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Abstract

This paper empirically analyzes the economies afesand economies of scope in the
production of research and technology transfer st the Spanish public university
system. We employ the flexible fixed quadratic d@$tQC) function which relates the
total university R&D expenditure with different quits of research and technology
transfer, from where we compute the ray economiesale, the specific economies of
scale and the economies of scope. From a survégafnology Transfer Offices (TTO)
network in Spain, data from the Institute of Docutaey Studies on Science and
Technology (IDSST) and from the Rector's ConferenteSpanish Universities, we
constructed a dataset for the period 2004 — 20@8fan45 public universities. The
results support the presence of ray economiesadé sad product specific economies
of scale. Our results also show that the cost glibeitly is positive constraint, meaning
that there are economies of scope.

Key word: Multi-product cost function; Economies of Scalal&cope; Research and
Technology transfer.

JEL classification: 121 and 123



1. Introduction

Traditionally, Higher Education Institutions (heftea HEIS) have been focused on the
production of teaching and research outputs, balhénpast two decades, especially in
industrialized countries, both universities andeownents have increased their interest
in the investment in innovation and research cororakzation, and in encouraging
more effective links between universities, governtmand enterprises (Etzkowitz and
Leydesdorff, 1997 and 2000; Etzkowitz, 1998). Tinigestment has been driven by a
perceived need to smooth the progress of Technologgsfer (TT) from university
inventions and discoveries to bear the economicsadl development (Geiger, 2004,
Mowery, 2007). On the other hand, HEIls have in@dasheir motivation to
commercialize research outputs for many reasonsnlynahe generation of new

sources of income and strengthening cooperatids livith firms.

Since the early 80’s, research on the economit¢sgbier education has recognized the
possible economies of scale in the production @¥earsities' outputs (Brinkmand and
Leslie, 1986). A large number of studies (Jameg,819imenez, 1986; Cohet al,
1989; Cohn and Geske, 1990; de Greotl, 1991; Lloydet al., 1993; Koshal and
Koshal, 1995 and 1999; Hashimoto and Cohn, 199%nek 1997; Longlongt al.,
2009; among others) have analyzed the economiessal® and scope for the HEIs,
basically studying the relationship between theltainiversity expenditure and the

production of teaching and research outputs.

Cohnet al., (1989) is one of the first studies that analytieel HEIs system in the
United States using multi-product cost functionrapph. They studied the economies
of scale and scope for a large sample of 1,887 Hitically covering all four-year
institutions. This study was extended by de Gebal., (1991). Firstly, they focused on
a subsample of 147 doctorate-granting universitiesn which they draw specific
conclusions about the economies of scale and stmpeniversities with a large
research emphasis. Secondly, those authors caedome sensitive analysis of the
cost function estimates to different output meastoe the research output, and finally,
they test the impact of the estate regulation efq@enel and financial administrative

practices on production efficiency in HEIs.



In a subsequent study, Koshal and Koshal (1995%emted the relationship between
cost and quality, pointing that previous studiesehagnored this aspect in explaining
the cost variations among HElIs. It is therefore onignt to assume that the average
university cost varies depending on the quantitg dne quality of the outputs.

Moreover, in a more recent paper (Koshal and Kost299) these authors noted the
importance of differentiating HEIs according to ithgpecific goals, because it is not
appropriated to perform the same analysis for sp@leges with specific interest in

teaching along with large universities where regegtays a major role.

The main conclusion of the studies mentioned ali®\ike existence of ray economies
of scale, product specific economies of scale amh@mies of scope in the production
of teaching and research outputs, nonethelessnénginal cost coefficients associated

to the outputs of teaching and research vary sagmitly across the different studies.

Until now, the discussion about the complementaoty substitutability between
research and teaching outputs has been stressead different ways concluding that
HEIs behave as multi-product firms, demonstratimg presence of economies of scale
and scope. However, it is well known that in recgedrs, the goals of universities have
gone beyond research and teaching, and gradua#lyT T has gained more importance
for universities, governments and the private sedtdtle has been said about the
presence of economies of scale and scope in thdugtion of knowledge in
universities, approached by the research and theutfuts, what is the main objective

of this paper.

This paper empirically analyzes the economies afesand economies of scope in the
production of research and TT outputs in the Spapigblic university system. We
employ the flexible fixed quadratic cost (FFQC) dtian which relates the total
university R&D expenditure with different outputéresearch and TT, from where we
calculate the Ray Economies of Scale, the Speéifionomies of Ecale and the
Economies of Scope, based on the Baumol, Panzawiimy (BPW) model (Baumol
etal., 1982).

For this analysis we use a survey of 45 public ersities in Spain for the period 2004 -

2008. The dataset was constructed from three diffesources: (i) the survey of
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Technology Transfer Offices (TTO), from which wet gbe information about the
university TT outputs; (ii) the Institute of Docuntary Studies on Science and
Technology (IDSST), from where we get the univgrsdsearch outputs; and (iii) the
Rector's Conference of Spanish Universities, frolrere we get the basic university’
characteristics. We estimate a GLS cross-sectidime series controlling for

heteroscedasticity.

The paper is structured as follows: In section & analyze the HEIls research and TT
cost function, describing the total cost of theduation of research and the transfer of
technology. Section Il formulates the methodolagged in this study. Section IV
describes the data employed, the estimation resuits the calculation of the ray

economies of scale and economies of scope, andrs&ttconcludes.

2. The HEIs research and technology transfer costihction.

The objective of this paper is to estimate a nmliiput cost function for HEIs, and to
calculate the degree of scale and scope economid® production of research and in
the transfer of technology. Therefore, we neediémiify the total university cost of the
production of knowledge, followed by the differenitputs of this production function.

Total cost of research and technology transfer

The total university cost of the production of @®h and transfer of technology is
approximated by the university expenditure on R&Etivdties. This expenditure
consists of two components: (i) the salary compgnerich represents salaries,
remunerations and complementary expenditures on R&i3onnel. (ii)) Other current
expenditure, such as, the purchase of materighpliss and support equipments, etc.
For more information about the measurement of t&® Rxpenditure see the Frascati

manual and the National Institute of StatisticSp#in (INE).

We consider that the university expenditure on R&[@ good measure to approximate
the total cost of the production of research arel tlansfer of technology, since it

represents, only the budget share devoted to theiti@s analyzed in this study,



allowing us to avoid the analysis of teaching otgpwhat is not the objective of this

paper.

Research and technology transfer outputs

HEIs are extremely complex organizations and seekathieve multiple goals
simultaneously (Cohst al. 1989), therefore, the identification of inputsiautputs is a
complex task. The university outputs must have basic characteristics. Firstly, they
must be clearly separable between distinct objestf the university, and secondly,
they should be homogeneous and comparable acrffesedt HEIs. It is relevant to

point out the absence of consensus on appropratipadits of research and TT.

The Research Outputs

The research output, ideally, should include d#fermeasures, such as publications,
patents, research reports, etc. However, the autmgntioned above not always are
homogeneous among HEIs, and for that reason, tteega necessarily comparable. In
the analysis of the economies of scale and scapthdédHEIs, the research outputs have
been approximated by different ways, for examplehrGat al. (1989) used as research
output the amount of grants for research receiwedroHEI. Other studies like Koshal
& Koshal (1999) and Longlongt al. (2009), the authors used the level of research
expenditure of each HEI. From other hand, de Gebat. (1991) used the total number

of publications as research output.

We have selected a more specific variable to meathe research output — the total
number of scientific articles published in journdislonging to the Journal Citation
Report (JCR). This measure approximate betterdbearch output, than the grants and
the level of research expenditure of an HEI, beeauants and research expenditure, in
some instances, are used for different proposesrdsearch. Moreover, by taking only
JCR scientific articles we not only control for tieterogeneity in the scientific
production, but also we introduce some quality absration, as JCR is the standard in
scientific research. This variable allow us to haveerfect comparable research output

among HEIs



The Technology Transfer outputs

In the literature have been used a large numbeamébles to approximate the transfer
of technology from universities to the private gmablic sector. All those variables
could be classified into four groups: The firstemsf to the intellectual property, this
group includes indicators such as communicationswantions, patent applications and
non-disclosure agreements that protect the know-bbwhe university. The second
group is composed by the licenses and options, asi¢dlim licenses to use and exploit
technologies developed by universities. The thinaug consists of R&D contracts and
collaboration between businesses and universkiesally, the fourth group refers to the
creation of firms inside the universities, whetbased on the knowledge generated by
universities (spin-off) or entrepreneurial companfermed by university students or
teachers, although these are not based on sp&oifiwledge created by universities

(Start-ups).

The most common indicators of technology transfer the number of patents or its
royalties (Siegekt al., 2008; Spyro®t al., 2008; Thursby and Thursby, 2007, among
others) and the number and value of the R&D cotgrflank et al., 2007; Link and
Siegel, 2005; Spyrogt al., 2008 and Brouwer, 2005, among others). Forghfser we
have selected the total value of R&D contracts gerd by an HEI. This measure truly
approximates transfer of technology generated ifsH& the society, and at the same
time, gives us an idea of the quality of the tedbgy transferred, since the total value
is not only a proxy of the capacity to transferhtemlogy, but also the quality of the

technology transferred.

Faculty Salary

The literature about the Economies of Scale ang&ao the HEIs has discussed the
advantages or disadvantages of the introductionpeft prices in the multi-product cost
function. On one hand, according to Cadtral. (1989) and Koshal and Koshal (1999),
the HEIs are labor intensive firms. Consequentéyfdculty is the most important input
price and it could alter the output mix. Therefdhes faculty salary must be included in
the multi-product cost function. On the other hade,Grootet al. (1991) argued that

academic market is quiet competitive and a vamaba the faculty salary will only
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reflect a variation in productivity; therefore, theis no point to calculate returns to

scale at a given level of salary.

In our case, the faculty salary approaches somafgpeniversity characteristics, such

as the academic staff structure and the age oftdfé These characteristics should be
taken into account in the calculation of the ta@s$t function. Nonetheless, the faculty
salary coefficients must be analyzed only as arobmtairiable, and not as a factor that

explains variations in the cost function.
3. Methodology: the multi-product cost functions

We follow the seminal work of Baumol, Panzar andlg (Baumol et al., 1982)
(hereafter BPW). The basic specification of the etod a flexible cost quadratic
function (FCQ). The FCQ function becomes

1
C=a+Xl BiY; + ;2L X1 8;YY) + ¢ (1)

Where C is the university R&D expenditurg,the constant term, ti's and thed;’s

are scalars, angdis an error term.

We also include both linear and quadratic terms ifgout prices, as well as the
interaction terms with the different outputs. Inngiple this specification sacrifices the
linear homogeneity property of the function witlspect to factor prices, but according
to Cohnet al. (1989) in the analysis of the characterization Hils, the linear

homogeneity property is not relevant in the analysf this kind of institutions.

However, HEIs are labor-intensive firms; therefdhe faculty salary is the most
important input price and it could alter the outpuk. By other hand, the faculty salary
is a way to control for the unobservable heteroggraeross different universities cost
functions. Finally, in the case of HEIs, it is reaable to expect a positive bidirectional

relationship between the quantity of output prodiuaed the faculty compensation.

Economies of scale and Scope



Following the BPW model, we are able to distingutble ray economies of scale,
measuring the overall scale economies and the ptaghecific economies of scale, and
the economies of scope, where we measure the defgreemplementary between

outputs.

The ray economies of scale: let C(Y) be the total cost of producing the “N” puts (Y),
and let G = 6C(Y)/8Y; be the marginal cost of producing tHedutput. Then the ray

economy of scale coefficienty(¥), is defined by:

cY)
N YiCO)

Sn Y) = (2)

Ray economies of scale exist if(®) is greater than unity, and diseconomies ofescal

are present when,&) is lower than one.

The degree of product-specific economies of scath vespect to product “i” at Y,
S(Y;) is defined as:

CY)=C(Yn_y)
YiCi(Y)

Si(Y) = (3)
Where C(¥%.) is the cost of producing all the outputs excéet . If S;(Y;) is greater
(lower) than one, we say there exist economieg¢disomies) of scale of producing the
Yi. This measure is interpretable as the specifiarmeto scale in increasing the

production of the analyzed output.

The economies of scope exist when it is cheaperdduce Y in conjunction with Y,
rather than the production of these outputs seggralhe degree of economies of

scope, SEY), for a product set “t” is defined as:

C(Y)+C(Yn—)-C(Y)]
c(y)

SC,(Y) =1 (4)

Where C(Y) is the cost of producing only the outputs in pineduct set “t”, and C(Y,)

is the total cost of producing all the outputs gtdbose in the subset “t”. Economies of

8



scope exist when S@) > 0. If SG(Y) is positive at Y, then the fragmentation of

production to “t” and its complement would increéise total cost.

4. Economies of Scale and Scope

Data and estimation of the multi-product cost funah

For this empirical analysis we have created a da@fs45 public universities in Spain
for the period 2004-2008. The information comesrnfithree different databases: (i) the
information about the total university R&D expendé and the information about the
value of the R&D contracts come from a survey cateld yearly by TTO network in
Spain. (i) The Institute of Documentary Studies @cience and Technology (IDSST)
provides the number of scientific articles publdha JCR journals. (iii) The basic
university characteristics are taken from the RextcConference of Spanish
Universities. Descriptive statistics are presentedable 1 and the evolutions of the

main variables used in this analysis are presanttble 2.

Table 1 & Table 2

As we mentioned in section Il, the variables usedalculate the Economies of Scale
and the Economies of Scope are: (i) The total ugitye expenditure on R&D
(C(R&D)). (i) The total value of the R&D contrac{3T). (iii) The JCR atrticles (R).
And (iv) The average faculty salary (FS). From dggation (1) presented en section 3,

the Quadratic Multi-product Cost Function becomes:

Cit(R&D) = a + 1Ryt + BoTTie + 811RY; + 812Rit - TTi + 62, TTS + p1FSye +
p11FSf + p1rFSic - Rig + parrFSic - TTie + €4 (5)

We estimate a cross-sectional times-series gepedalieast squares controlling for
heteroscedasticityWe also estimate the equation (5) without thelfgcsalary, and the

results hold, almost constant. The estimation tesue presented in table 3.

'Ina previous estimation we used a simple OLS, and following Koshal and Koshal (1999), the residuals
were tested for heteroscedasticity. The Breusch-Pagan test shows the presence of heteroscedasticity.



Table 3

The coefficients of the variables analyzed areisdieally significant and have the
expected sign. The outputs coefficients are pasidmd significant, implying that an
increase in the level of each output will increéise total university expenditure on
R&D. The interaction coefficient between the TT aadearch output is significant and
negative, suggesting complementarity between tloesputs. This result holds even
when we analyze the multi-product cost functionhaitt the faculty salary as a proxy

of the input price.

The faculty salary coefficient is negative and #igant. This result is apparently
contradictory, since one would expect that thel tobst would increase as the faculty
salary is higher. However, due that the facultyasalve are using does not correspond
directly to the wage paid to teachers to do reseand TT, this bidirectional
relationship between the cost and the faculty gali@aes not apply. Nevertheless, the
interaction coefficients between the faculty salangl the research and TT outputs are
negative and significant. On the other hand, theffiment of the interaction —Faculty
salary and Research- is significantly higher thha toefficient of the interaction
between the faculty salary and the TT output. Tésult could be explained by the fact
that the faculty salary depends directly on thegearch skills. Similarly, a portion of
the income from R&D contracts between HEIs andgigvinstitutions became part of
the faculty salary. It is therefore reasonable Xpeet a complementarity relationship
between the faculty salary and the different otjaunalyzed.

Calculation of the Economies of Scale and the Econies of Scope

The calculation of the Economies of Scale and Si®pased on the estimated results
of the multi-product cost function including thectdty salary (second column of table
3). From these results we have calculated the Randmies of Scale, the Product
Specific Economies of Scale, and the Economiesop&, using the set of equations 2-

4 presented in the third section.
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According to the results (table 4), the correlatoefficient between the total TT output

dC(R&D)
aTT

and the marginal cost of T(MgCTT = ) IS negative and equal to -0.402.

Therefore, the marginal cost of TT decreases a3 theutput increases. On the other

hand, the correlation coefficient between the neteautput and the marginal cost of

research(MgCR =aC;RIf‘D)) is positive and equal to 0.178, which means that a

increase in the research output will lead to anement in the marginal cost of research.
Moreover, the marginal cost rat{@/gCz/MgCr) increases with the level of outputs.
This result implies that for HEIs with a high lewal research and TT outputs is more
expensive to increase the research output compelsato the TT output.

The calculated Ray Economies of Scale, the Pro8petific Economies of Scale and
the Economies of Scope based on a fixed level oDRXpenditure are presented in
table 5. The results show that the Ray EconomieScafe disappear when the level of
expenditure on R&D exceeds the threshold of 100%®fexpenditure on R&D, in the
same way, the research Specific Economies of Stiaéppear in this level of R&D
expenditure, while the TT Specific Economies ofl8&camind greater than one till the
level of R&D expenditure exceeds the threshold5§i%. The Economies of Scope also
disappear when the level of R&D expenditure is arghan 100%.

The Ray Economies of Scale remind greater thatuatiethe level of TT output (table
6) is lower than its average, while the specifioramies of scale of the research and
TT outputs are greater than one, even when the tdVET output exceeds the 200%.
Likewise, the Economies of Scope remind positivasil uhe level of TT output is
greater than 200%. On the other hand, when angytia Economies of Scale and
Scope based on the level of research output (TAbMre have found that the Ray
Economies of Scale, the Product Specific EconorafeScale and the Economies of
Scope disappear when the research output is I#rgerl00%, meaning that HEIs with
a large production of research outputs experimes¢cdnomies of scale and the
subadditivity is negative constraint, which impliggst the production of research and
TT outputs separately will lead to lower cost.

There is a positive bidirectional relationship beén the Economies (Global and

Specific) of Scale and the Economies of Scope. fidiaionship is basically explained
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by high correlation between the Economies of Scapd the Research Specific
Economies of Scale (see graphic 2). While the agegfedjustment between the Scope
Economies and the TT Specific Economies of Scédtlepagh positive, is lower than in

the case of the research economies of scale (aphigr3).

From the graphic 1, we were able to identify twoups of HEIs. The first one
composed of HEIs which neither presents Ray Ecoesrof Scale nor Economies of
Scope. The HEIs belonging to this group are charaeld, with a few exceptions, by
being the oldest and the larger HEIs in terms efrthmber of teachers and students. On
the other hand, the second group consists of 2& it present Economies of Scale
and Scope. This second group is characterized \apdnéhe newest and smallest HEISs.
One of the main reasons that explain this resulias the newest and smallest HEIs are

more flexible, allowing them to adopt more effidigmoduction structures.

5. Conclusions

The objective of this paper is to calculate andyaeathe economies of scale and scope
in the production of research and TT outputs. Weehssed a dataset composed of 45
public Spanish universities in the period 2004-20@kBere we find the different outputs

of research and TT, as well as, the total cosh@fprroduction of these outputs. We have

used the faculty prices to control for some speaharacteristics of each HEI.

The results show that the marginal cost of reseat¢he average output is 33.8 times
higher than the TT marginal cost. Moreover, the gmal cost of TT decreases with
increments of the level of TT output, while the giaal cost of research increases with
increasing of its level of output. On the other dharthe marginal cost ratio
(MgCr/MgCr) increases with the level of output, which mearad for a HEIs with a

high level of the output mix is less expensivertodoice TT than research.

Our main findings show that there exist Ray Ecomsnof Scale and Economies of
Scope below the 100% of mean R&D expenditure. Th&pecific Economies of Scale
remind higher than one until the mean R&D expemdiexceeds the 150%, while the
Research Specific Economies of Scale disappear wiemean R&D expenditure is
above 100%.
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When analyzing the degree of economies of scalesangde for alternative levels of
outputs we found that the Ray Economies of Scaleyal as the Specific Economies of
Scale and the Economies of Scope disappear wheRdkearch output level exceed
100%. While, the Specific Economies of Scale amdEbonomies of Scope exist, until
the TT output level reach the 200%.

Finally, we were able identify two clearly diffeteated kinds of HEIs. The first one
characterized by grouping the oldest and biggeds Miich do not have economies of
scale or scope. And the second group which is cesthdy the newest and smallest
HEIs which have Economies of Scale and EconomieSafpe. One of the main
reasons that explain this result is that the newedtsmallest HEIs are more flexible,

allowing them to adopt more efficient productiorustures.
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Table 1. Descriptive statistics

Obs Mean Std. Dev Min Max

R&D expenditure (thousands) 202 56,557.5743,928.444,871.00 201,529.00
Value of R&D contracts (thousands) 213 8,030.1210,464.78 38.00 82,998.08

JCR Publications 228 658.24 538.01 79.00 2,529.00
Faculty salary (thousands) 228 61.41 11.37 27.85 86.23
Table 2. Evolution of the multi-product cost function
R&D Value of R&D contracts JCR Faculty
expenditure (€) Publications salary
2004  46,553.61 5,273.98 553.51 57.51
2005 53,361.94 7,196.04 623.54 59.74
2006  55,707.40 8,507.26 679.86 61.52
2007  59,893.08 9,536.93 727.97 62.82
2008  64,520.06 9,713.39 708.15 65.57

Table 3. Estimation results of the Multi-product cet function

Without Faculty Salary With Faculty Salary

Value of R&D contracts
Value of R&D contracts™2
JCR Publications

JCR Publications*2

Value of R&D contracts* JCR
Publications

Faculty Salary

Faculty Salary"2

Faculty Salary*Value of R&D
contracts

Faculty Salary* JCR Publications

Constant

3.516
(0.534)"
9.76- 10"

(5.91-10%)°

70.963
(7.0542)"

0.007
(0.004

-0.003
(0.0005)"

2145.225
(1546.595)

3.277
(0.625)"
-1.26-10"
(6.53-10°9)°
85.050
(14.818)"
0.010
(0.004Y
-0.001
(0.0005)"
-1061.619
(199.362)"
14.791
(1.956)"
-0.032
(0.008y”
-0.593
(0.252)"
20615.731
(6447.973Y

Note: Standard errors are in Parenthesis.” denotes the significance at 90%, 95%

and 99%, respectively
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Table 4. Marginal Cost of Research and TT for diffeent levels of output

MgCrr MgCr MgCr/MgCrr
Min - 50% 2.194 69.929 31.875
50% - 100% 2.119 71.709 33.840
100% - 200% 1.367 71.517 52.303
200% - Max 1.326 75.133 56.679

Table 5. Degree of Scale and Scope Economies fdaeahative proportions of R&D
expenditure

% of mean R&D expenditure  Sn Stt Sr Scope

Min - 50% 1.192 1.825 2.120 1.439
50% - 100% 1.067 1.851 1.504 0.613
100% - 150% 0.865 1.077 0.737 -0.353
150% - Max 0.815 0.695 0.786 -0.346

Table 6. Degree of Scale and Scope Economies faeahative proportions of TT
output

% of mean TT output Sn Stt Sr Scope

Min - 25% 1.229 1.483 2.364 1.808
25% - 50% 1.105 1.459 1.628 0.748
50% - 100% 1.039 1.808 1.278 0.310
100% - 200% 0.919 1.250 1.046 0.099
200% - Max 0.780 0.975 0.684 -0.538

Table 7. Degree of Scale and Scope Economies fdaeahative proportions of
Research output

% of mean R output Sn Stt Sr Scope

Min - 25% 1.333 1.412 2.922 2.523
25% - 50% 1.160 1.793 1.902 1.036
50% - 100% 1.061 1.694 1.373 0.474
100% - 200% 0.852 0.979 0.788 -0.307
200% - Max 0.751 0.743 0.713 -0.251

Graphic 1. Relationship between the Ray Economied 8cale and the Economies of
Scope
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Graphic 2. Relationship between the Research Produ8pecific Economies of Scale
and the Economies of Scope
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Graphic 3. Relationship between the TT Product Spéfic Economies of Scale and
the Economies of Scope
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