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Abstract: Sustainability is a complex concept including ecological, economic and social dimensions,
which in turn involve several aspects that are interrelated in a complex way, such as cultural, health
and political aspects. Systems thinking, which focuses on a system’s interrelated parts, could
therefore help people understand the complexity of sustainability. The aim of this study is to analyse
student teachers’ level of systems thinking regarding sustainability, especially the ecological
dimension, and how they explain the relationship between species identification, biodiversity and
sustainability. Nordic student teachers (N = 424) participated in a questionnaire and their open
answers were content-analysed and categorised. The results indicate the student teachers’ low level
of systems thinking regarding ecological sustainability. About a quarter of them (25.4%) had a basic
level including interconnections (13.7%), additional feedback (8.9%) and also behavioural aspects
(2.8%), but none of them reached an intermediate or advanced level. The low level of systems
thinking could be explained by two main factors: (1) Systems thinking has not been used as an
educational method of developing understanding of sustainability in teacher education
programmes; and (2) systems thinking is also a result of life experiences; the older ones showing
more systems thinking than the younger ones. Therefore, elementary forms of systems thinking
should be an educational method already in primary education.
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1. Introduction

“Sustainable development cannot be achieved by technological solutions, political regulation
or financial instruments alone. We need to change the way we think and act. This requires
quality education and learning for sustainable development at all levels and in all social
contexts [1]”.

Sustainable development (hereafter used synonymously with sustainability) is a complex concept
including ecological (environmental), economic and social dimensions, which in turn comprise
several different aspects, all interrelated in a complex way. For example, cultural and health aspects
are parts of the social dimension, and political aspects of the economic dimension. The importance of
education for sustainable development (hereafter used synonymously with sustainability education) is
often highlighted in international policy documents of education. It has been on the agenda for all
stages of education since the publication of two documents: ‘Brundtland report’ [2], and ‘Agenda 21
from the Rio de Janeiro conference [3]. Furthermore, the decade 2005-2014 was declared by UNESCO
[4] as the United Nations’ decade of education for sustainable development. The goal of the
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declaration was to promote sustainability at all levels of education. Despite all good plans and policy
documents, sustainability education has not yet reached the goals for schools and higher education,
according to recent research [5-10]. One reason can be the scarcity of sustainability education in
teacher education worldwide [11-14]. If teachers have not had any opportunity to think, practise and
develop their own understanding of sustainability during their education, they are not expected to
do so in their future teaching either [14-16].

Society is still faced with a challenging paradox. Because of the economic growth and
development of society towards more market-based economies, many countries have invested in
education which prepares their citizens for life in a so-called global knowledge-based economy,
whereas sustainability is less emphasised [17]. There is an obvious problem with this development
of society, since there is a contradiction between economic growth and sustainability. Economic
growth is linked to increased consumption and increased emissions in the atmosphere, which, in
turn, are strongly linked to increased environmental impact [18,19]. Consumption and finances, as
well as political and social systems, have either direct or indirect impact on Earth’s biodiversity. Like
many policy documents about sustainability education, there are several theories, plans and
recommendations about how the education for ‘sustainability citizenship’ [20] should be arranged.
Some of them point out critical pedagogy combined with environmental aspects and ecological
politics, involving active participation of teachers and students [21,22].

The importance of integrating systems thinking into education has also been emphasised in order
to promote understanding of the complex nature of sustainability [23,24]. Systems thinking is a
holistic way of analysing how a system’s constituent parts are interrelated and how the system works
over time and within the context of larger systems [25,26]. Systems thinking could therefore be used
to deepen people’s holistic thinking about sustainability. It is important to develop a comprehensive
understanding of complex casual relationships, as relationships between human systems and natural
systems might be. The starting point for managing the complex understanding of sustainability is
therefore to develop a holistic understanding of key ecological concepts and the role of biodiversity
and species identification. Basic knowledge about species, their identification and life history are
important aspects for learning and understanding biodiversity (more in Sections 1.1 and 1.2).
Teachers have a central role in providing students with opportunities for understanding sustainability.

Does teacher education give student teachers the necessary tools to understand the importance
of everyone’s role in the system? The aim of this study is to analyse student teachers’ level of systems
thinking regarding sustainability, especially the ecological dimension of sustainability, and how they
explain the relationship between species identification, biodiversity and sustainable development.
Student teachers are university students who study education as their main subject in order to
become primary-school teachers (for grades 1-6, 1-4 or 1-7). As a theoretical framework we focus on
these main concepts and their role in understanding sustainability.

1.1. Species Identification and Ecological Literacy for Understanding of Sustainability

An undeniable fact is that newly qualified teachers teach about nature and science using the
skills they obtained during the obligatory part of their teacher education. Knowledge of species and
species’ role in the ecosystem constitute an important core of biology teaching [27]. Knowledge of
species and identification skills are factors which are also important in developing people’s interest
in environmental issues and sustainability [28,29]. It is easier to understand abstract processes in
ecology when well-known species are included [30-33]. Species identification skills, an interest in
nature and outdoor experiences, in turn, develop people’s understanding of environmental issues
and a sustainable lifestyle [28,29,34-36].

An understanding of ecological key concepts and processes helps people to see more complex
relationships in the natural and human systems [36,37]. Unfortunately, the level of people’s
knowledge of species has decreased significantly during the past 20 years [28,29,38—-41]. At the same
time, also their knowledge of ecological key concepts and understanding of ecological processes have
decreased [37,42-44] to such an extent that the phenomenon has been referred as ecological illiteracy
[36,45,46].
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In the 1980s environmental literacy was positioned as an essential goal of environmental
education. This education was supposed to develop ecological knowledge, socio-political knowledge,
and knowledge of environmental issues, as well as to adopt environmentally responsible behaviour
[47]. The concept ecological literacy has been used synonymously to environmental literacy by several
researchers, while for example Cutter-Mackenzie and Smith [48] emphasise the pedagogical content
knowledge and fundamental ideas and approaches in environmental education as a special part of
ecological literacy. A person’s ecological literacy has been defined as their capacity to understand the
systems in nature by understanding key ecological systems and characteristic features of ecology
[49,50]. Ecological literacy could therefore form the basis of environmental sustainability as a more
positive approach than focusing only on environmental problems [47,51].

The fact that Nordic student teachers possess low levels of species identification [29] and
ecological knowledge [37] makes it interesting to study how they think about the relationship
between species identification, biodiversity and sustainable development.

1.2. Biodiversity for Understanding of Sustainability

Biodiversity is fundamental for continuous life on Earth. It is also essential for human health and
resilience [52], as well as for social and economic development [4,53]. Biodiversity means variation
richness among all living organisms at three levels: 1. Genetic diversity (richness of the variety and
range of genes within and between populations of organisms); 2. Species diversity (the number of
species and number of individuals of each species in a particular location); and 3. Ecosystem diversity
(variety of habitats, living communities, and ecological processes). These levels are also important
parameters of sustainability, when reflecting the interaction of ecological, economic and social issues
[3,54-58].

Biodiversity has been described as one of the major pathways to sustainability [59] and the
protection of biodiversity as one of the basic roads to sustainability [60]. Therefore, basic knowledge
about species, their identification and life history have been considered to be fundamental
components for learning and understanding biodiversity [31,33,57,61]. Biodiversity education in turn
can be seen as a model for sustainability education, while sustainability education is one instrument
among others (e.g., technical innovations and restrictions by law) for achieving a sustainable future [62].

People’s understanding of biodiversity, however, seems to have declined significantly during
the past decades [60,62,63]. A global problem today is therefore that all three dimensions of
biodiversity have been simplified and homogenised, while species extinction continues, mainly
caused by human activities [64]. People take the term biodiversity to refer mostly to the animal
kingdom and associate it with words connected with environmental problems [60], or, they only
consider the economic values of biodiversity and nature [65]. One reason can be the significant
decline in general knowledge of common organisms [29,38,41,66], but also problems in
understanding what a sustainable use of biodiversity means [60].

The situation is not better regarding teachers and student teachers. Previous research reveals
that they do not understand what biodiversity means and everything it includes [59,60,67-69]. It was,
however, easier for student teachers to explain ecology-related concepts when they had relevant
knowledge of species occurring in a habitat [70]. Magntorn’s idea in learning to ‘read nature’ [50] is
that taxonomy can be linked to systems thinking via the autecology of the species (the ecological
relationships of a particular plant or animal species). Although students do not understand the
complexity of biodiversity, they do, according to another study [63], have positive attitudes towards
it. Previous research emphasises the importance of the preparation of student teachers in biodiversity
education [61,71]. Therefore, we find it important to analyse student teachers’ understanding of
biodiversity, what they include in the concept and how they describe the importance of biodiversity
for sustainability.

1.3. Systems Thinking for Understanding of Sustainability

Systems thinking is understood as the ability to see the world as a complex system where
everything is connected to everything else [72]. It is an important factor in order to develop thinking
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in education. The challenge for education is to develop a pedagogy that provides individuals with
knowledge about how different choices affect society [73]. Systems thinking, being the capacity of
identifying various biophysical and social components in a given environmental context and the
interrelations in whole systems [24], should therefore be based at least on critical thinking and
reflection, deliberation and action competence [26,74]. Systems thinking is a way of thinking that
helps people see their role from a holistic point of view. It is more than causal thinking, which,
however, is part of systems thinking [75]. Systems thinking is focused on processes and entirety
instead of parts or details [25,76]. System dynamics and systems thinking can be taught without
involving sustainability, but sustainability cannot be taught without involving systems thinking [77].

The level of systems thinking can be described, and also assessed, in different ways. Draper [72]
associates seven thinking skills with systems thinking: structural, dynamic, generic, operational,
scientific, closed-loop, and continuum thinking, whereas Stave and Hopper [78] identify the same
skills and several more as seven different levels of activities in systems thinking: recognising
interconnections, identifying feedback, understanding dynamic behaviour, differentiating types of
flows and variables, using conceptual models, creating simulation models, and testing policies (see
Table 1). The levels of activities are based on Bloom's taxonomy [79], and they can be arranged as a
continuum from a low (basic) to a high (advanced) level of systems thinking, with the next level
always including the previous one. The basic level includes three levels of systems thinking, while
the intermediate and advanced levels have two levels of systems thinking each.

Table 1. Skills and levels in systems thinking (Skills according to Draper [72]; levels of systems
thinking, indicators and assessment according to Stave and Hopper [78]).

Skills and Their Main
Contents

Levels of Systems Thinking and Indicators of

A
Achievement that a Person Should Be Able to Do ssessment

- list of systems parts

- connections represented in
words or diagrams

- description of the systems in

1. Recognising interconnections

1. Structural thinking
Understanding
interrelations

- identify parts of a system

identify causal connections among parts
recognise that the system is made up of the
parts and their connections

recognise emergent properties of the system

terms of its parts and
connections

definition of emergent
properties

description of properties the
system has that the components
alone do not

2. Identifying feedback

2. Dynamic thinking
Ability to see and
deduce behaviour
patterns

recognise chains of causal links
identify closed loops

describe polarity of a link
determine the polarity of a loop

representation of causality and
loops in words or diagrams
diagram indicating polarity

3. Generic thinking
Ability to observe
generic system
structures

. Understanding dynamic behaviour

describe problems in terms of behaviour
over time

understand that behaviour is a function of
structure

explain the behaviour of a particular causal
relationship or feedback loop

explain the behaviour of linked feedback
loops

explain the effect of delays

infer basic structure from behaviour

representation of a problematic
trend in words or graphs
story of how problematic
behaviour arises from
interactions among system
components

story about what will happen
when one piece of the system
changes

story of the causal structure
likely generating a given
behaviour

4. Differentiating types of variables and flows

4. Operational thinking
Understanding how
things really work, not
in theory

classify parts of the system according to
their functions

distinguish accumulations from rates
distinguish material from information flows

table of system variables by type
types of variables with units
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identify units of measure for variables and
flows

5. Scientific thinking
Ability to quantify
relations, hypothesise
and test assumptions
and models

. Using conceptual models

use a conceptual model of system structure
to suggest potential solutions to a problem

story of the expected effect of an
action on a given problem
justification of why a given
action is expected to solve a
problem

6. Closed-loop thinking
Recognising internal
circular causality of
cause-effect feedback

. Creating simulation models

represent relationships between variables in
mathematical terms
build a functioning model

operate the model

model equations
simulation model

model run

compare model output to
observed behaviour

- validate the model

7. Testing policies
) ) ) - list of policy levers
- identify places to intervene - description of expected output

7. Continuum thinking - within the system )
.. . . for given change
Recognising continuous - hypothesize the effect of changes

processes in real-world - use model to test the effect of changes - model output

phenomena -

- interpret model output with respect to comparison of output from

different hypothesis tests
problem - policy design

- design policies based on model analysis

Stave and Hopper [78] also developed indicators of achievement and assessment tests for the
seven levels. These indicators and tests are used as a basis in the analysis of the level of the student
teachers’ systems thinking in this study (see Methods). Indicators of achievement also include aspects
of behaviour and action, which means a wider perspective of systems thinking than only an
organisational level, and for which Flood [80] therefore used the concept ‘socio-ecological perspective
of systems thinking’. Action orientation, learning how to act and how actions affect human and the
environment in turn constitute the basis in an ecosocial approach of education for sustainable lifestyle
[81,82].

2. The Aim of the Study and Research Questions

This is the second part of the Nordic-Baltic case studies of student teachers’ views of species,
biodiversity and sustainable development. The first part [29] provided a comprehensive review of
previous research on the theme and an overview of 456 student teachers’ species identification skills,
their interest in and opinion of the importance of species, biodiversity and sustainable development.
Because the student teachers’ ability to identify very common species was low, although a majority
of them regarded species identification as important or very important in general (55%) and
especially for sustainable development (86%), in the same way as biodiversity was for sustainable
development (92%), it is fundamental to study further, and in more detail, how the student teachers
perceive the relationship between species identification, biodiversity and sustainable development.
Do they describe interrelations in the complex system of sustainability? The aim of this study is to
analyse student teachers’ level of systems thinking regarding sustainability, especially the ecological
dimension of sustainability, and how they explain the relationship between species identification,
biodiversity and sustainable development.

The following research questions guided the study:

1. How do student teachers describe the relationship between species identification, biodiversity
and sustainable development?

2. What level of systems thinking do student teachers’ answers reflect?

3. Are there any differences in student teachers’ answers with respect to their backgrounds (the
country where they participated in teacher education, their gender or age)?
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3. Materials and Methods

In total, 424 second- to fourth-year student teachers in three Nordic countries (225 Finnish, 68
Norwegian, and 131 Swedish) participated in the survey as volunteers. The student teachers had
taken the obligatory course/courses in biology or science at least half a year before taking part in the
survey. The majority of them (82%) were women, 65 percent were under 25 years old, 24 percent were
aged 25-35 and 11 percent were over 35. They thus represented the typical group of student teacher
by age, gender and completed obligatory studies in biology or science in the Nordic countries [29].
There were, however, some differences in students’ age distribution in the three countries. The
majority of the Norwegian students (81%) were under 25, while the corresponding percentages for
the Finnish and Swedish students were 70 and 50. Nearly 23 percent of the Swedish students, but
only 5 percent of the Finnish and 9 percent of the Norwegian students, were over 35. Age and gender
were selected as probable factors affecting understanding of sustainability based on previous
research, e.g., [9,15]. An interesting question was also whether the different teacher education
programmes in these countries [29] have any effects on their student teachers’” ways of thinking about
species identification, biodiversity and sustainability.

In addition to the questions about the students’ background, the survey consisted of two parts:
a species identification test and a comprehensive questionnaire with fixed, multiple-choice and open
questions (see more details about the total survey in [29]). All material was collected during one single
session, but for this study, an open, summarising question from the questionnaire was chosen as the
main question (‘Describe your opinion about the relationship between species identification,
biodiversity and sustainable development’). The student teachers were asked to describe their own
view about the relationship between species identification, biodiversity and sustainable
development. They were encouraged to use some kind of mind-map or other sketches in their
answer. They could also specify their view about the importance of species identification and
biodiversity for sustainable development in two additional questions. These questions were used as
a complement to the main question, but also to ensure the researchers’ correct interpretations of the
main question.

The student teachers” answers were first coded and carefully transcribed together with possible
mind-maps and sketches. The sketches and texts were then analysed mainly using inductive content
analysis [83,84], but the analysis was also guided by Stave and Hopper’s model of the seven levels of
systems thinking (see Table 1). The analysis can therefore be considered a mix between inductive and
deductive content analysis, i.e., an abductive approach in phenomenological methodology [85].

The inductive content analysis resulted in four categories. The first category, no answer,
comprises a range of answers from a total lack of attempts to answers where students pointed out
that they did not understand the question (e.g., by writing a question mark or sentences such as ‘I do
not know’, ‘I do not have enough knowledge to answer’, ‘I do not understand the question’). Answers
where students only repeated the names of the three key concepts (species identification, biodiversity
and sustainable development) without describing them are also included in this category. The second
category, answers involving nonsense or cliché, includes answers which clearly show that students had
not understood the relationship but still tried to explain something, and often used some kind of
clichés. The third category, answers involving partial relationships, includes several kinds of answers
about the key words separately, but without indicating systems thinking. The fourth category
includes different kinds of systems thinking, and was further categorised according to Stave and
Hopper’s seven categories of systems thinking [78].

Two researchers read the transcribed answers several times making notes and headings. They
then individually categorised the answers and selected descriptive examples for every category.
Finally, they compared and discussed their categorising until they could agree to 100 percent. All
used categories and corresponding categories in Stave and Hopper’s model [78] are summarised in
Table 2.
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Table 2. Categories used in the analysis of the student teachers’ answers about the relationship
between species identification, biodiversity and sustainable development, from the lowest to the
highest level of possible systems thinking.

Corresponding Seven Categories in Stave and

Categories Used in This Study Hopper’s Model [78] (Descriptions in Table 1)

No level of systems thinking

1. No answer -
2. Answers involving nonsense or cliché -
3. Answers involving partial relationships -

Basic level of systems thinking Basic level of systems thinking

4. Answers involving interconnections 1. Recognising interconnections

5. Answers involving feedback 2. Identifying feedback

6. Answers involving behavioural aspects 3. Understanding dynamic behaviour
Intermediate level of systems thinking Intermediate level of systems thinking

7. Answers involving variables and flows 4. Differentiating types of variables and flows
8. Answers involving conceptual models 5. Using conceptual models

Advanced level of systems thinking Advanced level of systems thinking

9. Answers involving simulation models 6. Creating simulation models

10. Answers involving policy models 7. Testing policies

In the following section we will describe the recognised categories both quantitatively and
qualitatively, using rates of responses, and citations and sketches as examples from every category.
The citations and sketches are word-for-word translations from Finnish, Swedish or Norwegian into
English, and marked with four-digit numbers to guarantee anonymity. The first digit indicates a
student’s home country: (1) Finland; (2) Sweden; and (3) Norway. The three remaining digits are
individual student codes. In addition, the students’ gender (F = female and M = male), as well as their
age (1 <25, 2 =25-35 and 3 >35 years of age) are indicated after the four-digit numbers. For example,
the code 1056F1 indicates a Finnish female student teacher aged 25 or under. Differences in the
student teachers’ answers with respect to their background (the country in which they participated
in teacher education, their gender, or age) were tested for statistical significance by Pearson Chi-
Square (p <0.001).

4. Results

The student teachers’ answers about the relationship between the species identification,
biodiversity and sustainable development were very heterogeneous, including also different views
on how important they consider species identification and biodiversity are for sustainable
development. According to previous research, systems thinking could be an important way to
understand sustainability, and the analysis of student teachers’ systems thinking is therefore the main
subject here and will be described in detail. We also found differences in the levels of systems
thinking depending on the country in which they participated in teacher education or their age.

4.1. Student Teachers’ Systems Thinking

The results show that the student teachers have no or just a basic level of systems thinking
regarding ecological sustainability. The majority of students (74.6%) showed no systems thinking in
their answers about the relationship between species identification, biodiversity and sustainable
development. Systems thinking was, however, used by 25.4 percent of the students, but only on a
basic level (Figure 1). None of the answers reached an intermediate or advanced level of systems
thinking, and all figures are therefore presented here without the categories 7-10 (c.f. Table 2).
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Figure 1. Student teachers’ views about the relationship between species identification, biodiversity

and sustainable development in six categories (1 = no answer; 2 = answers involving nonsense or
cliché; 3 = answers involving partial relationships without systems thinking; 4 = answers involving
interconnections; 5 = answers involving interconnections and feedback; 6 = answers involving
interconnections, feedback and behavioural aspects). Note: Categories 7-10 were deleted from the
figure because there were no answers in these categories.

The answers that lack systems thinking (categories 1-3) were very heterogeneous. Almost a fifth
of all answers (19.8%) were placed in Category 1. In addition to many ‘empty answers’ the category
included answers where student teachers explained why they could not answer the question, for
example, that they were not familiar enough with the theme, or that they had never before thought
about this kind of relationship.

Category 2 included answers with nonsense or clichés (24.8%). Nonsense answers, in this study,
were answers which denied, or described something else than the relationship between or about the
three given concepts. For example, a female student teacher, who considered biodiversity to be
‘neither important nor unimportant’” for sustainable development, expressed the relationship in this
way: "In my opinion there is no such immediate relationship between these (concepts). Or in my own
mind I think of them as separate classes, which I cannot connect” (1135F1). Some other student
teachers named only food and protection. A female student, for example, ticked the alternatives ‘very
important” and ‘important’ for the importance of species identification respectively biodiversity for
sustainable development, and explained the relationship in this way: “If you know plants and
animals, you do not eat protected species” (1015F1). Another female student, who claimed to be
interested in nature, wrote: “I'm not so familiar with small animals. Big animals, however, I think are
important. Birds and frogs are not that important, are they? Snakes and reptiles are disgusting. I think
[the relationship] is not that important. If an animal is meant to live, nature itself will take care of it
(...)” (2081F1). There were also answers which were more like clichés than explanations: “The
relationship is important, for us and for the future” (2093F1). The cycle must function and all species
have a part in it” (2056F3). What exactly they meant, is unclear, because they did neither explain the
importance of species identification nor biodiversity for sustainable development.

Category 3 (30% of the answers) consisted of answers involving many clear and important
descriptions of some or all of the three given concepts, but lacking systems thinking. For example, a
female student described the relationship in this way: “The three things are related because we
humans need knowledge of species in order to maintain diversity. In a society with sustainable
development, one must have knowledge of the species” (3049F1). Another female student explained
the relationship in the following way: “The relationship is that if one is aware of the plants and
animals one can contribute to sustainable development, which means that you are extra careful how
you for example choose to deal with nature” (2059F1). Another student pointed out that: “If you want
to have a deeper understanding, the importance of species identification increases. Species
identification can help you appreciate biodiversity. A decrease in biodiversity makes the living
environment and the whole earth more vulnerable. Development, which destroys biodiversity,
cannot be sustainable” (1145F3). This category also comprises very short answers where student
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teachers named some details or topics that are relevant for the relationship, but without explaining
how these are connected. Such topics were: endangered species and nature conservation; protection
of biodiversity; edible and poisonous species; usefulness and wholesomeness of species for man;
sufficiency of food; food chains and webs; indicators of the balance in nature; interest-increasing
knowledge; knowledge and a need to do more for protection; knowledge to be familiar with and to
appreciate one’s own neighbourhood; the development of the relationship to nature.

Answers in categories 4-6 (25.4%) included systems thinking on a basic level. Student teachers
in Category 4 (13.7%) recognised interconnections in the relationship between species identification,
biodiversity and sustainable development. The relationship was described by a student in this way:
“It is important to be able to give names to the species, (and) then it is much easier to register when
someone may be missing. Biodiversity is the diversity of species which can most likely ensure
sustainable development” (3026M2). Another student put it this way: “Species identification:
becoming aware of diversity. Biodiversity: getting a greater understanding. Sustainable
development: everything is connected to everything else and even mosquitoes are needed” (2025E3).
Some students described the relationship using a concept map, for example this student (1086M1)

(Figure 2).
Species helps to N
identification understand Y

makes
increases the basis
interest for

in \ /
+ Sustainable
Figure 2. Example of a student’s answer as a concept map in Category 4.

Category 5 comprised 8.9 percent of all answers. It included interconnections and additional
feedback loops in the described relationships between species identification, biodiversity and
sustainable development. A female student produced the following: “All parts of nature are
interconnected. If one part disappears, many other parts also disappear. Biodiversity is very
important and species identification too is very important for understanding the entirety” (1070F2).
Another student explained it by first drawing a loop between the three concepts: biodiversity —
species identification—sustainable development, and then explained: “All are interconnected, a
‘cause and effect’-relationship; it is good to start from species identification for understanding the
biodiversity of the organisms, which in turn affects sustainable development positively. All
organisms have their place and meaning, and therefore biodiversity is very important” (...) (1167F3).

Category 6 included also behavioural aspects in addition to interconnections and feedback
loops. Only 2.8 percent of the answers were placed in this category. Typical for this category was that
all answers included some of the words or meanings: ‘choices affect’, ‘consequences of actions’ or
‘everything is connected’. Two examples describe this category:

“Man should base their actions in accordance with the principles of sustainable
development. Since our actions do anyway cause changes in nature, the bigger the
biodiversity, the better nature can handle it on the whole. When we know species, we can
also perceive the biodiversity of nature, and can therefore better notice the consequences of
our actions, [and] appreciate every species as an important part of the big picture (...)”
(1182F3).
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“Individual species are important for the diversity of living organisms. We use resources
so that nature can stay varied and functional. Then we also take care of individual species,
know their needs and habitats, and do not destroy species ‘by mistake’. Sustainable
development: if we take care of comprehensiveness by protecting individual species, our
own species remains viable on a viable planet (...)” (1027E3).

Descriptive examples of the categories were mostly given only in words, but the original
answers often also included some kind of sketches, where the three key words were
‘correctly’ placed but not always explained.

4.2. Differences between Finnish, Norwegian and Swedish Student Teachers’ Answers

There were several differences between the answers given in the three participating countries.
The Finnish student teachers used basic systems thinking much more than their Norwegian and
Swedish colleagues when describing the relationship between species identification, biodiversity and
sustainable development. About a third of the Finnish answers (34.2%) were placed in categories with
systems thinking (categories 4-6), while the corresponding percentages for Norwegian and Swedish
answers were 13.3 and 16.8 (Figure 3).

50%

40%

30% ‘-

20% 1 1 ﬂ

A [ | I I
0% -|—I T T T . T P
< 5

1 2 3

6

mFl mNO mSE

Figure 3. A comparison of Finnish (FI), Norwegian (NO) and Swedish (SE) students’ views about the
relationship between species identification, biodiversity and sustainable development in six
categories (1 = no answer; 2 = answers involving nonsense or cliché; 3 = answers involving partial
relationships without systems thinking; 4 = answers involving interconnections; 5 = answers involving
interconnections and feedback; 6 = answers involving interconnections, feedback and behavioural
aspects). Note: Categories 7-10 were deleted from the figure because there were no answers in these
categories.

Only 7.1 percent of the Finnish teacher students did not answer or did not understand the
question (Category 1), in contrast with 35.3 respectively 33.6 percent of the Norwegian and Swedish
students. The most frequent category for the Finnish students was Category 3 (40.4%), Category 1
(35.3%) for the Norwegian students and Category 2 for the Swedish students. The differences between
the countries were statistically significant (Pearson Chi-Square (10, N = 424) = 87.7718, p = 0.000).

4.3. Gender Differences

There were some differences in the answers as far as gender is concerned. 31.6 percent of the
male student teachers showed basic systems thinking (categories 4-6), while the corresponding
percentage for the females were 24.1 (Figure 4). However, only 5.3 percent of the males and 2.3
percent of the females described the relationship between species identification, biodiversity and
sustainable development using the highest basic level of systems thinking, including
interconnections, feedback and behavioural aspects (Category 6).
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Figure 4. A comparison of female and male student teachers” views about the relationship between
species identification, biodiversity and sustainable development in six categories (1 = no answer; 2 =
answers involving nonsense or cliché; 3 = answers involving partial relationships without systems
thinking; 4 = answers involving interconnections; 5 = answers involving interconnections and
feedback; 6 = answers involving interconnections, feedback and behavioural aspects). Note:
Categories 7-10 were deleted from the figure because there were no answers in these categories.

The gender differences were not, however, statistically significant (Pearson Chi-Square (5,
N =424)=3.714, p = 0.591).

4.4. Differences between Age Groups

Another interesting factor is how age, and thus life experience, affects student teachers” ways of
understanding and describing the relationship between species identification, biodiversity and
sustainable development. To study this, the descriptions were studied regarding three age groups of
student teachers: those under 25 years, those aged 25-35, and those over 35 years of age. Descriptions
produced by the age group under 25 were mostly found in categories 1, 2 and 3 (78.9%), whereas
systems thinking only existed in 21.1 percent of their answers. The corresponding percentage for age
group 25-35 was 35.4 and that for those over 35 was 31.3 (Figure 5).
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Figure 5. A comparison of student teachers’ views about the relationship between species
identification, biodiversity and sustainable development in three age groups (<25; 25-35; >35) and six
categories (1 = no answer; 2 = answers involving nonsense or cliché; 3 = answers involving partial
relationships without systems thinking; 4 = answers involving interconnections; 5 = answers involving
interconnections and feedback; 6 = answers involving interconnections, feedback and behavioural
aspects). Note: Categories 7-10 were deleted from the figure because there were no answers in these
categories.



Educ. Sci. 2017, 7,72 12 0f 18

The differences between the age groups were statistically significant (Pearson Chi-Square (10,
N =422)=22.472, p=0.013).

5. Discussion and Conclusions

In this study, focus was directed towards student teachers’ systems thinking about the ecological
dimension of sustainability, and especially their views about the relationship between species
identification, biodiversity and sustainable development. According to previous research [28,29,33],
knowledge of species and species identification skills are important factors in developing people’s
interest in environmental issues and sustainability. Furthermore, an understanding of ecological key
concepts, such as biodiversity, helps people to see and understand more complex relationships in
natural systems [36,37], especially if also well-known species [32,33] and nature experiences are
included [34,35,86]. People’s ability to identify the separate components in ecological sustainability
however, is only a starting point. Systems thinking could therefore help them to identify and
understand how everything is connected to everything else in the complex system of sustainability
[24]. As far as we know, however, there are no major investigations of people’s level of systems
thinking concerning sustainability. This study contributes to the improving of the situation in several
ways. Firstly, it investigated the level of systems thinking regarding one complex dimension of
sustainability, i.e., ecological sustainability. Secondly, it studied a large group of student teachers
from three countries who are future primary-school teachers, and therefore have a central role in the
education of sustainability in the Nordic countries. Moreover, this study describes the actual level of
student teachers’ understanding of ecological sustainability, which can be used as a base for further
development of sustainability in teacher education programmes. Education is seen as a key strategy
to help people understand the complexity of sustainability, which in turn could help them to make
more sustainable lifestyle decisions [15,24].

Because the majority of student teachers (about 75%) did not show any signs of systems thinking
when describing ecological sustainability, systems thinking as an educational method seems not to
have been used very much in teacher education programmes. Furthermore, there was a statistically
significant difference between the three age groups; the older ones (25-35 and >35) showing more
systems thinking than the younger ones (<25), especially when it comes to the Norwegian student
teachers. This indicates that their systems thinking could be more a result of life experiences than that
of education. On the other hand, there are several reports of teacher education programmes that
totally lack, or have only few, sustainability subjects [12-14,87,88]. The student teachers’ low level of
systems thinking in ecological sustainability also reflects minor volumes of nature studies and
ecological aspects among the more extensive pedagogical and other subject studies in teacher
education [37,44,70,72].

The low level of student teachers’ systems thinking and the many insufficient answers in the
two lowest categories, nearly half of all answers (44.6%), could hardly depend on a methodological
factor. The main question of this study (‘Describe your opinion about the relationship between
species identification, biodiversity and sustainable development’) was placed as the last question of
the survey because of its summarising character. This means that some student teachers might have
left this particular question unanswered because of time constraints or that they did not put too much
effort answering the question in a very detailed way, because of loss of interest or energy. However,
the two former questions, which dealt specifically with the importance of species identification and
biodiversity for sustainable development, also had corresponding deficiencies. Several of the student
teachers wrote that they had never thought of this kind of relationship or that they did not know
enough to be able to answer the question. Some of them just wrote anything to fill the empty space
or, even worse, had no idea of what the question was all about. Because the answers were
anonymous, further interviews with these students were unfortunately impossible.

There are several studies [36,37,42,60] which point out that many student teachers (such as those
in this study) do not understand the key concepts of ecology. One of the most important key concepts
is biodiversity. However, people’s understanding of biodiversity, and particularly the importance of
biodiversity for sustainability, is often incomplete and includes misunderstandings [60-63]. In this
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study, and our previous study [29], most of the student teachers considered biodiversity to be
important or very important for sustainable development, but many of them could not explain why.
Their views of the importance of species identification for sustainable development may explain
something of their difficulties to understand biodiversity. They perceived species as either useful or
harmful to themselves (e.g., eatable or poisonous), not as an important part of the whole. This
anthropocentric view and economic valuation of nature are often given priority compared to other
types of values, and can therefore threaten biodiversity conservation and sustainability [65]. It is,
therefore, important to include other values and also emotional aspects in sustainability education
[89]. Student teachers need to develop their understanding of ecological key concepts at the latest in
teacher education, in order to avoid spreading their own misconceptions as teachers.

Another interesting fact is that there was a statistically significant difference in the levels of
systems thinking between student teachers from the different countries. The Finnish student teachers
had a higher percentage of basic systems thinking than their Norwegian or Swedish colleagues. In
fact, the same group of Finnish student teachers also had better species identification skills (detail
knowledge) than the corresponding groups of Norwegian and Swedish students in our previous
study [29]. However, the differences are small and cannot be explained only by the differences in the
respective country’s teacher education programme, or by the different number of participating
students from the three countries. In addition, there exist several studies where Finnish teacher
education is criticised for failing in sustainability [9,14,87]. The Finnish programme for teacher
education for primary schools is, however, very attractive and draws many more applicants than the
corresponding Norwegian or Swedish programmes [88], which is why only high-performance
students are accepted. Teacher education authorities in these countries probably follow the same
recommendation from Unesco [90] in order to implement sustainability in teacher education.
Sustainability is strongly connected to ecological literacy and also value-dependent, and applications
of sustainability are therefore complicated [14]. Education of good quality requires teachers to have
knowledge and skills to be able to plan and carry out meaningful teaching [91]. Student teachers may
find it difficult to teach about sustainability and all its dimensions and aspects. They need training in
sustainability education, which has also been suggested in many other studies [13,14,87,92].

The results of this study showed that the majority of student teachers in Finland, Norway and
Sweden have not developed any form of systems thinking through their education. It is also obvious
that those student teachers who have a basic level of systems thinking, have developed it mainly
through their own life experiences. Systems thinking needs to be incorporated in the education of
teachers, because there is a necessity to develop an educational programme that provides individuals
with knowledge about how different actions and choices affect the whole society. In other words,
teacher education programmes should include such a form of systems thinking that is based on
critical thinking, negotiation and action competence. Sustainability cannot be taught without
involving systems thinking [23,77].

Since systems thinking is a way of thinking the starting point is to focus more on the process
than the content of teaching. Instead of education which is limited to instruction and transfer of
knowledge, education should comprise dynamic, activity-based and participatory training based on
generating knowledge and meaning in relation to the circumstances in the local society and the
world. Problem-solving in such education is thus based on real events [74]. Integrating systems
thinking in sustainable education in teacher education can be made by using interdisciplinary and
multidisciplinary projects, where the main goal is to make participants think in holistic ways by
identifying and analysing possible components in their project, and then critically reflect on how
everything is connected to everything else in the complex system. Since systems thinking is also a
result of life experiences, elementary forms of systems thinking should be an educational method
already in primary education.
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