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	Matthew	Andrew	Isaac	Blostein	
	
Abstract	of	Master’s	Thesis	
	
Analog	vs.	Virtual	Analog	Synthesizers:	Can	we	hear	the	difference?	

	
The	purpose	of	this	thesis	is	to	determine	if	musicians	and	non-musicians	can	hear	the	
difference	between	an	analog	synthesizer	and	a	virtual	analog	synthesizer.		
	
Virtual	analog	synthesizer	technology	has	come	very	close	to	being	able	to	reproduce	
the	sound	at	the	same	quality	of	real	analog	synthesizers.	However,	many	purists	insist	
that	they	can	tell	the	difference	between	the	two	and	that	nothing	could	replace	the	
sound	of	a	real	synthesizer.	
	
The	study	will	examine	different	groups	of	non-musicians,	musicians	who	are	not	
synthesizer	experts	and	synthesizer	experts.	There	will	be	sound	samples	presented	
across	a	range	of	synthesized	sound	types	that	have	been	prepared	and	matched	closely	
by	both	instrument	types.	The	study	will	consider	the	listening	equipment	used	by	the	
participants.	
	
The	results	of	the	experiment	show	that	people	can	identify	the	real	synthesizer	
approximately	56-59%	of	the	time.	Their	ability	to	do	so	was	significant	at	the	.05	level	
(0.0427).	The	various	groups,	however	were	not	better	than	the	group	as	a	whole	on	a	
statistically	significant	level.	The	author	believes	that	virtual	analog	emulations	still	have	
some	room	for	improvement	to	exactly	replicate	the	sound	of	real	analog	synthesizers.	
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Chapter	1	

Introduction	

1.1	Problem	Statement	

Over	the	past	10	years,	there	has	been	a	resurgence	in	the	availability	of	new	analog	

synthesizers	on	the	market.	Some	of	these	new	products	are	being	released	by	long-

time	players	in	the	synth	market	such	as	Korg,	Moog	Music	and	Dave	Smith	Instruments,	

while	others	are	being	released	by	newer	boutique	companies	such	as	Arturia	and	

Elektron.		

A	compact,	affordable	and	portable	analog	synthesizer	first	became	available	to	

musicians	in	1970	with	the	release	of	the	monophonic	Minimoog.	Later	in	the	1970’s	

polyphonic	synthesizers	such	as	the	Polymoog	and	the	Prophet-5	by	Sequential	Circuits	

(which	had	digital	memory)	entered	the	market.	In	the	1980’s	many	digital	synthesizers	

took	over	the	market	such	as	the	FM	based	Yamaha	DX7.	In	the	late	1980’s,	synthesizers	

that	used	sample-based,	digital	oscillators	such	as	the	Korg	M1	became	popular	as	they	

were	cheaper	than	their	analog	predecessors	and	could	produce	wider	ranges	of	

sounds.	In	the	mid	to	late	1990’s	computer-based	virtual	instruments	began	to	take	

shape.	As	these	plugins	became	more	powerful,	a	few	categories	emerged.	Some	

plugins	embraced	the	digital	platform,	building	upon	previous	analog	and	digital	synth	

designs,	expanding	voice	count,	envelope	points,	modulation	routings	and	sound	
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generation	techniques.	Another	category	of	plugins	sought	to	recreate	classic	analog	

hardware	designs	in	the	digital	computer	domain.	

Arturia,	GForce,	Roland,	D16,	U-He,	and	Togu	Audio	are	a	few	of	the	many	companies	

that	are	releasing	digital	emulations	of	classic	analog	synthesizers.	Some	designs	aim	at	

faithfully	recreating	every	detail	and	component	of	the	synth	being	emulated,	while	

others	are	emulating	the	sound	and	feel	of	the	instrument	while	adding	features	or	

allowing	components	to	be	interchanged	in	a	modular	format.	

Part	of	the	reaction	to	the	digital	synths	and	computer	plugin	synths	of	the	80’s-2010’s	

has	been	the	resurgence	of	analog	hardware	synthesizers,	both	new	designs	and	re-

issues	of	classic	designs.	However,	hardware	synthesizers	have	an	inherent	

disadvantage	over	virtual	instruments	in	that	they	are	more	expensive,	take	up	physical	

space,	require	setting	up	with	cables	and	recording	equipment,	and	the	fact	that	recall	

can	be	time	consuming	and	maintenance	can	be	expensive.		

By	looking	at	the	price	ranges	of	hardware	analog	synthesizers	and	software	virtual	

analog	synthesizers,	the	price	advantage	of	software	is	apparent.	A	real	analog	

synthesizer	can	range	in	price	from	$400	for	Dave	Smith	Instrument’s	Mopho	(a	

monophonic	analog	synth	module	without	a	keyboard)	up	to	$3,500	for	Moog	Music’s	

reissue	of	the	classic	Minimoog	Model	D	(a	monophonic	analog	synth	with	a	3-octave	

keyboard).	Moog	also	recently	re-released	the	Moog	Modular	system,	which	depending	

on	the	options	ranges	in	price	from	$10,000	-	$150,000.	Typical	prices	of	virtual	analog	

synth	plugins	range	from	Togu	Audio	Line’s	U-NO-LX	(emulation	of	a	Roland’s	Juno	106)	
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at	$60	to	U-He’s	Zebra	at	$199,	with	most	plugin	synthesizer	averaging	between	$50-

$100.	

	

Fig	1.1	-	U-he	Repro	1	(a	virtual	analog	emulation	of	a	Sequential	Circuits	Pro-One)	

The	virtual	analog	plugins	offer	many	advantages	over	hardware	synthesizers	other	than	

price.	Preset	management	and	recall	is	easier,	there	is	no	maintenance	other	than	

periodic	updates,	no	cables	are	required,	there	is	no	need	to	tune	the	oscillators	and	

they	are	portable	and	can	be	taken	anywhere	you	can	bring	a	computer.	
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Fig	1.2	–	Dave	Smith	Instruments	Prophet	’08	Module	

Some	advantages	offered	by	hardware	synths	are	the	tactile	response	and	hardware	

controls.	Some	synths	have	multiple	parameters	buried	in	menus,	but	in	general	most	

analog	synths	have	plenty	of	easily	accessible	controls	readily	available	to	quickly	

construct	and	shape	sounds.	For	some	people	the	“hands-on”	user	interface	sparks	

musical	creativity	and	is	enough	to	justify	the	cost	and	inconvenience	of	purchasing	

external	hardware	such	as	an	analog	synthesizer.	However,	one	of	the	reasons	that	

people	turn	to	real	analog	synthesizers	over	their	more	accessible,	hassle-free	virtual	

counterparts	is	the	common	belief	that	they	sound	better.	The	intent	of	this	study	is	not	

to	determine	whether	synth	users	think	that	an	analog	synth	sounds	better.	The	

purpose	of	this	study	is	to	understand	if	different	groups;	non-musicians,	musicians	who	

are	not	synthesizer	experts,	and	synthesizer	expert	musicians,	can	identify	the	

difference	between	a	real	analog	synthesizer	and	a	virtual	emulation.	
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1.2	Need	For	Study	

Many	musicians	and	synth	users	believe	that	it	is	not	important	if	an	instrument	is	the	

real	thing	or	an	emulation,	as	long	as	the	end	user	is	satisfied	with	the	sound	and	the	

instrument	serves	the	desired	musical	purpose.	This	study	does	not	intend	to	determine	

which	category	of	instrument	is	better.	They	are	merely	different	tools.	If,	however,	it	

can	be	shown	that	the	general	public,	specialists	and	aficionados	cannot	consistently	

identify	the	difference	between	the	real	and	virtually	produced	synthesizer	sounds,	the	

implications	could	be	far-reaching.	If	sound	quality	is	the	greatest	priority,	it	may	be	

harder	to	justify	the	expense	of	purchasing	and	maintaining	analog	synths	and	adapting	

to	their	more	complicated	workflow.	Not	every	reason	for	working	with	real	hardware	

instruments	would	be	discounted.		Many	people	will	still	find	inspiration	in	the	tactile	

experience.	Conversely,	if	it	is	shown	that	a	real	instrument	is	indeed	identifiable,	it	may	

give	confidence	and	assurance	of	quality	to	the	synth	owner	and	an	impetus	to	the	

virtual	synth	makers	to	keep	pushing	the	envelope	to	improve	their	products’	sound	

capabilities.	

1.3	Limitations	

The	study	will	gather	information	through	a	survey	where	participants	listen	to	two	

closely	matched	sound	samples	and	try	to	identify	which	sample	was	produced	digitally	

and	which	sound	source	was	produced	by	an	analog	instrument.	Some	limitations	are	

the	fact	that	the	virtual	models	will	not	be	exact	replicas	of	the	analog	synthesizers	used	

in	the	test.	However,	the	virtual	instruments	will	represent	the	state	of	the	art	of	
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computer	technology	developed	for	replicating	analog	synthesis,	from	modeling	analog	

circuits	to	emulating	the	frequency	response	and	dynamics	of	an	analog	resonant	filter.	

The	fact	that	the	study	is	attempting	to	distinguish	between	analog	and	digital	sources	

and	that	the	samples	will	be	recorded	digitally	could	be	seen	as	a	limitation.	However,	

this	is	not	an	issue	as	digital	recording	can	produce	the	cleanest,	most	distortion	and	

noise	free	recordings,	and	will	reveal	the	true	nature	of	whichever	instruments	or	sound	

sources	are	being	recorded.	In	other	words,	an	analog	sound	being	recorded	digitally	at	

a	high	sampling	rate	and	bit	depth	would	never	be	confused	for	a	digitally	produced	

sound	due	to	the	digital	recording	process,	as	the	process	is	not	adding	a	sonic	

fingerprint	to	the	recording.	It	is	the	process	of	digitally	generating	sound	that	is	in	

question	in	this	study,	not	the	process	of	digitally	capturing	an	existing	sound.	

1.4	Hypothesis	

The	author	hypothesizes	that	the	groups	of	musicians	and	regular	synthesizer	users	will	

be	able	to	distinguish	the	majority	of	samples	that	are	produced	with	analog	

instruments	from	those	produced	with	digital	emulations,	and	the	group	of	non-

musicians	will	not	be	able	to	identify	the	differences.		
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Chapter	2	

Review	of	Related	Literature	

This	chapter	will	summarize	research	on	whether	there	is	a	recognizable	difference	

between	the	sounds	of	analog	and	virtual	analog	synthesizers.	Because	no	studies	on	

this	exact	topic	were	found,	information	on	related	topics	from	various	sources	are	

included.	Some	surveys	were	found	asking	the	question	of	which	of	the	two	forms	of	

synthesizers	sound	better.		While	this	is	not	the	topic	of	this	study,	they	are	summarized	

below	because	their	organization	provides	a	framework	which	may	be	used	in	this	

study.	Most	of	the	literature	comes	from	periodical	articles,	interviews,	technical	

documents	and	synthesizer	users’	blogs.	

2.1	Periodical	Articles	

The	recent	renaissance	of	analog	synthesizers	has	brought	much	attention	to	the	field	

and	many	articles	can	be	found	exploring	the	reasons	for	this	resurgence.	Analog	synths	

were	new	products	in	the	1960s	and	1970s	and	in	the	1980s	cheaper	digital	synths	killed	

off	the	demand	for	more	expensive	analog	synths.	People	at	the	time	were	seeking	out	

what	was	the	latest	product.	However,	now	there	is	more	recognition	that	the	original	

analog	synths	were	unique	instruments	of	a	higher	sound	and	build	quality,	and	were	

more	fun	to	play.	Many	boutique	companies	jumped	back	into	the	current	analog	synth	

trend	and	the	more	established	firms	such	as	Korg	and	Roland	are	playing	catch	up	to	

get	back	into	the	analog	market	(Hamill	2014).	Korg	and	Roland	have	recently	reissued	
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some	of	their	classic	analog	synths	such	as	the	Korg	MS-20	and	have	released	some	

hybrid	concepts	such	as	the	Korg	littleBits.	

Dave	Smith,	founder	of	Sequential	Circuits,	a	company	which	produced	many	classic	

synths	was	asked	why	he	thinks	there	has	been	a	resurgence	in	analog	synthesizers.	He	

stated,	“Sound	quality	is	a	big	part;	musicians	tell	me	over	and	over	how	much	better	

our	synths	fit	in	a	mix.	A	digital	synth	may	sound	good	by	itself	in	a	store,	but	it's	often	a	

problem	when	recording.	And	yes,	the	interface	is	very	intuitive:	the	knobs	are	all	there,	

and	you	can	easily	experiment	with	the	sound,	even	if	you	do	not	fully	understand	

synthesizers.”	(“Q+A.”	2014)	Dave	Smith’s	current	synth	company	offers	the	largest	

range	of	analog	synthesizers	on	the	market	(“Synth	Pioneer”	2014).	

Others	argue	that	perhaps	it	is	the	heritage	of	analog	synths	that	attracts	us	rather	than	

their	sound,	though	admitting	that	there	is	something	more	organic	to	their	sound	that	

appeals	to	both	our	“brains	and	our	guts”	(“Why	are	we”	2014).	Others	claim	that	

analog	synths	will	soon	lose	their	cool	factor	because	of	over	saturation	and	preference	

for	looking	backwards	rather	than	innovating	(“Why	are	we”	2014).	

In	1997	and	1998	one	of	the	leading	magazines	in	the	field,	Electronic	Musician	

reviewed	only	one	virtual	synthesizer	plugin	each	year.	In	2000,	19	were	reviewed	and	

by	the	late	2000’s	there	were	too	many	releases	to	track	(Yelton	2010).	Also,	by	2010,	

every	classic	synthesizer	design	had	been	modeled	in	a	virtual	instrument	plugin.	In	

some	cases,	the	more	popular	instruments	have	been	modeled	many	times	by	many	

companies	(Yelton	2010).	
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2.2	Interviews	with	Synth	Designers	

Some	of	the	big	names	in	early	analog	synthesizer	development	have	interesting	

thoughts	about	the	analog	vs.	digital	synthesizer	question.	Bob	Moog,	who	developed	a	

very	popular	line	of	analog	synthesizers,	stated	“They	(softsynths)	give	you	the	flexibility	

of	programming	things	that	could	never	have	been	programmed	in	an	analog	

environment,	they’re	very	good	learning	tools,	and	they’re	very	good	for	quickly	trying	

out	ideas	without	investing	$10,000-$15,000	in	an	analog	modular	system.	But	the	fact	

that	there	are	these	many	good	traits	doesn’t	mean	that	there	aren’t	some	things	that	

analog	equivalents	simply	continue	to	do	better	than	anything	that’s	emulated	on	a	

personal	computer.	The	best	computer	emulations	sound	good,	they	sound	close,	but	

no	cigar”	(“A	Conversation	With”	2005).	

Dave	Smith,	in	an	interview	when	asked	about	virtual	synthesizers	stated,	“They	sound	

OK	as	long	as	the	real	thing	is	not	nearby,	and	they	can	be	convenient	if	you	want	to	

work	in	the	box.	But,	software	does	not	have	the	look	and	feel	of	a	real	musical	

instrument.	And	they	become	disposable	instruments.	This	may	be	why	some	software	

companies	are	now	making	analog	hardware	synths.”	(Scarth	2013)	

On	the	other	hand,	another	notable	hardware	synth	creator,	Roger	Linn	said	“I	actually	

prefer	software	synthesis	because	you	can	get	incredibly	complex	and	varied	sounds,	

plus	you	can	save	whatever	you	create	and	instantly	reload	it	any	time.	I	value	the	

sound	of	analogue	and	I	think	there	are	certain	qualities	to	it	that	are	difficult	to	

duplicate	in	software,	but	it’s	merely	one	form	of	synthesis	and	there	have	been	so	
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many	new	and	beautiful	software	synthesis	methods	developed	since	then,	each	with	its	

own	special	magic”	(“Real	Time”	2016).	

2.3	Technical	Documents	Regarding	Synthesizer	Technologies	

Many	virtual	synthesizer	software	companies	have	published	technical	details	about	

their	technologies	that	are	relevant	to	this	study.	The	company	Arturia,	which	produces	

many	virtual	emulations	of	classic	synthesizers	has	detailed	some	of	their	techniques	for	

creating	accurate	reproductions	of	the	classic	instruments.	Some	methods	listed	include	

reproducing	the	characteristics	of	analog	oscillators,	filters	and	implementing	soft	

clipping	to	obtain	the	same	sounds	of	analog	machines	(“What	is	TAE?”	2016).	

German	software	synth	designer	Urs	Heckmann	recently	developed	a	plugin	titled	

Repro-1	which	emulates	a	Sequential	Circuits	Prophet	1.	He	claims	that	he	performed	

extreme	circuit	modeling	of	the	Curtis	CEM	3320	filter	chip	found	in	a	vintage	Prophet	

One	synth.	He	also	laid	out	the	limitations	of	virtual	emulations	in	that	while	the	

relationships	between	voltages	and	currents	in	a	filter	circuit	are	simple,	there	is	no	

direct	solution	for	real-time	interactions	within	the	circuit	(when	recreating	the	circuit	

digitally)	(Heckmann	2016).	He	also	created	an	online	survey	as	part	of	his	research	into	

the	filters.	He	had	released	a	beta	version	of	the	synth	with	5	selectable	filter	types	and	

asked	the	users	to	rate	which	version	of	the	filter	they	thought	sounded	better.	
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Another	German	plugin	developer,	Native	Instruments	recreated	a	Minimoog	in	a	plugin	

format,	called	Monark.	It	is	widely	accepted	as	one	of	the	most	accurate	representations	

of	the	classic	Moog	instrument.	(“6	of	the	best”	2015.)	

On	their	website,	Native	Instruments	claims	that	it	makes	use	of	zero-delay	feedback	

using	mathematical	prediction,	utilizes	research	on	human	perception	and	claims	to	be	

the	most	accurate	virtual	instrument	available	(MONARK	2016.)	

In	a	review	in	Sound	on	Sound	magazine,	the	reviewer	compared	the	plugin	to	an	

original	Minimoog	and	concluded	that	it	was	the	closest	emulation	he	had	heard	in	

software	and	he	would	doubt	that	experienced	players	would	reliably	differentiate	

between	the	two	in	a	blind	audition	(Nagle	2014).	

2.4	Synth	User’s	Blogs	

Some	synth	users	argue	that	it	does	not	matter	which	synths	sound	better,	rather	the	

important	aspect	is	the	interface	of	the	instrument,	and	a	hardware	analog	synth	will	

have	a	more	immediate	connection	to	a	performer	then	a	virtual	counterpart	which	is	

tied	to	a	computer	screen	(Dobos	2012).	

Another	synth	user,	Marc	Hall	lists	the	problems	found	in	digital	synths	not	found	in	

analog	synths	as	being	aliasing,	harmonic	distortion,	scratchy	transients,	gritty	high	end,	

breaking	down	at	extremes	and	an	unstable	low	end.	He	also	mentions	that	analog	

synths	can	be	unruly	in	that	the	sound	may	change	or	be	slightly	different	every	time	

you	play	a	note	(Hall	2014).	
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Another	blog	suggests	that	the	reason	so	many	plugins	emulate	classic	designs	is	the	

ease	of	use	of	the	interface,	accessibility	of	the	synth	analogy	and	inspiration	that	can	

be	drawn	from	the	classic	designs.	The	quality	of	the	sound	is	a	bonus.	(“Why	buy”	

2013).	
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Chapter	3	

Design	

3.1	Survey	Method	and	Target	Group	

The	method	for	collecting	data	for	the	study	will	be	an	online	survey.	The	survey	system	

that	will	be	used	is	Survey	Monkey,	an	online	survey	administrative	system.	Links	to	the	

survey	will	be	distributed	via	email	to	non-musicians,	musicians	and	synthesizer	experts.		

A	link	to	the	survey	will	also	be	posted	to	various	online	forums	that	focus	on	target	

groups.	The	survey	also	will	be	distributed	via	social	media	such	as	Facebook,	and	survey	

takers	will	be	encouraged	to	forward	a	link	to	the	survey	to	their	own	personal	network.		

The	beginning	instructions	of	the	survey	will	instruct	participants	to	situate	themselves	

in	a	critical	listening	environment.	They	must	be	situated	in	a	quiet	room	with	minimal	

background	noise	and	comfortably	seated,	as	to	not	be	distracted	and	to	be	able	to	

focus	on	critical	listening.	Critical	listening	and	a	noise	free	environment	is	critical	to	the	

survey	as	the	differences	between	the	two	sample	sets	(analog	produced	sound	and	

digitally	produced	sound)	are	expected	to	be	significant	but	may	not	be	obvious	to	all	

participants	and	will	be	less	obvious	in	a	distracting	or	noisy	environment.		

The	overall	target	group	for	the	survey	is	the	general	public	and	the	intent	is	for	as	many	

people	as	possible	to	take	the	survey	and	share	their	perspectives.	However,	the	data	

will	be	analyzed	according	to	3	specific	groups	and	participants	will	first	be	asked	to	

identify	themselves	as	belonging	to	one	of	the	following	groups:	



Blostein	-	20	 

A. Non-Musician	

B. Musician,	Not	an	Expert	Level	Synthesizer	User	

C. Expert	Level	Synth	User	(Musician)	

	

While	the	intent	is	to	collect	as	much	data	as	possible	and	have	as	many	participants	as	

possible,	it	would	be	ideal	to	collect	an	equal	amount	of	data	from	all	three	groups.	As	

the	survey	develops,	results	of	the	participant	category	will	be	monitored	and	the	

survey	may	be	directed	and	pointed	towards	any	target	groups	that	may	be	

underrepresented.		

Next,	the	participants	will	be	asked	to	identify	their	method	of	sound	monitoring:	

A. Studio	Monitor	Speakers	

B. Computer	Speakers	/	Consumer	Bookshelf	Speakers	

C. Over	the	Ear	Headphones	/	Noise	Isolating	in	Ear	Monitors	

D. Earbud	headphones	

It	is	important	that	the	listeners	use	monitoring	equipment	that	is	of	a	high	enough	

quality	that	the	fine	details	of	the	sounds	are	represented.	It	is	accepted	that	not	every	

participant	will	have	access	to	professional	level	reproduction	equipment.	After	data	is	

collected	and	analyzed,	if	significant	differences	in	results	are	found	based	on	the	

quality	of	playback	equipment	used,	the	data	analysis	results	section	of	this	paper	will	

be	further	divided	and	categorized	into	which	kind	of	playback	and	monitoring	

equipment	was	used	by	the	participants.		
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3.2	–	Sound	Sample	Questions	

Next,	participants	will	listen	to	a	variety	of	sound	samples	and	answer	the	same	set	of	

questions	regarding	what	they	hear.		For	each	set	of	samples	and	questions,	one	sample	

will	have	been	produced	by	an	analog	synthesizer	and	the	other	sample	will	have	been	

produced	by	a	virtual	analog	synthesizer.	

Participants	will	be	instructed	to	note	that	the	survey	is	not	intended	to	judge	which	

samples	sound	better,	it	is	only	striving	to	determine	if	in	fact	we	can	consistently	tell	

the	difference	between	the	two.		

The	participants	will	not	know	which	of	the	individual	sample	are	the	ones	produced	by	

the	analog	synthesizer	and	which	are	produced	by	the	virtual	analog.	The	order	of	the	

generated	sound	types	will	not	be	consistent	throughout	the	survey.	For	example,	the	

analog	sound	may	be	played	first	for	Question	1	and	for	Question	2	it	may	be	the	virtual	

analog	sound	that	is	presented	first.	The	reason	for	the	sound	generation	type	being	

blind	is	to	minimize	any	preconceptions	or	stereotypes	users	may	bring	to	the	survey.	

Typically,	analog	synthesizers	have	been	described	by	users	as	having	a	warm	or	gentler	

sound	while	digitally	produced	virtual	analog	synths	have	a	cold,	harsh	or	brittle	sound.		

The	possible	answers	that	may	be	given	by	the	participants	will	be	limited	to	the	

following	for	all	Questions:	

A)	sample	1	was	the	analog	synth	and	sample	2	was	the	virtual	analog	synth	
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B)	sample	1	was	the	virtual	analog	synth	and	sample	2	was	the	analog	synth	

C)	cannot	hear	a	difference	

Prior	to	listening	to	any	sound	samples,	the	participants	will	read	a	short	description	of	

common	stereotypes	regarding	analog	or	digital	synthesizer	sounds.	The	reason	for	this	

is	a	participant	who	may	have	no	experience	with	these	instruments	may	not	know	

what	to	be	potentially	listening	for	or	what	to	be	trying	to	distinguish	with	critical	

listening.	After	reading	these	opinions,	the	participants	will	be	instructed	to	listen	

carefully	and	try	to	listen	for	any	of	these	described	sound	qualities	in	the	listening	

samples,	and	make	an	educated	guess	as	to	which	sample	is	which	instrument.	If	they	

are	not	able	to	distinguish	or	place	any	qualifiers	onto	the	sounds,	they	should	choose	

the	third	answer,	that	no	distinction	can	be	made.	

3.3	Sound	Production	Methods	

To	produce	all	sound	samples,	the	analog	synthesizer	samples	will	be	created	first	and	

the	virtual	analog	representation	will	be	created	afterwards,	attempting	to	match	the	

sound	characteristics	as	closely	as	possible	by	ear.	The	reason	for	this	sequence	is	that	in	

effect	the	virtual	analog	synthesizer	is	an	attempt	to	recreate	the	established	sounds	of	

analog	synthesizers,	and	it	seems	to	be	the	best	method	for	creating	the	closest	possible	

matching	sound	sets.	



Blostein	-	23	 

For	the	analog	synthesis	samples,	a	Moog	Little	Phatty	will	be	used	for	some	

monophonic	sounds,	a	Dave	Smith	Instruments	Prophet	08	for	other	monophonic	and	

polyphonic	sounds,	and	an	Elektron	Analog	Rytm	for	percussion	and	drums	sounds.	

For	the	virtual	analog	synthesis	samples,	the	Native	Instruments	Monark	will	be	used	to	

match	the	Moog	monophonic	sounds,	U-He	Repro-1	to	match	the	Prophet	monophonic	

sounds,	the	Arturia	Prophet-5	to	match	the	Prophet	polyphonic	sounds	and	D16	

Nepheton	and	Drumazon	for	percussion	and	drum	sounds	to	match	the	Elektron.	

All	sound	samples	will	be	recorded	at	96kHz,	32	bit	resolution	to	ensure	optimal	sound	

quality.	Sound	samples	will	be	converted	for	web	streaming.	

A	slight	analog	hiss	sound	will	be	added	when	deemed	necessary	to	the	virtual	analog	

synth	samples.	The	reason	is	that	analog	hiss	is	inherent	to	the	analog	produced	sounds	

and	the	hiss	rather	than	the	actual	musical	sound	may	give	away	the	answer	as	to	which	

sample	was	produced	with	the	analog	synth.	

3.4	Question	Categories	

The	sample	sound	files	will	be	the	same	for	all	participants,	and	will	not	be	dependent	

on	their	level	of	expertise	or	level	of	sound	playback	equipment.	The	sound	samples	will	

be	divided	into	categories	and	begin	with	simple	basic	sounds	and	step	by	step	evolve	

into	more	complex	sounds.		
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Participants	will	first	listen	to	samples	of	pad	sounds	playing	simple	chords.	Monophonic	

bass	sounds	playing	a	simple	pattern	will	be	next,	followed	by	short	polyphonic	pluck	

sounds.	A	set	of	highly	resonant	sounds	with	filter	modulation	will	be	presented	next,	

and	then	synthesized	percussion	sounds,	which	can	be	very	different	from	standard	

synth	sounds	in	the	fact	that	they	focus	on	shorter	sounds	with	less	pitched	content	and	

more	noise	generated	content.	A	set	of	bright	lead	sounds	will	be	presented	next,	then	a	

set	of	arpeggiated	chords	with	modulation.	These	different	sound	types	have	been	

chosen	to	study	whether	there	could	be	a	difference	in	the	results	depending	on	the	

type	or	complexity	of	the	synthesized	sound	samples.	

After	listening	to	individual	sound	samples,	the	participants	will	listen	to	a	full	length	

fully	produced	song	that	is	mixed	with	traditional	studio	effects.	The	intent	is	to	

represent	a	real-world	example	of	music	and	a	song	that	has	been	produced	entirely	

with	synthesized	sounds.		

3.5	Data	Analysis	

The	results	will	be	calculated	for	the	entire	group	of	participants,	and	then	divided	into	

the	groups	of	musicians,	non-musicians,	and	synth	experts.	The	data	will	be	tested	for	

significance	as	a	whole	and	in	individual	user	groups	to	see	which	groups	can	

significantly	distinguish	between	analog	and	virtual	analog	synthesizers.	The	data	will	

also	be	tested	to	see	if	equipment	playback	quality	is	a	factor.	
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3.6		Limitations	

There	are	some	inherent	limitations	to	the	study.	First,	some	participants	may	not	know	

what	to	be	listening	for	to	distinguish	an	analog	synthesizer	from	a	virtual	analog,	and	

may	guess.	This	is	why	the	third	question	option	is	available	(that	no	difference	can	be	

heard)	but	this	may	not	prevent	all	guesses.	

Also,	the	synthesizers	used	do	not	all	have	the	exact	same	control	parameters	and	some	

of	the	sounds	created	for	the	survey	will	be	matched	by	ear.	Some	differences	in	sounds	

will	be	inherent.		Even	so,	the	synthesizers	should	still	impart	their	analog	or	virtual	

analog	characteristics,	regardless	of	program.		
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Chapter	4	

Resulting	Data	

The	survey	collected	results	from	46	participants	in	total.	10	participants	identified	

themselves	as	non-musicians,	18	as	musicians	(not	synthesizer	experts)	and	18	

identified	as	synthesizer	experts.	There	were	8	sound	sample	sets	in	the	survey,	and	

with	46	total	participants	there	were	368	total	responses	to	questions	related	to	the	

sound	samples.	39	of	the	responses	indicated	the	3rd	option	(cannot	hear	a	difference	

between	the	sounds).	These	replies	have	been	discarded	from	the	data	as	they	served	

as	an	effort	to	reduce	errors	or	guesses,	and	after	removing	those	responses	there	

remained	329	complete	answers.	

Out	of	the	329	answers,	185	(56%)	correctly	identified	the	analog	and	virtual	analog	

synthesizer	samples,	and	144	(44%)	were	incorrect.	

	

For	the	non-musician	group,	44	(62%)	answers	were	correct	and	27	(38%)	were	

incorrect.	In	the	Musician	(Non	Synth	Expert)	Group,	73	(54%)	answers	were	correct	and	

61	(46%)	were	incorrect.	Finally,	in	the	Synthesizer	Expert	Group,	68	(55%)	answers	

were	correct	and	56	(45%)	were	incorrect.	
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In	regards	to	the	individual	results	of	the	8	sound	samples,	there	were	some	wide-	

ranging	differences.	For	every	sound	except	one,	more	than	50%	answered	correctly.	

The	drum	loop	samples	had	the	best	score,	with	71%	correct	answers.	Also,	the	lead,	

resonant	and	pluck	sounds	stood	out	as	receiving	a	higher	than	average	rate	of	correct	

responses.	It	is	possible	that	the	Arpeggiated	Sounds	received	such	a	different	result	

due	to	the	sounds	not	being	matched	close	enough	in	the	programming	stage.	
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In	regards	to	listening	equipment	used,	the	results	did	not	vary	greatly	depending	on	

this	variable.	However,	participants	using	low	quality	earbuds	did	score	lower	than	the	

other	groups.	A	possibility	could	be	that	this	listening	method	is	less	revealing	in	the	

details	or	differences	in	sound.	

	 	 	 	

If	the	overall	results	are	calculated	excluding	listeners	using	earbuds	(due	to	poor	

listening	quality)	and	excluding	the	Arpeggiated	Sounds	question	(considering	this	result	

an	error),	the	results	are	161	(59%)	correct	answers	and	110	(41%)	incorrect	answers.	

	

As	a	group	of	the	whole,	all	subjects	were	able	to	distinguish	the	analog	and	digital	

synthesizers	better	than	random	(50/50).		Their	ability	to	do	so	was	significant	at	the	.05	

level	(0.042716507).	
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The	various	subgroups	were	all	able	to	identify	analog	and	digital	synthesizers	on	

different	statistically	significant	levels.	

Non	Musicians		 62%		 	 p	=	0.002446947	

Musicians	 	 54%	 	 p	=	0.012890694	

Experts	 	 55%	 	 p	=	0.012274975	

The	various	groups	were	not	better	than	the	group	as	a	whole	on	a	statistically	

significant	level.	

Non	Musicians		 	 	 p	=	0.329529215	

Musicians	 	 	 	 p	=	0.682445189	

Experts	 	 	 	 0.75464943	
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4.1	Summary	and	Conclusion	

The	conclusion	drawn	from	the	results	is	that	the	participants	could	distinguish	between	

real	analog	synthesizers	and	virtual	analog	synthesizers.	The	difference	was	more	

pronounced	for	drum	synthesis	as	well	as	the	brighter	pluck,	lead	and	resonant	sounds.	

For	more	subdued	bass	sounds	and	pad	sounds,	the	results	were	less	definitive.	

Playback	equipment	had	some	part	in	the	results.	Consumer	level	equipment	did	not	

seem	to	affect	the	results	except	for	cheap	earbud	headphones	which	did	not	score	

well,	as	they	do	not	reproduce	sound	accurately	enough	to	reveal	the	differences	in	

sound	quality.	Additionally,	there	was	not	a	significant	difference	in	the	results	

depending	on	if	the	participant	classified	themselves	as	a	non-musician,	musician	or	

synthesizer	expert.	In	fact,	non-musicians	scored	slightly	higher	than	the	other	groups,	

which	was	not	expected.	One	possible	explanation	for	this	could	be	that	the	non-

musician	group	was	listening	more	for	general	sound	quality	rather	than	any	technical	

differences.	In	conclusion,	although	expensive	to	purchase	and	less	convenient	to	setup	

and	program,	a	real	analog	synthesizer	will	provide	its	user	with	not	only	a	tactile,	

creative	experience	but	a	sound	that	can	be	distinguished	from	its	virtual	analog	

counterpart,	especially	when	programming	brighter	sounds.	It	does	not	seem	that	

virtual	analog	plugins	that	aim	to	recreate	the	sound	of	analog	synthesizers	are	yet	

capable	of	achieving	their	goal	without	question.	
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Links	to	Sound	Samples	Used	in	the	Survey	

Analog	Pad	 	 	 Virtual	Analog	Pad	

Analog	Bass	 	 	 Virtual	Analog	Bass	

Analog	Pluck	 	 	 Virtual	Analog	Pluck	

Analog	Rez	 	 	 Virtual	Analog	Rez	

Analog	Drums		 	 Virtual	Analog	Drums	

Analog	Lead	 	 	 Virtual	Analog	Lead	

Analog	Arp	 	 	 Virtual	Analog	Arp	

Analog	Song	 	 	 Virtual	Analog	Song	

	

	 	



Blostein	-	32	 

Works	Cited	

Hamill,	Jasper.	“Small	Firms	Are	Making	Big	Bucks	In	The	Analog	Economy.”	Forbes	

Magazine,	13	Jan.	2014,	www.forbes.com/sites/jasperhamill/2014/01/13/small-firms-

are-making-big-bucks-in-the-analog-economy/2/#f148f1c17ce3.	Accessed	December	4,	

2016.	

“Why	are	we	still	obsessed	with	vintage	synths?”	MusicRadar,	1	May	2014,	

http://www.musicradar.com/news/tech/why-are-we-still-obsessed-with-vintage-

synths-599129.	Accessed	December	4,	2016.	

Heckmann,	Urs.	“What	makes	No.	3	the	best?”	www.u-he.com,	May	2016,	

http://www.u-he.com/downloads/UrsBlog/RePro_Filters_Unveiled.pdf.	Accessed	

December	4,	2016.	

Dobos,	Julius.	“Analog	vs.	Digital	Synthesizers	–	My	Take	on	the	Old	Debate.”	

www.juliandobos.com,	8	November	2012,	http://www.juliusdobos.com/the-philosophy-

behind/analog-vs-digital-synthesizers-debate/.		Accessed	December	4,	2016.	

Hall,	Marc.	“Synths:Analogue	vs.	Digital.”	18	May	2014.	

https://marcdhall.wordpress.com/2014/05/18/synths-analogue-versus-digital/.	

Accessed	January	20,	2017.	

“Why	buy	a	hardware	synthesizer.”	6	Sept.	2013.	http://www.dawsons.co.uk/blog/why-

buy-a-hardware-synthesizer.	Accessed	January	20,	2017.	



Blostein	-	33	 

“What	is	TAE?”	www.arturia.com,	https://www.arturia.com/analoglab/tae®.	Accessed	

December	4,	2016.	

“6	of	the	best	VST/AU	Minimoog	emulation	plugins.”	Computer	Music.	8	June	2015,	

http://www.musicradar.com/news/tech/6-of-the-best-vst-au-minimoog-emulation-

plugins-622621.	Accessed	January	20,	2017.	

“MONARK.”	https://www.native-

instruments.com/en/products/komplete/synths/monark/.	Accessed	January	20,	2017.	

Casper,	Joshua.	ASK	Audio,	22	May	2016,	https://ask.audio/articles/steve-duda-on-the-

future-of-software-instruments-effects.	Accessed	December	4,	2016.	

“Analog	Synth	Trends:	Tom	Oberheim	and	Dave	Smith	(2015	NAMM	Show).”	

www.namm.org,	6	Feb.	2015,	https://www.namm.org/nammu/industry/analog-synth-

trends-tom-oberheim-and-dave-smith.	Accessed	December	4,	2016.	

“Video	Explains	Why	Difference	Between	Analog,	Digital	Isn’t	What	Most	People	Think.”	

Create	Digital	Music,	http://cdm.link/2013/07/video-explains-why-difference-between-

analog-digital-isnt-what-most-people-think/.	Accessed	December	4,	2016.	

“A	Conversation	with	Bob	Moog:	Analog	vs.	Digital	Sound	Generation.”	Keyboard	

Magazine,	Jan.	2005,	www.moogmusic.com/legacy/conversation-bob-moog-analog-vs-

digital-sound-generation.	Accessed	December	4,	2016.	



Blostein	-	34	 

Nagle,	Paul.	“Native	Instruments	Monark.”	Sound	on	Sound	Magazine,	August	2014.	

http://www.soundonsound.com/reviews/native-instruments-monark.	Accessed	January	

20,	2017.	

Scarth,	Greg.	“Dave	Smith	on	Synth	Evolution.”	Attack	Magazine,	6	Sept.	2013,	

www.attackmagazine.com/features/interview/dave-smith-synth-evolution-midi/.	

Accessed	December	4,	2016.	

Scarth,	Greg.	“Urs	Heckmann	on	Synths,	Celebrity	Endorsements	&	Hardware.”	Attack	

Magazine,	1	Aug.	2016,	https://www.attackmagazine.com/features/long-read/u-hes-

urs-heckmann-on-synths-celebrity-endorsements-hardware/.	Accessed	December	4,	

2016.	

“Real	Time:	An	Interview	with	Roger	Linn.”	Juno	Plus,	29	July	2016,	

http://www.junodownload.com/plus/2016/06/29/real-time-an-interview-with-roger-

linn/.	Accessed	December	4,	2016.		

Yelton	Geary.	EM	rounds	up	the	latestst	soft	synths.	Electronic	Musician.	March	2010,	

http://search.ebscohost.com.dbs.valleyforge.edu/login.aspx?direct=true&db=a9h&AN=

52105042&site=ehost-live.	Accessed	January	20,	2017.	

“Q+A.”	Music	Trades.	June	2014,	

http://search.ebscohost.com.dbs.valleyforge.edu/login.aspx?direct=true&db=a9h&AN=

96314616&site=ehost-live.	Accessed	January	20,	2017.	



Blostein	-	35	 

“SYNTH	PIONEER	DAVE	SMITH	CHAMPIONS	ANALOG	SOUNDS.”	Music	Trades,	2014,	

http://search.ebscohost.com.dbs.valleyforge.edu/login.aspx?direct=true&db=a9h&AN=

93729773&site=ehost-live.	Accessed	January	20,	2017.	

	

	


