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ABSTRACT 

Production functions are a cornerstone of business 

administration research and operations research especially. 

Though very seldom specific production functions are 

discussed and calculated – interestingly as it is common 

sense that each institution and sector has specific production 

function characteristics. One such sector is the higher 

education and research sector itself – where many authors 

argue in literature that there are so many different throughput 

and output factors for universities that a production function 

simulation has to fail. This article analyzes the option to 

calculate ex-post productivity data from a large European 

dataset (EUMIDA) with DEA and further on build an 

production and optimiziation approach for a university 

system-level simulation with obvious correlations (e.g. using 

the throughput factors public/pricate, country, university 

hospital) in a GAMS modelling.  

 

PROBLEM DESCRIPTION 

Productivity analysis is a very interesting field of study, 

especially in public market settings as higher education 

(Cohn et al., 1989; Beasley, 1995; Dundar & Lewis, 1995; 

Glass et al. 1998; Ng & Li, 2000; Korhonen et al., 2001; 

Kocher et al., 2006; Kao & Hung, 2008; Sarrico, 2010). 
 

 
Table 1: EUMIDA Dataset Example 

 

EUMIDA DATASET AND DEA 

For a comprehensive ex-post productivity study the 

EUMIDA dataset for all European universities was used  

(Bonaccorsi et al, 2010; EUMIDA Project, 2012; table 1). 

The method applied in this first step was the data 

envelopment analysis (Charnes et al, 1978) – latest applied 

for unviersities for example in Australia (Worthington & 

Higgs, 2011). Though other methods for productivity 

analysis and comparison exist (e.g. Zangoueinezhad & 

Moshabaki, 2011), the DEA method is seen as very suited 

for the university sector due to the multi-product and multi-

objective output. The following figures provide several 

different analysis results by this DEA application – which 

shall be used in the suggested research contribution in order 

to synthesize a GAMS prognosis model for an ex-ante 

productivity simulation for universities based on the 

exemplified factors size (staff), institution (public or private), 

university hospital (yes or no) as well as the input factor 

budget and the output factors doctoral degrees awarded, 

number of students and number of international students. 

 

 
Figure 1: Efficiency Distribution Regarding Size (Staff)  

 

 
Figure 2: Efficiency Frontier Doctorates and Total Students 



 

Figure 3: Efficiency Frontier Doctorates and Int. Students 

 

 
 

Figure 4: Correlation between Ouput Factors Doctorates and Int. Students 

 

GAMS OPTIMIZATION UNIVERSITY SYSTEM 

In a second simulation and modeling step an optimiziation 

problem for whole university systems (national or even 

European level) is addressed: Usually the correlation 

between different university objectives such as research, 

teaching and third mission (e.g. knowledge transfer, regional 

interaction) are not defined very clearly. For example 

different indicators for those objective areas are also 

included in performance-based funding schemes, pressuring 

universities to reach out for all those objectives at the same 

time. This is seen very critically as usually also politics 

demand more “specialization” and profile building from 

university insitutions. Therefore knowledge about a system-

wide production and optimization function would help this 

discussion by making clear if there are economies of scale 

and scope as expected which would support the speciali-

ziation approach or not. 

Therefore a first draft for a university system production 

optimiziation problem is outlined in GAMS in order to work 

with the afore mentioned data derived from DEA 

productivity settings. This should contribute to the 

international policy discussions regarding the “optimal” 

investment strategies in higher education, especially in the 

light of “world class university” concept favouring budget 

accumulation in some large-scale university operations. For 

this model draft data from the described EUMIDA and DEA 

dataset are taken for the included six Swiss universities 

(Universities of Basel, Bern, Geneva, Lausanne, Zürich and 

ETH Zürich). The first draft model on a HE systems level 

assumes fixed staff capacities for the existing six universities 

as outlined in the following table 2 (column 5).  

 

 

EUMI-

DA ID 
University Name 

Found. 

Year 

Univ. 

Hospital 

Staff 

(Input) 

Doctorate 

Degrees 

Awarded 

(Output) 

Total 

Students 

(Output) 

Total Int. 

Students 

(Output) 

Efficiency 

(Case A 

without 

Int. 

Students) 

Efficiency 

(Case B 

without 

Total 

Stud.) 

Efficiency 

(Case C - 

all Output 

Indic.) 

Efficiency 

(Case D - 

Restricted 

Weights 

25%) 

CH012 CH ETH Zürich 1855 No 6875 581 13572 3624 26.7% 26.7% 26.7% 9.9% 

CH001 CH U. Basel  1460 Yes 2473 365 11312 2254 46.6% 46.6% 46.6% 20.2% 

CH002 CH U. Bern 1528 Yes 3616 496 13014 1258 43.3% 43.3% 43.3% 11.0% 

CH004 CH U. Geneva 1559 Yes 3872 272 12212 4063 22.2% 24.4% 24.4% 16.3% 

CH005 CH U. Lausanne 1537 Yes 2436 186 11113 1699 24.1% 24.1% 24.1% 17.0% 

CH009 CH U. Zürich 1500 Yes 5730 670 24123 3165 36.9% 36.9% 36.9% 15.1% 
 

Table 2: EUMIDA and DEA Data for Swiss Universities

A total cost minimizing linear programming solver is used in 

GAMS to identify an optimal distribution of staff  for the six 

universities (i) towards the four objective areas in higher 

education (research, teaching, third mission, medicine – j). A 

total demand for those four objective areas is defined on a 

HE systems level (given numbers) in order to simulate the 

state or society as demanding party on a HE market.  

Further specific productivity or cost ratios are taken from the 

previously shown DEA research, mainly addressing the 

specific relations of efficiency between the six different 

universities – showing the University of Basel being the most 

efficient one followed by the University of Bern and Zurich. 

The most inefficient productivity ratios have been found for 

the Universities of Geneva and Lausanne and are therefore 

implemented with higher cost ratios into the model. 

Though the model (figure 5) can be solved one crucial factor 

for further improvement (“reality check”) is the cost or 

efficiency relation between the four objective areas – for this 

no specific correlations or data were obtainable from the 

DEA calculation. Therefore the model optimizes according 

to those artificial data used here (showing e.g. the most 

efficient Universities of Basel and Bern to concentrate totally 

on the third mission objective, figure 6). The total cost in this 

case is computed, being 2.14 billion € in total staff cost for 

all six universities. This is no feasible HE system allocation 

and has to be enhanced by maximum restrictions for each 

Total Number of Int. Students 

Doctorates Awarded 



objective area realistic cost level data. Therefore this 

contribution showed as main research result that a HE 

systems level modelling is feasible based on existing 

institutional productivity data as e.g. from DEA calculations. 

 

 
Figure 5: Draft HE System Model 

 

 
Figure 6: Solution Report Draft HE System Model 
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