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Summary 

The research paper explores nonparametric techniques used to evaluate universities 

efficiency. The empirical application focuses on estimating efficiency of the Romanian 

universities using a series of variables published and used in the evaluation report made in 2011 

by the Ministry of Education and Research. The study applies a range of nonparametric 

methods, like data envelopment analysis and the bootstrap method, free disposal hull and 

partial methods of order α to build the efficiency frontiers. 

This type of methodology represents a new way of evaluating and ranking the 

universities in Romania, allowing for a set of complex analysis and to study some hypothesis 

regarding the work of academic staff or the trade-offs between research and teaching. The paper 

provides an introduction to the nonparametric field, offering easy to understand explanations 

for a beginner in this field, but also new interpretations for an expert who already knows the 

nonparametric theory. 

A brief review of the most important discoveries in the field is provided and the recent 

papers are analyzed. The literature review is divided in two separate parts, the first one is 

strictly related to nonparametric theory and its evolution and the second one refers to empirical 

nonparametric studies written in the context of evaluating education. 

The empirical application uses a new set of data, which was due to detailed analysis 

from a statistical point of view: extreme values identification, a large theme in the literature for 

which we propose a new approach using partial frontiers of order α; principal component 

analysis used in order to identify groups of universities; advanced nonparametric techniques 

and methods of reducing dimensionality in order to build the efficiency frontier. Some rankings 

were built for universities according to a series of criteria, using either simple indicators which 

can be of use to the large public, but also those based on complex nonparametric analysis. 

The paper starts by presenting the literature review in the field of nonparametric 

techniques, comparing advantages and disadvantages of parametric versus nonparametric 

methods. Then follows a short summary of the development in the efficiency field, showing 

step by step the evolution in research made so far. 

In the chapter efficiency in education we made a summary of the most recent research 

papers in the field of universities efficiency written worldwide and we analyzed some 
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challenges encountered on the way. The most difficult part in the empirical analysis of 

universities is the choice of variables.  Because every new research comes with a new vision 

regarding the complex educational system, we presented the system of input output used in 

each study we analyzed. 

Another challenge we found is considering the quality of the educational process, but 

also the quality of the research output. Some ways to include this dimension are presented in 

the subchapter called considering quality. The problem of economies of scale was the subject 

of many articles and the investigation techniques varied. A summary of those is presented in 

the next section and in the empirical analysis we investigate this subject by considering two 

groups of universities. 

In the chapter methodology we present a history of the development of nonparametric 

techniques and the computation for efficiency scores. This presentation follows an intuitive 

pattern, with a lot of graphs provided for new researchers. 

The next section presents an introduction to deterministic methods of evaluating 

efficiency, free disposal hull (FDH) and data envelopment analysis (DEA). Then, the properties 

of these estimators are detailed in order to follow them in the applicative part. Because the data 

set was limited, we also provide a presentation of the bootstrap method used in order to generate 

pseudo-samples in order to assure good convergence rate for the estimators to the real values. 

For thorough analysis, we present some advanced methods to evaluate efficiency which were 

used in the empirical study and some methods to identify extreme values used to provide a 

consistent data set for analysis. Given that we had data available for two consecutive years, we 

used the Malmquist method to analyze productivity modifications in time to be able to estimate 

the evolution in institutions efficiency between the two years. The computations associated to 

the efficiency scores, but also the construction of the efficiency frontiers were realized using 

some software programs shortly presented at the end of this chapter.  

The next chapter called the efficiency of the higher educational system in Romania 

comprises the empirical part of this paper and starts by modelling the education process, 

presenting the variables used in each category of input and output. Then we describe the 

primary data used, followed by a set of rankings and preliminary analysis before we start the 

proper nonparametric analysis. The methods of identifying extreme values lead to elimination 

of one university and the principal component analysis identified two separate groups of 

universities according to their size which were analyzed separately, called the homogeneous 

and the heterogeneous group.  
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In the next subchapter we present the efficiency models built in order to study the 

academic staff activity. We built four models of efficiency, called the research model, the 

teaching model, the trade-off model and the global efficiency model. In order to obtain 

consistent results, for the models where we used more than one input and one output, we 

reduced dimensionality and built the frontiers in two-dimensional space. 

The nonparametric analysis is organized as follows: first we present the results for the 

DEA and the bootstrap analysis, then the results for the FDH analysis and for the partial 

frontiers of order α in case of the homogeneous group of universities. A similar analysis follows 

for the heterogeneous group of universities. The discussion is realized at efficiency scores level, 

for which we report efficient and inefficient institutions, but also using the graphical methods, 

building the efficiency frontiers corresponding to each estimator. The interpretation for the 

modifications in efficiency between academic years 2008-2009 and 2009-2010 is presented in 

the next section, with the help of the Malmquist indicators. Those were computed taking into 

account the global efficiency model for the two years and reducing dimensionality allowed us 

to build the efficiency frontiers and to compare them.  

Given that we used a series of methods to estimate efficiency (DEA, FDH and partial 

frontiers of order α) and a range of efficiency models, at the end of the paper we present a short 

summary of the results, analyzing the efficiency scores. Also, we build a ranking for the 

universities taking into account the hyperbolic partial efficiency scores.  

The analysis of the efficiency of Romanian universities was made from multiple 

perspectives, methodologically but also using a range of models. Using more than one method 

we wanted to show the importance of choosing a methodology suitable for the available data 

set, but also taking into account the assumptions needed for each technique. In this way, we 

used nonparametric techniques with a high flexibility, given that the functional relationship 

between inputs and outputs in the case of universities is difficult to define. Among those, we 

used the two traditional methods DEA and FDH, involving the bootstrap technique to replicate 

data, as the sample available was not large enough to eliminate the possible inconsistency in 

the results. More than that, to overcome the dimensionality problem, but also to visualize the 

efficiency frontiers in two-dimensional space, we used techniques to reduce dimensionality. 

In order to limit the impact of possible extreme values which couldn’t be identified 

using the known methods, we used robust techniques to estimate efficiency using partial 

frontiers of order α, considered to be less sensitive to extreme values. 

The practical application studies the efficiency of higher education institutions in 

Romania, using a database with 89 institutions, for which we gathered data for 17 variables. 
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For the primary data we built efficiency indicators to offer some preliminary rankings 

of the institutions, and also some graphical analysis. Given that the primary indicators exhibited 

high variability, we conducted detailed analysis for the original data set. This assumed using 

identification techniques for extreme values through graphical methods, parametric methods 

and using a nonparametric technique first proposed by Simar (2010) in case of partial frontiers 

of order m. In this paper, we adapted the method for the partial frontiers of order α and we 

identified one university as extreme value. University Spiru Haret in Bucharest reported 

unjustified high values and we identified it as an outlier which may influence the nonparametric 

results. For this reason, we decided to eliminate it from the original data set.  

The nonparametric analysis showed that the most efficient university from a managerial 

point of view is University Babeș-Bolyai in Cluj-Napoca, classified in the big size universities 

group in this analysis and in the category of universities of advanced research and education 

by the Ministry of Education in 2011. In this category we find other 11 universities. Among 

the big size universities, Academy of Economic studies in Bucharest and University Babeș-

Bolyai in Cluj-Napoca were pointed as efficient in most of the models we build, also in the 

hyperbolic partial frontier based on which we constructed the finale ranking. Those institutions 

proved to rise to the efficiency level set up by the small universities. Both institutions are 

classified in the first category by the Ministry of Education and Research, those of advanced 

research.  

Among the most inefficient institutions according to our ranking we find both technical 

universities (Technical Military Academy in Bucharest), medical profile institutions 

(University of Medicine and Pharmacy in Târgu Mureș), but also artistic universities 

(University of Arts George Enescu in Iași). Most of the inefficient universities have an artistic 

profile (8), all of them being classified in the third category in the evaluation report made in 

2011 called universities of education and artistic creation. This fact is due to their special nature 

and because the institutions are not oriented to obtain a high number of publications or 

graduates. 

The university size, quantified in this paper using the number of programs offered, the 

number of academic staff and the number of specializations, does not seem to have any 

influence on institutions efficiency. In the analysis were we introduced the comprehensive 

universities, most of the small size institutions remain efficient for each model, outrunning 

many generalist universities. 

The analysis of the trade-off effect between research and teaching considered 

complementary activities revealed interesting characteristics about some institutions of higher 
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education. In this way, we could identify a tendency of higher efficiency for teaching in case 

of University Mihai Eminescu in Timișoara, University Bioterra in Bucharest, University 

Athenaeum in Bucharest, University George Baritiu in Brasov and West University Vasile 

Goldiș in Arad. On the other hand, there are also some institutions which focus their resources 

in order to publish more papers, like University of Agriculture Sciences and Veterinary 

Medicine in Cluj-Napoca, Theological Institute in Cluj-Napoca, University of Agriculture 

Sciences and Veterinary Medicine Ion Ionescu from Brad in Iași and University of Medicine 

and Pharmacy Carol Davila in Bucharest. 

Regarding modifications in efficiency between 2009-2010 and the previous year, we 

noticed a positive trend as a whole, with improvements in performance inside the homogeneous 

group of universities, but also for the big group analyzed. Those improvements are due to the 

increase in competitiveness between institutions and inside each university and not to some 

innovative or systematic improvements.  

Future development of this analysis are necessary in order to include more aspects 

related to the efficiency of the university system in Romania. A more detailed analysis should 

include other aspects related to managerial activity, to the quality of the educational process 

but also related to hiring possibilities after graduation. Also, besides the quality of the 

educational process we need more data regarding the degree of absorption in the job market 

for university graduates, and also the percent of those who work in their field of education. 

More than that, the experience for each student during university is of interest to evaluate the 

efficiency of the educational act. This information point out the importance of the educational 

system in forming the next generation and the increased attention for the efficient use of 

resources in this field. Further research should refer to theorize the educational process in terms 

of resources and obtained results, but also to test the returns to scale in education. 
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