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Systems thinking can be a helpful pedagogy to improve students’ coherent understanding of living systems in 

upper secondary biology education. Unfortunately, systems thinking is still underused in science education. 

It is a way of thinking in which biological phenomena are seen as natural wholes that are complex and 

consist of many interacting parts. Living systems can be explained in terms of systems theoretical 

characteristics, for example input and output, self-organising and emergent properties. Several studies 

report about implementation of systems thinking in a specific biological topic, for example cell biology or 

ecology. This paper focuses on the development of systems thinking as a crosscutting concept that can be 

used by students in several biological contexts. Therefore, the research question is: What are the design 

guidelines for a teaching approach, in upper-secondary biology education, on developing systems thinking 

as a crosscutting concept? To identify possible ways to teach students this crosscutting concept, semi-

structured interviews were conducted with teaching experts, i.e. biology teachers and teacher educators. In 

addition, systems biologists were interviewed to acquire insight in the implementation of systems thinking in 

academic education and their ideas for implementation in upper-secondary education. Preliminary data 

result in three design guidelines. The learning and teaching activities should: (1) engage students in 

modelling activities with various models of biological phenomena with increasing level of complexity; (2) 

introduce simulation activities in which students can investigate the behaviour of the whole system; (3) be 

repeated through the biology curriculum to achieve systems thinking as a crosscutting concept. In this way 

students learn to use systems thinking as a metacognitive tool in new (learning) contexts. In a follow-up 

study the guidelines will be used to design a teaching approach that will be tested in classroom practice. 
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SYSTEMS THINKING AS A CROSSCUTTING CONCEPT 

Systems thinking can contribute to the development of students’ coherent understanding of dynamic living 

systems (Verhoeff et al., 2009; Boersma et al., 2011). Many studies on biology education reveal that it is 

difficult to achieve coherent understanding by students (Fisher et al., 2001; DiSessa, et al., 2004; Ummels, 

2015). Systems thinking is a way of thinking in which biological phenomena are seen as natural wholes that 

are complex and consist of many interacting parts. Dynamic living systems can be explained in terms of 

systems theoretical characteristics, e.g. input and output, self-organising and emergent properties. Although 

systems thinking is explicitly included in the Dutch curriculum requirements (CvE, 2016), teaching methods 

do not sufficiently encourage students to make crosslinks between different topics. Teachers are expected to 

bring coherence in the curriculum and link abstract molecular explanations to concrete phenomena. They 

only have limited time and support to do so (Verhoeff et al., 2009). The main objective of this study is to 

define design guidelines for a teaching approach on systems thinking in upper-secondary biology education. 

 

The number of studies reporting about systems thinking in education has increased in recent decades 

(Verhoeff, 2003; Westra, 2008; Liu & Hmelo-Silver 2009; Assaraf et al., 2013; Raved & Yarden, 2014). All 

these studies have developed teaching approaches to implement systems thinking in a specific biological 

topic, for example cell biology, homeostasis or ecology. This paper focuses on the development of systems 



 
thinking as a metacognitive tool for students to study the complexity of life. This connects to NGSS (2013) 

that presents systems thinking as a crosscutting concept to help students deepen their understanding of 

disciplinary core ideas and develop a coherent and scientifically based view of the world. 

 

This paper addresses the following research question: What are design guidelines for a teaching approach, 

in upper-secondary biology education, to develop systems thinking as a crosscutting concept? 

 

METHOD 

Semi-structured interviews were conducted with teaching experts to identify possible ways to implement 

systems thinking as a crosscutting concept in upper-secondary biology education. The teaching experts 

consist of Dutch biology teachers in upper-secondary education with more than five years’ experience 

(n=10) and biology teacher educators from Dutch academic teacher training institutes (n=6). In addition, 

semi-structured interviews were conducted with University teachers in systems biology (n=4). They already 

have experience with the implementation of systems thinking in academic education. We are interested in 

their ideas of implementation of systems thinking in secondary education. The interviews were audio 

recorded and lasted approximately one hour each. Audio recordings were transcribed verbatim. Data 

analyses were conducted by two researchers who discussed the codes until they reached mutual agreement. 

Based on the preliminary results, overarching design guidelines, have been identified. In addition, the results 

of the interviews have been related to relevant insights from literature on implementation of systems 

thinking in a specific biological topic. 

 

RESULTS 

Preliminary results show that all respondents suggest engagement of students in modelling activities with 

various models of biological phenomena. Some teachers advise to start with a relatively simple model, for 

example on the organismal level. This can be followed by more complex models on a more abstract level, 

for example the molecular level. Teacher experts suggest different ways to engage students actively with 

modelling: visualisation with drama, computer-modelling, drawing and/or crafting. An important aspect of 

systems thinking seems to be the interaction of the system elements on the behaviour of the systems as a 

whole. Systems biologists suggest to design simulation cases where students have to determine the effect of 

a changed element on the behaviour of the system as a whole: “It is very exciting to start modelling 

something. Think of it as an experiment. You start to play with it. You change the gravity; how does that look 

like? Do you understand what is happening? Can you link this to the theory? That should perhaps be the 

way we actually need to be teaching." According to the systems biologists, this will lead to a deeper 

understanding of the system as a whole by students: “I think that models are very important to get a good 

understanding of the reality. What I find exciting is to push homeostasis out of balance. You only begin to 

understand it, when you push it out of balance. In a model you can explore this very well.” The respondents 

argue that the development of systems thinking as a crosscutting concept takes time. A systems biologist 

says: “I notice that systems thinking is very difficult for people. It takes time. It's like a seed you need to 

plant. But once you've finally got it, you can't really think otherwise anymore.” A little later he gives an 

advice to achieve this: “And, the sooner you start with [systems thinking], it really needs to grow, so 

therefore it should be repeated over and over during the school curriculum." 

 

 



 
CONCLUSION AND DISCUSSION 

The preliminary data result in three design guidelines. The learning and teaching activities should: (1) 

engage students in modelling activities with various models of biological phenomena with increasing level 

of complexity. This complexity is represented by the amount of elements in a system and the level of 

abstractness. For example, the molecular level is more abstract for students than the organismal level; (2) 

introduce simulation activities in which students can investigate the behaviour of the total system. Start for 

example with a ‘what happens if’-scenario. One element of the system will be changed and the students have 

to determine the effect on the behaviour of the whole system; (3) be repeated several times and in various 

topics through the biology curriculum to achieve systems thinking as a crosscutting concept. In this way 

students learn to use systems thinking as a metacognitive tool in new (learning) contexts. The final design 

guidelines will be presented at the 2017 ESERA conference. In a follow-up study the guidelines will be used 

to design a teaching approach that will be tested in classroom practice. 
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