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The Puzzle... 
Dominant view in the literature 
•  Innovation relies on academically trained workers (university 

graduates) 
(the more university graduates, the better for innovation ...)  

•  Vocationally trained workers slow down innovation, particularly 
at the technological frontier  

Ø Aghion/Howitt 2006 (at the technological frontier, increased emphasis on higher 
education is more growth-enhancing...);  

Ø Krueger/Kumar 2004 (during the information age, the European focus on 
specialized, vocational education ... resulted in a growth gap relative to the US...)  

Some facts  
Fact 1:  
Switzerland has one of the lowest shares of ...  
•  university entrant students  
•  university entrance eligibility 
•  university graduates  
among all OECD countries 
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Entry rates into University/UAS (tertiary type A education),  
Rates with University Entrance Requirements  

= Matura for CH, Abitur for D, etc. 
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Fact 2:  
Switzerland scores among the top innovation countries in the world 
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à Swiss Puzzle:  
high in innovation rankings but low in university graduates  
 
Explanations ? 
•  Different countries have different paths to innovation 
•  Apprenticeship training (dual VET) in Switzerland (or Germany) has positive 

effects on companies’ innovation àVET is not specific, is not low-skill 
•  Permeability of Swiss Education system is a key contributing factor to 

innovation 
•  Universities of Applied Sciences (tertiary education for VET graduates) have 

become an important part for innovation performance in CH  
à built a bridge between vocational and academic education pathways 

à Research results à Leading House and other research 
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Source: Dr. Ursula Renold, Dr. Katie Caves, CEMETS, Federal Institute of Technology (ETHZ) 
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ca 70% of 15-year-oldsàapprenticeship system 
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(academic education) 
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Explanations 
 
1. Vocationally qualified workers are  
•  not specific 
•  not low-skilled 
e.g. apprentices in mechanical apprenticeships have maths requirements that 
are comparable with maths requirements of engineering study programs in UK 
(Bierhoff/Prais 1997)à VET in CH is high-skill, not low-skill 
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Examples of tasks of apprenticeship beginners (age 14-15) and  
apprenticeship finishers (age 17-18) Source: (Bierhoff/Prais 1997) 
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2. University graduates are not necessarily high-skilled  
(not in all dimensions) 

they also lack important skills, e.g. 
•  organizational skills (like keeping deadlines, budgets) or  
•  work habits (like precision, punctuality, goal orientation) 
•  practical occupation-specific skills  
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3. VET graduates are extensively trained in general and future-oriented 

occupation-specific skills:  
•  in company-part of dual VET, apprentices are extensively trained in organizational skills or 

work habits - from the very beginning of their apprenticeship program (Bierhoff/Prais 1997, 
Mühlemann/Wolter 2014)  

•  they are also trained in general skills such as project planning, communication, team work, 
foreign language, etc., in company-part and in VET-schools part of dual VET 
(according to extensive curricula: 30-40 pages with learning goals and specifications; not 
only for school part but also for company part of training) 

•  Occupational curricula are updated regularly, in cooperation with most innovative 
companies in the relevant industries à training content is at the innovation frontier 
(Backes-Gellner/Pfister 2019) 

•  Regularly updated VET Curricula drive innovation and its diffusion à Companies 
participating in apprenticeship training gain from the knowledge incorporated in the 
curricula à helps diffuse innovation knowledge (by participating in apprenticeship training, 
companies become more innovative; Rupietta/Backes-Gellner 2018) 

à VET in Switzerland ensures social, organizational, and 
methodological skills, as well as work habits that are essential for 
innovation 
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4. Different countries have different paths to innovation  
(cf.Berger 2013, EFI 2014) à there is not ONE best way of innovation 

 
The Swiss path to innovation builds on:  
1.  high-quality VET-training for approx. 70% of school leavers as one pillar, 
2.  top-university education for approx. 20% of school leavers as a second pillar 
3.  high permeability of the education system (horizontally and vertically, across all 

educational pathways) 

How is this related to innovation? 
1.  Company participation in apprenticeship training has direct positive effects 

on company’s innovation in Switzerland (or Germany) (Rupietta/Backes-Gellner 
2018) à VET graduates have future oriented occupational skills that help to be 
innovative 

2.  Company innovation is supported by more flexible work organizations due to 
broad skill sets of workers àlarger control spans (Teuber/Backes-Gellner/Ryan 
2016), higher willingness to participate and foster innovation (Backes-Gellner/
Pfister 2019) 

3.  Company innovation is fostered by fruitful collaboration of high-skilled 
university graduates with high-skilled VET-graduates à combination of 
different types of knowledge fosters innovation; spillover-effects go in both 
directions (Backes-Gellner/Pfister 2019) 
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4.  Company innovation is hampered if high-skilled university graduates are only 
combined with low-skilled workers à knowledge gap (international 
comparative study of matched companies by Teuber/Backes-Gellner, 2013) 

e.g. in UK companies (or in US companies):  
•  Companies lack the “knowledge and professional language link” to link engineers and 

production workers and to spur innovation  
à highly-skilled vocational workers would be required as complements to engineers 

e.g. in Swiss companies (and similarly in German companies)  
•  VET graduates bridge the gap between R&D and production 
•  VET graduates who went on to tertiary education play an important role  

(Tertiary B or Tertiary A) 
•  Tertiary A graduates (Universities of Applied Sciences, UAS) have become important 

in this role since the end of 1990s à UAS were newly introduced as an educational 
career path for VET graduates (not regular high school graduates, i.e. with only Matur/
Abitur) 

In recent research of Leading House we have studied in detail the effects of 
the establishment of UAS on innovation  
à brief presentation of studies and results 
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Universities of Applied Sciences and Innovation 
Innovation Effects of an Educational Expansion in Switzerland 

 
Short overview over four research projects 

 
joint work with: Curdin Pfister, Patrick Lehnert, Tobias Schultheiss, Tobias Schlegel (Leading House);  

Dietmar Harhoff (MPI Munich), Ann-Sophie Gnehm (Sociology, Swiss-Job-Market-Monitor, UZH)  
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Ø many studies document the importance of Universities and major research 
agglomerations for innovation (like Silicon Valley, Route 128, etc.)   
(starting with Jaffe 1989, more recently e.g. Valero & Van Reenen, 2016) 

Ø a few recent studies have been able to solve endogeneity problems and identify 
causal effects of universities on innovation  
(Kantor & Whalley, 2014; Toivanen & Väänanen, 2016) 

Two questions remain unanswered: 
 
1. What about other types of tertiary education institutions?  
•  Universities of Applied Sciences (UAS) vs. Academic Universities?  
•  UAS conduct (and teach) applied research; students have a strong occupational 

background (professional and practical competencies), combine occupational 
background with applied research knowledge  

2. What about regions outside major centers of innovation? 
•  what works for major innovation centers with many top-ranked research 

institutions (e.g. Silicon Valley), might not work for other, less developed regions 
(e.g. St. Gallen, Passau, Graz, ...) 
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Preview of main results 

Are there innovation effects after establishment of UAS in Switzerland?  
Which ones?  
 
Ø clear innovation effects in treated regions vs. untreated regions 

Ø  Positive effect on patent quantity (up to +13%) 
Ø  Positive effects on patent quality (up to 10% depending on the quality indicator) 
Ø  R&D-employment increases  
Ø  R&D-spending increases (wages of RD-personnel) à firms are more R&D 

intensive after UAS 

Ø We also find clear effects on labor market/labor demand 
Ø  Firms search „UAS graduates“ for jobs with R&D tasks 
Ø  Firms also search more „VET-graduates“ for R&D 

àincreased R&D-intensity lifts job quality for VET-graduates 
Ø „a rising tide lifts all boats“ (vs. crowding out) 

Ø But effects are heterogenous across regions with different economic 
preconditions (à presentation by Tobias Schlegel this morning) 
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1. What are characteristics of UAS in Switzerland? 
How are they related to VET-System 
 
Ø  By law, UAS are “equal, but different” to conventional academic 

universities 
Ø  UAS have to provide: 

Ø  Research and teaching with a focus on vocational practice, but also 
scientific methods and knowledge 

Ø  Services to firms 
Ø  Collaborations with other research institutions and firms 

Ø  UAS are established to provide an important educational career 
path for VET graduates  
(UAS in CH typically do not admit candidates directly from 
Gymnasium, unlike in Germany) 
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2. What is the effect of such UAS on innovation? 
 
à How do we measure innovation activities? 

a.  Patent Quantity and Patent Quality 

b.  Employment of R&D Personnel in Firms 

c.  Demand for Jobs with R&D Tasks (Labor Demand) 
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How can we identify causal effects? 
Ø  We exploit a natural experiment  

Ø  Introduction of UAS in Switzerland 
Ø  Staggered establishment of UAS-Campuses between 1997 and 2003 
Ø  Location and timing depended on complex institutional requirements, multi-

party negotiations, complicated political processes (package deals) 
 à results were quasi random 
Ø  our conclusion on quasi-randomness is based on extensive 

reconstruction of the history of each UAS Campus using reports provided 
by UAS, Government Offices, Associations, articles in newspapers, legal 
processes and regulations, UAS mandates, etc.) (à see also  common 
trends assumption) 

Ø  Analyze UAS in German-language part of Switzerland 
Ø  15 UAS campuses in STEM-fields (à due to relevance for patenting and 

innovation): Engineering, IT, Chemistry, Life Sciences  
Ø  widely scattered across German-speaking area of Switzerland 
Ø  established in 1997, 1998, 2000, 2001, 2003 



  

22 

Data III 
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1. Effect of UAS on  
Patent Quantity and Patent Quality 
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Data Base for Patents 
Ø European Patent Office (EPO) Worldwide Patent Statistical Database  

– April 2013 Version 

Ø Includes for each patent: inventors & applicants, all their names and 
addresses (including the ZIP codes), patent citations, fields, etc. 

à Creation of different dependent variables: 

Patent Quantity  
ln (#Patj t+3):   
-  Number of patents,  
-  municipality j,  
-  timelag of 3 years (first students arrive on labor market at the earliest after three years) 
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Patent Quality 
ln (#Citj t+6/Patj t+3)  ‘Number of citations’ per patent in municipality j, 

with an additional citation-lag of 3 years 
(alternative 5 years),  
because citations take time after patents have been filed (like 
publications) 

ln (#Claimsj t+3/Patj t+3)  ‘Number of claims’ per patent in municipality j in 
year 3 (number of claims in patent specification is an indicator 
for patent quality because it refers to the boundaries of the 
property rights that the patent protects in EU + US patent office 
(e.g., Lanjouw & Schankerman, 2004) ) 

ln (Pat Family Sizej t+3/Patj t+3)  ‘Number of countries in which patents are protected’, 
per patent in municipality j in year t+3 
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Empirical Strategy 
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Definition of Treatment and Control Group 
How do we define treated regions (catchment area)?  
à to define “catchment area” we consider two aspects: 

1. What actually is the treatment that can be expected? 
à We expect additional supply of workers (UAS graduates) with applied 

research skills to have a positive effect on R&D activities of firms and its 
outcome as measured by patents 

2. Where (which regions) do we expect the new UAS graduates to be available? 
à  in a certain radius around UAS (depending on mobility patterns) 
à  radius is based on empirical studies of mobility patterns in Switzerland 
à  mobility and transport micro-census from 2005 (SFSO): Commuting behavior 

regarding travel distance and travel time  
à  90% of employed individuals living in CH commute less than 25km (45 

minutes);  

à Treated regions = 25 km radius around UAS Campus 
à We calculate travel distances between all municipalities and UAS campus 
à Treated municipalities  < 25km (SFSO GEOSTAT, 2007) 

(Catchment area distance is defined similar to Muehlemannn, Ryan & Wolter 2013; Muehlemann & Wolter 2011) 
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First: Common Trends Assumption  
to claim causal effects we have to check one critical assumption 
of diff-in-diff approach 

Empirical Results 

Treated regions 

Untreated regions 

 
Regressions results (linear and with dummy variables)  

also support common trends assumption à cf. appendix 
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Effects of UAS on  
Patent Quantity and Patent Quality 
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Patent 
Quantity 

Patent 
Quality 

    
# Patents #Cit/Pat  

3-yr cit. lag 
#Cit/Pat 

 5-yr cit. lag Claims US Claims EP Family Size 

Treatmentjt 
0.1223*** 0.0128* 0.0301*** 0.1006*** 0.0887*** 0.0654*** 
(0.0266) (0.0075) (0.0104) (0.0264) (0.0253) (0.0179)    

Year yes yes yes yes yes yes 

TGj 
0.0718 0.0160 0.0262 0.0250 0.0303 0.0164    

(0.0706) (0.0135) (0.0215) (0.0637) (0.0605) (0.0458)    

Constant 0.4507*** 0.0686*** 0.1257*** 0.5500*** 0.5069*** 0.3793*** 
(0.0546) (0.0115) (0.0177) (0.0526) (0.0496) (0.0373)    

AR2 0.2513 0.1092 0.1362 0.1711 0.1723 0.1879    

R2 0.2551 0.1137 0.1405 0.1753 0.1765 0.1920    

N 22960 22960 22960 22960 22960 22960    

p-Value   0.0000 0.0001 0.0000 0.0000 0.0000 0.0000    Notes: Authors’ calculations, based on EPO Worldwide Patent Statistical Database – April 2013 Version. Clustered Standard errors on the municipality level are reported in 
parentheses; * statistically significant at the 0.1 level; ** at the 0.05 level; *** at the 0.01 level.  

Patent Quantity and Patent Quality 

Ø Results show statistically significant positive effects of UAS on patent quantity and 
patent quality in treated regions 

Ø Results are also economically significant: UAS increase patenting activities by 13%  
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à Large number of robustness tests: 

à  Change radius of catchment area (analysis of potential contamination effects) 
à  Add municipality fixed effects 
à  Change time structure and lags (look at development of effects over time) 
à  Compare with changes due to expansion of graduates from academic universities 
à  Etc. 

à  Results are very robust 

à  However, effects are heterogenous across regions with different economic 
preconditions (à presentation by Tobias Schlegel this morning) 

à  Implications for policy makers: 
 

1.  Academic universities (university graduates) are not the only way to boost 
innovation  

2. UAS, i.e. tertiary education (UAS) that is added to a solid base of apprenticeship 
training, fosters regional innovation  
à  because of combination of sound occupational skills and applied research knowledge 
à  ... for the same reason, UAS are particularly valuable (but not only) for regions with strong 

SME structure 
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2. Effect of UAS on  
Firms’ Employment Structure  

- German language regions 
 

Lehnert/Backes-Gellner (2019) 

How does the shock in regional R&D-labor supply  
affect  

employment and structure of R&D-personnel in private firms? 
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Data: Swiss Earnings Structure Survey 
 
Ø  Repeated cross-sections (no panel structure) 

Ø  Representative for secondary and tertiary sector (more than 300,000 firm-year 
observations between 1994 and 2014) 

Ø  Detailed information on  

Ø Workers‘ wages  

Ø Main job task and positions of workers  

Ø  Firm characteristics 
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Ø  Dependent variables  
   (establishment level; in treated/untreated regions) 

RDPpct  Percentage of R&D Personnel  
= number of R&D employees / total number of employees (full-time 
equivalents) 

RDWpct  R&D Wage Percentage  
= wage sum of R&D employees / total wage sum of all employees 

 

Empirical Strategy 

•  Difference-in-differences approach à similar to previous project part (cf. Pfister 
et al 2018), but regions are somewhat larger (Mobilité Spatial) 

•  Separate estimation for both the entire sample of firms in Switzerland and for 
subsamples of firms with different firm sizes and industry sectors 
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Main Results 
Dependent variables 

    RDPpct RDWpct 

Treatmenti,t 0.1581*** 0.1446** 
(0.0548) (0.0563) 

Sample mean of dep. var. 
1.0162 1.0731 

AR2 0.1709 0.1686 

Obs. 232,228 232,228 

Notes: Authors‘ calculations with data from the Swiss Earnings Structure Survey. Robust standard errors in parentheses. 
Coefficients, standard errors, and sample means of dep. var. in columns (2) and (4) multiplied by 100 to represent percentage point 
changes. * p<0.10, ** p<0.05, *** p<0.01. 

Results: 
Ø Share of R&D-employment over total employment increases (about +15%) 
   à upskilling towards R&D employment 
Ø Share of R&D-wages over total wages increases à after UAS-establishment firms are 
more „R&D-intensive“ (just labor intensity, unfortunately no info on „capital“ in data) 

Percentage of R&D Personnel R&D Wage Percentage 
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Effect Heterogeneity 
 
Where do effects come from?  

Ø … firms that newly start to engage in R&D (potential start-ups) explain at least a 
part of the effect 

Ø … particularly very small firms and very large firms increase their R&D personnel 
and their R&D wage sum 

Ø ... firms in the manufacturing sector contribute most to the effects  
à (partly) because we only study UAS with STEM-fields 
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3. Effect of UAS on Labor Demand  
- German language regions 

 
Schultheiss/Backes-Gellner (2019) 

How did the establishment of UAS affect  

the tasks of workers  
with and without tertiary education?  
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Data 

Ø Swiss Job Market Monitor 
Ø Representative random sample of job advertisements in the German-speaking 

part of Switzerland 
Ø Years 1950 to 2014  
Ø 54’000 job advertisements 
 
Ø Variables include: 

Ø  Job description, including main task, 
Ø  geographic location of workplace,  
Ø  formal educational requirements,  
Ø  occupation,  
Ø  industry affiliation of the firm … 
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1. UAS graduates: what tasks are they searched for? 
 
Ø Look at description of jobs and main tasks  
  
  

Results 

Top 5 main tasks 
UAS graduates Rel. 

frequency 
Organizing & Leading 25.51 
Planning & Engineering 17.55 
Programming & IT 12.32 
Researching & Controlling 11.47 
Educating & Advising 9.38 
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2. Apprenticeship graduates (without UAS degree): what tasks are 
they searched for (before and after establishment of UAS)? 
à crowding out or upskilling? 

Ø  Difference-in-differences approach analogous to previous project part  
(cf. Pfister et al 2018) 

Ø  Dependent Variable:  
“R&D as Main Tasks” in Job Advertisements for Apprenticeship 
Graduates 
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Common Trends Assumption  
Job ads with R&D as main task (1995 = 100) 

100 

R
&

D
 J

ob
s 

 
Regressions results support common trends assumption à cf. Appendix 
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Dependent Variable 

    

Full sample 
Subsample: 

Technical & IT occupations 

Treatment 0.786** 0.777** 2.774** 2.410** 
  (0.381) (0.360) (1.273) (1.451) 
TG 0.154 0.067 0.003 -0.828 
  (0.419) (0.421) (1.553) (1,451) 
Constant 1.42 2.77 3.268 -0.547 
  (0.999) (1.305) (3.413) (3.510) 
          

Years YES YES YES YES 
Ad channel NO YES NO YES 
Industry NO YES NO YES 

Observations 9,123 9,123 1,886 1,886 
R-squared 0.005 0.034 0.020 0.127 Notes: Authors‘ calculations with data from the Swiss Job Market Monitor. Clustered Standard errors on the municipality level are reported in parentheses. Coefficients, 

standard errors, and sample means of dep. var. in columns are multiplied by 100 to represent percentage point changes. * p<0.10, ** p<0.05, *** p<0.01. 

Results  

Ø  Firms more often announce jobs with R&D-related tasks for Apprenticeship 
Graduates  
Ø  Increased R&D-Intensity after UAS-establishment also affects Apprenticeship 

Graduates positively 
Ø  Probability of R&D-related tasks in their jobs increases (wage sum as well, as seen in 

previous study) à no crowding out, but upskilling spillovers 

(in jobs for Apprenticeship Graduates) 
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Summary of empirical results 
Effects of Universities of Applied Sciences (UAS) on Regional Innovation 
Ø R&D activities of firms increase: 

Ø  positive effect on patent quantity (+13%) 
Ø  Positive effects on patent quality 
Ø  R&D-employment increases  
Ø  R&D-spending increases à firms are more R&D intensive after UAS 

Ø But effects are heterogenous across regions with different economic preconditions 
 

Ø  Effects on labor market/labor demand 
Ø  Firms search UAS graduates for jobs with R&D among the main tasks 
Ø  Firms search VET-graduates for jobs with R&D among main tasks 
  àincreased R&D-intensity lifts job quality also for VET Graduates 

Ø Positive spillover-effect on apprenticeship graduates („a rising tide lifts all boats“) 
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Conclusions 
Apprenticeship training  in the form of dual VET as in Switzerland (or 
Germany) has positive effects on innovation 
Key factors for innovation effects of VET: 
1.  future-oriented, comprehensive occupational training curricula (for 

companies and VET schools à dual VET) 
2.  permeability across all parts of the education system 
3.  Tertiary education for VET graduates (UAS) as important bridge 

builders between vocational and academic education pathways 
4.  systematic and regular curriculum updating process 

Ø most innovative companies at the innovation frontier participate in curriculum 
updating  

Ø updating process includes all stakeholders (industry associations, employers 
associations, unions, occupational associations, cantons, federal state) 

Ø cf. Backes-Gellner/Pfister 2019 
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Thank you for your attention! 

 

 

 
For more information see: 

 
«Regional Effects of Applied Research – Universities of Applied Sciences and Innovation» 

by C. Pfister, M. Rinawi, D. Harhoff & U. Backes-Gellner 
Leading House Working Paper No. 117. 

(https://ideas.repec.org/p/iso/educat/0117.html) 
  

«The Effect of an Education-driven Labor Supply Shock on Firms’ R&D Personnel»  
by P. Lehnert, C. Pfister, & U. Backes-Gellner, 

Leading House Working Paper No. 141. 
(https://ideas.repec.org/p/iso/educat/0141.html) 

 
«Tertiary education expansion and task demand: Does a rising tide lift all boats?» 

 by Tobias Schultheiss, Curdin Pfister, Uschi Backes-Gellner and Ann-Sophie Gnehm 
 
 

Swiss Leading House on Economics of Education, Firm Behaviour and Training Policies 
(http://www.educationeconomics.uzh.ch/en.html) 
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Appendix 
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What are characteristics of UAS in Switzerland? 
How are they related to academic universities?  

Ø  Differences between UAS and Academic Universities 

 University of Applied 
Sciences University 

Type of Education and 
Research 

Vocational and academic 
Education; Applied R&D 

Academic Education;  
Basic research 

Teaching Content 
Applied (research) skills, targeted 

towards occupations requiring 
some scientific knowledge 

General scientific and 
research skills 

Labor Market Link Prepare for one (a few)  
particular occupations 

Prepare for a diffuse set 
of jobs/occupations  

Entry Level Requirements Apprenticeship and Vocational 
Baccalaureate (Lehre + Berufsmatur) Baccalaureate (Matura) 
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