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Featured	Resources	Linear	regression	is	a	very	simple,	basic	but	very	powerful	approach	to	supervised	learning.	This	approach	is	very	good	for	predictive	analysis	and	building	a	generic	approach	to	all	data	before	going	to	more	complex	machine	learning	algorithms.Linear	Regression	is	already	discussed	a	lot	and	almost	all	the	books	that	teach	us
analysis	have	its	description	and	a	lot	more	material	is	available	on	the	internet	so	I’m	leaving	a	lot	of	details	except	basic	understanding	which	is	all	about	the	prediction	of	quantitative	response	Y	based	on	a	single	predictor	X	based	on	the	assumption	that	we	relate	to	each	other,	of	course	some	of	the	efficient,	intercepting	also	play	a	decisive	role
and	do	not	forget	the	random	error	that	makes	everything	more	real	and	earthy,	almost	everywhere!!!	More	details	are	available	at	we	know	enough	about	this	concept	and	are	trying	real	things	like	writing	code	in	R/Python.	First,	work	with	R	and	take	a	standard	data	already	clean,	because!!!	because	get	and	clean	the	data,	then	the	data	dispute	is
almost	60Â¢70%	of	any	data	science	or	machine	learning	task.Know	your	data	as	yi	=	b0	+	b1xi1	+	b2xi2	+	Ã¢Â¦	bpxip	+	ei	for	i	=	1,2,	Ã¢Â¦	n.	here	y	=	BSAAM	and	x1Ã¢Â¦xn	is	all	the	other	variablesOutput	ExplainedResidualsNormally	gives	a	basic	idea	about	the	difference	between	the	observed	value	of	the	dependent	variable	(Y)	and	the	expected
value	(X),	provides	specific	details	i.e.	minimum,	first	quarter,	median,	third	quarter	and	maximum	value,	normally	is	not	used	in	our	analysis-Intercept	coefficientsWe	can	see	a	whole	the	remaining	variable	is	provided	with	another	row	“Intercept”,	Intercept	is	providing	data	when	all	the	various	variables	are	0	so	all	measurements	made	without
considering	any	variable,	also	this	is	not	very	used	in	normal	cases,	its	average	value	of	y	when	x	=	0Estimate	coefficientThis	is	an	increase	of	one	unit	in	X	then	the	expected	change	in	Y,	in	this	case	a	change	of	one	unit	in	OPS	LAKE	then	2211.58	units	of	variation	in	BSAAMCoefficient-Std.	ErrorThe	standard	deviation	of	an	estimate	is	called
standard	error.	The	standard	error	of	the	coefficient	measures	how	accurately	the	model	estimates	the	unknown	value	of	the	coefficient.	The	standard	error	of	the	coefficient	is	always	positive.A	low	value	of	this	error	will	be	useful	for	our	analysis,	also	used	to	verify	the	confidence	intervalValue-t	=	estimate/std	errorThe	high	value	t	will	be	useful	for
our	analysis	as	it	would	indicate	that	we	could	reject	the	null	hypothesis,	it	is	used	to	calculate	the	value	of	pCoefficient	Pr	(>|t)	individual	p	value	for	each	parameter	to	accept	or	reject	the	null	hypothesis,	this	is	a	statistical	estimate	of	x	and	y.	Lower	the	value	of	p	ci	to	refuse	the	hypothesis	nothing.	all	types	of	errors	(positive/negative,	false
positive/negative)	come	to	light	if	we	mistakenly	analyze	the	value	of	p.	The	asterisks	mark	the	value	of	p	define	the	meaning	of	value,	lower	the	valueHaving	high	standard	errors	standard	errors	errors	errors,	average	errors	of	a	model,	how	good	is	our	model	to	predict	data	on	the	mediageegree	of	freedom	is	like	no	data	point	taken	into	account	for
the	estimation	that	takes	into	account	the	parameter	is	not	safe,	but	in	this	case,	we	have	a	total	of	43	data	points	and	7	variables	so	removed	7	data	points	(43	–	7)	=	36	degrees	of	freedom	of	r-squared	and	straightened	R-squaredits	always	between	0	and	1,	the	high	value	is	a	better	percentage	of	the	variation	in	the	variable	response	which	is
explained	by	the	variation	in	the	explanatory	variable,	this	is	the	use	to	calculate	how	well	the	model	is	doing	to	explain	things,	when	we	increase	NO	of	the	variable,	then	it	will	increase	and	there	will	be	no	appropriate	limits	to	define	how	much	we	can	increase.	We	are	taking	a	dusty	value	where	we	do	not	take	all	variables,	only	one	significant
variable	is	considered	in	REGATED	R	SQAREDF-STATISTICTHISS	shows	the	relationship	between	predictor	and	response,	the	higher	the	value	w	Give	more	reasons	to	reject	the	null	hypothesis,	its	significant	of	the	general	model	is	not	a	specific	parameter	–	grade	of	graditomp-valorioverall	P	value	on	the	basis	of	the	F	statistic,	normally	the	P	value
less	than	0.05	indicates	that	the	general	model	is	significant	the	Pythoni	I	am	using	the	OLS	(ordinary	least	squares)	approach,	but	the	same	can	be	produced	using	Scipy	which	provides	a	more	standard	result.	The	largest	number	of	parameters	corresponds	to	the	output	R	and	the	rest	of	the	parameters	can	be	used	for	the	next	research	work:)	All
description	is	based	on	general	perceptions,	please	let	me	know	if	something	is	wrong	and	your	feedback	is	highly	appreciated.	Use	the	residual	soils	to	help	you	determine	if	the	model	is	appropriate	and	meets	the	assumptions	of	the	analysis.	If	the	assumptions	are	not	met,	the	model	may	not	fit	the	data	well,	and	you	should	use	caution	when
interpreting	the	results.	Use	Residues	vs	Adapt	the	graph	to	verify	the	assumption	that	residues	are	randomly	distributed	and	have	a	constant	variance.	Ideally,	the	points	should	drop	randomly	from	both	sides	of	0,	with	no	recognizable	patterns	in	the	points.	The	models	in	the	following	table	may	indicate	that	the	model	does	not	meet	the	model
assumptions.	Model	that	the	model	can	indicate	that	it	winds	or	uneven	spread	of	the	residues	through	suitcase-mounted	values	not	convenient	curvilinear	a	missing	order	term	higher	than	a	point	that	is	very	far	from	zero	a	point	higher	than	a	point	that	is	far	from	the	other	points	in	the	X-Direction	AN	Influence	point	in	these	residues	against	Fits
the	plot,	the	data	does	not	seem	randomly	distributed	about	zero.	There	seem	to	be	clusters	of	points	that	can	represent	different	groups	in	the	data.	Investigate	groups	for	their	cause.	Use	the	residues	against	the	order	plot	to	test	the	assumption	that	the	residues	are	independent	of	each	other.	Independent	residues	do	not	show	trends	or	patterns
when	displayed	in	order	of	time.	The	patterns	in	the	points	may	indicate	that	the	residues	close	to	each	each	can	be	related,	and	therefore,	not	independent.	Ideally,	residues	on	the	plot	should	fall	randomly	around	the	central	line:	If	you	see	a	pattern,	investigate	the	cause.	The	following	types	of	patterns	may	indicate	that	the	residues	are	dependent.
In	this	graph	of	residues	from	the	order,	the	residues	do	not	appear	to	be	randomly	distributed	around	zero.	Residues	seem	to	decrease	systematically	with	increasing	the	order	of	observation.	You	should	investigate	the	tendency	to	determine	the	cause.	For	more	information	on	how	to	manage	patterns	in	residual	charts,	go	to	Interpret	all	stats	and
graphs	for	Multiple	Regression	and	click	the	remaining	chart	name	in	the	top	list	on	the	page.	Use	the	normal	probability	chart	of	residues	to	check	whether	residues	are	distributed	normally.	The	normal	graph	of	probability	of	residues	should	follow	approximately	a	straight	line.	The	following	table	models	may	indicate	that	the	model	does	not	meet
the	model's	hypotheses.	Pattern	What	the	pattern	can	indicate	It	is	not	a	straight	line	Nonnormality	A	point	away	from	the	line	An	outlier	Change	of	the	slope	An	unidentified	variable	In	this	normal	probability	chart,	points	generally	follow	a	straight	line.	There	is	no	evidence	of	abnormalities,	abnormalities	or	variables	not	identified.	Photo	by	Chris
Liverani	on	UnsplashRegression	is	an	incredibly	common	form	of	analysis	used	both	by	amateurs	and	professionals.	Is	that	Wy?	Because	it	is	one	of	the	most	robust	tools	to	understand	the	relationships	between	variables.	In	addition,	it	also	allows	us	to	make	predictions	on	previously	unseen	data.	Most	people	followed	a	statistical	course	and
performed	a	simple	linear	regression	model.	I	guess	most	people,	given	a	certain	output	of	the	model,	could	identify	the	intercept	y	and	variable	coefficients.	Although	this	information	is	incredibly	important,	what	about	all	the	other	data	that	is	returned	when	we	run	a	model?	Are	there	other	things	we	should	consider?	What	do	other	values	tell	us?
Photos	of	NeONBRAND	on	Unsplash	We	will	immerse	ourselves	deeply	in	each	of	the	metrics	mentioned	above	with	the	goal	of	understanding	thoroughly	what	every	metric	tells	us	about	the	model,	in	opposition	to	the	dice	and	bolts	of	how	to	calculate	each	number.	To	do	this,	we	will	use	a	National	Basketball	Association	(NBA)	dataset.	This	data	set
includes	information	on	wages	and	points	scored	during	the	season	for	each	player	in	the	2017-2018	season.	We	will	investigate	the	relationship	between	points	scored	in	a	season	and	a	player's	salary.	Can	we	predict	a	player's	salary	by	observing	how	many	points	he	scores?	Below	is	a	preview	of	the	data	set:Simple	Linear	Regression	OutputWe	will
start	performing	a	simpleof	regression	with	salary	as	a	variable	dependent	and	points	as	independent	variable.	The	output	of	this	regression	model	Ãƒ	ì	below:	Now	that	we	have	a	model	and	the	output,	we	pass	through	through	Step	by	step	output	so	we	can	better	understand	each	section	and	how	it	helps	us	determine	the	effectiveness	of	the	model.
The	call	section	shows	us	the	formula	r	used	to	fit	the	regression	model.	Salary	is	our	dependent	variable	and	we	are	using	points	as	a	predictor	(independent	variable)	from	the	NBA	dataset.ResidualsResiduals	are	the	difference	between	the	actual	and	expected	values.	We	can	generate	these	same	values	by	taking	the	actual	values	of	the	salary	and
subtracting	it	from	the	predicted	values	of	the	model,	so	how	do	we	interpret	this?	Well,	thinking	critically	about	this,	we	definitely	wanted	our	median	value	to	be	centered	around	zero,	because	that	would	tell	us	that	our	residuals	were	somehow	symmetrical	and	that	our	model	was	consistently	predicting	at	the	high	and	low	levels	of	our	data	set.
Looking	at	the	output	above,	it	seems	that	our	distribution	is	not	quite	symmetrical	and	is	slightly	right.	This	tells	us	that	our	model	does	not	provide	for	the	higher	wage	ranges	as	well	as	it	does	for	the	lower	ranges.	We	can	visualize	it	with	a	quantity-quantile	plot.	Looking	at	the	chart	below,	you	can	see	that	there	are	anomalous	values	on	both	ends
of	the	chart,	but	those	at	the	top	end	look	more	serious	than	those	at	the	bottom.	Overall,	the	residues	try	to	have	a	fairly	normal	distribution.	Coefficient	to	figure	out	what	coefficients	are,	we	have	to	go	back	to	what	we’re	actually	trying	to	do	when	we	build	a	linear	model.	We’re	trying	to	build	a	generalized	model	in	the	form	of	y	=	mx	+	b,	where	B
is	the	intercept	and	m	is	the	slope	of	the	line.	Since	we	often	don’t	have	enough	information	or	data	to	know	the	exact	equation	that	exists	in	nature,	we	have	to	construct	this	equation	by	generating	estimates	for	both	the	slope	and	the	intercept.	These	estimates	are	most	often	generated	through	the	normal	least	squares	method,	which	is	an	elegant
way	of	saying	that	the	regression	model	finds	the	line	that	fits	the	points	in	such	a	way	as	to	minimize	the	distance	between	each	point	and	the	line	(minimizes	the	sum	of	the	square	differences	between	the	actual	values	and	the	expected	values).coefficients	â	̈¬	“the	estimate	is	It’s	from	this	line	above	that	we	get	our	coefficients.	Where	the	line	meets
the	Y	axis	is	our	intercept	(B)	and	the	slope	of	the	line	is	our	m.	Using	the	understanding	we’ve	gained	so	far,	and	the	estimates	for	the	coefficients	provided	in	the	output	above,	we	can	now	build	the	equation	for	our	model.	We’re	going	to	replace	the	points	for	M	and	(intercept)	for	B:	Y	=	$	10,232.50	(x)	+	$	1,677,561.90	now	that	we	have	this
equation,	what	does	it	tell	us?	Well,	as	a	baseline,	if	an	NBA	player	scored	zero	points	during	a	season,	that	player	would	average	$1,677,561.90.	They	marked	during	the	season,	they	would	make	$	10.232.50.The	high,	apply	to	a	data	point	from	our	data	set.	James	Harden	is	the	first	player	in	our	data	set	and	got	2,376	points.	Using	our	formula,	we
get	a	one	by:$10,232.50	(2,376)	+$1,677,561.90	=	$25,989,981.90James	Harden	has	actually	made	$28.3M,	but	you	can	see	that	here	we	are	directionally	accurate	using	the	estimates	of	the	coefficient	from	the	model.	Coefficients	“Std.	ErrorThe	standard	error	of	the	coefficient	is	an	estimate	of	the	standard	deviation	of	the	coefficient.	In	fact,	it	tells
us	how	much	uncertainty	is	on	our	coefficient.	The	standard	error	is	often	used	to	create	confidence	intervals.	For	example,	we	can	make	a	95%	confidence	interval	around	our	slope,	points:$10,232.50	Â±	1.96	($724.90)	=	($8,811.70,$11,653.30)	Looking	at	the	confidence	interval,	we	can	say	that	we	are	95%	sure	that	the	actual	slope	is	between
$8,811,70	and	$11,653.30.	t-values,	it	can	be	a	quick	way	to	check	if	the	coefficient	is	significant	for	the	model.	If	the	coefficient	is	large	compared	to	the	standard	error,	then	statistically	the	coefficient	will	not	be	very	likely	zero.	Coefficients	«value	t»The	t-statistic	value	is	simply	the	coefficient	divided	by	the	standard	error.	In	general,	we	want	our
coefficients	to	have	a	great	t-statistic,	because	this	indicates	that	our	standard	error	is	small	compared	to	our	coefficient.	Simply	put,	we	are	saying	that	the	coefficient	is	X	standard	errors	away	from	zero	(in	our	example	the	coefficient	points	is	14.12	standard	errors	away	from	zero,	which	statistically	is	far	enough).	The	larger	our	statistics	are,	the
more	we	can	be	sure	that	the	coefficient	is	not	zero.	The	p	value	is	therefore	used	to	find	the	value	of	p.Coefficients	"Pr"	(>|t|)	and	Signif	Codes.	The	p	value	is	calculated	using	the	t	statistics	from	the	T	distribution.	The	p	value,	associated	with	statistics	t,	helps	us	understand	how	significant	our	model	coefficient	is.	In	practice,	any	p	value	less	than
0.05	is	generally	considered	significant.	What	do	we	mean	when	we	say	significant?	It	means	that	we	are	sure	that	the	coefficient	is	not	zero,	which	means	that	the	fact	coefficient	adds	value	to	the	model	by	helping	to	explain	the	variance	within	our	dependent	variable.	In	our	model,	we	can	see	that	the	p	values	for	Intercept	and	points	are	extremely
small.	This	leads	us	to	conclude	that	there	is	a	strong	evidence	that	the	coefficients	in	this	model	are	not	zero.	The	coefficient	codes	allow	us	to	visually	see	what	coefficients	are	significant	for	the	model.	On	the	right	of	the	p	values	you	will	see	different	asterisks	(or	no	one	if	the	coefficient	is	not	significant	for	the	model).	The	number	of	asterisks
corresponds	to	the	meaning	of	the	coefficient	as	described	in	the	legend	just	below	the	coefficient	section.	More	asterisks	are,	more	significant	is	the	residual	standard	errorThe	residual	standard	error	is	a	measure	of	how	well	the	model	fits	data.	Come	backshown	in	the	previous	section:If	we	look	at	the	regression	line	of	the	least	squares,	we	notice
that	the	line	does	not	flow	perfectly	through	each	of	them.	The	points	and	that	there	is	a	â	̈¬	Å	residual”	between	the	point	and	the	line	(shown	as	a	blue	line).	The	residual	standard	error	tells	us	the	average	amount	that	the	actual	values	of	Y	(the	points)	differ	from	the	predictions	(the	line)	in	units	of	Y.	In	general,	we	want	the	smallest	residual
standard	error	possible,	because	that	means	our	model	...	The	forecast	line	is	very	close	to	the	actual	values,	on	average	for	our	current	model,	we	can	see	that	on	average,	the	actual	values	are	$6.3	million	from	the	predicted	values	(regression	line).	Now,	understanding	our	dataset,	and	knowing	that	the	biggest	salary	is	$28.3	million,	having	all	of
our	forecasts	averaged	$6.3	million	don’t	produce	a	very	accurate	model.Multiple	r-squared	and	adjusted	R-squaredThe	multiple	R-Squared	The	value	is	most	used	for	simple	linear	regression	(a	predictor).	It	tells	us	what	percentage	of	the	change	within	our	dependent	variable	the	independent	variable	is	explaining.	In	other	words,	it’s	another	way	to
determine	how	well	our	model	fits	the	data.	In	the	example	above,	the	dots	explain	~37.37%	of	the	variation	within	salary,	our	dependent	variable.	This	means	that	the	points	helps	explain	some	of	the	variations	within	the	salary,	but	not	as	much	as	we	would	like.	Ultimately,	our	model	does	not	fit	the	data	very	well	(we	saw	this	when	we	looked	at	the
residual	standard	error).	The	adjusted	value	R-Squared	is	used	when	performing	multiple	linear	regression	and	can	be	conceptually	considered	as	a	multiple	plus	square	as	described.	The	square	value	REGOzzato	RS	shows	what	percentage	of	the	change	within	our	dependent	variable	all	predictors	are	explaining.	The	difference	between	these	two
metrics	is	a	nuance	in	the	calculation	where	we	adjust	the	attributed	variance	by	adding	more	variables.	It	is	important	to	note	that	the	value	of	0mÂ2	(multiple	or	adjusted)	is	not	bothered	and	does	not	necessarily	need	to	be	used	alone	by	virtue	of	how	the	value	is	calculated.	For	example,	your	adjusted	R-Squared	value	can	increase	by	adding
additional	predictors,	even	if	they	are	not	tied	to	your	dependent	variable	in	any	way.F-statistics	and	P-Volawhen	running	a	regression	model,	single	or	multiple	A	hypothesis	test	is	handled	on	the	global	model.	The	null	hypothesis	is	that	there	is	no	relationship	between	the	dependent	variable	and	the	independent	variable	(s)	and	the	alternative
hypothesis	is	that	there	is	a	relationship.	Put	another	way,	the	null	assumption	is	that	the	coefficients	for	all	variables	in	the	model	are	zero.	The	alternative	hypothesis	is	that	at	least	one	of	them	is	not	zero.	The	f-statistical	value	and	P-P-Helps	to	determine	the	result	of	this	test.	Looking	at	the	F-statistics	alone	can	be	a	bit	misleading	depending	on
how	many	variables	are	in	your	test.	If	you	have	a	of	independent	variables,	it	is	common	for	a	statistics	F	near	one	and	to	still	produce	a	value	p	in	which	we	reject	the	hypothesis.	However,	for	smaller	models,	a	larger	f-statistical	generally	indicates	that	the	hypothesis	nothing	should	be	rejected.	A	better	approach	is	to	use	the	value	p	which	is
associated	with	the	f-statistical.	Once	again,	in	practice,	a	value	of	less	than	0.05	generally	indicates	that	you	have	at	least	one	coefficient	in	your	model	that	is	not	zero.	We	can	see	from	our	model,	F-Statistica	is	very	large	and	our	P-value	is	so	small	that	it	is	fundamentally	zero.	This	would	lead	to	refuse	the	hypothesis	nothing	and	concluding	that
there	is	a	strong	proof	that	there	is	a	relationship	between	salary	and	points.	Conclusions	While	the	points	marked	during	a	season	are	useful	information	to	know	when	trying	to	predict	an	NBA	player's	salary,	we	can	conclude	that,	alone,	is	not	enough	to	produce	an	accurate	prediction.	After	doing	it	through	each	section	of	the	linear	regression
model	in	R,	you	are	now	ready	to	jump	with	confidence	in	any	regression	analysis.	Good	luck!	Thank	you	for	your	support!	Thank	you	for	reading	this	article!	If	you	found	it	useful,	please	give	me	a	beat	or	two	:)	References	:)	References
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