$145,000.	MODULE	QUIZ	23.3	1.	Expected	value	of	the	sum	of	n	i.i.d.	random	variables	is	equal	to	nµ.	The	F-test	An	F-test	is	useful	to	evaluate	a	model	against	other	competing	partial	models.	2.1	.	HA:	µ	>	$145,000.	Evaluate	the	accuracy	by	computing	the	standard	error.	For	a	symmetrical	distribution,	the	mean,	median,	and	mode	are	equal.	The
Poisson	Distribution	The	Poisson	distribution	is	a	discrete	probability	distribution	with	a	number	of	realworld	applications.	This	is	summarized	in	the	upper	right-hand	corner	of	Figure	15.2	as	40%.	Collectively,	these	assumptions	ensure	that	the	regression	estimators	are	ˆ	unbiased	(i.e.,	E(α	ˆ)	=	α	and	E(β	)	=	β).	The	mean	is	affected	by	outliers;	in	a
positively	skewed	distribution,	there	are	large,	positive	outliers	that	will	tend	to	pull	the	mean	upward,	or	more	positive.	The	Null	Hypothesis	and	Alternative	Hypothesis	The	null	hypothesis,	designated	H0,	is	the	hypothesis	the	researcher	wants	to	reject.	LO	12.c	If	two	events	conditional	on	a	third	event	are	independent,	we	say	they	are	conditionally
independent.	The	volatility	of	a	variable,	σ,	is	expressed	as	the	standard	deviation	of	its	returns.	(page	111)	d.	Chapter	1.	Cross	reference	to	GARP	FRM	Part	I	Quantitative	Analysis,	Chapter	4.	The	first	step	involves	ranking	the	returns	for	stock	X	from	lowest	to	highest	in	the	second	column.	We	describe	a	continuous	distribution	function	with	a
probability	density	function	(PDF),	rather	than	a	PMF.	(LO	19.a)	Module	Quiz	19.2	1.	Instead,	we	use	the	F-test.	.5239	.	Assume	that	the	number	of	defective	cars	has	a	Poisson	distribution.	The	event	space	is	all	the	subsets	of	possible	outcomes	and	the	empty	set	(none	of	the	possible	outcomes).	.9706	.	In	this	case,	a	newly	created	distribution	may
assist	with	explaining	the	relevant	data.	P(AB)	/	P(B)	=	P(A)	3.	READING	12:	FUNDAMENTALS	OF	PROBABILITY	EXAM	FOCUS	This	reading	covers	important	terms	and	concepts	associated	with	probability	theory.	We	extend	our	regression	function	in	this	reading	to	include	multiple	explanatory	variables	(which	is	most	commonly	used	in	practice).
Generally,	a	violation	would	be	evidenced	by	the	following:	Survivorship,	or	sample	selection,	bias:	Survivorship	bias	occurs	when	the	observations	are	collected	after-the-fact	(e.g.,	companies	that	get	dropped	from	an	index	are	not	included	in	the	sample).	.09	.	Answer:	As	shown	graphically	in	the	distribution	that	follows,	we	want	to	know	P(EPS	<
$4.10).	Analysts’	ratings	can	take	on	three	possible	outcomes:	an	upgrade,	X2	=1;	a	downgrade,	X2	=	–1;	or	a	neutral	no	change	rating,	X2	=0.	In	this	context,	ps	and	qs	are	restricted	to	values	of	1	or	0	(i.e.,	true	or	false)	such	that	a	value	of	1	corresponds	to	the	seasonal	lag	(e.g.,	12	for	monthly	time	series).	0.9983.	Variance	gives	us	information
about	how	widely	dispersed	the	values	of	the	random	variable	are	around	the	mean.	In	order	to	ensure	that	correlation	matrices	are	positive	definite,	two	structured	correlations	are	typically	used.	Thus,	the	formulas	for	estimating	the	means	of	two	random	variables,	Xi	and	Yi	are:	n	μ	ˆX	=	1	n	∑	Xi	i=1	n	μ	ˆY	=	1	n	∑	Yi	i=1	If	the	data	is	i.i.d.,	then	the
CLT	applies	to	both	estimators.	Consider	an	AR(1)	process	that	is	specified	using	the	following	formula:	yt	=	0.65yt−1	+	εt	The	coefficient	(Φ)	is	equal	to	0.65;	the	first-period	autocorrelation	is	0.65	(i.e.,	0.651);	the	second-period	autocorrelation	is	0.4225	(i.e.,	0.652);	and	so	forth	for	the	remaining	autocorrelations.	A	common	use	of	quantiles	is	to
report	the	results	of	standardized	tests.	If	we	ignore	the	lagged	error	term	for	a	moment	and	assume	that	εt	>	0,	then	yt	>	0.	Many	of	these	properties	are	evident	from	examining	the	graph	of	a	normal	distribution’s	PDF	as	illustrated	in	Figure	14.2.	Figure	14.2:	Normal	Distribution	PDF	A	confidence	interval	is	a	range	of	values	around	the	expected
outcome	within	which	we	expect	the	actual	outcome	to	be	some	specified	percentage	of	the	time.	40.0%.	0.9744.	LO	16.d	The	bias	of	an	estimator	measures	the	difference	between	the	expected	value	of	the	estimator	and	the	true	population	value:	ˆ	ˆ	Bias	(θ	)	=	E	[θ	]	−	θ	LO	16.e	The	best	linear	unbiased	estimator	(BLUE)	is	the	best	estimator	of	the
population	mean	available	because	it	has	the	minimum	variance	of	any	linear	unbiased	estimator.	Unfortunately,	it	is	not	always	an	easy	task	to	identify	the	variable(s)	that	are	the	source	of	the	multicollinearity.	Multiplying	each	outcome	by	1/n	and	then	summing	them,	produces	the	same	expected	value	as	dividing	the	sum	of	the	outcomes	by	n.	As
financial	returns	tend	to	follow	non-normal	distributions,	studying	the	tails	can	help	explain	how	returns	are	distributed	in	reality.	0.8888.	The	95%	confidence	interval	for	X	is	X	−	1.96s	to	X	+	1.96s.	If	our	distribution	is	for	percentage	rates	of	return,	the	standard	deviation	is	also	measured	in	terms	of	percentage	returns.	The	variance	of	the	average
of	multiple	i.i.d.	random	variables	decreases	as	n	increases.	For	this	simple	two-variable	case	(i.e.,	one	explained	and	one	explanatory	variable),	the	function	is:	E(return)	=	α	+	β	×	(lockup	period)	Or	more	generally:	E(Y)	=	α	+	β	×	(X)	Which	we	can	write	as:	Y	=	α	+	β	×	(X)	+	ε	where:	β	=	the	regression	or	slope	coefficient;	sensitivity	of	Y	to	changes
in	X	α	=	value	of	Y	when	X	=	0	ε	=	random	error	or	shock;	unexplained	(by	X)	component	of	Y	This	error	may	be	reduced	by	using	more	independent	variables	or	by	using	different,	more	appropriate	independent	variables.	Pseudo-random	numbers	are	A.	0.7995.	0.9803.	has	positive	excess	kurtosis.	For	example,	maximum	likelihood	estimators	of	the
population	mean	may	be	more	accurate.	The	arithmetic	mean	is	the	sum	of	the	observed	values	divided	by	the	number	of	observations.	0.05	0.3	0.5	0.2	RB	.	To	see	this	relationship	more	clearly,	the	expression	for	the	confidence	interval	can	be	manipulated	and	restated	as:	−critical	value	≤	test	statistic	≤	+critical	value	This	is	the	range	within	which
we	fail	to	reject	the	null	for	a	two-tailed	hypothesis	test	at	a	given	level	of	significance.	For	example,	consider	an	unknown	parameter,	p,	in	a	function:	Y	=	α	+	βXp	+	ε.	As	a	result	of	multicollinearity,	there	is	a	greater	probability	that	we	will	incorrectly	conclude	that	a	variable	is	not	statistically	significant	(e.g.,	a	Type	II	error).	The	reproducibility	of
outputs	from	pseudo-random	number	generators	(PRNGs)	allows	results	to	be	replicated	across	multiple	experiments,	or	to	be	generated	on	multiple	computers.	The	shape	of	the	Fdistribution	is	determined	by	two	separate	degrees	of	freedom,	the	numerator	degrees	of	freedom,	df1,	and	the	denominator	degrees	of	freedom,	df2.	MODULE	QUIZ	21.3
1.	The	second	quantile	measure	of	interest	here	is	the	interquartile	range.	However,	there	are	occasions	when	the	independent	variable	is	binary	in	nature—it	is	either	on	or	off.	What	is	the	probability	of	an	outcome	being	between	15	and	25	for	a	random	variable	that	follows	a	continuous	uniform	distribution	within	the	range	of	12	to	28?	It	involves
autocorrelations	that	decay	gradually.	Ohlmer	is	valuing	a	biotechnology	stock	with	a	dividend	payout	ratio	of	0.00,	a	beta	of	1.50,	and	an	expected	earnings	growth	rate	of	0.14.	394.7	D.	(page	174)	f.	LO	20.e	Bias-variance	tradeoff	involves	selecting	between	overfit	models	with	too	many	variables	with	a	high	in-sample	performance	(i.e.,	low	variance
error)	versus	models	with	fewer	explanatory	variables	and	lower	out-of-sample	bias	error.	0.9713.	0.9082.	0.9671.	(LO	23.a)	2.	+	θqεt−q	The	mean	of	the	MA(q)	process	is	still	μ	but	the	variance	will	change	to:	σy2	=	σε2(1	+	θ21	+	θ22	+	...	While	multicollinearity	does	not	represent	a	violation	of	regression	assumptions,	its	existence	compromises	the
reliability	of	parameter	estimates.	0.8907.	(page	194)	c.	The	distribution	of	these	sample	means	is	referred	to	as	the	sampling	distribution	of	the	sample	mean.	Circular	block	bootstrap	(CBB)	When	observations	are	not	independent,	a	more	sophisticated	bootstrapping	method	than	i.i.d.	is	required.	Variables	X1	and	X2	are	highly	correlated	and	should
be	combined	into	one	variable.	neither	the	variables	nor	the	coefficients.	The	difference	between	these	two	options	can	greatly	impact	where	a	professional	works.	Answer	Key	For	Module	Quizzes	3.	Given	this	information,	calculate	the	two	sample	means	and	discuss	the	population	mean.	If	the	data	is	symmetrical	then	the	mean	and	median	are	the
same	when	half	the	observations	lie	above	the	median	and	half	are	below.	Given	that	the	stock	has	gains,	what	is	our	updated	probability	of	an	outperforming	economy?	All	rights	reserved.	Coskewness	and	cokurtosis	are	cross	variable	versions	of	skewness	and	kurtosis.	LO	13.b	The	expected	value	of	a	discrete	random	variable	is	the
probabilityweighted	average	of	the	possible	outcomes	(i.e.,	the	mean	of	the	distribution).	The	PDF	for	the	normal	distribution	is:	f(x)=	1	σ√2π	e	−	1	2	(	x−μ	σ	2	)	The	normal	distribution	has	the	following	key	properties:	It	is	completely	described	by	its	mean,	µ,	and	variance,	σ2,	stated	as	X	~	N(µ,	σ2).	Make	a	decision	based	on	the	results	of	the	test.
This	means	there	is	a	relatively	greater	probability	of	an	observed	value	being	far	from	the	mean.	When	two	events	are	conditionally	independent	events,	P(A|C)	×	P(B|C)	=	P(AB|C).	Chapter	5.	0.7123.	0.9535.	In	such	a	case,	revised,	White	standard	errors	should	be	used	in	hypothesis	testing	instead	of	the	standard	errors	from	OLS	estimation
procedures.	The	problem	is	that	if	we	keep	testing	different	strategies	against	the	same	null	hypothesis,	it	is	highly	likely	we	are	eventually	going	to	reject	one	of	them.	(page	172)	g.	The	following	equation	denotes	how	linear	estimators	of	the	mean	are	computed:	n	μ	ˆ	=	∑	wi	X	i	i=1	Where	wi	are	the	weights	that	are	independent	of	Xi	(i.e.,	wi	=1/n).
(page	67)	d.	negative	linear	correlation.	Notice	that	the	first	eight	blocks	use	three	consecutive	observations,	but	the	final	two	blocks	wrap	around.	Taxes	are	another	factor	that	may	make	a	seemingly	attractive	strategy	a	poor	one	in	practice.	If	we	require	a	simulation	of	sample	size	of	three	from	a	data	set	with	a	total	of	10	observations,	the	i.i.d.
bootstrap	generates	observation	indices	by	randomly	sampling	three	times	with	replacement	from	the	values	{1,	2,	…	,	10}.	EXAMPLE:	Using	the	Poisson	distribution	(1)	On	average,	the	911	emergency	switchboards	receive	0.1	incoming	calls	per	second.	0%	=	–0.005	+	0.0	+	0.0256	=	0.0206	or	2.06%	(LO	15.h)	Module	Quiz	15.4	1.	Consider	a	two-
tailed	hypothesis	test	about	the	mean	value	of	a	random	variable	at	the	95%	significance	level	where	the	test	statistic	is	2.3,	greater	than	the	upper	critical	value	of	1.96.	0.9911.	However,	if	we	already	have	a	stationary	series,	taking	its	differences	results	in	overdifferencing,	which	adds	complexity	to	a	forecasting	model	instead	of	reducing	its
complexity.	(If	we	included	a	dummy	variable	for	the	fourth	quarter	or	the	12th	month,	we	would	bring	multicollinearity	into	our	regression	because	the	value	of	one	dummy	variable	could	be	predicted	exactly	from	the	values	of	the	others.)	Another	approach	to	modeling	seasonality	is	seasonal	differencing.	The	correlation	between	X1	and	X2	will	be
equal	to	either	1	if	b	>	0,	0	if	b	=	0,	or	−1	if	b	<	0.	In	the	context	of	portfolio	risk	management,	a	conditional	expectation	of	a	random	variable	is	computed	based	on	a	specific	event	occurring.	0.5636.	LO	21.c	White	noise	is	a	serially	uncorrelated	series	with	a	mean	of	zero	and	a	constant	variance.	When	conducting	hypothesis	tests,	a	significance
level	must	be	specified	in	order	to	identify	the	critical	values	needed	to	evaluate	the	test	statistic.	It	is	the	hypothesis	that	is	actually	tested	and	is	the	basis	for	the	selection	of	the	test	statistics.	0.9864.	(page	75)	k.	LO	17.f	For	hypothesis	tests	of	a	population	mean,	a	t-statistic	with	n	−	1	degrees	of	freedom	is	computed	as:	tn−1	=	x	¯−μ	0	s/√n	To
conduct	a	t-test,	the	t-statistic	is	compared	to	a	critical	t-value	at	the	desired	level	of	significance	with	the	appropriate	degrees	of	freedom.	READING	24:	SIMULATION	AND	BOOTSTRAPPING	EXAM	FOCUS	Simulation	methods	model	uncertainty	by	generating	random	inputs	that	are	assumed	to	follow	an	appropriate	probability	distribution.	0.9474.
a	greater	probability	of	extreme	positive	and	negative	returns.	The	interpretation	of	the	CDF	is	the	same	for	discrete	and	continuous	random	variables.	If	we	fail	to	reject	the	hypothesis,	the	lagged	level	of	the	series	has	no	predictive	value	and	the	series	is	a	random	walk.	Figure	21.1	illustrates	an	example	of	an	ACF.	Simultaneity	bias:	This	happens
when	the	values	of	X	and	Y	are	simultaneously	determined.	0.9984.	Estimate	the	regression	using	standard	ordinary	least	squares	(OLS)	procedures	and	estimate	the	residuals	and	square	them	(ε	).	In	words,	this	says,	“X	is	normally	distributed	with	mean	µ	and	variance	σ2.”	Skewness	=	0,	meaning	the	normal	distribution	is	symmetric	about	its	mean,
so	that	P(X	≤	µ)	=	P(µ	≤	X)	=	0.5,	and	mean	=	median	=	mode.	(LO	14.a)	Module	Quiz	14.3	1.	For	example,	if	P(AB|C)	=	P(A|C)	P(B|C),	then	A	and	B	are	conditionally	independent.	Thus,	a	normal	distribution	has	excess	kurtosis	equal	to	zero.	15.7.	C.	Repeatability:	Because	a	particular	seed	value	will	always	produce	the	same	series	of	random	values,
we	can	replicate	the	sequence	across	several	different	experiments,	which	allows	multiple	alternative	models	to	be	estimated	using	the	same	simulated	data.	(page	49)	d.	Another	approach	to	identify	multicollinearity	is	to	calculate	the	variance	inflation	factor	(VIF)	for	each	explanatory	variable.	D	The	calculations	for	the	sample	mean	and	sample
variance	are	shown	in	the	following	table:	Xi	Mean	.	LO	18.e	To	conduct	tests	of	hypothesis	for	the	form	such	as	H0:	β	=	β0	versus	HA:	β	≠	β0	We	use	the	following	test	statistic:	β−β	0	Sb	If	the	absolute	value	of	t	exceeds	the	critical	t-value	(from	the	t-table,	n	–	2	degrees	of	freedom),	we	would	reject	the	null	hypothesis.	has	negative	excess	kurtosis.
Thus,	we	must	conduct	hypothesis	testing	on	the	estimated	slope	coefficients	to	determine	if	the	independent	variables	make	a	significant	contribution	to	explaining	the	variation	in	the	dependent	variable.	This	invertibility	is	used	in	the	Box-Jenkins	methodology	to	select	the	appropriate	time	series	model.	The	symmetrical	case	provides	the	sensitivity
of	the	magnitude	of	one	series	to	the	magnitude	of	the	other	series.	Hence,	the	t-distribution	is	appropriate.	(LO	16.h)	3.	Which	of	the	following	regarding	a	probability	density	function	(PDF)	is	correct?	The	impact	on	portfolio	return	if	Rz	declines	by	1%	3.	A	Although	the	null	hypothesis	is	that	the	coefficient	on	the	lagged	value	is	equal	to	zero,	the
rejection	condition	is	that	the	coefficient	is	less	than	zero.	0.8729.	Figure	17.3:	Type	I	and	Type	II	Errors	in	Hypothesis	Testing	Sample	size	and	the	choice	of	significance	level	(Type	I	error	probability)	will	together	determine	the	probability	of	a	Type	II	error.	The	rate	parameter	measures	the	rate	at	which	it	will	take	an	event	to	occur.	Unlike
stationary	time	series,	a	series	with	a	unit	root	does	not	revert	to	a	mean.	For	example,	we	may	have	tested	a	null	hypothesis	that	a	strategy	of	going	long	all	the	stocks	that	satisfy	some	criteria	and	shorting	all	the	stocks	that	do	not	satisfy	the	criteria	resulted	in	returns	that	were	less	than	or	equal	to	zero	over	a	20-year	period.	0.9591.	Secondly,	they
ensure	that	the	estimators	are	normally	distributed	and,	as	a	result,	allowed	for	hypothesis	testing	(discussed	later).	Expectations	of	bivariate	random	variables	are	used	to	describe	relationships	in	the	same	way	that	they	are	used	to	define	moments	for	univariate	random	variables.	(LO	21.f)	Module	Quiz	21.3	1.	D	The	regression	equation	is	0.522	+
0.0460(MKT)	+	0.7102(IND)	+	0.9(FORT).	PROFESSOR’S	NOTE	We	will	examine	binomial	trees	for	stock	option	valuation	in	Book	4.	describe	the	models	which	can	be	estimated	using	linear	regression	and	differentiate	them	from	those	which	cannot.	16.6%	B.	The	value	of	the	computed	test	statistic	relative	to	the	critical	value	is	a	key	step	in
assessing	the	validity	of	a	hypothesis.	(LO	16.g)	2.	LO	24.g	Two	disadvantages	of	the	simulation	approach	to	financial	problem	solving	include:	1.	General-to-specific	model	is	one	approach	to	resolve	the	bias-variance	tradeoff.	Events	and	Event	Spaces	LO	12.a:	Describe	an	event	and	an	event	space.	The	CDF	for	the	distribution	in	the	previous
example,	P(X	<	x),	is	shown	in	Figure	14.1.	Figure	14.1:	CDF	for	a	Continuous	Uniform	Variable	The	probability	density	function	(PDF)	for	a	continuous	uniform	distribution	is	expressed	as:	f(x)	=	1	b−a	for	a	≤	x	≤	b,	else	f(x)	=	0	The	mean	and	variance,	respectively,	of	a	uniform	distribution	are:	E(x)	=	a+b	Var(x)	=	2	2	(b−a)	12	The	Bernoulli
Distribution	A	Bernoulli	random	variable	only	has	two	possible	outcomes.	Note	the	use	of	n,	the	sample	size,	versus	N,	the	population	size.	.9719	.	0.8790.	2.015	.	To	be	covariance	stationary,	a	time	series	must	exhibit	the	following	three	properties:	1.	Dividing	this	by	the	number	of	observations,	3,	results	in	an	unbiased	estimate	of	the	mean	of	0.12.
Note	that	the	sum	of	all	possible	outcomes	for	the	monthly	stock	return,	X1,	equals	1	at	the	bottom	of	Figure	15.2	(30%	+	30%	+	40%	=	100%).	In	other	words,	we	are	trying	to	determine	whether	the	model	has	captured	all	the	information,	or	whether	some	information	is	still	present	in	the	residuals.	LO	21.i	If	an	autocorrelation	plot	for	a	data	series
shows	that	the	autocorrelations	decay	gradually	rather	than	cut	off	abruptly,	we	can	rule	out	using	a	moving	average	(MA)	process.	This	negative	relationship	means	that	the	Monte	Carlo	sampling	error	must	always	be	smaller	using	this	approach.	EXAMPLE:	Regression	model	with	one	explanatory	variable	The	mean	annual	return	Y	over	the	past	20
years	for	a	specific	stock	is	11%,	while	that	for	the	market	X	is	8.4%.	different	from	zero.	minimal	to	no	skewness.	When	this	happens,	production	is	stopped	and	the	machine	is	adjusted.	A	The	probability	of	a	defective	car	(p)	is	0.05;	hence,	the	probability	of	a	nondefective	car	(q)	=	1	−	0.05	=	0.95.	(page	19)	14.	The	median	value	in	this	case	is	the
arithmetic	mean	of	the	two	middle	observations,	25%	and	23%.	Variance	is	reduced	because	the	covariance	between	the	simulated	values	is	negative,	so	the	variance	of	the	sum	is	less	than	the	sum	of	the	variances.	MODULE	19.2:	MEASURES	OF	FIT	IN	LINEAR	REGRESSION	LO	19.c:	Interpret	goodness	of	fit	measures	for	single	and	multiple
regressions,	including	R2	and	adjusted-R2.	Financial	returns	often	follow	a	non-normal	distribution	and	as	such,	there	is	skewness	and	excess	kurtosis.	0.9406.	At	α	=	0.05,	the	computed	test	statistic	is	compared	with	the	critical	z-values	of	±1.96.	From	our	rules	of	probability,	we	know	that	P(A|B)	×	P(B)	=	P(AB)	and	that	P(B|A)	×	P(A)	=	P(AB),	so	we
can	write	P(A|B)	×	P(B)	=	P(B|A)	×	P(A).	Quadratic	model	C.	LO	24.f	Two	primary	limitations	arise	when	using	the	bootstrapping	method:	1.	A	portion	of	a	table	of	the	CDF	for	a	standard	normal	distribution	is	shown	in	Figure	14.4.	We	will	refer	to	this	table	as	the	z-table,	as	it	contains	values	generated	using	the	cumulative	density	function	for	a
standard	normal	distribution,	denoted	by	F(Z).	The	t-distribution	is	similar,	but	not	identical,	to	the	normal	distribution	in	shape—it	is	defined	by	the	degrees	of	freedom	and	has	fatter	tails.	Thus,	the	median	return	for	the	six	managers	is	24.0%	=	0.5(25	+	23).	For	example,	the	sample	mean	is	an	unbiased	estimator	of	the	population	mean,	because
the	expected	value	of	the	sample	mean	is	equal	to	the	population	mean.	1.89	and	0.01	C.	Xi	Mean	0.54	.	Assuming	the	only	other	outcome	is	that	it	decreases,	we	can	state	p(UP)	=	0.67	and	p(DOWN)	=	0.33.	A	junior	analyst	is	assigned	to	estimate	the	first	and	second	moments	for	an	investment.	Stationary	Time	Series	Global	Association	of	Risk
Professionals.	However,	Student’s	t-distribution	is	often	used	if	the	user	believes	it	is	a	better	fit	for	the	data.	A	95%	confidence	interval	is	a	range	that	we	expect	the	random	variable	to	be	in	95%	of	the	time.	Predicted	P/E	=	6.75	+	(8.00	×	1)	+	(4.00	×	0.00)	+	(12.35	×	0.14)	−	(0.50	×	1.5)	=	15.7.	(LO	19.b)	3.	Relative	to	a	normal	distribution,
financial	returns	tend	to	have	a	non-normal	distribution,	which	will	have	A.	LO	14.b	Mixture	distributions	combine	the	concepts	of	parametric	and	nonparametric	distributions.	The	issue	is	whether	the	multicollinearity	has	a	significant	effect	on	the	regression	results.	(page	167)	b.	(page	5)	13.	describe	the	bootstrapping	method	and	its	advantage	over
Monte	Carlo	simulation.	0.9971.	As	long	as	the	option	price	is	known,	the	other	variables	except	the	annual	variance	are	all	observable	and	can	be	used	to	back	into	the	variance	number.	(page	89)	c.	A	random	variable	is	an	uncertain	quantity	or	number.	The	alternative	hypothesis	is	likely	to	be	rejected	when	the	JB	statistic	is	high.	0.9918.	.9817	.
0.9812.	According	to	PayScale,	the	average	yearly	salary	for	a	risk	manager	is	$86,840.	So,	while	adding	a	new	independent	variable	to	the	model	will	increase	R2,	it	may	either	increase	or	decrease	the	R	.	For	these	reasons,	we	take	the	additional	step	of	calculating	the	correlation	coefficient,	which	converts	the	covariance	into	a	measure	that	is
easier	to	interpret:	Corr(X,Y)	=	Cov(X,Y)	σ(X)σ(Y)	EXAMPLE:	Correlation	Using	our	previous	example,	compute	and	interpret	the	correlation	of	the	returns	for	Stocks	A	and	B,	given	that	σ2(RA)	=	0.0028	and	σ2(RB)	=	0.0124	and	recalling	that	Cov(RA,RB)	=	0.0058.	0.6700.	Career	Outlook	According	to	PayScale,	the	average	annual	salary	for
financial	managers	is	$86,840.	If	all	pairs	are	concordant,	the	output	will	equal	exactly	1.	So	far,	we	have	examined	MA	processes	and	AR	processes	assuming	they	interact	independently	of	each	other.	0.9719.	Determining	the	mean	and	variance	of	i.i.d.	random	variables	is	relatively	easy	because	the	variables	are	independent	and	have	the	same
moments.	When	interpreting	the	R2	and	adjusted	R2	measures	for	a	multiple	regression,	which	of	the	following	statements	incorrectly	reflects	a	pitfall	that	could	lead	to	invalid	conclusions?	We	would	expect	this	to	happen	most	of	the	time	when	a	second	variable	is	added	to	the	regression,	unless	X2	is	uncorrelated	with	X1,	because	if	X1	increases	by
1	unit,	then	we	would	expect	X2	to	change	as	well.	Suppose	we	want	to	test	the	hypothesis	that	the	value	of	the	slope	coefficient	is	equal	to	β0.	The	distributions	discussed	in	this	reading,	as	well	as	other	distributions,	can	be	combined	to	create	unique	PDFs.	It	may	be	helpful	to	create	a	new	distribution	if	the	underlying	data	you	are	working	with
does	not	currently	fit	a	predetermined	distribution.	The	third	moment	is	the	skewness	and	the	fourth	moment	is	the	kurtosis.	Which	of	the	following	statements	about	white	noise	is	most	accurate?	Properties	of	OLS	Estimators	LO	18.d:	Characterize	the	properties	of	OLS	estimators	and	their	sampling	distributions.	Can	we	say	with	95%	confidence
that	the	mean	return	is	greater	than	0%?	In	practice,	covariance	is	difficult	to	interpret	because	it	depends	on	the	scales	of	X1	and	X2.	0.8365.	.5636	.	LO	13.f	For	a	variable	Y	=	a	+	bX	(a	linear	transformation	of	X):	the	mean	of	Y	is	E(Y)	=	a	+	bE(X);	the	variance	of	Y	is	σ	=	b	σ	and	the	standard	deviation	is	σ	=	|b|σ	;	2	Y	Y	2	2	x	x	the	skew	of	Y	=	skew
X,	for	b	>	0,	and	skew	Y	=	–skew	X	for	b	<	0;	and	the	kurtosis	of	Y	=	kurtosis	X.	The	model	should	include	just	enough	of	these	to	make	εt	a	white	noise	process.	MODULE	QUIZ	18.2	1.	Assume	that	the	number	of	observations	is	46	and	the	critical	t-value	for	10%	level	of	significance	is	1.68.	Sources	of	nonstationarity	fall	into	three	main	categories:
time	trends,	seasonality,	and	unit	roots	(random	walks).	0.9726.	Conversely,	the	sample	variance	is	a	biased	estimator.	We	want	P(EPS	>	9.70),	which	is	1	−	P(EPS	≤	9.70).	If	this	data	value	is	not	an	integer	value,	then	the	general	rule	is	to	average	the	points	immediately	above	and	below	α	×	n.	0.7422.	Figure	16.2:	Kurtosis	Kurtosis	is	critical	in	a
risk	management	setting.	Chapter	9.	By	repeating	this	process	several	times,	we	will	create	a	probability	distribution	that	reflects	both	levels	of	volatility.	There	are	two	specific	issues	that	arise	when	using	a	bootstrap:	1.	Key	Concepts	7.	The	return	on	a	portfolio	when	Rm	=	8%,	Rz	=	2%	and	Rv	=	3%	2.	66.7%	33.3%	0.0%	C.	A	linear	combination	of
normally	distributed	independent	random	variables	is	also	normally	distributed.	If	we	attempt	to	model	a	time	series	directly	when	it	has	a	unit	root,	we	run	into	three	main	problems:	1.	explain	how	to	use	regression	analysis	to	model	seasonality.	The	mean	of	this	sampling	distribution	is	used	as	an	estimator	of	the	population	mean	and	is	said	to	be	an
unbiased	estimator	of	the	population	mean.	Because	the	p-value	<	level	of	significance,	we	reject	the	null	hypothesis	that	β	=	0,	which	is	the	same	result	as	the	one	we	got	when	performing	the	t-test.	In	this	case,	the	joint	probability	of	getting	heads	on	both	flips	is	simply	the	product	of	their	unconditional	expectations.	0.28	0.34	.	To	use	linear
regression,	the	following	three	conditions	need	to	be	satisfied:	1.	For	bivariate	random	variables,	there	are	two	variances	and	one	covariance.	a	downward	linear	graph	ranging	in	cokurtosis	values	between	–1	and	+1.	Residual	autocorrelations	at	different	lags	are	tested	for	statistical	significance.	LO	12.d	A	probability	function	describes	the
probability	for	each	possible	outcome	for	a	discrete	probability	distribution.	2.63%	2.	.9990	.	In	step	five,	the	quantity	N	is	the	number	of	replications	or	iterations	and	is	typically	performed	1,000–10,000	times,	depending	on	how	costly	it	is	to	generate	the	sample	size.	A	series	that	exhibits	a	linear	time	trend	is	one	that	tends	to	change	by	the	same
amount	each	period.	0.36	Squared	Deviation	.	0.7389.	40.0%	40.0%	0.0%	D.	Figure	13.1:	Skewness	Figure	13.2:	Kurtosis	MODULE	QUIZ	13.2	1.	The	probability	that	shares	of	Acme	will	increase	in	value	over	the	next	month	is	50%	and	the	probability	that	shares	of	Acme	and	shares	of	Best	will	both	increase	in	value	over	the	next	month	is	40%.	4.	ˆ	ˆ
µ	)	=	E	[µ]	−	μ	=	μ	−	μ	=	0	Bias	(	Therefore,	the	sample	mean	is	an	unbiased	estimator.	produces	sample	regression	coefficients.	The	i.i.d.	bootstrap	methodology	is	valid	when	the	observations	are	independent.	.5120	.	The	CLT	requires	only	one	additional	assumption	from	the	LLN	that	the	variance	is	finite.	LO	24.f:	Describe	situations	where	the
bootstrapping	method	is	ineffective.	A	conditional	distribution	is	defined	based	on	the	conditional	probability	for	a	bivariate	random	variable	X1	given	X2.	The	p-value	of	0.11	(>	0.05)	also	gives	the	same	conclusion.	As	a	result,	bootstrapping	using	older	historical	data	would	be	ineffective	in	replicating	this	period.	LO	15.c	The	expectation	of	a
bivariate	random	function	g(X1,X2)	is	a	probability	weighted	average	of	the	function	of	the	outcomes	g(x1,x2).	If	the	model	fits	the	sample	data	well,	none	of	the	residual	autocorrelations	should	be	statistically	significantly	different	from	zero.	The	null	hypothesis	states	that	skewness	does	not	equal	zero.	If	they	are	independent,	the	product	of	their
marginal	densities	will	equal	their	joint	density	per	the	equation:	fx,y(x,y)	=	fx(x)fy(y).	Monte	Carlo	simulation	is	a	widely	used	technique	in	solving	economic	and	financial	problems.	Answer:	If	EPS	=	x	=	$8,	then	z	=	(x	−	µ)	/	σ	=	($8	−	$6)	/	$2	=	+1	If	EPS	=	x	=	$2,	then	z	=	(x	−	µ)	/	σ	=	($2	−	$6)	/	$2	=	–2	Here,	z	=	+1	indicates	that	an	EPS	of	$8	is
one	standard	deviation	above	the	mean,	and	z	=	−2	means	that	an	EPS	of	$2	is	two	standard	deviations	below	the	mean.	A	lot	of	the	literature	you	will	encounter	in	your	studies	simply	uses	the	term	σ	for	the	standard	error	of	the	test	statistic,	regardless	of	whether	the	population	standard	deviation	or	sample	standard	deviation	was	used	in	its
computation.	Which	one	of	the	following	is	most	appropriate	interpretation	of	this	result?	Module	21.2:	Autoregressive	and	Moving	Average	Models	5.	(LO	21.d)	2.	(LO	22.b)	3.	Only	statement	II	is	correct.	0.0169	.	equal	to	zero.	If	the	result	falls	below	the	critical	value,	the	null	will	not	be	rejected	and	the	distribution	will	be	deemed	normal.	In	terms
of	a	probability	model,	we	are	assuming	that	the	outcomes	are	equally	likely,	that	is,	each	has	a	probability	of	1/n.	0.375	B.	D	The	intercept	term	represents	the	average	value	of	EPS	for	the	fourth	quarter.	the	dependent	variable	that	is	not	explained	by	the	independent	variable(s)	but	could	possibly	be	explained	by	adding	additional	independent
variables.	As	you	can	see	from	Figure	14.11,	this	distribution	can	be	symmetric	or	skewed	depending	on	the	values	of	its	shape	parameters	(β	and	α).	Test	the	null	hypothesis	at	the	5%	significance	level	(95%	confidence)	that	all	five	of	the	independent	variables	are	equal	to	zero.	Published	in	2020	by	Kaplan,	Inc.	We	would	compute	the
autocorrelation	using	the	following	formula:	ρ	1	=	θ	1	1+θ	2	;	where	ρ	τ	=	0for	τ	>	1	1	Using	the	previous	example	with	θ	=	0.3,	we	would	compute	the	autocorrelation	to	be	0.2752	as	follows:	0.2752	=	0.3	2	1+0.3	For	any	value	beyond	the	first	lagged	error	term,	the	autocorrelation	will	be	zero	in	an	MA(1)	process.	20%.	second	quarter.	Earnings
announcements	can	take	on	three	possible	outcomes:	a	positive	earnings	surprise,	X2	=1;	a	negative	earnings	surprise,	X2	=−1;	or	a	neutral	earnings	announcement,	X2	=0.	WARM-UP:	TIME	SERIES	COMPONENTS	A	time	series	is	data	collected	over	regular	time	periods	(e.g.,	monthly	S&P	500	returns,	quarterly	dividends	paid	by	a	company,	etc.).
0.9452.	Thus,	for	four	i.i.d.	random	variables,	the	sum	of	the	variance	would	be	equal	to	4σ2.	Specific	inferences	about	the	population	mean	can	be	made	from	the	sample	mean,	regardless	of	the	population’s	distribution,	as	long	as	the	sample	size	is	sufficiently	large,	which	usually	means	n	≥	30.	Cross	reference	to	GARP	FRM	Part	I	Quantitative
Analysis,	Chapter	12.	A	If	all	of	the	variables	in	a	correlation	matrix	have	correlations	of	1,	this	is	indicative	of	equicorrelation.	The	null	hypothesis	is	that	γ,	the	coefficient	on	the	lagged	value	Yt−1,	is	equal	to	zero.	One	equates	to	the	smallest	value	of	each	variable,	two	the	second	smallest,	three	the	third	smallest,	and	the	trend	continues	on	until	n
serves	as	the	largest	rank.	For	example,	τ	=	1	refers	to	a	one-period	lag,	comparing	each	value	of	a	time	series	to	its	preceding	value,	and	if	τ	=	4	we	are	comparing	values	four	periods	apart	along	the	time	series.	Omission	of	important	variables	cause	the	coefficients	to	be	biased	and	may	indicate	nonexistent	(i.e.,	misleading)	relationships.	A	second
interpretation	of	the	term	linear	applies	to	the	unknown	coefficients.	Fortunately,	modeling	techniques	are	not	limited	to	linear	time	trends.	MODULE	13.3:	PROBABILITY	DENSITY	FUNCTIONS,	QUANTILES,	AND	LINEAR	TRANSFORMATIONS	Probability	Density	Functions	LO	13.d:	Explain	the	differences	between	a	probability	mass	function	and	a
probability	density	function.	(LO	21.a)	2.	(LO	17.b)	2.	Module	22.2:	Seasonality	4.	The	cokurtosis	measure	will	be	large	if	both	series	are	large	in	magnitude	at	the	same	time.	The	size	of	the	test	(commonly	referred	to	as	the	significance	level),	which	specifies	the	probability	of	rejecting	the	null	hypothesis	when	it	is	true.	Covariance	Computation
Event	Boom	Normal	Slow	P(S)	RA	.	The	regression	output	provides	a	p-value	=	0.026.	When	two	events	are	independent,	the	following	two	probability	relationships	must	hold:	1.	Variance	and	Standard	Deviation	The	mean	and	variance	of	a	distribution	are	defined	as	the	first	and	second	moments	of	the	distribution,	respectively.	The	researcher	wants
to	determine	whether	two	additional	explanatory	variables	contribute	meaningfully	to	variation	in	the	stock’s	return.	The	decision	rule	(rejection	rule)	for	a	two-tailed	z-test	at	α	=	0.05	can	be	stated	as:	Reject	H0	if:	test	statistic	<	–1.96	or	test	statistic	>	1.96	Figure	17.1	shows	the	standard	normal	distribution	for	a	two-tailed	hypothesis	test	using	the
z-distribution.	The	coefficient	is	significantly	different	from	0	because	the	p-value	is	0.005.	Determining	statistical	significance	The	most	common	hypothesis	test	done	on	the	regression	coefficients	is	to	test	statistical	significance,	which	means	testing	the	null	hypothesis	that	the	coefficient	is	zero	versus	the	alternative	that	it	is	not:	testing	statistical
significance	⇒	H0:	bj	=	0	versus	HA:	bj	≠	0	EXAMPLE:	Testing	the	statistical	significance	of	a	regression	coefficient	Consider	the	hypothesis	that	future	10-year	real	earnings	growth	in	the	S&P	500	(EG10)	can	be	explained	by	the	trailing	dividend	payout	ratio	of	the	stocks	in	the	index	(PR)	and	the	yield	curve	slope	(YCS).	Chief	Risk	Officer
(CRO):Chief	risk	officers	often	coordinate	with	senior	company	or	organization	management	to	develop,	evaluate,	and	implement	risk	management	policies	for	an	entire	region.	(LO	12.d)	2.	For	example,	the	expected	return	for	a	stock	is	used	to	define	the	variance	of	the	stock	in	a	univariate	random	number.	.9941	.	LO	17.c	LO	17.d	Hypothesis	testing
compares	a	computed	test	statistic	to	a	critical	value	at	a	stated	level	of	significance,	which	is	the	decision	rule	for	the	test.	These	joint	probabilities	are	then	divided	by	the	marginal	probability	of	a	negative	earnings	announcement.	For	continuous	random	variables,	we	measure	probabilities	only	over	some	positive	interval,	(e.g.,	the	probability	that
rainfall	in	June	will	be	between	6.94	and	6.95	inches).	Statistical	Significance	vs.	B.	(page	77)	17.	For	the	information	provided,	the	null	and	alternative	hypotheses	are	appropriately	structured	as:	H0:	µ	=	2.5	(The	machine	does	not	need	an	adjustment.)	HA:	µ	≠	2.5	(The	machine	needs	an	adjustment.)	Note	that	because	this	is	a	two-tailed	test,	HA
allows	for	values	above	and	below	2.5.	Select	the	appropriate	test	statistic.	Repeat	steps	1	and	2	to	produce	N	replications.	must	be	conditionally	independent.	The	amount	of	rainfall	that	will	fall	in	June	is	an	example	of	a	continuous	random	variable.	LO	19.b	For	a	multiple	regression,	the	interpretation	of	the	slope	coefficient	captures	the	change	in
dependent	variable	for	one	unit	change	in	independent	variable,	holding	the	other	independent	variables	constant.	–0.11	.	They	frequently	work	for	banks	and	insurance	companies,	verifying	potential	clients’	application	information.	Module	19.2:	Measures	of	Fit	in	Linear	Regression	4.	MODULE	18.2:	ORDINARY	LEAST	SQUARES	ESTIMATION	LO
18.b:	Interpret	the	results	of	an	ordinary	least	squares	(OLS)	regression	with	a	single	explanatory	variable.	0.8438.	Since	all	i.i.d.	random	variables	have	the	same	expected	mean	and	variance,	the	variance	of	a	sum	of	i.i.d.	random	variables	is	equal	to	nσ2.	.9778	.	For	example,	the	probability	that	a	day’s	high	temperature	in	Seattle	will	be	between	70
and	80	degrees	is	an	unconditional	probability	(i.e.,	marginal	probability).	A	one-tailed	test	results	from	a	one-sided	alternative	hypothesis	(e.g.,	HA:	µ	>	µ0,	or	HA:	µ	<	µ0).	inclusion	of	uncorrelated	independent	variables.	Module	17.1:	Hypothesis	Testing	Basics	3.	The	optimal	weight	of	asset	1	with	a	correlation	of	0.30	is	approximately	89%.	Some
problems	may	require	a	large	number	of	replications	to	obtain	acceptable	results;	it	is	common	to	use	at	least	10,000	replications	in	Monte	Carlo	simulations.	Chapter	13.	0.9951.	Answer	Key	for	Module	Quizzes	9.	The	predicted	value	of	the	dependent	variable	when	the	independent	variable	is	zero	is	10.0.	B.	0.0111.	The	variance	of	the	sum	of	n	i.i.d.
random	variables	is	equal	to	nσ2.	MODULE	14.2:	NORMAL	AND	LOGNORMAL	DISTRIBUTIONS	The	Normal	Distribution	The	normal	distribution	is	important	for	many	reasons.	If	Xi	=	Xj	and	Yi	=	Yj,	the	pair	is	neither	concordant	nor	discordant.	The	total	sum	of	squares	for	the	regression	is	460,	and	the	residual	sum	of	squares	is	170.	The	critical	t-
value	for	a	sample	size	of	46	and	5%	level	of	significance	is	2.02.	0.9922.	We	can	use	these	probabilities	to	illustrate	the	total	probability	rule,	which	states	that	if	the	conditioning	events	Bi	are	mutually	exclusive	and	exhaustive	then:	P(A)	=	P(A|B1)P(B1)	+	P(A|	B2)P(B2)	+	….	These	values	are	obtained	from	the	cumulative	probability	table	for	the
standard	normal	distribution	(z-table),	which	is	included	at	the	back	of	this	book.	For	example,	a	95%	confidence	interval	uses	a	critical	value	associated	with	a	given	distribution	at	the	5%	level	of	significance.	Answer	Key	for	Module	Quizzes	7.	A	commonly	used	notation	for	time	series	modeling	is	the	lag	operator	(L).	For	example,	a	daily	time	series
may	exhibit	deterministic	effects	on	a	specific	day	of	the	week.	(page	150)	c.	.9693	.	When	two	events	are	mutually	exclusive,	P(A	or	B)	=	P(A)	+	P(B).	0.8962.	Covariance	is	the	expected	value	of	the	product	of	the	deviations	of	the	two	random	variables	from	their	respective	expected	values.	Which	of	the	following	statements	is	correct	regarding	the
usefulness	of	an	autoregressive	(AR)	process	and	an	autoregressive	moving	average	(ARMA)	process	when	modeling	seasonal	data?	Assuming	that	the	coefficients	satisfy	some	conditions,	the	polynomial	can	be	inverted.	0.9960.	A	lag	operator	ensures	that	the	parameter	estimates	are	consistent.	While	linear	time	trend	models	benefit	from	simplicity,
they	are	of	limited	use	in	finance	and	economics	for	two	main	reasons:	1.	Therefore,	the	probability	of	selecting	BBBWW,	in	order,	is	0.6	×	0.6	×	0.6	×	0.4	×	0.4	=	3.456%.	Variables	all	have	the	same	moments.	For	a	pure	AR	process,	seasonality	can	be	modeled	by	including	a	lag	corresponding	to	the	seasonality	(i.e.,	fourth	lag	for	quarterly	data,
twelfth	lag	for	monthly	data)	in	addition	to	any	other	relevant	short-term	lags.	Test	the	statistical	significance	of	the	independent	variable	PR	in	the	real	earnings	growth	example	at	the	10%	significance	level.	Next,	simulated	prices	are	determined	for	the	Asian	option	and	the	European	option	and	denoted	PA	and	PBS*,	respectively.	Which	of	the
following	statements	regarding	multicollinearity	is	least	accurate?	However,	their	accuracy	cannot	be	guaranteed	nor	is	any	warranty	conveyed	as	to	your	ultimate	exam	success.	ANSWER	KEY	FOR	MODULE	QUIZZES	Module	Quiz	15.1	1.	LO	21.m:	Describe	the	role	of	mean	reversion	in	long-horizon	forecasts.	Calculate	the	statistic	or	function	of
interest,	gi	=	g(xi).	The	first	moment	of	the	distribution	of	data	is	the	mean.	If	the	observations	in	a	white	noise	process	are	independent	and	uncorrelated,	the	process	is	referred	to	as	independent	white	noise.	define	and	distinguish	between	volatility,	variance	rate	and	implied	volatility.	The	area	between	these	critical	values	is	0.9332	−	0.0918	=
0.8414,	or	84.14%.	Answer:	P(X	=	3)	=	p(3)	=	5!	2!3!	(0.6)3(0.4)2	=	(120/12)(0.216)(0.160)	=	0.3456	Some	intuition	about	these	results	may	help	you	remember	the	calculations.	The	information	contained	in	these	books	is	based	on	the	original	readings	and	is	believed	to	be	accurate.	Beth	Sinclair,	Strong’s	supervisor,	is	in	charge	of	evaluating	the
results	of	Strong’s	model.	The	variance	of	a	binomial	random	variable	is	given	by:	variance	of	X	=	np(1	−	p)	EXAMPLE:	Expected	value	of	a	binomial	random	variable	Based	on	empirical	data,	the	probability	that	the	Dow	Jones	Industrial	Average	(DJIA)	will	increase	on	any	given	day	has	been	determined	to	equal	0.67.	Furthermore,	bootstrapping
repeatedly	draws	data	from	the	historical	data	set	and	replaces	the	data	so	it	can	be	drawn	again.	0.994.	Testing	the	Equality	of	Means	LO	17.g:	Identify	the	steps	to	test	a	hypothesis	about	the	difference	between	two	population	means.	(LO	18.b)	3.	For	the	exam,	focus	most	of	your	attention	on	the	binomial,	normal,	and	Student’s	t-distributions.	Time
trends	may	be	linear	or	nonlinear.	Median	and	Quantile	Estimates	LO	16.i:	Use	sample	data	to	estimate	quantiles,	including	the	median.	Thus,	the	sum	of	the	means	is	simply	a	linear	scale	based	on	n	as	follows:	n	n	n	E	[∑	Xi	]	=	∑	E[Xi	]	=	∑	μ	=	nμ	i=1	i=1	i=1	Similarly,	the	variance	of	n	i.i.d.	random	variables	is	equal	to	nσ2.	The	absolute	value	of	the
lag	slope	coefficients	should	be	less	than	1.	Referring	to	our	previous	option	portfolio	mean	return	problem	once	more,	determine	which	test	statistic	(z	or	t)	should	be	used	and	the	difference	in	the	likelihood	of	rejecting	a	true	null	with	each	distribution.	.6064	.	Control	Variates	The	control	variate	technique	is	a	widely	used	method	to	reduce	the
sampling	error	in	Monte	Carlo	simulations.	=	∑	bi	εt−i	i=0	Where	the	b	variables	are	constants	and	εt	is	a	white	noise	process.	If	we	used	a	normal	distribution	of	returns	to	model	asset	prices	over	time,	we	would	admit	the	possibility	of	returns	less	than	–100%,	which	would	admit	the	possibility	of	asset	prices	less	than	zero.	C	The	bootstrapping
method	is	most	likely	to	be	effective	when	the	data	is	independent	and	there	are	no	outliers	in	the	data.	0.9441.	It	is	defined	by	a	single	parameter,	the	degrees	of	freedom	(df),	where	the	degrees	of	freedom	are	equal	to	the	number	of	sample	observations	minus	1,	n	−	1,	for	sample	means.	0.8389.	These	sampling	distributions	allow	us	to	estimate
population	parameters,	such	as	the	population	mean,	the	population	regression	intercept	term,	and	the	population	regression	slope	coefficient.	Thus,	var(y)	equals	zero.	One	example	is	monthly	sales	data	for	a	retailer.	Which	of	the	following	statements	regarding	the	bootstrapping	method	is	least	accurate?	LO	15.e:	Explain	the	relationship	between
the	covariance	and	correlation	of	two	random	variables	and	how	these	are	related	to	the	independence	of	the	two	variables.	.01	.	We	can	further	examine	the	relationship	between	the	exponential	and	Poisson	distributions	by	considering	the	mean	and	variance	of	both	distributions.	As	we	often	do	when	working	with	covariances,	we	can	convert	them
to	correlations	to	better	interpret	the	strength	of	the	relationships.	PROFESSOR’S	NOTE	White	standard	errors	are	heteroskedasticity-consistent	standard	errors.	compute	the	conditional	expectation	of	a	component	of	a	bivariate	random	variable.	A	The	variance	of	this	two-asset	portfolio	is	computed	as:	σ	2	12	=	(0.40)2(0.10)2	+	(0.60)2(0.04)2	+
2(0.40)(0.60)(0.25	×	0.10	×	0.04)	=	(0.16)(0.01)	+	(0.36)(0.0016)	+	0.00048	=	0.00160	+	0.00058	+	0.00048	=	0.00266	or	0.27%	(LO	15.g)	2.	Independent	and	identically	distributed	(i.i.d.)	random	variables	are	generated	from	a	single	univariate	distribution	such	as	the	normal	distribution.	In	this	instance,	βXp	contains	two	unknown	parameters	(β
and	p)	and	p	does	not	enter	the	model	multiplicatively	and,	hence,	it	would	not	be	appropriate	to	apply	linear	regression	in	such	a	case.	Also,	understand	the	pseudo-random	number	generation	method.	.9732	.	As	can	be	seen	in	the	graph,	the	autocorrelations	approach	zero	as	τ	gets	large.	The	calculated	value	of	the	z-statistic	is	−3.33.	Type	I	and
Type	II	Errors	LO	17.c:	Explain	the	difference	between	Type	I	and	Type	II	errors	and	how	these	relate	to	the	size	and	power	of	a	test.	The	variance	of	an	estimator	or	sample	mean	can	be	calculated	using	the	standard	properties	of	random	variables	as	the	sum	of	the	variances	and	covariances:	n	Var	[	µ]	=	Var	[	ˆ	1	n	∑	Xi	]	=	i=1	n	1	2	n	Var	[∑	Xi	]	=
i=1	n	1	2	n	[∑	Var(Xi	)	+	Cov]	i=1	All	covariances	are	0,	because	the	Xi	are	all	uncorrelated	random	variables	that	are	i.i.d.	This	results	in	the	second	term	in	the	brackets	dropping	out.	Module	21.1:	Covariance	Stationary	4.	.9783	.	We	can	note	a	couple	of	observations	from	the	graph	in	Figure	15.4.	The	standard	deviation	is	smallest	with	strong
negative	correlations.	Computer	processor	times	have	improved	exponentially,	however.	Variance	is	assumed	to	remain	constant	over	time.	Jill	Williams	is	an	analyst	in	the	retail	industry.	Module	14.1:	Uniform,	Bernoulli,	Binomial,	and	Poisson	Distributions	3.	LO	15.i	Independent	and	identically	distributed	(i.i.d.)	random	variables	are	independent	of
all	other	components,	are	all	from	a	single	univariate	distribution,	and	all	have	the	same	moments.	0.9788.	0.9767.	Linear	Transformations	of	Random	Variables	LO	13.f:	Explain	the	effect	of	a	linear	transformation	of	a	random	variable	on	the	mean,	variance,	standard	deviation,	skewness,	kurtosis,	median	and	interquartile	range.	Change	in	portfolio
return	=	∆RP	=	−	(0.23	×	−1)	=	+0.23%	3.	According	to	PayScale,	the	average	yearly	salary	for	a	chief	risk	officer	is	$154,219.	90%.	(page	159)	j.	The	Jarque-Bera	(JB)	test	statistic	can	be	used	to	test	whether	a	distribution	is	normal,	meaning	that	there	is	zero	skewness	and	no	excess	kurtosis	(K	−	3	=	0).	0.9783.	The	returns	for	Stock	A,	RA,	and
Stock	B,	RB,	under	each	of	the	economic	states	are	provided	in	the	following	table.	Models	with	too	many	explanatory	variables	(i.e.,	overfit	models)	may	explain	the	variation	in	dependent	variable	well	in-sample,	but	perform	poorly	out-of-sample.	This	implies	a	random	walk	is	not	covariance	stationary,	so	we	cannot	model	one	directly	with	AR,	MA,
or	ARMA	techniques.	(R	(RSS	−RSS	)/	P	F	q	F	=	RSS	/	F	(n−k	=	F	−1)	(1−R	2	F	2	F	−R	2	P	)/	q	)/	(n−k	F	−1)	Where	F	and	P	denote	full	and	partial	models	respectively.	What	are	the	z-values	for	EPS	of	$2	and	$8?	Variance	of	the	sum	of	i.i.d.	random	variables	grows	linearly.	Unlike	Monte	Carlo	simulation,	bootstrapping	does	not	directly	model	the
observed	data,	nor	does	it	make	assumptions	about	the	distribution	of	the	data.	(LO	13.d)	2.	Structural	changes	may	have	occurred	in	markets	so	that	current	conditions	are	different	from	anything	that	has	occurred	in	the	past.	Evaluate	the	model	with	extra	variables	relative	to	the	standard	CAPM	formulation.	1.264	0.421	D.	0.5793.	sampling
distribution	of	the	sample	mean	is	normal.	Given	that	the	probability	of	getting	heads	is	50%,	the	probability	of	getting	heads	on	two	flips	in	a	row	is	0.5	×	0.5	=	25%.	0.9686.	While	perfect	collinearity	is	a	violation	of	a	regression	assumption,	the	presence	of	multicollinearity	is	not.	E(RP)	when	all	factors	=	0	would	be	the	intercept	=	1.70%	MODULE
QUIZ	19.1	Use	the	following	information	to	answer	Questions	1	and	2.	inclusion	of	correlated	independent	variables.	LO	21.b	The	covariance	between	the	current	value	of	a	time	series	and	its	value	τ	periods	in	the	past	is	referred	to	as	its	autocovariance	at	lag	τ.	.5040	.	For	the	exam,	be	able	to	estimate	these	sample	moments	and	explain	the
differences	from	population	moments.	READING	17:	HYPOTHESIS	TESTING	EXAM	FOCUS	This	reading	provides	insight	into	how	risk	managers	make	portfolio	decisions	on	the	basis	of	statistical	analysis	of	samples	of	investment	returns	or	other	random	economic	and	financial	variables.	0.020.	understand	how	a	hypothesis	test	and	a	confidence
interval	are	related.	0.9015.	explain	how	seasonality	is	modeled	in	a	covariance-stationary	ARMA.	0.9772.	Kurtosis	=	3;	this	is	a	measure	of	how	the	distribution	is	spread	out	with	an	emphasis	on	the	tails	of	the	distribution.	B	The	CLT	requires	that	the	mean	and	variance	are	finite.	0.8621.	.9948	.	In	this	case,	P(B|C)	=	240/400	=	60%	=	P(B)	and
P(R|C)	=	160/400	=	40%	=	P(R).	.9808	.	This	means	B	occurring	does	not	change	the	probability	of	A.	0.9943.	Suppose	an	analyst	is	concerned	about	Monte	Carlo	sampling	error.	Second,	this	invertibility	is	used	in	the	Box-Jenkins	methodology	to	select	the	appropriate	time	series	model.	The	mass	of	the	beta	distribution	is	located	between	the
intervals	zero	and	one.	Disregard	the	covariance	for	bivariate	random	variables	as	this	data	is	not	relevant	due	to	the	nature	of	bivariate	random	variables.	This	is	expected	to	continue,	with	banks	in	particular	placing	an	emphasis	on	stability	and	risk	management	over	profits.	Therefore,	we	would	fail	to	reject	the	hypothesis	that	this	fund’s	returns
follow	a	normal	distribution.	We	can	model	the	outcome	of	a	coin	flip	as	a	Bernoulli	random	variable	where	heads	=	1	and	tails	=	0.	A	useful	way	to	analyze	an	ACF	is	to	display	it	on	a	graph.	C	The	ARMA	process	is	important	because	its	autocorrelations	decay	gradually	and	because	it	captures	a	more	robust	picture	of	a	variable	being	estimated	by
including	both	lagged	random	shocks	and	lagged	observations	of	the	variable	being	estimated.	The	variance	of	Y	can	be	calculated	as	σ	=	b	σ	;	while	a	shifts	the	location	of	the	distribution,	it	does	not	affect	the	dispersion	around	the	mean	which	is	rescaled	by	b.	Reading	15:	Multivariate	Random	Variables	1.	15%	C.	Answer:	The	average	EPS	in	each
quarter	over	the	past	10	years	is	as	follows:	average	fourth-quarter	EPS	=	1.25	average	first-quarter	EPS	=	1.25	+	0.75	=	2.00	average	second-quarter	EPS	=	1.25	−	0.20	=	1.05	average	third-quarter	EPS	=	1.25	+	0.10	=	1.35	These	are	also	the	model’s	predictions	of	future	EPS	in	each	quarter	of	the	following	year.	0.8133.	Time	series	with	unit
roots	often	show	spurious	relationships.	A	high	value	of	Cook’s	measure	indicates	the	presence	of	an	outlier.	Note	that	λ,	the	expected	number	of	calls	per	minute,	is	(0.1)(60)	=	6.0.	Hence:	P(X	=	5)	=	5	−6	e	6	5!	=	0.1606	=	16.06%	This	means	that,	given	the	average	of	0.1	incoming	calls	per	second,	there	is	a	16.06%	chance	there	will	be	five
incoming	phone	calls	in	a	minute.	In	other	words,	rather	than	making	just	one	output	estimate	for	a	problem,	the	model	generates	a	probability	distribution	of	estimates.	Bayes’	rule:	P(B|DA)	Answer:	Unconditional	probabilities:	P(B)	=	600/1,000	=	60%	P(R)	=	400/1,000	=	40%	Conditional	probabilities:	P(DA|B)	=	150/600	=	25%	P(DA|R)	=	200/400	=
50%	Joint	probabilities:	P(B	and	DA)	=	P(DA|B)P(B)	=	25%(60%)	=	15%;	15%(1,000)	=	150	of	the	cars	are	blue	with	driver	assist	P(R	and	DA)	=	P(DA|R)P(R)	=	50%(40%)	=	20%;	20%(1,000)	=	200	of	the	cars	are	red	with	driver	assist	Total	probability	rule:	P(DA)	=	P(DA|B)P(B)	+	P(DA|R)P(R)	=	25%(60%)	+	50%(40%)	=	35%;	35%(1,000)	=	350	of
the	cars	have	driver	assist	Bayes’	rule:	P(B|DA)	=	P(B	and	DA)/P(DA)	=	15%/35%	=	42.9%;	350	cars	have	driver	assist	and	of	those	cars,	150	are	blue:	150/350	=	0.42857	=	42.9%	Independence:	Now,	assume	we	add	to	our	information	that	40%	of	the	blue	cars	(240)	are	convertibles	and	40%	of	the	red	cars	(160)	are	convertibles,	so	that	400	of	the
cars	are	convertibles.	The	quantile	function,	Q(30%),	for	this	distribution	would	return	the	value	2;	30%	of	the	outcomes	are	expected	to	be	less	than	2.	The	computed	value	for	the	test	statistic	based	on	the	t-distribution	is	referred	to	as	the	t-statistic.	The	value	of	the	lag	slope	coefficients	should	all	be	less	than	1.	A	similar	approach	is	used	for
moving	average	(MA)	processes.	READING	16:	SAMPLE	MOMENTS	EXAM	FOCUS	This	reading	explains	how	sample	moments	(mean,	variance,	skewness,	and	kurtosis)	are	used	to	estimate	the	true	population	moments	for	data	generated	from	independent	and	identically	distributed	(i.i.d.)	random	variables.	The	biased	sample	estimator	of	variance
for	a	sample	of	n	i.i.d.	random	variables	Xi	is	computed:	n	σ	ˆ	2	1	=	n	∑	(Xi	−	2	µ)	ˆ	i=1	The	square	root	of	the	variance	is	called	the	standard	deviation.	Answer	Key	for	Module	Quizzes	14.	OLS	regression	requires	a	number	of	assumptions.	Reading	16:	Sample	Moments	1.	The	most	likely	bias	to	result	from	testing	multiple	hypotheses	on	a	single	data
set	is	that	the	value	of	A.	The	skewness	statistic	is	the	standardized	third	central	moment	of	the	distribution.	The	≠	sign	in	the	alternative	hypothesis	indicates	that	the	test	is	two-tailed	with	two	rejection	regions,	one	in	each	tail	of	the	standard	normal	distribution	curve.	Lag	polynomials	can	be	multiplied.	0.5714.	Power	law	tails	reflect	more
observations	found	farther	away	from	the	mean	and	they	tend	to	exhibit	slower	declines	than	the	tails	in	normal	distributions.	Assume	in	an	autoregressive	[AR(1)]	process	that	the	coefficient	for	the	lagged	observation	of	the	variable	being	estimated	is	equal	to	0.75.	ˆ	The	sample	mean,	µ	,	is	estimated	by	dividing	the	sum	of	all	the	values	in	a	sample
of	a	population,	ΣX,	by	the	number	of	observations	in	the	sample,	n.	Because	the	population	variance	is	known	and	the	sample	size	is	>	30,	the	z-statistic	is	the	appropriate	test	statistic.	To	illustrate	a	mixture	distribution,	suppose	that	the	returns	of	a	stock	follow	a	normal	distribution	with	low	volatility	75%	of	the	time	and	high	volatility	25%	of	the
time.	The	average	output	parameter	value	x	¯	for	the	two	simulations	using	different	random	sample	replications	is	simply	calculated	as:	x	¯	=	(x1	+	x2)	/	2	where	x1	and	x2	are	the	average	output	parameter	values	for	simulation	sets	one	and	two,	respectively.	0.138	B.	Module	16.2:	Estimating	Moments	of	the	Distribution	4.	As	usual,	the	intercept
(1.0)	is	interpreted	as	the	expected	value	of	Y	when	all	Xs	are	equal	to	zero.	If	we	use	an	ARMA	model,	its	estimated	parameters	follow	an	asymmetric	distribution	that	depends	on	the	sample	size	and	the	presence	of	a	time	trend	(a	Dickey-Fuller	distribution).	Note	that	there	may	be	other	nonlinear	estimators	that	are	better	at	estimating	the	true
parameters	of	a	distribution.	B	(LOS	16.k)	4.	These	materials	may	not	be	copied	without	written	permission	from	the	author.	Note	that	these	sum	to	1.	0.12	.	increases	as	n	increases.	EXAMPLE:	Kendall’s	τ	Calculate	the	Kendall	τ	correlation	coefficient	for	the	stock	returns	of	X	and	Y	listed	below.	Control	variates	reduce	the	variance	of	the
approximation	by	adding	values	with	a	mean	of	zero	that	are	correlated	to	the	simulation.	(LO	21.e)	4.	A	normal	distribution	has	thin	tails,	kurtosis	equal	to	three,	no	skewness,	and	a	symmetrical	distribution.	0.9821	.	For	example,	conditional	heteroskedasticity	exists	if	the	variance	of	the	residual	term	increases	as	the	value	of	the	independent
variable	increases,	as	shown	in	Figure	20.1.	Notice	in	this	figure	that	the	residual	variance	associated	with	the	larger	values	of	the	independent	variable,	X,	is	larger	than	the	residual	variance	associated	with	the	smaller	values	of	X.	The	conditional	distribution	for	fx1|x2(x1|X2)	=	–1	is	summarized	as	follows:	Return	Probability	–3%	62.5%	0%	37.5%
3%	0.0%	The	conditional	expectation	of	the	return	given	that	the	earnings	announcement	is	negative	is	then	computed	as:	E	[X1	|X2	=	−1]	=	−3%	×	62.5%	+	0%	×	37.5%	+	3%	×	0%	=	−1.875%	MODULE	QUIZ	15.3	1.	Any	other	pattern	will	produce	a	number	between	−1	and	1.	0.6480.	The	number	of	days	in	June	that	will	have	a	temperature
greater	than	70	degrees	is	also	a	discrete	random	variable.	According	to	the	Yule-Walker	equation,	what	is	the	second-period	autocorrelation?	However,	a	correlation	of	0	does	not	necessarily	imply	independence.	Important	properties	of	the	central	limit	theorem	include	the	following:	If	the	sample	size	n	is	sufficiently	large,	the	sampling	distribution
of	the	sample	means	will	be	approximately	normal.	(page	11)	b.	A	The	equation	to	convert	the	simple	return	to	the	log	return	is:	1	+	Rt	=	exp	rt	Plugging	in	values,	1.05	=	exp	rt.	Suppose	a	portfolio	manager	creates	a	conditional	PMF	based	on	earnings	announcements,	X2.	A	conditional	probability,	P(A|B),	is	the	probability	of	an	Event	A	occurring
given	that	Event	B	has	occurred.	Because	this	value	is	less	than	the	critical	value,	−z0.025	=	−1.96,	it	falls	in	the	rejection	region	in	the	left	tail	of	the	z-distribution.	MODULE	22.1:	TIME	TRENDS	LO	22.a:	Describe	linear	and	nonlinear	time	trends.	explain	the	effects	of	applying	linear	transformations	on	the	covariance	and	correlation	between	two
random	variables.	However,	none	of	the	independent	variables	individually	is	statistically	significant	to	any	reasonable	degree,	because	the	p-values	are	larger	than	10%.	An	effective	technique	for	modeling	seasonality	is	to	include	seasonal	dummy	variables	in	a	regression.	LO	24.d	Bootstrapping	simulations	repeatedly	draw	data	from	historical	data
sets,	each	time	replacing	the	data	so	it	can	be	redrawn.	5.	EXAMPLE:	Estimating	the	mean	with	different	sample	sizes	Assume	you	and	your	research	assistant	are	evaluating	the	stock	of	Beta	Corporation.	greater	than	zero.	For	example,	if	every	12th	autocorrelation	jumps	upward,	this	observation	indicates	a	possible	seasonality	effect	in	the	data	and
would	heavily	point	toward	using	either	an	AR	or	ARMA	model.	OLS	estimates	and	standard	errors	are	consistent,	unbiased,	and	reliable.	Reading	21:	Stationary	Time	Series	1.	This	can	be	illustrated	with	the	following	equations.	It	is	the	moving	average	representation	that	is	best	at	capturing	only	random	movements.	Note	that	the	variance	is	low	for
values	of	p	close	to	1	or	0,	and	the	maximum	variance	is	for	p	=	0.5.	For	a	Bernoulli	random	variable	with	possible	outcomes	0	and	1,	the	CDF	is:	0	F(x)=	x	<	0	1	−	p												0	≤	x	<	1	1	x	≥	1	Note	that	while	the	probability	mass	function	(PMF)	for	this	Bernoulli	variable	is	defined	only	for	X	=	0	or	1,	the	corresponding	CDF	is	defined	for	all	real
numbers.	There	are	two	main	purposes	of	using	a	lag	operator.	0.9978.	interpret	goodness	of	fit	measures	for	single	and	multiple	regressions,	including	R2	and	adjusted-R2.	Lognormal	Distributions	In	Figure	14.5,	we	can	see	the	following:	The	lognormal	distribution	is	skewed	to	the	right.	For	a	distribution	with	positive	(right)	skew,	the	median	will



be	less	than	the	mean,	but	will	be	greater	than	the	mean	for	distributions	with	negative	(left)	skew.	explain	how	forecasts	are	generated	from	ARMA	models.	When	the	opposite	is	true,	the	regression	exhibits	heteroskedasticity,	which	occurs	when	the	variance	of	the	residuals	is	not	the	same	across	all	observations	in	the	sample.	Let’s	use	the	upper
tail	test	structure	where	H0:	µ	≤	µ0	and	HA:	µ	>	µ0.	MODULE	21.3:	AUTOREGRESSIVE	MOVING	AVERAGE	(ARMA)	MODELS	LO	21.h:	Define	and	describe	the	properties	of	autoregressive	moving	average	(ARMA)	processes.	third	quarter.	The	possible	outcomes	are	the	integers	from	0	to	30.	The	distributions	used	as	inputs	(i.e.,	the	component
distributions)	are	parametric,	while	the	weights	of	each	distribution	within	the	mixture	are	nonparametric.	In	this	reading,	we	will	examine	bivariate	random	variables	or	components,	which	is	a	special	case	of	the	n	dimension	multinomial	distribution.	.9767	.	neither	a	Ljung-Box	(LB)	nor	a	Box-Pierce	(BP)	Q-statistic.	There	are	four	pairs	of
observations,	so	there	will	be	six	combinations.	More	observations	tend	to	be	closer	to	the	mean.	With	regard	to	an	investment	returns	distribution,	a	greater	likelihood	of	a	large	deviation	from	the	mean	return	is	often	perceived	as	an	increase	in	risk.	Answer:	t	=	β−β	S	b	0	=	0.76−0	0.33	=	2.30	Critical	t-value	=	2.02	(given).	Many	of	the	random
variables	that	are	relevant	to	finance	and	other	professional	disciplines	follow	a	normal	distribution.	0.6293.	Specification	of	the	data	generating	process	(DGP):	When	the	assumptions	of	model	inputs	or	the	data	generating	process	are	unrealistic,	inaccurate	results	may	occur.	6.	The	confidence	interval	of	the	slope	coefficient	=	β	±	(tc	×	Sb)	LO	18.f
Steps	in	hypothesis	testing	for	linear	regression:	1.	For	the	exam,	know	the	difference	between	an	AR	process	and	an	MA	process	and	how	some	series	can	be	modeled	best	with	a	combination	of	the	two.	Similar	to	single	regression,	the	confidence	interval	for	a	regression	coefficient	in	multiple	regression	is	calculated	as:	bj	±	(tc	×	sbj)	For	models
with	multiple	variables,	the	univariate	t-test	is	not	applicable	when	testing	complex	hypotheses	involving	the	impact	of	more	than	one	variable.	Generally,	if	the	value	of	the	independent	variable	is	zero,	then	the	expected	value	of	the	dependent	variable	would	be	equal	to	A.	For	example,	many	factors	may	influence	short-term	interest	rates,	including
inflation	rate,	unemployment	rate,	GDP	growth	rate,	capacity	utilization,	and	so	forth.	.5359	.	In	practice,	most	hypothesis	tests	are	constructed	as	two-tailed	tests.	−0.04	.	Two	conditional	probabilities,	P(A|C)	and	P(B|C),	may	be	independent	or	dependent	regardless	of	whether	the	unconditional	probabilities,	P(A)	and	P(B),	are	independent	or	not.	A
lag	operator	ensures	that	the	parameter	estimates	are	unbiased.	This	result	is	only	true	if	the	variables	are	independent	of	each	other	in	addition	to	identical.	The	expected	sample	variance,	E	[σ	ˆ	],	is	a	function	of	the	true	2	population	variance,	σ2,	and	the	number	of	observations,	n:	2	E	[σ	ˆ	]	=	σ	2	−	2	σ	n	=	n−1	n	σ	2	The	sample	variance	is	then
computed	as:	2	2	Bias	(ˆ	σ	)	=	E	[ˆ	σ	]	−	σ	ˆ	2	=	n−1	n	σ	2	−	σ	2	=	σ	2	n	Thus,	when	the	sample	size	n	is	large,	the	bias	is	small.	Ranking	Returns	for	Stocks	X	and	Y	The	Spearman	rank	correlation	coefficient	can	then	be	determined	as	0.0:	n	6∑d	2	i	i=1	ρ	s	=	1	−	2	=	1	−	n(n	−1)	6×10	=	0.0	4(16−1)	Kendall’s	τ	Kendall’s	τ	is	used	to	measure
concordant	and	discordant	pairs	and	their	relative	frequency.	0.1204.	Time	series	with	unit	roots	often	show	spurious	relationships	with	each	other.	calculate,	distinguish	and	convert	between	simple	and	continuously	compounded	returns.	The	annualized	volatility	(using	monthly	returns	to	measure	volatility)	is	calculated	as:	σannual	=	√12	×	σ	2
monthly	Assuming	252	trading	days	in	the	calendar	year	and	volatility	measured	daily,	the	annualized	volatility	is	calculated	as:	σannual	=	√252	×	σ	2	daily	Options	are	used	to	calculate	implied	volatility,	which	is	an	annual	volatility	number	that	can	be	measured	by	backing	into	it	using	option	prices.	Chapter	6.	Random	variables	with	many
concordant	pairs	tend	to	have	strong	positive	dependence,	whereas	variables	with	many	discordant	pairs	tend	to	have	a	strong	negative	relationship.	This	does	not	necessarily	mean	that	investing	in	that	strategy	will	result	in	economically	meaningful	positive	returns.	0.710.	identify	the	steps	to	test	a	hypothesis	about	the	difference	between	two
population	means.	What	is	the	variance	of	a	two-asset	portfolio	given	the	following	covariance	matrix	and	a	correlation	between	the	two	assets	of	0.25?	expected	value	of	the	population	mean	is	equal	to	the	sample	mean.	For	a	multiple	regression,	R	=	r	(	).	The	Binomial	Distribution	A	binomial	random	variable	may	be	defined	as	the	number	of
successes	in	a	given	number	of	Bernoulli	trials,	whereby	the	outcome	can	be	either	success	or	failure.	Because	the	natural	logarithm,	ln,	of	ex	is	x,	the	logarithms	of	lognormally	distributed	random	variables	are	normally	distributed,	thus	the	name.	Consequently,	a	relatively	high	R2	may	reflect	the	impact	of	a	large	set	of	independent	variables	rather
than	how	well	the	set	explains	the	dependent	variable.	D	When	the	JB	test	statistic	is	very	small,	the	null	hypothesis	is	likely	to	not	be	rejected.	(LO	13.a)	2.	Var[X1	+	X2]	=	2σ2	An	important	implication	for	this	when	estimating	unknown	parameters	is	that	the	variance	of	the	average	reduces	as	n	increases.	.5279	.	The	t-distribution	is	used	to
construct	confidence	intervals	for	the	population	mean	when	the	population	variance	is	not	known.	Assume	that	the	company’s	monthly	stock	return	must	be	one	of	three	possible	outcomes,	−3%,	0%,	or	3%.	The	arithmetic	mean	of	a	sample	from	a	population	is	the	best	estimate	of	both	the	true	mean	of	the	sample	and	the	value	of	the	next
observation.	present	is	different	from	the	past.	(LO	23.f)	2.	MODULE	QUIZ	23.1	1.	Partial	autocorrelations	may	be	large	only	for	a	few	lags	and	those	lags	become	prime	candidates	for	inclusion	in	an	autoregressive	(AR)	model,	discussed	later.	Bootstrapping	simulations	repeatedly	draw	data	from	historical	data	sets,	and	then	replace	the	data	so	it
can	be	redrawn.	cannot	be	conditionally	independent.	Der-See	Hsu,	researcher	for	Xiang	Li	Quant	Systems,	is	using	a	multiple	regression	model	to	forecast	currency	values.	Next,	we	can	calculate	the	variance	of	the	average	of	the	two	sets	as	follows:	var(¯	x)	=	var(x	1	)+var(x	2	)+2cov(x	1	,x	2	)	4	Without	using	antithetic	variates,	the	two	sets	of
Monte	Carlo	replications	are	independent.	0.9793.	The	outcome	is	not	1,	2,	3,	4,	5,	or	6.	This	illustrates	an	important	relationship	between	a	PMF	and	its	corresponding	CDF;	the	probability	of	an	outcome	less	than	or	equal	to	x	is	simply	the	sum	of	the	probabilities	of	all	the	possible	outcomes	less	than	or	equal	to	x.	distinguish	the	key	properties	and
identify	the	common	occurrences	of	the	following	distributions:	uniform	distribution,	Bernoulli	distribution,	binomial	distribution,	Poisson	distribution,	normal	distribution,	lognormal	distribution,	Chi-squared	distribution,	Student’s	t	and	Fdistributions.	For	example,	P(x)	=	x/25,	defined	over	the	outcomes	{1,	2,	3,	4,	5}.	MODULE	QUIZ	19.2	Use	the
following	information	to	answer	Questions	1	and	2.	The	following	formula	is	used	to	standardize	a	random	variable:	z	=	observation−population	mean	standard	deviation	=	x−μ	σ	PROFESSOR’S	NOTE	The	term	z-value	will	be	used	for	a	standardized	observation	in	this	reading.	Thus,	it	can	take	on	extremely	large	values,	ranging	from	negative	to
positive	infinity,	and,	like	variance,	these	values	are	expressed	in	terms	of	squared	units.	0.522.	(0.5)(0.12	−	0.13)(0.1	−	0.14)	=	0.00020	.	Module	14.2:	Normal	and	Lognormal	Distributions	4.	The	covariance	of	a	multivariate	random	variable	X	is	a	2-by-2	matrix,	where	the	values	along	one	diagonal	are	the	variances	of	X1	and	X2.	The	probability	of
drawing	a	black	bean	is	60%,	and	the	probability	of	drawing	a	white	bean	is	1	−	60%	=	40%.	0.7910.	For	a	Bernoulli	random	variable	with	possible	outcomes	of	zero	and	one,	the	CDF	is:	0	F(x)	=	x	<	0	1	−	p	0	≤	x	<	1	1	x	≥	1	While	the	PMF	for	this	Bernoulli	variable	is	defined	only	for	X	=	0	or	1,	the	corresponding	CDF	is	defined	for	all	real	numbers.
Q(50%)	is	the	interquartile	range.	The	symbol	x1	represents	the	first	observed	value	(observation)	for	random	variable	X;	x2	is	the	second	observation,	and	so	on	through	the	nth	observation.	P(A)	=	P(A|B)	P(AB)	.	(LO	24.b)	3.	Conditional	heteroskedasticity	is	heteroskedasticity	that	is	related	to	the	level	of	(i.e.,	conditional	on)	the	independent
variable.	For	example,	P(X	<	0.1456)	=	F(0.1456)	=	1	−	p.	Answer:	8−4	12−2	=	4	10	=	40%	The	following	figure	illustrates	this	continuous	uniform	distribution.	.04	.	The	lower	value	is	Q(25%)	and	the	upper	value	is	Q(75%).	What	is	the	expectation	of	the	function	g(x1	,	x2	)	=	x	1	using	the	following	joint	PMF?	0.00	.	Thus,	the	accurate	estimation	of
volatility	is	crucial	to	understanding	potential	risk	exposure.	One	way	this	might	happen	is	BBBWW.	A	PDF	A.	The	last	column	squares	these	deviations	from	the	mean.	With	a	logarithmic	model,	forecasting	the	level	of	a	time	series	requires	us	to	assume	εt	is	normally	distributed.	A	Hsu’s	test	results	indicate	that	the	null	hypothesis	of	no	conditional
heteroskedasticity	should	be	rejected.	(This	will	be	discussed	later	in	this	reading.)	Therefore,	the	unbiased	estimate	for	variance	is	computed	by	dividing	the	sum	of	all	squared	deviations	by	(n	−	1).	Which	model	is	most	appropriate	to	predict	future	vehicle	sales?	There	are	400	red	(R)	cars.	17.2.	D.	Correlation	represents	the	linear	relationship
between	two	variables,	while	covariance	represents	the	directional	relationship	between	two	variables.	In	a	stepwise	fashion,	first,	the	individual	explanatory	variables	are	regressed	against	other	explanatory	variables	and	the	residuals	from	these	models	become	explanatory	variables	in	the	regression	using	the	original	independent	variable.	An
ARMA	model	with	seasonality	is	denoted	by	ARMA	(p,	q)	×	(ps,	qs),	where	ps	and	qs	denote	the	seasonal	component.	To	standardize	an	observation	from	a	given	normal	distribution,	the	z-value	of	the	observation	must	be	calculated.	For	a	multiple	regression,	the	interpretation	of	the	slope	coefficient	is	that	it	captures	the	change	in	the	dependent
variable	for	a	one	unit	change	in	independent	variable,	holding	the	other	independent	variables	constant.	However,	more	component	distributions	will	make	it	difficult	to	draw	conclusions	given	that	the	newly	created	distribution	will	be	very	specific	to	the	data.	The	following	example	illustrates	the	difference	between	the	sample	mean	and	the
population	mean.	Module	21.3:	Autoregressive	Moving	Average	(ARMA)	Models	6.	Credit	Risk	Analyst:Credit	risk	analysts	are	usually	in	charge	of	analyzing	client	credit	risks	for	companies	or	organizations.	Continuous	Uniform	Distribution	The	cumulative	distribution	function	(CDF)	is	linear	over	the	variable’s	range.	The	term	linear	has	implications
for	both	the	independent	variable(s)	and	the	unknown	parameters	(i.e.,	the	coefficients).	describe	the	Box-Pierce	Q-statistic	and	the	Ljung-Box	Q	statistic.	All	X	variables	should	be	observable.	2.000	.	EXAMPLE:	Detecting	multicollinearity	Bob	Watson	runs	a	regression	of	mutual	fund	returns	on	average	P/B,	average	P/E,	and	average	market
capitalization,	with	the	following	results:	Variable	Average	P/B	Average	P/E	Coefficient	3.52	2.78	p-Value	0.15	0.21	Variable	Market	Cap	R2	Coefficient	4.03	89.6%	p-Value	0.11	Determine	whether	or	not	multicollinearity	is	a	problem	in	this	regression.	EXAMPLE:	z-test	or	t-test?	0.9989.	Two	events	may	be	independent	but	conditionally	dependent,	or
vice	versa.	The	other	equalities	are	only	true	for	independent	events.	The	values	along	the	other	diagonal	are	the	covariance	between	X1	and	X2.	EXAMPLE:	Confidence	intervals	The	average	return	of	a	mutual	fund	is	10.5%	per	year	and	the	standard	deviation	of	annual	returns	is	18%.	Rearranging	P(AB)	=	P(A|B)	×	P(B),	we	get:	P(AB)	P	(A|B)	=	P(B)
That	is,	we	can	calculate	a	conditional	probability	from	the	joint	probability	of	two	events	and	the	unconditional	probability	of	the	conditioning	event.	If	the	variance	of	the	residuals	is	constant	across	all	observations	in	the	sample,	the	regression	is	said	to	be	homoskedastic.	Answer:	In	the	earlier	figure,	we	have	multiplied	the	probabilities	to	calculate
the	probabilities	of	each	of	the	four	outcome	pairs.	Module	23.2:	Normal	and	Non-Normal	Distributions	4.	MODULE	QUIZ	14.3	1.	P(AB)	can	be	calculated	as	P(B|A)P(A).	We	would	be	unlikely	to	get	the	same	result	for	τ	=	12	if	we	ran	a	multiple	regression	that	also	included	τ	=	1,	τ	=	2,	and	so	forth.	Categorizing	Pairs	of	Stock	X	and	Y	Returns
Concordant	Pairs	{(1,2),(2,4)}	{(1,2),(4,3)}	{(3,1),(4,3)}	Discordant	Pairs	{(1,2),(3,1)}	{(2,4),(3,1)}	{(2,4),(4,3)}	Kendall’s	τ	can	then	be	determined	as	0:	τ	=	nc	−n	d	n(n−1)/2	=	3−3	4(4−1)/2	=	0	Thus,	there	is	no	positive	or	negative	relationship	between	the	stock	returns	of	X	and	Y	based	on	the	Kendall	τ	correlation	coefficient.	.9812	.	0.9573.	−1.
0.9633.	Hsu	should	estimate	the	White	standard	errors	for	use	in	hypothesis	testing.	0.7454.	Determine	if	the	slope	coefficient	is	statistically	different	from	zero	at	5%	level	of	significance.	EXAMPLE:	The	z-test	When	your	company’s	gizmo	machine	is	working	properly,	the	mean	length	of	gizmos	is	2.5	inches.	1.658	15	20	40	60	80	100	120	∞	2.131	.
The	concept	of	expected	value	may	be	demonstrated	using	probabilities	associated	with	a	coin	toss.	.5199	.	From	the	z-table,	we	have	F(1.85)	=	0.9678,	but	this	is	P(EPS	≤	9.70).	If	yt	is	the	value	of	a	time	series	at	time	t,	and	yt−1	is	its	value	one	period	earlier,	we	can	express	a	lag	operator	as:	yt−1	=	Lyt	There	are	six	properties	of	the	lag	operator:
1.	Forecasting	a	seasonal	series	is	fairly	straightforward.	For	a	positively	skewed,	unimodal	distribution,	the	mode	is	less	than	the	median,	which	is	less	than	the	mean.	(page	152)	d.	For	our	purposes	here,	we	can	think	of	random	walk	and	unit	root	more-or-less	interchangeably.	Today,	a	random	sample	of	49	gizmos	showed	a	mean	length	of	2.49
inches.	Because	6.33	>	1.645,	we	reject	the	null	hypothesis	and	conclude	that	mean	returns	are	statistically	greater	than	zero	at	a	5%	level	of	significance.	This	is	a	trick	question—either	distribution,	t	or	z,	is	appropriate.	For	example,	suppose	we	are	testing	10	active	trading	strategies	against	a	buy-and-hold	trading	strategy.	The	probability	that
Best	shares	will	increase	in	value,	given	that	Acme	shares	increase	in	value	over	the	next	month,	is	closest	to:	A.	data	contains	outliers.	0.4772.	LO	23.g:	Describe	properties	of	correlations	between	normally	distributed	variables	when	using	a	one-factor	model.	Data	set:	24%,	34%,	18%,	54%,	10%	Answer:	ˆ	µ	=		sample	mean	=
0.24+0.34+0.18+0.54+0.10	5	=	0.28	=	28%	The	calculation	of	the	sample	variance	can	be	computed	using	the	following	table:	Xi	Mean	0.24	.	Phil	Ohlmer	estimates	a	cross	sectional	regression	in	order	to	predict	price	to	earnings	ratios	(P/E)	with	fundamental	variables	that	are	related	to	P/E,	including	dividend	payout	ratio	(DPO),	growth	rate	(G),
and	beta	(B).	To	estimate	the	autoregressive	parameters,	such	as	the	coefficient	(Φ),	forecasters	need	to	accurately	estimate	the	autocovariance	function	of	the	data	series:	yt	=	Φ|t|y0	The	Yule-Walker	equation	is	used	for	this	purpose.	We	can	think	of	a	probability	as	the	likelihood	that	an	outcome	will	occur.	(page	184)	g.	B	A	PDF	evaluated	between
minus	infinity	and	a	given	value	gives	the	probability	of	an	outcome	less	than	the	given	value;	the	same	information	is	provided	by	a	CDF.	The	event	space	for	a	random	variable	is	the	set	of	all	possible	outcomes	and	combinations	of	outcomes.	x	can	only	take	on	integer	values.	explain	the	difference	between	a	population	moment	and	a	sample
moment.	Covariance	measures	how	two	variables	move	with	each	other	or	the	dependency	between	the	two	variables.	Figure	16.2	illustrates	that	relative	to	a	normal	distribution,	a	leptokurtic	distribution	will	have	a	greater	percentage	of	extremely	large	deviations	from	the	mean	(i.e.,	fat	tails).	That’s	why	we	need	to	answer	the	question	of	how	many
ways	(different	orders)	there	are	for	us	to	choose	three	black	beans	in	five	draws.	Recall	that	OLS	estimation	minimizes	the	sum	of	the	squared	differences	between	the	predicted	value	and	actual	value	for	each	observation.	We	sometimes	refer	to	distributions	with	high	kurtosis	as	fat	tailed	distributions.	The	mean	can	be	represented	by	the	Greek
letter	µ	(mu).	LO	14.a:	Distinguish	the	key	properties	and	identify	the	common	occurrences	of	the	following	distributions:	uniform	distribution,	Bernoulli	distribution,	binomial	distribution,	Poisson	distribution,	normal	distribution,	lognormal	distribution,	Chi-squared	distribution,	Student’s	t	and	F-distributions.	For	a	Bernoulli	random	variable	for
which	the	P(x	=	1)	=	p,	the	PMF	is	f	(x)	=	px	(1	−	p)1−x.	The	expected	return	on	the	portfolio	when	Rm	=	Rz	=	Rv	=	0	Answer:	1.	This	relationship	is	captured	by	estimating	a	linear	equation.	Fat	tails	with	slow	declines	are	found	in	power	law	tails	and	distributions	like	the	Student’s	t-distribution,	which	explains	why	observations	away	from	the	mean
are	more	common	than	those	found	in	normal	distributions.	Earnings	announcements	are	either	positive,	neutral,	or	negative	and	are	labeled	as	1,	0,	and	−1,	respectively.	33.3%	D.	Graphically,	such	a	series	resembles	deviations	around	an	increasing	or	decreasing	straight	line,	as	in	Figure	22.1.	Figure	22.1:	Linear	Time	Trend	A	linear	time	trend	can
be	modeled	simply	as	yt	=	δ0	+	δ1t	+	εt,	where	εt	is	a	white	noise	process.	P(AB)	=	P(A|B)P(B).	C	Correlation	will	standardize	the	data	and	remove	the	difficulty	in	interpreting	the	scale	difference	between	variables.	Many	variables	are	more	accurately	modeled	as	growing	at	a	constant	rate,	rather	than	by	a	constant	amount.	A	consistent	estimator	is
one	for	which	the	accuracy	of	the	parameter	estimate	increases	as	the	sample	size	increases.	+	λp∆Yt−p	+	εt	where	the	δs	represent	deterministic	factors	and	the	λs	represent	lagged	differences.	0.8810.	0.9968.	(page	142)	e.	Formally,	the	properties	of	a	continuous	uniform	distribution	may	be	described	as	follows.	As	we	test	more	and	more
strategies,	the	actual	alpha	of	this	repeated	testing	grows	larger,	and	as	alpha	grows	larger,	the	probability	of	a	Type	I	error	increases.	The	CLT	is	extremely	useful	because	the	normal	distribution	is	easily	applied	in	testing	hypotheses	and	constructing	confidence	intervals.	We	must	subtract	the	probability	of	both	A	and	B	happening	to	avoid	counting
those	outcomes	twice.	Mathematically,	this	property	can	be	expressed	as	follows:	n	sum	of	mean	deviations	=	∑	(Xi	−	ˆ	µ	)	=	0	i=1	The	deviations	are	squared	to	estimate	the	variance	of	the	sample.	Consider	a	student	with	a	score	of	122	on	an	exam.	The	lower	value	is	the	value	that	we	expect	25%	of	the	outcomes	to	be	less	than,	and	the	upper	value
is	the	value	that	we	expect	75%	of	the	values	to	be	less	than.	0.9887.	The	following	mathematical	equations	help	illustrate	the	condition	that	is	necessary	to	reduce	the	sampling	error	using	control	variates.	Mean	of	Two	Random	Variables	LO	16.j:	Estimate	the	mean	of	two	variables	and	apply	the	CLT.	Using	a	95%	confidence	interval,	the	critical
value	for	the	chi-squared	distribution	with	two	degrees	of	freedom	equals	5.99	(i.e.,	corresponds	to	the	95th	percentile	of	the	chi-squared	distribution).	Such	a	model	would	take	the	following	form:	∞	yt	=	εt	+	b1	εt−1	+	b2	εt−2	+	...	Another	way	of	looking	at	model	applications	is	to	test	various	models	using	regression	results.	3.44	and	−0.52	D.
However,	in	finance	it	is	often	the	case	that	data	is	dependent	across	time;	for	example,	volatility	tends	to	be	high	during	some	periods	and	low	during	other	periods.	While	a	3.5	will	never	appear	when	a	die	is	rolled,	the	average	amount	by	which	our	guess	differs	from	the	actual	outcomes	is	minimized	when	we	use	the	expected	value	calculated	this
way.	KEY	CONCEPTS	LO	19.a	In	addition	to	the	assumptions	of	single	regression,	multiple	regression	requires	that	the	X	variables	are	not	perfectly	correlated	(i.e.,	they	are	not	perfectly	linearly	dependent).	If	the	relationship	between	the	dependent	variable	(Y)	and	an	independent	variable	(X)	is	nonlinear,	then	an	analyst	would	do	that
transformation	first	and	then	enter	the	transformed	value	into	the	linear	equation	as	X.	0.9945.	This	is	faster	growth	than	the	national	average	for	other	professions.	ANSWER	KEY	FOR	MODULE	QUIZZES	Module	Quiz	20.1	1.	If	EPS	=	x	=	$7.25,	then	z	=	(x	−	μ)	/	σ	=	($7.25	−	$5.00)	/	$1.50	=	+1.50	If	EPS	=	x	=	$3.00,	then	z	=	(x	−	μ)	/	σ	=	($3.00	−
$5.00)	/	$1.50	=	–1.33	For	z-value	of	1.50:	Use	the	row	headed	1.5	and	the	column	headed	0	to	find	the	value	0.9332.	For	this	reading,	we	are	concerned	with	the	third	component.	σ	(	2	1	σ12	σ12	σ	2	10%	2	ρ	×	10%	×	4%	)	=	(	ρ	×	10%	×	4%	2	4%	2	)	A.	Many	researchers	report	p-values	without	selecting	a	significance	level	and	allow	the	reader	to
judge	how	strong	the	evidence	for	rejection	is.	If	we	substitute	these	(recursively)	back	into	yt	=	yt−1	+	εt,	we	eventually	get:	yt	=	y0	+	ε1	+	ε2	+	…	+	εt−2	+	εt−1	+	εt.	The	z-value	represents	the	number	of	standard	deviations	a	given	observation	is	from	the	population	mean.	Key	Concepts	5.	simulated	data	is	used	to	numerically	approximate	the
expected	value	of	a	function.	Smaller	values	will	indicate	that	the	null	hypothesis	is	likely	true,	while	larger	values	are	indicative	of	a	null	that	is	likely	to	be	rejected.	0.9147.	The	variance	of	returns	for	Stock	A	is	A.	0.9975.	sampling	distribution	of	the	sample	mean	has	the	smallest	variance	of	any	other	unbiased	estimators	of	the	population	mean.
first	quarter.	For	a	negatively	skewed,	unimodal	distribution,	the	mean	is	less	than	the	median,	which	is	less	than	the	mode.	MODULE	22.2:	SEASONALITY	LO	22.b:	Explain	how	to	use	regression	analysis	to	model	seasonality.	The	Relation	Between	Confidence	Intervals	and	Hypothesis	Tests	LO	17.d:	Understand	how	a	hypothesis	test	and	a
confidence	interval	are	related.	.9515	.	The	third	moment	is	skewness	and	the	fourth	moment	is	kurtosis.	An	analyst	calculates	a	Spearman’s	rank	correlation	of	0.48.	Because	2.30	>	2.02,	we	reject	the	null	hypothesis	and	conclude	the	alternate	hypothesis	(that	the	slope	coefficient	is	not	equal	to	zero).	It	can	be	calculated	as:	Cov(X,Y)	=	E{[X	−	E(X)]
[Y	−	E(Y)]}	Correlation	is	a	standardized	measure	of	association	between	two	random	variables;	it	ranges	in	value	from	−1	to	+1	and	is	equal	to:	Corr	(X,Y)	=	LO	16.l	Cov(X,Y)	σ(X)σ(Y)	Coskewness	measures	the	likelihood	of	large	directional	movements	occurring	for	one	variable	when	the	other	variable	is	large.	The	interquartile	range	is	the	upper
and	lower	value	of	the	outcomes	of	a	random	variable	that	include	the	middle	50%	of	its	probability	distribution.	A	time	series	might	exhibit	zero	correlation	among	any	of	its	lagged	values.	The	variance	of	X	is	strictly	>	0.	0.9495.	the	dependent	variable	that	is	explained	by	the	independent	variable(s).	Because	this	expression	can	be	applied	to	any
covariance	stationary	series,	it	is	known	as	a	general	linear	process.	Identifying	Outliers	LO	20.g:	Describe	methods	for	identifying	outliers	and	their	impact.	0.9963.	Monte	Carlo	simulations	are	often	used	to	model	complex	problems	or	to	estimate	variables	when	the	sample	size	is	small.	The	distribution	of	input	variables	does	not	need	to	be	the
normal	distribution.	−0.160.	The	standard	error	estimate	for	the	first	simulation	of	100	replications	is	1.264	(i.e.,	12.64	/	10).	This	results	in	the	second	asset	having	a	weight	greater	than	1.	If	the	student’s	quantile	score	is	74%,	this	indicates	that	that	the	student’s	score	of	122	was	higher	than	74%	of	those	who	took	the	test.	The	major	reasons	for
this	growth	are	likely	a	consistent	demand	for	planning,	directing,	and	coordinating	investment	services.	0.6591.	(LO	18.a)	2.	With	900	replications,	the	standard	error	estimate	is	reduced	to	0.4213	(i.e.,	12.64	/	30).	If	you	can	disprove	the	null	hypothesis,	then	you	have	proven	the	alternative	hypothesis.	(page	47)	c.	One	metric	to	identify	an	outlier	is
Cook’s	measure,	which	is	computed	as	follows:	n	ˆ	∑	(Y	Dj	=	(−j)	2	ˆ	i	−Y	i	)	i=1	2	ks	where:	ˆ	y−	=	predicted	value	of	y	after	dropping	outlier	observation	j	ˆ	yi	=	predicted	value	of	y	without	dropping	any	observation	k	=	number	of	independent	variables	S2	=	squared	residuals	in	the	model	with	all	observations	Large	values	of	Cook’s	measure	(i.e.,
Dj	>	1)	indicate	that	the	dropped	observation	was	indeed	an	outlier.	EXAMPLE:	Regression	model	with	multiple	explanatory	variables	A	researcher	estimated	the	following	three-factor	model	to	explain	the	return	on	different	portfolios:	RP,i	=	1.70	+	1.03	Rm,i	−	0.23Rz,i	+	0.32	Rv,i	(Note:	Returns	are	expressed	in	percentage	form.)	Calculate	the
following:	1.	An	autoregressive	(AR)	process	is	covariance	stationary	only	if	its	lag	polynomial	is	invertible.	Most	research	about	the	distribution	of	securities	returns	has	shown	that	returns	are	not	normally	distributed.	Note	that	when	we	reject	the	null,	we	conclude	that	the	sample	value	is	significantly	different	from	the	hypothesized	value.	0.681	+
0.021(MKT)	+	0.04(IND)	+	0.139(FORT)	C.	The	value	of	x	from	the	sample	is	2.49.	(page	18)	f.	Once	we	consider	the	costs	of	buying	and	selling	the	securities,	we	may	find	that	the	mean	positive	returns	to	the	strategy	are	not	enough	to	generate	positive	returns.	the	user	specifies	a	complete	data	generating	process	(DGP)	that	is	used	to	produce
simulated	data.	Alternatively,	the	variance	inflation	factor	(VIF)	for	each	explanatory	variable	can	be	calculated	to	indicate	the	presence	of	multicollinearity;	a	VIF	>10	for	a	variable	indicates	the	presence	of	multicollinearity.	Disclaimer:	The	SchweserNotes	should	be	used	in	conjunction	with	the	original	readings	as	set	forth	by	GARP®.	With	regard
to	the	difference	in	the	likelihood	of	rejecting	a	true	null,	because	our	sample	is	so	large,	the	critical	values	for	the	t	and	z	are	almost	identical.	As	globalization	persists	and	technology	continues	to	advance	rapidly,	companies	that	have	accumulated	more	cash	on	their	balance	sheets	will	need	to	adapt	and	enhance	protective	procedures.	However,
when	the	largest	values	of	one	variable	are	grouped	with	the	smallest	values	of	another,	the	variables	will	have	strong	negative	dependence,	the	difference	will	be	large,	and	correlation	will	be	close	to	−1.	The	closest	value	is	0.9951,	which	corresponds	to	a	critical	z-value	of	2.58.	0.9861.	The	return	on	a	financial	security	D.	.9535	.	Conversely,	for	a
given	sample	size,	we	can	increase	the	power	of	a	test	only	with	the	cost	that	the	probability	of	rejecting	a	true	null	(Type	I	error)	increases.	0.7939.	Ben	Strong	recently	joined	Equity	Partners	as	a	junior	analyst.	The	strength	of	the	linear	relationship	between	ranks,	as	opposed	to	the	linear	relationship	between	the	variables,	drives	rank	correlation.
(page	183)	f.	If	we	add	the	conditioning	Event	C	“age	equals	8,”	we	may	find	that	height	and	exam	scores	are	independent,	that	is,	P(A|C)	and	P(B|C)	are	independent	while	P(A)	and	P(B)	are	not.	0.5160	0.05	.	LO	22.d	Unlike	stationary	time	series,	a	series	with	a	unit	root	does	not	revert	to	a	mean.	The	alternative	is	often	the	hoped-for	hypothesis.
Deterministic	trends	include	both	time	trends	and	deterministic	seasonality	(which	we	will	address	in	Module	22.2).	Multivariate	random	variables	are	vectors	of	random	variables	where	a	vector	is	a	dimension	of	n	random	variables.	This	relationship	can	be	rearranged	to	define	the	conditional	probability	of	A	given	B	as	follows:	P(A∣	∣B)	=	LO	12.f
P(AB)	P(B)	An	unconditional	probability	(i.e.,	marginal	probability)	is	the	probability	of	an	event	occurring.	23.8%	C.	They	ensure	profits	are	prioritized	while	also	ensuring	adherence	to	policies	and	regulations.	Answer:	Let	X	=	expected	number	of	patients	developing	the	complication	from	the	procedure	=	np	=	(200)(0.01)	=2	P(X	=	5)	=	λ	x	−λ	e	x!
=	25	e−2	5!	=	0.036	=	3.6%	This	means	that	given	a	complication	rate	of	0.01,	there	is	a	3.6%	probability	that	5	out	of	every	200	patients	will	experience	severe	weight	loss	from	taking	the	drug.	For	continuously	compounded	returns,	an	asset’s	return	across	multiple	time	periods	is	calculated	by	taking	the	sum	of	each	single	period’s	log	returns.
Disadvantages	of	Simulation	Approaches	LO	24.g:	Describe	the	disadvantages	of	the	simulation	approach	to	financial	problem	solving.	.9474	.	The	null	hypothesis	is	likely	to	not	be	rejected	when	the	JB	statistic	is	very	small.	0.7486.	C	A	log-linear	model	is	most	appropriate	for	a	time	series	that	grows	at	a	relatively	constant	growth	rate.	Similarly,	a
hypothesis	test	would	compare	a	test	statistic	to	a	critical	value	at	the	5%	level	of	significance.	The	first	two	moments	of	a	probability	density	function	are	its	mean	and	variance,	respectively.	A	data	set	has	only	one	arithmetic	mean	(i.e.,	the	arithmetic	mean	is	unique).	(LO	20.c)	4.	All	Gaussian	white	noise	processes	are	independent	white	noise.	The
degrees	of	freedom	for	tests	based	on	sample	means	are	n	−	1	because,	given	the	mean,	only	n	−	1	observations	can	be	unique.	Answer:	With	nine	independent	variables,	even	though	the	R2	has	increased	from	63%	to	65%,	the	adjusted	R2	has	decreased	from	59.6%	to	58.7%:	2	Ra	=	1	−	[(	60−1	60−9−1	)	×	(1	−	0.65)]	=	0.587	=	58.7%	The	analyst
would	prefer	the	first	model	because	the	adjusted	R2	is	higher	and	the	model	has	five	independent	variables	as	opposed	to	nine.	However,	both	coskewness	and	cokurtosis	measure	the	direction	of	how	one	random	variable	raised	to	the	first	power	is	impacted	when	the	other	variable	is	raised	to	the	second	power.	Which	of	the	following	equalities
does	not	imply	that	the	events	A	and	B	are	independent?	Because	the	draws	are	independent,	the	probability	of	this	is	easy	to	calculate.	52.4%	2.	It	is	the	most	widely	used	measure	of	central	tendency	and	has	the	following	properties:	All	interval	and	ratio	data	sets	have	an	arithmetic	mean.	However,	what	if	we	want	to	evaluate	the	total	number	of
defaults	over	a	specific	period?	Module	22.3:	Unit	Roots	5.	0.6517.	0.7019.	an	upward	linear	graph	ranging	in	cokurtosis	values	between	–3	and	+3.	A	well-defined	simulation	model	requires	the	generation	of	variables	that	follow	appropriate	probability	distributions.	The	following	example	illustrates	the	effects.	Under	these	conditions,	the	binomial
probability	function	defines	the	probability	of	exactly	x	successes	in	n	trials.	PROFESSOR’S	NOTE	A	regressor	is	often	used	as	a	term	to	describe	an	independent	(or	X)	variable.	We	can	then	conduct	hypothesis	testing	using	sample	value	of	the	coefficient	and	its	standard	error.	All	of	these	problems	can	be	addressed	by	modeling	the	first	differences
of	a	unit	root	time	series,	which	is	to	say	their	changes	from	one	period	to	the	next.	H0:	μ	≤	0.0%,	HA:	μ	>	0.0%.	Omitted	variable	bias	is	present	when	two	conditions	are	met:	(1)	the	omitted	variable	is	correlated	with	other	independent	variables	in	the	model,	and	(2)	the	omitted	variable	is	a	determinant	of	the	dependent	variable.	If	the	price	of	a
security	goes	down,	it	is	a	failure.	Use	the	following	information	to	answer	Question	4.	0.8531.	As	the	degrees	of	freedom	(the	sample	size)	gets	larger,	the	shape	of	the	tdistribution	more	closely	approaches	a	standard	normal	distribution.	C	When	the	p-value	is	less	than	the	level	of	significance,	the	slope	coefficient	is	significantly	different	from	0.
EXAMPLE:	Standardizing	a	random	variable	(calculating	z-values)	Assume	the	annual	earnings	per	share	(EPS)	for	a	population	of	firms	are	normally	distributed	with	a	mean	of	$6	and	a	standard	deviation	of	$2.	The	omitted	variable	bias	results	from	A.	.9505	.	Use	the	squared	estimated	residuals	in	step	1	as	the	independent	variable	in	a	new
regression	with	the	original	explanatory	variables.	the	dummy	variable	does	not	display	statistical	significance.	Specific	tests	reviewed	include	the	z-test	and	the	t-test.	0.9699.	Note	that	the	interpretation	of	α	changes	when	X	cannot	realistically	take	on	a	value	of	0.	Decide	if	the	hypothesis	µ	=	0	should	be	rejected.	In	such	a	case,	revised,	White
estimated	standard	errors	should	be	used	in	hypothesis	testing	instead	of	the	standard	errors	from	OLS	procedures.	This	would	be	the	case	when	one	of	the	independent	variables	can	be	perfectly	characterized	by	a	linear	combination	of	other	independent	variables	(e.g.,	X3	=	2X1	+	3X2).	.8962	.	0.9913.	If	the	calculated	χ2	>	critical	χ2,	we	reject	the
null	hypothesis	of	no	conditional	heteroskedasticity.	Answer	Key	for	Module	Quizzes	8.	The	model’s	inherent	assumption	that	variance	is	constant	over	time	is	one	drawback	to	using	this	approach	to	calculate	implied	volatility.	Chapter	7.	In	this	case,	negative	coskewness	implies	that	one	variable	has	a	negative	return	when	the	other	variable	has	high
volatility.	Conversely,	the	mean	is	impacted	by	outliers.	To	do	that,	we	calculate	R2	in	the	model	using	the	subject	explanatory	variable	(Xj)	as	the	dependent	variable	and	the	other	X	variables	as	independent	variables:	Xj	=	b0	+	b1X1	+	…	+	bj−1Xj−1	+	bj+1Xj+1	+	…	+	bkXk	This	R2	is	then	used	in	the	VIF	formula	as	follows:	VIFj	=	1	1−R	2	j	A	VIF
>	10	(i.e.,	R2	>	90%)	should	be	considered	problematic	for	that	variable.	are	asymmetrical.	In	such	a	case,	α	is	the	value	that	ensures	that	the	mean	of	Y	lies	on	the	fitted	regression	line.	distinguish	between	conditional	and	unconditional	probabilities.	The	critical	value,	which	is	the	value	that	is	compared	to	the	value	of	the	test	statistic	to	determine
whether	or	not	the	null	hypothesis	should	be	rejected.	(page	154)	e.	Module	18.1:	Regression	Analysis	3.	It	is	easiest	to	see	the	differences	using	data	that	follows	some	pattern	of	seasonality,	such	as	employment	data.	Another	way	to	generate	random	numbers	is	the	bootstrapping	method.	Cross	reference	to	GARP	FRM	Part	I	Quantitative	Analysis,
Chapter	2.	Consider	that	a	(very	large)	bowl	of	black	and	white	beans	has	60%	black	beans	and	each	time	you	select	a	bean,	you	replace	it	in	the	bowl	before	drawing	again.	0.9956.	Based	on	the	results	in	the	table,	which	of	the	following	most	accurately	represents	the	regression	equation?	This	output	is	indicative	of	A.	The	differences	between	the
rankings	for	each	year	are	listed	in	column	six.	Suppose	we	estimate	the	quarterly	EPS	regression	model	with	10	years	of	data	(40	quarterly	observations)	and	find	that	β0	=	1.25,	β1	=	0.75,	β2	=	−0.20,	and	β3	=	0.10:	ˆ	=	1.25	+	0.75D	EPS	t	1,t	−	0.20D2,t	+	0.10D3,t	Determine	the	average	EPS	in	each	quarter	over	the	past	10	years.	0.5987.	0.7881.
0.6255.	One	such	method	is	the	CBB	method.	describe	the	disadvantages	of	the	simulation	approach	to	financial	problem	solving.	LO	22.e	The	most	common	way	to	test	a	series	for	a	unit	root	is	with	an	augmented	Dickey-Fuller	test.	EXAMPLE:	Probability	concepts	and	relationships	A	shipment	of	1,000	cars	has	been	unloaded	into	a	parking	area.	As
we	test	more	and	more	strategies,	the	alpha	of	this	repeated	testing	grows	larger,	and	as	alpha	grows	larger,	the	probability	of	a	Type	I	error	increases.	(LO	23.d)	3.	The	properties	of	consistency	ensure	that	estimates	from	large	samples	have	small	deviations	from	the	true	population	mean.	For	the	regression	model	involving	inflation	as	the
explanatory	variable,	the	confidence	interval	for	the	slope	coefficient	is	closest	to	A.	Graphically,	the	relationship	is	stronger	when	the	actual	x,y	data	points	lie	closer	to	the	regression	line	(i.e.,	the	errors	are	smaller).	A	simple	example	is	P(X	=	x)	=	f	(x)	=	x/10	for	the	possible	outcomes	1,	2,	3,	and	4.	The	variance	of	the	mean	estimator	will	decrease
when	the	size	of	the	sample	or	number	of	observations	is	increased.	Since	financial	returns	tend	to	follow	non-normal	distributions,	it	is	important	to	understand	the	properties	of	this	distribution,	how	to	test	for	this	type	of	distribution,	and	what	the	tails	look	like	in	this	distribution.	Any	of	these	factors	could	make	committing	funds	to	a	strategy
unattractive,	even	though	the	statistical	evidence	of	positive	returns	is	highly	significant.	explain	how	a	lag	operator	works.	The	normal	distribution	can	be	completely	defined	by	its	mean	and	standard	deviation	because	the	skew	is	always	0	and	kurtosis	is	always	3.	This	is	well	above	the	median	annual	wage	of	$37,690	for	all	occupations,	as	reported
by	the	Bureau	of	Labor	and	Statistics.	Mixture	distributions	contain	elements	of	both	parametric	and	nonparametric	distributions.	Multiple	Hypothesis	Testing	LO	17.h:	Explain	the	problem	of	multiple	testing	and	how	it	can	bias	results.	A	Both	statements	are	correct.	a	more	uniform	distribution.	While	this	may	be	the	case,	it	is	possible	for	a	time
series	to	show	signs	of	both	processes	and	theoretically	capture	a	still	richer	relationship.	The	decision	rule	can	be	stated	as:	Reject	H0	if:	z-statistic	<	−z0.025	or	z-statistic	>	z0.025,	or	equivalently	Reject	H0	if:	z-statistic	<	−1.96	or	z-statistic	>	+	1.96	Collect	the	sample	and	calculate	the	test	statistic.	Consider	again	the	example	where	β	=	0.76,	Sb
=	0.33,	and	the	level	of	significance	is	5%.	These	indices	indicate	the	observed	data	to	be	included	in	the	simulated	(i.e.,	bootstrap)	sample.	The	resulting	value	is	called	the	correlation	coefficient,	or	simply,	correlation.	The	probability	of	success,	p,	is	constant	for	each	trial	and	the	trials	are	independent.	It	is	the	appropriate	distribution	to	use	when
constructing	confidence	intervals	based	on	small	samples	(n	<	30)	from	a	population	with	unknown	variance	and	a	normal,	or	approximately	normal,	distribution.	A	cumulative	distribution	function	(CDF)	gives	us	the	probability	that	a	random	variable	will	take	on	a	value	less	than	or	equal	to	x	[i.e.,	F(x)	=	P(X	≤	x)].	Only	the	variance	is	finite.	(LO	20.c)
Module	Quiz	20.2	1.	0.9868.	In	other	words,	the	probability	of	rejecting	the	null	when	it	is	false	(power	of	the	test)	equals	one	minus	the	probability	of	not	rejecting	the	null	when	it	is	false	(Type	II	error).	interpret	the	results	of	an	ordinary	least	squares	(OLS)	regression	with	a	single	explanatory	variable.	Correlation	is	determined	by	dividing	the
covariance	of	the	two	variables	by	the	product	to	the	two	variables’	standard	deviations.	Options	are	used	to	calculate	implied	volatility,	which	is	an	annual	volatility	number	that	can	be	measured	by	backing	into	it	using	option	prices.	In	a	normal	distribution	with	a	kurtosis	of	three	(and	excess	kurtosis	of	zero),	the	tails	are	thin.	Therefore,	a	larger
sample	size	helps	to	reduce	the	difference	between	the	estimated	variance	and	the	true	variance	of	the	population.	Overall,	the	job	outlook	for	financial	managers	working	in	the	United	States	is	very	promising.	If	β	=	0,	Cov(X,Y)	=	0	and	therefore:	=	0	Y	(LO	18.c)	Module	Quiz	18.3	1.	Even	if	the	trend	is	upward,	a	constant	increase	in	the	amount
implies	a	decreasing	rate	of	growth	over	time.	KEY	CONCEPTS	LO	12.a	An	event	is	one	of	the	possible	outcomes	or	a	subset	of	the	possible	outcomes	of	a	random	event,	such	as	the	flip	of	a	coin.	(LO	21.k)	The	following	is	a	review	of	the	Quantitative	Analysis	principles	designed	to	address	the	learning	objectives	set	forth	by	GARP®.	0.9901.	+1.
2.0%.	A.	(page	114)	19.	Note	that	the	area	bounded	by	4	and	8	is	40%	of	the	total	probability	between	2	and	12	(which	is	100%).	The	third	and	fourth	steps	in	the	simulation	process	allow	for	data	analysis	related	to	the	properties	of	the	probability	distributions	of	the	output	variables.	That	is,	any	observation	in	the	series	is	a	function	of	the	beginning
value	and	all	the	past	shocks,	as	well	as	the	shock	in	the	observation’s	own	period.	The	third	central	moment	of	a	distribution	is:	E{[X	−	E(X)]3}	=	E[(X	−	µ)3]	Skewness,	a	measure	of	a	distribution’s	symmetry,	is	the	standardized	third	moment.	The	standard	error	estimate	for	the	simulation	with	400	replications	is	then	$0.74	(i.e.,	14.80	/	20).	Answer
Key	for	Module	Quizzes	10.	0.7324.	Based	on	these	results,	it	would	be	most	appropriate	to	conclude	that	A.	Marginal	and	Conditional	Distributions	LO	15.b:	Compute	the	marginal	and	conditional	distributions	of	a	discrete	bivariate	random	variable.	KEY	CONCEPTS	LO	24.a	A	Monte	Carlo	simulation	uses	observations	to	estimate	key	model
parameters,	such	as	the	mean	and	standard	deviation.	0.9884.	Population	and	Sample	Moments	LO	16.b:	Explain	the	difference	between	a	population	moment	and	a	sample	moment.	large	samples	from	populations	with	known	variance	that	are	nonnormal.	Where	tc	is	the	critical	t-value	for	a	given	level	of	significance	and	degrees	of	freedom	(n	–	2).
0.7852.	MODULE	17.1:	HYPOTHESIS	TESTING	BASICS	LO	17.a:	Construct	an	appropriate	null	hypothesis	and	alternative	hypothesis	and	distinguish	between	the	two.	MODULE	24.1:	MONTE	CARLO	SIMULATION	AND	SAMPLING	ERROR	REDUCTION	LO	24.a:	Describe	the	basic	steps	to	conduct	a	Monte	Carlo	simulation.	Recall	that	a	continuous
random	variable	can	take	on	any	of	an	infinite	number	of	possible	outcomes	so	that	the	probability	of	any	single	outcome	is	zero.	Shepperd	tries	a	variety	of	explanatory	variables	in	several	iterations	of	a	single-variable	model.	The	relationship	between	Y	and	X	should	be	linear.	The	predicted	value	of	the	independent	variable	when	the	dependent
variable	is	zero	is	0.1.	C.	What	are	the	standard	error	estimates	for	the	simulations	with	100	replications	and	900	replications,	respectively?	C	F(4)	is	the	probability	that	the	random	variable	will	take	on	a	value	of	4	or	less.	decrease	by	1.0.	C.	The	expected	value	is,	statistically	speaking,	our	best	guess	of	the	outcome	of	a	random	variable.	2.2.	2.3.
2.4.	2.5.	2.6.	2.7.	2.8.	2.9.	3.	The	number	of	replications	is	increased	significantly	to	reduce	sampling	error.	The	output	variable	is	an	estimate	of	an	ending	amount	of	capital	that	is	also	a	random	variable.	0.9916.	Linear	Regression	Conditions	To	use	linear	regression,	three	conditions	need	to	be	satisfied:	1.	Effects	of	conditional	heteroskedasticity
include	which	of	the	following	problems?	The	first	step	of	conducting	a	simulation	requires	generating	random	inputs	that	are	assumed	to	follow	a	specific	probability	distribution.	The	sampling	distributions	of	OLS	estimators,	α	and	β,	are	unbiased	and	consistent	estimators	of	respective	population	parameters.	Outliers	are	observations	with
extraordinarily	large	values,	either	positive	or	negative.	0.7580.	This	is	equivalent	to	saying	that	a	positive	error	term	will	yield	a	positive	dependent	variable	(yt).	For	the	test	of	hypothesis	about	coefficient	value	significantly	different	from	0:	β−β	t	=	0	Sb	=	1.33−0	0.45	=	2.96	The	confidence	interval	of	the	slope	coefficient	=	β	±	(tc	×	Sb)	=	1.33	±
(2.02	×	0.45)	or	0.42	to	2.34.	Reading	13:	Random	Variables	1.	0.7257.	Initially,	these	sample	statistics	guide	the	analyst	in	selecting	an	appropriate	model	that	conforms	to	the	sample	data.	As	stated	before,	model	specification	checks	involve	an	examination	of	residual	ACF.	0.9946.	0.9706.	B	Larger,	overfit	models	have	a	high	bias	error	(high	R2	in-
sample	but	low	R2	out-of-sample).	If	there	are	no	outliers,	and	the	residuals	have	an	expected	value	of	zero,	we	can	relax	the	assumption	of	normality	for	the	residual	distribution.	0.22	to	1.88.	Generate	random	draw	data	xi	=	[x1i,	x2i,	…,	xni].	75.0%.	define	and	describe	the	properties	of	moving	average	(MA)	processes.	Now,	the	variance	of	the
remaining	two	variables	can	be	rewritten	as	follows:	var	(x*)	=	var	(ˆ	x)	+	var	(ˆ	y)	−	2cov	(ˆ	x	,ˆ	y)	The	control	variate	method	will	only	reduce	the	sampling	error	in	Monte	Carlo	simulations	if	var(x*)	is	less	than	ˆ	x.	EXAMPLE:	Estimating	the	median	using	an	even	number	of	observations	Suppose	we	add	a	sixth	manager	to	the	previous	example	with
a	return	of	28%.	Because	σ	is	given	as	0.021,	we	calculate	the	zstatistic	using	x	as	follows:	z	=	x	¯	−μ	0	σ/√n	=	2.49−2.5	0.021/√49	=	−0.01	0.003	=	−3.33	Make	a	decision	regarding	the	hypothesis.	READING	13:	RANDOM	VARIABLES	EXAM	FOCUS	This	reading	addresses	the	concepts	of	expected	value,	variance,	skewness,	and	kurtosis.	ANSWER
KEY	FOR	MODULE	QUIZZES	Module	Quiz	24.1	1.	define	and	calculate	a	conditional	probability.	1.000.	The	covariance	of	annual	returns	for	the	stock	and	the	market	(σXY)	and	the	variance	of	the	market	(σ	)	are	shown	in	the	following	variance-covariance	matrix:	2	X	2	σy	σxy	σxy	2	σx	(	151.22	132.11	132.11	181.40	)	=	(	)	Calculate	the	estimated
slope	coefficient	and	intercept,	and	interpret	the	regression	results.	.9495	.	LO	15.e	The	correlation	coefficient	is	a	statistical	measure	that	standardizes	the	covariance	as	follows:	σ	12	Corr	(X1	,	X2	)	=	σ	1	σ	2	LO	15.f	The	first	effect	of	a	linear	transformation	on	the	covariance	of	two	random	variables	is	that	b	determines	the	correlation	between	the
components.	0.6103.	understand	and	apply	the	concept	of	a	mathematical	expectation	of	a	random	variable.	Similarly,	the	sum	of	all	possible	outcomes	for	the	earnings	announcements	at	the	right	of	Figure	15.2	must	also	equal	1	(40%	+	30%	+	30%	=	100%).	Features	of	i.i.d.	sequence	of	random	variables	include	the	following:	Variables	are
independent	of	all	other	components.	.5398	.	Regression	is	the	link	tying	correlation	to	linear	dependence.	explain	the	difference	between	Type	I	and	Type	II	errors	and	how	these	relate	to	the	size	and	power	of	a	test.	The	variance	of	i.i.d.	random	variables	is	computed	as:	n	n	n	n	Var	[∑	Xi	]	=	∑	Var[Xi	]	+	2	∑	∑	i=1	i=1	Cov(Xj	,	Xk	)	j=1	k=j+1	Because
all	variables	are	independent,	the	covariances	of	all	variables	must	be	equal	to	zero.	C	The	bootstrapping	technique	does	not	require	any	assumptions	with	respect	to	the	true	distribution	of	the	parameter	estimates.	Assume	that	for	Acme,	10%	of	the	employees	with	no	degree,	70%	of	the	employees	with	only	a	bachelor’s	degree,	and	100%	of
employees	with	a	degree	beyond	a	bachelor’s	degree	earn	more	than	$40,000	per	year.	The	higher	the	kurtosis,	the	greater	the	probability	in	the	tails	of	the	distribution.	You	have	calculated	the	stock	returns	for	Beta	Corporation	over	the	last	12	years	to	develop	the	following	data	set.	Module	12.2:	Conditional,	Unconditional,	and	Joint	Probabilities	4.
D	There	is	no	consistent	relationship	between	the	mean	and	standard	deviation	of	the	chi-squared	or	F-distributions.	The	variance	of	the	sum	of	i.i.d.	random	variables	grows	linearly.	Also	assume	that	the	Monte	Carlo	simulation	estimated	variables	for	x	and	y	are	denoted	as	ˆ	x	and	ˆ	y,	respectively.	0.28	0.18	.	estimate	the	mean	of	two	variables	and
apply	the	CLT.	When	adding	back	the	lagged	error	term,	we	are	now	saying	that	the	dependent	variable	is	impacted	by	not	only	the	current	error	term,	but	also	the	previous	period’s	unobserved	error	term,	which	is	amplified	by	a	coefficient	(θ).	If	such	a	relationship	exists,	we	can	use	it	for	forecasting	the	time	series.	Spearman’s	Rank	Correlation
Spearman’s	correlation	is	a	linear	correlation	estimator	which	is	applied	to	ranks	of	observations.	Taking	the	natural	log	of	each	side	to	isolate	the	log	return	(r)	results	in	ln	1.05	=	0.0488	or	4.88%.	Consider	conditional	probabilities	that	an	employee	at	Acme,	Inc.,	earns	more	than	$40,000	per	year,	P(40+),	conditioned	on	the	highest	level	of
education	an	employee	has	attained.	The	shape	of	the	F-distribution	is	determined	by	two	separate	degrees	of	freedom.	Simulation	results	are	experiment-specific	because	financial	problems	are	analyzed	based	on	a	specific	data	generating	process	(DGP)	and	set	of	equations.	This	seems	simple	enough,	but	if	yt	=	yt−1	+	εt,	it	follows	logically	that	the
same	was	true	in	earlier	periods,	yt−1	=	yt−2	+	εt−1,	yt−2	=	yt−3	+	εt−2	and	so	forth,	all	the	way	back	to	the	beginning	of	the	time	series:	y1	=	y0	+	ε1.	Higher	variance	of	the	explanatory	(X)	variable(s)	indicates	that	there	is	sufficient	diversity	in	observations	(i.e.,	the	sample	is	representative	of	the	population)	and,	hence,	lower	variability	(and
higher	confidence)	of	the	slope	estimate.	Such	a	time	series	is	said	to	be	serially	uncorrelated.	Similarly,	sales	of	gasoline	generally	increase	during	the	summer	months	when	people	take	more	vacations.	The	reliability	of	the	estimate	of	the	slope	coefficient	in	a	regression	model	is	most	likely	A.	Why?	(LO	13.f)	2	x	The	following	is	a	review	of	the
Quantitative	Analysis	principles	designed	to	address	the	learning	objectives	set	forth	by	GARP®.	Appendix	17.	The	expected	value	is	the	weighted	average	of	the	possible	outcomes	of	a	random	variable,	where	the	weights	are	the	probabilities	that	the	outcomes	will	occur.	The	sum	of	the	squared	deviations	is	equal	to	0.029	and	dividing	this	by	2,	for
an	unbiased	estimate	(n	–	1)	instead	of	the	number	of	observations,	results	in	an	estimated	variance	of	0.0145.	.9686	.	LO	20.g	Apart	from	residual	plots,	outliers	can	be	identified	via	Cook’s	measure	as	follows:	n	ˆ	∑	(Y	Dj	=	(−j)	2	ˆ	i	−Y	i	)	i=1	2	ks	LO	20.h	OLS	generates	best	linear	unbiased	estimates	(BLUE)	when	the	residual	variance	is	constant
and	has	an	expected	value	of	zero	(even	if	the	distribution	of	residuals	is	not	normal).	describe	situations	where	the	bootstrapping	method	is	ineffective.	For	two	financial	securities	with	distributions	of	returns	that	differ	only	in	their	kurtosis,	the	one	with	the	higher	kurtosis	will	have	A.	This	means	that	X	has	no	information	about	the	location	of	ε.
Hence,	the	preceding	statement	is	read	as:	the	expected	value	of	X	given	that	n	=	5,	and	the	probability	of	success	=	67%	is	3.35.	the	CDF	function	F[Q(23%)]	=	23%.	.9945	.	Volatility,	along	with	the	mean	(μ)	and	a	shock	(et)	with	a	mean	of	zero	and	a	variance	of	one,	can	be	used	to	derive	the	return	(r)	on	an	asset	using	the	following	formula:	rt	=	μ
+	σet	For	basic	modeling,	the	return	calculated	across	multiple	periods	is	the	sum	of	the	individual	returns.	0.7357.	Starting	each	PRNG	in	a	cluster	with	the	same	seed	allows	each	simulation	to	make	use	of	the	same	values	when	studying	the	joint	behavior	of	the	instruments	in	the	portfolio.	They	provide	accurate	results	that	explain	complex
analyses	in	non-technical	terms.	The	squared	residuals	are	in	the	denominator	in	the	computation	of	the	Cook	measure	and,	hence,	are	inversely	related	to	the	measure.	If	skewness	is	S	and	kurtosis	is	K,	the	null	and	alternative	hypotheses	are	as	follows:	Null:	H0:	S	=	0	and	K	=	3	Alternative:	HA:	S	≠	0	and	K	≠	3	The	test	statistic,	where	T	is	the
sample	size,	is:	JB	=	(T	−	1)(	2	ˆ	S	6	2	ˆ	(K−3)	+	)	24	Because	both	the	skewness	and	kurtosis	components	of	the	equation	are	asymptotically	normally	distributed	and	uncorrelated,	each	has	a	chisquared	distribution	(χ	)	such	that	the	JB	is	approximately	χ	.	Outcomes	can	only	occur	between	a	and	b,	and	because	we	are	dealing	with	a	continuous
distribution,	even	if	a	<	x	<	b,	P(X	=	x)	=	0.	Its	mean	must	be	stable	over	time.	(LO	24.f)	4.	However,	from	time	to	time	the	machine	gets	out	of	alignment	and	produces	gizmos	that	are	either	too	long	or	too	short.	z	=	1.19.	Module	19.1:	Multiple	Regression	3.	Because	nearly	every	company	and	organization	faces	some	level	of	financial	risk,	financial
risk	managers	can	find	employment	in	a	wide	variety	of	industries.	Which	of	the	following	statements	is	most	likely	a	purpose	of	the	lag	operator?	Using	a	5%	significance	level,	determine	if	the	machine	should	be	shut	down	and	adjusted.	0.9649.	0.9959.	Figure	16.4:	Cokurtosis	and	Correlation	for	Symmetric	Case	Figure	16.5	illustrates	the
relationship	between	cokurtosis	and	correlation	for	normal	data	and	the	asymmetrical	cases	where	one	series	is	to	the	power	of	three	and	the	other	is	to	the	first	power.	Dummy	Variables	Observations	for	most	independent	variables	(e.g.,	firm	size,	level	of	GDP,	and	interest	rates)	can	take	on	a	wide	range	of	values.	(LO	16.e)	Module	Quiz	16.2	1.	B	1
−	F(2)	=	1	−	0.9772	=	0.0228	(LO	14.a)	2.	The	intercept	of	the	regression	is	zero.	the	independent	variables	that	are	explained	by	the	dependent	variable.	For	instance,	a	significance	level	of	5%	(α	=	0.05)	means	there	is	a	5%	chance	of	rejecting	a	true	null	hypothesis.	We	often	use	the	square	root	of	variance,	σ,	as	a	measure	of	dispersion	because	it
has	the	same	units	as	the	random	variable.	C	In	theory,	a	time	series	can	be	infinite	in	length	and	still	be	covariance	stationary.	0.0331.	If	we	assume	the	return	over	the	next	year	is	equal	to	a	historical	mean	return,	we	can	calculate	one	point	estimate	of	the	ending	capital	based	on	the	equation:	C1	=	C0(1	+	r).	While	autocorrelations	successively
decline,	it	is	not	so	for	partial	autocorrelations;	partial	autocorrelations	experience	a	steep	decline.	Since	this	is	a	one-tailed	test	with	an	alpha	of	0.05,	we	need	to	find	the	value	0.95	in	the	cumulative	z-table.	LO	20.b	If	conditional	heteroskedasticity	is	detected,	we	can	conclude	that	the	coefficients	are	unaffected	but	the	standard	errors	are
unreliable.	LO	12.f:	Distinguish	between	conditional	and	unconditional	probabilities.	define	covariance	and	explain	what	it	measures.	0.0217.	Using	the	entire	data	set	may	not	be	reliable:	As	long	as	current	market	conditions	are	normal,	using	the	complete	historical	data	set	is	beneficial.	(LO	24.e)	3.	This	is	calculated	as	P(gains|outperform)	×
P(outperform)	(i.e.,	0.7	×	0.6	=	0.42).	0.9319.	Quantitative	Analysis.	0.9898.	−0.18	Squared	Deviation	.	.9987	.	All	of	the	variables	included	in	the	Black-Scholes-Merton	(BSM)	model	used	to	calculate	call	option	prices	are	observable	except	the	annual	variance,	meaning	that	the	variance	value	can	be	derived	as	long	as	the	price	of	the	option	is	known.
compute	the	variance	of	a	weighted	sum	of	two	random	variables.	No	assumption	regarding	the	underlying	distribution	of	the	population	is	necessary	because,	when	the	sample	size	is	large,	the	sums	of	i.i.d.	random	variables	(the	individual	items	drawn	for	the	sample)	will	be	normally	distributed.	The	first-order	autoregressive	[AR(1)]	process	is
specified	in	the	form	of	a	variable	regressed	against	itself	in	lagged	form.	The	probability	of	a	Type	I	error	is	equal	to	the	significance	level	of	the	test.	If	A1	,	A2	,	…,	An	are	independent	events,	their	joint	probability	P(A1	and	A2	…	and	An)	is	equal	to	P(A1)	×	P(A2)	×	…	×	P(An).	Based	on	an	initial	Monte	Carlo	simulation	with	100	replications,	the
results	indicated	a	standard	deviation	of	12.64.	The	null	is	generally	a	simple	statement	about	a	population	parameter.	LO	21.l:	Explain	how	forecasts	are	generated	from	ARMA	models.	The	fact	that	the	bias	is	known	allows	us	to	determine	an	unbiased	estimator	for	the	sample	variance	as:	n	s	2	=	n	n−1	σ	ˆ	2	=	1	n−1	∑	(Xi	−	μ)	2	i=1	Note	that	based
on	the	mathematical	theory	behind	statistical	procedures,	the	use	of	the	entire	number	of	sample	observations,	n,	instead	of	n	−	1	as	the	divisor	in	the	computation	of	s2,	will	systematically	underestimate	the	population	parameter,	σ2,	particularly	for	small	sample	sizes.	The	population	mean	is	expressed	as:	N	∑	Xi	μ	=	i=1	N	The	population	mean	is
unknown	because	not	all	of	the	random	numbers	of	the	population	are	observable.	0.9906.	Its	covariance	structure	must	be	stable	over	time.	In	fact,	the	Bureau	of	Labor	and	Statistics	projects	that	there	will	be	a	16%	increase	in	job	availability	between	2018	and	2028.	0.8665.	differentiate	between	a	one-sided	and	a	two-sided	test	and	identify	when
to	use	each	test.	n	s	2	=	n	n−1	σ	ˆ	2	=	1	n−1	∑	(Xi	−	μ)	2	i=1	Given	the	data	in	the	previous	example,	this	results	in	an	unbiased	estimate	of	0.0288	for	the	variance	(=	0.1152/4).	Sample	autocorrelation	and	partial	autocorrelation	are	calculated	as	discussed	previously,	but	using	sample	data.	By	creating	these	mixture	distributions,	we	can	improve
risk	models	by	incorporating	the	potential	for	low-frequency,	high-severity	events.	This	assumption	is	not	directly	testable;	OLS	estimates	using	sample	data	ensure	that	the	shocks	are	always	uncorrelated	with	Xs.	Evaluation	of	whether	this	assumption	is	reasonable	requires	an	examination	of	the	data	generating	process.	READING	20:	REGRESSION
DIAGNOSTICS	EXAM	FOCUS	This	reading	focuses	on	model-specification	issues	and	the	determination	of	whether	the	assumptions	underlying	multiple	regression	are	violated.	both	the	variables	and	the	coefficients.	Hence,	there	is	almost	no	difference	in	the	likelihood	of	rejecting	a	true	null.	C	The	variance	of	the	sum	of	n	i.i.d.	random	variables	is
equal	to	nσ2.	Diversification	benefits	increase	and	tail	risk	decreases	when	variables	are	independent.	Answer:	The	R2	is	high,	which	suggests	that	the	three	variables	as	a	group	do	an	excellent	job	of	explaining	the	variation	in	mutual	fund	returns.	The	correlation	between	X1	and	X2	will	be	1	if	b	>	0,	0	if	b	=	0,	and	–1	if	b	<	0.	P(x1	≤	X	≤	x2)	=	(x2	−
x1)	/	(b	−	a).	0.6879.	30%,	25%,	23%,	21%,	15%	Then,	select	the	observation	that	has	an	equal	number	of	observations	above	and	below	it—the	one	in	the	middle.	b2σx2	.	By	mixing	distributions,	it	is	easy	to	see	how	we	can	alter	skewness	and	kurtosis	of	the	component	distributions.	EXAMPLE:	Applying	a	probability	matrix	Suppose	that	a	company’s
common	stock	return	is	related	to	earnings	announcements.	H0:	β	=	β0	versus	HA:	β	≠	β0	For	this	example,	we	use	the	following	t-statistic:	t	=	β−β	0	S	b	If	the	absolute	value	of	the	test	statistic	exceeds	the	critical	t-value	(from	the	t-table,	n	−	2	degrees	of	freedom),	we	would	reject	the	null	hypothesis.	The	general	decision	rule	for	a	two-tailed	test	is:
Reject	H0	if:	test	statistic	>	upper	critical	value	or	test	statistic	<	lower	critical	value	Let’s	look	at	the	development	of	the	decision	rule	for	a	two-tailed	test	using	a	z-distributed	test	statistic	(a	ztest)	at	a	5%	level	of	significance,	α	=	0.05.	are	defined	by	degrees	of	freedom.	describe	the	various	methods	of	visualizing	residuals	and	their	relative
strengths.	READING	23:	MEASURING	RETURN,	VOLATILITY,	AND	CORRELATION	EXAM	FOCUS	Traditionally,	volatility	has	been	synonymous	with	risk.	Using	the	formula,	there	are	=	10	ways;	10	5!	(5−3)!3!	×	3.456%	=	34.56%,	the	answer	we	computed	previously.	A	PDF	provides	the	probabilities	only	for	a	continuous	random	variable.	For	a	one-
tailed	hypothesis	test	of	the	population	mean,	the	null	and	alternative	hypotheses	are	either:	upper	tail:	H0:	µ	≤	µ0	versus	HA:	µ	>	µ0,	or	lower	tail:	H0:	µ	≥	µ0	versus	HA:	µ	<	µ0.	The	return	is	a	random	variable	that	depends	on	how	the	market	performs	over	the	next	year.	0.8686.	D	When	the	slope	coefficient	is	0,	variation	in	Y	is	unrelated	to
variation	in	X	and	correlation	rX,Y	=	0.	The	bivariate	random	variable	X	is	a	vector	with	two	components:	X1	and	X2.	The	expectation	of	a	bivariate	random	function	g(X1,X2)	is	a	probability	weighted	average	of	the	function	of	the	outcomes	g(x1,x2)	and	is	expressed	as	follows:	n	n	∑	∑	g(x1	,	x2	)fx1	,x2	(x1	,	x2	)	x1	∈R(X1	)	x2	∈R(X2	)	The	function	g
(x1,x2)	depends	on	x1	and	x2	but	may	only	be	a	function	of	one	of	the	components.	A	95%	confidence	interval	for	a	forecast	of	2021	industry	output	is	closest	to	A.	0.9192.	B	Note	that	IND	=	1	because	the	stock	is	in	the	biotech	industry.	Because	the	bias	is	known,	the	estimate	of	variance	and	standard	deviation	should	be	divided	by	(n	−	1)	and	not	n.
Model	specification	is	an	art	requiring	a	thorough	understanding	of	the	underlying	economic	theory	that	explains	the	behavior	of	the	dependent	variable.	MODULE	QUIZ	23.2	1.	.9938	.	The	main	difference	between	Monte	Carlo	simulation	and	bootstrapping	is	the	source	of	the	simulated	data:	in	Monte	Carlo	simulation,	the	user	specifies	a	complete
DGP	that	is	used	to	produce	the	simulated	data,	while	in	bootstrapping,	the	observed	data	are	used	directly	to	generate	the	simulated	data	set—without	specifying	a	complete	DGP.	EXAMPLE:	Calculating	R2	and	adjusted	R2	An	analyst	runs	a	regression	of	monthly	value-stock	returns	on	5	independent	variables	over	60	months.	Many	software
packages	report	excess	kurtosis	for	any	distribution	as	excess	kurtosis	=	kurtosis	−	3.	.6141	Please	note	that	several	of	the	rows	have	been	deleted	to	save	space.*	.	A	random	walk	is	a	special	case	of	a	wider	class	of	time	series	known	as	unit	root	processes.	MODULE	QUIZ	17.1	1.	Figure	15.1:	Probability	Matrix	for	Bivariate	Random	Variables
Answer:	The	sum	of	all	probabilities	in	the	first	row	of	the	probability	matrix	states	that	there	is	a	40%	probability	of	a	negative	announcement.	The	error	term	must	be	additive	(i.e.,	the	variance	of	the	error	term	is	independent	of	the	observed	data).	The	reason	for	the	larger	correlations	is	because	the	optimal	weight	for	the	minimum	risk	portfolio	is
negative	for	the	largest	correlations.	(page	161)	22.	The	simulation	is	rerun	using	a	complement	set	of	the	original	set	of	random	variables.	(LO	24.g)	FORMULAS	Reading	12	joint	probabilty:	P(AB)	=	P(A|B)	×	P(B)	conditional	probability:	P(A|B)=	Bayes’	formula:	P(A|B)=	P(AB)	P(B)	P(A|B)×P(A)	P(B)	Reading	13	expected	value:	E(X)	=	ΣP(xi)xi=
P(x1)x1	+	P(x2)x2+	…	+	P(xn)xn	variance:	σ2	=	E{[X	−	E(X)]2}	=	E[(X	−	µ)2]	3	E[(X−μ)	]	skewness	=	3	σ	4	E[(X−μ)	]	kurtosis	=	4	σ	Reading	14	uniform	distribution	range:	P(x1	≤	X	≤	x2)	=	(x2	−	x1)	/	(b	−	a)	PDF	of	continuous	uniform	distribution:	f(x)	=	mean	of	uniform	distribution:	E(x)	=	for	a	≤	x	≤	b,	else	f(x)	=	0	a+b	2	variance	of	uniform
distribution:	Var(x)	=	binomial	probability	function:	p(x)	=	1	b−a	2	(b−a)	n!	(n−x)!x!	12	x	p	(1	−	p)	n−x	expected	value	of	binomial	random	variable:	expected	value	of	X	=	E(X)	=	np	variance	of	binomial	random	variable:	variance	of	X	=	np(1	−	p)	Poisson	distribution:	P(X	=	x)	=	λ	x	−λ	e	x!	chi-squared	test	statistic:	χ	(n−1)s	2	n−1	=	2	2	σ	0	where:	n
=	sample	size	s2	=	sample	variance	σ	=	hypothesized	value	for	the	population	variance	2	0	F-test:	s	F	=	s	2	1	2	2	where:	s	=	variance	of	the	sample	of	n1	observations	drawn	from	Population	1	s	=	variance	of	the	sample	of	n2	observations	drawn	from	Population	2	2	1	2	2	Reading	15	covariance:	Cov[X1,X2]	=	E[(X1	−	E[X1])(X2	−	E[X2])]	Cov[X1,X2]
=	E[X1X2]	−	E[X1]E[X2]	correlation:	Corr(X1,X2)	=	Cov[X	√Var[X	1	1	,X	2	]	variance	of	a	two-asset	portfolio:	σ	σ	12	=	]√Var[X	2	2	2	2	1	1	=	w	σ	12	σ	12	√σ2	√σ2	1	2	]	=σ	1	σ	2	2	+	(1	−	w)	σ	2	2	+	2w1	(1	−	w)σ12	Reading	16	n	∑	Xi	ˆ	sample	mean:	µ	=	i=1	n	n	sample	variance:	s	2	=	n	n−1	σ	ˆ	2	1	=	2	∑	(Xi	−	n−1	ˆ	µ	)	i=1	n	∑	(Xi	−μ	ˆ	X	sample
covariance:	sample	Cov	XY	)(Yi	−μ	ˆ	Y	)	i=1	=	n−1	Reading	17	test	statistic	=	sample	statistic−hypothesized	value	standard	error	of	the	sample	statistic	standard	error	of	sample	mean:	σ	x	¯	=	σ	√n	confidence	interval:	sample	{[	−	(	statistic	z-statistic	=	critical	)(	standard	value	population	)]	≤	parameter	error	sample	≤	[	+	(	statistic	x	¯−μ	0	σ/√n
where:	x	=	sample	mean	µ0	=	hypothesized	population	mean	σ	=	standard	deviation	of	the	population	n	=	sample	size	equality	of	means	test	statistic:	T	=	¯	¯	¯	¯	¯	¯	X−	Y	√	s	2	X	+s	2	Y	−2cov(X,Y)	n	Reading	18	regression	equation:	Y	=	α	+	β	×	(X)	+	ε	where:	β	=	the	regression	or	slope	coefficient;	sensitivity	of	Y	to	changes	in	X	α	=	value	of	Y	when	X
=	0	ε	=	random	error	or	shock;	unexplained	(by	X)	component	of	Y	n	¯	¯	¯	¯	¯	¯	∑	(Xi	−X)(Yi	−Y)	regression	slope	coefficient:	β	=	Cov(X,Y)	i=1	=	n	¯	¯	¯	∑	(Xi	−X)	i=1	2	Var(X)	critical	value	)(	standard	error	)]}	regression	intercept:	α	=	Y	−	βX	where:	Y	=	mean	of	Y	X	=	mean	of	X	confidence	interval	of	the	slope	coefficient	=	β	±	(tc	×	Sb)	Reading	19
multiple	regression:	Y	=	α	+	β1X1+	β2X2	+	…	+	βkXk	+	ε	where:	βj	=	the	regression	or	slope	coefficients;	sensitivity	of	Y	to	changes	in	Xj	controlling	for	all	other	Xs	α	=	value	of	Y	when	all	Xs	=	0	ε	=	random	error	or	shock;	unexplained	(by	X)	component	of	Y	(This	error	may	be	reduced	by	using	more	independent	variables	or	by	using	different,	more
appropriate	independent	variables.)	total	sum	of	squares:	¯	¯	∑	(Yi	−	¯	Y)	2	2	¯	¯	ˆ	−¯	=	∑	(Y	Y)	i	2	ˆ	+	∑	(Yi	−	Y)	or	TSS	=	ESS	+	RSS	where:	TSS	=	total	sum	of	squares	(i.e.,	total	variation	in	Y)	ESS	=	explained	sum	of	squares	(i.e.,	the	variation	in	Y	explained	by	the	regression	model)	RSS	=	residual	sum	of	squares	(i.e.,	the	unexplained	variation	in	Y)
coefficient	of	determination:	R2	=	ESS/TSS	adjusted	R2:	2	Ra	=	1	−	[(	n−1	n−k−1	2	)	×	(1	−	R	)]	where:	n	=	number	of	observations	k	=	number	of	independent	variables	F-statistic:	(R	(RSS	−RSS	)/	P	F	q	F	=	RSS	/	F	(n−k	=	F	−1)	(1−R	2	F	2	F	−R	2	P	)/	q	)/	(n−k	F	−1)	where:	RSSF	=	residual	sum	of	squares	of	the	full	model	RSSP	=	residual	sum	of
squares	of	the	partial	model	=	coefficient	of	determination	of	the	full	model	R	=	coefficient	of	determination	of	the	partial	model	q	=	number	of	restrictions	imposed	on	the	full	model	to	arrive	at	the	partial	model	n	=	number	of	observations	kF	=	number	of	independent	variables	in	the	full	model	2	RF	2	P	Reading	20	variance	inflation	factor:	VIF	j	=	1
1−R	2	j	Cook’s	measure:	n	ˆ	∑	(Y	Dj	=	2	(−j)	i	ˆ	)	−Y	i	i=1	2	ks	where:	y	^	=	predicted	value	of	y	after	dropping	outlier	observation	j	yi	=	predicted	value	of	y	without	dropping	any	observation	ˆ	k	=	number	of	independent	variables	S2	=	squared	residuals	in	the	model	with	all	observations	(−j)	Reading	21	first-order	autoregressive	[AR(1)]	process:	yt
=	d	+	Φyt–1	+	εt	where:	d	=	intercept	term	yt	=	the	time	series	variable	being	estimated	yt–1	=	one-period	lagged	observation	of	the	variable	being	estimated	εt	=	current	random	white	noise	shock	(mean	0)	Φ	=	coefficient	for	the	lagged	observation	of	the	variable	being	estimated	first-order	moving	average	[MA(1)]	process:	yt	=	μ	+	θεt−1	+	εt
where:	μ	=	mean	of	the	time	series	εt	=	current	random	white	noise	shock	(mean	0)	εt−1	=	one-period	lagged	random	white	noise	shock	θ	=	coefficient	for	the	lagged	random	shock	lag	operator:	yt−1	=	Lyt	autoregressive	moving	average	(ARMA)	process:	yt	=	d	+	Φyt−1	+	εt	+	θεt−1	where:	d	=	intercept	term	yt	=	the	time	series	variable	being
estimated	Φ	=	coefficient	for	the	lagged	observations	of	the	variable	being	estimated	yt−1	=	one-period	lagged	observation	of	the	variable	being	estimated	εt	=	current	random	white	noise	shock	θ	=	coefficient	for	the	lagged	random	shocks	εt−1	=	one-period	lagged	random	white	noise	shock	Reading	22	linear	time	trend:	yt	=	δ0	+	δ1t	+	εt	nonlinear
time	trend:	yt	=	δ0	+	δ1	+	δ2t2	+	εt	log-quadratic	model:	ln	(yt)	=	δ0	+	δ1t	+	δ2t2	+	εt	s	pure	seasonal	dummy	variable	model:	y	t	=	∑	γi	(Di,t	)	+	εt	i=1	s	trend	model	with	seasonality:	y	t	=	β1	(t)	+	∑	γi	(Di,t	)	+	εt	i=1	Reading	23	asset	return:	R	=	t	P	−P	t	t−1	P	t−1	continuously	compounded	asset	return:	rt	=	lnPt	−	lnPt−1	annualized	volatility:	σ
annual	=	√252	×	σ	Jarque-Bera	test	statistic:	JB	=	(T	−	1)	(	2	ˆ	S	6	2	daily	2	ˆ	(K−3)	+	24	power	law:	P(X	>	x)	=	kx−α	n	6	∑	(di	)	Spearman’s	rank	correlation:	ˆ	ρ	=	1	−	s	Kendall’s	τ	(tau):	ˆ	τ	=	nc	−n	d	n(n−1)/2	=n	nc	c	+nd	+nt	−n	n	d	c	+nd	+nt	where:	nc	=	number	of	concordant	pairs	nd	=	number	of	discordant	pairs	nt	=	number	of	ties	2	i=1	2	n(n
−1)	)	APPENDIX	Using	the	Cumulative	Z-Table	PROBABILITY	EXAMPLE	Assume	that	the	annual	earnings	per	share	(EPS)	for	a	large	sample	of	firms	is	normally	distributed	with	a	mean	of	$5.00	and	a	standard	deviation	of	$1.50.	Seasonality	in	time	series	data	is	evidenced	by	the	recurrence	of	a	pattern	at	the	same	time	every	year	(e.g.,	higher	retail
sales	in	the	fourth	quarter).	Coefficient	and	Standard	Error	Estimates	for	Regression	of	EG10	on	PR	and	YCS	Intercept	PR	YCS	Coefficient	–11.6%	0.25	0.14	Standard	Error	1.657%	0.032	0.280	Answer:	We	are	testing	the	following	hypothesis:	H0:	PR	=	0	versus	HA:	PR	≠	0	The	t-statistic	is:	t	=	0.25	0.032	=	7.8	Therefore,	because	the	t-statistic	of	7.8
is	greater	than	the	upper	critical	t-value	of	1.68,	we	can	reject	the	null	hypothesis	and	conclude	that	the	PR	regression	coefficient	is	statistically	significantly	different	from	zero	at	the	10%	significance	level.	All	data	values	are	considered	and	included	in	the	arithmetic	mean	computation.	Hence,	the	mean	has	been	pulled	upward	(to	the	right)	by	the
existence	of	one	home	(outlier)	in	the	neighborhood.	Two	events	are	mutually	exclusive	events	if	they	cannot	both	happen.	The	z-value	for	EPS	=	$9.70	is:	z	=	(x−μ)	σ	=	(9.70−6)	2	=	1.85	.	negatively	affected	by	the	variance	of	the	residuals	and	negatively	affected	by	the	variance	of	the	independent	variables.	An	ARMA(p,q)	indicates	p	lags	in	the	AR
process	and	q	lags	in	the	MA	process.	estimate	the	mean,	variance	and	standard	deviation	using	sample	data.	Linear	model	B.	(page	114)	g.	The	industries	that	hire	financial	risk	managers	most	often	include	those	involved	in:	Financial	Services	Banking	Loan	Origination	&	Management	Trading	Marketing	Wealth	Management	Financial	Compliance
Auditing	Consulting	Research	As	previously	mentioned,	FRMs	can	either	work	for	a	single	company	or	organization	exclusively	or	offer	their	services	on	a	consultation	basis.	Note	that	one	of	the	two	variables	removed	from	the	full	model	may	still	be	insignificant,	but	we	are	only	concluding	here	that	both	variables	are	not	insignificant.	0.9965.	Divide
the	larger	scale	variables	by	a	common	denominator	and	rerun	the	estimations	of	covariance	by	subtracting	each	variable’s	expected	mean.	P(heads)	and	P(tails)	are	both	50%.	(LO	13.c)	Module	Quiz	13.3	1.	.8980	.	All	(Xs	and	Y)	observations	are	i.i.d.	3.	Consider	a	CDF	that	gives	us	a	probability	of	30%	that	a	continuous	random	variable	takes	on
values	less	than	2	[i.e.,	P(X	<	2)	=	F(2)	=	30%].	The	slope	term	is	calculated	as:	n	¯	¯	¯	¯	¯	¯	∑	(Xi	−X)(Yi	−Y)	β	=	Cov(X,Y)	i=1	=	n	¯	¯	∑	(Xi	−¯	X)	2	Var(X)	i=1	The	intercept	term	(α)	is	the	line’s	intersection	with	the	Y-axis	at	X	=	0.	The	following	equation	illustrates	that	the	mean	estimator	bias	is	zero,	because	the	expected	mean	estimator	is	equal	to
the	true	population	mean.	Reading	12:	Fundamentals	of	Probability	1.	For	example,	purchases	of	retail	goods	typically	increase	dramatically	every	year	in	the	weeks	leading	up	to	Christmas.	KEY	CONCEPTS	LO	20.a	Conditional	heteroskedasticity	indicates	that	the	variance	of	the	residual	term	is	conditioned	on	the	value	of	the	independent	variable.
The	most	common	probability	distribution	used	is	the	standard	normal	distribution.	The	simulation	model	allows	us	to	visualize	the	output	and	analyze	the	probability	distribution	of	the	ending	capital	amounts	generated	by	the	model.	Note	that	the	first	two	simulated	samples	overlap	(both	contain	x2),	which	is	possible	because	the	i.i.d.	bootstrapping
method	samples	with	replacement.	0.509.	The	problem	with	multiple	testing	is	that	the	alpha	is	only	accurate	for	one	single	hypothesis	test.	Module	22.1:	Time	Trends	3.	LO	18.g:	Describe	the	relationship	between	a	t-statistic,	its	p-value	and	a	confidence	interval.	Lastly,	the	sum	of	squared	differences	in	rankings	is	determined	in	column	7.	describe
approaches	to	using	heteroskedastic	data.	The	PMF	tells	us	the	probability	of	each	of	those	possible	outcomes,	P(X	=	4)	=	4/10	=	40%.	EXAMPLE:	F-test	A	researcher	is	seeking	to	explain	returns	on	a	stock	using	the	market	returns	as	an	explanatory	variable	(CAPM	formulation).	Hypotheses	are	stated	in	terms	of	the	population	parameter	to	be
tested,	like	the	population	mean,	µ.	The	block	size	used	in	the	CBB	methodology	should	be	large	enough	to	reflect	the	dependence	in	the	data.	On	the	other	hand,	when	the	current	condition	of	financial	markets	is	different	from	its	usual	state,	the	bootstrapping	method	may	be	ineffective.	0.5832.	The	general	form	of	this	multiple	regression	model	is:
Y	=	α	+	β1X1+	β2X2	+	…	+	βkXk	+	ε	where:	βj	=	the	regression	or	slope	coefficients;	sensitivity	of	Y	to	changes	in	Xj	controlling	for	all	other	Xs	α	=	value	of	Y	when	all	Xs	=	0	ε	=	random	error	or	shock;	unexplained	(by	X)	component	of	Y	(This	error	may	be	reduced	by	using	more	independent	variables	or	by	using	different,	more	appropriate
independent	variables.)	Recall	the	assumptions	of	single	regression	model	(modified	for	multiple	Xs):	1.	The	sample	mean	is	expressed	as:	n	∑	Xi	ˆ	µ	=	i=1	n	The	sum	of	the	deviations	of	each	observation	in	the	data	set	from	the	mean	is	always	zero.	What	is	the	most	appropriate	conclusion	for	Sinclair	based	on	the	variance	information	factor	(VIF)	for
each	of	the	explanatory	variables	included	in	Strong’s	model	as	shown	as	follows:	Variable	VIF	X1	2.1	X2	10.3	X3	6.9	A.	This	problem	is	often	referred	to	as	overestimating	the	regression.	LO	17.g	The	appropriate	test	statistic	to	test	whether	the	means	of	two	populations	are	equal	to	each	other	is:	¯	¯	¯	¯	¯	¯	X−Y	T	=	√	s	2	X	+s	2	Y	−2cov(X,Y)	n	This
test	statistic	has	a	standard	normal	distribution	when	the	null	hypothesis	is	true.	Standardization	is	the	process	of	converting	an	observed	value	for	a	random	variable	to	its	z-value.	A	second	effect	of	linear	transformations	on	covariance	is	that	the	amount	or	scale	of	a	has	no	effect	on	the	variance,	and	the	scale	of	b	determines	the	scale	or	changes	in
the	variance	by	b2.	0.5080	0.03	.	0.5000	.	According	to	PayScale,	the	average	yearly	salary	for	a	regulatory	risk	analyst	is	$62,712.	Suppose	the	average	parameter	estimate	is	determined	by	two	Monte	Carlo	simulations	using	different	random	sample	sets.	For	a	given	significance	level,	we	can	decrease	the	probability	of	a	Type	II	error	and	increase
the	power	of	a	test,	only	by	increasing	the	sample	size.	MODULE	18.1:	REGRESSION	ANALYSIS	LO	18.a:	Describe	the	models	which	can	be	estimated	using	linear	regression	and	differentiate	them	from	those	which	cannot.	0.9251.	There	are	two	properties	of	quantiles	that	make	them	valuable	in	data	analysis:	The	interpretation	of	the	quantiles	is
easy	because	they	have	the	same	units	as	the	sample	data.	Drawing	multiple	samples	from	a	population	will	produce	multiple	sample	means.	The	null	hypothesis	states	that	skewness	is	zero	and	kurtosis	is	three	(with	excess	kurtosis	therefore	equal	to	zero).	5.05%.	If	returns	are	approximately	normal,	what	is	the	95%	confidence	interval	for	the
mutual	fund	return	next	year?	An	analyst	has	estimated	the	following	probabilities	for	gross	domestic	product	growth	next	year:	P(4%)	=	10%,	P(3%)	=	30%,	P(2%)	=	40%,	P(1%)	=	20%	Based	on	these	estimates,	the	expected	value	of	GDP	growth	next	year	is	A.	Estimate	the	quantity	of	interest.	For	the	regression	model	involving	unemployment	rate
as	the	explanatory	variable,	what	are	the	results	of	a	hypothesis	test	that	the	slope	coefficient	is	equal	to	0.20	(vs.	With	antithetic	variables,	random	values	are	constructed	to	generate	negative	correlation	within	the	values	used	in	the	simulation.	A	confidence	interval	is	determined	as:	sample	{[	critical	−	(	statistic	population	standard	)(	value	)]	≤
error	sample	≤	[	parameter	critical	+	(	statistic	standard	)(	value	)]}	error	The	interpretation	of	a	confidence	interval	is	that	for	a	level	of	confidence	of	95%,	for	example,	there	is	a	95%	probability	that	the	true	population	parameter	is	contained	in	the	interval.	B	If	the	R2	is	high,	we	cannot	assume	that	we	have	found	all	relevant	independent



variables.	0.9525.	Further,	GARP®	is	not	responsible	for	any	fees	or	costs	paid	by	the	user	to	Kaplan	Schweser,	nor	is	GARP®	responsible	for	any	fees	or	costs	of	any	person	or	entity	providing	any	services	to	Kaplan	Schweser.	1.725	.	0.6808.	10%	B.	(page	137)	b.	Recall	that	a	CDF	gives	us	the	probability	that	a	random	variable	will	be	less	than	or
equal	to	some	value	X	=	x.	Simulation	and	Bootstrapping	Global	Association	of	Risk	Professionals.	Specify	the	hypothesis	to	be	tested.	An	analyst	is	graphing	the	cokurtosis	and	correlation	for	a	pair	of	bivariate	random	variables	that	are	normally	distributed.	0.0676	.	Which	of	the	following	is	not	an	assumption	of	single	regression?	estimate	the
covariance	and	correlation	between	two	random	variables.	(Because	the	square	root	of	100	is	10,	if	we	increase	the	sample	size	100	times,	it	will	reduce	the	standard	error	estimate	by	dividing	by	10.)	Suppose	we	continue	the	illustration	from	the	previous	example	and	run	a	simulation	to	estimate	the	ending	capital	amount	for	an	initial	investment
portfolio	of	$100.	Some	of	these	distributions	(including	the	Student’s	t-distribution)	have	power	law	tails,	implying	that	the	probability	of	seeing	a	return	larger	than	a	specific	value	of	x	(with	constants:	k	and	α)	is	equal	to:	P(X	>	x)	=	kx−α.	While	this	is	a	violation	of	the	equal	variance	assumption,	it	usually	causes	no	major	problems	with	the
regression.	This	reading	discusses	the	basic	steps	for	conducting	a	Monte	Carlo	simulation	and	compares	this	simulation	method	to	the	bootstrapping	technique.	0.9394.	This	happens	when	there	are	subsamples	that	are	more	spread	out	than	the	rest	of	the	sample.	0.6368.	markets	have	experienced	structural	changes.	1.21	+	0.015(MKT)	+
0.2725(IND)	+	0.5281(FORT)	2.	MODULE	QUIZ	22.3	1.	0.8238.	MODULE	QUIZ	13.3	1.	Variance	of	X	is	positive	(otherwise	estimation	of	β	would	not	be	possible).	0.9332.	Rather,	the	observed	data	is	sampled	directly	from	the	unknown	distribution.	This	variation	in	returns	from	period	to	period	is	an	additional	risk	to	the	strategy	that	is	not	accounted
for	in	our	test	of	statistical	significance.	However,	a	two-tailed	test	should	be	used	if	the	research	question	is	whether	the	return	on	options	is	simply	different	from	zero.	beginning	value	and	all	historical	shocks.	(page	87)	b.	The	tables	in	the	back	of	many	texts	provide	probabilities	for	negative	z-values,	but	we	will	work	with	only	the	positive	portion
of	the	table	because	this	may	be	all	you	get	on	the	exam.	Where	Might	You	Work?	For	ˆ	example,	to	use	the	model	to	predict	EPS	in	the	first	quarter	of	the	next	year,	set	D	=	1,	1,t	ˆ	ˆ	=	1.25	+	0.75(1)	−	0.20(0)	+	0.10(0)	=	2.00.	As	a	result,	the	slope	coefficients	in	a	multiple	regression	are	sometimes	called	partial	slope	coefficients.	(LO	18.d)	4.	The
unbiased	estimate	of	the	standard	deviation	is	then	0.1697	or	16.97%.	0.0016	.	If	we	are	trying	to	demonstrate	that	a	return	is	greater	than	the	risk-free	rate,	this	would	be	the	correct	formulation.	For	example,	in	a	time	series	regression	of	monthly	stock	returns,	you	could	employ	a	January	dummy	variable	that	would	take	on	the	value	of	1	if	a	stock
return	occurred	in	January,	and	0	if	it	occurred	in	any	other	month.	Suppose	a	hedge	fund	manager	expects	a	stock	to	have	three	possible	returns	(–6%,	0%,	6%)	following	negative,	neutral,	or	positive	changes	in	analyst	ratings,	respectively.	When	using	Monte	Carlo	simulation	A.	The	significance	level	=	1.0	−	0.99	=	0.01,	or	1%.	This	is	true	because
the	variance	of	the	linear	relationship	is	equal	to:	b2Var[X1]	A	third	effect	of	linear	transformations	on	covariance	is	that	the	scale	of	covariance	is	determined	by	two	variables,	b	and	d,	as	follows:	Cov[a	+	bX1,	c	+	dX2]	=	bdCov[X1,X2]	Recall	that	covariance	is	defined	as	the	deviation	from	the	expected	mean	of	one	random	variable	multiplied	by	the
deviation	from	the	expected	mean	of	the	other	random	variable.	Finally,	there	are	no	clear	predefined	values	of	R2	that	indicate	whether	the	model	is	good	or	not.	Quantiles	are	a	robust	measure	for	outliers	or	extreme	values	from	the	mean.	Using	the	equation	for	the	variance	of	a	binomial	distribution,	we	find	the	variance	of	X	to	be:	Var(X)	=	np(1	−
p)	=	5(0.67)(0.33)	=	1.106	We	should	note	that	because	the	binomial	distribution	is	a	discrete	distribution,	the	result	X	=	3.35	is	not	possible.	.5557	.	0.9162.	The	steps	in	the	hypothesis	testing	procedure	for	regression	coefficients	are	as	follows:	1.	This	simple	,	and	D	=	0.	There	are	four	important	effects	of	a	linear	transformation	on	the	covariance	of
bivariate	random	variables.	With	reference	to	our	option	return	example,	this	means	we	are	concerned	with	the	difference	between	the	mean	return	of	the	sample	and	the	hypothesized	mean	return.	Given	that	the	OLS	regression	assumptions	discussed	previously	are	valid,	the	estimated	slope	coefficient,	β,	will	be	normally	distributed	with	a	standard
deviation	known	as	the	standard	error	of	the	regression	coefficient	(Sb).	(page	40)	15.	0.6736.	The	constant	a	shifts	the	location	of	the	random	variable,	X,	and	b	rescales	the	values	of	X.	1.1.	1.2.	1.3.	1.4.	1.5.	1.6.	1.7.	1.8.	1.9.	2.	The	probability	that	the	high	temperature	will	be	between	70	and	80	degrees,	given	that	the	sky	is	cloudy	that	day,	is	a
conditional	probability.	0.8315.	Measures	of	central	tendency	identify	the	center,	or	average,	of	a	data	set.	0.9032.	MODULE	23.2:	NORMAL	AND	NON-NORMAL	DISTRIBUTIONS	LO	23.c:	Describe	how	the	first	two	moments	may	be	insufficient	to	describe	non-normal	distributions.	(page	121)	b.	construct,	apply	and	interpret	hypothesis	tests	and
confidence	intervals	for	a	single	regression	coefficient	in	a	regression.	For	the	regression	model	involving	GDP	growth	rate	as	the	explanatory	variable,	at	a	5%	level	of	significance,	which	of	the	following	statements	about	the	slope	coefficient	is	least	accurate?	MODULE	QUIZ	21.1	1.	Non-stationary	time	series	may	exhibit	deterministic	trends,
stochastic	trends,	or	both.	0.9554.	We	can	describe	a	random	variable	with	the	probabilities	of	its	possible	outcomes.	0.5319	.	Answer:	First,	arrange	the	returns	in	descending	order.	0.00	P(S)	×	[RA	–	E(RA)]	×	[RB	–	E(RB)]	.	The	first	type,	known	as	equicorrelation,	sets	all	correlations	equal	to	the	same	amount.	The	variance-covariance	matrix	for
these	variables	is	as	follows:	σ	2	y	σxy	(	σxy	σ	2.54	45.76	45.76	16.84	)	=	(	2	x	)	What	is	the	estimated	slope	coefficient	and	intercept,	respectively?	Thus,	we	need	to	find	the	value	0.995	(1.0	−	0.005)	in	the	table.	0.9977.	MODULE	QUIZ	18.3	Use	the	following	information	to	answer	questions	1–3.	If	the	trend	is	downward,	a	linear	model	eventually
produces	negative	values,	which	do	not	make	sense	when	modeling	quantities	or	prices.	For	the	exam,	be	able	to	calculate	conditional	probabilities,	joint	probabilities,	and	probabilities	based	on	a	probability	function.	Positive	Definiteness	When	all	random	variables	have	unit	variance	(variance	equal	to	1),	the	correlation	matrix	and	covariance	matrix
are	the	same	thing.	.9788	.	−2.27	to	2.43.	MODULE	16.2:	ESTIMATING	MOMENTS	OF	THE	DISTRIBUTION	LO	16.f:	Describe	the	consistency	of	an	estimator	and	explain	the	usefulness	of	this	concept.	Specifically,	the	relationship	between	Y	and	X(s)	should	be	linear	and	residuals	should	be	homoskedastic	(i.e.,	residual	distribution	should	be
identical),	independent,	and	have	an	expected	value	of	zero.	For	all	of	these	PMFs,	the	sum	of	the	probabilities	of	all	of	the	possible	outcomes	is	100%,	a	requirement	for	a	PMF.	The	median	and	the	mode	will	be	$100,000,	but	the	mean	will	be	$109,000.	Any	number	above	0	is	going	to	represent	a	positive	output.	A	conditional	PMF	is	defined	based	on
the	conditional	probability	for	a	bivariate	random	variable	X1	given	X2	as:	fx	1	│x	2	(x1	│X	fx	2	=	x2	)	=	1	,x	2	(x1	,x2	)	fx	(x2	)	2	The	numerator	in	this	equation	is	the	joint	probability	of	two	events	occurring,	and	the	denominator	is	the	marginal	probability	that	X2	=	x2.	R2	=	r2X,Y	LO	18.c	Assumptions	made	with	linear	regression	include	the
following:	The	expected	value	of	the	error	term,	conditional	on	the	independent	variable,	is	zero.	Answer:	Let	µ	be	the	mean	length	of	all	gizmos	made	by	this	machine,	and	let	x	be	the	corresponding	mean	for	the	sample.	4.88%.	This	gives	us	an	autocorrelation	for	each	τ	that	will	be	scaled	between	−1	and	+1.	We	can	also	apply	techniques	to	identify
the	third	and	fourth	moments	for	pairs	of	random	variables	that	are	similar	to	the	measurements	of	skewness	and	kurtosis	for	individual	variables.	Because	there	are	an	infinite	number	of	possible	outcomes,	the	probability	of	any	single	value	is	zero.	We	want	all	residual	autocorrelations	to	be	zero.	First,	an	AR	process	is	covariance	stationary	only	if
its	lag	polynomial	is	invertible.	(page	112)	e.	Using	n	−	1	instead	of	n	in	the	denominator,	however,	improves	the	statistical	properties	of	s2	as	an	estimator	of	σ2.	The	bootstrapping	technique	requires	no	assumptions	with	respect	to	the	true	distribution	of	the	parameter	estimates.	A	distribution	with	skew	=	0	is	perfectly	symmetric.	We	use	the
lowercase	Greek	letter	tau,	τ,	to	represent	a	lag.	For	hypothesis	test	of	coefficient	is	equal	to	1:	t	=	β−β0	S	b	(LO	18.g)	=	1.33−1	0.45	=	0.73	The	following	is	a	review	of	the	Quantitative	Analysis	principles	designed	to	address	the	learning	objectives	set	forth	by	GARP®.	Therefore,	its	conditional	mean	is	the	same	as	its	unconditional	mean.	This	is
true	because	−0.653	=	−0.2746,	−0.654	=	0.1785,	and	−0.655	=	−0.1160.	Within	a	few	weeks,	Strong	successfully	modeled	the	movement	of	price	for	a	hot	stock	using	a	multiple	regression	model.	It	is	also	important	to	note	that	this	moving	average	representation	has	both	a	current	random	shock	(εt)	and	a	lagged	unobservable	shock	(εt−1)	on	the
independent	side	of	this	equation.	0.9929.	If	the	computed	test	statistic	falls	outside	the	range	of	critical	z-values	(i.e.,	test	statistic	>	1.96,	or	test	statistic	<	–1.96),	we	reject	the	null	and	conclude	that	the	sample	statistic	is	sufficiently	different	from	the	hypothesized	value.	the	error	term.	2.72	and	−0.11	B.	Algorithms	used	to	generate	these	random
sequences	are	referred	to	as	pseudo-random	number	generators	(PRNGs).	Thus,	the	confidence	interval	of	slope	coefficient	=	0.76	±	(2.02	×	0.33)	=	0.0934	<	slope	coefficient	<	1.43.	0.9641.	0.6026.	0.8051.	Coefficient	estimates	would	still	be	reliable	(i.e.,	unbiased	and	consistent)	(LO	20.b)	3.	Notice	the	similarity	of	this	analysis	with	our	test	of
whether	µ	=	0.	Bootstrapping	uses	the	entire	data	set	to	generate	a	simulated	sample,	so	the	bootstrapping	method	should	be	reliable	if	the	current	state	of	the	financial	market	is	the	same	as	its	normal	state,	meaning	that	no	structural	changes	have	taken	place.	0.5675.	Module	23.1:	Defining	Returns	and	Volatility	3.	The	covariance	between	the
current	value	of	a	time	series	and	its	value	τ	periods	in	the	past	is	referred	to	as	its	autocovariance	at	lag	τ.	the	residual.	In	this	case,	it	is	estimated	using	the	standard	deviation	of	the	sample,	s.	For	the	roll	of	a	six-sided	die.	The	Choice	of	the	Null	and	Alternative	Hypotheses	The	most	common	null	hypothesis	will	be	an	equal	to	hypothesis.	0.7734.
So,	each	X	variable	should	have	some	variation	that	is	not	fully	explained	by	the	other	X	variables.	LO	15.d	Covariance	is	the	expected	value	of	the	product	of	the	deviations	of	the	two	random	variables	from	their	respective	expected	values.	Conditional	and	Unconditional	Probabilities	LO	12.e:	Define	and	calculate	a	conditional	probability.	0.9808.	The
decision	for	a	hypothesis	test	is	to	either	reject	the	null	hypothesis	or	fail	to	reject	the	null	hypothesis.	Previously,	the	first	and	second	moments	of	mean	and	variance	were	applied	to	pairs	of	random	variables.	It	could	be	explained	by	additional	independent	variables.	If	X	and	Y	are	any	random	variables,	then:	E(X	+	Y)	=	E(X)	+	E(Y)	MODULE	QUIZ
13.1	1.	.9649	.	0.9750.	When	the	X	variables	are	perfectly	correlated,	it	is	called	as	perfect	collinearity.	.5753	.	What	is	the	median	return?	Expectations	LO	13.b:	Understand	and	apply	the	concept	of	a	mathematical	expectation	of	a	random	variable.	Two	ways	to	resolve	the	bias-	variance	tradeoff	are	the	general-to-specific	model	and	m-fold
crossvalidation.	Random	Number	Generation	LO	24.e:	Describe	pseudo-random	number	generation.	1.984	.	Austin	Roberts	believes	the	mean	price	of	houses	in	the	area	is	greater	than	$145,000.	The	expected	value	of	the	sum	of	n	i.i.d.	random	variables	is	simply	equal	to	nµ.	1.990	.	From	the	previous	expression,	we	see	that	a	confidence	interval	and
a	hypothesis	test	are	linked	by	the	critical	value.	LO	16.f	A	consistent	estimator	is	one	that	as	the	sample	size	increases,	the	finite	sample	bias	is	reduced	to	zero	and	the	variance	of	the	estimator	approaches	zero.	Multicollinearity	may	be	present	in	any	regression	model.	Positive	definiteness,	defined	as	every	weighted	average	combination	having	a
positive	variance,	requires	that	the	variance	of	an	average	of	components	in	a	covariance	matrix	must	be	positive.	D	Omitted	variable	bias	results	from	excluding	a	relevant	independent	variable	that	is	correlated	with	other	independent	variable.	Repeat	steps	one	and	two	to	produce	N	replications.	This	probability	is	the	area	under	the	PDF	over	the
interval.	Disadvantages	of	the	simulation	approach	to	financial	problem	solving	include:	1.	D	Pseudo-random	numbers	appear	random	because	they	are	difficult	to	predict.	0.8186.	Answer	Key	for	Module	Quizzes	11.	0.9871.	LO	13.e	A	quantile	is	the	percentage	of	outcomes	less	than	a	given	outcome.	2	a	2	a	2	2	a	a	Second,	R2	is	not	comparable	across
models	with	different	dependent	(i.e.,	Y)	variables.	2.06%	B.	In	this	case,	30%	is	20%	above	the	expected	return	of	10%,	which	is	20	/	12	=	1.67	standard	deviations	above	the	mean.	EXAMPLE:	Spearman’s	rank	correlation	Calculate	the	Spearman	rank	correlation	for	the	returns	of	stocks	X	and	Y	provided	in	the	following	table.	We	then	generate	a
random	return	from	the	selected	distribution.	For	a	regression	model	with	a	single	independent	variable,	R2	is	the	square	of	the	correlation	between	the	independent	and	dependent	variable.	Regression	Diagnostics	Global	Association	of	Risk	Professionals.	It	is	usually	the	alternative	hypothesis	the	researcher	is	really	trying	to	assess.	ˆ	D2,t	=	0	3,t	t
LO	22.f:	Explain	how	to	construct	an	h-step-ahead	point	forecast	for	a	time	series	with	seasonality.	C	Bayes’	formula	tells	us	that:	P(A|B)=	P(AB)	P(B)	Applying	that	to	the	information	given,	we	can	write:	P(Best	increases|Acme	increases)=	40%/50%	=	80%	(LO	12.g)	P(Best	increases	and	Acme	increases)	P(Acme	increases)	The	following	is	a	review	of
the	Quantitative	Analysis	principles	designed	to	address	the	learning	objectives	set	forth	by	GARP®.	Of	the	blue	cars,	150	have	driver	assist	(DA)	technology.	0.2656.	The	slope	coefficient	on	each	dummy	variable	estimates	the	difference	in	EPS	(on	average)	between	the	respective	quarter	(i.e.,	quarter	one,	two,	or	three)	and	the	omitted	quarter	(the
fourth	quarter,	in	this	case).	Consider	flipping	a	coin	twice.	For	the	event	x	=	3,	we	can	write	P(3)	=	1/6	=	16.7%.	Which	of	the	following	statements	about	F-	and	chi-squared	distributions	is	least	accurate?	This	cyclical	component	can	be	decomposed	into	shocks	and	persistence	components.	A	random	variable’s	t-value	squared	(t2)	with	n	−	1	degrees
of	freedom	is	Fdistributed	with	1	degree	of	freedom	in	the	numerator	and	n	−	1	degrees	of	freedom	in	the	denominator.	The	asymmetric	cokurtosis	ranges	from	−3	to	+3	and	is	a	linear	relationship	that	is	upward	sloping	as	the	correlation	increases	from	−1	to	+1.	Note	that	the	three	levels	of	education	attainment	are	mutually	exclusive;	an	employee
can	only	be	in	one	of	the	three	categories	of	educational	attainment.	A	concern	for	Monte	Carlo	simulations	is	the	size	of	the	sampling	error.	In	other	words,	we	reject	the	null	hypothesis	that	β2	=	β3	=	0.	Because	sales	data	normally	varies	according	to	the	calendar,	we	might	expect	this	month’s	sales	(xt)	to	be	related	to	sales	for	the	same	month	last
year	(xt−12).	not	truly	random.	α:	If	the	market	return	is	0%,	Stock	A’s	return	would	be	0.049	or	4.9%.	An	AR(p)	process	is	specified	as:	yt	=	d+	Φyt–1	+	Φyt–1	+…+	Φyt–p	+	εt	Where	the	absolute	values	of	all	Φ	coefficients	should	be	less	than	one.	15.0%	10.0%	5.0%	MODULE	15.2:	MOMENTS	OF	BIVARIATE	RANDOM	DISTRIBUTIONS	Expectation
of	a	Bivariate	Random	Function	LO	15.c:	Explain	how	the	expectation	of	a	function	is	computed	for	a	bivariate	discrete	random	variable.	By	the	nature	of	statistical	tests,	a	very	large	sample	size	can	result	in	highly	(statistically)	significant	results	that	are	quite	small	in	absolute	terms.	Variables	X1	and	X2	are	not	statistically	significant.	LO	16.g	The
law	of	large	numbers	(LLN)	implies	estimators	converge	to	the	true	population	value	or	where	an	average	of	many	samples	converges	to	the	expected	estimator.	READING	22:	NON-STATIONARY	TIME	SERIES	EXAM	FOCUS	The	previous	reading	introduced	methods	to	forecast	a	covariance	stationary	time	series.	.9484	.	Mean	=	median	=	mode,	and
all	are	in	the	exact	center	of	the	distribution.	Calculate	the	R2	for	the	model	in	step	2	and	use	it	to	calculate	the	chisquared	test	statistic:	χ2	=	nR2	The	chi-squared	statistic	is	compared	to	its	critical	value	with	[k	×	(k	+	3)	/	2]	degrees	of	freedom,	where	k	=	number	of	independent	variables.	Given	a	conditional	probability	and	the	unconditional
probability	of	the	conditioning	event,	we	can	calculate	the	joint	probability	of	both	events	using	P(AB)	=	P(A|B)	×	P(B).	The	intercept	term	is	best	interpreted	as	the	value	of	the	dependent	variable	when	the	independent	variable	is	equal	to	zero.	Answer:	R	2	=	460−170	460	=	0.630	=	63.0%	2	Ra	=	1	−	[(	60−1	60−5−1	)	×	(1	−	0.63)]	=	0.596	=	59.6%
The	R2	of	63%	suggests	that	the	five	independent	variables	together	explain	63%	of	the	variation	in	monthly	value-stock	returns.	0.7088.	Autocovariance	and	Autocorrelation	Functions	LO	21.b:	Define	the	autocovariance	function	and	the	autocorrelation	function.	B	P(A	or	B)	=	P(A)	×	P(B)	–	P(AB)	holds	for	both	independent	and	dependent	events.	For
example,	in	estimating	a	utility	function	as	a	function	of	consumption,	we	might	allow	for	the	property	of	diminishing	marginal	utility	by	transforming	consumption	into	a	logarithm	of	consumption.	Conceptually,	an	MA	process	is	a	linear	regression	of	the	current	values	of	a	time	series	against	both	the	current	and	previous	unobserved	white	noise
error	terms,	which	are	random	shocks.	This	type	of	model	is	stated	as	ln	(yt)	=	δ0	+	δ1t	+	εt.	For	the	past	values	of	a	time	series	to	serve	as	a	guide	for	its	future	values,	it	is	necessary	that	the	time	series	is	stationary	(i.e.,	past	patterns	are	expected	to	continue).	The	variance	of	X	is	positive	(otherwise	estimation	of	β	would	not	be	possible).	There	are
an	infinite	number	of	possible	outcomes	because	for	any	two	values	(e.g.,	6.95	inches	and	6.94	inches),	we	can	find	a	number	between	them	(e.g.,	[6.95	+	6.94]	/	2	=	6.945).	When	dependence	is	nonlinear,	measures	such	as	Spearman’s	rank	correlation	and	Kendall’s	τ	(tau)	can	be	used.	0.0011.	This	means	that	confidence	intervals	for	a	random
variable	that	follows	a	t-distribution	must	be	wider	than	those	for	a	normal	distribution,	for	a	given	confidence	level.	LO	16.g:	Explain	how	the	Law	of	Large	Numbers	(LLN)	and	Central	Limit	Theorem	(CLT)	apply	to	the	sample	mean.	Letting	a	and	b	be	the	lower	and	upper	limit	of	the	uniform	distribution,	respectively,	then	for	a	≤	x1	≤	x2	≤	b,	P	(x1
≤	X	≤	x2	)	=	(x	2	−x	1	)	(b−a)	The	binomial	distribution	is	a	discrete	probability	distribution	for	a	random	variable,	X,	that	has	one	of	two	possible	outcomes:	success	or	failure.	The	relationship	between	Y	and	X	should	be	linear	(discussed	later).	Note	that	it	is	statistically	incorrect	to	say	“accept”	the	null	hypothesis;	it	can	only	be	supported	or
rejected.	Be	able	to	use	these	distributions	to	compute	a	conditional	expectation	and	conditional	moments	that	summarize	the	conditional	distribution	of	a	random	variable.	interpret	regression	coefficients	in	a	multiple	regression.	A	decision	rule	is	specific	and	quantitative.	0.6985.	+	θ2t−q	Lag	Operators	LO	21.f:	Explain	how	a	lag	operator	works.
(page	102)	18.	0.9279.	Given	that	the	stock	increased	in	value,	calculate	the	probability	that	the	economy	outperformed.	(LO	13.b)	Module	Quiz	13.2	1.	The	second	type	applies	a	structure	which	assumes	that	correlations	are	due	to	a	common	factor	exposure,	thereby	making	the	correlation	for	any	entries	into	the	matrix	equal	to	ρi,j	=	YiYj	and	each
entry	having	a	correlation	between	−1	and	1.	The	outcomes	with	positive	probability	(those	that	may	happen)	are	the	integers	1,	2,	3,	4,	5,	and	6.	If	all	pairs	are	discordant,	the	output	will	equal	–1.	determine	the	conditions	under	which	OLS	is	the	best	linear	unbiased	estimator.	Calculate	the	R2	and	adjusted	R2.	The	variance	of	the	distribution	of
sample	means	is	σ2/n,	the	population	variance	divided	by	the	sample	size.	maximizes	the	number	of	independent	variables.	If	the	autocorrelations	instead	decay	gradually,	he	should	consider	specifying	either	an	AR	process	or	an	ARMA	process.	calculate	the	estimated	trend	value	and	form	an	interval	forecast	for	a	time	series.	Suppose	there	is	a
linear	relationship	between	X1	and	X2	where:	X2	=	a	+	bX1	The	first	effect	of	a	linear	transformation	on	the	covariance	of	two	random	variables	is	that	the	sign	of	b	determines	the	correlation	between	the	components.	While	we	discuss	the	seasonal	component	briefly	at	the	end	of	the	reading,	for	the	most	part,	we	will	limit	ourselves	to	linear	models
to	model	the	persistence	component.	0.9925.	.9699	.	Ordinary	least	squares	(OLS)	estimation	is	a	process	that	estimates	the	parameters	α	and	β	in	an	effort	to	minimize	the	squared	residuals	(i.e.,	error	terms).	What	is	the	most	appropriate	interpretation	of	a	slope	coefficient	estimate	equal	to	10.0?	A.	For	every	one	unit	change	in	the	independent
variable,	the	model	predicts	that	the	dependent	variable	will	change	by	10	units.	Estimating	quantiles	To	determine	the	median	and	other	quantiles,	arrange	the	data	from	the	highest	to	the	lowest	value,	or	lowest	to	highest	value,	and	find	the	middle	observation.	Across	multiple	time	periods,	an	asset’s	return	can	be	calculated	by	taking	the	product
of	each	period’s	simple	return.	0.8485.	0.9817.	0.9990.	0.0000	.	They	help	companies	and	organizations	avoid	unnecessary	fines	and	negative	consequences	for	operating	outside	of	government	mandates.	2	C.	The	variance	and	standard	deviation	measure	the	extent	of	the	dispersion	in	the	values	of	the	random	variable	around	the	mean.	Because	OLS
estimators	are	derived	from	random	samples,	these	estimators	are	also	random	variables	because	they	vary	from	one	sample	to	the	next.	PROFESSOR’S	NOTE	Unless	you	are	specifically	instructed	on	the	exam	to	compute	a	biased	variance,	you	should	always	compute	the	unbiased	variance	by	dividing	by	(n	−	1).	(LO	20.a)	2.	define	the
autocovariance	function	and	the	autocorrelation	function.	.9678	.	In	fact,	modeling	first	differences	also	can	address	time	trends	and	seasonality.	.	0.5040.	A	The	LB	Q-statistic	is	appropriate	for	testing	this	hypothesis	based	on	a	small	sample.	PROFESSOR’S	NOTE	These	are	partial	in	the	sense	that	they	are	regressed	one	lag	at	a	time.	The	bias	for
the	estimator	is	based	on	the	sample	size	n.	Correlations	which	are	all	equal	to	1.	For	example,	the	mean	of	1,	2,	3,	and	50	is	14	and	is	not	a	good	indication	of	what	the	individual	data	values	really	are.	Thus,	it	approaches	zero	as	the	sample	size	increases.	0.7054.	Conditionally	Independent	Events	LO	12.c:	Explain	the	difference	between	independent
events	and	conditionally	independent	events.	large	samples	from	populations	with	known	variance	that	are	at	least	approximately	normal.	For	example,	suppose	that	the	three	observations	are	drawn	from	a	sample	of	10	data	points	{x1,	x2	…	,	x10}.	The	R2	measure	does	not	provide	evidence	that	the	most	or	least	appropriate	independent	variables
have	been	selected.	A	property	of	the	least	squares	method	is	that	the	intercept	term	may	be	expressed	as:	α	=	Y	−	βX	where:	Y	=	mean	of	Y	X	=	mean	of	X	The	intercept	equation	highlights	the	fact	that	the	regression	line	passes	through	a	point	with	coordinates	equal	to	the	mean	of	the	independent	and	dependent	variables.	For	example,	mortgage
refinancing	is	severely	curtailed	during	falling	housing	prices	and,	hence,	the	sample	of	actual	refinancing	transactions	is	therefore	more	likely	to	occur	during	a	rising	home-price	environment.	0.7704.	The	coefficient	estimates	(i.e.,	the	bj)	are	still	consistent	and	unbiased.	Hypothesis	testing	does	not	prove	a	hypothesis;	we	either	reject	the	null	or	fail
to	reject	it.	As	an	example,	we	want	to	capture	the	relationship	between	hedge	fund	returns	and	lockup	periods.	One	of	the	approaches	to	overcoming	the	problem	of	multicollinearity	is	to	drop	the	highly	correlated	variable.	.9750	.	This	systematic	underestimation	causes	the	sample	variance	to	be	a	biased	estimator	of	the	population	variance.
Computing	Clusters:	Suppose	that	we	are	using	a	group	of	computers	to	model	complex	portfolios	containing	thousands	of	financial	instruments	that	are	all	impacted	by	the	same	set	of	fundamental	factors.	The	shape	of	this	graph	should	be	best	described	as	A.	explain	how	the	Jarque-Bera	test	is	used	to	determine	whether	returns	are	normally
distributed.	The	sum	across	all	possible	outcomes	for	X1	and	X2	equals	1.	z	=	0.67.	0.5557.	All	(X,	Y)	observations	are	independent	and	identically	distributed	(i.i.d.).	General-to-specific	model:	involves	starting	with	the	largest	model	and	then	successively	dropping	independent	variables	that	have	the	smallest	absolute	t-statistic.	The	population
standard	deviation	is	$24,000,	and	Roberts	wants	to	conduct	a	hypothesis	test	at	a	1%	level	of	significance.The	value	of	the	calculated	test	statistic	is	closest	to	A.	The	bias	of	an	estimator	measures	the	difference	between	the	expected	value	of	the	estimator,	E[θˆ],	and	the	true	population	value,	θ.	.08	.	In	other	words,	the	actual	relationship	is:
E(utility)	=	α	+	β	×	ln	(amount	consumed)	Here	we	let	Y	=	utility	and	X	=	ln	(amount	consumed)	and	then	estimate:	E(Y)	=	α	+	β	×	(X)	using	linear	techniques.	The	researcher	believes	the	mean	daily	portfolio	return	is	not	equal	to	zero.	Just	as	with	the	AR	process,	the	autocorrelations	in	an	ARMA	process	will	also	decay	gradually	for	essentially	the
same	reasons.	Hence,	there	is	sufficient	evidence	to	reject	H0.	0.9979.	D	Power	law	tails	tend	to	be	“fatter”	than	the	tails	found	in	normal	distributions.	The	probability	of	returns	greater	than	30%	is	calculated	based	on	the	number	of	standard	deviations	that	30%	is	above	the	expected	return	of	10%.	READING	15:	MULTIVARIATE	RANDOM
VARIABLES	EXAM	FOCUS	This	reading	covers	the	dependency	of	multivariate	random	variables.	(page	143)	f.	However,	when	the	largest	values	of	one	variable	are	grouped	with	the	smallest	values	of	another,	the	variables	will	have	strong	negative	dependence,	the	difference	will	be	large,	and	correlation	will	be	close	to	–1.	kurtosis	greater	than
three.	Further,	assume	that	movements	in	the	DJIA	are	independent	(i.e.,	an	increase	in	one	day	is	independent	of	what	happened	on	another	day).	.5793	.	It	specifies	that	the	dependent	variable	is	a	linear	function	of	the	coefficients.	minimizes	the	number	of	independent	variables.	Log-linear	model	D.	Statistically,	we	would	formally	write	the
following:	if	heads,	then	X	=	1	if	tails,	then	X	=	0	For	a	fair	coin,	P(heads)	=	P(X	=	1)	=	0.5,	and	P(tails)	=	P(X	=	0)	=	0.5.	The	expected	value	can	be	computed	as	follows:	E(X)	=	ΣP(xi)xi	=	P(X	=	0)(0)	+	P(X	=	1)(1)	=	(0.5)(0)	+	(0.5)(1)	=	0.5	In	any	individual	flip	of	a	coin,	X	cannot	assume	a	value	of	0.5.	Over	the	long	term,	however,	the	average	of	all
the	outcomes	is	expected	to	be	0.5.	Similarly,	the	expected	value	of	the	roll	of	a	fair	die,	where	X	=	number	that	faces	up	on	the	die,	is	determined	to	be:	E(X)	=	ΣP(xi)xi	=	(1/6)(1)	+	(1/6)(2)	+	(1/6)(3)	+	(1/6)(4)	+	(1/6)(5)	+	(1/6)(6)	E(X)	=	3.5	We	can	never	roll	a	3.5	on	a	die,	but	over	the	long	term,	3.5	should	be	the	average	value	of	all	outcomes.
.9949	.	0.9961.	The	expected	amount	of	the	stock	return	attributable	to	it	being	a	Fortune	500	stock	is	closest	to	A.	B	z	=	149,750−145,000	24,000/√36	(LO	17.f)	=	1.1875	The	following	is	a	review	of	the	Quantitative	Analysis	principles	designed	to	address	the	learning	objectives	set	forth	by	GARP®.	Three	variables	with	a	correlation	with	one	another
of	1.25.	Decreasing	the	significance	level	(probability	of	a	Type	I	error)	from	5%	to	1%,	for	example,	will	increase	the	probability	of	failing	to	reject	a	false	null	(Type	II	error)	and,	therefore,	reduce	the	power	of	the	test.	We	can	write	this	as	P(ND	or	BD	or	HBD)	=	100%.	Formally,	a	chi-squared	test	statistic	can	be	computed	as	follows:	1.	The
interquartile	range	is	an	interval	that	includes	the	central	50%	of	all	possible	outcomes.	For	example,	if	the	test	statistic	follows	a	normal	distribution,	the	decision	rule	is	based	on	critical	values	determined	from	the	standard	normal	distribution	(z-distribution).	However,	financial	assets	tend	to	be	highly	dependent	from	both	a	linear	and	nonlinear
perspective.	The	returns	for	stock	Y	are	then	listed	for	each	respective	year.	EXAMPLE:	Using	the	Poisson	distribution	(2)	Assume	there	is	a	0.01	probability	of	a	patient	experiencing	severe	weight	loss	as	a	side	effect	from	taking	a	recently	approved	drug	used	to	treat	heart	disease.	Hypothesis	testing	is	the	statistical	assessment	of	a	statement	or
idea	regarding	a	population.	(LO	23.e)	Module	Quiz	23.3	1.	You	would	still	notice	the	absolute	value	decaying,	but	the	actual	autocorrelations	would	alternate	between	positive	and	negative	numbers	over	time.	These	are	then	tested	for	statistical	significance.	The	standard	deviation	of	Y	is	simply	2	2	Y	2	σY	=	√b	σ	2	X	=	|b|	σX	2	X	.	0.8413.	MODULE
16.1:	ESTIMATING	MEAN,	VARIANCE,	AND	STANDARD	DEVIATION	LO	16.a:	Estimate	the	mean,	variance	and	standard	deviation	using	sample	data.	Similarly,	for	an	AR(p)	process,	the	absolute	values	of	all	coefficients	should	be	less	than	1.	1.47%	D.	0.5910.	As	with	traditional	correlation	measures,	the	values	for	both	must	lie	between	–1	and	1.
calculate	the	probability	of	an	event	for	a	discrete	probability	function.	It	has	a	greater	probability	in	the	tails	(fatter	tails)	than	the	normal	distribution.	First,	consider	a	simulation	of	two	sets	that	does	not	use	the	antithetic	variate	technique.	0.9115.	Which	of	the	following	statements	is	correct	in	regard	to	using	the	Black-ScholesMerton	(BSM)
pricing	model	to	calculate	implied	volatility?	LO	15.g	The	variance	of	a	two-asset	portfolio,	X1	and	X2,	with	weights	of	a	and	b,	respectively	is:	Var[aX1	+	bX2]	=	a2Var[X1]	+	b2Var[X2]	+	2abCov[X1,X2]	LO	15.h	In	the	context	of	portfolio	risk	management,	a	conditional	expectation	of	a	random	variable	is	computed	based	on	a	specific	event	occurring.
These	moments	give	us	information	about	the	shape	of	a	probability	distribution	around	its	mean.	Two	variables	that	are	perfectly	positively	correlated	have	a	correlation	coefficient	of	1,	two	variables	that	are	perfectly	negatively	coefficient	have	a	correlation	coefficient	of	−1,	and	two	variables	that	are	independent	have	a	correlation	of	0	(i.e.,	no
linear	relationship).	0.9429.	A	β	=	Cov(X,Y)	Var	X	=	σ	X,Y	2	σ	X	=	45.76	16.84	=	2.72	α	=	Y	−	βX	=	0.01	−	2.72	×	0.044	=	−0.11.	Answer:	In	this	case,	we	use	a	one-tailed	test	with	the	following	structure:	H0:	µ	≤	0	versus	HA:	µ	>	0	The	appropriate	decision	rule	for	this	one-tailed	z-test	at	a	significance	level	of	5%	is:	Reject	H0	if:	test	statistic	>
1.645	The	test	statistic	is	computed	the	same	way,	regardless	of	whether	we	are	using	a	one-tailed	or	two-tailed	test.	characterize	the	quantile	function	and	quantile-based	estimators.	describe	properties	of	correlations	between	normally	distributed	variables	when	using	a	one-factor	model.	Answer	Key	for	Module	Quizzes	15.	Kurtosis	refers	to	how	fat
or	thin	the	tails	are	in	the	data	distribution	and	is	calculated	as:	4	E[(X−E[X])	]	Kurtosis(X)	=	2	E[(X−E[X])	]	2	=	μ	4	4	σ	The	estimator	for	the	fourth	moment	is	computed	as:	n	1	n	∑	(Xi	−μ)	ˆ	4	i=1	4	σ	ˆ	Kurtosis	for	the	normal	distribution	equals	3.	5%	+	0%	×	23.	Neither	I	nor	II	2.	)]}	Use	the	t-test	if	the	population	variance	is	unknown	and	either	of
the	following	conditions	exist:	The	sample	is	large	(n	≥	30).	0.8925.	What	is	the	conditional	expectation	of	a	return	given	an	analyst	upgrade	and	the	following	conditional	distribution	for	fx	│x	(x1	│X2	=	1)?	There	are	five	basic	steps	used	to	conduct	a	simulation:	1.	There	are	two	ways	to	deal	with	this	bias-variance	error	tradeoff:	1.	I	only	B.	(page
144)	21.	P(A|B)	=	P(A)	D.	You	have	calculated	the	stock	returns	for	Alpha	Corporation	over	the	last	five	years	to	develop	the	following	sample	data	set.	For	a	given	series	of	n	trials,	the	expected	number	of	successes,	or	E(X),	is	given	by	the	following	formula:	expected	value	of	X	=	E(X)	=	np	The	intuition	is	straightforward;	if	we	perform	n	trials	and
the	probability	of	success	on	each	trial	is	p,	we	expect	np	successes.	However,	appropriate	transformations	of	the	independent	variable(s)	can	make	a	nonlinear	relationship	amenable	to	be	fitted	using	a	linear	model.	a	symmetrical	curved	graph	with	the	maximum	cokurtosis	of	3	when	the	correlation	is	0.	Candidates	with	master’s	degrees	and
certifications	will	be	highly	sought	after.	−0.27	to	2.43.	This	is	shown	in	the	following	generic	formula:	yt	=	µ	+	Φ1yt−1	+	Φ2yt−2	+	εt	Applying	actual	coefficients,	our	real	AR(2)	model	might	look	something	like:	yt	=101.2413	+	1.4388yt−1	−	0.4765yt−2	+	εt	We	could	also	try	to	forecast	our	seasonally	impacted	employment	data	with	an	ARMA(3,1)
model,	which	might	look	like	the	following	formula:	yt	=	µ	+	Φ1yt−1	+	Φ2yt−2	+	Φ3yt−3	+	θεt−1	+	εt	Applying	actual	coefficients,	our	real	ARMA(3,1)	model	might	look	something	like:	yt	=	101.1378	+	0.5004yt−1	+	0.8722yt−2	−	0.4434yt−3	+	0.9709εt−1	+	εt	In	practice,	researchers	would	attempt	to	determine	whether	the	AR(2)	model	or	the
ARMA(3,1)	model	provides	a	better	prediction	for	the	seasonally	impacted	data	series.	Sometimes	we	are	interested	in	the	probability	of	an	event,	given	that	some	other	event	has	occurred.	0.6628.	Whether	the	test	is	one-	or	two-sided	depends	on	the	proposition	being	tested.	explain	the	steps	needed	to	perform	a	hypothesis	test	in	a	linear
regression.	Compute	the	correlation	by	dividing	the	covariance	of	the	two	variables	by	the	product	of	the	two	variables’	standard	deviations.	PROFESSOR’S	NOTE	The	concepts	of	coskewness	and	cokurtosis	will	be	illustrated	in	the	next	reading	(Reading	16).	0.7967.	A	third	example	is	the	PMF	f	(x)	=	x/10	for	a	random	variable	that	can	take	on	values
of	1,	2,	3,	or	4.	Which	of	the	following	statements	about	bias-variance	tradeoff	is	least	accurate?	0.989.	If	we	flip	a	fair	coin	100	times,	we	expect	that	on	average	it	will	be	heads	50	times.	For	the	exam,	be	able	to	explain	the	effects	of	heteroskedasticity	and	multicollinearity	on	a	regression.	The	test	statistic	=	z-statistic	=	¯−μ	x	0	σ/√n	=	(2.0	−	0.0)	/
(20.0	/	6)	=	0.60.	There	are	two	commonly	used	classes	of	bootstraps:	independent	and	identically	distributed	(i.i.d.)	and	circular	block	bootstrap	(CBB).	explain	the	difference	between	independent	events	and	conditionally	independent	events.	80%.	a	symmetrical	distribution.	From	small	businesses	to	multi-million	dollar	corporations,	most	benefit
from	working	with	a	risk	management	professional.	MODULE	QUIZ	22.2	1.	0.9357.	the	variables	but	not	necessarily	the	coefficients.	Based	on	the	95%	confidence	interval,	we	reject	µ	=	0	because	zero	is	more	than	1.96	standard	errors	from	the	sample	mean	of	0.1%.	Recall	that	we	used	a	PMF	to	describe	the	probabilities	of	the	possible	outcomes	for
a	discrete	random	variable.	0.0121	.	The	coefficient	is	significantly	different	from	0.20	because	the	t-value	is	−5.67.	The	variance	of	the	slope	(β)	increases	with	variance	of	the	error	and	decreases	with	the	variance	of	the	explanatory	variable.	Chapter	2.	When	Xi	consists	of	i.i.d.	random	variables,	the	mean	estimator	is	equal	to	the	true	population
mean,	µ.	.9952	.	0.6141.	0.13	.	The	relationship	between	covariances,	standard	deviations,	and	correlations	can	be	seen	in	the	following	expression	for	the	correlation	of	two	bivariate	random	variables	X1	and	X2:	Corr(X1,X2)	=	Cov[X	√Var[X	1	1	,X	2	]	]√Var[X	=	2	]	σ	12	√σ2	√σ2	1	2	σ	12	=σ	1	σ	2	Correlation	measures	the	strength	of	the	linear
relationship	between	two	variables	and	ranges	from	−1	to	+1	for	two	variables	(i.e.,	−1	≤	Corr(X1,	X2)	≤	+1).	(LO	12.a)	2.	Recall	that	the	mean	and	variance	of	a	Poisson-distributed	random	variable	is	equal	to	λ.	(LO	21.i)	3.	The	new	estimate	of	the	Asian	option	price	PA*	can	then	be	determined	based	on	the	following	equation:	P	*	A	*	=	(PA	−	PBS	)
+	PBS	MODULE	QUIZ	24.1	1.	A	The	(joint)	probability	that	both	A	and	B	will	occur	is	equal	to	the	conditional	probability	of	Event	A	given	that	Event	B	has	occurred,	multiplied	by	the	unconditional	probability	of	Event	B.	.5987	.	Independent	variables	that	fall	into	this	category	are	called	dummy	variables	and	are	often	used	to	quantify	the	impact	of
qualitative	variables.	LO	20.d	While	including	irrelevant/extraneous	variables	does	not	pose	any	serious	challenges,	the	model’s	adjusted	R2	declines.	0.9985.	The	central	limit	theorem	(CLT)	states	that	when	the	sample	size	is	large,	the	sums	of	i.i.d.	random	variables	will	be	normally	distributed.	The	standard	deviation	is	then	0.1204	(computed	as	the
square	root	of	the	variance).	(page	73)	j.	This	relationship	can	be	shown	in	the	following	formula:	yt	=	d	+	Φyt–1	+	εt	where:	d	=	intercept	term	yt	=	the	time	series	variable	being	estimated	yt–1	=	one-period	lagged	observation	of	the	variable	being	estimated	εt	=	current	random	white	noise	shock	(mean	0)	Φ	=	coefficient	for	the	lagged	observation
of	the	variable	being	estimated	In	order	for	an	AR(1)	process	to	be	covariance	stationary,	the	absolute	value	of	the	coefficient	on	the	lagged	operator	must	be	less	than	one	(i.e.,	|Φ|	<	1).	describe	pseudo-random	number	generation.	One	B.	The	unauthorized	duplication	of	these	notes	is	a	violation	of	global	copyright	laws.	is	a	symmetric	distribution.
Alternatively,	the	event	“tails”	means	the	random	variable	equals	zero.	Thus,	the	conditional	distribution	for	X2	=	1	is	computed	as	0%	/	30%,	5%	/	30%,	and	25%	/	30%	and	summarized	as	follows:	Return	Probability	–6%	0%	0%	16.7%	6%	83.3%	(LO	15.b)	Module	Quiz	15.2	1.	LO	19.c	The	coefficient	of	determination	(R2)	of	a	multiple	regression	is	a
goodness	of	fit	measure.	Alternatively,	standardized	residuals	(i.e.,	the	residuals	divided	by	their	standard	deviation)	could	be	plotted	on	the	y-axis.	E(RA)	=	(0.3)(0.20)	+	(0.5)(0.12)	+	(0.2)(0.05)	=	0.13	E(RB)	=	(0.3)(0.30)	+	(0.5)(0.10)	+	(0.2)(0.00)	=	0.14	The	covariance	can	now	be	computed	using	the	procedure	described	in	the	following	table.	the
intercept	coefficient.	As	indicated	in	the	following	expression,	the	test	statistic	is	the	difference	between	the	sample	statistic	and	the	hypothesized	value,	scaled	by	the	standard	error	of	the	sample	statistic.	Construct	a	test	of	the	hypothesis	that	the	fund’s	returns	follow	a	normal	distribution.	The	decision	rule,	which	is	the	rule	for	deciding	whether	or
not	to	reject	the	null	hypothesis	based	on	a	comparison	of	the	test	statistic	and	the	critical	value.	When	more	than	one	test	statistic	may	be	used,	the	power	of	the	test	for	the	competing	test	statistics	may	be	useful	in	deciding	which	test	statistic	to	use.	The	dummy	variable	is	significant	and	positive,	and	the	dummy	variable	is	defined	as	being	equal	to
one	for	biotechnology	stocks,	which	means	that	biotechnology	P/Es	are	statistically	significantly	larger	than	electric	utility	P/Es.	Remember,	however,	this	is	only	accurate	if	we	hold	the	other	independent	variables	in	the	model	constant.	(page	158)	i.	A	A	key	difference	between	an	MA	representation	and	an	AR	process	is	that	the	MA	process	shows
autocorrelation	cutoff	while	an	AR	process	shows	a	gradual	decay	in	autocorrelations.	The	relationships	between	the	moments	of	the	distribution	of	X	and	the	moments	of	the	distribution	of	Y,	a	linear	transformation	of	X,	are	as	follows:	The	mean	of	Y	can	be	calculated	as	E(Y)	=	a	+	bE(X),	both	the	location	and	the	scale	are	affected.	B	Effects	of
heteroskedasticity	include	the	following:	(1)	The	standard	errors	are	usually	unreliable	estimates	and	(2)	the	coefficient	estimates	are	not	affected.	Reading	22:	Non-Stationary	Time	Series	1.	a	Type	II	error	will	increase.	(LO	12.e)	3.	The	outcome	is	3.	*A	complete	cumulative	standard	normal	table	is	included	in	the	Appendix.	He	defines	the	following
dummy	variable:	IND	=	0	if	the	stock	is	in	the	electric	utilities	industry	or	=	1	if	the	stock	is	in	the	biotechnology	industry	The	results	of	his	regression	are	shown	in	the	following	table.	Computational	cost:	While	computer	processing	times	have	decreased,	markets	have	also	become	increasingly	complex,	potentially	leading	to	high	computation	costs.
1.	Therefore,	the	estimator	bias	is	computed	as:	ˆ	ˆ	Bias	(θ	)	=	E	[θ	]	−	θ	The	expected	value	of	the	mean	estimator	is	equal	to	the	true	population	mean.	One	way	to	reduce	the	sampling	error	is	to	use	the	antithetic	variate	technique.	Consider	a	random	variable	for	which	the	possible	outcomes	are	x	=	1,	2,	3,	or	4,	with	a	probability	function	of	x/10	so
that	P(x)	=	x/10.	.6026	.	Sample	data	was	gathered	that	is	assumed	to	represent	the	random	data	of	the	true	population.	Linear	Regression	Global	Association	of	Risk	Professionals.	Answer:	Using	binomial	terminology,	we	define	success	as	UP,	so	p	=	0.67.	When	dependence	is	nonlinear,	there	is	no	one	statistic	used	to	measure	it.	Thus,	the	study	of
multivariate	random	variables	includes	measurements	of	dependency	between	two	or	more	random	variables.	In	addition,	R	may	be	less	than	zero	if	the	R2	is	low	enough.	This	is	a	test	of	whether	the	lagged	level	is	a	statistically	significant	factor	in	a	regression	model.	Estimate	the	quantity	of	interest	from	{g1,	g2,	…,	gb}.	Skewness	and	Kurtosis	LO
16.h:	Estimate	and	interpret	the	skewness	and	kurtosis	of	a	random	variable.	0.9177.	It	is	similar	to	the	mean	because	both	measure	the	central	tendency	of	the	data.	The	probability	for	obtaining	X	successes,	given	a	Poisson	distribution	with	parameter	λ,	is:	P	(X	=	x)	=	λ	x	−λ	e	x!	The	normal	probability	distribution	has	the	following	characteristics:
The	normal	curve	is	symmetrical	and	bell-shaped	with	a	single	peak	at	the	exact	center	of	the	distribution.	If	there	are	large	differences	in	linear	and	rank	correlations,	there	is	likely	to	be	a	key	nonlinear	relationship.	We	refer	to	such	a	time	series	as	being	covariance	stationary.	Suppose	we	run	a	regression	of	the	dependent	variable	Y	on	a	single
independent	variable	X1	and	get	the	following	result:	Y	=	2.0	+	4.5X1	The	appropriate	interpretation	of	the	estimated	slope	coefficient	is	that	if	X1	increases	by	1	unit,	we	would	expect	Y	to	increase	by	4.5	units.	0.8340.	estimate	and	interpret	the	skewness	and	kurtosis	of	a	random	variable.	Suppose	you	live	in	a	neighborhood	with	100	homes;	99	of
them	sell	for	$100,000,	and	one	sells	for	$1	million.	describe	an	event	and	an	event	space.	MODULE	15.1:	MARGINAL	AND	CONDITIONAL	DISTRIBUTIONS	FOR	BIVARIATE	DISTRIBUTIONS	Probability	Matrices	LO	15.a:	Explain	how	a	probability	matrix	can	be	used	to	express	a	probability	mass	function.	Variance	is	defined	as:	σ2	=	E{[X	−	E(X)]2}
=	E[(X	−	µ)2]	Squaring	the	deviations	from	the	mean	ensures	that	σ2	is	positive.	The	coefficient	is	significantly	different	from	0.20	because	the	t-value	is	2.33,	which	is	greater	than	the	critical	t-value	of	2.02.	Random	variables	can	either	be	independent	or	dependent.	Figure	16.1	illustrates	that	skewness	affects	the	location	of	the	mean,	median,	and
mode	of	a	distribution.	The	sample	is	small	(n	<	30),	but	the	distribution	of	the	population	is	normal	or	approximately	normal.	Don’t	miss	how	simple	this	is	just	because	the	notation	is	so	mathematical.	LO	22.g	Assuming	a	model’s	forecast	error	is	a	normally	distributed	white	noise	process,	a	95%	confidence	interval	for	the	forecast	h	periods	ahead	is
yt+h	±	1.96	×	standard	deviation	of	the	regression	residuals.	It	is	often	the	case	that	the	longer	the	time	period	for	measurement,	the	more	likely	it	is	that	the	JB	statistic	is	smaller	and	the	financial	return	approximates	a	normal	distribution.	To	compute	the	population	mean,	µ,	all	the	observed	values	in	the	population	are	summed	and	divided	by	the
number	of	observations	in	the	population,	N.	What	is	the	approximate	probability	of	an	observed	EPS	value	falling	between	$3.00	and	$7.25?	(page	167)	23.	Identify	which	model	the	analyst	would	most	likely	prefer.	(page	181)	d.	This	means	that	the	estimator	is	also	a	consistent	estimator.	0.8849.	Entry-level	professionals	may	make	closer	to	$65,000
or	$75,000	a	year,	whereas	individuals	with	10	to	20	years	of	experience	can	expect	yearly	salaries	of	$95,000.	0.8289.	Ordinarily,	we	wish	to	use	the	test	statistic	that	provides	the	most	powerful	test	among	all	possible	tests.	The	probability	of	an	outcome	of	either	2	or	4	is	2/10	+	4/10	=	60%.	A	similar	approach	is	used	for	MA	processes.	The	VIX
method,	which	requires	a	significant	and	liquid	derivatives	market,	can	be	computed	for	assets	like	equity	indices,	U.S.	Treasury	bonds,	commodities,	and	individual	stocks.	Random	Variables	Global	Association	of	Risk	Professionals.	0.5517.	Multicollinearity	makes	it	difficult	to	determine	the	contribution	to	explanation	of	the	dependent	variable	of	an
individual	explanatory	variable.	To	test	the	claim	that	X	is	greater	than	zero,	the	null	hypothesis	would	be	H0:	X	>	0.	To	create	a	mixture	distribution	from	these	scenarios,	we	randomly	choose	either	the	low	or	high	volatility	distribution,	placing	a	75%	probability	on	selecting	the	low	volatility	distribution.	The	covariance	terms	are	all	equal	to	zero
because	all	variables	are	independent.	0.9972.	Similarly,	in	evaluating	the	goodness-of-fit	of	a	model,	residual	autocorrelations	at	different	lags	are	computed.	In	this	case,	there	are	large,	negative	outliers	that	tend	to	pull	the	mean	downward	(to	the	left).	There	are	no	outliers	in	the	data.	The	variance	of	the	error	term	is	independent	of	the	observed
data.	0.09	.	A	probability	mass	function	(PMF)	for	a	bivariate	random	variable	describes	the	probability	that	two	random	variables	each	take	a	specific	value.	C	The	standard	error	is	determined	by	dividing	the	standard	deviation	by	the	square	root	of	the	number	of	replications	s/√N.	Time	to	maturity	is	not	one	of	the	components	of	the	calculation.	If	X
=	0,	then	Y	=	α	(i.e.,	the	intercept	coefficient).	Confidence	intervals	for	a	normal	distribution	are	illustrated	in	Figure	14.3.	For	any	normally	distributed	random	variable,	68%	of	the	outcomes	are	within	one	standard	deviation	of	the	expected	value	(mean),	and	approximately	95%	of	the	outcomes	are	within	two	standard	deviations	of	the	expected
value.	This	is	because	the	presence	of	outliers	skews	the	estimated	regression	parameters.	thin	tails.	A	researcher	estimates	that	the	value	of	the	slope	coefficient	in	a	single	explanatory	variable	linear	regression	model	is	equal	to	zero.	D	The	t-distribution	is	the	appropriate	distribution	to	use	when	constructing	confidence	intervals	based	on	small
samples	from	populations	with	unknown	variance	that	are	either	normal	or	approximately	normal.	0.9964.	D	HA:	µ	>	$145,000.	Notice	that	0	falls	within	this	interval	and,	hence,	the	coefficient	is	not	significantly	different	from	0	at	5%	level	of	significance.	A	marginal	distribution	defines	the	distribution	of	a	single	component	of	a	bivariate	random
variable	(i.e.,	a	univariate	random	variable).	Which	of	the	following	statements	is	a	key	differentiator	between	a	moving	average	(MA)	representation	and	an	autoregressive	(AR)	process?	0.9986.	0.9564.	X	variables	are	not	perfectly	correlated	(i.e.,	they	are	not	perfectly	linearly	dependent).	(page	57)	16.	That	is,	P(40+|ND)	=	10%,	P(40+|BD)	=	70%,
and	P(40+|HBD)	=	100%.	Biased	Estimators	LO	16.d:	Describe	the	bias	of	an	estimator	and	explain	what	the	bias	measures.	The	other	two	asymmetrical	cases	indicate	the	agreement	of	the	return	signs	when	the	power	3	return	is	large	in	magnitude.	decreases	as	n	increases.	EXAMPLE:	Calculating	and	interpreting	the	F-statistic	An	analyst	runs	a
regression	of	monthly	value-stock	returns	on	five	independent	variables	over	60	months.	The	coefficient	is	significantly	different	from	0	because	the	95%	confidence	interval	does	not	include	the	value	of	0.	P(AB)	=	P(A)	×	P(B)	B.	Divergence	between	t-test	and	Ftest	is	one	way	to	detect	the	presence	of	multicollinearity.	Figure	15.4:	Standard	Deviation
of	Two-Asset	Portfolio	Conditional	Expectations	LO	15.h:	Compute	the	conditional	expectation	of	a	component	of	a	bivariate	random	variable.	Which	of	the	following	statements	best	describes	this	technique?	A	The	conditional	expectation	of	the	return	given	a	positive	analyst	upgrade	is	computed	as:	E	[X1	|X2	=	1]	=	−4%	×	12.	How	can	we	increase
the	accuracy	of	the	simulation?	explain	the	use	of	antithetic	and	control	variates	in	reducing	Monte	Carlo	sampling	error.	characterize	the	properties	of	OLS	estimators	and	their	sampling	distributions.	0.0228.	MAs	are	always	covariance	stationary.	In	other	words,	the	median	and	the	IQR	are	not	impacted	by	outliers.	.9671	.	In	other	words,	with	a
larger	n,	the	expected	average	will	be	closer	to	the	true	unknown	mean,	µ.	3.	Construct	a	hypothesis	test	of	the	researcher’s	belief.	PROFESSOR’S	NOTE	The	notation	P(A	∪	B)	is	sometimes	used	to	mean	the	probability	of	A	or	B,	and	the	notation	P(A	∩	B)	is	sometimes	used	to	mean	the	probability	of	A	and	B.	When	this	occurs,	the	median	is	a	better
measure	of	central	tendency	than	the	mean	because	it	is	not	affected	by	extreme	values	that	may	possibly	be	errors	in	the	data.	For	example,	trading	volume	and	volatility	are	related;	volume	increases	during	volatile	times.	explain	the	problem	of	multiple	testing	and	how	it	can	bias	results.	A	test	statistic	is	calculated	by	comparing	the	point	estimate
of	the	population	parameter	with	the	hypothesized	value	of	the	parameter	(i.e.,	the	value	specified	in	the	null	hypothesis).	We	will	have	set	up	the	null	and	alternative	hypothesis	so	rejection	of	the	null	will	lead	to	acceptance	of	the	alternative,	our	goal	in	performing	the	test.	If	5%	of	the	cars	coming	off	the	assembly	line	have	some	defect	in	them,
what	is	the	probability	that	out	of	three	cars	chosen	at	random,	exactly	one	car	will	be	defective?	R2	=	ESS/TSS	=	%	of	variation	explained	by	the	regression	model	where:	TSS	=	total	sum	of	squared	(i.e.,	total	variation	in	Y)	ESS	=	explained	sum	of	squared	(i.e.,	the	variation	in	Y	explained	by	the	regression	model)	Because	R2	almost	always
increases	as	independent	variables	are	added	to	the	model,	to	overcome	the	problem	of	overestimating	the	impact	of	additional	variables	we	calculate	adjusted	R2	as:	2	Ra	=	1	−	[(	n−1	n−k−1	2	)	×	(1	−	R	)]	where:	n	=	number	of	observations	k	=	number	of	independent	variables	LO	19.d	The	t-statistic	used	to	test	the	significance	of	the	individual
coefficients	in	a	multiple	regression	is	calculated	using	the	same	formula	that	is	used	with	simple	linear	regression:	t	=	b	−B	j	j	s	=	estimated	regression	coefficient−hypothesized	value	coefficient	standard	error	of	b	j	b	j	This	t-statistic	has	n	−	k	−	1	degrees	of	freedom.	3.05%	C.	For	the	exam,	understand	how	to	calculate	simple	and	continuously
compounded	returns	and	recognize	differences	between	definitions	of	volatility.	For	the	exam,	be	able	to	conduct	hypothesis	tests,	calculate	confidence	intervals,	and	remember	the	assumptions	underlying	the	regression	model.	An	example	of	a	positively	skewed	distribution	is	that	of	housing	prices.	0.6950.	0.6443.	As	mentioned	earlier,	we	refer	to
this	as	a	conditional	probability,	P(A|B).	In	the	real	world,	the	underlying	variance	of	the	population	is	rarely	known,	so	the	t-test	enjoys	widespread	application.	ANSWER	KEY	FOR	MODULE	QUIZZES	Module	Quiz	18.1	1.	The	benefit	of	using	standardized	residuals	is	that	outliers	can	be	quickly	visualized	when	its	value	exceeds	±4.	The	coefficients	of
the	included	variables	that	are	correlated	with	the	omitted	variable	will	partly	(depending	on	the	correlation	between	them)	pick	up	the	impact	of	the	omitted	variable	(leading	to	biased	estimates	of	coefficients	of	those	variables).	.9452	.	(page	193)	b.	Effect	of	Multicollinearity	On	Regression	Analysis	As	a	result	of	multicollinearity,	there	is	a	greater
probability	that	we	will	incorrectly	conclude	that	a	variable	is	not	statistically	significant	(e.g.,	a	Type	II	error).	(page	154)	h.	0.9969.	The	use	of	a	similar	derivative,	such	as	a	European	option	with	known	statistical	properties,	can	be	used	as	a	control	variate.	Cross	reference	to	GARP	FRM	Part	I	Quantitative	Analysis,	Chapter	9.	P(A)	=	C.	We	rejected
the	hypothesis	µ	=	0	because	the	sample	mean	of	0.1%	is	more	than	1.96	standard	errors	from	zero.	have	means	that	are	less	than	their	standard	deviations.	The	calculations	for	variances	for	bivariate	random	numbers	are	analogous	to	the	calculation	of	dispersion	for	univariate	numbers,	where	the	distance	of	observations	from	the	expected	mean	is
squared	as	follows:	Var[X1]	=	E[(X1	−	E[X1])2]	The	covariance	between	X1	and	X2	is	calculated	as:	Cov[X1,X2]	=	E[(X1	−	E[X1])(X2	−	E[X2])]	Cov[X1,X2]	=	E[X1X2]	−	E[X1]E[X2]	The	variances	and	covariance	of	two	components	of	X	are	expressed	in	a	2-by-2	matrix	of	X	as:	Cov[X]	=	(	σ	2	1	σ12	σ12	σ	2	)	2	To	aid	in	the	definition	of	covariance,
consider	the	returns	of	a	stock	and	of	a	put	option	on	the	stock.	MODULE	23.3:	CORRELATIONS	AND	DEPENDENCE	LO	23.f:	Define	correlation	and	covariance	and	differentiate	between	correlation	and	dependence.	Risk	Manager:Risk	managers	are	responsible	for	designing,	implementing,	overseeing,	and	managing	a	company	or	organization’s	risk
management	plan.	The	sample	mean	is	an	unbiased	estimator	of	the	population	mean	because	the	A.	They	are	called	this	because	when	expressed	using	lag	polynomials	(which	we	introduced	in	Reading	21),	one	of	their	roots	is	equal	to	1,	as	in:	(1	−	L)(1	−	0.65L)	yt	=	εt.	The	first	property	of	a	consistent	estimator	is	that	as	the	sample	size	increases,
the	finite	sample	bias	is	reduced	to	zero.	0.8577.	0.8461.	.9664	.	If	(Xi	<	Xj)	and	(Yi	<	Yj),	the	relative	positions	of	X	and	Y	are	in	agreement	and	the	pair	is	concordant.	Because	F	=	5	>	3.19,	we	can	state	that	the	full	model	contributes	meaningfully	to	explaining	variation	in	Y.	Cokurtosis	for	the	symmetric	case,	k(X,X,Y,Y),	ranges	between	+1	and	+3,
with	the	smallest	value	of	1	occurring	when	the	correlation	is	equal	to	zero	and	the	cokurtosis	increases	as	the	correlation	moves	away	from	zero.	The	expected	value	of	a	sum	of	three	i.i.d.	random	variables	is	equal	to	3µ.	Often	the	detrended	time	series	is	covariance	stationary	but	not	white	noise.	The	numbers	in	the	first	column	are	z-values	that
have	only	one	decimal	place.	5.00%.	Only	those	serially	uncorrelated	processes	that	have	a	zero	mean	and	constant	variance	are	white	noise.	This	represents	the	area	under	the	curve	to	the	left	of	the	critical	value	1.50.	As	the	sample	size	increases,	the	sample	distribution	appears	to	be	more	normally	distributed.	Returns	on	investments	are	often
expressed	as	simple	returns	and	continuously	compounded	returns.	0.0%	16.7%	83.3%	B.	0.004.	.03	.	For	the	exam,	be	able	to	distinguish	among	a	probability	mass	function,	a	cumulative	distribution	function,	and	a	probability	density	function.	The	PMF	of	a	bivariate	random	variable	is:	fx1	,x2	(x1	,	x2	)	=	P(X1	=	x1	,	X2	=	x2	)	A	probability	matrix
illustrates	the	following	properties	of	a	PMF:	The	probability	matrix	describes	the	outcome	probabilities	as	a	function	of	the	coordinates	x1	and	x2.	.5871	.	The	return	on	a	financial	security	can	be	negative.	Answer:	First,	we	need	to	specify	the	null	and	alternative	hypotheses.	A	more	general	form	of	a	moving	average	process,	MA(q),	incorporates	q
lags:	yt	=	μ	+	εt	+	θ1εt−1	+	…..	2	2	ˆ	Y,Y	For	a	multiple	regression,	the	coefficient	of	determination	R2	is	the	square	of	the	correlation	between	Y	and	predicted	value	of	Y.	Omitted	variables:	Important	explanatory	(i.e.,	X)	variables	are	not	excluded	from	the	model.	0.9545.	LO	15.j	Features	of	the	sum	of	n	i.i.d.	random	variables	include	the	following:
The	expected	value	of	the	sum	of	n	i.i.d.	random	variables	is	equal	to	nμ.	explain	the	effect	of	a	linear	transformation	of	a	random	variable	on	the	mean,	variance,	standard	deviation,	skewness,	kurtosis,	median	and	interquartile	range.	For	example,	suppose	we	are	managing	an	investment	portfolio	and	desire	to	estimate	the	ending	capital	in	the
portfolio	in	one	year,	C1.	When	relevant	variables	are	absent	from	a	linear	regression	model,	the	results	will	likely	lead	to	incorrect	conclusions,	as	the	OLS	estimators	may	not	accurately	portray	the	actual	data.	The	steps	to	test	the	hypothesis	that	the	means	are	equal	would	then	follow	the	standard	hypothesis	testing	procedure.	Reading	23:
Measuring	Return,	Volatility,	and	Correlation	1.	(page	93)	d.	0.1054.	(page	125)	d.	The	coefficient	is	significantly	different	from	0	because	the	t-value	is	2.27.	In	other	words,	if	the	hypothesized	value	of	the	slope	coefficient	falls	outside	of	the	confidence	interval,	we	can	reject	the	null.	30%	2.	explain	the	differences	between	a	probability	mass	function
and	a	probability	density	function.	The	issue	of	omitted	variable	bias	occurs	regardless	of	the	size	of	the	sample	and	will	make	OLS	estimators	inconsistent.	Every	linear	combination	of	random	variables	must	have	a	variance	which	is	nonnegative.	If	the	observations	in	a	white	noise	process	are	independent,	as	well	as	uncorrelated,	the	process	is
referred	to	as	independent	white	noise.	A	log-linear	time	trend	represents	a	constant	growth	rate	in	a	variable.	0.311	D.	In	the	strategy	just	discussed,	we	have	additional	risk	from	short	sales	(they	may	have	to	be	closed	out	earlier	than	in	the	test	strategy).	explain	how	the	iid	property	is	helpful	in	computing	the	mean	and	variance	of	a	sum	of	iid
random	variables.	Calculate	the	expected	earnings	per	share.	For	the	exam,	be	able	to	evaluate	and	calculate	goodness-of-fit	measures	such	as	R2	and	adjusted	R2	as	well	as	hypothesis	testing	related	to	these	concepts.	The	alternative	hypothesis,	however,	is	that	the	coefficient	is	less	than	zero,	not	different	from	zero.	The	cars	have	the	following
features:	There	are	600	blue	(B)	cars.	One	key	feature	of	MA	processes	is	called	the	autocorrelation	(ρ)	cutoff.	If	the	calculated	F-stat	is	greater	than	the	critical	F-value,	the	full	model	contributes	meaningfully	to	explaining	the	variation	in	Y.	(page	4)	f.	Unusually	large	or	small	values	can	have	a	disproportionate	effect	on	the	computed	value	for	the
arithmetic	mean.	0	.	Correcting	for	Heteroskedasticity	If	conditional	heteroskedasticity	is	detected,	we	can	conclude	that	the	coefficients	are	unaffected	but	the	standard	errors	are	unreliable.	Detecting	Multicollinearity	The	most	common	way	to	detect	multicollinearity	is	the	situation	where	ttests	indicate	that	none	of	the	individual	coefficients	is
significantly	different	than	zero,	while	the	R2	is	high	(and	the	F-test	rejects	the	null	hypothesis).	Ordinary	least	squares	(OLS)	refers	to	the	process	that	A.	LO	22.b	A	regression	model	can	account	for	seasonality	by	introducing	dummy	variables	to	represent	seasonal	effects.	Note	that	the	z-table	in	Figure	14.4	only	provides	probabilities	for	positive	z-
values.	Remember,	this	is	acceptable	if	the	sample	size	is	large,	although	the	t-statistic	is	the	more	conservative	measure	when	the	population	variance	is	unknown.	Figure	14.6:	Table	of	Critical	t-Values	One-Tailed	Probabilities,	p	df	p	=	0.05	p	=	0.025	.	LO	18.b	The	intercept	term,	α,	is	the	value	of	the	dependent	variable	when	the	independent
variables	are	all	equal	to	zero.	In	fact,	most	risk	managers	put	very	little	emphasis	on	the	mean	and	standard	deviation	of	a	distribution	and	focus	more	on	the	distribution	of	returns	in	the	tails	of	the	distribution—that	is	where	the	risk	is.	Kendall’s	τ	is	used	to	measure	concordant	and	discordant	pairs	and	their	relative	frequency.	We	describe	a	time
series	as	a	random	walk	if	its	value	in	any	given	period	is	its	previous	value	plus-or-minus	a	random	“shock.”	Symbolically,	we	state	this	as	yt	=	yt−1	+	εt.	Unconditional	heteroskedasticity	occurs	when	the	heteroskedasticity	is	not	related	to	the	level	of	the	independent	variables,	which	means	that	it	doesn’t	systematically	increase	or	decrease	with
changes	in	the	value	of	the	independent	variable(s).	The	three	confidence	intervals	of	most	interest	are	given	by	the	following:	The	90%	confidence	interval	for	X	is	X	−	1.65s	to	X	+	1.65s.	We	look	up	the	probability	of	returns	less	than	1.67	standard	deviations	above	the	mean	(0.9525	or	95.25%	from	Figure	14.4)	and	calculate	the	probability	of
returns	more	than	1.67	standard	deviations	above	the	mean	as	1	−	0.9525	=	4.75%.	Omitting	relevant	factors	from	an	ordinary	least	squares	(OLS)	regression	can	produce	misleading	or	biased	results.	Variables	with	negative	coefficients	of	determination.	But,	if	the	daily	change	yesterday	(εt−1)	was	also	positive,	then	we	would	expect	an	amplified
impact	on	our	daily	demand	by	a	factor	of	0.3.	If	the	coefficient	θ	is	negative,	the	series	aggressively	mean	reverts	because	the	effect	of	the	previous	shock	reverts	in	the	current	period.	One	is	the	value	of	the	quantile	function	for	50%.	For	example,	using	a	bootstrap	to	estimate	the	value	at	risk	during	the	financial	crisis	of	2007–2009	would	produce
an	unrealistically	low	view	of	risk,	because	volatility	was	historically	much	lower.	.8869	.	The	estimation	procedure	for	these	quantiles	is	similar	to	the	median	process.	Also,	there	is	a	25%	probability	of	a	negative	announcement	and	a	−3%	return,	a	15%	probability	of	a	negative	announcement	and	a	0%	return,	and	a	0%	probability	of	a	negative
announcement	and	a	3%	return.	Reading	17:	Hypothesis	Testing	1.	Regulatory	Risk	Analyst:Regulatory	risk	analysts	generally	prepare,	review,	and	file	regulatory	financial	documents.	a	Box-Pierce	(BP)	Q-statistic.	Hsu	determines	that	the	chisquared	statistics	calculated	using	the	R2	of	the	regression	involving	the	squared	residuals	as	dependent
variable	exceeds	the	chi-squared	critical	value.	A	probability	density	function	(PDF)	provides	the	probability	that	a	discrete	random	variable	will	take	on	a	given	value.	C	VIF	>	10	for	independent	variable	X2	indicates	that	it	is	highly	correlated	with	the	other	two	independent	variables	in	the	model,	indicating	multicollinearity.	Use	a	z-distribution.
0.7764.	However,	the	reverse	is	not	true;	there	can	be	independent	white	noise	processes	that	are	not	normally	distributed.	However,	on	the	exam,	recognize	that	if	you	see	test	size,	it	simply	means	significance	level.	The	original	estimate	for	x	can	be	redefined	as	x*	as	follows:	x*	=	y	+	(ˆ	x	−	ˆ	y)	The	new	x*	variable	estimate	will	have	a	smaller
sampling	error	than	the	original	x	variable	if	the	control	statistic	and	statistic	of	interest	are	highly	correlated.	Module	20.2:	Model	Specification	4.	Summing	across	columns	constructs	the	marginal	distribution	of	the	row	variables	in	a	probability	matrix.	Graphically,	they	resemble	the	time	series	shown	in	Figure	22.2.	Figure	22.2:	Log-Linear	Time
Trend	As	with	linear	models,	log-linear	models	can	be	extended	to	include	polynomials,	such	as	a	log-quadratic	model:	ln	(yt)	=	δ0	+	δ1t	+	δ2t2	+	εt.	This	central	point	can	then	be	used	to	represent	the	typical,	or	expected,	value	in	the	data	set.	Given	these	facts,	calculate	the	following:	1.	When	outcomes	are	equally	likely,	the	expected	value	is	simply
the	mean	(average)	of	the	outcomes:	1+0	2	=	0.5	for	a	coin	flip	1+2+3+4+5+6	6	=	3.5	for	the	roll	of	a	die	When	we	estimate	the	expected	value	of	a	random	variable	based	on	n	observations,	we	use	the	mean	of	the	observed	values	as	our	estimate	of	the	mean	of	the	underlying	probability	distribution.	(page	15)	d.	ANSWER	KEY	FOR	MODULE
QUIZZES	Module	Quiz	16.1	1.	(page	70)	g.	Answer:	Here	µ	and	σ	are	10.5%	and	18%,	respectively.	Given	that	the	stock	has	gains,	the	probability	that	the	economy	has	outperformed	is	42%	50%	=	84%	.	You	should	know	that	the	critical	z-values	for	±z0.025	are	±1.96.	The	coefficient	is	not	significantly	different	from	1	because	t-value	is	0.73.	Actual
securities	returns	tend	to	exhibit	both	skewness	and	kurtosis.	The	total	sum	of	squares	is	460,	and	the	residual	sum	of	squares	is	170.	EXAMPLE:	Interpreting	adjusted	R2	Suppose	the	analyst	now	adds	four	more	independent	variables	to	the	previous	regression,	and	the	R2	increases	to	65.0%.	describe	the	consequences	of	excluding	a	relevant
explanatory	variable	from	a	model	and	contrast	those	with	the	consequences	of	including	an	irrelevant	regressor.	For	this	example,	the	standard	error	estimate	is	computed	as	$1.48	(i.e.,	$14.80	/	10).	(LO	23.g)	The	following	is	a	review	of	the	Quantitative	Analysis	principles	designed	to	address	the	learning	objectives	set	forth	by	GARP®.	0.7611.
Module	15.4:	Independent	and	Identically	Distributed	Random	Variables	6.	0.9306.	0.9953.	Seasonality	can	be	modeled	with	dummy	variables	or	by	analyzing	year-on-year	changes.	LO	20.c:	Characterize	multicollinearity	and	its	consequences;	distinguish	between	multicollinearity	and	perfect	collinearity.	.9943	.	Also,	understand	when	and	how	to
apply	Bayes’	formula.	Chapter	3.	The	choice	of	the	initial	seed	value	determines	the	random	numbers	that	are	generated.	LO	23.g	Every	linear	combination	of	random	variables	must	have	a	variance	which	is	non-negative.	The	two	most	commonly	used	techniques	for	reducing	the	standard	error	estimate	are	antithetic	variates	and	control	variates.
0.5596.	a	finite	number	of	observations.	The	z-statistic	is	computed	as:	z	=	x	¯	−μ	0	σ/√n	Specify	the	level	of	significance.	It	should	also	be	noted	that	if	the	coefficient	(Φ)	were	to	be	a	negative	number,	perhaps	−0.65,	then	the	decay	would	still	occur,	but	the	value	would	oscillate	between	negative	and	positive	numbers.	(page	149)	b.	Figure	14.4:
Cumulative	Probabilities	for	a	Standard	Normal	Distribution	CDF	Values	for	the	Standard	Normal	Distribution:	The	z-Table	.	Figure	17.1:	Two-Tailed	Hypothesis	Test	EXAMPLE:	Two-tailed	test	A	researcher	has	gathered	data	on	the	daily	returns	on	a	portfolio	of	call	options	over	a	recent	250-day	period.	Log	returns	also	do	not	accurately	approximate
simple	returns	when	the	simple	return	is	large.	The	fourth	effect	of	linear	transformations	on	covariance	between	random	variables	relates	to	coskewness	and	cokurtosis.	Typical	statements	of	the	null	hypothesis	for	the	population	mean	include	H0:	µ	=	µ0,	H0:	µ	≤	µ0,	and	H0:	µ	≥	µ0,	where	µ	is	the	population	mean	and	µ0	is	the	hypothesized	value
of	the	population	mean.	(page	139)	d.	Note	that	a	distribution	that	has	thinner	tails	than	a	normal	distribution	if	referred	to	as	a	platykurtic	distribution.	0.28	Deviation	.	The	sum	of	all	squared	deviations	is	equal	to	0.1152.	0.8643.	It	is	the	smallest	level	of	significance	for	which	the	null	hypothesis	can	be	rejected.	The	sum	of	the	lag	coefficients	should
be	less	than	1.	This	process	enables	us	to	use	a	past	observed	variable	to	predict	a	current	observed	variable.	0.9664.	Seasonality	in	a	time	series	is	a	pattern	that	tends	to	repeat	from	year	to	year.	READING	14:	COMMON	UNIVARIATE	RANDOM	VARIABLES	EXAM	FOCUS	This	reading	explores	the	following	common	probability	distributions:
uniform,	Bernoulli,	binomial,	Poisson,	normal,	lognormal,	chi-squared,	Student’s	t-,	F-,	exponential,	and	beta.	The	bootstrapping	method	is	only	as	valid	as	the	assumption	that	the	present	resembles	the	past.	The	probability	mass	function	(PMF)	for	a	discrete	random	variable	that	can	take	on	the	values	1,	2,	3,	4,	or	5	is	P(X	=	x)	=	x/15.	He	wants	to
compute	the	best	unbiased	estimator	of	the	true	population	mean	and	standard	deviation.	0.9881.	Figure	20.1:	Conditional	Heteroskedasticity	Effect	of	Heteroskedasticity	on	Regression	Analysis	There	are	several	effects	of	heteroskedasticity	you	need	to	be	aware	of:	The	standard	errors	are	usually	unreliable	estimates.	decrease	by	3.8.	B.	Once	we
have	determined	whether	a	one-	or	two-tailed	test	is	appropriate,	the	significance	level	we	require,	and	the	distribution	of	the	test	statistic,	we	can	calculate	the	exact	critical	value	for	the	test	statistic.	EXAMPLE:	Using	the	z-table	(1)	Considering	again	EPS	distributed	with	µ	=	$6	and	σ	=	$2,	what	is	the	probability	that	EPS	will	be	$9.70	or	more?	A
probability	equal	to	0	for	an	outcome	means	that	the	outcome	will	not	happen.	If	they	are,	the	errors	will	capture	the	influence	of	the	omitted	variables.	White	Noise	LO	21.c:	Define	white	noise;	describe	independent	white	noise	and	normal	(Gaussian)	white	noise.	The	Bureau	of	Labor	and	Statistics	projects	there	will	be	about	64,900	job	openings	for
financial	managers	each	year	for	the	next	decade.	Multivariate	Random	Variables	Global	Association	of	Risk	Professionals.	a	finite	variance.	0.26	.	0.9131.	Recall	that	one	of	the	assumptions	of	linear	regression	is	that	there	are	no	outliers	in	the	sample	data.	Many	January	effect	anomaly	studies	use	this	type	of	regression	methodology.	Thus,	to
replicate	the	entire	range	of	possible	outcomes,	the	sampling	sets	must	be	recreated	numerous	times.	There	are	statistical	procedures	that	may	help	in	this	effort,	like	stepwise	regression,	which	systematically	remove	variables	from	the	regression	until	multicollinearity	is	minimized.	For	a	symmetric	distribution	(skew	=	0),	the	mean	and	median	will
be	equal.	(LO	19.b)	3.	The	appropriate	set	of	hypotheses	depends	on	whether	we	believe	the	population	mean,	µ,	to	be	greater	than	(upper	tail)	or	less	than	(lower	tail)	the	hypothesized	value,	µ0.	MODULE	17.2:	HYPOTHESIS	TESTING	RESULTS	LO	17.e:	Explain	what	the	p-value	of	a	hypothesis	test	measures.	Another	possibility	is	BBWWB,	and	a
third	is	BWWBB.	Unfortunately,	with	high	correlations,	the	benefits	of	diversification	are	limited	with	more	exposure	in	one	asset.	An	augmented	Dickey-Fuller	test	will	reject	the	hypothesis	that	a	process	is	a	unit	root	if	the	coefficient	on	the	lagged	value	is	statistically	significantly	A.	0.6064.	(page	55)	i.	We	are	saying	that	the	two	values	are	different
from	one	another	after	considering	the	variation	in	the	sample.	This	yields	a	very	short-term	memory	because	it	only	incorporates	what	happens	one	period	ago.	The	mean	is	the	expected	value	of	the	random	variable,	variance	is	a	measure	of	dispersion,	skewness	is	a	measure	of	symmetry,	and	kurtosis	is	a	measure	of	the	proportion	of	the	outcomes
in	the	tails	of	the	distribution.	Given	the	central	limit	theorem,	for	large	sample	sizes,	it	is	reasonable	to	assume	that	the	sampling	distribution	will	approach	the	normal	distribution.	Two	quantile	measures	are	of	particular	interest	to	us	here.	If	the	p-value	is	greater	than	the	significance	level,	the	null	hypothesis	cannot	be	rejected.	increases	if	the
covariance	is	negative	as	n	increases.	The	events	“x	=	an	even	number”	and	“x	=	3”	are	mutually	exclusive;	they	cannot	both	happen	on	the	same	roll.	n	∑	Xi	ˆ	µ	=	i=1	n	The	sample	mean	is	an	estimate	based	on	a	known	data	set	where	all	data	points	are	observable.	(page	98)	g.	The	sampling	error	for	a	Monte	Carlo	simulation	is	quantified	as	the
standard	error	estimate.	All	serially	uncorrelated	processes	are	white	noise.	You	will	learn	the	properties,	parameters,	and	common	occurrences	of	these	distributions.	Compute	the	probability	of	a	negative	earnings	announcement.	j)	The	Best	Linear	Unbiased	Estimator	LO	20.h:	Determine	the	conditions	under	which	OLS	is	the	best	linear	unbiased
estimator.	0.8159.	.9738	.	Assume	the	weights	in	asset	1	and	asset	2	are	40%	and	60%,	respectively.	EXAMPLE:	Seasonal	dummy	variables	Consider	the	following	regression	equation	for	explaining	quarterly	earnings	per	share	(EPS)	in	terms	of	the	quarter	of	their	occurrence:	EPSt	=	β0	+	β1D1,t	+	β2D2,t	+	β3D3,t	+	εt	where:	EPSt	=	a	quarterly
observation	of	earnings	per	share	D1,t	=	1	if	period	t	is	the	first	quarter	of	a	year,	D1,t	=	0	otherwise	D2,t	=	1	if	period	t	is	the	second	quarter	of	a	year,	D2,t	=	0	otherwise	D3,t	=	1	if	period	t	is	the	third	quarter	of	a	year,	D3,t	=	0	otherwise	The	intercept	term,	β0,	represents	the	average	value	of	EPS	for	the	fourth	quarter.	Time	series	data	have
trends	(the	component	that	changes	over	time),	seasonality	(systematic	change	that	occur	at	specific	times	of	the	year),	and	cyclicality	(changes	occurring	over	time	cycles).	Any	other	pattern	will	produce	a	number	between	–1	and	1.	(page	65)	c.	If	the	calculated	test	statistic	is	less	than	1.645,	we	conclude	that	the	sample	statistic	is	not	sufficiently
different	from	the	hypothesized	value,	and	we	fail	to	reject	the	null	hypothesis.	Compared	to	a	given	distribution,	the	outcomes	of	a	distribution	with	a	lower	interquartile	range	are	more	concentrated	around	the	mean,	just	as	they	are	for	a	distribution	with	a	lower	standard	deviation.	describe	ways	to	reduce	Monte	Carlo	sampling	error.	In	general,
greater	positive	kurtosis	and	more	negative	skew	in	return	distributions	indicates	increased	risk.	Cross	reference	to	GARP	FRM	Part	I	Quantitative	Analysis,	Chapter	5.	0.9854	.	0.985	.	1.960	1.645	.	The	middle	of	the	observations	will	depend	on	whether	the	total	sample	size	is	an	odd	or	even	number.	The	coefficient	on	FORT	is	the	amount	of	the
return	attributable	to	the	stock	of	a	Fortune	500	firm.	For	some	noisy	variables	(e.g.,	currency	values),	even	models	with	a	low	R2	may	provide	valuable	insight.	(LO	24.a)	2.	The	VIX	Index	is	used	to	measure	implied	volatility	for	the	S&P	500	for	a	prospective	period	covering	30	calendar	days.	Using	a	common	seed	value	allows	us	to	use	the	same	set
of	random	numbers	across	multiple	simulations.	Consider	the	following	regression	equation	utilizing	dummy	variables	for	explaining	quarterly	EPS	in	terms	of	the	quarter	of	their	occurrence:	EPSt	=	β0	+	β1D1,t	+	β2D2,t	+	β3D3,t	+	εt	where:	EPSt	=	a	quarterly	observation	of	EPS	D1,t	=	1	if	period	t	is	the	first	quarter,	D1,t	=	0	otherwise	D2,t	=	1	if
period	t	is	the	second	quarter,	D2,t	=	0	otherwise	D3,t	=	1	if	period	t	is	the	third	quarter,	D3,t	=	0	otherwise	The	intercept	term	β0	represents	the	average	value	of	EPS	for	the	A.	Such	a	model	may	be	stated	as:	∆Yt	=	γYt−1	+	δ0	+	δ1t	+	λ1∆Yt−1	+	...	The	term	pseudo	implies	that	these	computer-generated	numbers	are	not	truly	random:	they	are
actually	generated	from	a	formula.	4	2.	The	p-Value	The	p-value	is	the	smallest	level	of	significance	for	which	the	null	hypothesis	can	be	rejected.	Chapter	4.	With	four	times	the	number	of	scenarios	(4	×	N,	or	400,	in	this	example)	the	standard	error	estimate	is	cut	in	half	to	$0.74.	We	can	also	use	the	regression	results	to	place	a	confidence	interval



around	a	forecast.	All	possible	outcomes	of	a	positive	analyst	rating	are	found	in	the	third	row	of	the	bivariate	probability	matrix	(x2	=	1)	as	0%,	5%,	and	25%	for	monthly	returns	of	–6%,	0%,	and	6%,	respectively.	(LO	18.a)	3.	The	fourth	central	moment	of	a	distribution	is:	E{[X	−	E(X)]4}	=	E[(X	−	µ)4]	Kurtosis	is	the	standardized	fourth	moment.
0.5753.	Assuming	a	simple	return	of	5.00%,	the	log	return	will	be	closest	to	A.	z	.00	.	All	of	these	problems	can	be	addressed	by	modeling	the	differences	of	the	unit	root	series.	ANSWER	KEY	FOR	MODULES	QUIZZES	Module	Quiz	13.1	1.	Stochastic	trends	include	unit	root	processes	such	as	random	walks	(which	we	will	address	in	Module	22.3).
Because	you	can	never	really	prove	anything	with	statistics,	when	the	null	hypothesis	is	discredited,	the	implication	is	that	the	alternative	hypothesis	is	valid.	The	sums	of	i.i.d.	normal	random	variables	are	normally	distributed.	The	mean	of	a	weekly	return,	assuming	returns	are	calculated	daily,	is	5μ;	the	weekly	variance	is	5σ2,	and	the	weekly
volatility	is	√5σ.	For	the	symmetrical	case	of	the	three	cokurtosis	measures,	k(X,X,Y,Y),	cokurtosis	is	graphed	on	the	y-axis	and	correlation	is	graphed	on	the	x-axis	between	–1	and	+1.	Employees	fall	into	one	of	three	education	levels:	no	degree	(ND),	bachelor’s	degree	(BD),	and	higher-thanbachelor’s	degree	(HBD).	The	following	table	summarizes	the
pairs	of	rankings	based	on	the	stock	returns	for	X	and	Y.	The	initial	choice	of	a	seed	value	determines	the	series	of	random	numbers	that	is	generated.	The	second	moment	of	a	bivariate	random	X	has	two	components	and	is	calculated	as	a	covariance.	Most	of	these	will	be	a	result	of	current	professionals	exiting	the	labor	force.	The	standard	normal
distribution	A	standard	normal	distribution	(i.e.,	z-distribution)	is	a	normal	distribution	that	has	been	standardized	so	it	has	a	mean	of	zero	and	a	standard	deviation	of	1	[i.e.,	N~	(0,1)].	The	LLN	only	requires	the	assumption	that	the	mean	is	finite.	A	larger	sample	size	results	in	an	estimate	that	is	closer	to	the	true	unobservable	population	mean.
Q(23%)	will	identify	the	largest	23%	of	all	possible	outcomes.	Skewness	(sometimes	called	relative	skewness)	refers	to	the	extent	to	which	the	distribution	of	data	is	not	symmetric	around	its	mean.	.5714	.	(page	68)	e.	(LO	21.h)	2.	8,557	to	8,773.	(page	75)	l.	The	mean	inflation	(Y)	over	the	past	108	months	is	0.01.	Figure	14.5:	Normal	vs.	The	variance
(or	variance	rate)	of	an	asset	is	expressed	as	σ2.	Random	walks	are	a	special	case	of	a	wider	class	known	as	unit	root	processes,	called	this	because	when	expressed	using	lag	polynomials,	one	of	their	roots	is	equal	to	one.	0.9973.	Which	of	the	following	statements	about	an	autoregressive	moving	average	(ARMA)	process	is	correct?	(page	170)	c.
READING	19:	REGRESSION	WITH	MULTIPLE	EXPLANATORY	VARIABLES	EXAM	FOCUS	In	this	reading,	we	generalize	the	regression	model	to	include	multiple	explanatory	variables.	Calculate	the	probability	that	X	will	be	between	4	and	8.	biotechnology	industry	P/Es	are	statistically	significantly	larger	than	electric	utilities	industry	P/Es.	B.	66.7%.
A	distribution	of	returns	that	has	a	greater	percentage	of	extremely	large	deviations	from	the	mean	A.	For	the	exam,	be	able	to	explain	ways	to	reduce	Monte	Carlo	sampling	error,	including	the	use	of	antithetic	and	control	variates.	0.04	.	This	proportion	is	the	coefficient	of	determination	(R2)	of	a	multiple	regression	and	is	a	goodness	of	fit	measure.
If	estimated	parameters	are	complex,	the	computations	may	take	an	extremely	long	time	to	run.	If	Williams	includes	an	intercept	term	in	her	model,	how	many	dummy	variables	should	she	use	to	model	the	seasonality	component?	0.8212.	Now	the	interpretation	of	the	estimated	slope	coefficient	for	X1	is	that	if	X1	increases	by	1	unit,	we	would	expect
Y	to	increase	by	2.5	units,	holding	X2	constant.	0.6406.	LO	20.f	Two	methods	of	plotting	residuals	versus	predicted	y-values	include	raw	residuals	and	standardized	residuals.	.5910	.	PROFESSOR’S	NOTE	Don’t	be	confused	by	the	notation	here.	The	slope	coefficient,	β,	is	the	estimated	change	in	the	dependent	variable	for	a	one	unit	change	in	that
independent	variable.	As	mentioned	earlier,	confidence	interval	estimates	result	in	a	range	of	values	within	which	the	actual	value	of	a	parameter	will	lie,	given	the	probability	of	1	−	α,	where	alpha,	α,	is	the	level	of	significance	for	the	confidence	interval,	and	the	probability	1	−	α	is	the	degree	of	confidence.	KEY	CONCEPTS	LO	21.a	To	be	covariance
stationary,	a	time	series	must	exhibit	the	following	three	properties:	1.	0.9875.	N	=	100	N	=	900	A.	0.9484.	As	with	single	regression,	the	magnitude	of	the	coefficients	in	a	multiple	regression	tells	us	nothing	about	the	importance	of	the	independent	variable	in	explaining	the	dependent	variable.	0.5.	D.	There	is	a	40%	probability	the	economy	will
underperform,	and	if	it	does,	there	is	a	20%	probability	the	stock	in	question	will	increase	in	value	(have	gains)	and	an	80%	probability	it	will	not.	The	first	moment	of	a	bivariate	discrete	random	variable	is	referred	to	as	an	expectation	of	a	function.	0.9625.	a	stable	mean.	either	a	Ljung-Box	(LB)	or	a	Box-Pierce	(BP)	Q-statistic.	The	coefficient
estimates	in	the	regression	model	are	biased.	26.7%.	Degrees	of	freedom	for	the	t-distribution	is	equal	to	n	−	1;	Student’s	t-distribution	is	closer	to	the	normal	distribution	when	df	is	greater,	and	confidence	intervals	are	narrower	when	df	is	greater.	FRM	2020	PART	I	BOOK	2:	QUANTITATIVE	ANALYSIS	©2020	Kaplan,	Inc.	Second,	the	graph	is
asymmetrical	because	the	larger	positive	correlations	result	in	higher	standard	deviations	(right-hand	side	of	graph)	than	smaller	negative	correlations	(left-hand	side	of	graph).	While	the	significance	level	of	a	test	is	the	probability	of	rejecting	the	null	hypothesis	when	it	is	true,	the	power	of	a	test	is	the	probability	of	correctly	rejecting	the	null
hypothesis	when	it	is	false.	Which	of	the	following	statements	regarding	the	pseudo-random	number	generation	method	is	least	accurate?	The	probabilities	of	outcomes	further	above	and	below	the	mean	get	smaller	and	smaller	but	do	not	go	to	zero	(the	tails	get	very	thin	but	extend	infinitely).	Regardless	of	the	appropriate	distribution,	it	must	be
determined	if	a	one-tailed	or	two-tailed	hypothesis	test	is	appropriate	before	a	decision	rule	(rejection	rule)	can	be	determined.	The	multiple	regression	equation	captures	this	relationship	between	X1	and	X2	when	predicting	Y.	.9726	.	A	time	series	that	tends	to	grow	at	a	constant	rate	each	period	has	a	nonlinear	trend.	The	manager’s	estimate	of	the
standard	deviation	for	this	asset	should	be	closest	to	A.	LO	20.c	When	the	X	variables	are	perfectly	correlated,	it	is	called	perfect	collinearity.	Ideally,	the	residuals	should	be	small	in	magnitude,	and	not	related	to	any	of	the	explanatory	variables.	.02	.	The	z-statistic	for	a	hypothesis	test	for	a	population	mean	is	computed	as	follows:	z-statistic	=	x	¯−μ
0	σ/√n	where:	x	=	sample	mean	µ0	=	hypothesized	population	mean	σ	=	standard	deviation	of	the	population	n	=	sample	size	To	test	a	hypothesis,	the	z-statistic	is	compared	to	the	critical	z-value	corresponding	to	the	significance	of	the	test.	The	terms	z-score	and	z-statistic	are	also	commonly	used.	When	the	correlation	is	zero,	the	returns	are
uncorrelated	with	one	another	because	both	random	variables	are	normally	distributed.	Which	of	the	following	situations	is	indicative	of	equicorrelation	in	a	correlation	matrix?	The	component	distributions	used	as	inputs	are	parametric	while	the	weights	of	each	distribution	within	the	mixture	are	based	on	historical	data,	which	is	nonparametric.
Thus,	the	conditional	PMF	for	X2	=	−1	is	summarized	as	follows:	Return	Probability	–3%	25%	/	40%	=	62.5%	0%	15%	/	40%	=	37.5%	3%	0%	/	40%	=	0.0%	MODULE	QUIZ	15.1	Use	the	following	information	to	answer	Questions	1	and	2.	describe	the	features	of	an	iid	sequence	of	random	variables.	The	cokurtosis	of	a	bivariate	normal	depends	on	the
correlation.	the	dependent	variable	that	is	explained	by	the	error	in	the	independent	variable(s).	Because	rank	correlation	is	used	to	measure	nonlinear	dependence,	an	output	of	0.48	indicates	positive	nonlinear	dependence.	The	conditional	probability	of	A	given	that	B	occurs	is	simply	the	unconditional	probability	of	A	occurring.	0.27%	B.
Interpreting	Multiple	Regression	Results	Now	let’s	discuss	the	interpretation	of	the	multiple	regression	slope	coefficients	in	more	detail.	Point	estimates	are	single	(sample)	values	used	to	estimate	population	parameters,	and	the	formula	used	to	compute	a	ˆ	point	estimate	is	known	as	an	estimator.	Cross	reference	to	GARP	FRM	Part	I	Quantitative
Analysis,	Chapter	1.	That	is,	its	autocovariance	depends	on	the	τ	we	choose,	but	does	not	depend	on	the	time	over	which	we	observe	the	series.	The	lognormal	distribution	is	bounded	from	below	by	zero	so	that	it	is	useful	for	modeling	asset	prices	that	never	take	negative	values.	MODULE	QUIZ	16.1	1.	We	use	the	more	general	term	calendar	effects
to	refer	to	any	cycles	that	may	recur	within	a	year	or	less.	Joint	probabilities:	P(B	and	DA)	and	P(R	and	DA)	4.	Kurtosis	is	the	fourth	central	moment	of	a	distribution	and	refers	to	how	fat	or	thin	the	tails	are	in	the	distribution	of	data.	The	most	common	application	of	a	discrete	bivariate	random	variable	is	the	trinomial	distribution.	A	second	example	of
a	PMF	is	f(x)	=	1/6,	which	is	the	probability	that	one	roll	of	a	six-sided	die	will	take	on	one	of	the	possible	outcomes	one	through	six.	positively	affected	by	the	variance	of	the	residuals	and	positively	affected	by	the	variance	of	the	independent	variables.	Weather	is	another	common	example	of	a	seasonal	factor	as	production	of	agricultural	commodities
is	heavily	influenced	by	changing	seasons	and	temperatures.	Figure	16.5:	Cokurtosis	and	Correlation	for	Asymmetric	Cases	MODULE	QUIZ	16.2	1.	That	is,	$9.70	is	1.85	standard	deviations	above	the	mean	EPS	value	of	$6.	0.6554.	(LO	21.c)	Module	Quiz	21.2	1.	For	the	exam,	you	should	be	able	to	construct	and	interpret	a	confidence	interval	and
know	when	and	how	to	apply	each	of	the	test	statistics	discussed	when	conducting	hypothesis	testing.	As	an	alternative	approach,	the	antithetic	variate	technique	can	reduce	Monte	Carlo	sampling	error	by	rerunning	the	simulation	using	a	complement	set	of	the	original	set	of	random	variables.	Next,	we	will	address	non-stationary	time	series.
Answer:	The	marginal	PMF	for	a	3%	monthly	stock	return,	X1,	is	calculated	by	summing	the	probabilities	of	all	outcomes	of	3%	across	all	values	based	on	the	earnings	announcements,	X2.	5%	+	4%	×	64.	C	Correlation	will	be	between	–1	and	1.	The	distribution	will	have	fatter	tails	than	a	normal	distribution.	The	formula	for	correlation	is	as	follows:	σ
Corr	(X1	,X	)	=	σ	2	(LO	15.e)	Module	Quiz	15.3	12	1	σ	2	1.	A	common	hypothesis	testing	procedure	is	outlined	as	follows:	Statement	of	hypothesis.	This	presents	a	problem	for	forecasting	in	the	real	world	because	it	does	not	incorporate	observable	shocks.	decreases	if	the	covariance	is	negative	as	n	increases.	If	a	researcher	wants	to	test	whether	the
return	on	stock	options	is	greater	than	zero,	a	one-tailed	test	should	be	used.	n	Var	[∑	Xi	]	=	nσ	2	i=1	The	variance	of	the	sum	of	multiple	random	variables	grows	linearly	based	on	n.	describe	and	distinguish	a	probability	mass	function	from	a	cumulative	distribution	function	and	explain	the	relationship	between	these	two.	For	example,	stock	prices
might	show	evidence	of	being	influenced	by	both	unobserved	shocks	(the	MA	component)	and	their	own	lagged	behavior	(the	autoregressive	component).	describe	how	to	test	if	a	time	series	contains	a	unit	root.	A	hypothesis	about	a	population	parameter	is	rejected	when	the	sample	statistic	lies	outside	a	confidence	interval	around	the	hypothesized
value	for	the	chosen	level	of	significance.	II.	4.40%	D.	Thus,	increasing	the	sample	size	results	in	better	estimates	of	the	true	population	distribution.	.9951	.	1.264	0.214	3.	Answer:	The	population	variance	for	our	sample	of	returns	is	unknown.	Which	of	the	following	statements	best	describe	the	assumptions	that	are	required	to	apply	the	central	limit
theorem	(CLT)	in	estimating	moments	of	this	data	set?	High	variance	error	results	when	the	R2	of	a	regression	is	high.	The	outcome	is	an	even	number.	autocovariances	that	do	not	depend	on	time.	2.571	.	LO	13.d	A	PMF	provides	the	probability	that	the	outcome	for	a	continuous	random	variable	will	be	within	a	given	interval.	−0.055.	0.5239	0.07	.
The	probability	that	a	continuous	random	variable	will	take	on	a	given	value	is	zero.	0.7549.	(page	102)	h.	the	observed	data	are	used	directly	to	generate	a	simulated	data	set.	Calculate	the	function	or	statistic	of	interest.	This	suggests	that	the	variables	together	explain	much	of	the	variation	in	the	dependent	variable,	but	the	individual	independent
variables	do	not.	(page	2)	c.	Distributions	with	a	kurtosis	greater	than	3	are	referred	to	as	heavy-tailed	or	fat-tailed.	LO	17.h	Multiple	testing	means	testing	multiple	different	hypothesis	on	the	same	data	set.	B	Since	a	=	12	and	b	=	28:	P	(15	≤	X	≤	25)	=	(25−15)	(28−12)	=	10	16	=	0.625	(LO	14.a)	Module	Quiz	14.2	1.	0.9976.	Additionally,	there	has
been	an	increased	emphasis	on	risk	management	within	the	entire	financial	industry.	Finally,	understand	the	model	evaluation	using	residual	autocorrelations.	Answer	Key	for	Module	Quizzes	5.	All	X	variables	should	be	observable	(i.e.,	makes	the	model	inappropriate	when	you	have	missing	data).	The	introduction	of	these	robust	standard	errors	is
credited	to	Halbert	White,	a	well-known	professor	in	econometrics.	B	If	a	white	noise	process	is	Gaussian	(i.e.,	normally	distributed),	it	follows	that	the	process	is	independent	white	noise.	Type	II	error:	the	failure	to	reject	the	null	hypothesis	when	it	is	actually	false.	If	the	new	variable	has	only	a	small	effect	on	R2,	the	value	of	R	may	decrease.	B	The
probability	of	getting	a	test	statistic	outside	the	critical	value(s)	when	the	null	is	true	is	the	level	of	significance	and	is	the	probability	of	a	Type	I	error.	The	mean	is	finite	and	the	random	variables	are	normally	distributed.	Two	C.	Common	Univariate	Random	Variables	Global	Association	of	Risk	Professionals.	If	the	sample	is	small	and	the	distribution
is	non-normal,	we	have	no	reliable	statistical	test.	HA:	µ	<	$145,000.	.9015	.	Sample	selection	bias	occurs	when	occurrence	of	an	event	(i.e.,	an	observation)	is	contingent	on	specific	outcomes.	Copyright	The	expected	value	of	the	error	term,	conditional	on	the	independent	variables,	is	zero:	[E(εi|Xi’s)	=	0].	LO	13.c	Four	commonly	used	moments	of	a
random	variable	are	its	mean,	variance	(standard	deviation),	skewness,	and	kurtosis.	The	error	term	represents	the	portion	of	A.	For	other	types	of	distributions,	the	tails	do	not	decline	as	quickly.	For	every	one	unit	change	in	the	independent	variable,	the	model	predicts	that	the	dependent	variable	will	change	by	0.1	units.	An	additional	sixth
assumption	is	needed	for	multiple	regression:	6.	Cross	reference	to	GARP	FRM	Part	I	Quantitative	Analysis,	Chapter	6.	We	must	subtract	the	joint	probability	that	both	stocks	will	rise	to	get	P(A	or	B).	To	avoid	multicollinearity,	the	number	of	dummy	variables	must	be	one	less	than	the	number	of	periods	in	a	year	(e.g.,	three	dummy	variables	for
quarterly	data).	A	forecaster	might	begin	by	plotting	the	autocorrelations	for	a	data	series	and	find	that	the	autocorrelations	decay	gradually	rather	than	cut	off	abruptly.	When	examining	returns	for	the	S&P	500,	the	Japanese	Yen	(JPY)/U.S.	Dollar	(USD)	exchange	rate,	and	gold	over	a	period	of	time,	each	of	these	assets	exhibits	skewness	that	is	not
equal	to	zero	and	each	exhibits	kurtosis	larger	than	three	(implying	positive	excess	kurtosis).	Higherorder	polynomials	can	also	be	modeled.	(LO	19.d)	2.	increase	by	1.1.	D.	LO	21.g:	Explain	mean	reversion	and	calculate	a	mean-reverting	level.	Its	autocovariances	for	all	τ	make	up	its	autocovariance	function.	Other	possible	events	include	getting	a	3
or	4,	P(3	or	4)	=	2/6	=	33.3%,	and	getting	an	even	number,	P(x	is	even)	=	P(x	=	2,	4,	or	6)	=	3/6	=	50%.	11.3.	4.	A	probability	equal	to	1	for	an	outcome	means	it	will	happen	with	certainty.	0.9957.	describe	sample	autocorrelation	and	partial	autocorrelation.	For	the	given	data	set,	the	third	observation,	23%,	is	the	median	value.	Two	events	are
independent	events	if	knowing	the	outcome	of	one	does	not	affect	the	probability	of	the	other.	(page	122)	c.	E(X|n	=	5,	p	=	0.67)	=	(5)(0.67)	=	3.35	Recall	that	the	“	|	”	symbol	means	given.	0.0112.	x	KEY	CONCEPTS	LO	13.a	A	probability	mass	function	(PMF),	f	(x),	gives	us	the	probability	that	a	discrete	random	variable	will	take	on	the	value	x.
Covariance	and	Correlation	Between	Random	Variables	LO	16.k:	Estimate	the	covariance	and	correlation	between	two	random	variables.	0.866	4.	READING	18:	LINEAR	REGRESSION	EXAM	FOCUS	Linear	regression	refers	to	the	process	of	representing	relationships	with	linear	equations	where	there	is	one	dependent	variable	being	explained	by
one	or	more	independent	variables.	The	basic	steps	of	a	Monte	Carlo	simulation	are:	1.	The	level	of	significance	is	given	at	5%,	implying	that	we	are	willing	to	accept	a	5%	probability	of	rejecting	a	true	null	hypothesis.	Residual	variance	are	homoskedastic.	(0.2)(0.05	−	0.13)(0	−	0.14)	=	0.00224	Cov(RA,	RB)	=	ΣP(S)	×	[RA−	E(RA)]	×	[RB−	E(RB)]	=
0.00580	The	actual	value	of	the	covariance	is	not	very	meaningful	because	its	measurement	is	extremely	sensitive	to	the	scale	of	the	two	variables.	If	the	probability	that	one	stock	will	rise	tomorrow,	P(A),	is	60%	and	the	probability	that	another	stock	will	rise	tomorrow,	P(B),	is	55%,	we	cannot	calculate	the	probability	that	both	will	rise	tomorrow	as
60%	+	55%	=	115%.	x	B.	For	a	normal	distribution,	which	has	thin	tails	and	is	symmetric,	there	is	no	skewness	or	excess	kurtosis.	All	serially	uncorrelated	Gaussian	processes	are	independent	white	noise.	Practical	Significance	Statistical	significance	does	not	necessarily	imply	practical	significance.	Multiple	regression	was	used	to	explain	stock
returns	using	the	following	variables:	Dependent	variable:	RET	=	annual	stock	returns	(%)	Independent	variables:	MKT	=	market	capitalization	=	market	capitalization	/	$1.0	million.	(page	173)	d.	Hypothesis	Testing	Global	Association	of	Risk	Professionals.	To	measure	nonlinear	dependence,	measures	such	as	Spearman’s	rank	correlation	and
Kendall’s	τ	(tau)	can	be	used.	(LO	24.c)	Module	Quiz	24.2	1.	Answer	Key	for	Module	Quizzes	6.	describe	a	mixture	distribution	and	explain	the	creation	and	characteristics	of	mixture	distributions.	.5000	.	The	bootstrapping	method	is	most	likely	to	be	effective	when	the	A.	The	following	figures	illustrate	the	concepts	of	skewness	and	kurtosis	for	a
probability	distribution.	Rewriting	our	regression	equation:	εi	=	Yi	−	(α	+	β	×	Xi);	the	OLS	sample	coefficients	are	those	that	minimize	∑ε	=	∑[Yi	−	(α	+	β	×	Xi)]2	2	i	The	estimated	slope	coefficient	(β)	for	the	regression	line	describes	the	change	in	Y	for	a	one	unit	change	in	X.	A	graphical	examination	of	these	autocorrelations	can	provide	insights;	any
autocorrelations	violating	the	95%	confidence	interval	around	zero	would	indicate	that	the	model	does	not	adequately	capture	the	underlying	patterns	in	the	data.	explain	how	to	construct	an	h-step-ahead	point	forecast	for	a	time	series	with	seasonality.	First,	R2	almost	always	increases	as	independent	variables	are	added	to	the	model,	even	if	the
marginal	contribution	of	the	new	variables	is	not	statistically	significant.	The	fund	manager	constructs	the	following	bivariate	probability	matrix	for	the	stock.	To	check	the	machine,	the	quality	control	department	takes	a	gizmo	sample	each	day.	.9798	.	State	the	decision	rule	regarding	the	hypothesis.	Module	15.1:	Marginal	and	Conditional
Distributions	for	Bivariate	Distributions	3.	Adjusted	R2	To	overcome	the	problem	of	overestimating	the	impact	of	additional	variables	on	the	explanatory	power	of	a	regression	model,	many	researchers	recommend	adjusting	R2	for	the	number	of	independent	variables.	With	b	>	0	(an	increasing	transformation),	the	skew	is	unaffected,	skew	Y	=	skew
X.	the	coefficients	but	not	necessarily	the	variables.	are	bound	by	zero	on	the	left.	For	all	a	≤	x1	<	x2	≤	b	(i.e.,	for	all	x1	and	x2	between	the	boundaries	a	and	b):	P(X	<	a	or	X	>	b)	=	0	(i.e.,	the	probability	of	X	outside	the	boundaries	is	zero).	Specify	the	hypothesis.	0.9904.	determined	by	the	choice	of	the	initial	seed	value.	The	last	few	assumptions	are
summarized	as	εi	~	N(i.i.d).	The	option	price	and	time	to	maturity	are	both	needed	for	the	calculation,	but	there	is	no	requirement	that	the	current	underlying	asset	price	has	to	remain	constant.	0.06	.	EXAMPLE:	Continuous	uniform	distribution	X	is	uniformly	distributed	between	2	and	12.	As	an	example,	the	conditional	probability	is	P(40+|BD)	is:
P(40+	and	BD)	P(BD)	=	21%	30%	=	70%	Bayes’	Rule	LO	12.g:	Explain	and	apply	Bayes’	rule.	413.6	2.	An	event	is	a	single	outcome	or	a	combination	of	outcomes	for	a	random	variable.	0.9616.	In	addition,	be	able	to	discuss	the	law	of	large	numbers	(LLN)	and	the	central	limit	theorem	(CLT).	None	2.	BBBWW	is	not,	however,	the	only	way	to	choose
exactly	three	black	beans	in	five	trials.	One	of	the	clues	for	presence	of	multicollinearity	is	when	there	is	a	disconnect	between	t-tests	for	significance	of	individual	slope	coefficients	and	the	F-test	for	the	overall	model.	They	tend	to	have	“fatter”	tails	than	those	found	in	a	normal	distribution.	This	more	complex	relationship	is	called	an	autoregressive
moving	average	(ARMA)	process	and	is	expressed	by	the	following	formula:	yt	=	d	+	Φyt−1	+	εt	+	θεt−1	where:	d	=	intercept	term	yt	=	the	time	series	variable	being	estimated	Φ	=	coefficient	for	the	lagged	observations	of	the	variable	being	estimated	yt−1	=	one-period	lagged	observation	of	the	variable	being	estimated	εt	=	current	random	white
noise	shock	θ	=	coefficient	for	the	lagged	random	shocks	εt−1	=	one-period	lagged	random	white	noise	shock	You	can	see	that	the	ARMA	specification	merges	the	concepts	of	an	AR	process	and	an	MA	process.	(page	69)	f.	Module	15.2:	Moments	of	Bivariate	Random	Distributions	4.	CDF	Values	for	the	Standard	Normal	Distribution:	The	z-Table	.
ANSWER	KEY	FOR	MODULE	QUIZZES	Module	Quiz	21.1	1.	Most	of	the	major	assumptions	pertain	to	the	regression	model’s	residual	term	(i.e.,	the	error	term).	Basic	residual	plots	show	the	residuals	on	the	y-axis	and	the	predicted	value	of	the	dependent	variable	(ˆ	y)	on	the	x-axis.	Binomial	distributions	are	used	extensively	in	the	investment	world
where	outcomes	are	typically	seen	as	successes	or	failures.	0.08	.	The	table	in	Figure	14.6	contains	one-tailed	critical	values	for	the	t-distribution	at	the	0.05	and	0.025	levels	of	significance	with	various	degrees	of	freedom	(df).	A	positively	skewed	distribution	is	said	to	be	skewed	right	because	of	its	relatively	long	upper	(right)	tail.	0.9842	.	Module
17.2:	Hypothesis	Testing	Results	4.	Therefore,	we	create	samples	of	data	to	estimate	the	true	population	mean.	0.8023.	MODULE	QUIZ	12.1	1.	Bias-Variance	Tradeoff	LO	20.e:	Explain	two	model	selection	procedures	and	how	these	relate	to	the	bias-variance	trade-off.	Module	13.1:	Probability	Mass	Functions,	Cumulative	Distribution	Functions,	and
Expected	Values	3.	ANSWER	KEY	FOR	MODULE	QUIZZES	Module	Quiz	23.1	1.	Detecting	Heteroskedasticity	As	shown	in	Figure	20.1,	a	scatterplot	of	the	residuals	versus	one	of	the	independent	variables	can	reveal	patterns	among	observations.	A	Q(23%)	gives	us	a	value	that	is	greater	than	23%	of	all	outcomes	and	the	CDF	for	that	value	is	the
probability	of	an	outcome	less	than	that	value	(i.e.,	23%).	Module	15.3:	Behavior	of	Moments	for	Bivariate	Random	Variables	5.	LO	16.i	The	median	calculation	with	an	odd	number	sample	size	is:	Median(x)	=	x(n+1)/2	The	median	calculation	with	an	even	number	sample	size	is:	Median(x)	=	(1/2)(xn/2+	xn/2+1)	LO	16.j	The	formulas	for	estimating	the
means	of	two	random	variables,	Xi	and	Yi	are:	n	μ	ˆX	=	1	n	1	∑	Xi		and	μ	ˆ	y	i=1	=	n	n	∑	Yi	i=1	For	i.i.d.	data,	we	can	apply	the	CLT	and	examine	the	joint	behavior	by	stacking	the	two	mean	estimators	into	a	vector:	μ	ˆ	=	[	μ	ˆX	]	μ	ˆY	LO	16.k	Covariance	measures	the	extent	to	which	two	random	variables	tend	to	be	above	and	below	their	respective
means	for	each	joint	realization.	Both	distributions	A.	Variance	reduction	techniques	offer	an	alternative	way	to	reduce	the	sampling	error	of	a	Monte	Carlo	simulation.	1	Return	–4%	Probability	12.5%	A.	There	are	no	outliers	observed	in	the	data.	describe	methods	for	identifying	outliers	and	their	impact.	electric	utilities	P/Es	are	statistically
significantly	larger	than	biotechnology	industry	P/Es,	holding	DPO,	G,	and	B	constant.	B	For	t	=	2021,	a	point	forecast	for	industry	output	is	80.163	+	4.248(2021)	=	8,665.371.	For	example,	the	number	of	defects	per	batch	in	a	production	process	or	the	number	of	911	calls	per	hour	are	discrete	random	variables	that	follow	a	Poisson	distribution.
However,	the	scale	of	each	component	(b	and	d)	contributes	multiplicatively	to	the	change	in	covariance.	0.26	to	2.43.	With	simple	returns,	an	asset’s	return	across	multiple	time	periods	is	calculated	by	taking	the	product	of	each	period’s	simple	return.	The	population	standard	deviation	is	$24,000,	and	Roberts	wants	to	conduct	a	hypothesis	test	at	a
1%	level	of	significance.The	appropriate	alternative	hypothesis	is	A.	They	both	include	lagged	terms	and,	therefore,	can	better	capture	a	relationship	in	motion.	explain	how	the	expectation	of	a	function	is	computed	for	a	bivariate	discrete	random	variable.	.9989	.	.07	.	Sample	data	is	replaced	after	every	replication	to	ensure	it	has	an	equal	probability
of	being	redrawn.	0.8508.	The	probability	that	the	random	variable	will	be	less	than	−1.66	is	simply	1	−	0.9515	=	0.0485	=	4.85%,	which	is	also	the	probability	that	the	variable	will	be	greater	than	+1.66.	Total	probability	rule:	P(DA)	5.	C	Success	=	having	a	web	page:	[6!	/	4!(6	−	4)!](0.6)4(0.4)6	−	4	=	15(0.1296)(0.16)	=	0.311	(LO	14.a)	3.	.6915	0.0
0.1	0.2	0.5	.	The	data	is	first	sorted	and	then	the	α-quantile	is	estimated	using	the	data	point	in	location	α	×	n.	0.6844.	3	D.	actually	generated	from	a	formula.	0.9936.	For	example,	assuming	εt	is	normally	distributed	white	noise,	a	95%	confidence	interval	for	the	forecast	h	periods	ahead	is	yt+h	±	1.96	×	standard	deviation	of	the	regression	residuals.
The	probability	of	a	specific	number	of	successes	in	n	independent	binomial	trials	is:	p	(x)	=	P	(X	=	x)	=	n!	(n−x)!x!	x	p	(1	−	p)	n−x	where	p	=	the	probability	of	success	in	a	given	trial	The	Poisson	random	variable,	X,	refers	to	a	specific	number	of	successes	per	unit.	FRM®,	GARP®,	and	Global	Association	of	Risk	ProfessionalsTM	are	trademarks
owned	by	the	Global	Association	of	Risk	Professionals,	Inc.	If	a	time	series	is	covariance	stationary,	its	autocovariance	function	is	stable	over	time.	Note	that,	unlike	the	z-table,	the	t-values	are	contained	within	the	table	and	the	probabilities	are	located	at	the	column	headings.	Both	I	and	II	D.	This	is	important	because	it	is	one	condition	of	being
covariance	stationary	(i.e.,	mean	=	0,	variance	=	σ2),	which	is	a	condition	of	this	process	being	a	useful	estimator.	We	sum	the	probability	of	stock	gains	in	both	states	(outperform	and	underperform)	to	get	42%	+	8%	=	50%.	In	this	case,	we	assume	all	variables	are	identical.	A	third	reason	that	statistically	significant	results	may	not	be	economically
significant	is	risk.	0.9927.	0.79%	C.	Many	processes	in	finance	and	economics	can	be	modeled	using	a	log-linear	model.	Because	all	possible	random	observations	of	returns	are	not	observable,	sample	estimates	are	used	to	estimate	the	true	population	mean.	The	power	of	a	test	is	actually	one	minus	the	probability	of	making	a	Type	II	error,	or	1	−
P(Type	II	error).	These	critical	values	are	obtained	from	a	z-table,	where	−z0.05	=	−1.645	corresponds	to	a	cumulative	probability	equal	to	5%,	and	the	z0.05	=	1.645	corresponds	to	a	cumulative	probability	of	95%	(1	−	0.05).	Answer:	The	JB	statistic	for	this	fund	equals:	JB	=	(59)	(	0.3	6	2	+	0.5	2	24	)	=	59(0.015	+	0.0104)	=	1.5	The	JB	statistic	for
this	fund	(1.5)	is	less	than	the	critical	value	(5.99).	describe	the	role	of	mean	reversion	in	long-horizon	forecasts.	(LO	19.c)	The	following	is	a	review	of	the	Quantitative	Analysis	principles	designed	to	address	the	learning	objectives	set	forth	by	GARP®.	(page	137)	c.	LO	21.d,	21.g,	21.m	An	autoregressive	(AR)	process	is	specified	in	the	form	of	a
variable	regressed	against	itself	in	lagged	form.	0.6772.	(If	γ	is	significantly	greater	than	zero,	the	series	is	not	covariance	stationary	because	it’s	an	explosive	process	rather	than	a	random	walk.)	So	although	the	null	hypothesis	is	γ	=	0,	the	alternative	hypothesis	is	γ	<	0,	and	not	γ	≠	0.	Module	23.3:	Correlations	and	Dependence	5.	Because	a
lognormal	distribution	takes	a	minimum	value	of	zero,	end-of-period	asset	prices	cannot	be	less	than	zero.	Exam	Focus	2.	H0:	μ	=	0.0%,	HA:	μ	≠	0.0%.	(page	200)	f.	However,	if	we	were	to	record	the	results	of	many	five-day	periods,	the	average	number	of	up	days	(successes)	would	converge	to	3.35.	For	the	roll	of	a	fair	six-sided	die,	how	many	of	the
following	are	classified	as	events?	Module	13.3:	Probability	Density	Functions,	Quantiles,	and	Linear	Transformations	5.	(page	107)	b.	(page	13)	c.	Independent	and	identically	distributed	(i.i.d.)	The	first	bootstrapping	approach	that	we	will	consider	is	the	i.i.d.	bootstrap.	H0:	µ0	=	0	versus	HA:	µ0	≠	0	Because	the	null	hypothesis	is	an	equality,	this	is	a
two-tailed	test.	ANSWER	KEY	FOR	MODULE	QUIZZES	Module	Quiz	22.1	1.	While	the	Poisson	random	variable	X	refers	to	the	number	of	successes	per	unit,	the	parameter	lambda	(λ)	refers	to	the	average	or	expected	number	of	successes	per	unit.	impossible	to	predict.	Also,	know	how	to	standardize	a	normally	distributed	random	variable,	how	to
use	a	z-table,	and	how	to	construct	confidence	intervals.	Module	18.3:	Hypothesis	Testing	5.	The	simulation	was	rerun	with	900	replications	and	the	standard	deviation	remained	at	12.64.	Earlier,	we	stated	that	a	white	noise	process	has	a	mean	of	zero	and	a	constant	variance;	this	refers	to	its	unconditional	mean	and	variance.	Forecasting	models
often	take	the	form	of	a	distributed	lag	that	assigns	weights	to	the	past	values	of	a	time	series.	An	unadjusted	MA	process	shows	evidence	of	gradual	autocorrelation	decay.	Skewness	can	be	changed	by	combining	distributions	with	different	means,	and	kurtosis	can	be	changed	by	combining	distributions	with	different	variances.	.9987	1.2	1.6	1.8	1.9
2.0	2.5	3.0	.	(LO	23.b)	Module	Quiz	23.2	1.	It	measures	how	two	variables	move	with	each	other.	CUMULATIVE	Z-TABLE	P(Z	≤	z)	=	N(z)	for	z	≥	0	P(Z	≤	−z)	=	1	−	N(z)	z	.	0.522	+	0.0460(MKT)	+	0.7102(IND)	+	0.9(FORT)	D.	However,	she	is	having	difficulty	interpreting	the	implications	of	the	dependency	between	the	two	variables	as	the	scale	of	the
two	variables	are	very	different.	describe	linear	and	nonlinear	time	trends.	P(EPS	>	9.70)	=	1	−	0.9678	=	0.0322,	or	3.2%	P(EPS	>	$9.70)	EXAMPLE:	Using	the	z-table	(2)	Using	the	distribution	of	EPS	with	µ	=	$6	and	σ	=	$2	again,	what	percent	of	the	observed	EPS	values	are	likely	to	be	less	than	$4.10?	In	the	case	where	the	model	uses	multiple
independent	variables,	the	interpretation	of	the	slope	coefficient	captures	the	change	in	the	dependent	variable	for	one	unit	change	in	independent	variable,	holding	the	other	independent	variables	constant.	0.9980.	The	hypothesized	coefficient	value	is	0.20.	Now	suppose	we	add	a	second	independent	variable	X2	to	the	regression	and	get	the
following	result:	Y	=	1.0	+	2.5X1	+	6.0X2	Notice	that	the	estimated	slope	coefficient	for	X1	changed	from	4.5	to	2.5	when	we	added	X2	to	the	regression.	When	the	sample	statistic	is	the	sample	mean,	x,	the	standard	error	of	the	sample	statistic	for	sample	size	n	is	calculated	as:	sx	=	¯	s	√n	Because	our	sample	statistic	here	is	a	sample	mean,	the
standard	error	of	the	sample	mean	for	a	sample	size	of	250	is	0.0025	and	our	test	√250	statistic	is:	0.001	(	0.0025	=	0.001	0.000158	=	6.33	)	√250	Because	6.33	>	1.96,	we	reject	the	null	hypothesis	that	the	mean	daily	option	return	is	equal	to	zero.	Thus,	for	two	i.i.d.	random	variables,	X1and	X2,	the	variance	will	be	2σ2.	The	ARMA	model	merges	the
lagged	random	shocks	from	the	MA	process	and	the	lagged	time	series	variables	from	the	AR	process.	A	linear	transformation	of	a	random	variable,	X,	takes	the	form	Y	=	a	+	bX,	where	a	and	b	are	constants.	MODULE	18.3:	HYPOTHESIS	TESTING	LO	18.e:	Construct,	apply	and	interpret	hypothesis	tests	and	confidence	intervals	for	a	single
regression	coefficient	in	a	regression.	The	table	value	is	95.15%.	Reading	14:	Common	Univariate	Random	Variables	1.	fx	(3%)	=	∑	1	f(3%,	x2	)	=	0%	+	15%	+	25%	=	40%	x2	=(−1,0,1)	The	marginal	PMF	for	a	0%	and	−3%	monthly	stock	return	are	as	follows:	fx	(0%)	=	∑	1	f(0%,	x2	)	=	15%	+	10%	+	5%	=	30%	x2	=(−1,0,1)	fx	(−3%)	=	1	∑	f(−3%,	x2	)
=	25%	+	5%	+	0%	=	30%	x2	=(−1,0,1)	Thus,	the	complete	marginal	PMF	for	monthly	stock	returns,	X1,	is	the	following.	0.8997.	EXAMPLE:	Hypothesis	testing	of	slope	coefficient	A	regression	model	estimated	using	46	observations	has	β	=	0.76	and	Sb	=	0.33.	1.600.	0.1.	0.2.	0.3.	0.4.	0.5.	0.6.	0.7.	0.8.	0.9.	1.	40%.	Assuming	an	asset	(priced	at	P)	is
purchased	at	time	t	−	1	and	sold	at	time	t,	the	return	(R)	is	equal	to:	Rt	=	P	−P	t	t−1	P	t−1	Continuously	compounded	(log)	returns	(r)	can	be	calculated	using	the	following	formula:	rt	=	lnPt	−	lnPt−1	For	log	returns,	summing	single	period	log	returns	produces	a	multiple	period	total	return	with	the	following	formula:	T	rT	=	∑	rt	t=1	For	shorter	time
horizons,	log	returns	are	more	appropriate	than	simple	returns.	Cross	reference	to	GARP	FRM	Part	I	Quantitative	Analysis,	Chapter	3.	(LO	21.e)	3.	If	the	process	also	follows	a	normal	distribution,	it	is	known	as	normal	white	noise	or	Gaussian	white	noise.	(LO	18.b)	5.	(page	57)	j.	exclusion	of	correlated	independent	variables.	0.9418.	0.7157.	It	may
also	be	appropriate	to	use	the	tdistribution	when	the	population	variance	is	unknown	and	the	sample	size	is	large	enough	that	the	central	limit	theorem	will	assure	that	the	sampling	distribution	is	approximately	normal.	0.9463.	(page	95)	e.	2.	0.0036	.	The	more	component	distributions	used	as	inputs,	the	more	closely	the	mixture	distribution	will
follow	the	actual	data.	Because	the	total	area	of	both	rejection	regions	combined	is	0.05	(the	significance	level),	the	area	of	the	rejection	region	in	each	tail	is	0.025.	The	null	hypothesis	is	that	the	coefficient	on	the	lagged	value	is	equal	to	zero.	This	makes	sense	because	the	variance	of	the	slope	indicates	the	reliability	of	the	sample	estimate	of	the
coefficient,	and	the	higher	the	variance	of	the	error,	the	lower	the	reliability	of	the	coefficient	estimate.	Which	of	the	following	statements	regarding	the	sums	of	i.i.d.	normal	random	variables	is	incorrect?	fourth	quarter.	explain	how	the	Law	of	Large	Numbers	(LLN)	and	Central	Limit	Theorem	(CLT)	apply	to	the	sample	mean.	A	model	for	the	change
in	a	retailer’s	quarterly	sales,	using	seasonal	dummy	variables	DQ,	is	estimated	as:	∆Salest	=	4.9	−	2.1DQ2	−	3.8DQ3	+	6.5DQ4	In	the	third	quarter,	sales	are	forecast	to	A.	.06	.	(page	109)	c.	C	Two	independent	events	may	be	conditionally	independent	or	not	conditionally	independent.	Being	able	to	assume	that	α	and	β	are	normally	distributed	is	a
key	property	in	allowing	us	to	make	statistical	inferences	about	population	coefficients.	Assume	we	have	rejected	the	null	in	favor	of	the	alternative	hypothesis	that	the	returns	to	the	strategy	are	greater	than	zero	(positive).	explain	how	coskewness	and	cokurtosis	are	related	to	skewness	and	kurtosis.	A	price	relative	is	just	the	end-of-period	price	of
the	asset	divided	by	the	beginning	price	(S1/S0)	and	is	equal	to	(1	+	the	holding	period	return).	MODULE	QUIZ	17.2	1.	.9713	.	(LO	20.g)	The	following	is	a	review	of	the	Quantitative	Analysis	principles	designed	to	address	the	learning	objectives	set	forth	by	GARP®.	Given	this	probability	matrix,	the	covariance	between	Stock	A	and	B	is	closest	to	A.
0.8869.	The	t-statistic	used	to	test	the	significance	of	the	individual	coefficients	in	a	multiple	regression	is	calculated	using	the	same	formula	that	is	used	with	single	regression:	t	=	b	−B	j	j	s	=	estimated	regression	coefficient−hypothesized	value	b	j	coefficient	standard	error	of	b	j	For	a	multiple	regression,	the	t-statistic	has	(n	−	k	−	1)	degrees	of
freedom.	.5832	.	The	variance	of	the	independent	variables	is	greater	than	zero.	Interpreting	the	meaning	of	coskewness	and	cokurtosis	is	not	as	clear	as	covariance.	When	measuring	the	variance	of	two	random	variables,	the	covariance	or	comovement	between	the	two	variables	is	a	key	component.	The	statistic	does	not	lie	in	the	rejection	area	to	the
right	of	5.99.	Which	of	the	following	statements	is	most	accurate	regarding	power	law	tails?	0.9678.	The	other	three	moments	are	central	moments	because	the	functions	involve	the	random	variable	minus	its	mean,	X	−	µ.	Consider	an	example	using	daily	demand	for	ice	cream	(yt)	to	better	understand	how	this	works:	yt	=	5,000	+	0.3εt−1	+	εt	In	this
equation,	the	error	term	is	the	daily	change	in	demand.	Which	of	the	following	random	variables	is	least	likely	to	be	modeled	appropriately	by	a	lognormal	distribution?	Figure	16.1:	Effect	of	Skewness	on	Mean,	Median,	and	Mode	The	kurtosis	statistic	is	the	standardized	fourth	central	moment	of	the	distribution.	For	a	Bernoulli	random	variable,	µx	=
p	and	the	variance	is	given	by	Var(X)	=	p(1	−	p).	0.8599.	Both	statements	are	incorrect.	describe	the	power	law	and	its	use	for	non-normal	distributions.	ANSWER	KEY	FOR	MODULE	QUIZZES	Module	Quiz	17.1	1.	0.9761.	The	methodology	uses	option	prices	with	future	expiration	dates	and	multiple	strike	prices,	and,	therefore,	serves	as	a	forward-
looking	volatility	measure.	After	completing	this	reading,	you	should	be	able	to:	a.	Hypothesis	testing	of	individual	slope	coefficients	in	a	multiple	regression	model	as	well	as	confidence	intervals	of	those	coefficients	is	also	important	testable	material.	Using	data	from	2001	to	2020,	an	analyst	estimates	a	model	for	an	industry’s	annual	output	as
Outputt	=	80.163	+	4.248t	+	εt,	from	a	regression	with	a	residual	standard	deviation	of	107.574.	Measuring	Return,	Volatility,	and	Correlation	Global	Association	of	Risk	Professionals.	The	value	of	the	lag	slope	coefficients	should	add	to	1.	0.5359	.	The	probability	that	both	A	and	B	will	occur	is	written	P(AB)	and	referred	to	as	the	joint	probability	of	A
and	B	(both	occurring).	0.9693.	previous	value	only.	(LO	16.a)	2.	σ(RA)	=	(0.0028)1/2	=	0.0529	σ(RB)	=	(0.0124)1/2	=	0.1114	Now,	the	correlation	between	the	returns	of	Stock	A	and	Stock	B	can	be	computed	as	follows:	Corr	(RA	,R	B	)	=	0.0058	(0.0529)(0.1114)	=	0.9842	Coskewness	and	Cokurtosis	LO	16.l:	Explain	how	coskewness	and	cokurtosis
are	related	to	skewness	and	kurtosis.	The	relation	is	not	simple,	however,	and	calculating	the	probability	of	a	Type	II	error	in	practice	is	quite	difficult.	A	A	conditional	distribution	is	defined	based	on	the	conditional	probability	for	a	bivariate	random	variable	X1	given	X2.	Some	additional	properties	of	the	F-distribution	include	the	following:	The	F-
distribution	approaches	the	normal	distribution	as	the	number	of	observations	increases	(just	as	with	the	t-distribution	and	chi-squared	distribution).	Consider	the	possible	outcomes	of	one	roll	of	a	die.	C	∆SalesQ3	=	4.9	−	2.1(0)	−	3.8(1)	+	6.5(0)	=	1.1	(LO	22.f)	Module	Quiz	22.3	1.	a	full	statistical	model	is	used	that	includes	an	assumption	about	the
distribution	of	the	shocks.	Practically	speaking,	the	greater	the	degrees	of	freedom,	the	greater	the	percentage	of	observations	near	the	center	of	the	distribution	and	the	lower	the	percentage	of	observations	in	the	tails,	which	are	thinner	as	degrees	of	freedom	increase.	A	negatively	skewed	distribution	is	said	to	be	skewed	left	because	of	its	long
lower	tail.	KEY	CONCEPTS	LO	17.a	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.	In	the	previous	example,	β	=	0.76,	Sb	=	0.33,	and	tc	=	2.02.	The	hat	notation	above	the	µ,	denotes	that	the	sample	ˆ	mean,	µ	,	is	an	estimate	of	the	true	mean.	PRNGs	typically	produce	sequences	of	random	numbers	uniformly	distributed	between	zero	and	one.	(page	200)	The	following	is	a	review	of	the	Quantitative	Analysis	principles
designed	to	address	the	learning	objectives	set	forth	by	GARP®.	No	part	of	this	text	may	be	reproduced,	transmitted,	downloaded,	decompiled,	reverse	engineered,	or	stored	in	or	introduced	into	any	information	storage	and	retrieval	system,	in	any	forms	or	by	any	means,	whether	electronic	or	mechanical,	now	known	or	hereinafter	invented,	without
the	express	written	permission	of	the	publisher.	(page	4)	e.	0.5398.	D	The	probability	of	x	>	4	is	the	probability	of	an	outcome	of	5	or	6	(5/21	+	6/21	=	52.4%).	For	example,	suppose	that	10	observations	are	available	and	they	are	sampled	in	blocks	of	size	three.	Any	hypothesis	test	has	six	components:	The	null	hypothesis,	which	specifies	a	value	of	the
population	parameter	that	is	assumed	to	be	true.	The	mean	daily	return	has	been	0.1%,	and	the	sample	standard	deviation	of	daily	portfolio	returns	is	0.25%.	If	the	R2	is	high,	we	have	to	assume	that	we	have	found	all	relevant	independent	variables.	The	recurring	nature	of	PRNG	outputs	provides	us	with	two	benefits:	1.	We	standardize	it	by	dividing
it	by	the	standard	deviation	cubed.	LO	22.g:	Calculate	the	estimated	trend	value	and	form	an	interval	forecast	for	a	time	series.	While	including	irrelevant/extraneous	variables	does	not	pose	any	serious	challenges,	the	model’s	adjusted	R2	declines	(recall	that	unless	a	variable	contributes	meaningfully	to	explaining	the	variation	in	Y,	its	inclusion
reduces	the	adjusted	R2).	The	median	is	the	50th	percentile	or	midpoint	of	a	data	set	when	the	data	is	arranged	in	ascending	or	descending	order.	A	normal	random	variable,	x,	can	be	normalized	(changed	to	a	standard	normal,	z)	with	the	transformation	z	=	(x	–	mean	of	x)	/	standard	deviation	of	x.	C	The	variance	of	Y	is	b	2	2	σx	,	where	σ	is	the
variance	of	X.	explain	and	apply	Bayes’	rule.	A	linear	transformation	of	X	does	not	affect	kurtosis,	kurtosis	Y	=	kurtosis	X.	The	weight	of	a	meteor	entering	the	earth’s	atmosphere	MODULE	14.3:	STUDENT’S	T,	CHI-SQUARED,	AND	F-DISTRIBUTIONS	Student’s	t-Distribution	Student’s	t-distribution	is	similar	to	a	normal	distribution,	but	has	fatter
tails	(i.e.,	a	greater	proportion	of	the	outcomes	are	in	the	tails	of	the	distribution).	.9946	.	Variance	of	the	errors	is	constant	(i.e.,	homoskedasticity).	The	long-run	(or	unconditional)	mean	reverting	level	of	an	AR(1)	series	=	d	μ	=	1−Φ	The	long-run	(or	unconditional)	mean	reverting	level	of	an	AR(p)	series	=	μ	=	d	1−Φ	1	−Φ	2	...−Φp	This	mean
reverting	level	acts	as	an	attractor	such	that	the	time	series	moves	toward	its	mean	over	time.	Instead	of	modeling	the	level	of	a	series,	we	can	model	the	differences	between	its	level	and	its	year-ago	level.	Specific	examples	of	seasonality	relate	to	increases	that	occur	at	only	certain	times	of	the	year.	0.276	C.	Computational	cost:	The	best	way	to
reduce	the	variation	of	simulation	results	is	to	use	a	large	number	of	replications.	The	value	of	the	cumulative	distribution	function	(CDF)	of	4,	F(4),	is	equal	to	A.	(page	54)	h.	.9656	.	Financial	returns	are	likely	to	follow	a	more	normal	distribution	over	longer	time	periods.	0.9846	.	Moving	Average	(MA)	Processes	LO	21.e:	Define	and	describe	the
properties	of	moving	average	(MA)	processes.	Furthermore,	the	use	of	a	specific	initial	seed	allows	simulation	results	to	be	reproduced	later—which	may	be	required	for	regulatory	compliance.	0.9982.	Similarly,	we	can	also	test	the	hypothesis	where	H0:	β	=	0.20	versus	HA:	β	≠	0.20	and	fail	to	reject	the	null	hypothesis	because	0.20	does	fall	within
the	confidence	interval.	Also,	be	prepared	to	discuss	what	makes	estimators	biased,	unbiased,	and	consistent.	KEY	CONCEPTS	LO	14.a	A	continuous	uniform	distribution	is	one	where	the	probability	of	X	occurring	in	a	possible	range	is	the	length	of	the	range	relative	to	the	total	of	all	possible	values.	Specifically,	we	will	examine	the	difference
between	independent	and	mutually	exclusive	events,	discrete	probability	functions,	and	the	difference	between	unconditional	and	conditional	probabilities.	.9545	.	E(EPS)	=	0.10(1.80)	+	0.20(1.60)	+	0.40(1.20)	+	0.30(1.00)	=	£1.28	The	following	are	two	useful	properties	of	expected	values:	1.	PROFESSOR’S	NOTE	A	unit	root	process	is	sometimes
described	as	a	random	walk	with	drift.	This	is	equivalent	to	testing	whether	the	difference	between	the	two	means	is	zero.	The	asymmetric	configurations	are	(1,3)	and	(3,1)	where	one	of	the	variables	measures	to	the	third	power	and	the	other	to	the	first	power.	When	applied	to	a	constant,	the	lag	operator	does	not	change	the	constant.	The	two
coskewness	measures	are	computed	as:	2	E[(X−E[X])	(Y−E[Y])]	s	(X,X,Y)	=	2	σ	σ	X	Y	2	E[(X−E[X])(Y−E[Y])	]	s	(X,Y,Y)	=	2	σ	σ	X	Y	Coskewness	measures	the	likelihood	of	large	directional	movements	occurring	for	one	variable	when	the	other	variable	is	large.	Consider	an	example	regarding	sales	of	an	item	(yt)	and	a	random	shock	of	advertising	(εt).
.9988	.	This	is	essentially	a	test	of	whether	the	lagged	level	of	a	series	is	a	statistically	significant	factor	in	a	regression	model.	Note	the	use	of	the	sample	standard	deviation,	s,	in	the	standard	error	term	in	the	denominator.	The	tails	exhibit	faster	declines	than	normally	distributed	tails.	(LO	17.c)	Module	Quiz	17.2	1.	LO	20.b:	Describe	approaches	to
using	heteroskedastic	data.	HYPOTHESIS	TESTING—ONE-TAILED	TEST	EXAMPLE	A	sample	of	a	stock’s	returns	on	36	non-consecutive	days	results	in	a	mean	return	of	2.0%.	(page	182)	e.	We	are	trying	to	see	if	the	two	additional	variables	(X2	and	X3)	in	the	full	model	contribute	meaningfully	to	explain	the	variation	in	Y.	(page	180)	c.	Because	we
will	be	mostly	concerned	with	the	covariance	of	asset	returns,	the	following	formula	has	been	written	in	terms	of	the	covariance	of	the	return	of	asset	X,	and	the	return	of	asset	Y:	Cov(X,Y)	=	E{[X	−	E(X)][Y	−	E(Y)]}	This	equation	simplifies	to:	Cov(X,Y)	=	E(X,Y)	−	E(X)	×	E(Y)	The	sample	covariance	estimator	can	be	calculated	as:	sample	CovXY	=	n	∑
(X	−ˆ	μ	)(Y	−ˆ	μ	)	i	X	i	Y	i=1	n−1	EXAMPLE:	Covariance	Assume	that	the	economy	can	be	in	three	possible	states	(S)	next	year:	boom,	normal,	or	slow	economic	growth.	may	be	conditionally	independent	or	not	conditionally	independent.	By	reversing	the	process,	we	can	similarly	estimate	β2	after	controlling	for	X1.	The	January	dummy	variable	helps
us	to	see	if	stock	returns	in	January	were	significantly	different	than	stock	returns	in	all	other	months	of	the	year.	Log-quadratic	model	2.	If	the	series	is	covariance	stationary,	then	γ	will	be	significantly	less	than	zero.	explain	what	the	p-value	of	a	hypothesis	test	measures.	Assess	the	accuracy	by	computing	the	standard	error,	and	increase	N	until	the
required	accuracy	is	achieved.	The	hat	notation,	µ	,	in	the	following	formula	denotes	that	the	estimator	formula	of	the	mean	is	used	to	estimate	the	true	unknown	mean	parameter,	µ.	II	only	C.	The	first	simulation	might	include	observations	{x2,	x7,	x9},	the	second	simulation	{x2,	x5,	x10},	and	the	third	{x1,	x1,	x8}.	C	All	of	the	outcomes	and
combinations	specified	are	included	in	the	event	space	for	the	random	variable.	For	a	random	variable,	X,	the	variance	of	Y	=	a	+	bX	is	A.	Also,	understand	the	bias-variance	tradeoff	and	the	consequences	of	including	an	irrelevant	explanatory	variable	versus	excluding	a	relevant	explanatory	variable.	(We	described	these	techniques	in	Reading	21.)
MODULE	QUIZ	22.1	1.	An	AR	process	is	never	covariance	stationary.	They	both	specialize	in	capturing	only	the	random	movements	in	time	series	data.	If	the	autocorrelations	instead	decay	gradually,	we	should	consider	specifying	either	an	autoregressive	(AR)	process	or	an	autoregressive	moving	average	(ARMA)	process.	MODULE	20.1:
HETEROSKEDASTICITY	AND	MULTICOLLINEARITY	LO	20.a:	Explain	how	to	test	whether	a	regression	is	affected	by	heteroskedasticity.	In	the	real	world,	a	moving	average	process	would	not	specify	a	very	robust	model,	and	autocorrelations	would	decay	gradually,	so	forecasters	would	be	wise	to	consider	both	AR	models	and	ARMA	models	for
employment	data.	0.126	0.014	B.	0.9345.	0.5948.	describe	how	the	first	two	moments	may	be	insufficient	to	describe	non-normal	distributions.	PROFESSOR’S	NOTE	The	null	hypothesis	always	includes	the	equal	to	condition.	Cokurtosis	for	the	asymmetrical	cases	range	from	−3	to	+3	and	is	a	linear	relationship	that	is	upward	sloping	as	the
correlation	increases	from	−1	to	+1.	According	to	PayScale,	the	average	yearly	salary	for	a	credit	risk	analyst	is	$66,753.	Figure	14.10:	Exponential	PDF	The	exponential	distribution	is	able	to	assess	the	time	it	takes	a	company	to	default.	(page	160)	l.	The	significance	level	=	1.0	−	0.95	=	0.05,	or	5%.	This	allows	us	to	compare	skewness	of	two
different	distributions	directly.	Using	these	conditional	probabilities,	along	with	the	unconditional	probabilities	P(ND)	=	60%,	P(BD)	=	30%,	and	P(HBD)	=	10%,	we	can	calculate	the	joint	probabilities:	P(40+	and	ND)	=	10%	×	60%	=	6%	P(40+	and	BD)	=	70%	×	30%	=	21%	P(40+	and	HBD)	=	100%	×	10%	=	10%.	(LO	18.a)	Module	Quiz	18.2	1.	(page
70)	h.	Reducing	Monte	Carlo	Sampling	Error	LO	24.b:	Describe	ways	to	reduce	Monte	Carlo	sampling	error.	(LO	12.b)	3.	The	probability	of	an	outcome	of	3	is	3/10	=	30%.	D	A	disadvantage	of	Monte	Carlo	simulations	is	that	imprecise	results	may	occur	when	the	assumptions	of	model	inputs	or	DGP	are	unrealistic.	B	One	of	the	drawbacks	to	using	the
BSM	pricing	model	to	derive	implied	volatility	is	that	variance	must	remain	constant	over	time.	KEY	CONCEPTS	LO	15.a	A	probability	matrix	of	a	discrete	bivariate	random	variable	distribution	describes	the	outcome	probabilities	as	a	function	of	the	coordinates	x1	and	x2.	Assume	that	the	number	of	patients	developing	the	complication	from	the
procedure	is	Poisson	distributed.	Warm-Up:	Time	Series	Components	3.	We	can	calculate	P(X	≤	4)	as	1/15	+	2/15	+	3/15	+	4/15	=	66.7%,	or	by	subtracting	5/15,	P(X	=	5),	from	100%	to	get	66.7%.	Second,	this	invertibility	is	used	to	select	the	appropriate	time	series	model	among	equivalent	models	by	applying	what	is	known	as	the	Box-Jenkins
methodology.	The	holy-grail	of	model	specification	is	selecting	the	appropriate	explanatory	variables	to	include	in	the	model.	The	tendency	is	for	the	t-distribution	to	look	more	and	more	like	the	normal	distribution	as	the	degrees	of	freedom	increase.	This	amount	is	then	divided	by	the	number	of	observations	to	compute	the	variance	of	0.023	(=
0.1152/5).	.9761	.	For	example,	if	we	are	modeling	daily	demand	for	ice	cream,	we	would	forecast	our	current	period	daily	demand	(yt)	as	a	function	of	a	coefficient	(Φ)	multiplied	by	our	lagged	daily	demand	for	ice	cream	(yt−1)	and	then	add	a	random	error	shock	(εt).	Here,	we	have	two	normal	distributions	with	the	same	mean,	but	different	risk
levels.	describe	the	bias	of	an	estimator	and	explain	what	the	bias	measures.	N	should	be	increased	until	the	required	level	of	accuracy	is	achieved.	Figure	14.11:	Beta	PDF	Mixture	Distributions	LO	14.b:	Describe	a	mixture	distribution	and	explain	the	creation	and	characteristics	of	mixture	distributions.	It	is	unlikely	that	large	outliers	will	be
observed	in	the	data.	0.9952.	−0.10	Squared	Deviation	.	The	other	choices	refer	to	variables	that	cannot	be	less	than	zero.	The	third	column	subtracts	the	mean	from	the	actual	return	for	each	year.	This	reading	closes	with	the	concepts	of	correlations	and	dependence	and	how	to	test	for	them	using	various	methods.	The	test	statistic	for	the	F-test	is
the	ratio	of	the	sample	variances.	1.684	.	small	samples	from	populations	with	unknown	variance	that	are	at	least	approximately	normal.	(LO	22.g)	Module	Quiz	22.2	1.	Bayes’	rule	allows	us	to	use	information	about	the	outcome	of	one	event	to	improve	our	estimates	of	the	unconditional	probability	of	another	event.	Its	variance	must	be	finite	and
stable	over	time.	0.9893.	HYPOTHESIS	TESTING—TWO-TAILED	TEST	EXAMPLE	Using	the	same	assumptions	as	before,	suppose	that	the	analyst	now	wants	to	determine	if	he	can	say	with	99%	confidence	that	the	stock’s	return	is	not	equal	to	0.0%.	LO	23.f	Correlation	represents	the	linear	relationship	between	two	variables,	while	covariance
represents	the	directional	relationship	between	two	variables.	The	following	example	illustrates	such	a	case.	0.174	2.	For	example,	suppose	we	have	the	following	model:	yt	+	0.7yt−1	+	0.4yt−2	+	0.2yt−3	Using	lag	operators	in	this	model	(known	as	a	lag	polynomial),	it	would	be	expressed	as:	(1	+	0.7L	+	0.4L2	+	0.2L3)y	5.	Note	that	the	definition	of
success	is	critical	to	any	binomial	problem.	A	set	of	candidate	models	are	first	determined	and	then	tested	using	this	procedure	to	find	the	optimal	model—one	which	has	the	lowest	out-of-sample	error.	LO	23.d	The	Jarque-Bera	(JB)	test	statistic	can	be	used	to	test	whether	a	distribution	is	normal,	meaning	that	there	is	zero	skewness	and	no	excess
kurtosis	(K	–	3	=	0).	0.9236.	Figure	19.1:	Components	of	the	Total	Variation	Coefficient	of	Determination	Dividing	both	sides	by	TSS,	we	see	that	1	=	(ESS/TSS)	+	(RSS/TSS)	The	first	term	on	the	right	side	captures	the	proportion	of	variation	in	Y	that	is	explained.	It	is	used	to	make	inferences	about	the	population	mean.	Therefore,	R2	=	r2X,Y	=	0.
Since	this	is	a	two-tailed	test	with	an	alpha	of	0.01,	there	is	a	0.005	rejection	region	in	both	tails.	Student’s	t-distribution	has	the	following	properties:	It	is	symmetrical.	The	accuracy	of	simulations	depends	on	the	standard	deviation	and	the	number	of	scenarios	run.	That	is,	the	expected	value	of	the	next	observation	in	the	series	might	not	be	the
mean	of	the	time	series	if	the	next	observation	is	conditional	on	one	or	more	of	its	earlier	values.	Figure	21.1:	Autocorrelation	Function	A	related	function	is	the	partial	autocorrelation	function,	which	makes	up	the	correlations	for	all	lags	after	controlling	for	the	values	between	the	lags	(think	about	coefficient	values	in	a	regression	when	including	all
the	lags	as	independent	variables).	construct	and	apply	confidence	intervals	for	one-sided	and	two-sided	hypothesis	tests	and	interpret	the	results	of	hypothesis	tests	with	a	specific	level	of	confidence.	Based	on	the	sample	information	and	the	results	of	the	test,	it	is	concluded	that	the	machine	is	out	of	adjustment	and	should	be	shut	down	for	repair.	A
model’s	forecast	errors	should	follow	a	white	noise	process.	The	key	assumptions	are	as	follows:	The	expected	value	of	the	error	term,	conditional	on	the	independent	variable,	is	zero	[E(εi|Xi)	=	0].	We	must	be	aware	that	there	is	some	probability	that	the	sample,	in	some	way,	does	not	represent	the	population	and	any	conclusion	based	on	the	sample
about	the	population	may	be	made	in	error.	This	means	that	the	null	hypothesis	should	not	be	rejected	if	the	computed	z-statistic	lies	between	−1.96	and	+1.96	and	should	be	rejected	if	it	lies	outside	of	these	critical	values.	The	outcomes	can	be	defined	as	either	a	success	or	a	failure.	Which	of	the	following	statements	will	most	likely	benefit	the	fund
manager	when	interpreting	the	dependency	for	these	two	bivariate	random	variables?	MODULE	QUIZ	12.2	1.	Note	that	what	makes	the	series	non-stationary	is	that	the	observations	depend	on	time.	0.5120	.	Given	the	test	size	and	the	appropriate	critical	value,	the	null	would	be	rejected	or	fail	to	be	rejected	by	comparing	the	test	statistic	to	the
critical	value.	358.9	C.	Assume	we	rerun	the	previous	simulation	with	400	replications	that	results	in	the	same	mean	ending	capital	of	$110,	and	the	standard	deviation	remains	at	$14.80.	As	it	turns	out,	the	number	of	defaults	up	to	a	certain	period,	Nt,	follows	a	Poisson	distribution	with	a	rate	parameter	equal	to	t	/	β.	(page	52)	g.	2.228	.	A	positively
skewed	distribution	is	characterized	by	many	outliers	in	the	upper	region,	or	right	tail.	LO	22.d:	Explain	the	challenges	of	modeling	time	series	containing	unit	roots.	OLS	coefficients	are	biased	but	standard	errors	are	reliable.	Law	of	Large	Numbers	If	the	law	of	large	numbers	(LLN)	applies	to	estimators,	then	the	estimators	are	consistent.
distinguish	between	the	relative	assumptions	of	single	and	multiple	regression.	Finding	a	Left-Tail	Probability	The	z-table	gives	us	the	probability	that	the	outcome	will	be	more	than	0.95	standard	deviations	below	the	mean.	A	complete	data	generating	process	(DGP)	is	created	by	combining	these	parameters	with	an	assumption	about	the	distribution
of	the	standardized	returns.	LO	24.c	Antithetic	variables	and	control	variates	can	be	used	simultaneously	to	reduce	the	approximation	error	in	a	Monte	Carlo	simulation.	We	first	focus	on	hypothesis	testing	procedures	used	to	conduct	tests	concerned	with	population	means	and	population	variances.	0.9931.	Answer:	Given	a	sample	size	of	250	with	a
standard	deviation	of	0.25%,	the	standard	error	can	be	computed	as	sx	=	¯	s	/√n	=	0.25/	√250	=	0.0158%	At	the	5%	level	of	significance,	the	critical	z-values	for	the	confidence	interval	are	z0.025	=	1.96	and	−z0.025	=	−1.96.	Coskewness	is	zero	when	there	is	no	relationship	between	the	sign	of	one	variable	when	large	moves	occur	with	the	other
variable.	The	predicted	P/E	on	the	basis	of	the	values	of	the	explanatory	variables	for	the	company	is	closest	to:	A.	Key	Concepts	6.	LO	17.e	The	p-value	is	the	probability	of	obtaining	a	test	statistic	that	would	lead	to	a	rejection	of	the	null	hypothesis,	assuming	the	null	hypothesis	is	true.	The	forecasted	next	period	value	of	y	would	be	calculated	as:	yt
=	101.1378	+	(0.5004	×	10.38)	+	(0.8722	×	10.14)	−	(0.4434	×	10.50)	+	(0.9709	×	–1.23)	=	109.3262	Sample	and	Partial	Autocorrelations	LO	21.j:	Describe	sample	autocorrelation	and	partial	autocorrelation.	Then	we	have	a	decision	rule	of	the	following	form:	if	the	test	statistic	is	(greater,	less	than)	the	value	X,	reject	the	null.	EXAMPLE:	Expected
earnings	per	share	(EPS)	The	probability	distribution	of	EPS	for	Ron’s	Stores	is	given	in	the	following	figure.	The	measure	represents	the	difference	between	the	probabilities	of	concordance	and	discordance.	For	a	pure	autoregressive	(AR)	process,	seasonality	can	be	modeled	by	including	a	lag	corresponding	to	the	seasonality	(i.e.,	fourth	lag	for
quarterly	data,	twelfth	lag	for	monthly	data)	in	addition	to	any	other	relevant	short-term	lags.	Suppose	the	researcher	settles	on	ARMA	(3,1)	model,	and	suppose	the	previous	three	values	of	the	time	series	are	as	follows:	yt−1	=	10.38,	yt−2	=	10.14,	yt−3	=	10.50,	and	suppose	that	previous	shock	εt−1	=	–1.23.	This	defines	the	probability	of	outcomes
between	x1	and	x2.	Each	number	should	have	an	equal	probability	of	being	drawn	from	the	uniform	(0,1)	distribution.	The	results	of	the	regression	are	produced	in	the	following	table.	Cross	reference	to	GARP	FRM	Part	I	Quantitative	Analysis,	Chapter	7.	0.8708.	0.046.	0.6331.	Consider	a	security	with	returns	that	are	approximately	normal,	an
expected	return	of	10%,	and	standard	deviation	of	returns	of	12%.	0.8106.	The	null	hypothesis	is	the	one	the	researcher	expects	to	reject.	Log	returns,	which	are	always	less	than	simple	returns,	are	more	often	used	for	shorter	time	horizons.	The	probability	that	the	realization	of	this	random	variable	is	equal	to	one	of	the	possible	outcomes	(x	=	1,	2,
3,	4,	5,	or	6)	is	100%.	C	The	slope	coefficient	is	best	interpreted	as	the	predicted	change	in	the	dependent	variable	for	a	one-unit	change	in	the	independent	variable.	.8944	.	A	control	variate	involves	replacing	a	variable	x	(under	simulation)	that	has	unknown	properties,	with	a	similar	variable	y	that	has	known	properties.	Regression	with	Multiple
Explanatory	Variables	Global	Association	of	Risk	Professionals.	The	standard	normal	distribution	exhibits	power	law	tails.	If	F-stat	>	critical	F,	we	reject	the	null	hypothesis.	0.8830.	An	interquartile	range	(IQR)	is	a	measure	of	dispersion	from	the	median	similar	to	the	measure	of	standard	deviation	from	the	mean.	(LO	18.e)	2.	A	95%	confidence
interval	is	8,665.371	±	1.96(107.574)	=	8,454.526	to	8,876.216.	The	use	of	antithetic	variates	should	result	in	a	lower	covariance	and	variance,	because	the	two	sets	are	perfectly	negatively	correlated	[i.e.,	corr(ut	,−ut)	=	−1].	beginning	value	only.	An	Asian	option	is	priced	based	on	the	average	value	of	the	underlying	asset	over	the	lifespan	of	the
option.	A	Both	AR	models	and	ARMA	models	are	good	at	forecasting	with	seasonal	patterns	because	they	both	involve	lagged	observable	variables,	which	are	best	for	capturing	a	relationship	in	motion.	2.8%.	For	the	roll	of	a	six-sided	die,	the	CDF	is	F(x)	=	x/6,	so	that	the	probability	of	a	roll	of	3	or	less	is	F(3)	=	3/6	=	50.	0.9967.	Probability	Matrix	RB
=	50%	RB	=	20%	RB	=	–30%	RA	=	–10%	40%	0%	0%	RA	=	10%	0%	30%	0%	RA	=	30%	0%	0%	30%	Returns	4.	C.	Calculating	probabilities	using	z-values	Now	we	will	show	how	to	use	standardized	values	(z-values)	and	a	table	of	probabilities	for	Z	to	determine	probabilities.	negatively	affected	by	the	variance	of	the	residuals	and	positively	affected	by
the	variance	of	the	independent	variables.	The	estimate	for	variance	then	simplifies	to:	n	Var	[	µ]	=	ˆ	1	2	n	[∑	Var(Xi	)	+	Cov]	=	1	2	n	2	(nσ	)	=	2	σ	n	i=1	Thus,	the	variance	of	the	mean	estimator	depends	on	the	variance	of	the	sample	data	and	the	number	of	observations.	Answer:	Arranging	the	returns	in	descending	order	gives	us:	30%,	28%,	25%,
23%,	21%,	15%	With	an	even	number	of	observations,	there	is	no	single	middle	value.	It	can	take	on	only	two	possible	values,	zero	and	one,	and	is	referred	to	as	a	Bernoulli	random	variable.	This	is	termed	the	median	of	the	distribution.	EXAMPLE:	Estimating	the	mean,	variance,	and	standard	deviation	with	sample	data	Assume	you	are	evaluating	the
stock	of	Alpha	Corporation.	In	general,	regression	outputs	will	provide	the	p-value	for	the	standard	hypothesis	(H0:	β	=	0	versus	HA:	β	≠	0).	Model	parameters	for	a	unit	root	series	follow	a	Dickey-Fuller	distribution,	which	reduces	our	ability	to	select	a	correct	model	or	make	valid	forecasts.	Two	independent	events	A.	We	want	to	know	the	probability
of	selecting	exactly	three	black	beans	in	five	draws,	as	in	the	previous	example.	The	covariance	between	these	two	securities	is	0.0043,	and	the	standard	deviation	of	the	return	of	Stock	B	is	26%.	Using	the	following	covariance	matrix,	compute	the	variance	of	a	two-asset	portfolio	with	30%	in	asset	1	and	70%	in	asset	2.	This	provides	the	user	with	a
better	understanding	of	the	range	of	possible	outcomes.	Answer:	Here	we	want	to	know	P(EPS	>	$9.70),	which	is	the	area	under	the	curve	to	the	right	of	the	z-value	corresponding	to	EPS	=	$9.70	(see	the	distribution	that	follows).	(page	198)	e.	LO	12.b	Two	events	are	independent	if	either	of	the	following	conditions	hold:	P(A)	×	P(B)	=	P(AB)	P(A|B)
=	P(A)	Two	events	are	mutually	exclusive	if	the	joint	probability,	P(AB)	=	0	(i.e.,	both	cannot	occur).	The	variance	of	two	random	variables,	X1	and	X2,	is	computed	by	summing	the	individual	variances	and	two	times	the	covariance:	Var[X1	+	X2]	=	Var[X1]	+	Var[X2]	+	2Cov[X1,X2]	If	a	and	b	represent	the	weight	of	investment	in	asset	X1	and	X2,
respectively,	then	the	variance	of	a	two-asset	portfolio	is	computed	as	follows:	Var[aX1	+	bX2]	=	a2Var[X1]	+	b2Var[X2]	+	2abCov[X1,X2]	In	a	two-asset	portfolio	context,	this	equation	is	most	commonly	written	as:	σ	2	12	2	2	1	1	=	w	σ	2	+	(1	−	w)	σ	2	2	+	2w1	(1	−	w)σ12	The	minimum	variance	portfolio	(i.e.,	optimal	risk	weight)	can	then	be	found	as:
w	∗	=	σ	−σ	22	12	σ	−2σ	+σ	11	12	22	EXAMPLE:	Computing	variance	of	a	two-asset	portfolio	Suppose	two	assets	have	a	correlation	of	0.30.	The	VIX	Index	is	a	forward-looking	methodology	used	to	measure	implied	volatility	for	the	S&P	500	for	a	prospective	period	covering	30	calendar	days.	D	The	expectation	is	computed	as	follows:	2	4	2	4	E[g(x1	,
x2	)]	=	3	(0.35)	+	3	(0.20)	+	6	(0.15)	+	6	(0.30)	=	3.15	+	16.20	+	5.40	+	388.80	=	413.55	(LO	15.c)	2.	1.753	.	P(AB)	=	P(A|B)P(A).	In	this	context,	binomial	distributions	are	often	used	to	create	models	to	aid	in	the	process	of	asset	valuation.	Based	on	this	equation,	it	intuitively	follows	that	to	reduce	the	standard	error	estimate	by	a	factor	of	10,	the
analyst	must	increase	N	by	a	factor	of	100.	The	PDF	for	the	lognormal	distribution	is:	f(x)	=	1	xσ√2π	e	−	1	2	(	ln	x−μ	σ	2	)	Figure	14.5	illustrates	the	differences	between	a	normal	distribution	and	a	lognormal	distribution.	A	conditional	distribution	sums	the	probabilities	of	the	outcomes	for	each	component	conditional	on	the	other	component	being	a
specific	value.	Sample	Moments	Global	Association	of	Risk	Professionals.	In	Figure	14.4,	we	can	find	the	probability	that	a	standard	normal	random	variable	will	be	less	than	1.66,	for	example.	The	current	asset	price	has	to	remain	constant	in	the	calculation.	(page	154)	n.	0.9505.	0.9932.	describe	the	four	common	population	moments.	B	One	feature
that	all	ACFs	have	in	common	is	that	autocorrelations	approach	zero	as	the	number	of	lags	or	displacements	gets	large.	Figure	17.4:	Two-Tailed	Hypothesis	Test	With	p-Value	=	2.14%	Confidence	Intervals	for	Hypothesis	Tests	LO	17.f:	Construct	and	apply	confidence	intervals	for	one-sided	and	two-sided	hypothesis	tests	and	interpret	the	results	of
hypothesis	tests	with	a	specific	level	of	confidence.	A	more	generic	F-test	for	the	hypothesis:	H0:	β1	=	β2	=	β3	=	….=	βk	=	0	versus	HA:	at	least	one	β	j	≠	0	can	be	conducted	using	the	following	equation:	F	=	ESS/	k	RSS/n−k−1	ANSWER	KEY	FOR	MODULE	QUIZZES	Module	Quiz	19.1	1.	(page	71)	i.	0.9955.	Data	set:	12%,	25%,	34%,	15%,	19%,	44%,
54%,	33%,	22%,	28%,	17%,	24%	Answer:	ˆ	µ	=	1	=	st		sample	mean	12+25+34+15+19+44+54+33+22+28+17+24	12	=		27.25%	ˆ	µ	=	2	=	nd		sample	mean	25+34+19+54+17	5	=		29.8%	The	population	mean	is	the	expected	value	of	all	possible	random	returns	for	the	company.	Residual	Plots	LO	20.f:	Describe	the	various	methods	of	visualizing
residuals	and	their	relative	strengths.	The	alternative	hypothesis	can	be	one-sided	or	two-sided.	EXAMPLE:	Computing	expectation	of	a	bivariate	random	function	Compute	the	expectation	of	the	function	g(x	Figure	15.3.	1,	x2	x2	)	=	x	1	using	the	joint	PMF	presented	in	Figure	15.3:	Joint	PMF	for	x1	and	x2	Answer:	The	expectation	is	computed	as
follows:	E[g(x1	,	x2	)]	=	n	n	∑	∑	g(x1	,	x2	)fx	1	,x2	(x1	,	x2	)	x1	∈R(X1	)	x2	∈R(X2	)	3	5	3	5	=	2	(0.25)	+	2	(0.45)	+	4	(0.05)	+	4	(0.25)	=	2.0	+	14.4	+	3.2	+	256.0	=	275.6	Covariance	and	Correlation	Between	Random	Variables	LO	15.d:	Define	covariance	and	explain	what	it	measures.	The	returns	of	two	automotive	stocks	would	likely	have	a	positive
covariance,	and	the	returns	of	a	stock	and	a	riskless	asset	would	have	a	zero	covariance	because	the	riskless	asset’s	returns	never	move,	regardless	of	movements	in	the	stock’s	return.	the	critical	value	will	increase.	Suppose	two	separate	simulations	are	conducted	on	variable	x	with	unknown	properties	and	control	variable	y	with	known	properties
using	the	same	set	of	random	numbers.	Assuming	a	binomial	probability	distribution,	what	is	the	probability	that	exactly	four	businesses	will	have	a	web	page	in	a	random	sample	of	six	businesses?	0.135	C.	However,	these	estimators	are	nonlinear	and	are	often	biased	in	finite	samples.	a	+	b2σ	2	.	If	adding	an	additional	independent	variable	to	the
regression	improves	the	R2,	this	variable	is	not	necessarily	statistically	significant.	Module	16.1:	Estimating	Mean,	Variance,	and	Standard	Deviation	3.	not	equal	to	0.20)	at	5%	level	of	significance?	A	hedge	fund	manager	computed	the	covariances	between	two	bivariate	random	variables.	When	events	A	and	B	are	mutually	exclusive,	P(AB)	is	zero,	so
P(A	or	B)	is	simply	P(A)	+	P(B).	Bayes’	rule	is	also	examined	as	a	way	to	update	a	given	set	of	prior	probabilities.	The	p-Value	The	p-value	is	the	probability	of	obtaining	a	test	statistic	that	would	lead	to	a	rejection	of	the	null	hypothesis,	assuming	the	null	hypothesis	is	true.	If	the	variables	themselves	have	a	strong	linear	relationship,	rank	and	linear
correlation	will	be	similar.	0.9756.	In	fact,	any	particular	seed	value	will	generate	an	identical	set	of	values	each	time	the	PNRG	is	run.	However,	they	are	produced	by	deterministic	functions	that	are	complex	rather	than	truly	random.	For	example,	we	can	forecast	seasonally	impacted	data	with	an	ARMA(3,1)	model	using	the	following	formula:	yt	=	µ
+	Φ1yt–1	+	Φ2yt–2	+	Φ3yt–3	+	θεt–1	+	εt	LO	21.n	Seasonality	in	time	series	data	is	evidenced	by	the	recurrence	of	a	pattern	at	the	same	time	every	year	(e.g.,	higher	retail	sales	in	the	fourth	quarter).	Note	that	the	probabilities	of	the	outcomes	for	a	coin	flip	(0	or	1)	and	the	probabilities	of	the	outcomes	for	the	roll	of	a	die	are	equal	for	all	of	the
possible	outcomes	in	both	cases.	0.10	.	0.7224.	The	characteristics	and	calculations	of	these	measures	will	be	discussed.	Independent	variables	are	not	perfectly	correlated.	Coefficient	of	Determination	of	a	Regression	(R2)	The	R2	of	a	regression	model	captures	the	fit	of	the	model;	it	represents	the	proportion	of	variation	in	the	dependent	variable
that	is	explained	by	the	independent	variable(s).	If	the	computed	test	statistic	falls	within	the	range	±1.96,	we	conclude	that	the	sample	statistic	is	not	sufficiently	different	from	the	hypothesized	value	(µ	=	µ0	in	this	case),	and	we	fail	to	reject	the	null	hypothesis.	A	few	practical	finance	applications	of	Monte	Carlo	simulations	include	pricing	exotic
options,	estimating	the	impact	to	financial	markets	of	changes	in	macroeconomic	variables,	and	examining	capital	requirements	under	stress-test	scenarios.	Also,	the	covariance	may	range	from	negative	to	positive	infinity	and	it	is	presented	in	terms	of	squared	units	(e.g.,	percent	squared).	(LO	14.a)	2.	All	probabilities	in	the	matrix	are	positive	or
zero,	are	less	than	or	equal	to	1,	and	the	sum	across	all	possible	outcomes	for	X1	and	X2	equals	1.	For	one-tailed	tests,	the	p-value	is	the	probability	that	lies	above	the	computed	test	statistic	for	upper	tail	tests	or	below	the	computed	test	statistic	for	lower	tail	tests.	A	pure	seasonal	dummy	variable	model	can	be	constructed	as	follows:	s	yt	=	∑	γi	(Di,t
)	+	εt	i=1	After	adding	a	time	trend,	the	model	can	then	take	the	following	form:	s	yt	=	β1	(t)	+	∑	γi	(Di,t	)	+	εt	i=1	We	can	expand	the	forecasting	model	even	further	by	allowing	for	other	calendar	effects.	Subtracting	the	mean	produces	functions	that	are	unaffected	by	the	location	of	the	mean.	Think	of	the	omitted	class	as	the	reference	point.	What
is	the	probability	that	out	of	200	such	procedures	conducted	on	different	patients,	five	patients	will	develop	this	complication?	D	The	sample	mean	is	an	unbiased	estimator	of	the	population	mean,	because	the	expected	value	of	the	sample	mean	is	equal	to	the	population	mean.	Recall	the	confidence	interval	for	a	two-tailed	test:	sample	{[	−	(	statistic
critical	)(	value	standard	population	)]	≤	sample	≤	[	parameter	error	+	(	statistic	critical	value	)(	standard	error	Confidence	intervals	can	also	be	provided	for	one-tailed	tests	as	either:	Upper	tail:	sample	{[	−	(	statistic	critical	)(	value	standard	population	)]	≤	error	≤	∞}	parameter	Lower	tail:	population	{−∞	≤	sample	≤	[	parameter	+	(	statistic
critical	value	)(	standard	)]}	error	With	hypothesis	testing,	the	choice	between	using	a	critical	value	based	on	the	t-distribution	or	the	zdistribution	depends	on	the	sample	size,	the	distribution	of	the	population,	and	whether	the	variance	of	the	population	is	known	or	unknown.	Mean	unemployment	during	that	same	time	period	(X)	is	0.044.	The
probability	function	for	the	outcome	of	one	roll	of	a	six-sided	die	is	given	as	P(X)	=	x/21.	MODULE	21.2:	AUTOREGRESSIVE	AND	MOVING	AVERAGE	MODELS	Autoregressive	Processes	LO	21.d:	Define	and	describe	the	properties	of	autoregressive	(AR)	processes.	exclusion	of	uncorrelated	independent	variables.	We	will	return	to	our	previous
example	in	Figure	15.2	and	use	the	same	example	referred	here	in	Figure	15.5.	Figure	15.5:	PMF	of	Stock	Returns,	X1,	Given	Earnings	Announcement,	X2	.	The	probability	function	gives	us	the	probability	of	each	possible	outcome.	Ten	blocks	are	constructed,	starting	with	{x1,	x2,	x3},	{x2,	x3,	x4},	…,{x8,	x9,	x10},	{x9,	x10,	x1},	{x10,	x1,	x2}.	The
mean	of	two	random	variables	is	estimated	the	same	way	as	the	mean	for	individual	variables.	(LO	17.h)	2.	a	wider	dispersion	of	returns	around	the	mean.	The	closest	value	is	0.9505,	with	a	corresponding	critical	z-value	of	1.65.	The	decision	rule	for	rejecting	or	failing	to	reject	the	null	hypothesis	is	based	on	the	distribution	of	the	test	statistic.	(LO
21.b)	3.	A	price	relative	of	zero	corresponds	to	a	holding	period	return	of	–100%	(i.e.,	the	asset	price	has	gone	to	zero).	1.980	.	A	The	error	term	represents	effects	from	independent	variables	not	included	in	the	model.	Quantile	Functions	LO	13.e:	Characterize	the	quantile	function	and	quantile-based	estimators.	0.9834	.	The	number	of	replications	is
initially	100	(i.e.,	N	=	100),	resulting	in	a	mean	ending	capital	of	$110	and	a	standard	deviation	of	$14.80.	C	In	both	Monte	Carlo	simulation	and	bootstrapping,	the	goal	is	to	numerically	approximate	the	expected	value	of	a	complex	function	through	the	use	of	computer-generated	values	(i.e.,	simulated	data).	Rank	correlation,	unlike	linear	correlation,
is	not	as	sensitive	or	vulnerable	to	outliers	because	ranks	rather	than	variable	values	are	used.	Answer:	First,	it	is	necessary	to	convert	the	variances	to	standard	deviations.	If	the	slope	coefficient	estimate	is	10.0	and	the	independent	variable	changes	by	one	unit,	the	dependent	variable	will	change	by	10	units.	If	60%	of	the	employees	have	no	degree,
30%	of	the	employees	have	attained	only	a	bachelor’s	degree,	and	10%	have	attained	a	higher	degree,	we	write	P(ND)	=	60%,	P(BD)	=	30%,	and	P(HBD)	=	10%.	D.	Typically,	we	estimate	a	regression	equation	using	ordinary	least	squares	(OLS),	which	minimizes	the	sum	of	squared	errors	in	the	sample	data.	previous	value	and	a	random	shock.
PROFESSOR’S	NOTE	Throughout	this	reading	we	use	the	more	commonly-used	term	significance	level	rather	the	test	size.	A	key	property	of	a	random	walk	is	that	its	variance	increases	with	time.	The	population	moments	most	often	used	are	mean;	variance;	skewness;	and	kurtosis.	Confidence	Intervals	The	confidence	interval	of	the	slope	coefficient



=	β	±	(tc	×	Sb).	The	coefficient	is	not	significantly	different	from	0.20	because	the	t-value	is	−2.33.	(page	23)	b.	.9641	.	The	test	statistic,	which	is	calculated	from	the	sample	data.	0.9974.	A	random	sample	of	36	houses	in	the	area	has	a	mean	price	of	$149,750.	The	price	of	the	European	option	PBS	is	determined	by	the	Black-Scholes-Merton	option
pricing	model.	A	negatively	skewed	distribution	has	a	disproportionately	large	amount	of	outliers	that	fall	within	its	lower	(left)	tail.	LO	15.j:	Explain	how	the	iid	property	is	helpful	in	computing	the	mean	and	variance	of	a	sum	of	iid	random	variables.	There	exists	a	relationship	between	the	F-	and	chi-squared	distributions	such	that:	F	=	χ	2	#	of
observations	in	numerator	as	the	#	of	observations	in	denominator	→	∞	Figure	14.9:	F-Distribution	The	Exponential	Distribution	The	exponential	distribution	is	often	used	to	model	waiting	times,	such	as	how	long	it	takes	an	employee	to	serve	a	customer	or	the	time	it	takes	a	company	to	default.	Hypothesis	testing	involves	two	statistics:	the	test
statistic	calculated	from	the	sample	data	and	the	critical	value	of	the	test	statistic.	–6%	0%	6%	A.	The	appropriate	null	would	be	X	≤	0	with	X	>	0	as	the	alternative	hypothesis.	0.9938.	data	is	independent.	LO	12.e	The	joint	probability	of	two	events,	P(AB),	is	the	probability	that	they	will	both	occur:	P(AB)	=	P(A|B)	×	P(B).	An	F-distributed	test	statistic
is	used	when	the	populations	from	which	samples	are	drawn	are	normally	distributed	and	that	the	samples	are	independent.	The	power	of	a	test	is	one	minus	the	probability	of	a	Type	I	error.	HA:	µ	±	$145,000.	As	it	turns	out,	the	mean	of	the	exponential	distribution	is	equal	to	1	/	λ,	and	the	variance	is	equal	to	1	/	λ2.	Not	all	independent	white	noise
processes	are	normally	distributed,	but	all	normal	white	noise	processes	are	also	independent	white	noise.	A	joint	test	of	determining	that	all	residual	autocorrelations	equal	zero	versus	at	least	one	is	not	equal	to	zero	is	the	Box-Pierce	(BP)	statistic:	h	QBP	=	T	∑	r	2	i	i=1	where:	QBP	=	chi-squared	statistic	with	h	degrees	of	freedom	T	=	sample	size	ri
=	sample	autocorrelation	at	lag	i	For	smaller	samples	(T	≤	100),	a	version	of	the	BP	statistic	known	as	the	Ljung-Box	(LB)	statistic	works	better:	h	QLB	=	T	∑	(	T+2	T−i	)r	2	i	i=1	Modeling	Seasonality	in	an	ARMA	LO	21.n:	Explain	how	seasonality	is	modeled	in	a	covariance-stationary	ARMA.	All	probabilities	are	positive	or	zero	and	are	less	than	or
equal	to	1.	The	equation	for	the	correlation	estimator	is:	ˆ	ρ	=	s	ˆ	Cov[Rank	ˆ	√VRank	X	X	,Rank	Y	ˆ	√VRank	]	Y	Assuming	ranks	are	distinct,	and	RankXi	−	RankYi	represents	the	difference	(di)	in	ranks	for	the	same	observation,	the	following	equation	can	be	used	to	express	the	estimator:	n	6	∑	(di	)	ρ	=	1	−	ˆ	s	2	i=1	2	n(n	−1)	The	correlation	will	be
close	to	1	when	highly	ranked	values	of	X	and	Y	are	paired	together.	Answer	Key	for	Module	Quizzes	13.	When	there	is	a	negative	earnings	announcement,	the	three	probabilities	in	the	first	row	of	the	bivariate	probability	matrix	illustrated	in	Figure	15.2	are	25%,	15%,	and	0%	for	monthly	returns	of	−3%,	0%,	and	3%,	respectively.	0.7823.
Unconditional	probabilities:	P(B)	and	P(R)	2.	If	they	do	not,	the	errors	themselves	can	be	forecasted	based	on	their	past	values.	(page	184)	24.	The	z-Test	The	z-test	is	the	appropriate	hypothesis	test	of	the	population	mean	when	the	population	is	normally	distributed	with	known	variance.	The	initial	capital	investment,	C0,	is	$100	invested	in	the	S&P
500.	For	example,	stock	returns	for	one	variable	and	volatility	of	the	returns	for	another	variable	tend	to	have	negative	coskewness.	Joint	Hypothesis	Tests	and	Confidence	Intervals	LO	19.d:	Construct,	apply	and	interpret	joint	hypothesis	tests	and	confidence	intervals	for	multiple	coefficients	in	a	regression.	0.5478.	Different	levels	of	skew	and/or
kurtosis	can	reveal	extreme	events	that	were	previously	difficult	to	identify.	Compute	the	correlation	by	multiplying	the	covariance	of	the	two	variables	by	the	product	of	the	two	variables’	standard	deviations.	This	requires	a	two-step	approach	like	the	one	taken	in	the	preceding	example.	0.9582.	D	The	marginal	distribution	for	a	positive	analyst
rating	is	computed	by	summing	the	third	row	consisting	of	all	possible	outcomes	of	a	positive	rating	as	follows:	fx2(1)	=	0%	+	5%	+	25%	=	30%	(LO	15.b)	2.	The	complexity	of	markets	and	issues	that	are	examined	have	also	become	increasingly	complex,	potentially	leading	to	high	computation	costs.	The	population	standard	deviation	is	known	to	be
0.021	inches.	(LO	22.a)	2.	D	For	a	random	walk,	yt	=	y0	+	ε1	+	ε2	+	...	0.9962.	A	Multicollinearity	will	not	be	present	in	a	single	regression.	We	can	estimate	coskewness	by	applying	an	expectation	operator	as	follows:	1	ˆ	s	(X,X,Y)	=	n	n	∑	i=1	(Xi	−μ	ˆ	X	2	)	(Yi	−μ	ˆ	Y	)	2	σ	ˆX	σ	ˆY	The	three	cokurtosis	measures	are	computed	as:	2	2	E[(X−E[X])
(Y−E[Y])	]	k	(X,X,Y,Y)	=	2	2	σ	σ	X	Y	3	E[(X−E[X])	(Y−E[Y])]	k	(X,X,X,Y)	=	3	σ	σ	X	Y	3	E[	(	X−E	[	X	]	)	(Y−E[Y])	]	k	(X,Y,Y,Y)	=	3	σ	σ	X	Y	The	cokurtosis	is	computed	using	combinations	of	powers	that	add	to	4.	The	variance	of	the	errors	is	constant	(i.e.,	homoskedasticity).	Multiple	testing	means	testing	multiple	different	hypothesis	on	the	same	data	set.
0.9988.	.9803	.	The	mean	of	the	population,	µ,	and	the	mean	of	the	distribution	of	all	possible	sample	means	are	equal.	2	i	2.	The	CBB	method	is	used	to	produce	bootstrap	samples	by	sampling	blocks,	with	replacement,	until	the	required	bootstrap	sample	size	is	produced.	0.8078.	A	common	IQR	is	the	range	from	the	25th	to	75th	quartile.	(LO	22.e)
The	following	is	a	review	of	the	Quantitative	Analysis	principles	designed	to	address	the	learning	objectives	set	forth	by	GARP®.	Furthermore,	the	uncorrelated	portion	of	the	omitted	variable’s	influence	on	the	dependent	variable	gets	captured	by	the	error,	magnifying	it.	(page	3)	d.	0.9909.	Ranked	Returns	for	Stocks	X	and	Y	Year	2012	2014	2011
2013	X	−20.0%	−10.0%	25.0%	40.0%	Y	10.0%	30.0%	−20.0%	20.0%	X	Rank	1	2	3	4	Y	Rank	2	4	1	3	Answer:	Begin	by	comparing	the	rankings	of	X	and	Y	stock	returns	in	columns	four	and	five	of	the	table	above.	LO	16.h	Skewness	is	the	third	central	moment	of	a	distribution	and	refers	to	the	extent	to	which	the	distribution	of	data	is	not	symmetric
around	its	mean.	Creating	a	more	robust	distribution	is	clearly	beneficial	to	risk	managers.	B	High	kurtosis	indicates	that	the	probability	in	the	tails	(extreme	outcomes)	are	greater	(i.e.,	the	distribution	will	have	fatter	tails).	0.5438.	Regression	analysis	seeks	to	measure	how	changes	in	one	variable,	called	a	dependent	(or	explained)	variable	can	be
explained	by	changes	in	one	or	more	other	variables	called	the	independent	(or	explanatory)	variables.	8,477	to	8,693.	Also,	recall	that	the	regression	model	seeks	to	explain	the	variation	in	Y:	¯	¯	∑	(Yi	−	¯	Y)	2	We	can	write	the	deviation	from	mean	for	Y	as:	¯	¯	=	(Y	¯	¯	ˆ	−¯	ˆ	)	Yi	−	¯	Y	Y)	+	(Yi	−	Y	i	i	Therefore,	¯	¯	∑	(Yi	−	¯	Y)	2	2	¯	¯	ˆ	−¯	=	∑	(Y	Y)	i	2	ˆ
+	∑	(Yi	−	Y)	or	TSS	=	ESS	+	RSS	where:	TSS	=	total	sum	of	squares	(i.e.,	total	variation	in	Y)	ESS	=	explained	sum	of	squares	(i.e.,	the	variation	in	Y	explained	by	the	regression	model)	RSS	=	residual	sum	of	squares	(i.e.,	the	unexplained	variation	in	Y)	Figure	19.1	illustrates	how	the	total	variation	in	the	dependent	variable	(TSS)	is	composed	of	SSR
and	ESS.	A	discrete	random	variable	is	one	that	can	take	on	only	a	countable	number	of	possible	outcomes.	An	example	of	a	nonlinear	time	trend	(or	polynomial	time	trend)	model	is	a	second-degree	or	quadratic	polynomial	model:	yt	=	δ0	+	δ1	+	δ2t2	+	εt.	One	reason	sampling	error	occurs	is	because	there	are	often	a	wide	range	of	possible	outcomes
for	a	particular	experiment	or	problem.	a	Ljung-Box	(LB)	Q-statistic.	Variable	X3	should	be	dropped	from	the	model.	They	often	investigate	and	troubleshoot	individual	and	organization-wide	issues.	A	standard	normal	distribution	is	a	normal	distribution	with	a	mean	of	0	and	a	standard	deviation	of	1.	The	median	is	estimated	when	the	total	number	of
observations	in	the	sample	size	is	odd	as:	Median(x)	=	x(n+1)/2	The	median	is	estimated	when	the	total	number	of	observations	in	the	sample	size	is	even	as:	Median(x)	=	0.5	×	(xn/2	+	xn/2+1)	EXAMPLE:	Estimating	the	median	using	an	odd	number	of	observations	What	is	the	median	return	for	five	portfolio	managers	with	10-year	annualized	total
returns	of:	30%,	15%,	25%,	21%,	and	23%?	Variable	Coefficient	t-Statistic	Intercept	6.75	3.89*	IND	8.00	4.50*	DPO	4.00	1.86	G	12.35	2.43*	B	−0.50	1.46	*Significant	at	the	5%	level	1.	Using	the	information	provided,	compute	the	expected	value	of	the	number	of	up	days	in	a	five-day	period.	In	this	methodology,	samples	are	simply	drawn	one-by-one
from	the	observed	data,	and	replaced.	Continuing	with	the	previous	example,	we	can	determine	the	three	possible	outcomes	of	monthly	stock	returns	given	a	negative	earnings	announcement	(x2	=	−1).	226.4	B.	In	other	words,	there	is	a	25%	probability	of	obtaining	an	observation	that	is	in	the	quartile.	The	coefficient	is	not	significantly	different
from	0.20	because	the	p-value	is	<	0.001.	define	white	noise;	describe	independent	white	noise	and	normal	(Gaussian)	white	noise.	For	example,	interest	rates	on	U.S.	T-bills	were	near-zero	for	a	decade	beginning	in	2008—a	condition	that	had	never	previously	occurred	over	a	long	period.	3	E[(X−μ)	]	skewness	=	3	σ	Because	we	both	subtract	the
mean	and	divide	by	standard	deviation	cubed,	skewness	is	unaffected	by	differences	in	the	mean	or	in	the	variance	of	the	random	variable.	Each	of	these	will	have	exactly	the	same	probability	of	occurring	as	our	initial	outcome,	BBBWW.	Coskewness	measures	are	zero	when	there	is	no	relationship	between	the	sign	of	one	variable	when	large	moves
occur	with	the	other	variable.	Notice	that	the	correlation	ranges	between	−1	and	+1	and	the	cokurtosis	ranges	between	1	and	3,	with	the	smallest	value	of	1	occurring	when	the	correlation	is	equal	to	zero.	The	correlation	between	the	omitted	variable	and	the	included	independent	variables	will	determine	the	size	of	the	bias	(i.e.,	a	larger	correlation
will	lead	to	a	larger	bias)	and	the	direction	of	the	bias	(i.e.,	whether	the	correlation	is	positive	or	negative).	Answer:	The	null	and	alternative	hypotheses	are:	H0:	β1	=	β	2	=	β	3	=	β	4	=	β	5	=	0	versus	HA:	at	least	one	β	j	≠	0	ESS	=	TSS	−	RSS	=	460	−	170	=	290	F	=	290/5	170/(60−5−1)	=	58	3.15	=	18.42	The	critical	F-value	for	5	and	54	degrees	of
freedom	at	a	5%	significance	level	is	2.40.	MODULE	20.2:	MODEL	SPECIFICATION	LO	20.d:	Describe	the	consequences	of	excluding	a	relevant	explanatory	variable	from	a	model	and	contrast	those	with	the	consequences	of	including	an	irrelevant	regressor.	KEY	CONCEPTS	LO	23.a	Investment	returns	can	be	stated	as	both	simple	and	continuously
compounded	(log)	returns.	For	the	exam,	be	prepared	to	distinguish	among	these	sources	and	identify	the	recommended	approach	to	resolving	them.	LO	21.j	Sample	autocorrelations	and	partial	autocorrelations	are	calculated	using	sample	data	and	are	used	to	validate	and	improve	autoregressive	moving	average	(ARMA)	models.	Multicollinearity
makes	it	difficult	to	precisely	measure	the	contribution	of	an	independent	variable	toward	explaining	the	variation	in	the	dependent	variable.	increase	by	3.8.	MODULE	22.3:	UNIT	ROOTS	LO	22.c:	Describe	a	random	walk	and	a	unit	root.	Using	a	z-test	at	the	5%	level	of	significance,	the	computed	test	statistic	is	compared	with	the	critical	values	of
1.645	for	the	upper	tail	tests	(i.e.,	HA:	µ	>	µ0)	or	−1.645	for	lower	tail	tests	(i.e.,	HA:	µ	<	µ0).	Cross	reference	to	GARP	FRM	Part	I	Quantitative	Analysis,	Chapter	8.	The	biased	standard	deviation	for	this	sample	is	then	computed	as:	√0.023	=	0.1517	or	15.17%	The	calculations	in	the	previous	example	result	in	a	biased	estimate	of	the	variance	and
standard	deviation.	0.75	D.	0.937.	A	The	confidence	interval	of	the	slope	coefficient	=	β	±	(tc	×	Sb)	=	1.08	±	(2.02	×	0.67)	or	−0.27	to	2.43.	sample	mean	provides	a	more	accurate	estimate	of	the	population	mean	as	the	sample	size	increases.	Chapter	11.	Module	24.2:	Bootstrapping	and	Random	Number	Generation	4.	Cross	reference	to	GARP	FRM
Part	I	Quantitative	Analysis,	Chapter	11.	0.9265.	A	recent	study	indicated	that	60%	of	all	businesses	have	a	web	page.	Reading	18:	Linear	Regression	1.	Therefore,	OLS	estimators	will	have	their	own	probability	distributions	(i.e.,	sampling	distributions).	F(3)	=	f	(1)	+	f	(2)	+	f	(3)	=	1/6	+	1/6	+	1/6	=	3/6	=	50%.	Like	the	sampling	distribution	of	the
sample	mean,	OLS	estimators	for	the	population	intercept	term	and	slope	coefficient	also	have	sampling	distributions.	MODULE	QUIZ	20.1	1.	D	A	symmetrical	curved	graph	with	the	minimum	cokurtosis	of	1	when	the	correlation	is	0.	For	an	independent	white	noise	process,	we	can	say	the	next	value	in	the	series	has	no	conditional	relationship	to	any
of	its	past	values.	The	probability	of	both	heads	and	tails	is	zero,	as	is	the	probability	of	neither	heads	nor	tails.	Dummy	variables	are	assigned	a	value	of	0	or	1.	H0:	β2	=	β3	=	0	versus	HA:	either	β2	≠	0	or	β3	≠	0	The	F-statistic	for	multiple	regression	coefficients,	which	is	always	a	onetailed	test,	is	calculated	as:	(R	(RSS	−RSS	)/	P	F	q	F	=	RSS	/	F	(n−k
=	F	−1)	(1−R	2	F	2	F	−R	2	P	)/	q	)/	(n−k	F	−1)	where:	RSSF	=	residual	sum	of	squares	of	the	full	model	RSSP	=	residual	sum	of	squares	of	the	partial	model	=	coefficient	of	determination	of	the	full	model	R	=	coefficient	of	determination	of	the	partial	model	q	=	number	of	restrictions	imposed	on	the	full	model	to	arrive	at	the	partial	model	n	=
number	of	observations	2	RF	2	P	kF	=	number	of	independent	variables	in	the	full	model	The	calculated	F-statistic	is	compared	to	the	critical	F-value	[with	q	degrees	of	freedom	in	the	numerator	and	(n	−	kF	−	1)	degrees	of	freedom	in	the	denominator].	When	drawing	inferences	from	a	hypothesis	test,	there	are	two	types	of	errors:	Type	I	error:	the
rejection	of	the	null	hypothesis	when	it	is	actually	true.	describe	the	key	assumptions	of	OLS	parameter	estimation.	Multicollinearity	is	not	a	violation	of	a	regression	assumption.	construct	an	appropriate	null	hypothesis	and	alternative	hypothesis	and	distinguish	between	the	two.	Both	statements	are	correct.	This	method	may	not	be	reliable	if	current
financial	market	conditions	differ	from	their	normal	state.	Spearman’s	correlation	is	a	linear	correlation	estimator	which	is	applied	to	ranks	of	observations.	If	we	consult	the	z-table,	we	find	the	probability	of	getting	a	value	greater	than	2.3	is	(1	−	0.9893)	=	1.07%.	The	second	property	of	a	consistent	estimator	is	as	the	sample	size	increases,	the
variance	of	the	estimator	approaches	zero.	The	F-statistic	is	computed	as:	s	F	=	s	2	1	2	2	where:	s	=	variance	of	the	sample	of	n1	observations	drawn	from	Population	1	2	1	s	2	2	=	variance	of	the	sample	of	n2	observations	drawn	from	Population	2	An	F-distribution	is	presented	in	Figure	14.9.	As	indicated,	the	F-distribution	is	right-skewed	and	is
truncated	at	zero	on	the	left-hand	side.	.5438	.	A	continuous	random	variable	has	an	uncountable	number	of	possible	outcomes.	0.12	0.12	0.25	–0.01	Deviation	.	This	is	the	p3(1	−	p)2	from	the	formula	and	p	is	60%,	the	probability	of	selecting	a	black	bean	on	any	single	draw	from	the	bowl.	For	example,	if	we	have	quarterly	data,	s	=	4,	and	thus	we
would	include	s	−	1	=	3	seasonal	dummy	variables.	Non-Stationary	Time	Series	Global	Association	of	Risk	Professionals.	A	cumulative	distribution	function	(CDF),	F(x),	gives	us	the	probability	that	a	random	variable	X	will	take	on	a	value	less	than	or	equal	to	x.	(0.3)(0.2	−	0.13)(0.3	−	0.14)	=	0.00336	.	The	second	type	applies	a	structure	which
assumes	that	correlations	are	due	to	a	common	factor	exposure.	Consider	a	random	variable	that	is	the	result	of	rolling	a	fair	sixsided	die.	Problems	will	arise	if	a	real	world	variable	is	fattailed,	but	the	model	erroneously	draws	option	prices	from	a	normal	distribution.	2	2	1	2	EXAMPLE:	Test	the	hypothesis	that	a	fund’s	returns	follow	a	normal
distribution	Assume	60	monthly	returns	are	sampled	for	a	fund	with	skewness	equal	to	0.30	(slight	positive	skewness)	and	kurtosis	equal	to	3.50.	If	c	is	any	constant,	then:	E(cX)	=	cE(X)	2.	Conditional	heteroskedasticity	does	create	significant	problems	for	statistical	inference.	Several	factors	must	be	considered.	The	standard	error	of	the	true
expected	value	is	computed	as	s/√N	where	s	is	the	standard	deviation	of	the	output	variables	and	N	is	the	number	of	scenarios	or	replications	in	the	simulation.	Then	EPS	model	uses	average	EPS	for	a	specific	quarter	over	the	past	10	years	as	the	forecast	of	EPS	in	its	respective	quarter	of	the	following	year.	Of	the	red	cars,	200	have	DA	technology.
The	two	events	are	independent.	0.9948.	The	results	of	any	hypothesis	testing	are	therefore	unreliable.	The	99%	confidence	interval	for	X	is	X	−	2.58s	to	X	+	2.58s.	The	third	cross	central	moment	is	known	as	coskewness	and	the	fourth	cross	central	moment	is	known	as	cokurtosis.	These	are	used	to	validate	and	improve	ARMA	models.	(LO	14.a)	The
following	is	a	review	of	the	Quantitative	Analysis	principles	designed	to	address	the	learning	objectives	set	forth	by	GARP®.	a2	+	b2σ	2	.	When	the	sample	statistic	is	the	sample	mean,	x,	the	standard	error	of	the	sample	statistic	for	sample	size	n,	is	calculated	as:	σx	¯	=	σ	√n	when	the	population	standard	deviation,	σ,	is	known,	or	sx	¯	=	s	√n	when
the	population	standard	deviation,	σ,	is	not	known.	Variables	with	correlations	other	than	0.	An	alternative	method	of	doing	hypothesis	testing	of	regression	coefficients	is	to	compare	the	p-value	to	the	significance	level:	If	the	p-value	is	less	than	the	significance	level,	the	null	hypothesis	can	be	rejected.	A	common	model	misspecification	relates	to
assumptions	about	the	underlying	probability	distribution	of	inputs:	for	example,	option	prices	are	typically	fat-tailed,	but	a	model	could	erroneously	draw	option	prices	from	a	normal	distribution.	describe	the	relationship	between	a	t-statistic,	its	p-value	and	a	confidence	interval.	1.664	.	MODULE	13.2:	MEAN,	VARIANCE,	SKEWNESS,	AND
KURTOSIS	LO	13.c:	Describe	the	four	common	population	moments.	In	the	context	of	waiting	for	a	company	to	default,	the	rate	parameter	is	known	as	the	hazard	rate	and	indicates	the	rate	at	which	default	will	arrive.	The	arithmetic	mean	is	the	only	measure	of	central	tendency	for	which	the	sum	of	the	deviations	from	the	mean	is	zero.	The
significance	level	is	the	probability	of	making	a	Type	I	error	(rejecting	the	null	when	it	is	true)	and	is	designated	by	the	Greek	letter	alpha	(α).	less	than	zero.	Q(50%)	is	the	median	of	a	distribution.	Following	are	the	rules	for	when	it	is	appropriate	to	use	the	t-test	for	hypothesis	tests	of	the	population	mean.	The	t-distribution	is	the	appropriate
distribution	to	use	when	constructing	confidence	intervals	based	on	A.	The	computed	test	statistic	used	with	the	z-test	is	referred	to	as	the	z-statistic.	For	two-tailed	tests,	the	p-value	is	the	probability	that	lies	above	the	positive	value	of	the	computed	test	statistic	plus	the	probability	that	lies	below	the	negative	value	of	the	computed	test	statistic.
Multicollinearity	is	likely	to	be	present	to	some	extent	in	most	economic	models.	Because	it’s	a	two-tailed	test,	our	pvalue	is	2	×	1.07	=	2.14%,	as	illustrated	in	Figure	17.4.	At	a	3%,	4%,	or	5%	significance	level,	we	would	reject	the	null	hypothesis,	but	at	a	2%	or	1%	significance	level,	we	would	not.	Smaller	models,	on	the	other	hand,	have	high
insample	variance	errors	(i.e.,	lower	R2).	0.28	0.10	.	If	the	result	is	above	the	critical	value,	the	null	will	be	rejected.	The	coefficient	of	determination	(R2)	of	the	model	is	zero.	(page	2)	b.	A	probability	mass	function	(PMF),	f	(x)	=	P(X	=	x),	gives	us	the	probability	that	the	outcome	of	a	discrete	random	variable,	X,	will	be	equal	to	a	given	number,	x.	The
Power	Law	LO	23.e:	Describe	the	power	law	and	its	use	for	non-normal	distributions.	A	With	multiple	testing,	the	alpha	(the	probability	of	incorrectly	rejecting	a	true	null)	is	only	accurate	for	one	single	hypothesis	test.	At	5%	and	1%	respectively,	and	with	critical	values	of	5.99	and	9.21,	the	null	will	be	rejected	if	the	JB	calculation	is	above	these
levels.	(page	179)	b.	0.8554.	Only	statement	I	is	correct.	test	statistic	=	sample	statistic−hypothesized	value	standard	error	of	the	sample	statistic	The	standard	error	of	the	sample	statistic	is	the	adjusted	standard	deviation	of	the	sample.	For	a	linear	or	nonlinear	model,	the	trend	value	can	be	estimated	by	regression,	as	long	as	εt	is	white	noise.
explain	what	is	meant	by	the	statement	that	the	mean	estimator	is	BLUE.	Thus,	the	covariance	will	be	zero	and	the	variance	of	x	¯	is	simply	reduced	to	the	following:	var(¯	x)	=	var(x	1	)+var(x	2	)	4	The	use	of	antithetic	variates	results	in	negative	covariance	between	the	original	random	draws	and	their	complements	(i.e.,	antithetic	variates).	(LO	15.j)
The	following	is	a	review	of	the	Quantitative	Analysis	principles	designed	to	address	the	learning	objectives	set	forth	by	GARP®.	Conditional	probabilities:	P(DA|B)	and	P(DA|R)	3.	The	mean	of	the	Y	variable	is	zero.	Independent	and	Mutually	Exclusive	Events	LO	12.b:	Describe	independent	events	and	mutually	exclusive	events.	In	general,	P(A	or	B)	=
P(A)	+	P(B)	−	P(AB).	The	fourth	and	fifth	columns	rank	the	returns	for	variables	X	and	Y.	The	probability	that	a	normal	random	variable	will	be	more	than	two	standard	deviations	above	its	mean	is	A.	If	all	pairs	are	discordant,	the	output	will	equal	−1.	Bernoulli	distributed	random	variables	are	commonly	used	for	assessing	the	probability	of	binary
outcomes,	such	as	the	probability	that	a	firm	will	default	on	its	debt	over	some	interval.	It	combines	the	lagged	unobservable	random	shock	of	the	MA	process	with	the	observed	lagged	time	series	of	the	AR	process.	Using	only	the	current	period’s	error	term	(εt),	if	the	daily	change	is	positive,	then	we	would	estimate	that	daily	demand	for	ice	cream
would	also	be	positive.	When	the	null	is	less	than	or	equal	to,	the	(mutually	exclusive)	alternative	is	framed	as	greater	than.	.5517	.	.5675	.	Variance	of	the	average	of	multiple	i.i.d.	random	variables	decreases	as	n	increases.	Assuming	a	Poisson	distribution:	λ	=	np	=	(3)(0.05)	=	0.15	Then,	P	(X	=	1)	=	λ	x	−λ	e	x!	=	(0.15)	1	−0.15	e	1!	=	0.129106	(LO
14.a)	2.	CBB	differs	from	i.i.d.	in	that	rather	than	sampling	single	observations,	the	CBB	method	samples	blocks	of	observations.	LO	22.f	Given	a	model	with	a	time	trend	and	seasonal	dummy	variables,	we	can	construct	an	h-step-ahead	point	forecast	by	determining	the	value	of	the	time	trend	at	time	T	+	h	and	setting	the	dummy	variables	to	their
appropriate	0	or	1	values	for	the	period	T	+	h.	LO	21.f	A	lag	operator	when	applied	to	a	value	of	a	time	series	yields	its	lagged	value:	yt	–	1	=	Lyt	An	autoregressive	(AR)	process	is	covariance	stationary	only	if	its	lag	polynomial	is	invertible.	positive	nonlinear	dependence.	In	a	situation	where	two	random	variables	(X	and	Y)	have	n	associated
observations,	Rankx	and	Ranky	serve	as	the	ranks	of	the	variables.	This	is	a	classic	indication	of	multicollinearity.	bσx2	.	Figure	17.2	shows	the	standard	normal	distribution	and	the	rejection	region	for	a	one-tailed	test	(upper	tail)	at	the	5%	level	of	significance.	P(AB)	P(A|B)	.	Reading	20:	Regression	Diagnostics	1.	The	columns	to	the	right	supply
probabilities	for	z-values	with	two	decimal	places.	The	purpose	of	including	the	January	dummy	variable	would	be	to	see	if	stock	returns	in	January	were	significantly	different	than	stock	returns	in	all	other	months	of	the	year.	Since	the	test	statistic	is	less	than	the	critical	value,	we	fail	to	reject	H0	and	conclude	that	the	stock’s	return	equals	0.0%.
Suppose	a	portfolio	manager	creates	a	conditional	PMF	based	on	analyst	ratings,	X2.	They	can	have	correlations	of	zero,	as	long	as	all	are	equal.	require	assumptions	with	respect	to	the	true	distribution	of	the	parameter	estimates.	The	following	example	illustrates	the	use	of	Bayes’	rule	and	provides	some	intuition	about	what	this	formula	is	telling	us.
.9525	.	We	cannot	control	the	standard	deviation,	but	we	can	control	the	number	of	replications.	Similar	to	single	regression,	the	confidence	interval	for	a	regression	coefficient	in	multiple	regression	is	calculated	as:	bj	±	(tc	×	sb	)	j	An	F-test	is	useful	to	evaluate	a	model	against	other	competing	partial	models.	One-Tailed	Probabilities,	p	df	p	=	0.05	p
=	0.025	.	Omitted	variables	may	still	exist,	which	would	improve	the	regression	results	further.	Variance	of	Weighted	Sum	of	Bivariate	Random	Variables	LO	15.g:	Compute	the	variance	of	a	weighted	sum	of	two	random	variables.	MODULE	19.1:	MULTIPLE	REGRESSION	LO	19.a:	Distinguish	between	the	relative	assumptions	of	single	and	multiple
regression.	0.9949.	In	other	words,	each	X	variable	in	the	model	should	have	some	variation	that	is	not	fully	explained	by	the	other	X	variables.	Consider	Event	A,	“scores	above	average	on	an	exam,”	and	Event	B,	“is	taller	than	average.”	For	a	population	of	grade	school	students,	these	events	may	not	be	independent,	as	taller	students	are	older	on
average	and	likely	in	a	higher	grade.	Outliers,	when	removed,	induce	large	changes	in	the	value	of	the	estimated	coefficients.	0.9292.	0.8264.	Also,	be	able	to	compute	expected	value,	and	be	able	to	identify	the	four	common	population	moments	of	a	statistical	distribution.	Jobs	There	are	many	employment	opportunities	available	to	certified	FRMs.
This	credential	sets	professionals	apart	in	the	financial	services	industry.	What	is	the	covariance	of	the	returns	for	Stock	A	and	Stock	B?	To	test	the	hypothesis	that	the	autocorrelations	of	a	time	series	are	jointly	equal	to	zero	based	on	a	small	sample,	an	analyst	should	most	appropriately	calculate	A.	LO	23.b	The	volatility	of	a	variable,	σ,	is	expressed
as	the	standard	deviation	of	its	returns.	If	we	assume	two	series	(X	and	Y)	are	each	independent	and	identically	distributed	(i.i.d.)	and	have	a	covariance	of	cov(X,Y),	the	appropriate	test	statistic	is:	¯	¯	¯	¯	¯	¯	X−	Y	T	=	√	s	2	X	+s	2	Y	−2cov(X,Y)	n	This	test	statistic	has	a	standard	normal	distribution	when	the	null	hypothesis	is	true.	PROFESSOR’S	NOTE
When	you	use	the	standard	normal	probabilities,	you	have	formulated	the	problem	in	terms	of	standard	deviations	from	the	mean.	A	hypothesis	is	a	statement	about	the	value	of	a	population	parameter	developed	for	the	purpose	of	testing	a	theory	or	belief.	Reject	or	fail	to	reject	the	null	hypothesis	after	comparing	the	test	statistic	to	its	critical	value.
If	the	t-statistics	for	the	individual	independent	variables	are	insignificant,	yet	the	F-statistic	is	significant,	this	indicates	the	presence	of	multicollinearity.	For	a	Bernoulli	random	variable	for	which	the	P(x	=	1)	=	p,	the	probability	mass	function	is	f	(x)	=	px	(1	−	p)	1−x.	0.9382.	.8997	.	We	discuss	formal	tests	for	this	in	the	next	section.	0.983	.	C	This
is	an	assumption	for	multiple	regression	and	not	for	single	regression.	0.0290	The	sum	of	all	observations	of	returns	for	the	asset	is	0.36.	Answer:	ˆ	=	β	Cov(X,Y)	Var	X	σ	=	X,Y	σ	2	=	132.11	181.40	=	0.73	X	α	=	Y	−	βX	=	0.11	–	0.73	×	0.084	=	0.049	Interpretation	of	the	coefficients:	β:	A	1%	increase	in	returns	in	the	market	would	lead	to	an	increase	in
0.73%	increase	in	the	return	on	the	stock.	2.086	.	Chapter	10.	This	would	lead	to	inaccurate	results,	regardless	of	the	number	of	replications.	A	lognormal	distribution	exists	for	random	variable	Y,	when	Y	=	eX,	and	X	is	normally	distributed.	0.5625	C.	The	data	generating	process	(DGP)	is	approximated	by	redefining	the	unknown	variable	with	a
variable	that	has	known	properties.	0.43	+	3.09(MKT)	+	2.61(IND)	+	1.70(FORT)	B.	One	important	consideration	is	transactions	costs.	The	conditions	for	a	time	series	to	exhibit	covariance	stationarity	are	least	likely	to	include	A.	An	unbiased	estimator	is	one	for	which	the	expected	value	of	the	estimator	is	equal	to	the	parameter	you	are	trying	to
estimate.	She	is	modeling	a	company’s	sales	and	has	noticed	a	quarterly	seasonal	pattern.	The	Lognormal	Distribution	The	lognormal	distribution	is	generated	by	the	function	ex,	where	x	is	normally	distributed.	The	area	to	the	left	of	–1.33	is	1	−	0.9082	=	0.0918.	LO	24.e	Pseudo-random	numbers	are	not	truly	random,	as	they	are	actually	generated
from	a	formula.	In	such	a	case,	the	OLS	estimates	of	standard	errors	would	be	unreliable	and	Hsu	should	estimate	White	corrected	standard	errors	for	use	in	hypothesis	testing.	0.9878.	(page	143)	g.	Answer:	Given,	RSSF	=	6,650;	RSSP	=	7,140;	n	=	54;	kF	=	3;	and	q	=	number	of	variables	removed	=	2,	the	F-test	statistic	is	computed	as:	F	=
(7,140−6,650)/2	(54−3−2)	=	5	Critical	F-value	at	5%	level	of	significance	(df	numerator	=	2,	df	denominator	=	49)	=	3.19.	Variance	of	the	sum	of	n	i.i.d.	random	variables	is	equal	to	nσ2.	Central	Limit	Theorem	The	central	limit	theorem	(CLT)	states	that	for	simple	random	samples	of	size	n	from	a	population	with	a	mean	µ	and	a	finite	variance	σ2,	the
sampling	distribution	of	the	sample	mean,	µ,	approaches	a	normal	probability	distribution	with	mean	µ	and	variance	equal	to	σ2/n	as	the	sample	size	becomes	large.	B	A	non-normal	distribution	is	likely	to	have	either	positive	or	negative	skewness	and	a	kurtosis	that	is	different	from	three.	MODULE	14.1:	UNIFORM,	BERNOULLI,	BINOMIAL,	AND
POISSON	DISTRIBUTIONS	The	Uniform	Distribution	The	continuous	uniform	distribution	is	defined	over	a	range	that	spans	between	some	lower	limit,	a,	and	some	upper	limit,	b,	which	serve	as	the	parameters	of	the	distribution.	An	analyst	has	determined	that	monthly	vehicle	sales	in	the	United	States	have	been	increasing	over	the	last	10	years,	but
the	growth	rate	over	that	period	has	been	relatively	constant.	For	other	distributions,	the	tails	do	not	decline	as	quickly.	Cross	reference	to	GARP	FRM	Part	I	Quantitative	Analysis,	Chapter	10.	Series	with	time	trends	can	often	be	transformed	into	stationary	series	by	estimating	and	removing	the	trend	component.	.5596	.	The	dependency	between	the
components	is	important,	and	you	should	understand	the	calculation	for	covariance	and	correlation.	.8849	.	A	probability	matrix	is	used	to	describe	the	relationship	between	discrete	distributions	defined	over	a	finite	set	of	values.	These	measures	are	useful	in	determining	the	symmetry	of	the	distribution	and	weight	of	the	tails.	The	mean	is	the
arithmetic	average,	the	median	is	the	middle	of	the	ranked	data	in	order,	and	the	mode	is	the	most	probable	outcome.	The	values	of	±1.96	correspond	to	±zα/2	=	±z0.025,	which	is	the	range	of	z-values	within	which	95%	of	the	probability	lies.	0.7673.	It	is	calculated	as:	3	E[(X−E[X])	]	Skewness(X)	=	2	E[(X−E[X])	]	3/2	=	μ	3	3	σ	The	estimator	for	the
third	moment	is	computed	as:	n	1	n	∑	(Xi	−μ)	ˆ	3	i=1	3	σ	ˆ	Nonsymmetrical	distributions	may	be	either	positively	or	negatively	skewed	and	result	from	the	occurrence	of	outliers	in	the	data	set.	This	reduces	our	ability	to	select	a	correct	model	or	make	valid	forecasts.	Testing	Autocorrelations	LO	21.k:	Describe	the	Box-Pierce	Q-statistic	and	the	Ljung-
Box	Q	statistic.	KEY	CONCEPTS	LO	18.a	Regression	analysis	attempts	to	measure	the	relationship	between	a	dependent	variable	and	one	or	more	independent	variables.	These	joint	probabilities	are	then	divided	by	the	marginal	probability	of	a	positive	analyst	rating,	which	is	computed	as	0%	+	5%	+	25%	=	30%.	Neither	I	nor	II	3.	0.7190.	Cook’s
measure	is	inversely	related	to	the	squared	residuals.	Module	24.1:	Monte	Carlo	Simulation	and	Sampling	Error	Reduction	3.	=	β	k	=	0	versus	HA:	at	least	one	β	j	≠	0	In	such	a	case,	we	calculate	the	F-statistic	as	follows:	F	=	ESS/	k	RSS/	n−k−1	The	calculated	F-statistic	is	then	compared	to	critical	F-value	(with	numerator	degrees	of	freedom	=	k	and
denominator	degrees	of	freedom	=	n	−	k	−	1).	Each	of	these	random	samples	has	its	own	mean,	which	is	itself	a	random	variable,	and	this	set	of	sample	means	has	a	distribution	that	is	approximately	normal.	describe	the	requirements	for	a	series	to	be	covariance	stationary.	Unlike	the	Monte	Carlo	simulation	method,	bootstrapping	uses	actual
historical	data	instead	of	random	data	from	a	probability	distribution.	All	i.i.d.	random	variables	are	from	the	same	univariate	distribution	and	thus	have	the	same	mean,	µ.	There	are	three	concordant	pairs	and	three	discordant	pairs.	If	this	assumption	does	not	hold,	a	regression	will	produce	misleading	indicators	of	significance	(the	t-statistics	of	the
coefficients)	and	goodness-of-fit	(the	R2	of	the	regression),	and	a	trend	model	alone	is	not	sufficient	to	describe	the	time	series.	0.9778.	Because	the	statistically	significant	results	were	for	a	period	of	20	years,	it	may	be	the	case	that	there	is	significant	variation	from	year	to	year	in	the	returns	from	the	strategy,	even	though	the	mean	strategy	return
is	greater	than	zero.	Return	–3%	0%	3%	Probability	30%	30%	40%	Figure	15.2	illustrates	that	the	sum	of	the	columns	and	rows	in	Figure	15.1	are	labeled	as	the	marginal	PMF	for	X1	and	X2.	If	the	p-value	is	less	than	the	significance	level,	the	null	hypothesis	can	be	rejected,	otherwise	we	fail	to	reject	the	null.	The	covariance	between	two	random
variables	is	a	statistical	measure	of	the	degree	to	which	the	two	variables	move	together.	Correcting	Multicollinearity	The	most	common	method	to	correct	for	multicollinearity	is	to	omit	one	or	more	of	the	correlated	independent	variables.	The	mathematical	expression	for	the	Poisson	distribution	for	obtaining	X	successes,	given	that	λ	successes	are
expected,	is:	P(X	=	x)	=	λ	x	−λ	e	x!	An	interesting	feature	of	the	Poisson	distribution	is	that	both	its	mean	and	variance	are	equal	to	the	parameter,	λ.	EPS	Probability	Distribution	Probability	EPS	10%	£1.80	20%	£1.60	40%	£1.20	30%	£1.00	100%	Answer:	The	expected	EPS	is	simply	a	weighted	average	of	each	possible	EPS,	where	the	weights	are	the
probabilities	of	each	possible	outcome.	LO	24.b	The	standard	error	estimate	of	a	Monte	Carlo	simulation,	s/√N,	can	be	reduced	by	a	factor	of	10	by	increasing	N	by	a	factor	of	100,	where	quantity	N	is	the	number	of	replications	or	iterations.	(page	18)	e.	We	could	attempt	to	forecast	sales	for	this	item	as	a	function	of	the	previous	period’s	sales	(yt−1),
the	current	level	of	advertising	(εt),	and	the	one-period	lagged	level	of	advertising	(εt−1).	0.7291.	σ	2	1	(	σ	12	σ12	σ	2	18%	)	=	(	2	ρ	×	18%	×	9%	ρ	×	18%	×	9%	2	9%	2	)	Answer:	The	variance	of	this	two-asset	portfolio	is	computed	as:	σ	2	12	2	=	(0.30)	(0.18)	2	2	+	(0.70)	(0.09)	2	+	2	(0.30)	(0.70)	(0.30	×	0.18	×	0.09)	=	(0.09)(0.0324)	+	(0.49)(0.0081)
+	0.00204	=	0.00292	+	0.00397	+	0.00204	=	0.00893	or	0.893%	The	standard	deviation	for	this	two-asset	portfolio	is	9.45%,	which	is	found	by	taking	the	square	root	of	the	variance.	(page	63)	b.	can	provide	the	same	information	as	a	cumulative	distribution	function	(CDF).	All	independent	white	noise	processes	are	Gaussian	white	noise.	0.9941.
When	the	null	is	that	a	coefficient	is	equal	to	zero,	we	hope	to	reject	it	and	show	the	significance	of	the	relationship.	For	an	AR(1)	process,	the	variance	of	yt	=	2	σε	1−Φ	2	.	That	model	can	also	include	deterministic	factors	and	lagged	differences	of	the	series,	as	appropriate.	The	cokurtosis	then	goes	up	symmetrically	the	further	the	correlation	is
away	from	zero.	A	process	may	have	a	conditional	mean	and	variance	that	are	not	necessarily	constant.	LO	18.g	The	confidence	interval	for	the	slope	coefficient	and	t-test	for	the	hypothesized	value	of	the	slope	coefficient	are	related;	if	the	hypothesized	value	falls	within	the	confidence	interval	for	the	slope	coefficient,	we	fail	to	reject	the	null
hypothesis.	For	the	quantile	function,	Q(x)	A.	First,	the	corresponding	z-value	must	be	determined	as	follows:	z	=	($4.10−$6)	2	=	−0.95	So,	$4.10	is	0.95	standard	deviations	below	the	mean	of	$6.00.	50%	of	the	outcomes	are	greater	than	the	median	and	50%	of	the	outcomes	are	less	than	the	median.	positively	affected	by	the	variance	of	the	residuals
and	negatively	affected	by	the	variance	of	the	independent	variables.	0.20	.	A	high	Cook	measure	for	an	observation	(>	1)	indicates	that	it	is	an	outlier.	Once	we	have	estimated	a	model,	we	can	use	it	to	make	forecasts.	The	arithmetic	average	of	the	sample	is	determined	by	adding	up	all	values	and	dividing	by	the	number	of	observations	in	the
sample,	n.	MODULE	12.2:	CONDITIONAL,	UNCONDITIONAL,	AND	JOINT	PROBABILITIES	Discrete	Probability	Function	LO	12.d:	Calculate	the	probability	of	an	event	for	a	discrete	probability	function.	Rearranging	these	terms,	we	can	arrive	at	Bayes’	rule:	P(A|B)=	P(A|B)×P(A)	P(B)	Given	the	unconditional	probabilities	of	A	and	B	and	the
conditional	probability	of	B	given	A,	we	can	calculate	the	conditional	probability	of	A	given	B.	Lastly,	be	prepared	to	contrast	the	advantages	of	estimating	quantiles	to	traditional	measures	of	dispersion.	.6103	.	The	probability	of	outcomes	in	a	range	that	is	onequarter	of	the	possible	range	is	25%.	(page	160)	k.	Specification	of	the	DGP:	Even	with	a
large	number	of	simulation	iterations,	when	the	assumptions	of	model	inputs	or	the	data	generating	process	are	unrealistic,	imprecise	results	may	occur.	When	data	is	i.i.d.,	the	sample	mean	is	considered	to	be	BLUE.	Answer:	First,	the	expected	returns	for	each	of	the	stocks	must	be	determined.	a	symmetrical	curved	graph	with	the	minimum
cokurtosis	of	1	when	the	correlation	is	0.	The	alternative	hypothesis	states	that	kurtosis	is	equal	to	three.	C	Whenever	we	want	to	distinguish	between	s	seasons	in	a	model	that	incorporates	an	intercept,	we	must	use	s	−	1	dummy	variables.	0.7642.	+	εt−2	+	εt−1	+	εt,	so	its	value	at	time	t	is	a	function	of	its	beginning	value	and	all	shocks.	Because	the
observations	are	equally	likely,	the	weights	are	all	equal	to	1/n.	Which	of	the	following	statements	regarding	the	Jarque-Bera	(JB)	test	statistic	is	most	accurate?	An	analyst	estimates	the	probability	matrix	in	Figure	15.1	for	earnings	announcements	and	stock	returns.	The	ordinary	least	squares	(OLS)	estimation	process	for	multiple	regression	differs
from	single	regression.	The	mathematical	representation	for	the	expected	value	of	random	variable	X	is:	E(X)	=	ΣP(xi)xi=	P(x1)x1	+	P(x2)x2+	…	+	P(xn)xn	Here,	E	is	referred	to	as	the	expectations	operator	and	is	used	to	indicate	the	computation	of	a	probability-weighted	average.	Like	standard	deviation,	the	interquartile	range	is	a	measure	of	the
variability	of	a	random	variable.	The	graph	will	be	an	upward	sloping	linear	relationship	for	the	other	two	asymmetric	cases	of	cokurtosis	k(X,Y,Y,Y)	and	k(X,X,X,Y)	(LO	16.l)	The	following	is	a	review	of	the	Quantitative	Analysis	principles	designed	to	address	the	learning	objectives	set	forth	by	GARP®.	25%	D.	As	a	result,	it	is	used	in	some	credit	risk
models	such	as	CreditMetrics®,	which	will	be	discussed	in	the	FRM	Part	II	curriculum.	Module	12.1:	Basics	of	Probability	3.	.5160	.	LO	21.k	A	joint	test	of	determining	that	all	residual	autocorrelations	equal	zero	versus	at	least	one	is	not	equal	to	zero	is	the	Box-Pierce	(BP)	statistic:	h	QBP	=	T	∑	r	2	i	i=1	where:	QBP	=	chi-squared	statistic	with	h
degrees	of	freedom	T	=	sample	size	ri	=	sample	autocorrelation	at	lag	i	For	smaller	samples	(T	≤	100),	a	version	of	the	BP	statistic	known	as	the	Ljung-Box	(LB)	statistic	works	better:	h	QLB	=	T	∑	(	T+2	T−i	)r	2	i	i=1	LO	21.l	Both	autoregressive	(AR)	and	autoregressive	moving	average	(ARMA)	processes	can	be	applied	to	time	series	data	that	show
signs	of	seasonality.	(LO	20.d)	2.	For	example,	a	model	with	three	independent	variables	(X1,	X2,	and	X3)	can	be	compared	against	a	model	with	only	one	independent	variable	(X1).	A	one-sided	test	is	referred	to	as	a	one-tailed	test,	and	a	two-sided	test	is	referred	to	as	a	two-tailed	test.	ISBN:	978-1-07-880193-5	Required	Disclaimer:	GARP®	does	not
endorse,	promote,	review,	or	warrant	the	accuracy	of	the	products	or	services	offered	by	Kaplan	Schweser	of	FRM®	related	information,	nor	does	it	endorse	any	pass	rates	claimed	by	the	provider.	draw	data	from	historical	data	sets.	Which	of	the	following	is	the	most	appropriate	conclusion	for	Hsu	to	reach?	We	could	begin	with	a	base	AR(2)	model
that	adds	in	a	constant	value	(µ)	if	all	other	values	are	zero.	are	conditionally	independent	only	if	they	are	mutually	exclusive	events.	Note	that	the	population	mean	is	unique	in	that	a	given	population	has	only	one	mean.	0.9966.	define	and	describe	the	properties	of	autoregressive	moving	average	(ARMA)	processes.	This	yields	P(x	=	1)	=	p	and	P(x	=
0)	=	1	−	p.	Therefore,	the	probability	of	the	third	outcome	occurring	is	found	by	subtracting	p1	and	p2	from	1	as	follows:	p3	=	1	−	p1	−	p2	A	probability	matrix	can	be	created	that	summarizes	the	probability	of	each	outcome	occurring.	0.9987.	Figure	16.4	illustrates	the	relationship	between	cokurtosis	and	correlation	for	normal	data	and	the
symmetric	case,	k(X,X,Y,Y).	The	equation	for	calculating	Kendall’s	τ	is:	ˆ	τ	=	nc	−n	d	n(n−1)/2	=n	nc	c	+nd	+nt	−n	n	d	c	+nd	+nt	where:	nc	=	number	of	concordant	pairs	nd	=	number	of	discordant	pairs	nt	=	number	of	ties	If	all	pairs	are	concordant,	the	output	will	equal	exactly	1.	MODULE	23.1:	DEFINING	RETURNS	AND	VOLATILITY	Simple	and
Continuously	Compounded	Returns	LO	23.a:	Calculate,	distinguish	and	convert	between	simple	and	continuously	compounded	returns.	The	CLT	does	not	require	assumptions	about	the	distribution	of	the	random	variables	of	the	population.	(LO	18.b)	2.	That	is,	the	mean	daily	return	of	0.001	is	statistically	different	from	zero	given	the	sample’s
standard	deviation	and	size.	MODULE	QUIZ	20.2	1.	An	expert	source	has	calculated	that	P(boom)	=	0.30,	P(normal)	=	0.50,	and	P(slow)	=	0.20.	0.9099.	A	linear	model	is	inappropriate	to	model	the	variation	in	the	dependent	variable.	This	condition	is	referred	to	as	white	noise,	or	zero-mean	white	noise,	and	the	time	series	is	said	to	follow	a	white
noise	process.	0.9515.	MODULE	QUIZ	24.2	1.	Smaller,	parsimonious	models	have	lower	R2	in-sample	and	a	high	variance	error.	Critical	z-values	for	the	most	common	levels	of	significance	are	displayed	in	Figure	17.5.	You	should	memorize	these	critical	values	for	the	exam.	0.6915.	0.8749.	Chapter	8.	the	slope	coefficient.	The	relationship	between
the	probability	that	both	Event	A	and	Event	B	will	occur	and	the	conditional	probability	of	Event	A	given	that	Event	B	occurs	is:	A.	In	this	case,	the	forecaster	should	rule	out	using	an	MA	process.	For	example,	with	a	simple	linear	trend	model	yt	=	δ0	+	δ1t	+	εt,	the	forecast	for	one	period	ahead	(t	+	1)	would	be:	yt+1	=	δ0	+	δ1(t	+	1)	+	εt+1,	and	a
forecast	for	h	periods	ahead	would	be	yt+h	=	δ0	+	δ1(t	+	h)	+	εt+h.	Variables	cannot	have	negative	coefficients	of	determination	(which	are	correlations	squared)	and	correlations	can	never	be	greater	than	1.	Using	a	lognormal	distribution	to	model	price	relatives	avoids	this	problem.	11.3.	3.	small	samples	from	populations	with	known	variance	that
are	at	least	approximately	normal.	This	flexibility	provides	the	highest	possible	set	of	combinations	for	time	series	forecasting	of	the	three	models	discussed	in	this	reading.	describes	the	probabilities	for	any	random	variable.	.9744	.	Which	of	the	following	conditions	is	necessary	for	an	autoregressive	(AR)	process	to	be	covariance	stationary?	The
standard	errors	are	unreliable.	In	order	for	the	ARMA	process	to	be	covariance	stationary,	which	is	important	for	forecasting,	we	must	still	observe	that	|θ|	<	1.	(page	199)	g.	For	a	normal	distribution,	this	interval	is	based	on	the	expected	value	(sometimes	called	a	point	estimate)	of	the	random	variable	and	on	its	variability,	which	we	measure	with
standard	deviation.	EXAMPLE:	Bayes’	formula	There	is	a	60%	probability	the	economy	will	outperform,	and	if	it	does,	there	is	a	70%	probability	a	stock	will	go	up	and	a	30%	probability	the	stock	will	go	down.	A	simple	return	can	be	expressed	over	various	periods	of	time,	spanning	from	a	single	hour	to	a	full	year.	If	the	calculated	test	statistic	is
greater	than	1.645,	we	conclude	that	the	sample	statistic	is	sufficiently	greater	than	the	hypothesized	value.	To	produce	pseudo-random	numbers,	an	initial	seed	value	must	first	be	chosen.	0.6664.	The	following	example	illustrates	how	the	standard	error	for	a	Monte	Carlo	simulation	is	reduced	by	using	the	antithetic	variate	technique.	The	quantile
function,	Q(74%),	would	return	the	student’s	score	of	122.	Your	assistance	in	pursuing	potential	violators	of	this	law	is	greatly	appreciated.	This	represents	the	area	under	the	curve	to	the	left	of	the	critical	value	+1.33.	On	the	positive	side,	the	arithmetic	mean	uses	all	the	information	available	about	the	observations.	P(A|B)	=	P(A).	0.9066.	compute
the	marginal	and	conditional	distributions	of	a	discrete	bivariate	random	variable.	n	∑	Xi	ˆ	µ	=	i=1	n	Sample	data	is	then	used	instead	of	random	data	from	a	population,	Xi.	The	mean	estimator	is	a	formula	that	transforms	data	into	an	estimate	of	the	true	population	mean	using	observed	data	from	a	sample	of	the	population.	The	Beta	Distribution	The
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2.21	2.42	2.34	2.25	2.18	2.10	2.33	2.25	2.17	2.09	2.01	2.27	2.18	2.10	2.02	1.94	2.21	2.12	2.04	1.96	1.88	2.16	2.08	1.99	1.91	1.83	2.09	2.00	1.92	1.83	1.75	2.01	1.92	1.84	1.75	1.67	1.93	1.84	1.75	1.66	1.57	1.89	1.79	1.70	1.61	1.52	1.84	1.74	1.65	1.55	1.46	1.79	1.69	1.59	1.50	1.39	F-TABLE	AT	2.5%	Critical	values	of	the	F-distribution	at	a	2.5%	level	of
significance	Degrees	of	freedom	for	the	numerator	along	top	row	Degrees	of	freedom	for	the	denominator	along	side	row	1	2	3	4	5	1	648	38.51	17.44	12.22	10.01	2	799	39.00	16.04	10.65	8.43	3	864	39.17	15.44	9.98	7.76	4	900	39.25	15.10	9.60	7.39	5	922	39.30	14.88	9.36	7.15	6	937	39.33	14.73	9.20	6.98	7	948	39.36	14.62	9.07	6.85	8	957	39.37
14.54	8.98	6.76	9	963	39.39	14.47	8.90	6.68	10	969	39.40	14.42	8.84	6.62	12	977	39.41	14.34	8.75	6.52	15	985	39.43	14.25	8.66	6.43	20	993	39.45	14.17	8.56	6.33	9	3	1	8	6	6	7	8	9	10	8.81	8.07	7.57	7.21	6.94	7.26	6.54	6.06	5.71	5.46	6.60	5.89	5.42	5.08	4.83	6.23	5.52	5.05	4.72	4.47	5.99	5.29	4.82	4.48	4.24	5.82	5.12	4.65	4.32	4.07	5.70	4.99	4.53
4.20	3.95	5.60	4.90	4.43	4.10	3.85	5.52	4.82	4.36	4.03	3.78	5.46	4.76	4.30	3.96	3.72	5.37	4.67	4.20	3.87	3.62	5.27	4.57	4.10	3.77	3.52	5.17	4.47	4.00	3.67	3.42	5	4	3	3	3	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	30	40	60	6.72	6.55	6.41	6.30	6.20	6.12	6.04	5.98	5.92	5.87	5.83	5.79	5.75	5.72	5.69	5.57	5.42	5.29	5.26	5.10	4.97	4.86	4.77	4.69	4.62
4.56	4.51	4.46	4.42	4.38	4.35	4.32	4.29	4.18	4.05	3.93	4.63	4.47	4.35	4.24	4.15	4.08	4.01	3.95	3.90	3.86	3.82	3.78	3.75	3.72	3.69	3.59	3.46	3.34	4.28	4.12	4.00	3.89	3.80	3.73	3.66	3.61	3.56	3.51	3.48	3.44	3.41	3.38	3.35	3.25	3.13	3.01	4.04	3.89	3.77	3.66	3.58	3.50	3.44	3.38	3.33	3.29	3.25	3.22	3.18	3.15	3.13	3.03	2.90	2.79	3.88	3.73	3.60	3.50	3.41
3.34	3.28	3.22	3.17	3.13	3.09	3.05	3.02	2.99	2.97	2.87	2.74	2.63	3.76	3.61	3.48	3.38	3.29	3.22	3.16	3.10	3.05	3.01	2.97	2.93	2.90	2.87	2.85	2.75	2.62	2.51	3.66	3.51	3.39	3.29	3.20	3.12	3.06	3.01	2.96	2.91	2.87	2.84	2.81	2.78	2.75	2.65	2.53	2.41	3.59	3.44	3.31	3.21	3.12	3.05	2.98	2.93	2.88	2.84	2.80	2.76	2.73	2.70	2.68	2.57	2.45	2.33	3.53	3.37	3.25
3.15	3.06	2.99	2.92	2.87	2.82	2.77	2.73	2.70	2.67	2.64	2.61	2.51	2.39	2.27	3.43	3.28	3.15	3.05	2.96	2.89	2.82	2.77	2.72	2.68	2.64	2.60	2.57	2.54	2.51	2.41	2.29	2.17	3.33	3.18	3.05	2.95	2.86	2.79	2.72	2.67	2.62	2.57	2.53	2.50	2.47	2.44	2.41	2.31	2.18	2.06	3.23	3.07	2.95	2.84	2.76	2.68	2.62	2.56	2.51	2.46	2.42	2.39	2.36	2.33	2.30	2.20	2.07	1.94	3	3	2	2
2	2	2	2	2	2	2	2	2	2	2	2	2	1	120	∞	5.15	5.02	3.80	3.69	3.23	3.12	2.89	2.79	2.67	2.57	2.52	2.41	2.39	2.29	2.30	2.19	2.22	2.11	2.16	2.05	2.05	1.94	1.94	1.83	1.82	1.71	CHI-SQUARED	TABLE	Values	of	χ2	(Degrees	of	Freedom,	Level	of	Significance)	Probability	in	Right	Tail	Degrees	of	Freedom	1	2	3	4	5	0.99	0.975	0.95	0.9	0.1	0.05	0.025	0.01	0.005
0.000157	0.020100	0.1148	0.297	0.554	0.000982	0.050636	0.2158	0.484	0.831	0.003932	0.102586	0.3518	0.711	1.145	0.0158	0.2107	0.5844	1.064	1.610	2.706	4.605	6.251	7.779	9.236	3.841	5.991	7.815	9.488	11.070	5.024	7.378	9.348	11.143	12.832	6.635	9.210	11.345	13.277	15.086	7.879	10.597	12.838	14.860	16.750	6	7	8	9	10	0.872	1.239	1.647
2.088	2.558	1.237	1.690	2.180	2.700	3.247	1.635	2.167	2.733	3.325	3.940	2.204	2.833	3.490	4.168	4.865	10.645	12.017	13.362	14.684	15.987	12.592	14.067	15.507	16.919	18.307	14.449	16.013	17.535	19.023	20.483	16.812	18.475	20.090	21.666	23.209	18.548	20.278	21.955	23.589	25.188	11	12	13	14	15	3.053	3.571	4.107	4.660	5.229	3.816	4.404
5.009	5.629	6.262	4.575	5.226	5.892	6.571	7.261	5.578	6.304	7.041	7.790	8.547	17.275	18.549	19.812	21.064	22.307	19.675	21.026	22.362	23.685	24.996	21.920	23.337	24.736	26.119	27.488	24.725	26.217	27.688	29.141	30.578	26.757	28.300	29.819	31.319	32.801	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	50	60	80	100	5.812	6.408	7.015
7.633	8.260	8.897	9.542	10.196	10.856	11.524	12.198	12.878	13.565	14.256	14.953	29.707	37.485	53.540	70.065	6.908	7.564	8.231	8.907	9.591	10.283	10.982	11.689	12.401	13.120	13.844	14.573	15.308	16.047	16.791	32.357	40.482	57.153	74.222	7.962	8.672	9.390	10.117	10.851	11.591	12.338	13.091	13.848	14.611	15.379	16.151	16.928	17.708
18.493	34.764	43.188	60.391	77.929	9.312	10.085	10.865	11.651	12.443	13.240	14.041	14.848	15.659	16.473	17.292	18.114	18.939	19.768	20.599	37.689	46.459	64.278	82.358	23.542	24.769	25.989	27.204	28.412	29.615	30.813	32.007	33.196	34.382	35.563	36.741	37.916	39.087	40.256	63.167	74.397	96.578	118.498	26.296	27.587	28.869	30.144
31.410	32.671	33.924	35.172	36.415	37.652	38.885	40.113	41.337	42.557	43.773	67.505	79.082	101.879	124.342	28.845	30.191	31.526	32.852	34.170	35.479	36.781	38.076	39.364	40.646	41.923	43.195	44.461	45.722	46.979	71.420	83.298	106.629	129.561	32.000	33.409	34.805	36.191	37.566	38.932	40.289	41.638	42.980	44.314	45.642	46.963
48.278	49.588	50.892	76.154	88.379	112.329	135.807	34.267	35.718	37.156	38.582	39.997	41.401	42.796	44.181	45.558	46.928	48.290	49.645	50.994	52.335	53.672	79.490	91.952	116.321	140.170	1	1	All	rights	reserved	under	International	and	Pan-American	Copyright	Conventions.	In	the	area	of	investment	and	portfolio	management,	the	normal
distribution	plays	a	central	role	in	portfolio	theory.	Another	way	of	expressing	this	condition	is	as	follows:	var	(ˆ	y)	−	2cov	(ˆ	x	,ˆ	y)	<	0	This	relationship	can	be	simplified	as	follows:	var(ˆ	y)	cov	(ˆ	x,ˆ	y)	>	2	The	covariance	can	be	converted	to	correlation	by	dividing	both	sides	of	the	previous	inequality	by	the	product	of	the	standard	deviations	as
follows:	corr	(ˆ	x	,ˆ	y)	>	1	2	√	var(ˆ	y)	var(ˆ	x)	A	practical	financial	example	of	applying	control	variates	is	the	use	of	Monte	Carlo	simulations	in	pricing	Asian	options.	If	data	is	more	variable,	then	it	is	more	difficult	to	estimate	the	true	variance.	Keep	in	mind	that	hypothesis	testing	is	used	to	make	inferences	about	the	parameters	of	a	given	population
on	the	basis	of	statistics	computed	for	a	sample	that	is	drawn	from	that	population.	Structural	changes:	Another	limitation	of	the	bootstrapping	method	is	that	there	may	have	been	recent	permanent	fundamental	changes	in	the	market.	Pearson’s	correlation	serves	as	a	method	of	measuring	linear	dependence.	explain	how	a	probability	matrix	can	be
used	to	express	a	probability	mass	function.	Figure	14.8:	Chi-Squared	Distribution	The	chi-squared	test	statistic,	χ2,	with	n	−	1	degrees	of	freedom,	is	computed	as:	χ	2	n−1	(n−1)s	=	2	2	σ	0	where:	n	=	sample	size	s2	=	sample	variance	σ	=	hypothesized	value	for	the	population	variance	2	0	The	chi-squared	test	compares	the	test	statistic	to	a	critical
chi-squared	value	at	a	given	level	of	significance	to	determine	whether	to	reject	or	fail	to	reject	a	null	hypothesis.	Analysts	trying	to	model	a	variable	need	to	determine	the	factors	that	should	be	included/excluded	in	their	model.	Modeling	and	removing	the	trend	component	results	in	a	detrended	time	series	that	we	may	be	able	to	analyze	further.	(LO
20.e)	3.	The	covariance	captures	the	linear	relationship	between	one	variable	and	another.	The	significance	of	the	Yule-Walker	equation	is	that	for	autoregressive	processes,	the	autocorrelation	decays	geometrically	to	zero	as	t	increases.	B	The	coefficient	is	equal	to	0.75,	so	using	the	concept	derived	from	the	Yule-Walker	equation,	the	first-period
autocorrelation	is	0.75	(i.e.,	0.751),	and	the	second-period	autocorrelation	is	0.5625	(i.e.,	0.752).	For	instance,	a	statement	could	be,	“The	mean	return	for	the	U.S.	equity	market	is	greater	than	zero.”	Given	the	relevant	returns	data,	hypothesis	testing	procedures	can	be	employed	to	test	the	validity	of	this	statement	at	a	given	significance	level.
Hence,	the	hypothesis	may	be	that	the	mean	daily	return	on	a	portfolio	of	stock	options	is	positive.	Sample	parameters	can	be	used	to	draw	conclusions	about	true	population	parameters	which	are	unknown.	An	AR	process	shows	evidence	of	autocorrelation	cutoff.	Two-sided	tests	allow	for	deviation	on	both	sides	of	the	hypothesized	value	(zero).
0.9896.	The	number	of	hours	a	housefly	will	live	C.	Thus,	s2,	as	expressed	in	the	equation,	is	considered	to	be	an	unbiased	estimator	of	σ2.	(page	157)	g.	explain	how	to	test	whether	a	regression	is	affected	by	heteroskedasticity.	0.9656.	Note	that	the	first	cokurtosis	measurement	k(X,X,Y,Y)	is	for	the	symmetrical	case	where	there	are	two
measurements	from	each	variable	(2,2).	A	random	walk	is	most	accurately	described	as	a	time	series	whose	value	is	a	function	of	its	A.	For	example,	in	a	time	series	regression	of	monthly	stock	returns,	we	might	incorporate	a	January	dummy	variable	that	would	take	on	the	value	of	one	if	a	stock	return	occurred	in	January,	and	zero	if	it	occurred	in
any	other	month.	What	are	the	conditional	probabilities	of	the	three	monthly	stock	returns	given	that	the	analyst	rating	is	positive?	To	be	covariance	stationary,	a	time	series	must	have	a	stable	mean,	a	stable	covariance	structure	(i.e.,	autocovariances	depend	only	on	displacement,	not	on	time),	and	a	finite	variance.	A	confidence	interval	is	a	range	of
values	within	which	the	researcher	believes	the	true	population	parameter	may	lie.	describe	the	basic	steps	to	conduct	a	Monte	Carlo	simulation.	B	The	variance	of	the	average	of	multiple	i.i.d.	random	variables	decreases	as	n	increases.	LO	22.e:	Describe	how	to	test	if	a	time	series	contains	a	unit	root.	Figure	15.2:	Marginal	PMFs	of	X1	and	X2	A
conditional	distribution	sums	the	probabilities	of	the	outcomes	for	each	component	conditional	on	the	other	component	being	a	specific	value.	While	work	can	be	found	in	nearly	any	industry,	some	of	the	most	common	professions	include:	Risk	Analyst	Risk	Manager	Credit	Risk	Analyst	Regulatory	Risk	Analyst	Chief	Risk	Officer	(CRO)	Risk
Analyst:Risk	analysts	are	responsible	analyzing	data	to	calculate	risks	and	outcomes.	explain	two	model	selection	procedures	and	how	these	relate	to	the	bias-variance	trade-off.	The	numerator	for	the	calculation	of	the	updated	probability	P(A|B)	using	Bayes’	formula	in	the	example	is	the	joint	probability	of	outperform	and	gains.	2.021	.	The
correlation	will	be	close	to	1	when	highly	ranked	values	of	X	and	Y	are	paired	together.	When	using	the	YuleWalker	concept	to	solve	for	the	autocorrelations	of	an	AR(1)	process,	we	use	the	following	relationship:	ρt	=	Φ|t|	for	t	=	0,1,2,...	0.9838	STUDENT’S	t-DISTRIBUTION	df	df	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	Level	of	Significance
for	One-Tailed	Test	0.100	0.050	0.025	0.01	0.005	0.0005	Level	of	Significance	for	Two-Tailed	Test	0.20	0.10	0.05	0.02	0.01	0.001	3.078	6.314	12.706	31.821	63.657	636.619	1.886	2.920	4.303	6.965	9.925	31.599	1.638	2.353	3.182	4.541	5.841	12.294	1.533	2.132	2.776	3.747	4.604	8.610	1.476	2.015	2.571	3.365	4.032	6.869	1.440	1.943	2.447	3.143
3.707	5.959	1.415	1.895	2.365	2.998	3.499	5.408	1.397	1.860	2.306	2.896	3.355	5.041	1.383	1.833	2.262	2.821	3.250	4.781	1.372	1.812	2.228	2.764	3.169	4.587	1.363	1.796	2.201	2.718	3.106	4.437	1.356	1.782	2.179	2.681	3.055	4.318	1.350	1.771	2.160	2.650	3.012	4.221	1.345	1.761	2.145	2.624	2.977	4.140	1.341	1.753	2.131	2.602	2.947	4.073
1.337	1.746	2.120	2.583	2.921	4.015	1.333	1.740	2.110	2.567	2.898	3.965	1.330	1.734	2.101	2.552	2.878	3.922	1.328	1.729	2.093	2.539	2.861	3.883	.	0.900.	The	covariance	of	i.i.d.	random	variables	is	always	zero.	The	null	hypothesis	would	be	that	the	difference	between	the	two	is	equal	to	zero,	versus	the	alternative	that	it	is	not	equal	to	zero.	When
the	statistic	is	high,	the	null	is	likely	to	be	rejected	(with	the	alternative	hypothesis	not	being	rejected).	x	¯	One-Tailed	and	Two-Tailed	Tests	of	Hypotheses	LO	17.b:	Differentiate	between	a	one-sided	and	a	two-sided	test	and	identify	when	to	use	each	test.	In	this	type	of	example,	there	are	n	independent	trials,	and	each	trial	has	one	of	three	discrete
possible	outcomes.	The	only	way	this	can	happen	is	when	the	independent	variables	are	highly	correlated	with	each	other,	so	while	their	common	source	of	variation	is	explaining	the	dependent	variable,	the	high	degree	of	correlation	also	“washes	out”	the	individual	effects.	PROFESSOR’S	NOTE	Since	central	moments	are	measured	relative	to	the
mean,	the	first	central	moment	equals	zero	and	is,	therefore,	not	typically	used.	There	are	p	−	1	measures	required	for	computed	the	pth	moment.	(LO	13.e)	3.	(LO	19.b)	2.	The	alternative	hypothesis	states	that	skewness	is	not	equal	to	zero	and	kurtosis	is	not	equal	to	three.	LO	18.d	The	OLS	estimators,	α	and	β,	are	unbiased	and	consistent	estimators
of	respective	population	parameters	and	their	sampling	distribution	is	approximately	normal.	0.6179.	Key	Concepts	6.	.5080	.	In	finance,	we	are	often	interested	in	testing	whether	the	means	of	two	populations	are	equal	to	each	other.	A	more	generic	F-test	is	used	to	test	the	hypothesis	that	all	variables	included	in	the	model	do	not	contribute
meaningfully	in	explaining	the	variation	in	Y	versus	at	least	one	of	the	variables	does	contribute	statistically	significantly.	C	In	order	for	an	AR	process	to	be	covariance	stationary,	the	absolute	value	of	each	of	the	slope	coefficients	should	be	less	than	1.	.5478	.	(page	4)	g.	.05	.	0.8944.	The	PDF	for	this	distribution	is	as	follows:	f(x)	=	1	β	×	e	−x/β	,	x	≥
0	In	the	previous	function,	the	scale	parameter,	β,	is	greater	than	zero	and	is	the	reciprocal	of	the	rate	parameter	λ	(i.e.,	λ	=	1/	β).	C	The	p-value	provided	is	for	hypothesized	value	of	the	slope	coefficient	being	equal	to	0.	.8925	.	n	n	n	Var	[∑	Xi	]	=	∑	σ	i=1	2	n	+	2∑	∑	i=1	0	j=1	k=j+1	This	results	in	the	second	term	of	the	previous	equation	dropping
out,	and	we	are	simply	left	with	the	sum	of	all	variances.	Module	20.1:	Heteroskedasticity	and	Multicollinearity	3.	(page	155)	f.	EXAMPLE:	Confidence	interval	Using	option	portfolio	data	from	the	previous	examples,	construct	a	95%	confidence	interval	for	the	population	mean	daily	return	over	the	250-day	sample	period.	The	most	common	way	to	test
a	series	for	a	unit	root	is	with	an	augmented	Dickey-Fuller	test.	If	the	original	set	of	random	draws	is	denoted	ut	for	each	replication,	then	the	simulation	is	rerun	with	the	complement	set	of	random	numbers	denoted	−ut.	0.9934.	0.625.	The	option	price	is	not	needed	for	the	calculation.	+	P(A|Bn)	P(Bn)	This	is	the	sum	of	the	joint	probabilities.	Since
the	test	statistic	is	less	than	the	critical	value,	we	fail	to	reject	H0.	However,	the	block	size	should	not	be	so	large	that	the	number	of	blocks	becomes	small.	Fundamentals	of	Probability	Global	Association	of	Risk	Professionals.	Seasonal	differencing	can	also	help	in	modeling	series	with	time	trends	and	unit	roots.	This	is	not	a	problem	because	we
know	from	the	symmetry	of	the	standard	normal	distribution	that	F(−Z)	=	1	−	F(Z).	LO	21.h	Autoregressive	moving	average	(ARMA)	models	are	used	for	those	time	series	that	show	signs	of	both	autoregressive	(AR)	and	moving	average	(MA)	processes.	This	too	is	a	result	of	sampling	with	replacement.	Chapter	12.	Returns	for	Stocks	X	and	Y	Year
2011	2012	2013	2014	X	25.0%	−20.0%	40.0%	−10.0%	Y	−20.0%	10.0%	20.0%	30.0%	Answer:	The	calculations	for	determining	the	Spearman	rank	correlation	coefficient	are	shown	in	the	table	below.	Notice	that	the	significance	level	of	0.05	means	that	there	is	0.05	/	2	=	0.025	probability	(area)	under	each	tail	of	the	distribution	beyond	±1.96.	By
payment	of	the	required	fees,	you	have	been	granted	the	non-exclusive,	non-transferable	right	to	access	and	read	the	text	of	this	eBook	on	screen.	MODULE	QUIZ	21.2	1.	Table	of	contents	:	Learning	Objectives	and	Reading	AssignmentsReading	12:	Fundamentals	of	Probability	Exam	Focus	Module	12.1:	Basics	of	Probability	Module	12.2:	Conditional,
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Therefore,	location	shifts	have	no	impact	on	the	variance	or	covariance	calculations,	because	only	the	deviations	from	the	respective	means	are	relevant.	characterize	multicollinearity	and	its	consequences;	distinguish	between	multicollinearity	and	perfect	collinearity.	(LO	22.b)	2.	Thus,	given	a	sample	mean	equal	to	0.1%,	the	95%	confidence	interval
for	the	population	mean	is:	0.1	−	1.96(0.0158)	≤	µ	≤	0.1	+	1.96(0.0158),	or	0.069%	≤	µ	≤	0.1310%	Because	there	is	a	95%	probability	that	the	true	mean	is	within	this	confidence	interval,	we	can	reject	the	hypothesis	µ	=	0	because	0	is	not	within	the	confidence	interval.	Interpreting	Regression	Results	The	intercept	term,	α,	is	the	value	of	the
dependent	variable	when	the	independent	variable	is	equal	to	zero.	This	meets	the	requirement	for	independence	that	P(A|B)	=	P(A).	B	Cov(RA,RB)	=	0.4(–0.1	–	0.08)(0.5	–	0.17)	+	0.3(0.1	–	0.08)(0.2	–	0.17)	+	0.3(0.3	–	0.08)(–0.3	–	0.17)	=	–0.0546	(LO	16.k)	5.	The	correlation	of	returns	between	Stocks	A	and	B	is	0.50.	B	Linear	regression	refers	to	a
regression	that	is	linear	in	the	coefficients/parameters;	it	may	or	may	not	be	linear	in	the	variables,	which	can	enter	a	linear	regression	after	appropriate	transformation.	8,374	to	8,796.	Thus,	the	notation	for	the	marginal	PMF	is	the	same	notation	for	a	univariate	random	variable:	fx	1	(x1	)	=	∑	fx1	,x2	(x1	,	x2	)	x2	∈R(X2	)	The	computation	of	a
marginal	distribution	can	be	shown	using	the	previous	example	of	earnings	announcements	and	monthly	stock	returns.	Note	also	that	the	three	categories	are	also	exhaustive;	the	categories	cover	all	the	possible	levels	of	educational	attainment.	is	positively	skewed.	0.8770.	0.5871.	These	two	returns	will	have	a	negative	covariance	because	they
move	in	opposite	directions.	Figure	15.4	illustrates	the	impact	of	correlation	on	the	standard	deviation	for	the	two-asset	portfolio	in	the	previous	example	using	the	optimal	(minimum	risk)	portfolio	weight	at	different	correlations	between	−1	and	+1.	The	F-distribution	is	right-skewed	and	is	truncated	at	zero	on	the	left-hand	side.	Covariance	structure
refers	to	the	covariances	among	the	values	of	a	time	series	at	its	various	lags,	which	are	a	given	number	of	periods	apart	at	which	we	can	observe	its	values.	READING	21:	STATIONARY	TIME	SERIES	EXAM	FOCUS	In	this	reading,	we	learn	to	model	the	cyclical	component	of	a	time	series	using	autoregressive	(AR),	moving	average	(MA),	and
autoregressive	moving	average	(ARMA)	processes.	In	other	words,	we	reject	the	null	hypothesis.	The	median	is	important	because	the	arithmetic	mean	can	be	affected	by	extremely	large	or	small	values	(outliers).	To	apply	the	lag	operator	over	multiple	periods,	Lmyt	=	yt−m.	Three	D.	.8907	.	The	random	variables	are	normally	distributed.	The	chi-
squared	distribution	is	asymmetrical,	bounded	below	by	zero,	and	approaches	the	normal	distribution	in	shape	as	the	degrees	of	freedom	increase.	The	first-order	moving	average	[MA(1)]	process	can	be	defined	as:	yt	=	μ	+	θεt−1	+	εt	where:	μ	=	mean	of	the	time	series	εt	=	current	random	white	noise	shock	(mean	0)	εt−1	=	one-period	lagged
random	white	noise	shock	θ	=	coefficient	for	the	lagged	random	shock	The	MA(1)	process	is	considered	to	be	first-order	because	it	only	has	one	lagged	error	term	(εt−1).	Figure	17.2:	One-Tailed	Hypothesis	Test	EXAMPLE:	One-tailed	test	Perform	a	z-test	using	the	option	portfolio	data	from	the	previous	example	to	test	the	belief	that	option	returns
are	positive.	Also,	by	combining	distributions	that	have	significantly	different	means,	we	can	create	a	mixture	distribution	with	multiple	modes	(e.g.,	a	bimodal	distribution).	Answer	Key	for	Module	Quizzes	12.	The	quantile	function,	Q(a),	is	the	inverse	of	the	CDF.	At	a	5%	level	of	significance,	the	critical	z-values	for	a	two-tailed	test	are	±1.96,	so	the
decision	rule	can	be	stated	as:	Reject	H0	if:	test	statistic	<	−1.96	or	test	statistic	>	+1.96	The	standard	error	of	the	sample	mean	is	the	adjusted	standard	deviation	of	the	sample.	Coskewness	is	always	zero	in	a	bivariate	normal	sample	because	the	data	is	symmetrical	and	normally	distributed.	If	it	falls	inside	the	confidence	interval,	we	fail	to	reject
the	null	hypothesis.	Module	18.2:	Ordinary	Least	Squares	Estimation	4.	In	other	cases,	the	probabilities	of	the	outcomes	are	not	equal	and	we	calculate	the	expected	value	as	the	weighted	sum	of	the	outcomes,	where	the	weights	are	the	probabilities	of	each	outcome.	(LO	24.d)	2.	While	it	is	a	goodness	of	fit	measure,	R2	by	itself	may	not	be	a	reliable
measure	of	the	explanatory	power	of	the	multiple	regression	model	due	to	three	reasons.	The	best	linear	unbiased	estimator	(BLUE)	is	the	best	estimator	of	the	population	mean	available	because	it	has	the	minimum	variance	of	any	linear	unbiased	estimator.	Both	the	mean	and	variance	are	finite.	Formulas	16.	The	power	of	a	test	is	one	minus	the
probability	of	a	Type	II	error.	LO	12.g	Bayes’	rule	is:	P(A∣	∣B)	=	P(AB)	P(B)	This	formula	allows	us	to	update	the	unconditional	probability,	P(A),	based	on	the	fact	that	B	has	occurred.	1.671	.	MODULE	21.1:	COVARIANCE	STATIONARY	LO	21.a:	Describe	the	requirements	for	a	series	to	be	covariance	stationary.	The	R2	measure	may	be	spurious,
meaning	that	the	independent	variables	may	show	a	high	R2;	however,	they	are	not	the	exact	cause	of	the	movement	in	the	dependent	variable.	4	E[(X−μ)	]	kurtosis	=	4	σ	Kurtosis	is	a	measure	of	the	shape	of	a	distribution,	in	particular	the	total	probability	in	the	tails	of	the	distribution	relative	to	the	probability	in	the	rest	of	the	distribution.	Notice
that	zero	does	not	fall	in	the	confidence	interval,	which	should	always	be	the	case	if	we	correctly	rejected	the	null	hypothesis	of	β	=	0	in	our	hypothesis	test.	11.72%	2	0%	23.5%	4%	64.0%	MODULE	15.4:	INDEPENDENT	AND	IDENTICALLY	DISTRIBUTED	RANDOM	VARIABLES	LO	15.i:	Describe	the	features	of	an	iid	sequence	of	random	variables.
minimizes	the	sum	of	the	squared	error	terms.	For	the	flip	of	a	fair	coin,	we	refer	to	the	probability	of	heads	as	P(heads),	which	is	50%.	In	addition,	the	CLT	does	not	require	assumptions	about	the	distribution	of	the	random	variables	of	the	population.	Assuming	the	arrival	of	calls	follows	a	Poisson	distribution,	what	is	the	probability	that	in	a	given
minute	exactly	5.0	phone	calls	will	be	received?	Partial	results	are	provided	below	(note	that	these	represent	three	separate	one-variable	regressions):	Explanatory	Variable	Inflation	Unemployment	rate	GDP	growth	rate	Coefficient	1.08	−0.48	1.33	Standard	Error	0.67	0.12	0.45	p-Value	0.11	<	0.001	0.005	The	critical	t-value	at	5%	level	of	significance
is	equal	to	2.02.	To	get	the	end-of-period	asset	price,	we	can	simply	multiply	the	price	relative	by	the	beginning-of-period	asset	price.	Figure	21.2:	White	Noise	Process	One	important	purpose	of	the	white	noise	concept	is	to	analyze	a	forecasting	model.	What	is	P(x	>	4)?	provides	the	probability	of	each	of	the	possible	outcomes	of	a	random	variable.
define	correlation	and	covariance	and	differentiate	between	correlation	and	dependence.	The	“extra”	period	is	accounted	for	by	the	condition	that	all	the	other	dummy	variables	equal	zero.	0.7794.	Consider	taking	the	variance	of	both	sides	of	the	equation	that	defines	the	new	variable	such	that:	var	(x*)	=	var	[y	+	(ˆ	x	−	ˆ	y)]	The	control	variable	y
does	not	have	a	sampling	error	because	it	has	known	properties.	Another	possible	random	shock	for	sales	could	be	the	seasonal	effects	of	weather	conditions.	.9940	.	While	bootstrapping	is	a	useful	statistical	technique,	it	has	its	limitations.	For	example,	if	we	suspect	a	time	series	exhibits	holiday	variations	(HDV)	and	trading-day	variations,	we	can
account	for	them	with	additional	dummy	variables:	v1	s	y	t	v2	HDV	=	β1	(t)	+	∑	γ	(Di,t	)	+	∑	δi	i	i=1	i=1	TDV	(HDVi,t	)	+	∑	δi	i=1	(TDVi,t	)	+	εt	This	complete	model	can	now	be	used	for	out-of-sample	forecasts	at	time	T	+	h	by	constructing	an	h-step-ahead	point	forecast	as	follows:	v1	s	y	HDV	T+h	=	β1	(T	+	h)	+	∑	γ	(Di,T+h	)	+	∑	δi	i	i=1	(HDVi,T+h	)



i=1	v2	TDV	+	∑	δi	(TDVi,T+h	)	+	εT+h	i=1	That	is,	determine	the	value	for	the	time	trend	at	time	T	+	h	and	set	the	dummy	variables	to	their	appropriate	0	or	1	values	for	the	period	T	+	h.	negative	nonlinear	dependence.	.9756	.	MODULE	QUIZ	14.2	1.	P(A)	×	P(B)	=	P(AB).	The	standard	deviation	of	this	minimum	risk	portfolio	is	approximately	17%.
(LO	23.c)	2.	Multicollinearity	refers	to	when	two	or	more	of	the	independent	variables,	or	linear	combinations	of	the	independent	variables,	in	a	multiple	regression	are	highly	correlated	with	each	other.	We	can	also	extend	the	first	effect	and	show	that	the	correlation	is	scale	free	and	is	either	+1	or	−1	when	a	or	b	are	not	equal	to	zero.	1.44	and	1.23
5.	Given	this	information,	calculate	the	sample	mean,	variance,	and	standard	deviation.	The	standard	error	of	the	regression	(SER)	measures	the	uncertainty	about	the	accuracy	of	the	predicted	values	of	the	dependent	variable.	The	probability	of	success,	p,	may	be	denoted	with	the	value	1	and	the	probability	of	failure,	1	−	p,	may	be	denoted	with	the
value	0.	Wold’s	theorem	proposes	a	way	to	model	the	role	of	white	noise	and	holds	that	a	covariance	stationary	process	can	be	modeled	as	an	infinite	distributed	lag	of	a	white	noise	process.	.8888	.	z	=	4.00.	Notice	also	that	the	third	simulation	sample	includes	the	same	observation	(x1)	twice.	Thus,	the	values	in	the	z-table	are	the	probabilities	of
observing	a	z-value	that	is	less	than	a	given	value,	z	[i.e.,	P(Z	<	z)].	The	alternative	hypothesis,	designated	HA,	is	what	is	concluded	if	there	is	sufficient	evidence	to	reject	the	null	hypothesis.	Graphically,	a	white	noise	process	resembles	Figure	21.2,	with	no	identifiable	patterns	among	the	time	periods.	0.9738.	A	third	effect	of	linear	transformations
on	covariance	is	that	the	scale	of	covariance	is	determined	by	two	variables,	b	and	d,	as	follows:	Cov[a	+	bX1,c	+	dX2]	=	bdCov[X1,X2]	The	fourth	effect	of	linear	transformations	on	covariance	between	random	variables	relates	to	coskewness	and	cokurtosis.	New	York,	NY:	Pearson,	2019.	Finally,	be	able	to	describe	the	advantages	and	disadvantages
of	the	bootstrapping	technique	in	comparison	to	the	traditional	Monte	Carlo	approach.	A	The	antithetic	variate	technique	reduces	Monte	Carlo	sampling	error	by	rerunning	the	simulation	using	a	complement	set	of	the	original	set	of	random	variables.	0.6217.	In	addition,	all	50	stocks	in	the	sample	come	from	two	industries,	electric	utilities	or
biotechnology.	(page	114)	f.	(LO	15.i)	2.	explain	mean	reversion	and	calculate	a	mean-reverting	level.	8,455	to	8,876.	Bob	Shepperd	is	trying	to	forecast	10-year	T-bond	yield.	m-fold	cross-validation:	involves	dividing	the	sample	into	m	parts	and	then	using	(m-1)	parts	(known	as	the	training	set)	to	fit	the	model	and	the	remaining	part	(known	as	the
validation	block)	to	use	for	out-ofsample	validation.	High	computational	costs	arise	with	complex	problems.	C	The	coefficients	column	contains	the	regression	parameters.	The	forecaster	should	especially	consider	these	alternatives	if	he	notices	periodic	spikes	in	the	autocorrelations	as	they	are	gradually	decaying.	The	first	column	denotes	the
respective	year	for	each	return.	Note	that	n1	−	1	and	n2	−	1	are	the	degrees	of	freedom	used	to	identify	the	appropriate	critical	value	from	the	F-table	(provided	in	the	Appendix).	0.9599.	The	test	statistic	is	the	value	that	a	decision	about	a	hypothesis	will	be	based	on.	IND	=	industry	quartile	ranking	(IND	=	4	is	the	highest	ranking)	FORT	=	Fortune
500	firm,	where	{FORT	=	1	if	the	stock	is	that	of	a	Fortune	500	firm,	FORT	=	0	if	not	a	Fortune	500	stock}	The	regression	results	are	presented	in	the	following	table.	D	OLS	is	a	process	that	minimizes	the	sum	of	squared	residuals	to	produce	estimates	of	the	population	parameters	known	as	sample	regression	coefficients.	LO	23.c	The	first	two
moments	of	a	probability	density	function	are	its	mean	and	variance,	which	are	used	to	describe	a	normal	distribution.	In	this	case,	we	cannot	forecast	based	on	past	values.	To	see	how	this	is	applied,	take	two	random	variables	(Xi,Yi)	and	(Xj,Yj).	In	particular,	it	needs	the	relationships	among	its	present	and	past	values	to	remain	stable	over	time.
(page	174)	e.	Figure	16.3	summarizes	the	number	of	measures	required	for	each	cross	moment.	Learning	Objectives	and	Reading	Assignments	2.	A	PDF	allows	us	to	calculate	the	probability	of	an	outcome	between	two	values	(over	an	interval).	5.13%.	0.7517.	0.0324	.	0.9608.	For	a	Monte	Carlo	process,	this	data	is	drawn	from	an	assumed	data
generating	process	(DGP).	Assume	the	population	standard	deviation	is	20.0%.	Results	of	most	Monte	Carlo	experiments	are	difficult	to	replicate.	MODULE	24.2:	BOOTSTRAPPING	AND	RANDOM	NUMBER	GENERATION	The	Bootstrapping	Method	LO	24.d:	Describe	the	bootstrapping	method	and	its	advantage	over	Monte	Carlo	simulation.	0.9920.
Hypothesis	testing	procedures,	based	on	sample	statistics	and	probability	theory,	are	used	to	determine	whether	a	hypothesis	is	a	reasonable	statement	and	should	not	be	rejected	or	if	it	is	an	unreasonable	statement	and	should	be	rejected.	It	makes	intuitive	sense	that	sales	in	the	current	period	could	be	affected	by	both	past	sales	and	by	random
shocks,	such	as	advertising.	MODULE	QUIZ	15.2	1.	Using	a	sample	consisting	of	54	observations,	the	researcher	found	that	RSS	in	the	model	with	three	explanatory	variables	is	6,650	while	the	RSS	in	the	single	variable	model	is	7,140.	To	conduct	a	t-test,	the	t-statistic	is	compared	to	a	critical	t-value	at	the	desired	level	of	significance	with	the
appropriate	degrees	of	freedom.	Best	Linear	Unbiased	Estimator	LO	16.e:	Explain	what	is	meant	by	the	statement	that	the	mean	estimator	is	BLUE.	(page	195)	d.	The	adjusted	R2	value	is	expressed	as:	2	Ra	=	1	−	[(	n−1	n−k−1	2	)	×	(1	−	R	)]	where:	n	=	number	of	observations	k	=	number	of	independent	variables	Note	that	R	will	be	less	than	or
equal	to	R2.	The	F-Distribution	Hypotheses	concerning	the	equality	of	the	variances	of	two	populations	are	tested	with	an	F-distributed	test	statistic.	0.9222.	0.324	3.	.5319	.	1	B.	Thus,	the	sample	mean	is	simply	an	estimate	of	the	true	population	mean.	The	return	over	the	next	period	is	a	random	variable,	and	a	simulation	model	estimates	multiple
scenarios	to	represent	future	returns	based	on	a	probability	distribution	of	possible	outcomes.	It	is	only	an	estimate	of	the	true	population	mean.	Evaluate	the	following	statements:	I.	For	example,	an	ARMA(3,1)	model	means	three	lagged	operators	in	the	AR	portion	of	the	formula	and	one	lagged	operator	on	the	MA	portion.	Answer	Key	for	Modules
Quizzes	4.	For	a	test	about	the	value	of	the	mean	of	a	distribution:	test	statistic=	sample	mean−hypothesized	mean	standard	error	of	sample	mean	LO	17.b	A	two-tailed	test	results	from	a	two-sided	alternative	hypothesis	(e.g.,	HA:	µ	≠	µ0).	LO	22.c	A	time	series	is	a	random	walk	if	its	value	in	any	given	period	is	its	previous	value	plus-or-minus	a
random	“shock.”	A	random	walk	is	not	covariance	stationary.	MODULE	QUIZ	18.1	1.	0.1152	From	the	table,	the	first	step	is	to	compute	the	deviation	from	the	mean.	E(RP)	=	1.70	+	(1.03	×	8)	−	(0.23	×	2)	+	(0.32	×	3)	=	10.44%	2.	Application	of	AR,	MA,	and	ARMA	processes	LO	21.i:	Describe	the	application	of	AR,	MA	and	ARMA	processes.	For
example,	a	model	for	quarterly	time	series	can	have	up	to	three	seasonal	dummy	variables,	and	a	model	for	a	monthly	time	series	can	have	up	to	11.	Time	series	with	unit	roots	should	be	analyzed	in	terms	of	their	change	from	the	previous	period.	From	the	previous	example,	we	know	the	test	statistic	for	the	option	return	sample	is	6.33.	R2	=
ESS/TSS	=	%	of	variation	explained	by	the	regression	model	Recall	that	for	a	single	regression,	R2	=	r2X,Y.	LO	15.b	A	marginal	distribution	defines	the	distribution	of	a	single	component	of	a	bivariate	random	variable	(i.e.,	a	univariate	random	variable).	Seasonality	in	a	time	series	can	also	refer	to	cycles	shorter	than	a	year.	0.	For	example,	P(x	=	3)
=	f	(3)	=	3/10	=	30%.	The	expectation	of	a	sum	is	always	the	sum	of	the	expectations.	Figure	16.3:	Cross	Moment	Measurements	Cross	Moment	Number	of	Measurements	1st	0	cross	means	2nd	1	covariance	(cross	variance)	3rd	2	coskewness	(cross	skewness)	4th	3	cokurtosis	(cross	kurtosis)	Dividing	by	the	variance	of	one	variable	and	the	standard
deviation	of	the	other	variable	standardizes	the	cross	third	moment.	The	variance	of	the	sum	of	four	i.i.d.	random	variables	is	equal	to	6σ2.	The	probability	that	A	will	occur,	given	that	B	has	occurred,	is	written	as	P(A|B).	The	sum	of	all	probabilities	of	each	outcome	occurring	must	always	equal	100%.	0.5199	.	the	test	statistic	will	increase.	Thus,	the
95%	confidence	interval	for	the	return,	R,	is:	10.5	±	1.96(18)	=	−24.78%	to	45.78%	Symbolically,	this	result	can	be	expressed	as:	P(−24.78	<	R	<	45.78)	=	0.95	or	95%	The	interpretation	is	that	the	annual	return	is	expected	to	be	within	this	interval	95%	of	the	time,	or	95	out	of	100	years.	For	example,	a	researcher	may	be	interested	in	the	mean
daily	return	on	stock	options.	In	the	third	column,	the	mean	is	subtracted	from	the	observed	value,	Xi.	In	the	fourth	column,	the	deviations	from	the	mean	in	the	third	column	are	squared.	For	OLS	to	generate	the	best	linear	unbiased	estimator	(BLUE),	the	assumptions	underlying	the	linear	regression	need	to	be	satisfied.	(page	51)	f.	Excess	kurtosis	is
measured	relative	to	3,	the	kurtosis	of	the	normal	distribution.	On	average,	50%	of	the	variable’s	outcomes	will	be	below	the	median	and	50%	of	the	variable’s	outcomes	will	be	above	the	median.	For	example,	if	we	regress	a	monthly	time	series	against	its	year-ago	values,	we	get	a	partial	autocorrelation	for	τ	=	12	that	does	not	account	for	any	effects
from	other	lags.	As	you	will	see	in	the	next	reading,	this	is	why	the	slope	coefficients	in	a	multiple	regression	are	sometimes	called	partial	slope	coefficients.	For	the	exam,	be	prepared	to	explain	and	calculate	the	mean	and	variance	for	bivariate	random	variables.	2.5%.	0.9826	.	0.9970.	Jarque-Bera	Test	LO	23.d:	Explain	how	the	Jarque-Bera	test	is
used	to	determine	whether	returns	are	normally	distributed.	The	size	of	silver	particles	in	a	photographic	solution	B.	With	b	<	0	(a	decreasing	transformation),	the	magnitude	of	the	skew	is	unaffected,	but	the	sign	is	changed,	skew	Y	=	−skew	X.	Reading	19:	Regression	with	Multiple	Explanatory	Variables	1.	MODULE	13.1:	PROBABILITY	MASS
FUNCTIONS,	CUMULATIVE	DISTRIBUTION	FUNCTIONS,	AND	EXPECTED	VALUES	Random	Variables	and	Probability	Functions	LO	13.a:	Describe	and	distinguish	a	probability	mass	function	from	a	cumulative	distribution	function	and	explain	the	relationship	between	these	two.	Figure	14.3:	Confidence	Intervals	for	a	Normal	Distribution	In
practice,	we	will	not	know	the	actual	values	for	the	mean	and	standard	deviation	of	the	distribution,	but	will	have	estimated	them	as	X	and	s.	Because	of	unreliable	standard	errors,	hypothesis	testing	is	unreliable.	The	probability	that	a	random	variable	will	have	a	specific	outcome,	given	that	some	other	outcome	has	occurred,	is	referred	to	as	a
conditional	probability.	The	test	statistic	(z-value)	=	(2.0	−	0.0)	/	(20.0	/	6)	=	0.60.	In	the	standard	regression	equation	Yi	=	α	+	βXi	+	εi,	if	Y	and	X	are	standardized	such	that	they	each	have	a	variance	of	one	(termed,	unit	variance),	the	correlation	will	be	equal	to	the	regression	slope	(β).	B	The	regression	equation	can	be	written	as:	E(Y)	=	α	+	β	×	X.
0.9732.	Reading	24:	Simulation	and	Bootstrapping	1.	Figure	17.3	shows	the	relationship	between	the	level	of	significance,	the	power	of	a	test,	and	the	two	types	of	errors.	Variables	are	all	from	a	single	univariate	distribution.	Attenuation	bias:	This	occurs	when	X	variables	are	measured	with	error	and	leads	to	underestimation	of	the	regression
coefficients.	Figure	14.7	illustrates	the	shapes	of	the	t-distribution	associated	with	different	degrees	of	freedom.	The	magnitude	of	the	residuals	would	then	be	standardized	and	any	residual	over	±4	standard	deviations	would	be	considered	problematic.	Most	top	firms	employ	at	least	one	financial	risk	manager.	distinguish	between	an	estimator	and
an	estimate.	The	trinomial	distribution	has	three	parameters:	the	number	of	trials	(n),	the	probability	of	observing	outcome	1	(p1),	and	the	probability	of	observing	outcome	2	(p2).	On	the	flip	of	one	coin,	the	occurrence	of	the	event	“heads”	may	be	used	to	assign	the	value	of	one	to	a	random	variable.	Getting	heads	on	the	first	flip	does	not	change	the
probability	of	getting	heads	on	the	second	flip.	The	bootstrapping	approach	draws	random	return	data	from	a	sample	of	historical	data.	Skewness	and	kurtosis	are	critical	concepts	for	risk	management	because	when	securities	returns	are	modeled	using	an	assumed	normal	distribution,	the	predictions	from	the	models	will	not	take	into	account	the
potential	for	extremely	large,	negative	outcomes.	Autoregressive	models	are	the	most	widely	applied	time	series	models	in	finance.	explain	the	relationship	between	the	covariance	and	correlation	of	two	random	variables	and	how	these	are	related	to	the	independence	of	the	two	variables.	MODULE	15.3:	BEHAVIOR	OF	MOMENTS	FOR	BIVARIATE
RANDOM	VARIABLES	Linear	Transformations	LO	15.f:	Explain	the	effects	of	applying	linear	transformations	on	the	covariance	and	correlation	between	two	random	variables.	Multicollinearity	refers	to	the	condition	when	two	or	more	of	the	independent	variables,	or	linear	combinations	of	the	independent	variables,	in	a	multiple	regression	are	highly
correlated	with	each	other.	MODULE	QUIZ	15.4	1.	describe	a	random	walk	and	a	unit	root.	As	the	number	of	lags	or	displacements	becomes	large,	autocorrelation	functions	(ACFs)	will	approach	A.	For	a	sample	size	of	n,	a	block	size	of	√n	is	generally	appropriate.	However,	increasing	the	number	of	generated	scenarios	can	become	costly	for	more
complex	multi-period	simulations.	2.3%.	The	variance	of	the	average	of	multiple	i.i.d.	random	variables	A.	The	event	space	is	heads,	tails,	heads	and	tails,	and	neither	heads	nor	tails.	biotechnology	industry	P/Es	are	statistically	significantly	larger	than	electric	utilities	industry	P/Es,	holding	DPO,	G,	and	B	constant.	PROFESSOR’S	NOTE	Just	as	MA
models	can	be	extrapolated	to	the	qth	observation	and	AR	models	can	be	taken	out	to	the	pth	observation,	ARMA	models	can	be	used	in	the	format	of	an	ARMA(p,q)	model.	Answer:	We	first	need	to	convert	the	seconds	into	minutes.	Alternate	assumptions	made	in	the	DGP	may	lead	to	substantially	different	results.	Now,	suppose	we	want	to	increase
the	accuracy	by	reducing	the	standard	error	estimate.	a	Type	I	error	will	increase.	The	first	moment,	the	mean	of	a	random	variable,	is	its	expected	value,	E(X),	which	we	discussed	previously.	A	special	type	of	serially	uncorrelated	series	is	one	that	has	a	mean	of	zero	and	a	constant	variance.	Even	though	the	coefficient	estimates	are	unbiased	and
consistent,	the	estimated	standard	errors	are	unreliable	in	the	presence	of	conditional	heteroskedasticity.	To	convert	an	autocovariance	function	to	an	autocorrelation	function	(ACF),	we	divide	the	autocovariance	at	each	τ	by	the	variance	of	the	time	series.	Antithetic	Variates	LO	24.c:	Explain	the	use	of	antithetic	and	control	variates	in	reducing
Monte	Carlo	sampling	error.	LO	18.f:	Explain	the	steps	needed	to	perform	a	hypothesis	test	in	a	linear	regression.	A	conditional	PMF	is	used	to	determine	the	conditional	expectation	based	on	weighted	averages.	The	coefficients	of	the	included	independent	variables	therefore	would	be	biased	and	inconsistent.	For	z-value	of	–1.33:	Use	the	row	headed
1.3	and	the	column	headed	3	to	find	the	value	0.9082.
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