
Involves	collecting,	classifying,	summarizing,	organizing,	analyzing,	and	
interpreting	numerical	and	categorical	 information

○
Statistics:	the	science	of	data•

The	Science	of	Statistics

Sampling	is	when	data	is	selected	from	some	larger	 set	of	data	whose	
characteristics	we	wish	to	estimate

•

Describing	sets	of	data1.
Drawing	conclusions	(making	estimates,	decisions,	predictions,	etc.)	about	
the	sets	of	data	based	on	sampling

2.

Statistics	involves•

i.e.	to	look	for	patterns	in	a	data	set,	to	summarize	the	information	
revealed	in	a	data	set,	and	to	present	the	information	in	a	convenient	
form

○
Descriptive	Statistics:	utilizes	numerical	and	graphical	methods	to	explore	data•

Inferential	Statistics:	utilizes	sample	data	to	make	estimates,	decisions,	
predictions,	or	other	generalizations	about	a	larger	 set	of	data

•

Types	of	Statistical	Applications	in	Business

An	experimental	 (or	observational)	unit	is	an	object	(e.g.	person,	thing,	
transaction,	or	event)	upon	which	we	collect	data

•

Example:	all	employed	workers	in	the	US,	all	cars	produced	last	year	by	a	
particular	assembly	line,	all	sales	made	a	McDonald's	drive-thru	window	
during	a	given	year,	and	the	set	of	all	accidents	occurring	on	a	particular	
stretch	of	interstate

○

Each	set	includes	all	the	experimental	units	in	the	population	of	interest○

A	population	is	a	set	of	units	(usually	people,	objects,	transactions,	or	events)	
that	we	are	interested	in	studying

•

Any	particular	characteristic	may	vary	among	the	experimental	units	in	a	
population

○

A	variable	is	a	characteristic	or	property	of	an	individual	experimental	 (or	
observational)	unit

•

Measuring	is	the	process	we	use	to	assign	numbers	to	variables	of	individual	
population	units

•

When	we	measure	a	variable	for	every	experimental	unit	of	a	population,	the	
result	is	called	a	census	of	the	population

•

A	sample	is	a	subset	of	the	units	of	the	population•

We	use	the	information	contained	in	the	sample	to	learn	about	the	larger	
population

○

We	also	need	to	know	an	inference's	reliability,	since	we	are	restrained	by	
resources

○

A	statistical	inference	is	an	estimate	or	prediction	or	some	other	generalization	
about	a	population	based	on	information	contained	in	a	sample

•

We	must	put	bounds	on	the	estimation	of	error,	which	is	a	number	that	
the	estimation	error	is	not	likely	to	exceed

○

We	are	interested	in	the	error	of	estimation	(the	inference	from	our	sample	vs.	
the	true	data	from	the	population)

•

A	measure	of	reliability	 is	a	statement	(usually	quantified)	about	the	degree	of	
uncertainty	associated	with	a	statistical	inference

•

Fundamental	Elements	of	Statistics

The	population	or	sample	of	interest
One	or	two	more	variables	(characteristics	of	the	population	or	experimental	

units)	that	are	to	be	investigated
Tables,	graphs,	or	numerical	summary	tools

Identification	of	patterns	in	the	data

Five	Elements	of	Inferential	Statistical	Problems
The	population	of	interest

One	of	more	variables	(characteristics	of	the	population	or	experimental	units)	
that	are	to	be	investigated

The	sample	of	population	units
The	inference	about	the	population	based	on	information	contained	in	the	

sample
A	measure	of	reliability	 for	the	inference

Four	Elements	of	Descriptive	Statistical	Problems

I.e.	a	drive-thru	window§
A	process	produces	or	generates	output	over	time○

A	manufacturing	process	uses	a	series	of	operations	performed	by	people	
and	machines	to	convert	inputs,	such	as	raw	materials	and	parts,	to	
finished	products	(the	outputs)

○

A	process	is	a	series	of	actions	or	operations	that	transforms	inputs	to	outputs•

The	entire	focus,	therefore,	is	on	the	output	of	the	process○

A	process	whose	output	is	already	in	numerical	form	necessarily	
includes	a	measurement	process	as	one	of	its	subprocesses

§

If	the	output	is	numerical,	the	characteristic,	or	property,	represented	by	
the	numbers	(e.g.	sales,	GDP,	or	stock	prices)	is	typically	the	variable	of	
interest

○

If	the	output	is	not	numeric,	we	use	measurement	processes	to	assign	
numerical	values	to	variables

○

Processes	generate	or	create	their	output	over	time○

A	process	whose	operations	or	actions	are	unknown	or	unspecified	is	called	a	
black	box

•

Ex.	The	next	10	cars,	every	fifth	car○

Any	set	of	output	(object	or	numbers)	produced	by	a	process	is	also	called	a	
sample

•

Processes

Ex.	The	temperature	(in	degrees	Celsius)	at	which	each	unit	in	a	sample	of	
20	pieces	of	heat-resistant	plastic	bags	melt

○

Quantitative	data	are	measurement		that	are	recorded	on	a	naturally	occurring	
numerical	scale

•

Ex.	The	political	party	affiliation	(Democrat,	Republican,	or	Independent)	
in	a	sample	of	50	CEOs

○

Sometimes	we	will	assign	arbitrary	numerical	values	to	qualitative	data	
for	ease	of	computer	entry	and	analysis,	but	they	are	simply	codes	and	
cannot	be	meaningfully	added,	subtracted,	etc.

○

Qualitative	data	are	measurements	that	cannot	be	measured	on	a	natural	
numerical	scale;	they	can	only	be	classified	into	one	of	a	group	of	categories

•

Types	of	Data

Data	is	normally	collected	from	a	published	source,	a	designed	experiment,	or	
an	observational	study	(e.g.	a	survey)

•

A	representative	sample	exhibits	characteristics	 typical	of	those	possessed	by	
the	population	of	interest

•

Usually	relies	on	a	random	number	generator○

A	simple	random	sample	of	n experimental	units	is	a	sample	selected	from	the	
population	in	such	a	way	that	every	different	sample	of	size	n has	an	equal	
chance	of	selection

•

Random	samples	within	both	strata,	which	are	then	combined	to	form	the	
complete	sample

○

Stratified	random	sampling	is	typically	used	when	the	experimental	units	
associated	with	the	population	can	be	separated	into	two	or	more	groups	of	
units,	called	strata,	where	the	characteristics	of	the	experimental	units	are	more	
similar	within	strata	than	across	strata

•

Ex.	Samples	10	of	150	restaurants,	then	interviews	all	customers	there	on	
a	single	night	rather	than	randomly	sampling	customers

○

Cluster	sampling	samples	natural	groupings	of	experimental	units	first,	then	
collects	data	from	all	experimental	units	within	each	cluster

•

Systematic	sampling	selects	every	kth	experimental	unit	from	a	list	of	all	
experimental	units

•

Randomized	response	sampling	uses	two	questions,	one	real	and	one	
innocuous,	to	weed	out	survey	participants	who	answer	falsely

•

Selection	bias	occurs	when	some	experimental	units	in	the	population	have	less	
chance	of	being	included	in	the	sample	than	others

•

Especially	subject	if	a	survey	is	self-selected,	where	people	elect	whether	
or	not	to	answer	it

○

Nonresponse	bias	is	a	type	of	selection	bias	that	results	when	data	on	all	
experimental	units	in	a	sample	are	not	obtained

•

In	surveys,	the	error	may	be	due	to	ambiguous	or	leading	questions	and	
the	interviewer's	effect	on	the	respondent

○
Measurement	error	refers	to	inaccuracies	in	the	values	of	the	data	collected•

Collecting	Data:	Sampling	and	Related	Issues

Fundamental	to	the	thought	process	is	that	variation	exists	in	populations	
and	process	data

○

Statistical	thinking	involves	applying	rational	thought	and	the	science	of	
statistics	to	critically	assess	data	and	inferences

•
Critical	Thinking	with	Statistics

Statistics,	Data,	and	Statistical	Thinking
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