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Finnish primary school student teachers’ systems
thinking regarding sustainability in connection
with reproduction, biodiversity and sustainable
development

Abstract

Systems thinking is considered an important skill when teaching biology and sustainable development in
the 21st century. The key to understanding biodiversity and thus sustainability in biology is understanding
reproduction as a phenomenon. The aim of this study is to analyse student teachers’ systems thinking le-
vels regarding sustainability in connection with reproduction, biodiversity and sustainable development.
Second-year primary school student teachers from one Finnish university (N = 174) answered in a ques-
tionnaire, and their open-ended answers were categorized using content analysis. The results indicate
that most of the student teachers had a relatively low level of systems thinking concerning sustainable
development and its relation to the concepts of biodiversity and reproduction. The study also showed that
student teachers with higher interest towards biology had a more sophisticated level of systems thinking.
Teaching that emphasizes specific systems thinking skills and a comprehensive understanding of the broa-
der context is essential for fostering an understanding of sustainability."

Keywords: sustainability, systems thinking, reproduction, student teachers, teacher education,
content analysis

INTRODUCTION

In its ecological, economic and social dimensions, sustainable development includes a variety of in-
terrelated cultural, health and political aspects. In the educational systems of many countries em-
phasizing economic growth, the citizenship skills needed in the global information economy are
emphasized, with sustainability issues receiving less attention (Stevenson, 2007). This development
has led to a conflict between economic growth and sustainability, with the former having increased
consumption and brought with it negative environmental effects (Godard & Mainguy, 2008; Inter-
governmental Panel on Climate Change, 2014). Systems thinking, which examines the interconnected
parts of a system, could support a better understanding of the complexity of sustainable development.
It is part of scientific thinking and can be regarded as a tool for learning and seeking paths to improve
performance and quality (Draper, 1993).

The Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services (IPBES)
published its first global assessment on the state of biodiversity and ecosystem decline in 2019. It
states that ‘nature is declining globally at rates unprecedented in human history — and the rate of spe-
cies extinctions is accelerating, with grave impacts on people around the world now likely’ (Diaz et al.,
2019, p. 3). Globally, one key environmental problem is the population in humankind, which means
keeping human reproduction within appropriate limits while also preventing the extinction of animal
or plant species, such as those in isolated areas. While both asexual and sexual reproduction are bio-
logically important factors for species survival and biodiversity, when they lead to overpopulation, a
significant challenge to sustainable development is posed. Reproduction is a system, and a system can
be defined as a set of things followed by one another; the system of reproduction is intrinsically bound
to human—earth systems. Understanding complex and dynamic systems requires systems thinking
skills (Clark & Zeegers, 2015; Martin, Brannigan, & Hall, 2007).
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In both natural science education and sustainability education, systems thinking has been considered
a crucial skill to teach (e.g. Unesco, 2017). Sustainability education is a multidisciplinary, collabora-
tive, experiential and transformative education process (Jeronen, 2023; Moore, 2005). It includes
research, dialogue, reflection and action development based on values and goals. Systems thinking
skills can be developed at different grade levels using a wide range of teaching strategies (Karaarslan-
Semiz, 2021) and teaching and learning methods (Palmberg, Hofman-Bergholm, Jeronen, & Yli-Pan-
ula, 2017).

In order for students to find learning content meaningful, students’ previous knowledge and personal

connections to the issues to be learned are important to integrate into the learning process (Levin,
2000). Because students’ reactions to the outcome of their efforts can also shape their future behav-
iour (Immordino-Yang & Faeth, 2010), their views on sustainable development are crucial. How-
ever, this issue has not yet received sufficient attention (Aleixo, Leal, & Azeiteiro, 2021), particularly
in matters of reproduction and biodiversity. The aim of the present study is to analyse the systems
thinking levels of Finnish primary school student teachers regarding sustainability and to assess how
they explain the relationship between reproduction, biodiversity and sustainable development. The
goal of this survey is to encourage the developers of the curricula and teachers and student teachers
to consider systems thinking in their teaching and to offer ideas about the levels of systems thinking
that should be supported.

SYSTEMS THINKING AND EDUCATION

Conceptualizing systems thinking

There are many definitions of systems thinking. Peter Senge (1990) defines it as the discipline of
seeing wholes and understanding interrelationships and changes instead of regarding situations as
static. Frank Draper (1993) describes it as the capability of seeing the world as a multifaceted system
in which all components are connected to one another. According to Korten (1995), systems thinking
demands a willingness to seek out connections between problems and events. It supports the under-
standing of the processes included in the whole (Bunge, 2000) and the understanding of one’s own
role from a holistic perspective. Systems thinking is the ability to recognize different biophysical and
social components and the interrelationships of systems in a given context (Sterling, 2003). Accord-
ing to Davidz and Nightingale (2008), systems thinking is an analytical and synthetic understand-
ing of technical, social, temporal and multi-level interconnections, interactions and dependencies.
Kasser (2019) states that systems thinking enables understanding interconnections and relationships
between issues and understanding the world as a complex system. Moore et al. (2018), meanwhile,
define systems thinking as the ability to identify, understand and synthesize interactions and interde-
pendencies in the context assigned to a particular component.

All these definitions include the view that systems thinking is the ability to understand interrelation-
ships that are often complex. According to Stave and Hopper (2007), there is a consensus about seven
key components of systems thinking: recognizing interconnections, identifying feedback, under-
standing dynamic behaviour, differentiating types of flows and variables, using conceptual models,
creating simulation models and testing policies.

Systems thinking is based on critical thinking and reflection and requires the ability to judge and act
(Sterling, 2009). According to Ben-Zvi-Assaraf and Orion (2005) and Senge (1990), systems thinking
is a combination of different skills and constitutes a higher-order way of thinking. In addition, Batzri,
Ben-Zvi-Assaraf, Cohen, and Orion (2015), Keynan, Ben-Zvi-Assaraf, and Goldman (2014) and Palm-
berg et al. (2017) have carried out studies concerning systems thinking and its conceptualization in
science education. Systems thinking can be taught and learned and serve as a component of behaviour
change interventions (Moore et al., 2018).
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Systems thinking in biology education and sustainability education

Systems thinking has received increasing attention from educators in recent years and has been stud-
ied in different disciplines such as science education and biology education (e.g. Fanta, Braeutigam, &
Riess, 2020; Zangori & Koontz 2017) and in sustainability education (Ateskan & Lane, 2018; Connell,
Remington, & Armstrong, 2012; Palmberg et al., 2017; Remington-Doucette, Hiller Connell, Arm-
strong, & Musgrove, 2013; Sandri, 2013). Even people with a strong science, technology, engineering
and mathematics background do not always understand complex dynamical systems (Voulvoulis et
al., 2022) and tend to explain them using solely causal thinking (Plous, 1993). While causal thinking
is part of systems thinking (Sheehy, Wylie, McGuinness, & Orchard, 2000), it alone is not sufficient
to understand the network formed by complex phenomena and to adopt a different way of thinking
about the relationship between humans and the world (Allen, Cunliffe, & Easterby-Smith, 2019).
Redman and Wiek (2021) list four other competencies to solve complex phenomena being futures
thinking, action-oriented, values thinking and collaboration competency.

While research has shown that education does not sufficiently develop students’ systems thinking
skills (Palmberg et al., 2017), Riess and Mischo (2017) and Karaarslan-Semiz and Teks6z (2020) have
shown that pre-service science teachers’ systems thinking skills can in fact be nurtured and enhanced.
They found 12 systems thinking skills in outdoor education for sustainable development and science
education; based on interviews, their evaluation of the systems thinking skills of pre-service teach-
ers was categorized into four levels: pre-aware, emerging, developing and mastery. The pre-service
teachers were shown to develop systems thinking skills which were not able to be analysed in the im-
plementation stage, such as recognizing the cyclical nature of systems, empathy among non-human
beings, developing a sense of place and adapting a systems thinking perspective to one’s personal
life. Riess and Mischo (2010) define systems thinking as an ability to recognize and describe complex
aspects of reality as systems. According to Riess and Mischo (2010), Schuler, Fanta, Rosenkraenzer,
& Riess (2017), the essential aspects of systems thinking include the ability to identify central parts of
systems and recognize dimensions of the passage of the time.

The primary focus of the systems approach is on the interrelationships of a system’s components
(Bertalanffy, 1968), with the goal of being able to connect biological components, for example, by
using an approach that advocates viewing the issue at hand as a whole. This runs contrary to the
traditional approach that understands a subject by analysing its individual parts. Every biological
system is part of a larger and more complex system, and humans themselves are part of earth’s vast
biological diversity. For both humans and other species, habitats and the relationships between them
are crucial. In its boundless versatility, nature produces food, energy, medicines, fibres and other
essential commodities. It also maintains good air quality, clean water and fertile soil and produces a
climate that supports life (Diaz et al., 2019.) According to Riess and Mischo (2010), populations based
on reproduction in biology can comprise part of ecosystems and ultimately the integral biosphere,
which is an integral part of the planet and climate. Skill at systems thinking is essential for compre-
hending systems and interactions, which is why several researchers have sought to show that it can be
fostered not only at the primary and middle school levels (Ben-Zvi-Assaraf & Orpaz, 2010; Evagorou,
Korfiatis, Nicolaou, & Constantinou, 2009; Hmelo-Silver, Jordan, Eberbach, & Sinha, 2017; Sommer
& Luecken, 2010) but also at the high school level concerning the system of the human body (Tripto,
Ben-Zvi-Assaraf, Snapir, & Amit, 2017) and regarding ecology through outdoor learning (Karaarslan-
Semiz & Teksoz, 2022). According to Kim and Senge (1994), systems thinking can be used when
groups need to work, experience and learn together.

Sustainability education, systems thinking, biodiversity and reproduction in Finland’s
biology curricula

In Finland’s biology curricula, the terms ‘sustainability education’ and ‘systems thinking’ are not
even mentioned, although the concept of sustainable development does appear. In basic education,
the importance of the biodiversity is emphasized. The content consists of the fundamentals of the
structures and functions of living organisms, diversity of habitats and heredity and evolution. These
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areas are related to, for example, the preservation of natural diversity and changes in the surrounding
environment. (Finnish National Agency for Education, 2017). In the ‘Life cycle’ section in secondary
school biology, the central contents are sexual and asexual reproduction, growth, development and
death, while the ‘Evolution’ section deals with natural selection, adaptation and the emergence and
extinction of species (Finnish National Agency for Education, 2019). Group work, co-operational and
problem-solving skills and experiential and inquiry-based learning have been reported to be impor-
tant when supporting students’ skills to influence and participate in the development of their immedi-
ate environment and keep it viable (e.g. Hmelo-Silver, 2004, Hmelo-Silver, Duncan, & Chinn, 2007).
Students are also guided to understand the notions of sustainable lifestyle and global responsibility
(Finnish National Agency for Education, 2017, 2019). In Finland’s teacher education curricula, sus-
tainability education and competencies concerning teaching sustainability are mentioned (University
of Turku, 2022).

RESEARCH AIM AND QUESTIONS

The aim of this study is to analyse Finnish primary school student teachers’ levels of systems thinking
regarding sustainability and how they explain the relationships between reproduction, biodiversity
and sustainable development. The responses of the student teachers to a survey questionnaire were
examined using content analysis. The goal of the research is to encourage teachers and student teach-
ers to pay attention to systems thinking and to offer ideas about the levels of systems thinking that
should be supported in their teaching. The study is framed by two research questions:

1. How do student teachers describe the relationships between reproduction, biodiversity and
sustainable development?
2. What level(s) of systems thinking do the student teachers’ answers reflect?

In addition, the student teachers’ interest in biology in connection with their level of systems thinking
was an area of focus.

MATERIAL AND METHODS

Participants

The participants were second-year student teachers (IV =174; 138 female, 35 male, 1 other) from a
single Finnish university. A total of 154 (88.5%) of participants had completed the compulsory biol-
ogy course, which is worth 3 ECTS. The participants’ age cohorts were as follows: < 25 (71.8%), 25-35
(18.4%) and > 35 (9.8%).

The study was performed according to the ethical guidance of the Finnish National Board on Research
Integrity. Thus, participation was voluntary, and the students had the ability to withdraw from the
research at any time without consequence.

Design and measures

Because cohorts of student teachers are relatively small, the study was conducted over two consecu-
tive years. A total of 86 second-year student teachers participated in the study in the first year (2019);
88 students took part in the second year (2020). The teacher education curriculum was unchanged
across both years, and the biology course teacher at the university where the study was carried out
was the same.

The participants completed the questionnaire individually in a controlled situation in a regular lec-
ture hall context in November 2018 and September 2020. The students had approximately 30 min-
utes to answer the questions; the answers were provided in Finnish, the students’ first language. The
questionnaire was pre-tested by three subject student teachers.
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Background information measures on student teachers included the year in which they participated
in the study (2018 or 2020), their general interest in biology (a scale of 1—10) and whether or not they
had completed the compulsory basic biology course (3 ECTS) for the elementary school level.

Student teachers’ systems thinking was measured with an open-ended essay question based on a
web-based questionnaire (www.webropolsurveys.com). The student teachers were asked the follow-
ing question: “How are the concepts of reproduction, biodiversity (i.e. biological diversity) and sus-
tainable development related to each other?” This particular topic was chosen because sustainability,
reproduction and biodiversity are taught in the compulsory biology didactics in Finnish teacher edu-
cation, and the student teachers were thus expected to have appropriate understandings of those top-
ics. The task and analytical protocol were piloted with two biology subject student teachers; a model
answer written by them including seven systems thinking levels is presented below.

« Sustainable development, biodiversity and reproduction are concepts in biology that are close-
ly connected to each other (Level 1).

« Sustainable development is needed so that biodiversity is preserved and thus the reproduc-
tion of organisms is secured. With the help of sustainable development measures, the aim is
to secure the habitats of different species so that organisms can grow and reproduce (Level 2).

« Sustainable development can be divided into three different levels: ecological, economic and
social sustainable development. The goal of ecological sustainable development is the preser-
vation of natural diversity and ecosystems, which enables a wide biodiversity. Even biodiver-
sity is different, as there is inter-species diversity and intra-species diversity; the latter affects
reproduction (Level 3).

« For example, poaching reduces diversity within a species when its population decreases. An
inherently homogeneous population is susceptible to disease and illness and this reduces the
generation of vigorous new generations and further reduces the size of populations. When
fishing in accordance with the principles of sustainable development, diversity within species
is safeguarded (Level 4).

« Safeguarding biodiversity is also beneficial for humans, such as in the production of food and
medicine. By promoting sustainable development and biodiversity, people protect their own
lives on earth (Level 5).

« Each species has its own place in the ecosystem. Since the ecosystem is a dynamic and interac-
tive entity, the disappearance of even one species can cause major changes. That is why it is im-
portant to take care of biodiversity including the genetic diversity that ensures the emergence
of vibrant new generations. Lost species cannot be recovered, and destroyed ecosystems will
not fully recover, resulting in significant changes in future evolution (Level 6).

« Modelling of an experiment in the ecosystem leading to disappearance of species is ethically
problematic in practice, but there are examples of projects aiming to endorse survival of en-
dangered species by refreshing / repairing the ecosystem the species are part of, e.g. by plant-
ing a specific species of eucalyptus for koalas in Australia or preventing coral bleaching on the
Great Barrier Reef by planting Symbiodiniaceae, on which coral reproduction and flourishing
depend. Without such operations, the existence of the Great Barrier Reef and its diverse biota
is seriously threatened. This in turn would have massive consequences for the oceans and, by
extension, for all the Earth’s ecosystems, as the viability of the planet depends on the state of
the oceans. (Level 7)

In this study, we use the term ‘level’ to describe the different categories of the system thinking model.
At the upper levels, it is thought that more complex and thus more sophisticated systems thinking
is required. However, it should be noted that these levels are not automatically constructed on top
of each other in a logically cumulative manner, but that a student may present statements from the
‘higher levels’ of systems thinking model without automatically resulting in that all of the require-
ments from the ‘lower levels’ of the model being met as well. This solution has been made because it
is known from learning research that human knowledge structures are layered in nature in the sense
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that a learner can for example have both misconceptions and scientific conceptions simultaneously
and what knowledge is used depends on many factors (Vosniadou, 2012). Thus, to avoid over-inter-
preting students’ understanding, the scoring system has been designed in such a way that students
can demonstrate, for example, level 7 thinking in their answer, but we do not automatically assume
that they master levels 1-6.

Data analysis

A mixed methods approach was used to analyse the data. First, student teachers’ systems thinking
levels were categorized based on their written answers using a theory-driven content analysis (Table
1). The categories were formed based on Stave and Hopper’s (2007) original classification, which was
further developed by Palmberg et al. (2017). The answer of each participant could represent several
levels of systems thinking. In addition to categorizing the answers, a sum score was calculated for
each student teacher. One point was awarded for an answer representing Level 1 systems thinking,
two points for an answer representing Level 2, three points for an answer representing Level 3 and
SO on.

Abiology teacher (the fourth author) categorized all student teachers’ answers, with inter-rater analy-
sis carried out for 15% of the data by a senior university lecturer and biology teacher (the second
author). The inter-rater agreement of the analysis was 80%, which is considered high in this type of
qualitative analysis (O’Connor & Joffe, 2020).

The differences between the student teacher groups (based on year and completion of the biology
course) were quantitatively analysed with independent samples t-tests. Additionally, the student
teachers’ interest in biology was compared with their systems thinking level using a Pearson correla-
tion test.

Table 1. Analytical categories of levels of systems thinking, adapted from Stave and Hopper (2007)
and Palmberg et al. (2017).

Levelo Mo level of systems thinking

Basic level Level 1 Recoanising intercennechions Identify paris of a system
Level 2 Identifying feedback Recognise chains of causal links.
Identify closed loops.
Level 3 Understanding dynamic behaviour Explain the behaviour of a parficular causal

relationship or feedback loop.
Explain the behaviour of linked
feedback loops.
Intermediate Level 4  Differentiating types of variables and flow  Describe the parts and levels of the system
level according to
their functions.
Level 5 Using conceptual models Use a conceptual model of system structure to
suggest potential solutions to a problem.
Advanced Level 5 Creating simulation models Build a functioning model.
level Operata the model.
Validate the model.
Level 7 Testing policies Hypothesize the effect of changes.
Use model to test the effect of changes.
Interpret model output with respect to problem.

As for the trustworthiness of the study (Elo et al., 2014), its design and implementation were negoti-
ated among the researchers throughout the research process. The study procedures were carefully
documented to review and verify data throughout the study. The analysis of the data was carried out
independently by two researchers. At the end of the analytical process, the researchers compared and
discussed their classifications until a unified view was reached. The results were also compared with
previous studies.
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RESULTS

First, we checked whether there were differences between student teachers who had completed the
compulsory biology course at university and those who had not. There was no statistical difference
between the groups in their level of systems thinking (¢ (172) = 1,347; p = .180). We also checked
whether there were differences in student teachers’ level of systems thinking across years; there were
also no differences in this regard (¢ (172) = -.191; p = .849). Thus, all participants were studied as one
sample in further analyses.

The investigation made it clear that most student teachers had a relatively low level of systems think-
ing concerning sustainable development related to the concepts of biodiversity and reproduction
(Table 2). Indeed, 14.4% of the answers were categorized as a total absence of systems thinking (Level
0). A large majority (77%) of the student teachers were categorized as having a basic grasp (Levels
1—3) of systems thinking, and only 8.6% were identified as having intermediate or advanced skills in
systems thinking (Levels 4-7).

Table 2. The distribution of student teachers’ answers across systems thinking Levels 0—7

Level 0 Level 1 Level 2 Level3  Level4 Level 5 Level6 Level 7

n(%) 25(144) 16(9,2) 80(46,0) 38(21.8) 0(0,0) 6(3.4) 7(4.0) 2(1,1)

Several of the student teachers’ answers (f = 25; 14.4%) were categorized as Level 0, which meant
they showed no indication of systems thinking. These student teachers were unable to recognize or
identify connections between specific concepts. Typical answers at this level included ‘All are related
to biology and the cycle of life’ (ID 4), and ‘All are matters of biology, all are related to nature and
our environment, but I think they have nothing more in common’ (ID 8).

Answers categorized as Level 1 showed an awareness of simple interconnections, as the following
quotes suggest: ‘Sustainable development is related to the diversity of nature and thereby the pos-
sibilities of reproduction of organisms’ (ID 15); They have a great influence on each other. Re-
production affects biodiversity and biodiversity affects sustainable development’ (ID 129); and ‘So
that all living things work in cooperation with each other. And in order for us to have sustainable
development and for all living things to do well now and in the future, everything affects everything
— thinking is an important thing to learn in school’ (ID 154).

Almost half (44.7%) of the student teachers’ answers were categorized as Level 2, indicating that
the answers were rather superficial and involved only identification of certain interrelations between
concepts without offering any justification of or explanation for those connections. Typical answers
categorized as Level 2 were as follows: ‘Sustainable development and continuity require the preserva-
tion of biodiversity and controlled reproduction’ (ID 13); ‘Reproduction can either increase or de-
crease natural diversity; that is, biodiversity and sustainable development mean nature remaining
diverse’ (ID 19); ‘Sustainable development guarantees the reproduction of species and maintains
biodiversity’ (ID 41); ‘Sustainable development enables good biodiversity. In good biodiversity, re-
production is balanced between organisms’ (ID 93); and ‘Sustainable development requires con-
trolled reproduction, awareness of biological diversity and its preservation. If one of these three
areas is removed, the other areas will not be able to function well enough’ (ID 144).
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Answers categorized as Level 3 included basic descriptions of interconnections and feedback loops.
These answers were slightly longer but considered the phenomenon only from a single perspective,
indicating that these student teachers remained in the basic stratum of systems thinking, although
they were at the top end of that range. The following examples represent Level 3 answers:

Reproduction and biodiversity are related to each other in such a way that without reproduc-
tion, biodiversity would not remain at the same level. On the other hand, reproduction is related
to sustainable development in such a way that if there are, for example, too many people, the
carrying capacity of nature is insufficient. In terms of sustainable development, it would be
beneficial if biodiversity was as ‘good’ (versatile) as possible. (ID 5)

Biodiversity is a prerequisite for the reproduction of different species and to make the living
conditions of different organisms possible. Biodiversity can be protected with the help of sus-
tainable development, which in turn is connected to the reproductive opportunities of different
species. (ID 43)

In order for any species to remain healthy and exist (sustainable development of the species), it
is important that there be sufficient biodiversity among the reproducing individuals. Inbreed-
ing and the emphasis of characteristics harmful to species development are avoided. (ID 73)

The principles of sustainable development aim to protect biodiversity in terms of both species
and ecosystems. In turn, the reproduction and well-being of species depend on the diversity of
nature. In addition, various human-caused changes such as pollution can directly affect organ-
isms and their vitality and reproduction. (ID 180)

These answers at Levels 1 to 3 belonged to the basic stratum of systems thinking (Stave & Hopper,
2007). Answers in Levels 4 and 5 are classified as intermediate (Stave & Hopper, 2007), but none of
the participants’ answers was assigned to Level 4, and only a few qualified as Level 5. At that level, one
student teacher related a story of the expected effect of an action on a given problem and suggested a
potential solution. The following is an example of a Level 5 answer:

Biodiversity therefore means biological diversity. Biodiversity is important to cherish, and
therefore the concept of sustainable development is related to it. For example, it would not be
good to cut down trees from rainforests, because that affects species that live in trees, as well as
species that eat leaves from trees (and all other species, because plants produce oxygen, etc.).
Animals and plants must have good reproductive opportunities so that species do not become
extinct, and nature continues to be a diverse entity. (ID 105)

The answers at Levels 6 and 7 represent the most advanced stage of systems thinking. At Level 6, the
student teachers’ answers included written simulation models concerning reproduction, biodiversity
or sustainable development that were suitable for comparison to behaviour observed on earth, such
as human activity. The following are examples of Level 6 answers:

Reproduction guarantees the conservation of the species, which maintains the diversity of na-
ture. Sustainable development, on the other hand, guarantees that living conditions remain
favourable for species so that they can multiply. (ID 52)

The rate of reproduction of different species is linked to biodiversity in such a way that if a spe-
cies does not increase, it becomes extinct, reducing biodiversity. Biodiversity, on the other hand,
is linked to sustainable development, because changes in it affect everything on earth, such as
other species and the climate. Human reproduction or lack of reproduction also has an impact
on sustainable development, because human activity on earth is relevant to the environment.
(ID 76)
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The increase in organisms increases biodiversity, because the more different organisms we
have, the more diverse nature is. Sustainable development supports the preservation of habi-
tats and the ability of organisms to live longer and produce offspring capable of reproduction.
Sustainable development also helps endangered organisms to survive. (ID 145)

At Level 7, the student teachers offered descriptions of the expected outcomes of a given change, such
as burdens on the earth and how biodiversity guarantees the well-being of the system, indicating the
most advanced systems thinking skills. The following quotes are examples of Level 7 answers:

A sustainable way of life should protect the conservation of diversity in the future. If we con-
tinue to live on earth the way we are now, we will continue to destroy biodiversity. At the mo-
ment, every individual born burdens the earth more. (ID 108)

Biodiversity is limited if some species are no longer able to reproduce in a certain environ-
ment; for example, if too many forests are cut down, the plants and animals in those areas
will no longer able to obtain enough food and will be reduced [in number]. Animals may not
be able to carry out their species-typical behaviour in a changing environment; their territory
is reduced or is expanded to atypical areas, such as cities “urban bear”. For example, cutting
down rainforests destroys an area’s biodiversity and also affects the well-being of the entire
planet, because rainforests are the lungs of the earth’. Taking care of biodiversity guarantees
the well-being of a system that has developed over millions of years and improves the survival
of humans on Earth. (ID 143)

The student teachers’ interest in biology was an average of 6.89 out of 10 (Min, 1.00; Max, 10.00; SD,
1.80), indicating an overall moderate level interest in biology. That interest correlated positively with
the level of systems thinking (r = .268; p > .01), meaning that those with a greater interest in biology
had a more sophisticated level of systems thinking.

DISCUSSION

Systems thinking among Finnish student teachers in the context of biodiversity and
sustainable development

Systems thinking has been identified as an important 21st-century skill in teaching biology and sus-
tainability (Ben-Zvi-Assaraf & Orion, 2010; Chandi, 2008; Keynan et al., 2014; Shepardson, Roy-
choudhury, Hirsch, Niyogi, & Top, 2014). Palmberg et al. (2017) studied the systems thinking levels
of student teachers in Nordic countries in biodiversity education and sustainability contexts. Their
study focused on student teachers’ systems thinking about the ecological dimension of sustainability,
especially their views about the relationship between species identification, biodiversity and sustain-
able development. The findings concerning student teachers’ systems thinking were intended to sup-
port the redesign of university teacher education programmes to take into account the teaching and
learning competencies needed to understand and convey the complexity of sustainability (cf. Sterling,
2017).

One very important issue in biology is to understand reproduction as a phenomenon, as it is a pre-
requisite for understanding biodiversity and furthering sustainability. It is important to understand
it as part of a system. The awareness of reproduction supports people in grasping how their own life
choices can influence the diversity of animal and plant species in an area and thus a sustainable way
of life in that area. In the present study, systems thinking concerning the connections between repro-
duction, biodiversity and sustainable development as a complex system was in focus for the first time.
The results show that most student teachers lack the ability to use systems thinking to understand
those three issues as part of a complex system. Such complex systems are not easy to understand be-
cause understanding them requires special systems thinking skills (Riess & Mischo, 2010).
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Two key findings are that six of the seven levels of systems thinking and no systems thinking were
found among the student teachers’ answers and that most student teachers had a relatively low level
of systems thinking concerning sustainable development and the concepts of biodiversity and re-
production; quite a number of students demonstrated no ability to engage in systems thinking. A
similar finding was reported in Palmberg et al.’s (2017) study in three Nordic countries regarding
the relationship between species identification, biodiversity and sustainable development. Both sets
of results confirm that phenomena connected to sustainable development are extremely difficult to
accurately connect with each other, especially at higher levels of systems thinking. These results are
similar to those in Zangori and Koontz (2017), who reported that upper-level undergraduate biology
students did not fully understand the connection between the elements of climate change even when
they did express an understanding of cause and effect and rarely made connections to system feed-
back even after studying these issues for a certain period of time.

Less than one tenth of student teachers were identified as having an intermediate or advanced level of
systems thinking. This result is in line with the results in Dutton-Lee (2015): primary school students
had low levels of systems thinking concerning the context of the water cycle. In the student teachers
answers the advanced 7™ level appeared rarely. Systems thinking at this level requires the student
teachers to understand socio-scientific issues and it also requires examining the causal connections
within and between the systems and analyzing the possible results of the system from the perspec-
tive of different stakeholders (Sadler et al., 2007). Learners who do not have experience studying
problems from a systems perspective often do not understand enough the complexity of issues (Liu et
al., 2011; Yang, 2005). So, it is important to provide student teachers with tools to promote systems
thinking and other epistemic tools (Ke at al. 2020; Markauskaite & Goodyear, 2014), to facilitate
knowledge and construction and justification.

Limitations and future directions

The present study offers interesting and important findings about Finnish primary school student
teachers’ systems thinking skills regarding sustainability development in relation to reproduction and
biodiversity. However, the following aspects need to be considered before generalizing the results. In
the present study, only questionnaires were used, and it would be valuable to conduct interviews in
the future studies to obtain a deeper understanding of the students’ ideas and systems thinking skills.

According to our findings, systems thinking was more sophisticated in student teachers who were
more interested in biology. It is also known that didactic knowledge related to subjects supports stu-
dent teachers’ understanding systems, fosters their systems thinking, increases their pedagogical con-
tent knowledge and trains them to teach about systems (Schuler et al., 2017). Palmberg et al. (2017)
showed that older Norwegian student teachers tend to demonstrate more systems thinking than other
Nordic student teachers in the same age cohort. Thus, it appears that both interest in subject knowl-
edge, and teaching strategies and life experiences have effects on student teachers’ systems thinking
skills. Elucidating these and other factors affecting systems thinking skills of the student teachers is
an important topic for further research. Therefore, one suggestion for future research is to compare
differing systems thinking teaching strategies and practices in teacher education to foster student
teachers’ higher-order systems thinking in biology. In addition, through a different research design,
a broader and more in-depth picture of the factors affecting student teachers’ systems thinking is
obtained than based on a survey alone.
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