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Technology	change,	including	in	manufacturing,	may	be	raising	global	challenges	for	inequality	and	
the	future	of	work.	Significant	literature	exists	on	skill-biased	technological	change	and	its	influence	on	
employment,	wages,	international	trade	and	productivity	(Autor	et	al	2003;	Card	and	DiNardo	2002;	
Bartel	et	al	2007;	Acemoglu	and	Restrepo	2017).	Research,	however,	has	largely	been	unable	to	
distinguish	between	different	types	of	technology	change,	and	their	possible	relation	to	labor	demand.	
While	there	is	research	on	information	technology	(Bresnahan	and	Brynjolfsson	2002,	Bartl	et	al	2007),	
robotics	(Acemoglu	and	Restrepo	2007)	and	automation	(Autor	et	al	2003;	Autor	and	Dorn	2013),	other	
forms	of	technology	change	that	may	influence	the	structure	of	labor	demand,	have	been	largely	
overlooked.	We	propose	the	need	for	a	taxonomy	of	technology	changes	in	the	production	of	physical	
products,	and	how	different	emerging	technologies	may	have	different	implications	for	labor	outcomes.		

As	an	initial	proof-of-concept,	we	focus	on	disentangling	two	forms	of	technology	change	in	
manufacturing:	monolithic	production	(e.g.	consolidation	of	parts	removing	the	need	for	assembly)	and	
automation,	both	of	which	we	hypothesize	are	economically	significant	and	which	we	hypothesize	may	
have	different	implications	for	labor	outcomes.	Part	consolidation	is	a	phenomena,	enabled	by	a	
confluence	of	technology	change	in	materials,	process,	and	design,	which	has	occurred	for	decades	and	
is	ongoing	across	a	large	number	of	economically	significant	industries,	including	aerospace,	automotive,	
electronics,	and	optoelectronics.	We	use	a	combination	of	engineering	and	classical	economics	
methods.	Whereas	classical	production	functions	are	limited	to	historic	factor	substitutions	captured	by	
statistical	data	(Pearl	and	Enos	1975),	engineering	and	operations	models	and	data	make	it	possible	to	
explicitly	map	current	and	future	technology	change	–	including	expected	future	design	decisions	–	to	
production	processes	and	operations	at	scale,	including	the	heterogeneity	of	equipment,	labor	and	
material	inputs	(Pearl	and	Enos	1975;	Fuchs	and	Kirchain	2010).	PI	Fuchs	has	used	engineering	models	to	
show	how	shifting	from	a	developed	to	a	developing	country	changes	which	advanced	products	it	is	
profitable	for	firms	to	pursue,	thus	questioning	traditional	assumptions	in	gains	from	trade	(Fuchs	and	
Kirchain	2010,	Fuchs	2014).	Co-PI	Whitefoot	has	used	engineering	models	combined	with	industrial	
organization	models	to	show	the	importance	of	industrial	policy	analyses	incorporating	how	policy	can	
influence	engineering	design	decisions	(Whitefoot	et	al	2017).	Here,	to	begin	to	disentangle	the	labor	
implications	of	parts	consolidation	versus	automation,	we	build	on	previous	work	by	Fuchs	(Fuchs	and	
Kirchain	2010,	Fuchs	et	al	2011)	to	undertake	an	in-depth	empirical	study	in	the	semiconductor	industry	
(monolithic	production	–	e.g.	parts	consolidation	–	of	optoelectronic	transceivers).	Although	outside	the	
scope	of	this	proposal,	we	are	preparing	to	also	undertake	a	second	project	on	parts	consolidation	in	the	
automotive	industry	(specifically,	the	automobile	body).	By	collaborating	with	labor	economists	Ales	and	
Kovak,	our	goal	is	to	eventually	examine	implications	for	state-of-the	art	economic	production	functions,	
and	incorporate	the	insights	from	the	engineering	models	into	models	of	market	equilibrium.		

Preliminary	work:		Building	on	previous	work	by	Fuchs	et	al	2011,	we	separate	the	effects	of	two	
emerging	manufacturing	technologies	--	parts	consolidation	versus	automation	–	on	labor	market	
outcomes.	In	summer	2017,	four	leading	firms	representative	of	the	broader	industry	provided	detailed	
design	and	process	flow	information	(including	detailed	labor	data),	culminating	in	detailed	process	data	
on	400	production	steps	across	four	product	designs	and	more	than	23	variables	per	step.	We	focused	
initially	on	the	low-education	labor	market:	From	each	company,	we	collected	the	typical	operational	
inputs	to	a	engineering	process-based	cost	model,	including	facility-wide	inputs	such	as	hours	per	shift,	
working	days	per	year,	building	price,	and	facility-wide	annual	downtime	as	well	as	detailed	per	process	
step	inputs	such	as	equipment	prices,	yields,	cycle	times,	material	usage,	labor	usage,	and	wages.	In	
addition,	using	a	survey	based	on	the	O*NET	survey	instrument,	we	for	the	first	time	collect	additional	
labor-specific	data	for	each	process	step	on	the	difficulty	of	the	associated	tasks	in	terms	of	different	



aptitude	types.	Per	O*NET’s	reference	values,	difficulty	for	each	aptitude	type	(including	skills	such	as	
dexterity,	near	vision,	and	operations	and	control)	is	measured	on	a	1-7	scale.	Here,	for	example,	a	
dexterity	skill	level	of	2	corresponds	to	placing	coins	in	a	parking	meter,	4	approximates	attaching	small	
knobs	to	stereo	equipment	on	an	assembly	line,	and	6	compares	to	assembling	the	inner	workings	of	a	
wristwatch	(O*NET).	Preliminary	Findings:	The	SBTC	literature	focuses	on	automation,	and	is	largely	
limited	to	indirect	measurement	of	effects	of	technology	change	on	number	of	jobs	and	type	of	skills.	It	
suggests	returns	to	high	skill,	loss	of	routine	and	manual	jobs	and	gains	for	high	education,	losses	at	mid-
educational	levels.	Our	research	offers	direct	measurement	of	technology	change	in	manufacturing	and	
effect	on	skill	requirements	for	low-education	shop-floor	workers.		Our	preliminary	findings,	by	
separating	two	simultaneous	forms	of	technology	change,	find	these	two	forms	of	technology	change	to	
have	heterogeneous	effects	on	skill	requirements,	absent	in	the	current	literature	and	not	picked	up	by	

aggregate	measures.		Figure	
1,	for	example,	shows	how	
an	aggregate	measure	of	
technology	change	(shown	
in	red)	fails	to	pick	up	that	
automation	(shown	in	grey)	
and	consolidation	(shown	in	
green)	have	different	
directional	effects	on	near	
vision	skill	demand	within	
manufacturing	operators.		
Overall	across	the	aptitudes	
we	measure,	we	find	
automation	to	polarize	skill	

demands	in	low-education	jobs,	while	with	consolidation	different	job	losses	and	aptitude	requirements	
shift	(in	at	least	one	case	converging).		In	both	cases,	the	jobs	remaining	require	more	training.	Next	
steps:		With	the	support	of	NBER	funding	we	plan	1)	to	continue	our	data	collection	to	complete	the	
required	detail	on	labor	skills/training/education	requirements	at	the	low-end	of	the	education	
spectrum	(e.g.	operators)	preliminary	results	from	which	are	shown	above,	and	to	add	data	collection	
on	the	skills	required	at	higher	levels	in	the	organizational	chart,	including	technicians,	trainers,	first-line	
supervisors,	and	engineers;	2)	to	calibrate	labor	economic	models	using	these	new	data	so	as	to	be	able	
to	examine	the	implications	for	labor	demand	and	workforce	skill	requirements.	

Impact:	We	anticipate	two	main	contributions	of	this	research:	(1)	we	disentangle	and	demonstrate	
heterogeneous	labor	demand	effects	of	simultaneous	technology	change,	possibly	requiring	targeted	
policy	responses;	and	(2)	we	directly	measure	demand	for	labor	characteristics	for	manufacturing	shop	
floor	operators	in	terms	of	detailed	heterogeneous	aptitude	requirements.		To	our	knowledge,	this	
paper	is	the	first	of	its	kind	to	directly	measure	the	effect	of	simultaneous	technological	change	on	
demand	for	manufacturing	operator	skill.	We	expect	multiple	aspects	of	our	approach	to	generalize:	
First,	for	our	approach,	where	technology	change	manifests	in	process	inputs,	process	flows,	we	
demonstrate	how	engineering	models	may	offer	new	insights	in	the	economic	study	of	skill	requirement	
and	other	effects	(e.g.	training	time	of	technology	change.	While	it	is	unlikely	such	techno-economic	
models	will	be	used	broadly,	they	could	be	used	to	develop	insights	for	alternative	types	of	data	that	
should	be	collected,	for	example,	by	the	US	Census	Bureau	to	capture	the	implications	of	technology	
change	for	labor	outcomes.		Second,	we	expect	our	preliminary	findings	that	different	forms	of	
technology	change	in	manufacturing	may	have	heterogeneous	effects	on	skills	requirements,	that	are	
currently	unobserved	in	aggregate	data	to	generalize.		
Budget:	$20,000:	$18K	-	6	months	CMU	Ph.D.	Student	stipend;	2K	-	travel	for	data	collection	
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