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Abstract  Among the studies of the internal efficiency in higher education, 
most have focused on the scale of university (the economies of scale), but little 
on internal operating efficiency in higher education, especially on the combined 
efficiency of outputs (the economies of scope). There are few theoretical 
discussions or experimental research on whether teaching resources are 
complementary with research resources, or whether resources in undergraduate 
cultivation are shared with those in postgraduate training. In the background of 
the resource scarcity, it is significant to study the economies of scope in higher 
education to realize intensive development of higher education. Based on the 
multiproduct cost function and the data of universities attached to the Ministry of 
Education, this paper attempts to deal with the complementarities of resources 
used in undergraduate cultivation, postgraduate training and research to find that 
universities produce these outputs without sufficient resource sharing, the 
diseconomies of scope in postgraduate training is highest. As far as the quality of 
teaching and research are concerned, diseconomies of scope of the outputs are 
great. The main reasons are as follows: poor distribution of facilities, teachers 
and books, overlapping internal management systems, and the current 
postgraduate cultivation model. Therefore, relative departments should take 
internal resource sharing in higher education into account when making the 
administration policy of higher education.    
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摘要  已有的关于中国高校效率的文献多集中于研究高校的规模（规模经济），更深
层次的关于高校内部运行效率尤其是内部产出组合效率（范围经济）的研究寥寥无
几。中国高校的教学和科研资源是否互补、本科生教育和研究生培养资源是否共享
等重大问题缺少理论探讨和经验研究。在高等教育资源稀缺的现实背景下，研究高
校范围经济对于实现中国高等教育内涵式发展意义重大。使用多产出成本函数，并
利用教育部直属高校数据对中国高校的本科生教育、研究生培养和科研活动之间的
资源互补状况进行的研究发现：中国高校提供这些产出时未充分共享资源，其中研
究生的培养较为孤立，范围不经济程度较高；在考虑中国高校的教学和科研质量后，
高校产出间的资源不共享程度更为加大。反思范围不经济的原因，主要在于中国高
校的设备、师资、图书的条块分割和内部管理体制的交叉重叠，同时，现行的研究
生培养方式导致了研究生培养的相对割裂。因此，有关部门在制定高等教育管理政
策时应充分考虑到高校内部资源的共享和互补，还应重视学校的类型和办学地点对
高校内部资源配置的影响。 

关键词  成本函数，高等教育，范围经济 

1  Internal efficiency and economies of scope 

The internal efficiency in higher education refers to the relationship of input and 
output in educational system; in brief, it refers to whether the internal resource 
distribution in higher education is reasonable or economically effective. Among 
many analysis instruments, economics of scale and economics of scope are two 
important ones in analyzing the internal efficiency in higher education. Much 
attention has been paid to the study of economics of scale (Ding, 2004), but little 
to that of scope. What’s more, there are few empirical studies. Research has 
proved that higher education in China has obtained the advantages of economies 
of scale (Liu and Song, 2004; Cheng, 2006a). However, with the extension of 
higher education scale and average scale of universities and colleges in China, 
the potential and space that can be utilized by scale efficiency have become 
smaller and smaller. Therefore, searching for other approaches to the 
improvement of the internal efficiency of higher education is on schedule. Under 
such circumstances, the analysis and research of economies of scope is of great 
importance in Chinese higher education. 

An economy of scope is a basic concept in studying the relationship between 
business scope and economic efficiency in highly productive enterprises or 
organizations. If business scope expansion of enterprises or organizations leads 
to the decrease in average cost and the increase in economic efficiency, 
economies of scope occur; if business scope expansion of enterprises or 
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organizations results in a stable average cost or even a higher average cost, there 
arise diseconomies of scope. The socalled “scope” refers to the variety of 
products within an enterprise, which can improve its internal efficiency. The total 
cost that the enterprise spends on a variety of products is lower than the cost that 
a specialized enterprise pays to produce these products individually. When there 
are sharable inputs, networking, and intangible assets in manufacturing two or 
more products, economies of scope may occur (Bailey and Friedlaender, 1982). 

To apply the theory of economies of scope to higher education is to make 
colleges and universities take advantage of educational resource allocation, and 
to provide higher education services to the society and students more 
economically and effectively. Higher education institutions can be seen as a 
typical productive enterprise (Cohn et al., 1989; de Groot et al., 1991; Johnes, 
1997). This paper attempts to research into higher education in China on the 
basis of the theory of economies of scope and focuses on the following question: 
Do economies of scope exist within universities when combining teaching into 
scientific research and combining undergraduate cultivation into postgraduate 
cultivation? 

The former studies had several limitations of economies of scope in higher 
education. First, many studies presume that all universities have the same goal in 
crosssectional analysis. The presumption that all universities have the same goal 
to provide education service is not factual, for example, some universities is 
centered on scientific research, while others on teaching, so their objectives are 
not the same. Second, most research used crosssection data instead of testing 
whether the statistic result has heteroscedasticity. Third, most research did not 
take the third output of universities, that is, the service provided to the society, 
into account. Fourth, much research did not consider the dynamic changes of cost 
function, that is, the effect of time change on cost function. Last but not the least, 
much research neglected the effect of quality on economies of scope (Cheng, 
2006b). 

The innovation of this paper is that it uses the samples of universities attached 
to the Ministry of Education to analyze the relationship between output, scientific 
research, social services in different disciplines and economies of scope, and 
explores the effect of output quality, university type and university location on 
economies of scope. In methodology, it utilizes more scientific and convincing 
Panel Data analysis methods to analyze higher education cost function, in order 
to obtain more accurate statistical results. 
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2  Model 

2.1  Econometric model 

Research methods in economies of scope mainly use methods of econometrics to 
evaluate the parameter of cost function, and use the formulae of economies of 
scope put forward by Baumol (1982) to obtain relevant conclusions about 
economies of scope. This study is based on this method. 

The econometric research of cost functions first needs setting an accordant 
cost function model. A good cost function model should meet the demands for 
flexibility, 1  regularity 2  and brief of parameters. With the development of 
econometrics, statistics, and other disciplines, cost function models that are in 
accordance with theoretical characteristics and practical requirements have been 
rectified and perfected. Seen from the development of cost function form, 
Composite Cost Function is the best one to accord with various theoretical and 
practical requirements, and is widely applied as well (Cheng, 2006c). But in the 
field of higher education, there has not any literatures which was analysed with 
Composite Cost Function. The cost function in higher education was always 
quadratic cost function and transcendental logarithm function. If the popular 
transcendental logarithm function is used, then the problem that some output in 
some universities is zero could not be resovled. Though there exist some methods 
to resolve the problem of zero output,3 due to lack of information of input price, 
and restriction of data in the samples, this paper cannot obtain the effective 
estimate. Among the analyses of cost function in higher education, the quadratic 
cost function was preferred by researchers, though not any clear theory to show 
that it is better than other cost functions (Baumol et al., 1982).  

The quadratic cost function is as follows: 
 

C=α0+
1 1 1 1

1
2

n n n n
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= = = =
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In it, C denotes the total cost when producing the output n , α0 is constant term, 
αi and αij is the coefficient of output variables, γ is the coefficient of SERVICE, Qi 

                                                        
1 Flexibility indicates that the function form cannot determine the result. For example, the 
famous Cobb-Douglas require that all elasticity of factor substitution equal to 1, which is not 
realistic apparently. 
2 Regularity indicates that the form of cost function should be correct, in other words, at the 
level of input price, the cost function must be nonnegative, nondegressive, concave and linear 
homogeneous at the level of the factor price, furthermore the cost function cannot be 
degressive with the product. 
3 There are usually three methods: to cancel the sample involving 0, to substitute 0 with a 
discretional tiny positive number, to transfer all variables with Box-Cox. 
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is the quantity of the output i, Fi is a binary variable, when the output i is over 
zero, Fi is 1, otherwise Fi is 0. V denotes random error term. 

2.2  Variable set 

The cost C in this paper refers to the total cost of higher education institutions. 
Due to the difficulty in estimating the cost of universities, similar studies widely 
used the index of institutional expenditure to reflect the cost of higher education. 
In China, university expenditures are mainly utility expenditures, including 
expenditures for education and scientific research, so this paper also uses 
university’s utility expenditure to measure the total cost. Utility expenditure 
refers to money spent on teaching activities, assistant activities and scientific 
research. It should be pointed out that the sources of funds in university’s utility 
expenditure come from the budgetary revenue, including financial appropriations, 
subsidies from superior authority, tuition and incidental fees and operating 
income, not from financial appropriations alone. 

It is generally acknowledged that higher education has three main tasks, 
knowledge transmission, knowledge transfer and serving the society.  
Knowledge transmission is the teaching or instructive function of higher 
education. Therefore, the expected expenditure can be measured by the amount 
of knowledge students have learnt at different levels and departments. Although 
it seems more suitable to use Valueadded Approach to measure the change of 
knowledge storage, till now there has been no literature using this approach to 
estimate the cost of teaching output. This is because it is difficult to design a 
standardized test to measure the amount of knowledge learnt from different 
subjects (Nelson and Hevert, 1992). In fact, a more widely accepted method for 
the measures of teaching output is to adopt proxy variables, among which the 
number of students is the most common one to measure teaching output (Verry 
and Davies, 1976). Obviously these variables neglected the differences in quality 
of the productive units, such as universities, schools, departments, etc. In terms 
of the measure of output in higher education, there is disagreement in the 
academic world (Cohn et al., 1989). 

In this paper, the total number of students enrolled in a university is used as 
the variable of teaching output. Generally, teaching methods, teaching rules, 
course designs and resource distribution vary with subjects and teaching levels, 
so do the ways to cultivate students. Therefore, various subjects and teaching 
levels are expected to make a difference in the cost of teaching output. The paper 
sees the teaching output of higher education as the number of students of three 
subjects and levels: the number of fulltime undergraduate normal & shortcycle 
students who major in Humanities and Social Sciences (QUA), the number of 
fulltime undergraduate normal & shortcycle students who major in natural 



CHENG Gang, WU Keming 84 

sciences (QUS), the number of fulltime undergraduate normal & shortcycle 
students who major in medical sciences (QUM), the number of fulltime 
postgraduate (QPM), and the number of fulltime doctoral students (QPD). QUA 

include the overall student number of philosophy, economics, law, pedagogy, 
literature, history and administration in colleges and universities. QUS include 
the overall student number of sciences, engineering and agriculture in colleges 
and universities. QUM include the overall student number of medicine in 
colleges and universities. QPM include the total number of postgraduates and 
QPD include the total number of doctoral students. 

Knowledge transfer means creating and finding new knowledge and 
transmitting the knowledge, which is the scientific output of universities. There 
are three deputy variables in studying output. The first is the number of journal 
articles or publications. The second is research funds granted by the government 
or other organizations, which can be used to measure research productivity. The 
third is to regard research as an individual output, but use the input variables to 
measure, for instance, in analyzing the research output of a university, the 
number of hours spent on research, that is, endeavors made by researchers, can 
be the deputy variable, so can scientific research output measured by the 
expenditure on scientific research (Koshal and Koshal, 1999). As far as the 
availability and universal usability of data are concerned, it is easier to use the 
scientific research expenditure. Therefore, this method is adopted in this study. 

Besides the wellknown output of teaching and scientific research, universities 
at home and abroad also offer social services and extend outreach (de Groot et al., 
1991). For research universities and some key universities, social services 
function is of great importance as the public think that it is the duty of these 
universities to transmit knowledge outside “ivory tower”. We were intended to 
get the measurement index or deputy variable considering social services 
function of higher education, but we tried in vain as they are not available. As a 
result, almost all research only studied the output of teaching and researching, 
while neglecting social services and outreach. Without any consideration of the 
differences in social services between universities and departments, there might be 
an estimate deviation of input. This paper endeavors to choose the deputy variable 
of the output of universities’ social services. The selected variable is university 
operating income, defined as what is obtained from independent accounting in 
addition to teaching, scientific research and supplementary activities. In market 
economy, many activities have the cost and income; even in nonprofit activities the 
flow of funds also occur. Operating income can be approximately regarded as the 
income obtained from the output of social services provided by universities. In 
order to avoid the flexibility, the paper only uses the independent variable 
SERVICE without considering cross product term and quadratic term. 

The dummyvariable (binary variable) Fi used in the model is mainly due to 
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technical reasons. It can be proved that without Fi, when αij> 0, the average cost 
of output i will increase (decrease). This restriction is too strict because 
excluding the familiar average cost curve—U shape—beforehand is contrary to 
the requirements of flexibility. The method of avoiding this restriction is to add Fi. 

As discussed above, besides considering the quantity of university output, it is 
a must to analyze the quality of output. The higher the quality is, the higher the 
cost is. However, it is a rather difficult problem to balance the quantity and 
quality. Literatures in which a multiproduct cost function is used to estimate 
university cost apply such indexes as entrance marks, university’s reputation, 
university rankings and so on. It is undoubtedly the best choice to use directly the 
quality of output in model calculation, but at present, the indexes used in 
measuring the quality of teaching and scientific research in universities are not 
systematic and complete in China. The data of each university’s indexes are not 
open or only semiopen, so there are no acknowledged criteria in China to set up a 
scientific and objective evaluation system. Wang (1996) put forward when the 
output quality cannot be quantified, the input quality that directly affects output 
quality substitutes the quality of output. The university input mainly includes 
human and material input. The quality of human input can be interpreted as the 
quality of teachers because teachers, especially fulltime teachers influence the 
quality of teaching and scientific research directly, and their age, title, degree, 
nationality and the number of teachers and students, to a large extent, reflect the 
quality of teachers; the quality of material input is reflected in school running 
conditions, including area of school size, the floor space, fixed assets, teaching 
and scientific research facilities, and all kinds of books. 

3  Data and regression result 

The data in this paper come from “The compilation of statistical data about 
universities attached to Ministry of Education from 2002 to 2004”,4 which is a 
threeyear panel data with 68 samples. The variables measured by monetary unit 
in this paper (such as the expenditure of public utilities) are all modulated based 
on the price of the year 2000. 

Though the data only come from the universities attached to Ministry of 
Education, not including local colleges, all kinds of vocational and technical 
institutes, private universities, such research organizations as Chinese Academy 
of Social Sciences, local Academy of Social Sciences and Party School, the data 

                                                        
4 Due to lack of some data, the sample in this paper is not including China University of 
Geosciences, China University of Petroleum, North China Electric Power University and 
China University of Mining and Technology, the real samples is 68. 
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basically consist of the top 50 universities in the mainland of China. What’s more, 
almost all the samples have entered the “211 Project”. So the information of the 
data is of great value and representative. 

The average expenditure of education of a representative university in the 
samples is about 600.21 million RMB, and with about 15 962 undergraduates, 
5 089 postgraduates, the average of the ratio of student to teacher is 14:1. Among 
the undergraduates, the most major in nature science, with about 9 139 persons, 
approximately 57 percent of all the undergraduates. The second major in 
humanities and social sciences, the least major in medicine. On average, there are 
3 840 postgraduates and 1 249 Ph.D students. 

Table 1  Definition of variable and summary statistics 
Variable Description Observa-

tions 
Mean Standard 

deviation
Min Max 

C Total operating costs in RMB 
(ten thousand in 2000 constant 
RMB) 

204 60021.97 46624.14 7163.927 260623 

QR Research expenditure in RMB 
(ten thousand in 2000 constant 
RMB) 

204 10594.35 12749.37 0 90840.99 

QUA Fulltime undergraduate students 
in arts 

204 5904 3478.147 402 18496 

QUS Fulltime undergraduate students 
in science 

204 9138.716 6956.144 0 27386 

QUM Fulltime undergraduate students 
in medicine 

204 919.402 1721.877 0 6022 

QPM Fulltime master candidate 204 3840.225 2886.81 60 13462 
QPD Fulltime doctoral candidate 204 1249.25 1224.477 32 5594 
STAPRO The ratio of fulltime professors to 

fulltime teachers 
204 0.195024 0.0671 0.041667 0.406175 

STAASSPRO The ratio of associate professors 
to fulltime teachers 

204 0.336461 0.048266 0.227064 0.46875 

STA51 The ratio of teachers over the age 
of 50 to fulltime teachers 

204 0.160643 0.052535 0.064253 0.304826 

STADOC The ratio of teacher with Ph.D to 
fulltime teachers 

204 0.220811 0.115889 0.02907 0.576654 

STAMINOR The ratio of minority teachers to 
fulltime teachers 

204 47.30392 55.71767 0 534 

STATEACH The ratio of fulltime teachers to 
teachers 

204 0.522934 0.070112 0.349225 0.684658 

CSIZE Student–fulltime teacher ratio 204 14.15932 3.210658 3.242284 23.26898 
HOUSE The floor space (m2) 204 810124.8 524788.9 34430 2891070 
AREA Area of school size (m2) 204 1768350 1462839 16898 6171760 
ASSET The fixed assets (ten thousand in 

2000 constant RMB) 
204 92077.13 65110.29 2589.129 316971.6 

EQUIPMENT The equipment for teaching and 
scientific research (ten thousand 
in 2000 constant RMB) 

204 29737.26 28230.35 1010.221 139217.9 

BOOK Books (ten thousand in volume) 204 212.9799 146.2309 30 703 
IXY Interaction of variable X and Y      
XSQ Square of variable X      
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The samples here consist of time series data and crosssectional data. This 
kind of data is known as panel data. Compared to the time series data or the 
crosssectional data, it can characterize not only the change in cost for all 
universities within a certain time, but also the change dynamically for any 
given university. Therefore, the use of panel data will avoid the defects of 
cost function that does not consider dynamic changes in other similar studies. 
The panel data comprises two dimensions of time series and crosssection. If 
the panel data model cannot be correctly set, a greater bias may emerge, and 
the estimated result will differ greatly from the actual result, so it is very 
important to avoid the incorrect model set and to establish a correct panel 
data model.  

Since the number of time series is less than that of independent variable and 
fails to satisfy the demand of F test, Hsiao’s Analysis of Covariance cannot be 
used to set the econometric model. So the model in this paper can only be 
combination regression model or variable intercept model (Hsiao, 2003). The 
latter can be divided into fixed effect model and random effect model. All the 
three panel data models need to be decided and selected. 

F test, Lagrange Multiplier test and Hausman test are separately used to test 
combination regression model and fixed effect model, combination regression 
model and random effect model, fixed effect model and random effect model 
(Table 2 results of the determinates).  

Table 2  Test results of suitable panel data model 

Note： *, ** and *** respectively represent 10 percent, 5 percent and 1 percent level of 
significance. 
 

So the estimation result should be based on the fixed effect model (Model 1 in 
Table 3 results the regression). 

 Test statistics Suitable model 

OLS versus FEM F test that all u_i=0： 
F (67, 106)=7.14  
Prob > F = 0.0000*** 

FEM 

OLS versus REM Breusch and Pagan Lagrange multiplier test 
for random effects： 

Test: Var (u)=0 
chi2 (1)=45.97 
Prob > chi2 =0.0000*** 

REM 

FEM versus REM F (31, 67)=8.96 
Prob>F =0.0000*** 

FEM 
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Since the time span of samples’ data is relatively short, the number of 
universities in crosssection is comparatively large, and the crosssectional data is 
more important, it is necessary to consider crosssectional change, in other words, 
attention should be paid to heteroscedasticity because a great probability of 
heteroscedasticity will occur in crosssectional data.  

Firstly the modified Wald test is used to test the groupwise heteroscedasticity, 
chi2(68)=8.1e+05, Prob>chi2 =0.0000, so the hypothesis of groupwise 
homoscedasticity is rejected. Then the Wooldridge (2003) test is used to test 
autocorrelation, and the hypothesis of nonserial correlation is rejected. The test 
result shows that there exists heteroscedasticity in crosssectional data and serial 
correlation in error term. The Feasible Generalized Least Squares (FGLS) is used 
to estimate the fixed effect model because when the cost function is estimated by 
FGLS, the result will be more accurate (Model 2 in Table 3 results of the 
regression). 

Model 2 does not consider the influence of output quality on the cost structure, 
so 12 variables representing the output quality are added into Model 3, where 10 
variables are significant at less than 10 percent level. After testing, all 
coefficients representing the quality of teachers in Model 3 are significant,5 and 
the coefficient representing the conditions of running school is also jointly 
significant,6 which shows that there exists a great influence of the output quality. 
So priority should be given to the quality of universities in considering the cost 
structure. In Model 3, the coefficients are mostly positive and those of quadratic 
term are negative, which indicates that the cost of running a school will rise with 
the increase in output, but the effect of the increased cost is degressive. 

Within the cost structure of universities, besides teaching, research and their 
quality, the type and location of universities are also the important variables 
influencing the cost of university. Two dummyvariables, TYPEGj and 
LOCATIONGk, are introduced to represent the type and location of university 
respectively. TYPEGj is a binary variable indicating the type of universities, 
when the type of a university is j, TYPEGj equals to 1; otherwise it is 0. When j 
is from 1 to 8, it represents respectively comprehensive universities, 
technological universities, normal universities, foreign language universities, 
agricultural and forestry universities, universities of economics and law, artistic 
universities and medical universities. We regard the comprehensive university 
as the base group. LOCATIONGk is a binary variable indicating the location of 
university, when the location of a university is k, LOCATIONGk equals to 1, 
and otherwise it is 0. When k is from 1 to 3, it represents Eastern China, Middle 

                                                        
5 x2 (7)=248.14. 
6 x2 (5)=46.22. 
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China and Western China.7 We regard the East China as the base group. 
From the model 4 in Table 3, it can be found that when other conditions held 

constant, the cost of foreign language universities is highest, but not significant; 
the cost of technological universities is lowest, and significant; the cost of 
universities in Western China is highest and significant; the cost of university in 
Eastern China is lowest. After testing the variable representing the type of 
university, the result is chi2 (7)=218.01, Prob>chi2 =0.0000, which indicates that 
the location of university influences significantly the cost of university. So the 
influence of the type and condition of university on the cost structure and the 
economic of scope of university cannot be ignored. 

Table 3  Regression results 
Variables Model 1  Model 2 Model 3 Model 4 

QR 0.8902 (1.0318) 1.1169*** (0.4203) 1.8580*** (0.4053) 1.8580*** (0.4053) 
QUA 2.0248 (2.7648) 1.7366** (0.8754) 8.2641*** (1.0055) 8.2641*** (1.0055) 

QUS 4.915864** (2.3261) 2.0681** (0.9439) 5.5960*** (0.9788) 5.5960*** (0.9788) 

QUM 12.6729 (12.6738) 9.3921* (4.9711) 17.0201*** (4.3203) 17.0201*** (4.3203) 

QPM –11.4263** (4.8840) –7.2084*** (1.9988) –11.9680*** (2.0062) –11.9680*** (2.0062) 

QPD 67.3996*** (19.0417) 50.3734*** (8.0946) 979*** (7.009648.2) 48.2979*** (7.0096) 

IQUAQUS 0.0001 (0.0002) 0.0001** (0.0001) –0.0001 (0.0001) –0.0001 (0.0001) 
IQUAQUM –0.0001 (0.0007) –0.0002 (0.0003) 0.0002 (0.0003) 0.0002 (0.0003) 

IQUAQPM 0.0013*** (0.0005) 0.0010*** (0.0001) 0.0012*** (0.0002) 0.0012*** (0.0002) 

IQUAQPD –0.0033** (0.0016) –0.0027*** (0.0006) –0.0038*** (0.0006) –0.0038*** (0.0006) 

IQUAQR –0.0003** (0.0001) -0.0002*** (0.0000) –0.0003*** (0.0000) –0.0003*** (0.0000) 

IQUSQUM 0.0006 (0.0004) 0.0007*** (0.0002) 0.0003 (0.0002) 0.0003 (0.0002) 

IQUSQPM 0.0006*** (0.0002) 0.0004*** (0.0001) 0.0006*** (0.0001) 0.0006*** (0.0001) 

IQUSQPD –0.0037*** (0.0010) –0.0026*** (0.0003) –0.0028*** (0.0003) –0.0028*** (0.0003) 

IQUSQR 0.0002*** (0.0001) 0.0001*** (0.0000) 0.0002*** (0.0000) 0.0002*** (0.0000) 

IQPMQPD 0.0106*** (0.0030) 0.0089*** (0.0012) 0.0123*** (0.0011) 0.0123*** (0.0011) 

IQPMQR –0.0001 (0.0002) –0.0001 (0.0001) –0.0003*** (0.0001) –0.0003*** (0.0001) 

IQPDQR 0.0020*** (0.0005) 0.0014*** (0.0002) 0.0020*** (0.0002) 0.0020*** (0.0002) 

IQPMQUM –0.0027** (0.0011) –0.0023*** (0.0006) –0.0016*** (0.0005) –0.0016*** (0.0005) 

IQPDQUM 0.0136*** (0.0043) 0.0090*** (0.0022) 0.0079*** (0.0018) 0.0079*** (0.0018) 

IQRQUM –0.0005*** (0.0002) –0.0003*** (0.0001) –0.0003*** (0.0001) –0.0003*** (0.0001) 

QUASQ –0.0002 (0.0002) –0.0001** (0.0000) –0.0002*** (0.0001) –0.0002*** (0.0001) 

QUSSQ –0.0002 (0.0001) –0.0001** (0.0000) –0.0001*** (0.0000) –0.0001*** (0.0000) 

QUMSQ –0.0022 (0.0014) –0.0014** (0.0006) –0.0020*** (0.0005) –0.0020*** (0.0005) 

                                                        
7 East China includes Beijing, Tianjin, Hebei, Liaoning, Shanghai, Jiangsu, Zhejiang, Fujian, 
Shandong, Guangdong and Hainan, Middle China includes Shanxi, Jilin, Heilongjiang, Anhui, 
Jiangxi, Henan, Hubei, Hunan, West China includes Chongqing, Sichuan, Guizhou, Yunnan, 
Tibet, Shaanxi, Gansu, Qinghai, Ningxia, Xinjiang, Guangxi, Inner Mongolia. 
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    (Continued) 
Variables Model 1 Model 2 Model 3 Model 4 

QPMSQ –0.0016*** (0.0006) –0.0013*** (0.0003) –0.0016*** (0.0003) –0.0016*** (0.0003) 

QPDSQ –0.0263*** (0.0059) –0.0200*** (0.0023) –0.0273*** (0.0020) –0.0273*** (0.0020) 

QRSQ –0.0001*** (0.0000) 0.0000*** (0.0000) –0.0001*** (0.0000) –0.0001*** (0.0000) 

F2 (dropped) (dropped) (dropped) (dropped) 

F3 2065.1660 (4406.8540) 1031.6270 (2113.7190) 11237.5300*** (2556.1190) 11237.5300*** (2556.1190) 

F4 695.0427 (4657.7170) 41.2024 (1766.3650) 2842.8670 (2582.5640) 2842.8670 (2582.5640) 

F5 (dropped) (dropped) (dropped) (dropped) 

F6 (dropped) (dropped) (dropped) (dropped) 

SERVICE –0.1543 (0.9019) –0.6724* (0.3939) 0.4237 (0.3079) 0.4237 (0.3079) 

STAPRO   118892.9000*** (12060.2800) 118892.9000*** (12060.2800) 

STAASSPRO   6148.3740 (10859.6300) 6148.3740 (10859.6300) 

STA51   31090.2200*** (9931.0170) 31090.2200*** (9931.0170) 

STADOC   33868.1700*** (8069.6470) 33868.1700*** (8069.6470) 

STAMINOR   –107.0540*** (10.3751) –107.0540***  (10.3751) 

STATEACH   –14665.4800*** (4524.9240) –14665.4800*** (4524.9240) 

CSIZE   –2231.7580*** (215.0348) –2231.7580*** (215.0348) 

HOUSE   –0.0039* (0.0023) –0.0039* (0.0023) 

AREA   0.0001 (0.0005) 0.0001 (0.0005) 

ASSET   –0.0453*** (0.0118) –0.0453*** (0.0118) 

EQUIPMENT   0.3387*** (0.0586) 0.3387*** (0.0586) 

BOOK   26.6267* (15.2110) 26.6267* (15.2110) 

TYPEG2    –56008.9500*** (17550.0400) 

TYPEG3    –5211.1570 (26022.6000) 

TYPEG4    47264.9000 (28992.3200) 

TYPEG5    –6176.6780 (25300.9900) 

TYPEG6    –25899.8100 (19695.4600) 

TYPEG7    21632.9100 (28625.6700) 

TYPEG8    9921.7420 (24603.2900) 

LOCATIONG2    24732.3300* (14597.7300) 

LOCATIONG3    53644.2000*** (9838.1260) 

_cons –23214.4100 
(15330.7200) 

–15976.5700 
(12010.5000) –108621.8000*** (16871.9800) –52612.8400* (31107.5100) 

Note： *, ** and *** respectively represent 10 percent, 5 percent and 1 percent level of 
significance. 
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4  Application and discussion 

Scope economies are to measure the expenditure saved in cost of an enterprise or 
organization producing two or more kinds of output when compared with each 
enterprise or organization producing each output respectively. It can be classified 
into global economies of scope and productspecific economies of scope. The 
former is to measure the degree of cost saving when jointly producing two or 
more products compared with producing singly. If there are cost 
complementarities in the output, then there exists a global economy of scope. 
The ratio of jointly producing to singly producing is: 
 

            C (q)<
1

n

i
C

=
∑ (qi)                          (1) 

 
C (q) is the total cost of n kinds of output in joint production. C (qi) is the cost 

of producing only the ith output. The formula of calculating global economies of 
scope is:  

 
SG=[

1

n

i
C

=
∑ (qi)–C(q)]/C(q)                     (2) 

 
If SG is over 0 or below 0, it indicates the existence or the nonexistence of 

global economies of scope. Because the real production of various kinds of 
output is not always changed by the same ratio, we need to test the changed 
economies of scope of certain output when other output is not changed, that is, 
the productspecific economies of scope. Its formula is as follows:  

SCi=[C(qi)+C(qn-i)–C(q)]/C(q)                   (3) 

C(qn-i) is the total cost of jointly produced output besides i. For output i, 
whether productspecific economies of scope or diseconomies of scope exist or 
not is decided by whether SCi is over 0 or below 0. In other words, evaluating a 
specific output, whether it is jointly produced or just produced singly should be 
decided. Economies of scope are discussed from the following two aspects. 

(1) Quality factor and economies of scope 
Based on Model 2 and Model 3 in Table 3, and the above formula, we can get 

the average result of the threeyear economies of scope of 68 universities attached 
to the Ministry of Education (see Fig.1 below). 
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Fig.1 shows a great change in the calculation result of economies of scope 
after taking quality into consideration: universities attached to the Ministry of 
Education exist global diseconomies of scope from 2002 to 2004, and the degree 
of postgraduates’ and doctoral students’ diseconomies of scope is the highest. 
The internal efficiency of universities is even lower after considering the quality 
factor.  

Facilities, teachers, libraries are the three main pillars to support teaching and 
scientific research of higher education. The paper studies the three main pillars, 
and postgraduates’ cultivation, researches into their resource sharing to analyze 
the reason of China’s universities’ diseconomies of scope. 

Firstly, most universities do not have a good share in teaching facilities with 
other universities. As laboratories, institutes and other scientific research bases 
mostly rely on a certain subject or only a few subjects, they are not put on a 
public platform. Many people do not have a clear idea of the university resource 
distribution. Due to the closed characteristics of subjects, many universities and 
researchers do not know how to share resources with others. In such a case, it is 
rather difficult to make subjects overlapping and combination come true. 

Secondly, in some universities teachers fail to do scientific research and 
teaching simultaneously. Most teachers, especially in some teaching universities, 
attach importance to teaching, neglecting scientific research. This results in an 
unreasonable structure. And it is difficult to form a balanced structure of the 
teaching staff, ensuring the harmony of professorship, lectureship and teaching 
assistant, the cooperation of senior teachers, middleaged teachers and young 
teachers, and the even development of subjects (Yang, 2005). 

Thirdly, there still exist problems though the share and cobuilding of 
university libraries develop fast. The three main systemic libraries, that is, 
university libraries, scientific and technological libraries, public libraries are 
under the leadership of Ministry of Education, Academy of Sciences and 

 

-9.00 -8.50 -8.00 -7.50 -7.00 -6.50 -6.00 -5.50 -5.00 -4.50 -4.00 -3.50 -3.00 -2.50 -2.00 -1.50 -1.00 -0.50 0.00 0.50 1.00

Global economies of scope QUA 
QUS 
QUM 
QPM 
QPD
QR 

Model without quality factors –0.32 0.02 0.14 0.01 –0.52 –0.51 0.02 
Model with quality factors –8.27 –1.09 –1.49 –1.51 –3.03 –2.08 –1.62 

Global
economies QUA QUS QUM QPM QPD QR 

Fig. 1  Comparison between models with and without quality factors 
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Ministry of Culture respectively. They lack a macro administration and harmony 
in general. And there is no authoritative organization to have an overall 
management and coordination of developing literature resources sharing in terms 
of its direction, priorities and measures. So there is, to some extent, resource 
sharing within the system, but it is difficult to improve among systems. It has 
been many years since the suggestion of sharing resources was put forward, and 
a series of mediating organizations have been set up, and designed some projects 
to share, but due to some institutional problems, such as lack of united leadership 
of authoritative departments, it is difficult to share or it improve slowly. Within 
universities, resources in every department are bought by themselves, and there 
is no unified purchase project, which results in waste and repetition. 

Fourthly, the reform of internal management system in China’s university is 
lagged behind. There appear organizational overlapping, overlapping functions 
and undefined responsibilities and obligations. Overlapping organizations and 
specialties, few coteaching across colleges or departments and poor resource 
allocation among departments all result in the low internal efficiency within the 
university. 

Fifthly, postgraduate cultivation model is lagged behind. On one hand, a 
considerable proportion of postgraduate education of most universities is still 
free of charge. The outlay of postgraduate education entirely comes from the 
government, and the cost of postgraduate training is comparatively higher (the 
tuition fee paid by undergraduates has borne part of the cost of postgraduate 
training). On the other hand, the resources used in postgraduate training are not 
effectively shared with other activities (research and graduate training) at many 
universities. 

(2) The type and location of university and the economic of scope 
From Model 4 in Table 3 it can been seen that the type and location of 

university significantly influence the cost of university and the economic of 
scope. Since the type and location of university is too complicated8, this paper 
will not cover the cost of universities simultaneity involving the type and 
location of universities (see Model 4 in Table 3). Based on parameter estimation 
results, calculation formula and the mean of all kinds of universities (see Model 4 
and Model 5), it calculates the annual average coefficient of economies of scope 
in higher education. 

The estimation result of economic scope of various types of universities is 
widely divergent. There exist economies of scope in general and special outputs 
of foreign language university, financial university, artistic university and 
medical university except other universities. There exist diseconomies of scope 

                                                        
8 Since the universities in each region can be classified into 8 types of universities, there are 
totally 24 types of universities should be analysed for 3 regions. 
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in general and special outputs of university in every region, and the highest 
degree of diseconomies of scope exist in West china. Therefore the type and 
location of university are both important factors influencing the economies of 
scope of university. 

Table 4  Economies of scope for different types of universities 

Productspecific economies of scope Different types of 
universities 

Global economies 
of scope QUA QUS QUM QPM QPD QR 

Comprehensive 
university 

–5.18 –0.19 –0.59 –0.79 –3.04 –2.43 –0.89 

Technological 
university 

–6.78 –0.83 –1.29 –1.17 –2.52 –1.75 –1.55 

Normal university –22.72 –4.08 –4.32 –4.31 –7.16 –4.24 –4.09 
Foreign language 

university 
9.77 1.95 1.95 1.95 2.02 1.93 1.94 

Agricultural and  
forestry 
university 

–16.97 –2.78 –3.30 –3.35 –4.46 –3.04 –3.65 

University of  
economics and 
law 

64.23 13.83 12.19 12.20 17.68 11.85 11.91 

Artistic university 9.32 1.87 1.86 1.86 1.91 1.85 1.86 
Medical university 16.23 3.22 3.12 3.29 3.25 3.45 3.21 

Table 5  Economies of scope for universities at different locations  

Productspecific economies of scope Universities  
at different locations 

Global economies
of scope QUA QUS QUM QPM QPD QR 

Universities at East China –9.49 –1.24 –1.69 –1.72 –3.21 –2.62 –1.91 
Universities at Middle 

China 
–5.71 –0.69 –1.02 –1.04 –2.71 –1.24 –1.01 

Universities at West China –10.03 –1.53 –1.86 –1.87 –3.66 –2.02 –1.97 

5  Conclusion 

Based on the data of universities attached to the Ministry of Education from 2002 
to 2004, the empirical research shows that there are generally slight diseconomies 
of scope in universities. Except doctoral students and postgraduates, other outputs 
have economies of scope. But as far as the quality of teaching and research 
are concerned, the degree of diseconomies of scope will greatly heighten, 
diseconomies of scope exist in all outputs, and the highest degree diseconomies 
of scope exist in doctoral students and postgraduates. At the same time attention 
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should be paid to the fact that the type and condition of university influence the 
economies of scope greatly. 

According to the above conclusions, we put forward such policies and 
suggestions as follows. 

First, to improve postgraduate cultivation model and control properly the 
enrollment expansion of postgraduate. From the viewpoint of the composite 
output of university, the scale of postgraduate increases too quickly these years, 
while postgraduate cultivation model lags behind obviously. So it is necessary to 
set postgraduate targets for some research universities, more research and 
teaching chances should be offered for postgraduates. 

Second, to deepen the internal management system reform and improve the 
connotation development. It is of great importance to standardize internal 
institutions, streamline and restructure the school administration so as to improve 
management efficiency and the quality of school. 
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