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Baumol (1982)	 - multiproduct	
organisations,	economies	of	scale	and	
scope.

Cohn	(1989)	applied	this	to	the	context	
of	higher	education	institutions.

Aigner (1977)	 introduced	stochastic	
frontier	analysis.

Lazarsfeld (1968)	 introduced	 latent	
class	modelling.	
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Multiproduct	organisations

Quadratic	cost	function

Average	Incremental	Cost:

Ray	economies	of	scale:	

Product-specific	economies	of	scale:

Economies	of	scope:



Stochastic	frontier

v is	the	normal	 residual

u is	a	one-sided	residual	(half-normal)	 designed	 to	capture	observation-specific	
inefficiency

Estimated	by	maximum	likelihood.

The	observation-specific	u	terms	can	be	retrieved	using	the	method	of	Jondrow
et	al.	(1982).



Latent	class

Separate	equation	estimated	for	each	latent	class	m,	with	observations	grouped	 into	
latent	classes	by	maximum	likelihood.
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output



Data

HESA	data,	institutions	 in	England,	2013-14.	

Costs	data	include	current	expenditures,	excluding	‘hotel’	 costs.

Student	data	are	full-time	equivalent.	For	undergraduates,	broad	subject	area	
(science	v	non-science)	is	identified.	 Finer	disaggregation	 results	in	multicollinearity.

Research	is	measured	by	research	income.	
appropriately	weighting	quantity	and	quality.		It	is	highly	correlated	with	REF	income,	
and	also	with	bibliometric	measures.		

This	gives	a	‘market	value’	of	research,	

Input	prices	are	measured	by	hedonic	wages.	 These	are	in	turn	evaluated	as	the	residual
from	a	regression	of	wage	bill	against	staff	numbers	 in	each	of	ten	age	groups.	

Controls	considered	but	not	used:	real	estate	area	comprising	 listed	buildings;	
income	from	 intellectual	property;	 student	numbers	 from	disadvantaged	postcodes.

Excluding	small	institutions	 &	Oxbridge.



Results



Descriptives



Average	Incremental	Costs



Returns	to	Scale



Returns	to	Scope



Robustness	check

Linear	three	latent	class	model	 - (a	quadratic	three	class	model	does	not	converge)
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Conclusions

Latent	class	approach	picks	up	unobserved	 heterogeneity.

PG	provision	 is	costly	– especially	so	in	Russell	Group	and	specialist	institutions	 (LC2).	

There	are	unexhausted	product-specific	economies	of	scale	in	institutions	 in	LC2.

There	are	unexhausted	economies	of	scope	in	LC1.

There	are	high	 levels	of	efficiency.


