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Abstract 

 

 

The paper investigates the economic efficiency of higher education institutions (HEI) in 

Sweden to determine the factors that cause efficiency differences. Stochastic frontier analysis 

is utilized to estimate the economic efficiency of 30 HEI using both pooled and panel data 

approaches. HEI specific factors such as size, load, staff and student characteristics as well as 

government allocations are suggested to be the potential determinants of economic efficiency.  

The results suggest that HEI are not identical in their economic efficiency; though the average 

efficiency is high, they do perform differently. This variation is explained by the joint 

influence of HEI specific factors; the quality of labor is found to be highly significant for the 

cost efficiency of Swedish HEI. 
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1. Introduction 

Raising educational standards as means of attaining competitiveness and growth has been in 

the agenda for more than fifteen years in Sweden and internationally. According to 

educational statistics from Sweden the number of students in higher education rose by 52% 

between 1995 and 2005. For Sweden, a country with a publicly financed higher education 

system, the increase in student population means an increase in government expenditures.  

Currently about 1.6% of the Swedish GDP is devoted to higher education and research, which 

provides employment to 64,300 people. This makes the higher education sector important not 

only as a source of human capital production and development but also from economic 

considerations. The question that is asked in this paper is how efficiently operates the Swedish 

higher education sector? Are the tax-payers resources allocated to the higher education sector 

utilized efficiently? Do HEI operate at the same level of efficiency or do they exhibit different 

economic behaviour? What drives the economic efficiency of HEI?  

Before going further it is worth giving the definition of the economic efficiency, which is the 

major concern of this paper. Modern efficiency measurement began with Farrel (1957), who 

defined the economic efficiency as the ability to obtain maximum output from the resources 

available (technical efficiency) and to choose the best package of inputs given their prices and 

marginal productivities (allocative efficiency). The classical microeconomic theory assumes 

that firms and institutions operating in a free market exert maximum effort to maximize their 

profits/minimise their costs and hence operate at 100% efficiency, i.e. they produce maximum 

output from the given inputs and use the best combination of inputs. However, the evidence 

from practice does not always support this. Some firms, especially those operating as non-

profit organizations, tend to deviate from the predicted behavior and are hence regarded as 

inefficient (James, 1990).  

There may be many reasons for such divergence from the optimal behaviour and differences 

in efficiency. Empirical investigation into the determinants of efficiency dates back to the 

early 1990s.  For instance Lovell (1993) stated that identifying the factors that explain 

differences in efficiency is essential for improving the results, but that, unfortunately the 

economic theory does not supply a theoretical model of determinants of efficiency.  However 

Caves and Barton (1990) suggested that several studies have developed a strategy for 

identifying the determinants of efficiency which can be grouped into the following categories: 

(i) external factors, (ii) internal factors, (iii) ownership structure (public vs. private). For 

higher education institutions all the factors affecting the efficiency can be grouped into HEI 
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specific or internal factors, staff and student specific or external factors. There is no 

distinction between private and public universities for the Swedish HEI because the Swedish 

higher education is mainly publicly financed. Among HEI specific factors that may influence 

the efficiency of HEI I distinguish the size and load as well as the share of government 

support in revenues of each HEI. Staff characteristics reflecting the quality of 

teaching/research personnel as well as the age of active personnel are considered as staff 

specific factors. Student characteristics such as quality and foreign background are chosen to 

reflect student specific factors.  

Thus, the focus of this paper is on the estimation of the economic efficiency of higher 

education institutions of Sweden to see if the HEI operating in the same market and being 

regulated by the same legislation exhibit different efficiency and to which extent this 

difference can be explained by HEI specific factors, staff and student specific characteristics.  

The analysis is conducted for 30 HEI of Sweden using the stochastic frontier methodology. 

Pooled and panel data models are estimated to check for consistency of results. The results 

suggest that though the majority of HEI operates with the economic efficiency above average 

there is considerable variation in their performance. This variation is the result of the joint 

influence of factors such as labor and student characteristics, HEI size and government 

funding. The impact of the labour quality is found to be the most important determinant of 

economic efficiency.  

2. Literature review  

The previous literature focused on higher education efficiency can be divided into two main 

groups - those using Data Envelopment Analysis (DEA) and those choosing Stochastic 

Frontier Analysis (SFA). Both are frontier methodologies aimed at the estimation of 

production/cost frontier and efficiency; however they differ in the underlying assumptions. 

The advantages and disadvantages of both methods are now well recognized: in SFA the 

functional form of the efficient frontier is pre-defined or imposed a priori, whereas in DEA no 

functional form is pre-established but is calculated from the sample of observations in an 

empirical way.  DEA is a deterministic method and assumes that all deviations from the 

efficient frontier are due to inefficiency, whereas in SFA the divergence from the efficient 

frontier occurs due to the inefficiency and some random shocks out of agents’ control. No 

method is strictly preferable to any other; the choice of the methodology depends on the 

specific situation where some estimation technique proves superior.  
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Several studies have applied DEA to investigate the relative efficiency of higher education 

institutions (Johnes & Johnes (1993), Johnes (2006), Glass, McKillop &Hyndman (1995) 

Abbot & Doucouliagos (2003) etc). These studies indicate that there are various degrees of 

technical and/or cost efficiency in higher education institutions and that universities are not 

homogenous in their performance. In an attempt to explain the variation in the efficiency of 

the universities some DEA studies also report scale efficiency scores (Abbot & Doucouliagos 

(2003), others (Ahn et. Al., (1988)) compare efficiency scores for different ownership 

structures. Glass et al. (1988), Madden et al (1997) use two-stage methods to evaluate the 

research funding policies on the level of efficiency.   

The studies that employed SFA as a method to estimate the economic efficiency of higher 

education institutions are more diverse. They differ not only in the choice of the functional 

form but also in the distributional assumptions on the inefficiency term and hence the 

determinants of inefficiency.  For instance, Izadi et al (2001) use frontier estimation 

techniques to estimate a CES cost function under the assumption of half normally distributed 

efficiency with zero mean and find that significant inefficiency remains in the British higher 

education system. Using stochastic frontier methodology Robst (2001) investigates the impact 

of state appropriations on the cost efficiency of public universities and finds that universities 

with smaller state shares are not more efficient that universities with higher state shares. 

Stevens (2001) estimates the cost efficiency for a group of English and Welsh universities and 

finds that there is inefficiency in higher education sector. This study is unique in the sense that 

it models the inefficiency as a function of staff and student characteristics as efficiency 

determinants and finds that proportions of professorial staff have a positive effect on 

efficiency, whereas the proportion of staff that is over-fifty effects the efficiency negatively. 

Arguing that efficiency estimates maybe sensitive to the choice of methodology McMillan & 

Chan (2006) made a comparison of results from application of both DEA and SFA methods 

for a sample of 45 Canadian universities. They found consistency in the relative ranking of 

individual universities for high efficiency and low efficiency groups. 

Though all these studies give considerable insight about the operation of higher education 

institutions and suggest that HEI differ in the efficiency of their operation, they do not fully 

address the issue of efficiency determinants. This study is an attempt to estimate the 

efficiency of higher education institutions while trying to explain the reasons that might cause 

heterogeneity in HEI performance.  

3. Methodology 
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While choosing a method for the estimation of the economic efficiency of Swedish HEI I give 

preference to SFA due to the possibility to account for random shocks and make an absolute 

estimate of efficiency. In DEA the efficiency estimates are relative and there are no statistical 

tests to check for the presence of inefficiency.  

The application of SFA requires choosing a functional form for the respective cost function 

and making distributional assumptions about the inefficiency term under the assumption that 

all units under consideration are cost minimisers. While the activity of higher education 

institutions is more often targeted at “the pursuit of excellence” and “prestige maximization” 

(Robst, 2001), this does not preclude them from minimizing their costs given the same 

aspirations for excellence and prestige and the cost minimization behavior seems to be 

plausible in the higher education sector context. 

3.1. Functional form 

The existing literature suggests a wide variety of functional forms to describe the costs of 

multi-product organizations, to which HEI belong. It is now well recognized that the activity 

of HEI is targeted at teaching, research and community service and HEI should be treated as 

multi-product organizations.  

The traditional multiple-output cost functions relate costs to the multiple outputs, input prices 

and some exogenous variables having impact on the cost function: 

                                       ( , , ; , , )C c y w z       (1.1) 

where C is the total cost, y is a vector of output variables, w represents the vector of input 

prices and z is a vector of exogenous factors; β,γ,θ are the respective parameters to be 

estimated. To estimate the relationship between the cost and the dependent variables some 

functional form should be assumed. The decision which functional form to choose for the 

empirical analysis is usually not straightforward since the true shape of the function is 

unknown. Within the context of the problem the form should be as general as possible and 

impose the fewest possible a priori constraints. Some functional forms suggested in the 

literature are more restrictive, imposing several restrictions upon parameters of the cost 

function (Cobb-Douglas, CES and Leontief), while others which are more flexible should be 

checked for meeting the properties of cost functions (Translog, Quadratic, Generalized 

Translog). Many authors prefer to use flexible functional forms because they are less 

restrictive and provide local second-order approximation to any well-behaved underlying cost 

function; however the estimation of flexible functional forms requires a large sample size, 

which is not always possible. Moreover, multicolinearity among the regressors is likely to 
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lead to imprecise estimates of model parameters. As noted in Kumbhakar and Lovell (2000) 

the benefit of flexibility is likely to be offset by the cost of statistically insignificant parameter 

estimates.  

Different functional forms have been used to estimate the costs of HEI. Thus, McMillan and 

Chan (2006) used Cobb-Douglas functional form for Canadian HEI, Izadi et all (2000), 

estimated CES function for British HEI, Robst (2001) estimated translog cost function for 

South Carolina HEI, while Koshal and Koshal (2000) preferred a flexible quadratic form. 

Their choice is mainly motivated by the data character and sample size. 

In this paper I follow McMillan and Chan (2006) and use Cobb-Douglas functional form for 

the estimation of the cost function of Swedish HEI in view of the small sample size.  

The major drawback of Cobb-Douglas is the assumption that all elasticities of substitutions 

are equal to 1, which might not be the case in reality. However, the great virtue of the Cobb-

Douglas form is that its simplicity enables to focus on the inefficiency problem which is the 

major concern of this analysis. Moreover, it is less data demanding. 

3.2. Stochastic Frontier Analysis 

The estimation of the cost function by traditional OLS would allow finding the average cost 

function under the assumption that all units exhibit the same efficiency of operation. This 

would be in compliance with the traditional microeconomic theory, which assumes that firms 

and institutions are profit-maximizers/cost-minimisers and hence they make maximum effort 

to produce maximum output with minimal costs. However the empirical studies suggest that 

in reality not all firms are always so successful in solving their optimization problems. While 

some firms operate on the frontier and earn high profits, others lag behind and barely survive 

(Badunenko et al, (2008)). Such organizations tend to deviate from the predicted optimal 

behaviour, and hence are treated as inefficient. Efficient firms operate on the frontier; they 

produce maximum output from the given input (technical efficiency) and use the optimal 

input proportions (allocative efficiency). Whereas inefficient firms diverge from the optimal 

behaviour and operate beneath the frontier. Stochastic frontier analysis allows building cost 

models with consideration of unit specific inefficiency and exogenous shocks beyond the 

control of analysed units. It allows modelling the production and cost structure of firms and 

institutions exhibiting different pattern of efficiency. 

The classical cost function in SFA  ( , , ; , , ) exp( )i i i i i iC c y w z v u     consists of three parts 

– a deterministic frontier ( , , ; , , )i i ic y w z     common to all producers (in our case HEI), a 
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producer specific random part iv , which captures the effects of random shocks on each 

producer, and an inefficiency component iu .The first error component iv  is intended to 

capture the effect of statistical noise, whereas iu is the non-negative cost inefficiency 

component, which is the product of technical and allocative inefficiency. The units operate on 

the frontier or beneath if their inefficiency component iu  is 0 or u>0 respectively. If all the 

units operate on the frontier then iu =0 for all the units and there is no place for inefficiency.  

3.3. Incorporating exogenous influences on efficiency  

The analysis of cost efficiency has two main components. The first is the estimation of the 

stochastic frontier that serves as a benchmark against which to estimate the efficiency with 

which producers allocate their inputs and outputs under some behavioural assumptions.  The 

second component concerns the incorporation of exogenous variables, which are neither 

inputs nor outputs, but which nonetheless exert an influence on the performance. As noted ín 

Kumbhakar and Lovell (2000), “the objective of the second component is to associate 

variation in producer performance with variation in exogenous variables characterizing the 

environment in which production occurs”. Examples include the quality of input and output 

indicators, various managerial characteristics, ownership structure etc. These factors may 

influence the cost function either directly or indirectly through effecting the efficiency with 

which inputs are converted into outputs. Kumbhakar, Gosh and McGulkin (1991) developed a 

model for estimating both frontier and efficiency terms with exogenous variables serving as 

determinants of efficiency. The model was further modified by Battese and Coelli (1992, 

1995) for panel data with time varying inefficiency and Pitt and Lee (1991) for time invariant 

inefficiency. 

4. Variable selection  

As mentioned before the data traditionally required for a cost efficiency analysis include 

output variables, input price variables and exogenous variables having an influence on costs 

either directly or through an inefficiency component. In this section the variables that should 

be included in the cost frontier model as well as those that can serve as inefficiency 

determinants are discussed. 

4.1. Inputs and outputs of HEI  

The choice of the university output variables to be included in the analyses is of special 

concern. HEI output is usually characterised as education, research and community service 
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and as noted in McMillan and Chan (2006), neither teaching nor research is particularly well 

measured and service is usually entirely immeasurable”. There is considerable disagreement 

among economists of higher education as to what is the best way to quantify the output of 

education. However the most common measure of education output used in the literature is 

the full year equivalent number of students in undergraduate and graduate education. Another 

alternative is to use the number of graduates; however this indicator reflects the outcome of 

HEI operation in preceding years and is less precise. In this study I use the number of full year 

equivalent students in humanities, medicine and technical sciences to distinguish the 

heterogeneity of institutes in specialization and hence differences in costs incurred for 

educating graduates in different fields. Such distinctions have been used by Izadi et al, (2002), 

Johnes (1998), Stevens (2001). The number of PhD students is taken as a separate output 

indicator to distinguish between undergraduate and graduate education.  

HEI are not homogonous in the quality of students that are admitted and graduated, hence the 

quality of students and graduates is an important factor to be included in the model. Given the 

same quality of entrants, it might be more expensive to “graduate” students with higher 

quality. At the same time the quality of students being admitted may also be important since 

less effort is required to educate them. Previous studies have rarely taken into account the 

quality of students enrolled in HEI. An exception to this is Koshal and Koshal (1999), where 

Student Aptitude Test was used to control for the quality of admitted students and  Stevens 

(2001), where “A level” scores are used as an indicator of student quality. Although these 

indicators serve as good proxies for student quality this data are difficult to get for the 

Swedish HEI, since according to the Swedish law no entry exams are required and hence 

there is no common indicators for the newly enrolled students. I suggest another indicator of 

student quality, which is the competition the entrants face for admission to HEI. I assume that 

the higher the competition that university entrants face for getting admitted to university the 

more skilled they are.  In conditions of low competition universities are more likely to admit 

students with lower “quality” and hence this indicator can serve as a proxy for the “quality” of 

students admitted.  

Furthermore, the quality of teaching output that is the quality of university graduates is 

another aspect that requires special care. For instance, consider two institutions with the same 

number of students where one provides “excellent education and graduates” while the other 

provides only a “standard” education. The failure to incorporate this quality factor may result 

in misleading evaluation and comparison. Nevertheless to my knowledge the only study that 
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models the quality of graduates is Stevens (2001), in which the proportion of first and upper 

second class degrees is suggested as a consistent measure of degree quality. Other potential 

indicators of graduates’ quality might be the initial salary of graduates normalized by fields or 

the employment possibilities after the graduation. The latter is used in this study to control for 

the quality of HEI graduates.  It is assumed that the high likelihood of employment is a sign of  

high quality of graduates ceteris paribus. Of course, one can argue that the success on the 

labour market is also linked to other factors such as personal characteristics and labor market 

demand. However given the same labor market conditions and personal characteristics the 

first employment after graduation is more likely to be due to qualitative education and the 

further promotion due to personal characteristics.  

The difficulties in measuring the research output of HEI have been discussed in many studies. 

The research produced in HEI is an intangible asset and its valuation is not an easy task. 

Empirical studies mostly use either publication counts or research expenditures; however both 

of them have shortcomings. For instance, using field normalized number of journal 

publications suggested by some authors allows controlling for the quality and field of research, 

however as argued in many studies the research output of HEI is not limited to the journal 

publications. Conference papers, book reviews, patents are all viable outputs and simply 

choosing one biases the results.  At the same time research funding (Robst (2001), Abbot & 

Doucouliagos (2001)) chosen as indicator of research output fails to account for the quality 

and field differences. The researchers using research funding as a measure of research output 

argue that “the ability of HEI to generate such funds is closely correlated with its research 

output” (Cohn, et al (1989). The ideal output measure would involve a weighted measure for 

different types of research output and quality, however specifying the weights a priori based 

on value judgements could be erroneous. In this paper the research output of HEI is 

represented by total research funding despite all the shortcomings of this approach. 

The prices for inputs to the production process are the next category of variables to be 

included in the model. The average salary of HEI personnel is taken as the price paid for 

labour input. It could be desirable to distinguish between the prices paid to different labor 

categories, but this information is difficult to obtain.  The price paid for capital inputs, i.e. 

facilities and equipment, is not included in the analysis due to the lack of data.  This is a 

common problem, and as a result it is unusual for capital input measures to appear in HE cost 

studies (McMillan & Chan, 2006).  

4.2. Exogenous variables 
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In addition to the main input output categories discussed above, some exogenous variables 

that affect total costs either directly via influencing the cost frontier or indirectly via effecting 

the inefficiency component should be included. The exogenous variables effecting the activity 

of HEI are separated into  

(i) HEI specific factors such as HEI size, proxied by the number of full-year 

equivalent students; load per teacher, defined as the ratio of full time student 

equivalent to the number of teaching and research personnel; the proportion of 

government funding in the total amount of HEI revenues and the share of research 

funding that comes from external sources 

(ii)  staff specific factors such as the share of professors in teaching research personnel; 

the share of teaching research personnel aged above 50 

(iii) student characteristics such as student quality discussed above, the share of 

students with foreign background; the share of students aged below 25.  

The effect of these variables may work in a number of ways. For instance the proportion of 

professors taken as a measure of staff quality would increase HEI costs, at the same time it 

might contribute to the more efficient operation having impact on the education output in 

terms of quantity and quality. The same refers to the size of HEI proxied by the number of 

full-time students; while the size of HEI is expected to increase costs, its effect on economic 

efficiency is not clear. If HEI operate under increasing return to scale, which is the prediction 

of some studies (Koshal et al, 2000) this effect would be positive.  The impact of student 

specific variables such as the proportion of students with foreign background is also hard to 

predict. While enrolment of foreign students may be linked with extra costs it may positively 

effect the efficiency provided that foreign students have higher quality. The higher the quality 

of students with foreign background the higher the likelihood that the extra costs would be 

compensated and would not effect the efficiency. These variables with double effect are 

included in both cost frontier and efficiency parts of the model. The remaining environmental 

variables, which are believed to have no direct influence on the cost frontier, are included in 

the efficiency model only.  

Thus, following Robst (2001) and Kuo& Ho (2007) I include the proportion of government 

funding in the efficiency model. Currently 88% of HEI revenues are financed by the Swedish 

government and the rest comes from external sources. The government allocation of funds is 

based on student performance indicators for undergraduate education and agreements on 
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funding of graduate education and research activities. Thus, though the higher education 

sector is mainly publicly financed, the share of government support in the total revenues 

varies across HEI. Interestingly the finding from Robst (2001) for South Carolina HEI that 

“universities with smaller state shares are no more efficient”, contradicts the results of Kuo & 

Ho (2007) for Taiwan public universities.   

The load per teacher specific to each HEI is included in the efficiency model. While the 

increase in this indicator would probably decrease total costs, it can have an opposite effect on 

the quality and thereby influence the economic efficiency. Following Stevens (2001) the 

proportion of young students and elder teachers is included in the inefficiency model to 

control for demographic effects.  The quality of HEI entrants proxied by intake quality 

indicators discussed above and the proportion of research funding coming from external 

sources are included to control for quality differences and examine their impact on cost 

efficiency.  

5. Data 

Currently the Swedish HEI consists of 14 state controlled universities and 15 university 

colleges
12

.  In addition there are 3 private universities with the right to examine research 

students. The analysis is conducted for 30 HEI using data from 2001-2005 (2 universities are 

withdrawn from the analysis in view of the small number of students.)  

The data used for the analysis is to a large extent drawn from the database of Swedish 

National Agency for Higher Education, which contains detailed information on students, 

personnel and economy. 

The descriptive statistics of all the data used for the analyses divided into five groups are 

presented in table 1: 

 

Table 1:           

Variable description  
Descriptive statistics of key variables  

Abbreviation Mean St.Dev. Min Max 

Output Indicators      

Full-year equiv. number of undergraduate students TotUndSt 9 301 6 823 832 27 971 

Full-year equiv. perform. of undergr. stud. in medicine MedUndSt 921 1019 0 4402 

Full-year equiv. perform. of undergr. stud. in humanity HumUndSt   4158 3962 123 14869 

Full-year equiv. perform. of undergr. stud. in techn sciences TechUndSt 2460 2152 0 9427 

Number of PhD Students (universities only) PhD 946 922 18 3081 

Research expenditure (ths. SEK) ResFund 707 905 881 036 12 155 3 298 420 

                                                 
1
 Excluding those university colleges devoted to arts, sports, pedagogy and the like. 

2
 In Sweden university colleges have no right to graduate PhD students. 
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Input Price      

Average annual salary (ths. SEK) AvSalary 479 61 370 871 

Student characteristics       

Number of applicants per place in HEI (admission) IntakeQ 2,5 1,2 0,6 7,1 

% of students aged below 25 STB25    48 8 33 70 

% of students with foreign background ForBack 14 6 4 35 

% of graduates employed after 1-2 years of graduation EmplL     75 8 52 90 

Staff characteristics       

% of professors in teaching and research personnel  Profess 12 8 1 44 

% of teaching and research personnel aged above 50 TA50     46 6 31 61 

Number of students per teacher  Load 13 5 2 24 

Costs*      

Total HEI expenditures (ths. SEK) TotalCost 1 296 330 1 247 930 99 317 4 960 040 

% of government allocations in total costs GovAlloc (%) 69 14 23 89 

% of research funding from external sources ResFundExt(%) 53 14 24 92 

Other      

Dummy for HEI with the right to graduat PhD students ResD     0 1 

*All the monetary variables included in the model have been deflated using producer and import price index 

with 2005 as base year. 

 

It is worth noting that the Cobb-Douglas structure of the cost function chosen for the analysis 

assumes that all output indicators as well as price and total cost indicator should be in the 

logarithmic form. However the number of PhD students, which is one of the output indicators 

used, is 0 for 10 out of 30 HEIs included in the analysis. To solve the problem I use the value 

of 1 for HEIs graduating no PhD students and follow the procedure suggested by Battese 

(1997), i.e. “by using a dummy variable associated with the incidence of zero observations, 

the appropriate parameters of Cobb-Douglas functions can be estimated in an unbiased way”. 

 

6. Empirical model 

Guided by the discussion above the following empirical model (in the fashion of the model 

suggested by Kumbhakar, Ghosh and McGukin (1991)) is used for the estimation of multi-

dimensional cost function of HEI. 

3

0 4 5 1 1 2

1

3 4 5

ln ln ln ln R

Re

i i j i i i i i

j

i i i i i

TC Stud PhD F w AvSal GradQ IntakeQ

ForBack Proff sD v u

     

  



       

    


 (1.2) 

where iv  is the random error noise component, which is assumed to be normally distributed 

with zero mode.  The second error term iu  captures the effects of economic inefficiency and 

has truncated normal distribution, with a systematic component associated with the exogenous 

variables and a random component i  



 13 

0 1 2 3 4 5 6 7

8 9

50 25i i i i i i i i

i i i

u TStud Load GovFund Proff TA SB Forback

IntakQ RFExt

       

  

        

  
 (1.3) 

If it is assumed that i  and iv are distributed independently of each other and the regressors 

the parameters of the model can be estimated by one-stage MLE (for more details see 

Kumbhakar & Lovell, 2000). After the estimation an estimate of economic inefficiency is 

provided using either JLMS (Jondrow et al., 1982) technique or Battese and Coelli (1988) 

point estimator. Once point estimates of iu  are obtained, the estimates of efficiency of each 

unit are calculated as  

^

exp( )iCE u            (1.4) 

The model can be extended to panel data with time-variant and time invariant inefficiency 

terms (Battese and Coelli (1995)) and Pitt and Lee (1991) models respectively. The main 

advantage with panel data is that it allows getting unbiased and consistent estimates whereas 

the cross-section analysis does not guarantee the consistency of results. Panel data with TI 

inefficiency is used when the efficiency is considered systematic and hence ui is treated as 

firm-specific constant, whereas time invariant models allow efficiency to change over time.  

7. Results  

7.1. Pooled data 

The results of maximum likelihood estimation of the stochastic frontier Cobb-Douglas 

functions for the pooled data for academic years 2001-2005 are summarized in Table2.  Three 

different model specifications are presented. The inefficiency term included in all three 

models has truncated normal structure with a systematic component, which is a function of 

HEI specific variables, staff and student characteristics. The models have the same structure 

for the cost frontier function and differ in variables explaining inefficiency. The first model is 

the general nested model against which other models with some variables excluded are tested.  

 

Table 2: Stochastic frontier coefficients for pooled data 

 Specification 1  Specification 2  Specification 3 

Cost frontier function         

Intercept 4,681*** (0,924)  5,371*** (0,799)  6,586*** (0,623) 

lnResFund     0,495*** (0,025)  0,529*** (0,022)  0,525*** (0,020) 

lnMedUndSt 0,003 (0,006)  0,027*** (0,006)  0,027*** (0,005) 

lnTechUndSt   0,135*** (0,018)  0,116*** (0,013)  0,115*** (0,012) 

lnHumUndS 0,059*** (0,017)  -0,007 (0,013)  -0,024** (0,012) 

lnPhD   0,067*** (0,024)  0,093*** (0,019)  0,103*** (0,020) 

lnAvSal     0,205 (0,142)  0,074 (0,115)   0,096 (0,091) 

Empl -0,002 (0,001)  -0,003 (0,002)  -0,004*** (0,001) 
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InatakeQ -0,704 (0,003)  -0,000 (0,000)  -0,000** (0,000) 

ResD -0,305*** (0,081)  -0,397*** (0,074)  -0,485*** (0,071) 

Profess 0,011*** (0,005)  0,0137*** (0,003)  0,019*** (0,003) 

Forback -0,011*** (0,004)  0,000 (0,002)  0,000 (0,002) 

Inefficiency model 

Intercept 0,147 (0,513)  -0,143 (0,236)  -0,196 (0,249) 

Load -0,033 (0,025)  0,014* (0,008)  0,015* (0,008) 

TotUndSt 0,000 (0,000)  0,000* 0,00  ,204** (0,103) 

GovAlloc -0,006 (0,005)     -0,000 (0,002) 

ResFundExter -0,003 (0,004)  -0,003** (0,002)  -0,002* (0,001) 

Profess -0,058** (0,031)  -0,051*** (0,015)  -0,054** (0,023) 

TA50     0,026*** (0,012)  0,010** (0,004)  0,015** (0,006) 

STB25    -0,007 (0,008)       

IntakeQ -0,000 (0,003)       

Forback 0,038*** (0,018)  0,013** (0,006)  0,008** (0,005) 

Variance parameters for compound error 

Lambda   1,378*** (0,571)  1,796*** (0,507)  2,433*** (0,945) 

Sigma    0,126*** (0,025)  0,109*** (0,010)  0,103*** (0,009) 

         

Loglikelihood 148     154     165   

Note: standard errors are presented in parenthesis 

*p<0,1         

**p<0,05         

***<p<0.01         

 

Lambda parameters reported in the table provide an indication of the relative contribution of 

inefficiency and random error terms to the whole error component ( )i iv u . These coefficients 

are significantly different from 0 in all three models suggesting that the divergence from the 

frontier cost function is to a great extent explained by heterogeneous inefficiency. 

LR test for comparing three different model specifications suggests the third model, which 

has the highest likelihood value. Nevertheless the estimates of coefficients from three models 

are quite similar. Not surprisingly the results suggest that costs increase with the number of 

students and that the education of students in technical sciences is more costly. The second 

and third models show that universities with higher number of students in humanities will 

have lower costs, which seems reasonable. Though the number of PhD students is suggested 

to increase costs the dummy variable for research universities (that are allowed to graduate 

PhD students) is negative. This might mean that HEI will incur lower costs, if they are 

allowed graduating PhD students, since the same facilities and staff used for undergraduate 

education can be utilized. Besides PhD students are also supposed to be involved in teaching 

activities thereby decreasing university labor costs.  

The coefficient for the average salary is positive in all three models, but it is not significantly 

different from 0, which is surprising. 
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The proxy for the graduates quality, i.e. the fraction of graduates employed after two years of 

graduation is insignificant in the first two models. Though it gets significant in the third 

model the sign is still negative, meaning that it costs less to graduate higher quality students. 

One explanation is that the quality of graduates proxied by the likelihood of employment 

depends on both teaching effort and student personal characteristics and teaching of smart 

students with higher chances of success on labor market may be less expensive. By the same 

token the coefficient for the student intake quality is negative suggesting that it costs less to 

educate smart students. Going further, the results suggest that the more professors the HEI 

employ the more costly it will be, which seems to be reasonable. 

Turning the attention to the inefficiency part of the table which is the main concern of this 

study one can see the potential determinants of inefficiency differences among HEI. The 

coefficients for the load per teacher and HEI size are both positive and significant in the 

second and third models. It suggests that the high load negatively effects efficiency through 

decreasing the quality of teaching, which seems to be plausible. At the same time the results 

suggest that big HEI are less efficient. This could be due to difficulties in coordination of 

activities, scale effects. Interestingly, while comparing the ranking of universities worldwide 

with their size Andersson et al. (2009) found clear indications that smaller universities are 

more likely to be highly ranked and perhaps this has to do with the efficiency of operation. 

The coefficient for the proportion of government allocations in HEI incomes is insignificant, 

meaning that government allocations do not affect the efficiency of university operation. One 

explanation is that the government allocates funds based on students’ performance, and hence 

no university is “privileged”. On the other side HEI also get government funding for research 

activities, which is not performance based, moreover non-research universities do not get 

funding for research activities at all. Interestingly the share of external research funding from 

the total research funding is negative and significant suggesting that HEI being able to attract 

more external money for research are more efficient.  In any case, the results suggest that 

universities with higher shares of public support are no less efficient 

The coefficients for staff characteristics, represented by the share of professors in the total 

research/teaching staff and the share of teaching/research staff aged above 50, suggest that the 

quality of staff proxied by the share of professors positively effects the efficiency. 

Universities employing more professors will be more efficient ceteris paribus.  At the same 

time the age of teaching and research personnel increases inefficiency. Senior teachers are 

less likely to contribute to efficiency. 
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From all three student characteristics included in the model, foreign background is the only 

one which is significant. According to the results student background negatively influences 

efficiency. HEI enrolling more foreign students will probably be less efficient ceteris paribus. 

This seems to be in line with the positive coefficient for the foreign background in the cost 

frontier part of the model, meaning that enrolling more students HEI incur more costs which 

in turn effects their efficiency.   

7.2. Panel data 

In the previous section the results from the estimation of HEI cost function using pooled data 

analysis was presented The information on the panel character of the data was not included in 

the model.  In this section I extend the analysis adding new information to the model and 

estimate the frontier cost function for the panel data using Battese and Coelli time variant  and 

Pitt and Lee time invariant models.  

As mentioned before Battese and Coelli model assumes that inefficiency changes over time, 

whereas Pitt and Lee model assumes no variation in inefficiency over years. Since the time 

span included in the analysis is 5 years, both cases are possible. Hence I estimate both models 

and use statistical tests to discriminate between the models. Student characteristics, intake 

quality and age, which are strongly insignificant in the pooled models, were excluded from 

the efficiency model  

Table 3: Stochastic frontier coefficients for panel data models 

Cost frontier function  Specification 1 (TV)  Specification 2 (TI) 

Intercept  6,59*** (1,59)  4,73*** (0,856) 

lnResFund      ,53*** (0,041)  ,48*** (0,033) 

lnMedUndSt  ,027*** (0,004)  0,01 (0,013) 

lnTechUndSt    ,115*** (0,009)  ,130*** (0,029) 

lnHumUndS  -0,024** (0,012)  ,05* (0,026) 

lnPhD    ,104*** (0,018)  ,095*** (0,015) 

lnAvSal      -0,098 (0,192)  0,136 (0,13) 

Empl  -0,004 (0,002)  0,001 (0,003) 

InatakeQ  0,0001 (0,001)  0,006 (0,009) 

ResD  -0,487*** (0,096)  -0,328*** (0,109) 

Profess  ,020*** (0,002)  ,013*** (0,004) 

Forback  0,001 (0,003)  0,004 (0,004) 

Inefficiency model       

Intercept  -0,196 (0,996)  -4,33 (9,07) 

Load  0,016 (0,026)  -0,55*** (0,13) 

TotUndSt  0,000 (0,000)  -0,000 (,000) 

GovAlloc  -0,001 (0,013)  ,226* (0,133) 

Profess  -0,054*** (0,019)  -0,462** (0,162) 

TA50      0,015 (0,009)  0,035 (0,122) 

Forback  0,008 (0,016)  0,15 (0,184) 

ResFundExter  -0,003 (0,003)  -0,009 (0,05) 
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Variance parameters for compound error 

Lambda    2,432*** (0,133)  2,44* (1,319) 

Sigma     ,096*** (0,000)  0,11*** (0,035) 

Eta parameter for time varying inefficiency  

Eta  0,010 (0,020)    

Loglikelihood   43     150   

 *p<0,1       

**p<0,05       

***<p<0.01       

 

The estimated eta coefficient which indicates time variance in the inefficiency component is 

statistically insignificant, suggesting no variation in the inefficiency term over time. Whereas 

lambda coefficients from both models are significantly different from zero witnessing 

inefficiency variation among HEI. The signs and significance of estimated coefficients for the 

frontier cost function are close to the results of the pooled models.  

The only variable that is statistically significant in both inefficiency models with panel data is 

the fraction of professors in teaching/research staff. As before this indicator is negative 

meaning that the universities employing more professors operate more efficiently. In Pitt and 

Lee model with time invariant inefficiency the load per teacher is negative and significant, 

which contradicts the findings from the pooled data models. This maybe due to non-linear 

relationship between the load and inefficiency, where the load contributes to the decrease of 

inefficiency to some optimal point and then operates in the opposite direction.  Furthermore, 

government allocations are estimated to be significantly positive in Pitt and Lee model, 

suggesting that universities having more public support are less inclined to operate efficiently. 

It is worth noting that this variable was estimated to be insignificant in models with pooled 

data.  

 

8. Cost efficiency estimates from different model specifications 

 

In this section the efficiency scores from pooled and panel data models are presented. Table 3 

demonstrates the descriptive statistics for the efficiency scores from 3 three different models. 

Though the minimum and maximum values are quite different the standard deviation in all 

three models is relatively similar. 

Table 4: Discriptive statistics for cost efficiency 

  Pooled Model        BC Model  PL Model 

Max 0,97 0,99 0,98 

Min 0,70 0,56 0,54 

Mean 0,87 0,88 0,79 

St.Dev. 0,08 0,13 0,11 
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On average the correlation coefficient for the inefficiency scores from 3 models is 0.82, 

Figure 1 demonstrates the convergence of results from pooled and panel data models. Though 

the efficiency scores are different across the models, their relative ranking is quite similar. 

Figiure1: Efficiency estimates in pooled and panel data models
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11 out of 30 HEI included in the sample operate with high efficiency, 14 have an average 

efficiency of operation, whereas 5 exhibit an efficiency below average.  

Big HEI such as Stockholm Universitetet, Chalmers Tekniska Högskolan, Uppsala 

Universitetet as well as small ones such as Handelshögskolan i Stockholm, Södertorns 

Högskolan, Blekinge Tekniska Högskolan and Luleå Tekniska Universitetet are among those 

ranked highly efficient. These results indicate that the size does not necessarily guarantee 

economic efficiency.  

One surprising result is the low efficiency of Karolinka Institutet (KI), which has a high 

international reputation. The comparison of characteristics of KI with other HEI in the sample 

revealed that KI has extremely high proportion of foreign students. The results for KI change 

dramatically when this indicator is varied. Thus, KI becomes the most efficient in the sample 

when the proportion of foreign students is decreased. This could mean that international 

prestige and the possibility to attract foreign students costs more, and hence effects the 

economic efficiency given the quality of output does not change. In the same token, the 

proportion of foreign students in the HEI having got the highest efficiency scores was below 

average. 

Thus, some HEI having high-ranking by academic criteria are estimated to have low 

economic efficiency, whereas others ranked relatively low got higher economic efficiency 

scores. This is because academic criteria traditionally used in building HEI rankings do not 

account cost aspects and hence can be quite different.  Furthermore the cost efficiency 
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analysis, which is the subject of this study, is based on the assumption that the units under 

investigation are cost minimisers. However, if HEI are more interested in prestige or 

excellence maximization, which is not necessarily the same as cost minimization, they will 

get high prestige ranking and low cost efficiency ranking.  

 

9. Conclusion  

The aim of this study was to examine the cost efficiency of Swedish HEI and find the factors 

that determine it.  SFA was applied to the sample of 30 HEI for the academic years 2001-

2005 to estimate the heterogeneity in utilization and allocation of resources. Pooled and panel 

data approaches were utilized to check for the robustness of results. The results suggest that 

Swedish HEI differ in their cost efficiency. The estimated efficiency of most universities is 

above the mean and only 6 HEI have got efficiency estimates below the average. The results 

also suggest that the efficiency of Swedish HEI did not change much within the period 

discussed.  

To analyse the inefficiency determinants three groups of variables were included in the 

inefficiency model: university specific indicators, staff and student characteristics. The 

findings for university specific factors, in particular load per teaching/research staff, 

university size and the share of government support in total funding are ambiguous. In models 

with pooled data both load and size have negative impact on efficiency, whereas these 

indicators are not significant in panel data models. On the contrary government financing is 

significant and negative in the model with time invariant inefficiency and insignificant in 

other models.  

The staff characteristic represented by the fraction of professors in teaching/research staff is 

found to have significant impact on the HEI cost efficiency. The results from all the models 

support the idea that universities employing more professors exhibit higher efficiency. The 

models with polled data also suggest that young teachers and researchers contribute more to 

the HEI performance in terms of economic efficiency.  

As to the student characteristics, the results suggest that the age and quality of students do not 

effect the cost efficiency, whereas foreign background is a significant and negative factor to 

cost efficiency. Interestingly, foreign background is found to increase HEI costs, which might 

be the reason of the negative influence of students with foreign background on economic 

efficiency.  
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The main implication from this analysis is that HEI subject to the same legislation and 

regulations as well as the particular statutes, ordinances and regulations relevant to the higher 

education sector of Sweden exhibit different economic efficiency. This inefficiency is 

explained by the joint effect of factors discussed in this study.  
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