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Abstract 
 

In contemporary society, while technology becomes indispensable and increasingly 

complex notions gain momentum, education becomes more important than ever before. In the 

race towards a future fueled by artificial intelligence, study programs in the fields of STEM 

(Science, Technology, Engineering and Mathematics) are becoming fundamental. 

These disciplines provide the knowledge, tools, and skills necessary not only for 

understanding new technologies, but also for developing and implementing such solutions, 

significantly contributing to harnessing this vast potential. The competencies acquired within 

these study programs make their graduates highly attractive in various fields, often attracting 

professions that ensure the use of state-of-the-art technologies or even contribute to their 

development.  

Experts estimate that the labor market of 2030 will have more than 80% of jobs currently 

unknown, not yet invented. One of the increasingly relevant missions of educational institutions 

in this context is to anticipate the skills needed in the future to prepare the population for such 

roles.  

This paper represents a comprehensive research on nonparametric techniques applied in 

evaluating the efficiency of universities regarding the STEM study programs offered. The 

empirical study focuses on estimating efficiency in higher education institutions within European 

countries with a very high Human Development Index, corresponding to the year 2020, based on 

the most recent data available.  

The analysis deals with and applies a series of methods for detecting extreme values 

necessary for obtaining samples of comparable institutions, alongside nonparametric techniques 

such as Data Envelopment Analysis (DEA) and Full Disposal Hull (FDH) and their more robust 

versions, partial order “alpha” frontiers. Furthermore, the choice of the appropriate estimator is 

supported by identifying assumptions about the production set, convexity and the nature of scale 

efficiencies, through a series of statistical tests recently introduced in the scientific literature.  

Four efficiency models have been constructed to evaluate each level of higher education, 

bachelor’s, master’s, and doctoral, alongside accessing European programs and funds for 

collaboration and research in the fields of sciences. The variables chosen to describe the input 

and output space corresponding to each of the four selected dimensions are representative of the 

way universities operate from each analyzed perspective.  



 

The data analysis is based on a wide range of methods, including some unsupervised 

machine learning algorithms such as Isolation Forest and DBSCAN, for which there were no 

previous studies applied in efficiency analysis.   

A series of characteristics are detailed with regards to both performing and inefficient 

institutions from the four perspectives considered in the analysis. Furthermore, the efficiency 

analysis of the European educational system exposes a series of comparative results obtained, 

along with interpretations regarding the association between the efficiency of STEM study 

programs in higher education and the quality of life, as well as the standard of living in the 

analyzed European countries, through the prism of the Human Development Index.  

 

Keywords: efficiency in education, nonparametric methods, Data Envelopment Analysis, 

DEA, Full-Disposal Hull, FDH, order-alpha partial frontiers, unsupervised machine learning, 

outlier detection, Isolation Forest, DBSCAN, dimension reduction. 
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