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Abstract  

This article addresses the question of economies of scale in higher education research and teaching. Assumed 

synergies between these areas of higher education production (Humboldt Principle) are questioned in a DEA for 

42 German universities. The results show that in absolute numbers these synergies according to Humboldt really 

exist for the presented data set of research and teaching indicators. But also for both areas of research and 

teaching diseconomies of scale can be found as smaller universities are realizing the best efficiency rates in 

research and in teaching. Nevertheless the basic Humboldtian idea seems to hold true today as a larger student 

body provides for a larger research output and vice versa. Therefore in terms of efficiency universities might 

specialize in research or teaching ï but in terms of excellence they might better agree on large research 

investments and large student teaching endeavours in order to implement the best rational university strategy. 
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1.  Research Question 

Service production and efficiency in higher education is an established research objective [14, 

32, 45, 50, 55]. For universities there is a broad discussion about the necessary steps and 

models in order to achieve efficient higher education institutions [8, 9, 39, 51, 58]. Also 

excellence is a widely discussed topic in higher education as represented by several ranking 

concepts for example in research [7, 20, 21, 22 for Germany]. Within this research field there 

are significant hints that general economies of scale may not exist [40, 41, 43, 53, 57]. These 

hints can be established mainly for research production and output. Such efficiency data for 

teaching are not widely published yet. The discussed scientific problem is the production 

efficiency and the question of economies of scale in research and teaching. Derived from the 

above stated research results it can be defined as a research hypothesis that whereas in 

research contexts diseconomies of scale can be assumed, in teaching contexts economies of 

scale should occur. And derived from this discrepancy between research diseconomies of 

scale versus teaching economies of scale the generally assumed (óHumboldt Principleô, [61]) 

synergies between research and teaching may not exist as expected. Therefore universities 

could well concentrate on one of these two production ófieldsô in higher education without 

losing out on efficiency as very well known for US universities (óinstitutional profilingô, 

óresearch universitiesô). The scientific method applied is a Data Envelopment Analysis (DEA) 

based on selected criteria (budget, research ranking positions, student numbers and student 

number changes) for 42 German universities. An expected scientific result is a first draft 

proof concerning economies or diseconomies of scale in university research and teaching.  

 

2.  DEA Data Selection for German Universities 

2.1.  Data Sources and Adjustments  

First level data sources were three different university rankings representing research outputs: 

(a) DFG national research ranking 2009 (naming 40 universities, data column B below, [22]). 

(b) Shanghai Jao Tong University World Universities Ranking 2009; among all listed 

universities there are 39 German universities (data column C, [59]). 

(c) QS World Universities Ranking 2009 (with 40 German universities, data column D, [18]). 
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These ranking positions were accumulated to a total research rank with a maximum value of 

300 points (data column E). Only institutions with at least two out of three ranking positions 

were selected. Additionally a specific research output was added: Recently named European 

Knowledge Innovation Clusters (KIC) (data column F). This should check for connections to 

existing research and efficiency data for this newest high profile research achievement [25]. 

Second budget numbers were taken from university homepages for 2006, 2007 or 2008 (some 

cases 2006/2007 or 2007/2008, in million Euro, data column A). Table 1 lists 42 German 

universities as Decision Making Units (DMU) in order to calculate efficiency. 
 
 

 

 
 

 
 

 
 

No University (DMU) A. Budget 

B. 
Research 

(DFG 
Rank) 

C.  
Research 

(SJTU 
Rank) 

D. 
Research 

(WUR 
Rank) 

E.           
Total 

Research 
Rank 

F.   
Research 
EIT KIC 

Selection 

G.    
Students 

2009 

H.     
Students 

Growth 06-09 

1 Univ Munich 3082,6 98,0 89,0 75,6 262,6 0,0 45344,0 273,0 

2 Tech Univ Munich 1917,6 94,0 88,6 70,4 253,0 50,0 23323,0 3369,0 

3 Univ Heidelberg 2136,5 96,0 87,4 68,2 251,6 0,0 24863,0 481,0 

4 Tech Univ Aachen 2313,3 100,0 50,0 77,4 227,4 0,0 31327,0 3218,0 

5 Univ Karlsruhe 708,9 88,0 50,0 66,8 204,8 50,0 18470,0 2157,0 

6 Univ Bonn 2222,1 76,0 80,4 59,4 215,8 0,0 26036,0 -3258,0 

7 Univ Goettingen 1996,4 84,0 82,0 30,6 196,6 0,0 23009,0 -1173,0 

8 Univ Freiburg 1861,7 90,0 74,8 64,4 229,2 0,0 21016,0 121,0 

9 Univ Frankfurt 1646,9 78,0 74,8 56,2 209,0 0,0 33286,0 -1173,0 

10 Univ Wuerzburg 1396,7 68,0 74,8 12,0 154,8 0,0 19861,0 1345,0 

11 Univ Tuebingen 1880,7 74,0 74,8 50,8 199,6 0,0 23151,0 -471,0 

12 Univ Bochum 964,7 56,0 50,0 27,4 133,4 0,0 30901,0 689,0 

13 Univ Erlangen-Nuernberg 1727,7 86,0 50,0 61,0 197,0 0,0 25452,0 1452,0 

14 Univ Hamburg 1952,9 60,0 65,0 80,2 205,2 0,0 35989,0 -5752,0 

15 Univ Stuttgart 904,7 64,0 50,0 47,2 161,2 50,0 19718,0 283,0 

16 Tech Univ Dresden 1607,6 66,0 30,0 48,8 144,8 0,0 32710,0 906,0 

17 Tech Univ Berlin 943,5 48,0 50,0 70,0 168,0 100,0 26747,0 -2772,0 

18 Univ Muenster 2159,9 72,0 74,8 66,4 213,2 0,0 36318,0 -1972,0 

19 Univ Mainz 1779,3 58,0 74,8 35,2 168,0 0,0 36388,0 2131,0 

20 Univ Koeln 1871,2 80,0 65,0 48,0 193,0 0,0 41694,0 -4234,0 

21 Univ Kiel 1464,9 50,0 65,0 24,2 139,2 0,0 22141,0 1229,0 

22 Univ Marburg 1197,1 32,0 50,0 42,0 124,0 0,0 18659,0 -318,0 

23 Univ Giessen 1408,0 44,0 30,0 13,8 87,8 0,0 22974,0 2614,0 

24 Univ Leipzig 1435,8 22,0 50,0 73,6 145,6 0,0 25866,0 -2707,0 

25 Tech Univ Darmstadt 633,7 62,0 30,0 58,0 150,0 0,0 18136,0 1982,0 

26 HU Berlin 2985,3 82,0 0,0 74,0 156,0 0,0 34602,0 3440,0 

27 Univ Bremen 575,7 52,0 30,0 57,8 139,8 0,0 18860,0 -2782,0 

28 FU Berlin 1724,7 92,0 0,0 83,2 175,2 0,0 30439,0 -7151,0 

29 Univ Konstanz 297,8 70,0 30,0 0,0 100,0 0,0 9286,0 -734,0 

30 Univ Halle-Wittenberg 1225,3 0,0 50,0 2,4 52,4 0,0 17229,0 -1257,0 

31 Univ Duesseldorf 1533,6 38,0 50,0 28,4 116,4 0,0 16094,0 -1875,0 

32 Univ Ulm 1111,4 34,0 30,0 20,8 84,8 0,0 7128,0 -62,0 

33 Univ Bielefeld 471,1 46,0 30,0 46,0 122,0 0,0 17494,0 434,0 

34 TU Braunschweig 566,7 28,0 30,0 28,0 86,0 0,0 12655,0 -395,0 

35 Univ Regensburg 987,7 26,0 30,0 54,8 110,8 0,0 16648,0 -378,0 

36 Univ Duisburg Essen 1828,3 24,0 30,0 5,6 59,6 0,0 31282,0 -2275,0 

37 Univ Saarlandes 1273,4 36,0 0,0 7,2 43,2 25,0 14586,0 -402,0 

38 Hannover Med Sch 1471,1 40,0 10,0 0,0 50,0 0,0 2780,0 -342,0 

39 Univ Hannover 765,3 54,0 10,0 33,2 97,2 0,0 20035,0 -4685,0 

40 Univ Jena 1265,0 42,0 30,0 33,8 105,8 0,0 20337,0 879,0 

41 Univ Bayreuth 291,8 0,0 30,0 4,6 34,6 0,0 8714,0 -430,0 

42 Univ Dortmund 566,9 30,0 10,0 64,0 104,0 0,0 21805,0 786,0 

Table 1. University budget data and research and teaching indicators for selected universities.   
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2.2.  DEA Methodology for Universities  

DEA is an acknowledged efficiency analysis tool using individual input-output-comparisons 

of DMU. This efficiency can be assumed as economic productivity. Specific production 

functions as input-output-transformation laws are not necessary as they are in general not 

known for higher education. Moreover there is no fixed weighting distribution required but 

the DEA algorithm is optimizing these weighting factors individually and internally for each 

DMU in order to allow for different and individual tracks to efficiency ï therefore there is 

little room for discussion about fixed weighting criteria. DEA is seen as a so called 

ñobjectiveò method which it is often used in areas with assumed and necessary but 

unidentified weighting factors as well as ónon-monetary indicatorsô [11, 12, 13, 15, 16, 17, 23, 

24, 31, 32, 37, 38, 46, 49, 52, 54, 56, 62, 64]. This holds true especially for universities as 

there is no common sense in university input as well as output measurement or evaluation, see 

[39, 55]. Therefore areas with social output dimensions are an application for DEA 

calculations as e.g. health care [10, 19, 28, 30, 36, 42, 63] and education e.g. in universities [1, 

2, 3, 4, 26, 27, 29, 32, 33, 35, 40, 41, 44, 47, 48, 60]. 

 

2.3.  DEA Modelling 

Specific modelling decisions and parameters regarding the DEA calculation model are 

necessary ï selected ones are discussed in detail, for general criteria compare [34]:  

(i) DEA can be basically used as input-oriented or output-oriented model (not-oriented 

models can be neglected). Both models provide interesting research questions: In an input-

orientation the assumption is that universities are faced with fixed outputs and try to minimize 

their input resources ï this is obviously the óbudgetingô perspective of higher education 

politicians and politics. They are not able to steer or act within the higher education 

institutions due to their professional service character and complexity and are therefore forced 

to steer via input scaling. In an output-oriented model it is assumed that input parameters 

cannot be influenced ï being the perspective of university management with limited power to 

change resource inflow. University management will try to maximise output by steering 

mechanisms in order to increase productivity. It can be assumed that this output-oriented 

model largely reflects the interior perspective of universities and universities management.  

(ii ) A modus for assumed returns to scale has to be identified depicting the actual production 

context: Based on practical management experience and heuristic assumptions generally a 

model with constant returns to scale is used as CCR model [12, 56]. The specific situation of 

universities with unknown production technologies and functions requires this modus and 

therefore it will be used here. Additionally the prerequisite of a universityôs ability to scale its 

size according to external requirements can be assumed to be true and in this way a 

comparison to other research findings (most of them using this model) is possible. An 

alternative could be the so-called BCC model with variable returns to scale, see [5, 6].  

(iii ) The number of required DMU data sets (for nin inputs und nout outputs) has to be checked 

against the general fuzzy requirement defined as nOb with nOb  max {  ninÅnout , 3Å(nin+nout) }; 

see [16, 34]. With nOb = 42 DMUs in this DEA calculation there is no significant restriction to 

model combinations as there are three possible factors present at most (inputs or outputs). 

This would denote that nin + nout = 3 holds true for all cases and therefore nOb  max { 2,9}, 

implying nOb  9 for all possible cases ï this holds true for all cases as 42  9, q.e.d. 

 

3.  Data Envelopment Analysis  

3.1.  DEA Calculation and General Results 

Results were calculated and printed with the software āFrontier Analystô (version 4.0.10) of 

Banxia Holdings Ltd. Six comparative cases are presented in table 2 with the specific 

efficiency measures as percentage of the most efficient one(s) ï those valued with 100%.   
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Case A 
Research 
Efficiency: 

Input A (50%), 
Outputs E and F) 

Case B1 
(Teaching 
Efficiency:  

Input A (50%),  
Outputs G and H) 

Case B2 
(Teaching 
Efficiency:  

Input A (50%), 
Outputs G and H) 

Case C 
(Integrated 
Efficiency:  

Input A,  
Outputs E & H) 

Case D 
(Integrated 
Efficiency:  

Inputs A and E, 
Output G) 

Case E 
(Integrated 
Efficiency:  

Inputs A and G,  
Output E) 

 Input or Output Orientation Input Orientation Input Orientation Input Orientation Input Orient. Output  Orient. Output  Orient. 

 
Constant or variable 
Returns to Scale 

Constant  Constant Variable  Constant Constant Constant 

No University (DMU)       

1 Univ Munich 25,40% 38,20% 100,00% 25,40% 59,00% 50,30% 

2 Tech Univ Munich 44,50% 33,20% 100,00% 39,30% 38,40% 92,70% 

3 Univ Heidelberg 35,10% 30,30% 32,80% 35,10% 39,10% 86,10% 

4 Tech Univ Aachen 29,30% 35,20% 100,00% 29,30% 50,40% 62,60% 

5 Univ Karlsruhe 100,00% 73,70% 100,00% 86,00% 67,70% 100,00% 

6 Univ Bonn 28,90% 30,50% 33,80% 28,90% 43,90% 70,60% 

7 Univ Goettingen 29,30% 30,00% 31,00% 29,30% 42,90% 72,60% 

8 Univ Freiburg 36,70% 29,30% 29,50% 36,70% 37,10% 92,50% 

9 Univ Frankfurt 37,80% 52,50% 70,70% 37,80% 65,30% 55,80% 

10 Univ Wuerzburg 33,00% 38,20% 42,60% 33,00% 49,50% 67,60% 

11 Univ Tuebingen 31,60% 32,00% 33,30% 31,60% 43,90% 73,70% 

12 Univ Bochum 41,20% 83,30% 100,00% 41,20% 98,60% 41,20% 

13 Univ Erlangen-Nuernberg 34,00% 38,30% 51,70% 34,00% 50,50% 67,30% 

14 Univ Hamburg 31,30% 47,90% 71,30% 31,30% 66,10% 50,40% 

15 Univ Stuttgart 68,90% 57,00% 57,50% 53,10% 57,70% 73,00% 

16 Tech Univ Dresden 26,80% 52,90% 75,30% 26,80% 79,40% 39,40% 

17 Tech Univ Berlin 100,00% 73,70% 83,00% 53,00% 75,10% 57,50% 

18 Univ Muenster 29,40% 43,70% 65,70% 29,40% 62,50% 51,60% 

19 Univ Mainz 28,10% 53,20% 100,00% 28,10% 77,80% 41,10% 

20 Univ Koeln 30,70% 57,90% 100,00% 30,70% 80,80% 41,40% 

21 Univ Kiel 28,30% 39,60% 45,70% 28,30% 57,30% 54,80% 

22 Univ Marburg 30,80% 40,60% 41,50% 30,80% 56,40% 58,00% 

23 Univ Giessen 18,60% 43,80% 94,30% 30,90% 75,80% 33,50% 

24 Univ Leipzig 30,20% 46,80% 51,90% 30,20% 65,90% 49,70% 

25 Tech Univ Darmstadt 70,50% 81,00% 100,00% 70,50% 74,40% 75,80% 

26 HU Berlin 15,60% 30,10% 100,00% 16,40% 57,90% 38,30% 

27 Univ Bremen 72,30% 85,20% 87,10% 72,30% 85,20% 72,30% 

28 FU Berlin 30,30% 45,90% 54,80% 30,30% 64,50% 50,70% 

29 Univ Konstanz 100,00% 99,60% 100,00% 100,00% 81,10% 100,00% 

30 Univ Halle-Wittenberg 12,70% 36,60% 38,00% 21,40% 75,50% 26,30% 

31 Univ Duesseldorf 22,60% 27,30% 28,80% 22,60% 44,60% 60,80% 

32 Univ Ulm 22,70% 27,70% 30,90% 28,90% 27,20% 93,40% 

33 Univ Bielefeld 77,10% 100,00% 100,00% 77,10% 96,50% 77,10% 

34 TU Braunschweig 45,20% 64,50% 65,10% 54,40% 65,20% 60,80% 

35 Univ Regensburg 33,40% 44,80% 45,90% 33,40% 58,30% 58,50% 

36 Univ Duisburg Essen 9,70% 44,50% 54,50% 12,10% 100,00% 16,80% 

37 Univ Saarlandes 18,70% 31,50% 32,20% 23,20% 66,20% 25,20% 

38 Hannover Med Sch 10,10% 20,10% 20,70% 20,40% 10,90% 100,00% 

39 Univ Hannover 37,80% 68,10% 68,90% 37,80% 84,50% 43,80% 

40 Univ Jena 24,90% 42,50% 43,90% 29,00% 65,10% 45,50% 

41 Univ Bayreuth 35,30% 100,00% 100,00% 100,00% 100,00% 36,60% 

42 Univ Dortmund 54,60% 100,00% 100,00% 64,00% 100,00% 54,60% 

Table 2. Overall DEA efficiency results.  

 

3.2.  Research Efficiency 

Addressing research efficiency the input ñA. Budget 50%ò is taken into account together with 

the output criteria ñE. Total Research Rankò and ñF. KIC Selectionò (Case A). Figure 1 is 

providing the coherence of budget and research rank with a correlation coefficient of 0,61.  
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Figure 1. DEA correlation plot for budget and research ranking. 

Second figure 2 shows the correlation between budget size and efficiency with a measured 

correlation of -0,59 ï indicating that smaller universities with smaller budgets are realizing 

higher efficiency ratios than larger ones as established before [40, 41].  

 

Figure 2. DEA efficiency correlation regarding budget. 
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3.3.  Teaching Efficiency 

Regarding teaching efficiency case B analyzes the Input ñA. Budget 50%ò together with the 

outputs ñG. Student Numberò and ñH. Change in Students 2006-2009ò. Figure 3 shows 

coherence of budget and student numbers with a correlation coefficient of 0,68. 
 

 

Figure 3. DEA correlation plot for budget and student numbers. 

 

Figure 4. DEA correlation plot for budget and change in student numbers. 
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