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Today I want to look back on 40 years of working in higher education. As a teacher in 
chemistry, as a teacher trainer, as a researcher and innovator of education, as a manager, as 
a project leader, and other roles associated with a position at universities. I worked in five 
different institutions. And during the last 17 years at this university, I was a lecturer in science 
communication and science education, I was director of a master program in science 
education and communication, I was involved in staff development, and I conducted research 
in mathematics and science education. To summarize my career, I started as a teacher in 
science, next I was teaching science teaching, and at the same time I did research into science 
teaching and research into teaching science teaching.  
 
About 16 years ago, I stood in this building for my inauguration address. I just started at this 
university and my expectations were high. My role was to lead a research programme and 
play a role in educational innovation in the Science Faculty. During this lecture, I wish to reflect 
on this period, and highlight some experiences that were successful, and some other things 
which were not or less successful. As we all know, we learn more from our failures than from 
our successes. But I do not only want to bring back memories. Looking back is only valuable if 
it gives lessons for the future. 
 
One of the differences between this moment and the moment I delivered my inauguration 
address is that this university has become more and more international, with rapidly growing 
numbers of foreign students and staff. I value this development as positive, because science 
is a global, international activity, and for this reason it is beneficial to attract international staff 
and students. As a consequence, the language in this university, just like in other higher 
education institutions and companies, has changed into English. It is great, of course, that we 
have a lingua franca used by the whole world to communicate. But, this English language, 
spoken in academia, is static and uses a poor vocabulary1. This is not different for me, and, 
therefore, I feel somewhat uncomfortable to use English for an occasion like this one.  
 
Most of my work, and not to forget by or with my colleagues, is in domain-specific research in 
mathematics and science education. So, what we did was analysing teaching and learning, 
scrutinizing educational goals, designing and implementing new teaching strategies, 
evaluating the effects of these strategies, and designing professional training for teachers. Our 
work has two sides: on one hand, we try to understand what happens in the classroom and to 
make sense of students’ and teachers’ actions and utterances, and on the other hand, we 
work on new teaching methods and materials to innovate education. This shows how wide-
ranging our educational research is.  
 
In my work, the focus was on research into university education, and I was always very close 
to the content of university courses in mathematics and in science. This domain-specific 
research at university level is unique in the Netherlands. But, I notice an increasing interest 
among educational researchers to do research into teaching and learning science in university 
education. When I started with my PhD in 1984 there was only some research in the U.S., but 
gradually it has become a field of study in many countries.  

                                                        
1 Not much research on spoken discourse in universities is available to support this. A paper by Tilstra and 
Smakman (2018) found a significant difference in richness of language in Dutch compared to English in lectures 
by native Dutch lecturers. 
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Quality of education 
One of the questions which caught my interest for many, many years is about the quality of 
education. Not only as a teacher trying to improve my courses. But, also, as an educational 
designer and researcher. Improving the quality of education was a driving force in my work. 
So, the central question of this lecture is: What is educational quality for universities with a 
focus on science and mathematics courses?  
 
Although quality is a popular term in educational circles, it is difficult to define quality. This 
problem is enigmatically expressed by Robert Pirsig in his famous philosophical novel ‘Zen and 
the art of motorcycle maintenance’: 
 

“ Quality is, how do you know what it is, or how do you know it even exists? If no one 
knows what it is, then for all practical purposes it doesn’t exist at all. But for all practical 
purposes it does exist”.2 

 
Quality is used by universities as a label to praise their own teaching and research. Universities 
say they deliver high-quality, top-level or excellent education, or claim that they are the best. 
The use of the word ‘quality’ in these situations is similar to the use in washing powder 
advertisements, to ensure that consumers will buy a good product. Also, this university wants 
to sell its product ‘education’ by using the term ‘quality’.  
 

 
 
This kind of quality is associated with reputation, in many cases derived from international 
rankings, like the Shanghai Ranking 3 and the Times Higher Education ranking 4. These 
international rankings, however, do not say much about the quality of education. For instance, 
in the Shanghai ranking education counts for only 10% in the score and this is based on the 
number of Nobel prize winners among alumni 5. This is a very poor indication for educational 
quality.  
 

                                                        
2 Pirsig (1976, p. 178). 
3 See: https://www.shanghairanking.com. 
4 See: https://www.timeshighereducation.com/world-university-rankings. 
5 Van der Kolk (2021).  
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Rankings are also presented in the Studiegids Hoger Onderwijs, which ranks bachelor’s and 
master’s programmes of Dutch universities based on students’ judgments. Student 
evaluations are useful as feedback to teachers, but research has shown that there is no 
correlation between students’ evaluation scores and exam results 6. So, teachers with good 
evaluations are not always effective teachers. What is most important to evaluate the quality 
of a course: students’ appreciation or what they learned in this course? This shows that the 
way quality is defined, may give very different qualifications. Many universities use these 
rankings and the term ‘quality’ to show their reputation. But, this frequent and inadvertent 
use of the term ‘quality’ has become meaningless. 
 
If I ask you to define quality of university education, I will hear different answers. Some of you 
will emphasize the extent to which universities serve societal needs: students’ access to 
universities, especially for underprivileged groups, how much enrolling students finally 
graduate, what they have learned, and how well graduates are equipped to enter the labour 
market. Others will point at the curriculum, the freedom students have to elect courses, the 
way courses are taught and how learning processes are initiated, the way students are tested, 
or if students feel comfortable and recognized. This shows that quality can be interpreted in 
many different ways. 
 
There is a vast amount of literature on quality of education, and especially quality of higher 
education. There exists even a journal titled ‘Quality of Higher Education’. All of the 
perspectives I just mentioned, can be found in literature. I will not bother you by giving an 
overview of all the different viewpoints on educational quality, but I will give some of those 
viewpoints that are most important for me in this lecture7. 
 
Quality and accreditation 
Some of you relate quality perhaps with accreditation. During my career I was involved in 
accreditation processes, not only as teacher and director in the master programme of Science 
Education and Communication, but also as a member and chair of audit committees, also in 
international audits. This has been a useful experience for me, because I was intensively 
involved in discussions about educational quality in university programmes. It was especially 
interesting to hear the intuitive conceptions about quality, both from my colleagues and 
myself, which were influenced by sometimes superficial impressions, like the reputation of 
the programme or the university. 
 
For those who are not familiar with the Dutch accreditation system for higher education, some 
explanation. Accreditation is a process in which the ‘quality’ of a university or a degree 
programme is evaluated by investigating if the program meets certain minimum criteria. In 
the Netherlands, accreditation is granted by the government. Not strange, because 

                                                        
6 Uttl et al. (2017) showed that previous studies were biased because of small sample sizes. These older studies 
(e.g. Cohen, 1981) showed large and moderate correlations between student results and student evaluation 
scores. The updated meta-analysis by Uttl et al. (2017) was based on nearly 100 multisection studies and 
reported no significant correlation between student evaluation ratings and learning results. 
7 For definitions of quality of higher education, see e.g. Harvey & Green (1993), Adams (1993), Doherty (1994), 
Owlia & Aspinwall (1996), Cheng & Tam (1997), Lagrosen et al. (2004), Harvey & Williams (2010), Avci (2017), 
Tennant et al. (2009), Onderwijsraad (2015, bijlage 1). 
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universities are paid with public money 8. Accreditation is granted after a positive evaluation, 
which is conducted by an audit committee of experts. Audit committees use a protocol with 
standards and criteria, which are used to assess the quality of education9. Their judgment is 
based on documents provided by the university and interviews with staff and students. This 
evaluation is a kind of high-stakes examination for the degree programme. A negative 
judgment by the committee brings a lot of ‘trouble’, and can lead to termination of the 
programme. 
 
When looking at the framework, which is used for the accreditation of degree programmes, 
we notice that the ‘intended learning outcomes’ have a very dominant place. These are 
explicitly mentioned in three of the four standards. Because ‘intended learning outcomes’ is 
a long word and it plays a major role in this speech, I will use the word ‘goals’ instead. So, 
when I say ‘goals’, I mean ‘intended learning outcomes’. 
 
Goals of a programme are descriptions of what graduates – engineers, masters or bachelors 
– are supposed to be capable of after their training: so, what they know, which skills they 
mastered. An example: an architect should be able to design a house. So, this means that 
during an audit, the committee checks if all knowledge and skills necessary for designing a 
house are acquired by the students. Another example: a pharmacist should have knowledge 
of drugs (which drugs are available, for which diseases they are effective, how they work etc.), 
but a pharmacist should also have the ability to communicate with customers and explain the 
way drugs should be used. The audit committee tries to find out if the goals of the programme 
are relevant for the professional field, how these goals are realized, and how the teachers in 
the programme test if these goals are realized. This system makes sense: universities have to 
show that they do what they intend to do. In this context, educational quality is defined as the 
extent of which goals or purposes are attained, and, therefore, this conceptualization of 
quality is called ‘fitness for purpose’ 10. 
 
Accreditation has an enormous influence on education in universities, both at the level of 
faculties, degree programmes, and courses. At programme and course level there is discussion 
how course goals relate to goals at programme level, and the way goals are realized and 
tested. When we take the practices in my science faculty at this university as an example, 
several procedures are used to formalize this. These are written down in the so-called Quality 
Assurance Manual, in annually updated versions of an Assessment Plan at programme level, 
and Course Unit Assessment Overviews (CUAOs) at course level. Teachers, programme 
coordinators and programme directors spend quite some time to complete these documents. 
Next to that, we use a quality control system through student evaluations, with surveys, 
reports from programme committees, with teachers’ responses etc.  
 
Because of the importance of accreditation for universities, we see that the organisation of 
education is strongly influenced by the national accreditation standards. But, the current 

                                                        
8 An overview of the Dutch accreditation system and its historical development is given by Chu & 
Westerheijden (2018). 
9 These standards are found in: Beoordelingskader Accreditatiestelsel Hoger Onderwijs Nederland (September 
2018). NVAO. See: https://www.nvao.net/nl/publicaties/beoordelingskader-accreditatiestelsel-nederland-
2018. 
10 Harvey & Green (1993), Cheng (2017). 
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accreditation system has some obvious disadvantages. The most obvious problem for staff is 
the administrative burden. It takes a lot of time and bureaucracy, and this means that it is 
exceptionally expensive. It seems as if this paper work has become the purpose instead of the 
means to realize a purpose. Nowadays, we see this phenomenon in many organisations and 
institutions as a result of the accountability culture in our technocratic society. This 
bureaucracy also hampers innovation. Changes in courses and curriculum have to be planned 
and registered a long time before courses are taught – sometimes even a year.  
 
Another objection against the way quality of education is conceptualized in the accreditation 
system, is that evaluation of primary processes, the actual teaching and learning in lecture 
rooms, classrooms and laboratories, plays a minor role. I think that you will agree with me 
that educational quality depends very much of what happens in classrooms, in the interaction 
between teachers and students. In the current audits, the primary process is mainly evaluated 
through interviews with teachers and students, and with the programme committee. That 
gives only a superficial impression of the actual teaching in a programme. The quality of 
teaching is also addressed in the so-called ‘instellingstoets kwaliteitszorg’. This is, however, an 
evaluation at the level of the whole university and focuses on the way quality assurance is 
organized in the institution, not how teaching is practiced in the classrooms. My conclusion is 
that accreditation as quality control is more fulfilling the needs of administration and 
management than teachers’ and students’ needs 11. 
 
Quality in teaching practice 
The current accreditation framework is based on the realization of goals, the outcomes of 
teaching. Outcomes-based education has become a popular term since the influential book 
by the Australian John Biggs, with a first edition dating from the 1990s. The book gives a lot of 
guidelines – and many of these guidelines are very useful – for curriculum design in higher 
education. The approach followed in this book is that curriculum designers formulate goals at 
programme level, and next these goals serve to formulate goals at course level. A quote from 
the book:	“The intended learning outcomes are central to the whole system” 12. The principle 
of, what is called ‘constructive alignment’, entails that teaching and learning activities and 
testing are derived from these goals. This curriculum design strategy, which is also used in 
many other – especially older – curriculum design models 13 has penetrated as a dogma in 
educational design circles, especially in higher education.  
 
If goals are so central, what about the role they play in actual teaching and learning? To answer 
this question, I will first discuss the formulation of goals in courses. Let me give an example 
from one of my own courses: a master’s course in research methods in science education and 
communication: 
 

“Students are able to use the terminology used in research in science education and 
communication in describing, evaluating and designing research” 
 

The formulation of this goal may lead to many different interpretations. Which terms are 
included? Which kind of science education and communication research is referred to? Which 

                                                        
11 See, e.g., Cheng (2017), Chu & Westerheijden (2018). 
12 Biggs & Tang (2009, p. 60). 
13 For instance, by Wheeler (1967). 
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criteria are used for using research terms in describing, evaluating and designing? When 
testing this goal, you can imagine that there are many different ways to do that. So, this goal 
does not give much information to students, because information is missing about the terms 
and about the criteria to test students’ abilities. So, I did a bad job in formulating this goal. 
This seems strange, because I have some knowledge and experience in formulating goals, and 
I even taught courses to lecturers and students about how to formulate goals. 
 
In handbooks on course design you may find that goals should be formulated in a specific way, 
and sometimes this is indicated as SMART (an acronym for specific, measurable, attainable, 
relevant, and time-bound)14. These SMART criteria were launched in 1981 by Doran in the 
journal Management Review 15 This shows that its origins are from management studies, not 
from education.  
 
If you take the time to browse through the course catalogue of the Faculty of Science and 
Engineering of this university, you may find many examples of non-specific goals 16, just like I 
failed to formulate specific goals. Often goals are given as a list of topics, and in many cases 
without specifications and without details. 
 
What is the reason that teachers do not give specific goals for their courses? Is this a lack of 
skills, time or experience? Universities provide information and offer courses for lecturers to 
formulate course objectives17, suggesting that lack of knowledge or professional competence 
among teachers is one of the reasons, but this is only part of the story. The point is that it is 
not always possible or desirable to formulate goals in a specific way. This becomes visible if 
we consider complex, higher-order skills, like research skills and analytical skills, or students’ 
personal attributes, like students’ creativity, accuracy, feeling of responsibility, etc. In these 
cases, it is difficult or impossible to state specific goals. I refer here to Shulman’s statement 
(2007):” the price of precision is the narrowness of scope” 18. Many authors have pointed at 
the problems associated with endlessly detailing goals 19. 
 

                                                        
14 See e.g.: https://www.uab.edu/medicine/obgynresidency/images/PDFs/Handbooks/ 
Writing_SMART_Goals.pdf, or: https://www.ag5.com/5-practical-examples-how-to-formulate-smart-learning-
objectives/. 
15 Doran (1981). 
16 Some examples: “Write a clear and structured report of a well-defined lab experiment” (course ‘electricity 
and magnetism’); “Learn the methods of Astronomy: how do we get to know more about very distant objects 
and how do we interpret their data.” (course ‘introduction to astronomy’) 
17 An example is given on the website of the Radboud University (Nijmegen): 
https://www.ru.nl/lecturers/education/educational-design/learning-objectives/smart-criteria-formulating-
objectives/. 
18 Shulman (2007, p. 23). 
19 This issue was raised already a long time ago by Eisner (1967, p. 254): “The outcomes of instruction are far 
more numerous and complex for educational objectives to encompass”. Eisner (1969, p.1) launched the term 
‘expressive goal’ to express that “diversity (rather than homogeneity of response) is sought”. Hussey and Smith 
(2003) discriminated between intended and emergent learning goals. Recently, in the Netherlands, the 
‘scientific curriculum committee’ made a proposal for distinguishing between different types of goals – 
instructional goals (“aanbodsdoelen”), effort goals (“inspanningsdoelen”), and mastery or attainment goals 
(“beheersingsdoelen”) – for future innovations in secondary education (Wetenschappelijke Curriculum-
commissie, 2021). 
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In outcomes-based education goals and testing must be related with each other. Let us see 
how this works in practice. In the Dutch situation, and in particular in university math and 
science courses, we use so-called criterion-referenced tests. As an example, consider a written 
test with a number of different math or science problems. Common practice in Dutch 
university courses is that students pass a test if they score more than a 5.5, which is the middle 
of the scale ranging from 1 to 10. Suppose that there is a complete match between goals and 
test: If a student passes the test with a grade 6, has this student mastered the course goals? 
It is obvious that this is not the case. In the case that all students passed the course, it may be 
that they have attained only 50% of the goals. We please our students by using this testing 
practice, but it is undesirable from an educational point of view. So, even after all students 
passed the test, the question remains: “what did students actually learn?”. Testing always 
gives a limited image of students’ capabilities and what they learned in a course20. 
 
I hope that I convinced you that outcomes-based approach and constructive alignment have 
severe limitations21. I showed you that a strict formulation of goals and a strict relation with 
testing is not always possible, and it may even be undesirable. The focus on goals and testing 
is the excrescence of a mechanistic and technocratic view on education. It considers students 
as products, which are supposed to be changed in a previously determined way. Before 
accusing me as a radical thinker, I want to stress that I do not oppose against using goals or 
intentions of a degree programme, because goals give guidance what to do in a curriculum 
and gives indications towards the levels we want to realize. However, it does not make sense 
to detail goals to a high extent and to make a seamless fit between goals and testing. It will be 
more useful to spend our time to other things. 
 
I come back now to the main question of this lecture and that is how we define educational 
quality. What is the alternative if we abandon the fit-for purpose approach? Well, I advocate 
to use a more process-based approach of educational quality. Terms used in this 
conceptualisation are quality culture, quality work, and quality teaching 22. A quality culture is 
associated with processes of institutional improvement 23, instead of a static definition of 
quality.  
 
This emphasis on processes is not a novel view on quality, but the emphasis on processes and 
practices have drawn more attention during recent years. See, for instance, the report 
published in 2015 by the Onderwijsraad 24. One of their recommendations is that establishing 
a quality culture needs an organisation which supports a culture in which staff and students 
feel encouraged to discuss their experiences and are willing to contribute to better education. 
I do not want to go into this recommendation, but it is evident that educational management 
and administration have important roles in establishing a quality culture 25. However, the 
recommendations by the Onderwijsraad are mainly on the organisation of a quality culture 
and not on what students should learn and not on the way they should learn, so the contents 

                                                        
20 See also: Suskie (2018). 
21 More educators and educational researchers criticized the principle of constructive allignment. See: Jervis & 
Jervis (2005), Gough (2013), Burnett (2021).  
22 See, e.g. Elken & Stensaker (2018), Harvey & Stensaker (2008), Hénard & Roseveare (2012).  
23 Ewell (2009). 
24 Onderwijsraad (2015).  
25 This was also advocated by the Onderwijsraad (2015). 
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and the teaching. In the remainder of this lecture I want to highlight some issues that are more 
closely related to the curriculum and to innovation as components of a quality culture.  
 
Quality culture and generic skills 
The first issue I want to discuss is about the relevance of what we teach, so about goals. One 
of the consequences of a quality culture is that the goals we want to realize are relevant for 
students and for society. We live in a society, which asks for solutions on topics like the energy 
production, climate change, information society, and social justice. These problems are 
characterized as wicked problems, because these problems do not have clear-cut answers, 
and solutions ask for multiple perspectives and multi- or interdisciplinary approaches.  
 
The urgency of these societal problems led to a lively debate during the last decades about 
the goals of academic programmes, or, in other words, about the profile of academically 
educated persons. The dilemma is excellently expressed by the following quote, about 
university chemistry courses: 
 

 “Are we serious about preparing chemists for the 21st century or are we just teaching 
chemistry?” 26. 
 

This quote clearly expresses the problem. It shows the need for another approach in chemistry 
teaching. We can replace the word ‘chemistry’ here by other science disciplines, or probably 
by all academic disciplines. 
 
Robbert Dijkgraaf (our present minister of education) argues that in the case of wicked 
problems generalists have advantages compared to specialists. He says:  
 

“In such unstructured situations the generalist has advantages. Acquired expertise does 
not have much added value. Rather, one should use the ability to improvise and think 
out of the box. […]. A generalist solves a problem by borrowing knowledge from other 
domains. Science gives a lot of examples of how, after an intellectual landslide, scientists 
with a broad profile and other interests have an advantage” 27 
 

These “other interests”, mentioned by Dijkgraaf, may be indicated as ‘academic attitude’. 
Although this term ‘academic attitude’ is used frequently, the way it is defined and understood 
is very different. I found an interesting description given by Gerrit Lang, professor emeritus of 
this university, in a book about innovation projects, conducted in the 1990’s, to raise the 
educational quality of this university. He summarized a number of characteristics of academic 
attitude, as he said himself, in telegram style:  
 

“Intellectual skills: abstract, methodical, rational thinking; ability to analyse and 
synthesize, to develop solution strategies; creative use of acquired knowledge, clear 

                                                        
26 Kerr & Renquist (2005, p. 231).  
27 Dijkgraaf, R. (2021). Original text: “In zulke ongestructureerde situaties is juist de generalist in het voordeel. 
Opgebouwde expertise heeft weinig meerwaarde. Men moet eerder een beroep doen op 
improvisatievermogen en out of the box denken.  […] Een generalist lost een probleem op door kennis te lenen 
uit andere domeinen. De wetenschap kent vele voorbeelden van hoe, na een intellectuele aardverschuiving, 
onderzoekers met een breed profiel en andere interesse plotseling in het voordeel verkeren.” 
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communication.  
Personal attributes and manners: curiosity, perseverance, and passion in analysing 
problems; reservation and reflection about obvious solutions; flexibility, sense of 
perspective, tolerance and respect for others’ opinions, and self-mockery and humour.” 
28 
 

I was especially triggered by the “self-mockery and humour”, because if one follows this 
definition I know many academics who lack an academic attitude.  
 
In summary, an academic attitude is considered as a set of different skills and attributes 
important for careers in academia, in companies, in other professional fields as well as in 
society, and it includes not only specialized knowledge and skills, but also generic skills, like 
problem solving, communication, collaboration, and so on, and personal attributes, like 
curiosity, perseverance, entrepreneurship, responsibility, ethical behaviour, creativity, 
cultural competence, critical attitude, etc.29  
 
Some years ago, I made this scheme to give an overview of generic skills, representing seven 
skills areas and the overlap between these areas. The skills in the upper half of the scheme 
are more social skills, and the lower half the more intellectual skills. I placed ‘reflection’ in the 
centre to show its role in skill learning, and I included the context or environment to 
emphasize that the development and enactment of these skills are context-dependent.  

 

 
 

                                                        
28 Lang, G. (2000, p. 10). Original text: “Ten eerste vallen er meer intellectuele termen onder, zoals: abstract, 
methodisch, rationeel denken; in staat zijn tot analyseren en synthetiseren, ontwikkelen van 
oplossingsstrategieën, creatief omgaan met verworven kennis, helder formuleren. Daarnaast gaat het om 
persoonskenmerken en omgangsvormen: nieuwsgierigheid, volharding en gedrevenheid bij het doorgronden 
van problemen; terughoudendheid en reflectie bij het ‘voor de hand liggende’, flexibiliteit, vermogen tot 
relativeren, tolerantie en respect voor andere opvattingen, en enige zelfspot en humor passen er ook bij.” 
29 See for instance: Clanchy & Ballard (1995), Barrie (2012).  
A compact definition is provided by Hager et al. (2002, p. 3): “These [generic skills] include thinking skills such 
as logical and analytical reasoning, problem solving and, intellectual curiosity; effective communication skills, 
teamwork skills, and capacities to identify, access and manage knowledge and information; personal attributes 
such as imagination, creativity and intellectual rigour; and values such as ethical practice, persistence, integrity 
and tolerance”. 
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There seems to be a broadly supported opinion, both nationally and internationally, that we 
need more generalists, and this calls for more interdisciplinary education, and more emphasis 
on generic skills and the development of personal attributes30. Next to that, I believe that we 
need specialists in areas like material science, health science, artificial intelligence, ecology, 
computing science, drug design, and other disciplines, but these specialists should have a 
broad set of skills, both disciplinary and generic. We should train our students to become 
creative, entrepreneurial, good problem-solvers, good communicators, feeling responsible, 
and able to work in multi-disciplinary, multi-cultural and international teams.  
 
These recent calls for interdisciplinarity and Bildung are a response to the disciplinary 
fragmentation and the undervalued representation of skills learning in the curriculum in 
universities 31. These calls for a broad university curriculum go along with the debate about 
the role of generic skills and attitudes in other levels of education. In primary and secondary 
levels these are expressed as 21st century skills 32. And in the Netherlands numerical literacy, 
digital literacy, citizenship are proposed as important objectives for future education, see the 
plans published by ‘onderwijs 2032’ 33and ‘curriculum.nu’ 34. 
 
Generic skills in teaching practice 
What are lecturers’ opinions on the importance and teaching of generic skills? I take the 
science faculty of this university as an example, not only because it is familiar to me, but also 
because we did some research into this. I know from my own experience that the situation in 
other science faculties at other universities is not very different from the science faculty in 
Groningen. Over the years, I worked with several PhD students on research projects aimed at 
improving the learning and teaching in science courses. We scrutinized goals and investigated 
how these were realised in courses.  
 
Interesting findings come from the work by Annelotte Lammers about academic reading and 
writing35. She interviewed 16 lecturers in astronomy, physics, chemistry and biology about the 
importance of academic writing and about their practices to enhance students’ writing skills. 
All lecturers agreed that academic writing was of uttermost importance for future academics, 
but they also admitted that they did not spend attention to writing instruction in their courses. 
As reasons they mentioned: they did not have time, they did not have the teaching 
competence, and they prioritized content in their courses. Some lecturers said that it was not 
their responsibility and task to teach students how to write a scientific text. From analysis of 
the curriculum at programme level, it appeared that writing instruction and writing practice 
did not get much attention in bachelor courses. This finding corresponds with my own 

                                                        
30 In the Netherlands, see, e.g., Commissie Verruit (1999), Dijkgraaf et al. (2013), Lenstra & Hoogenraad (2015). 
International organizations emphasized the importance of generic skills for future jobs: Future work skills 
(2020), The New Skills for New Jobs Expert Group (2010). 
31 Some Dutch scientists advocated for broad, general bachelor programmes. See: Otterspeer (2002), 
Otterspeer (2015), Cohen (2020). 
32 See: Partnership for 21st centrury skills (n.d.). P21 framework definitions. 
https://files.eric.ed.gov/fulltext/ED519462.pdf. 
33 Ons Onderwijs 2032. Eindadvies (2016). Platform Onderwijs2032. https://curriculum.nu/wp-
content/uploads/2018/05/Ons-Onderwijs2032-Eindadvies-januari-2016.pdf. 
34 https://www.curriculum.nu. 
35 Lammers (2020), Lammers et al. (2019). 
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observation as a lecturer in a master course on science communication, in which some 
students complained about the lack of support in improving their writing in bachelor courses. 
 
A second example comes from the work by Aldine Aaten 36. She investigated the development 
of mathematical reasoning by mathematics undergraduates. She used a longitudinal design in 
which she followed a small group of 12 students from two universities during a period of three 
years. Students were asked to solve similar calculus problems each year to find out how these 
students progressed. We were lucky that all 12 students continued studying mathematics and 
that these students successfully passed most of the mathematics courses. It appeared, 
however, that only about half of the students progressed in their mathematical reasoning 
abilities over a period of three years.  
 
What can we learn from these two examples? We see is that in these cases lecturers are more 
focused on the content of their own courses, and that students’ long-term development of 
skills – in these cases writing and mathematical reasoning – are neglected. Probably, the 
philosophy is that when students go through all courses that they master these skills 
themselves. When I analyse undergraduate curricula in the Faculty of Science and Engineering 
(FSE) it appears that students’ development is not explicitly visible in course goals, and, as a 
consequence, students do not get the support they need and deserve to develop an academic 
attitude. 
 
When I call for a broader curriculum with an emphasis on generic skills and personal 
development, this does not mean that the disciplinary context is not important: it is 
indispensable, because skills are developed in domain-specific contexts 37. Let us take research 
skills as an example. We should start developing research skills in specific, disciplinary 
contexts, for instance, in chemistry, astronomy, or engineering. Next, students will strengthen 
and broaden their skills by conducting research in different situations 38. Thus, in my 
perspective the connection between skills and the discipline is reversed. I advocate for a 
curriculum in which the personal development of students is the core, and the discipline is 
used as a context for developing students’ personal abilities. Considering the discipline as 
context and not as the main goal contrasts with traditional practices and requires a 
transformation in thinking about the university curriculum39.  
 
We know that it takes time and repeated practice to stimulate students’ development of 
generic skills. It is not sufficient to have one or two courses in the curriculum dedicated to the 
development of students’ generic skills and attributes. The curriculum should give students 
opportunities to develop their personal traits; it needs careful implementation in courses in 
such a way that students get the opportunity to reach higher competence levels.  
 

                                                        
36 Aaten, A. B., PhD thesis (in progress). 
37 See, e.g. Tricot & Sweller (2014). 
38 Research on the development of students’ research skills can be found in: Journal of University Teaching & 
Learning Practice, special Issue (2018). Much literature from the U.S. is available on experiences with 
undergraduate research: Yeoman & Zamorski, B. (2008), Hunter et al. (2010), Galeano et al. (2012). Linn et al. 
(2015). 
39 See: Goedhart (2015). 
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Teaching generic skills in courses leads to very different outcomes, varying from one student 
to another. In essay writing, for example, we know that some students reach higher levels 
than other students, not always because they lack ability but sometimes because they did not 
spend sufficient time to writing their products. Teaching generic skills requires a lot of effort 
from lecturers: intensive and individual feedback is needed to improve students’ skills.  
 
The diversity in learning outcomes among students shows that detailed goals in the form of 
attainment targets are not always adequate to guide our instructional practices and 
assessment. Some goals – especially, when it concerns knowledge – can be formulated rather 
specifically, but other goals can be stated more in terms of activities and are less determinate 
about achievement levels, for instance, when we formulate goals about the development of 
students’ creativity. Therefore, it is useful to discriminate between different types of goals. 
Consider to use mastery goals, entailing that students only pass a course if they conduct one 
or more specific tasks at a minimum level – for instance, students pass only if they answered 
some selected items 100% correctly in a test. On the other hand, use less specific development 
goals referring to activities, giving students opportunities to develop their skills, and, 
preferably, set their own goals. 
 
A lot of practical and theoretical knowledge on effective teaching and learning activities in so-
called powerful learning environments is already available 40.Also, knowledge about 
assessment instruments to follow students’ personal development are abundantly 
documented in literature, like forms of formative assessment, progress tests, and portfolio 
assessment 41. 
 
Quality culture and educational research 
Another point I want to make is that implementation of a quality culture requires educational 
research. Research is needed to give goals an empirical basis and to see how we can stimulate 
students’ development and connect this development to disciplinary knowledge and skills.  
An example is provided by the work by Edwin van Lacum and Annelotte Lammers in our 
research group. She worked on undergraduates’ academic literacy skills; that is about the way 
students learn to read and write scientific texts. She used a heuristic stemming from 
linguistics, developed by Edwin van Lacum, Marcel Koeneman, and Miriam Ossevoort 42, which 
was used by the students to read research articles. This research topic is far from obvious, 
because scientific papers are very complex, with high density of information, using 
conventional formats and specific rhetorics, and we know that students are not always 
capable to find relevant information. Van Lacum and Lammers have shown that this heuristic 
supports students’ reading and writing abilities. In the case of writing, we did not focus on 
writing style and grammar, but instead we focused on understanding and constructing 
scientific arguments. Construction of a scientific argument is the core of scientific work: the 
argument shows how conclusions are drawn supported by data and how these build on earlier 
research. The work by Annelotte Lammers and Edwin van Lacum was conducted in 
collaboration with lecturers and implemented in existing courses on biophysics, molecular 
biology and biomedical science. 

                                                        
40 See, e.g. Kober (2015), or the ETL project (Enhancing Teaching-Learning Environments in Undergraduate 
Courses): http://www.etl.tla.ed.ac.uk. 
41 See, e.g. Bloxham & Boyd (2007), Boud & Falchikov (2007). 
42 Van Lacum et al. (2015). 
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What did we learn from this? First of all, we got a view on students’ learning processes and 
the kind of obstacles they encountered when trying to understand and write scientific texts. 
Second, we formed ‘communities of practice’ of educational researchers and lecturers; we 
designed the student tasks within this team, we implemented our reading and writing courses 
within disciplinary courses, and we discussed our findings with the lecturers. I believe that this 
model can be very successful in realizing innovation in courses. My supposition is that 
lecturers as prominent researchers are also interested into investigating their own teaching. 
In these teams, it is imperative that educational researchers have a solid background in the 
discipline and are able to discuss the content of the course with the lecturers. For instance, 
we selected papers for student reading together with the lecturers. My experience is, 
however, that these innovative practices tend to disappear due to changes in staff and 
curriculum. Sustainability is hard to realize.  
 
Further, we noticed that there is hardly research on students’ abilities to read and understand 
research articles, especially in the natural sciences. This seems strange, because reading and 
understanding research articles is one of the most important things university students should 
learn: research has shown that scientists spend about 10% of their time to reading scientific 
publications43. Efficient and effective reading is a key skill for academics. Working on a unique 
topic means, that it is difficult to get your work funded: apparently, this kind of work is not 
recognized by funding agencies, does not have the interest of policy makers, and is not 
sufficiently funded by university and faculty boards.  
 
In the Netherlands, research into Higher Education is mainly done by educational researchers 
on general themes, close to the questions administrators wish to be answered, like “what do 
students learn in online courses?” or “how can we prevent students’ study stress?”. Relevant 
questions, but these questions do not always address teachers’ urgencies. Teachers are 
interested to know how students learn to master specific contents, like academic reading and 
writing, or solving differential equations, or mathematical reasoning, solving research 
problems, or designing models. However, not much funding is available for this kind of 
research. It is only a few years ago that the funding agency NRO made it possible to apply for 
funding for research into higher education, but on broad, general themes. In our institute, 
NRO applications were assessed by reviewers as “too narrow” when focused on 
undergraduate disciplinary courses.  
 
How different is the situation in the U.S.! There is a vast amount of domain-specific research 
at colleges and universities. There are some good reasons for that: first, the number of 
universities is high, and student populations in science courses are much larger than in the 
Netherlands (with sometimes more than 1,000 students in a course) and more diverse in 
terms of interest and achievement level, and some universities are rich and can afford to 
invest in improving education. But, it is also remarkable that some very prominent scientists 
switched from science to educational research, like Robert Karplus and Carl Weiman, Nobel 
prize winner in physics. In the U.S., these role models had a very positive effect on the image 
of educational research. Prominent Dutch scientists may also make such switches to function 
as role models for the academic community. In the U.S. we also find a very intense discussion 

                                                        
43 Based on a survey administered in 2005 among 935 science faculty members in five U.S. universities, Tenopir 
et al (2010) found that scientists spent 144 hours per year on article reading. 
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on undergraduate education in the natural sciences, catalysed by a large number of projects 
44. This is in stark contrast to the situation in Europe, especially in the Netherlands. I was 
involved in the launching of ICAB, a network of science lecturers from Dutch universities; we 
had some successful conferences, but I and my colleagues did not succeed in organizing 
project teams: we had a budget but no teachers willing to participate. Most of them did not 
have time – or, maybe they did not see any added value of spending time – to develop their 
teaching with colleagues from other universities. This shows that more facilities in terms of 
time are needed to build these networks. 
 
Conclusions 
To conclude: During this lecture I sketched an alternative conceptualization of educational 
quality – called quality culture – which is more focused on processes, innovation and change. 
In this conceptualisation, communities of teachers, students, curriculum experts and domain-
specific educational researchers have a central role in continuous innovation processes. 
Educational researchers with a background in the discipline highly contribute the productivity 
of these teams. These researchers introduce findings from literature, have a role in the design 
of teaching materials, design research instruments – like interviews and questionnaires – 
collect and analyse data, and give recommendations for improvement. A setup like this is 
called ‘participatory action research’ as an adequate way to combine different expertise and 
interests 45. This approach is now followed, to some extent, in one of the projects of the 
Teaching Academy Groningen (TAG), in which teacher teams collaborate with researchers on 
the implementation of online education. 
 
During the 17 years I worked in the science faculty, I have seen positive developments. I was 
involved in the implementation of the teaching qualification (the BKO) for lecturers, along 
with the introduction of courses on teaching for lecturers and for teaching assistants. Further, 
faculty-wide standards for teaching quality were implemented. Maybe as a result of this, more 
innovative teaching strategies have been introduced in some degree programmes. The 
traditional dogmas on university teaching with an emphasis on content learning and 
transmission teaching did not disappear, but are applied less frequently. I see a group of 
lecturers, many of them with experience at foreign universities, who are motivated to 
innovate their teaching: that is, by creating novel teaching materials, by applying new teaching 
strategies, or by using alternative ways of assessment. The recently launched positions for 
professors with an educational profile may be a start for realizing a quality culture. These 
professors can have a role in educational research to make innovation more research-based 
by collaborating with domain-specific educational researchers. Of course, this needs 
facilitation in terms of time, money, and professional training. Moreover, this needs courage. 
Lecturers should have the courage to deviate from the common pathways, do teaching 
experiments and learn from their successes and their failures. 
I am curious to see what will happen the coming years. I wish the faculty a lot of success with 
introducing a quality culture, and – also important – a lot of humour. 
 
  

                                                        
44 See Singer et al. (2012), Kober (2015). 
45 McTaggart (1994), Kindon et al. (2007), Morales (2016). 
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A word of gratitude 
A final word of gratitude: I wish to thank students and colleagues for the pleasant 
collaboration during the years I worked in this university. Especially, my gratitude goes to the 
about 20 PhD students I supervised. I am grateful for working together on their research 
projects, and for learning so much from them.  
I also want to express my gratitude to all the colleagues I worked with, both the teachers in 
the master programme Science Education and Communication and the ISEC research group, 
and the Faculty Board, who gave me the opportunities to work on a research programme in 
mathematics and science education.  
 
Next, I wish to thank those who played a role in the organisation of this event. Thanks: Jan, 
Lucy, May, Angeliki, Thomais, Theila and, especially, Dagmar for making this event successful. 
 
My special thanks go to a few persons who played an important role in my work during the 
last 17 years. First, Bart van de Laar. We started in the same department, after a 
reorganisation we were separated, but we continued our meetings to discuss the work of 
Sciencelinx and ISEC. Your perspective on the work of the research group was more from a 
distance, but always very useful. I appreciate this very much. Next, I would like to thank Henk 
Mulder, ‘mister EC-master’. He was lecturer in the master programme already when I came 
to Groningen 17 years ago, and he still is lecturer and he also took over my role as programme 
director. He had always an initiating and stimulating role in the EC-master, and he made the 
connection of science communication with society very visible, not only in his teaching but 
also in the community of EC-master teachers and students. Next, Lucy Avraamidou, who 
started six years ago in our group and has taken over my role as director. Thanks to you Lucy, 
the group has become an international research group and you showed me new horizons in 
science education research. 
 
Most important, I thank my family. My two sons who have grown to adults during our period 
in Haren and Groningen, and, I am very proud that they decided to become high school 
teachers, albeit in language and not in science. And I am very grateful to my wife José, who 
has always been an essential support for me, and with whom I had so many happy moments. 
I hope that we will have time and a long life to enjoy these moments in a long-lasting future. 
 
Ik heb gezegd. 
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