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How Are We Doing?
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GDP
	
“One	of	the	greatest	invenPons	of	the	20th	century”	
	

	 	 	 	 	-	Paul	Samuelson	and	William	Nordhaus,	2000	
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Is GDP a good measure of well-being?

	
“The	welfare	of	a	naPon	can	scarcely	be	inferred	from	a	measurement	of	
naPonal	income	as	defined	[by	the	GDP.]”	

	 	 	 	 	 	 	 	-	Simon	Kuznets,	1934	

“[GDP]	measures	everything	except	that	which	makes	life	worthwhile.”	
-  Robert	F.	Kennedy,	1968	

	
	

GDP	is	a	measure	of	produc'on	
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The digital economy creates special 
challenges for measuring well-being
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The explosion of free digital goods
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We see informaFon goods everywhere  
but the GDP staFsFcs.

	
BEA:	InformaPon	sector	makes	up	4-5%	of	the	US	economy	
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About the same share it did 30 years ago in 1986 

Music

8 
Ref. Brynjolfsson and Saunders 2009 
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Claim:  
 
Changes in consumer surplus (CompensaFng 
Expenditure) can be an important supplement to 
GDP as a measure of well-being

9 

Changes in GDP  
vs.  

Changes in Consumer Surplus
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Case 1: Classic Goods

E.g.	Automobiles	
	
GDP	↑,	Consumer	Surplus	↑	

11 

Case 2: TransiFon Goods

E.g.	Encyclopedia	
(Britannica	vs.	Wikipedia)	
	
GDP	↓,	Consumer	Surplus	↑	
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Case 3: Purely Digital Goods

E.g.	Increased	use	of	maps	on	
smart	phones	

GDP	no	change,	
Consumer	Surplus	↑	
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Prior work measuring the value of digital goods
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AdverFsing Revenue
E.g.	Nakamura	and	Soloveichik	(2015)	

•  Measure	value	of	free/	low-priced	digital	media	by	the	adverPsing	
revenue	increases	real	GDP	growth	by	0.019%	

	
Comment:	

•  Relevant	for	GDP,	but	adverPsing	revenues	are	generally	not	
proporPonal	to	consumer	surplus	(Spence	and	Owen	1977)	
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Internet Access Fees
E.g.	Greenstein	and	McDevii	(2011)	

•  AddiPonal	consumer	surplus	created	when	consumers	switched	from	
dial-up	to	broadband	~	between	$4.8	and	$6.7	billion	from	1999-2006	

Comment:	
•  Doesn’t	allocate	across	types	of	digital	goods.	
•  Consumers	may	value	the	content	of	the	Internet	vastly	more	than	they	
pay	to	access	the	Internet	creaPng	measurement	difficulPes	

16 
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Time Use
E.g.	Goolsbee	and	Klenow	(2006),	Brynjolfsson	and	Oh	(2014)	

•  Measure	value	of	digital	goods	by	opportunity	cost	of	Pme	spent	online	
•  Goolsbee	and	Klenow	(2006):	Consumer	surplus	of	median	US	naPonal	=	$3000	
for	2005	

•  Brynjolfsson	and	Oh	(2014):	Average	annual	change	in	consumer	surplus	=	$25	
billion	between	2007	and	2011	

	
Concerns	

•  Mapping	from	Pme	to	value	can	be	unreliable	
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What about producer surplus?
•  Nordhaus	(2005):	Innovators	able	to	capture	only	3.7%	of	social	returns	
to	innovaPon	between	1948-2001	
•  If	the	share	of	producer	surplus	contribuPon	to	the	total	social	surplus	remains	
relaPvely	stable,	then	consumer	surplus	would	have	to	be	scaled	up	by	a	small	
fracPon	

•  However,	measuring	simply	the	consumer	surplus	might	be	a	concern	if	the	
producer	surplus	changes	rapidly	relaPve	to	the	consumer	surplus	

18 
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Methodology

19 

Approaches to measure consumer value
Market	data:	Revealed	preferences	

•  Explain	variaPon	in	demand	with	variaPon	in	market	prices	(or)	
•  Explain	variaPon	in	market	prices	with	variaPon	in	features	(hedonic	
pricing)	

	
Issues:	

•  Hard	to	isolate	price	effect	on	demand	
•  E.g.	price	reducPons	typically	combined	with	increased	adverPsing	

•  Not	applicable	for	free	goods	
	

20 
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Approaches to measure consumer value
Survey	data:	Stated	preferences	

•  Discrete	choice	experiments	
•  Used	in	various	fields	

•  MarkePng	
•  E.g.	ValuaPon	of	product	features	
•  E.g.	ValuaPon	of	user	privacy	in	mobile	apps	

•  ConPngent	valuaPon	studies	
•  E.g.	ValuaPon	of	prevenPng	another	Exxon	Valdez	type	oil	spill	

•  TransportaPon	
•  E.g.	ValuaPon	of	travel	Pme	savings	
	

•  External	validity	
•  Widely	used	in	industry	
•  Accepted	as	evidence	in	legal	cases	(e.g.	Apple	vs.	Samsung)	
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IniFal approach
Single	Binary	Discrete	Choice	(SBDC)	Experiments	
Ask	consumers	to	make	a	single	choice	among	two	opPons:	

q  Keeping	the	good	
q  Give	up	the	good	and	receive	$E	in	return	

•  Focus	on	WTA	since	consumers	already	have	access	to	good	for	free	
	
Prices	$E	systemaPcally	varied	between	consumers	
	
Seek	to	reduce	error	by	increasing	quanPty	of	responses	

•  AggregaPon	of	data	leads	to	demand	curves	
	
	

22 
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UFlity theory 
•  UPlity	U	of	a	good	g	that	is	either	available	U(g1)	or	not	U(g0)	
•  Non-negaPve	uPlity	of	consuming	the	good:	U(g1)	>	U(g0)	
•  Monetary	value	expressed	as	compensaPng	measure	C	or	equivalent	
measure	E	that	have	an	effect	on	the	consumer’s	income	y	

U(g1,	y	–	C*)	=	U(g0,	y)			or			U(g1,	y)	=	U(g0,	y	+	E*)	
•  C*	=	willingness-to-pay	(WTP)	for	getng	access	to	the	good	
•  E*	=	willingness-to-accept	(WTA)	to	forego	it.	
•  We	focus	on	E	and	WTA	since	consumers	have	access	to	the	good	for	
free	

23 

Choice model
•  Define	U(g1)	=	0	
•  Consumer	will	accept	E	if	U(g0,	y	+	E)	>	0	
•  Random	uPlity	model:	U(g0,	y	+	E)	=	b0	g0	+	b1	E	+	e	
•  Choices	modeled	as	probability	P	within	a	binary	logit	model:	

•  Forego	good:	P(g0,	E)	=	exp(b0	g0	+	b1	E)	/	(1	+	exp(b0	g0	+	b1	E))	
•  Keep	good:	1	-	P(g0,	E)	

•  b	esPmates	represent	consumer	valuaPon	of	service	and	price	sensiPvity	
•  Median	equalizaPon	price	E*	=	-	b0	g0	/	b1	

	

24 
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CriFcism of methodology (Hausman 2012)

1.  HypothePcal	bias	
•  No	incenPve	for	truth	vs.	for	random	responses	

	
2.	Differences	between	WTP	and	WTA	

•  Requires	addiPonal	behavioral	theory	(e.g.	endowment	effects,	loss	aversion)	

	
3.	Inconsistencies	regarding	scope	and	embedding	

•  Adding-up	test	
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Survey PlaTorm: Google Consumer Surveys

26 
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Results

27 

Facebook WTA

Would	you	prefer	to	keep	access	to	Facebook	or	go	without	access	to	
Facebook	for	one	month	and	get	paid	$10?	

q Keep	access	to	Facebook	
q Give	up	Facebook	and	get	paid	$10	

	
N	=	8029	
	

28 
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Facebook WTA
WTAmedian	=	$4.98/month	

								[$3.75,	$6.63]	
	
	=	$59.72/year	
					[$44.97,	$79.52]	
	
	
	
	
	
Demographics	results:	
•  Men	32%	less	likely	than	women	to	choose	Facebook	over	cash	
•  Older	people	value	Facebook	more	than	younger	people	

•  65+	people	94%	more	likely	to	choose	Facebook	over	cash	compared	to	25-34	people	
•  Possibly	because	younger	people	mulP-home	across	different	social	media/	messaging	apps	

•  Facebook	valued	more	as	income	increases	up	to	100k,	but	not	
beyond	 29 

Are GCS respondents 
representaFve?

30 



7/17/16 

Preliminary and Incomplete.  16 

Comparison of GCS with professional survey panel
•  Professional	panel	provider:	Peanut	labs	

•  2.9	million	acPve	verified	panelists	
•  Used	by	several	companies	for	market	research	running	thousands	of	surveys	

•  User	quotas	selected	to	represent	internet	users	in	US	

31 

GCS SelecFon bias
N	~	1500	each	for	GCS	&	Peanut	Labs	

No	Selec?on	bias	

	

No	significant	differences	in	
•  Intercept:	p	=	0.991	

•  SensiPvity	to	log(E):	p	=	0.474	

32 
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Is there hypotheFcal bias?

33 

Facebook IncenFve CompaFble (IC) study
•  IncenPve	compaPbility:	Randomly	pick	some	respondents	and	fulfill	
their	selecPon	(one	out	of	every	200)	

•  If	chosen	to	keep	Facebook,	do	nothing	
•  If	chosen	to	give	up	Facebook,	ask	them	to	give	it	up	for	1	month	

•  Ayer	1	month,	verify	whether	they	have	used	Facebook	in	the	past	month	and	reward	
them	with	$E	

•  For	verificaPon,	simply	ask	them	to	send	us	a	message	on	Facebook,	this	allows	us	to	see	
when	they	were	last	online	

•  Not	pracPcal	to	open	alternaPve	Facebook	account	within	a	month	and	add	all	friends	

•  Recruited	3000	respondents	via	Peanut	Labs	who	use	Facebook	
•  Randomly	assigned	50%	to	IC	group	and	50%	to	Non-IC	(NIC)	group	

34 
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Facebook HypotheFcal Bias
•  No	significant	differences	in	

intercept:	p	=	0.905	
	
•  Different	sensiPvity	to	log(E):	p	=	

0.002	
	
	

	
Calibra?on	factor	~	3.5,	underes?mated	
without	IC	
•  For	WTP,	meta-analysis	of	experiments	

shows	hypothePcal	bias	factor	of	3,	
overesPmated	

35 

Most widely used digital goods categories
•  Email	(e.g.	Gmail,	Yahoo	mail)	
•  Social	Media	(e.g.	Facebook,	Instagram)	
•  Messaging	(e.g.	Facebook	Messenger,	Skype)	
•  E-Commerce	(e.g.	Amazon,	eBay)	
•  Maps	(e.g.	Google,	Apple)	
•  Search	engines	(e.g.	Google,	Bing)	
•  Music	(e.g.	SpoPfy,	Pandora)	
•  Video	(e.g.	Youtube,	Ne{lix)	

36 
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37 

38 
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39 

Category	 WTA/	year	 95%	CI	lower	 95%	CI	upper	 n	

All	Search	Engines	 $16,628.97	 $12,469.69	 $22,561.61	 8081	

All	Email	 $6,895.80	 $5,602.04	 $8,508.91	 8097	

All	Maps	 $2,789.88	 $2,008.42	 $3,906.18	 6526	

All	Video	 $935.99	 $757.54	 $1,165.04	 6572	

All	E-Commerce	 $770.91	 $621.50	 $973.99	 6530	

All	Social	Media	 $187.79	 $146.62	 $238.84	 6556	

All	Messaging	 $144.75	 $107.12	 $193.47	 6600	

All	Music	 $144.16	 $116.87	 $179.07	 6527	

Facebook	 $59.72	 $44.97	 $79.52	 8029	

All Home Internet
If	you	were	choosing	between	renPng	your	
preferred	home	for	$1000/mo	and	an	idenPcal	
home	without	internet	access	(across	all	devices)	for	
$x/mo,	which	would	you	choose?		

	
q My	preferred	home	for	$1000/mo	
q IdenPcal	home	without	internet	for	$x/mo	

	
	
	
N	=		6163	
	
E	=	1000-x	

40 



7/17/16 

Preliminary and Incomplete.  21 

All Home Internet
WTAmedian=	$385.34/month	=	$4624/year	

											[$4119,	$5179]	
	

•  Equivalent	to	8.9%	of	median	household	income	
•  Assuming	linear	adopPon	over	20	years,	0.4%	growth/year	
•  More	likely	significant	bumps	during	shiy	to	broadband	and	later	fiber	opPc	

	
	
Demographics	results	
•  Older	people	value	home	internet	(40%)	less	than	younger	people	
•  People	living	in	urban	areas	value	home	internet	(20%)	more	than	people	living	in	rural	areas	
•  As	income	increases,	people	value	home	internet	more	than	cash	

•  100%	more	for	150k+	over	25k-	

41 

How valuable is the internet?

42 

Let’s actually ask Gordon’s Question 
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How valuable is the internet?

43 

Would you give up all internet access  
for one year or lose access to all  
toilets in your home for one year? 

How valuable is the internet?

44 

Keep Toilets:  76.6% 
Keep Internet: 23.4%  
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How valuable is the internet?

45 

Changes in Consumer Surplus for Facebook
•  Growth	calculated	based	on		

•  Increase	in	user	base:	183	million	in	2012	→	222	million	in	2016	
•  Increase	in	number	of	minutes	spent:	31	minutes	in	2012	→	50	minutes	in	2016	

•  Time	spent	added	as	a	covariate	to	the	choice	model.	Allows	calculaPng	separate	WTA	
esPmates	

46 

Year	 Number	of	ac?ve	US	users	(in	
millions)	

Median	WTA	per	user	per	
year	

Annual	Change	in	Consumer	Surplus	(in	
millions)	

2012	 183	 $297.58	 		

2013	 195	 $369.80	 $76,699	

2014	 202	 $444.61	 $57,057	

2015	 210	 $517.17	 $57,895	

2016	 222	 $580.14	 $69,706	
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SensiFvity of results
Effect	of	sample	size	

•  Standard	error	decreases	with	increasing	sample	size	(by	square-root	of	2)	
•  Scale	of	esPmates	remains	unaffected	
•  Uncertainty	in	the	WTA	measure	even	with	sample	of	1500.	
•  Having	6000	instead	of	1500	consumers	would	decrease	the	confidence	interval	from	>$40	to	$20	

47 

Sample	size	 Mean	
intercept	

Mean	beta	log	
(E)	

Std.	error	
Intercept	

Std.	error		beta	
log(E)	

mean	WTA	 95%	CI	
lower	

95%	CI	upper	

200	 1.242	 -0.319	 0.462	 0.110	 $49.65	 $13.13	 $187.73	

400	 1.227	 -0.316	 0.324	 0.077	 $48.72	 $21.16	 $112.28	

800	 1.214	 -0.311	 0.226	 0.053	 $49.30	 $27.83	 $87.27	

1500	 1.206	 -0.311	 0.163	 0.039	 $48.18	 $31.69	 $73.26	

Generalizing to other goods: Breakfast Cereal

	
	
	
	
WTAmedian	=	$48.46/year	

			[$42.01,	$55.60]	
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Discussion: Advantages
	

•  Scalability	
•  Can	create	and	obtain	up	to	100k+	surveys	everyday	on	GCS	
•  Can	be	run	much	more	frequently	than	standard	economic	surveys	

•  Can	track	values	of	digital	goods	in	(near)	real	Pme,	incorporaPng	events	such	as	changes	
in	design/	privacy	setngs,	data	breaches	etc.	

•  Cost		
•  Assuming	10	price	levels	and	1000	responses	per	price	level,	$1000	per	good	

•  ~	$10	million	survey	costs	(excluding	cost	of	design)	for	100,000	goods	
•  $5-$10k	for	each	incenPve	compaPble	study	
•  AddiPonal	cost	to	design,	administer,	analyze	

For	comparison:	CPI:	80k	goods,	monthly	
	Consumer	Expenditure	(Interview)	Survey:	7k	respondents,	every	3	months	
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Discussion: LimitaFons
•  HypothePcal	bias	

•  Can	esPmated	size	of	bias	through	an	incenPve	compaPble	study	

•  Precision:	Cannot	measure	precisely	
•  While	GDP	can	be	measured	very	precisely	(e.g.	US	GDP	was	$16,514,593,000	
on	the	first	day	of	2016)	

•  SelecPon	bias:	Surveys	accessible	only	to	people	who	are	online	
•  15%	of	Americans	do	not	use	internet	

50 
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Next Steps

1.  Further	assess	reliability	of	approach	
•Several	more	IncenPve	CompaPble	Choice	Experiments	

•  In	lab	and	field	
•  e.g.	Monitor	internet	usage	(by	partnering	with	MNOs)	to	ensure	compliance	

	
2.  Generalize	to	other	types	of	goods	and	services	

•Assess	feasibility	to	scale	up	approach	

51 

Conclusion
•  GDP,	developed	in	1930s,	is	the	most	common	de	facto	metric	of	
economic	welfare	in	2016	

•  With	advances	in	informaPon	technologies,	we	can	now	gather	data	at	a	
much	larger	scale	in	nearly	real	Pme.	

•  Massive	online	surveys	have	the	potenPal	to	reinvent	and	significantly	
supplement	the	measurement	of	economic	welfare.	
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