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Preface to “Teaching Methods in Science Subjects 
Promoting Sustainability” 

Education was mentioned as a key to sustainable development in the United Nations document 
“Agenda 21” as early as 1992, and nowadays sustainability is internationally emphasized as an essential 
aim of education. Both of the concepts are problematic, in that there is no consensus on their definitions. 
Furthermore, many teachers and teacher educators do not know these concepts at all, or do not want to 
use them in their teaching. Teacher education offers the basis to discuss, plan and carry out teaching and 
learning processes. However, students are the epicenters of a teacher's action, and she/he should support 
them to understand life and its phenomena. Therefore, knowledge of sustainability is important as an 
origin point of teaching and learning processes.  

In designing their teaching, teachers continuously discuss how subject content knowledge should 
be arranged so that students feel motivated to study and learn. What kind of understanding do the 
teaching and learning processes support, and what is the relationship between everyday life, and the 
teaching and studying processes? They also discuss what kinds of teaching methods are best for the 
personal development of a student. One aim of the planning process is to find out methods that help 
students understand, and if possible, solve problems they undergo during their life.  

Understanding environmental issues demands sustainability knowledge. During teaching, 
studying and learning processes, teachers and students therefore discuss what the meaning of knowledge 
and skills is for the students' life now and in the future. Preservation of life requires concern about the 
environment, and a way of living that takes care of the environment. The basis for this is created at 
schools.  

Sustainability education is a multi-sided and challenging task. It demands that the teachers and 
teacher educators develop their knowledge and skills continuously. Teachers' professional development is 
a long-lasting process. Student teachers need continuous support from teachers and teacher educators. 

This book offers ideas of pedagogical content knowledge and subject content knowledge, especially 
for mathematics and science teachers and teacher educators. Curriculums and subject content knowledge 
change from time to time. The methodological and other pedagogical ideas presented in this book offer 
valuable support for teaching, studying and learning processes concerning sustainability and sustainable 
development in higher education and in schools.  

I would like to extend my thanks to the authors of the articles contained in this book, which include 
a multi-sided view of sustainability and sustainable development, and many useful teaching methods for 
promoting them in mathematics and science, at different educational levels.  

Eila Jeronen 
Special Issue Editor 
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—A Reflection on Finnish Primary Teacher Education

Lili-Ann Wolff 1,*, Pia Sjöblom 2, Maria Hofman-Bergholm 2 and Irmeli Palmberg 2

1 Faculty of Educational Sciences, University of Helsinki, Helsinki 00014, Finland
2 Faculty of Education and Welfare Studies, Åbo Akademi University, Vaasa 65100, Finland;

psjoblom@abo.fi (P.S.); mhofman@abo.fi (M.H.B.); ipalmber@abo.fi (I.P.)
* Correspondence: lili-ann.wolff@helsinki.fi; Tel.: +358-50-4487-088

Academic Editor: Eila Jeronen
Received: 31 October 2016; Accepted: 17 February 2017; Published: 1 March 2017

Abstract: Sustainability is internationally often emphasized as an essential aim of higher education,
but more as a principle than on the practical level. This is also obvious in the academic education
of primary teachers in Finland. Therefore, it is a great challenge for Finnish teachers to include
sustainability in their teaching and everyday life in schools. The aim of this article is to critically
analyze why the implementation of sustainability in teacher education is so intricate and to discuss
possible solutions with Finland—a country highly valued for its education—as an example. The article
reports outcomes from educational policy documents and research on educational, philosophical,
scientific and social aspects of sustainability, including evaluation of how sustainability has been
implemented in schools and at universities, especially among teacher educators. In addition,
the article builds on analyses of comprehensive university strategies and primary school teacher
education programs. We found these reasons for the ignoring of sustainability in the Finnish teacher
education: sustainability is in conflict with overall trends in society and politics, teacher education
takes place at universities and is based on separate academic disciplines. Sustainability is also intricate
because it is strongly connected to ecological literacy and it is value dependent. Universities need to
overcome these obstacles and become forerunners in the sustainability process.

Keywords: higher education; university education; teacher education; primary school teachers;
sustainable development; sustainability; implementation of sustainability; sustainability education;
education for sustainability; Finland

1. Introduction

“We are faced with a paradox: Is education the problem or the solution in working toward a
sustainable future? At current levels of unsustainable practice and over consumption it could be
concluded that education is part of the problem. If education is the solution then it requires a deeper
critique and a broader vision for the future” [1] (p. 59).

The words above are from a UNESCO publication from 2005 and much has taken place after
that since “education for sustainable development” has frequently been on the agenda for the last
decade. Many international education policy documents from this decade contain terms related to
sustainability. One clear reason is that UNESCO declared the decade 2005–2014 as the “UN decade of
education for sustainable development” with a mission to promote sustainable development at all
levels of education in the member states. However, education was mentioned as a key to sustainable
development in the United Nation’s document “Agenda 21” as early as 1992 [2], so thus we step back
to the 1990s.

The concept of sustainable development has been much used in politics since the UN Conference on
Environment and Development in Rio de Janeiro in 1992 [2] and it is since then interpreted in various
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ways. In short, the complex concept denotes a social and economic development where the utilization
of natural resources takes place with future generations’ analogous life opportunities in mind.
In the so called Brundtland report that preceded the UNCED conference, the concept is interpreted
as follows: “[S]ustainable development is a process of change in which the exploitation of resources,
the direction of investments, the orientation of technological development, and institutional change
are all in harmony and enhance both current and future potential to meet human needs and
aspirations [3] (p. 46).”

The principle of sustainable development focuses actually at the same time on humans living
today and in the future. According to Sachs [4] sustainable development is both a worldview and a
method of solving worldwide problems. Besides emphasizing the three commonly defined dimensions
of sustainable development, economic, social and environmental (the environmental dimension
is also called the ecological, and the social dimension is often split into two: social and cultural,
see Section 3.3 below), he, therefore, also distinguishes two approaches: an analytic and an ethical.
“Sustainable development is both a way of looking at the world, with a focus on the interlinkages of
economic, social, and environmental change, and a way of describing our shared aspirations for a
decent life, combining economic development, social inclusion, and environmental sustainability. It is
in short both an analytic theory and a ‘normative’ or ethical framework [4] (p. XIII).”

The three (or four) dimensions of sustainable development include several different aspects.
For example, cultural aspects and health aspects are parts of the social dimension; political aspects are
mainly parts of the economic dimension, but also of the other two dimensions. This means that the
different aspects as well as the dimensions are complexly interrelated. Sustainability is, thus, not only
an environmental issue to be controlled by scientists, it is a multifaceted and interdisciplinary matter
related to both local and global circumstances and past events as well as future prospects.

Yet, the concept sustainable development is also problematic. Many scholars and others are
critical against using the word ‘development’ to denote indisputable belief in a steady economic
and technological progress. Like numerous other authors we, therefore, will use the single concept
of sustainability and the two word concept sustainability education in this article, with exception of
situations where the authors we refer use the concept of sustainable development or education for
sustainable development. By sustainability we mean creating and living a human life on Earth in a way
that does not damage life but that preserves its various life forms for the future—not only future human life.
We thus recognize challenges on ethical, cognitive as well as practical levels.

After the Rio conference, the concept ‘education for sustainable development’ (ESD) gradually
became common in educational policy documents and included the three dimensions of sustainable
development as educational goals. There is, however, no consensus regarding the educational content
of ESD [5]. Already in the 1970s, the political goal of ‘environmental education’ was to change
learners’ attitudes [6], and the UN goal for ESD in 2014 still focused on influencing learners’ values
and attitudes [7]. Many educational researchers have claimed that the whole concept limits education
to merely a tool for reaching sustained economic growth [8,9]. Researchers have also criticized the
idea behind the concept for neglecting teachers as reflective agents [10].

Vare and Scott [11], on the other hand, point out that ESD needs to be seen as two approaches
that complement each other, like the Chinese concept of yin and yang. The authors define the term
ESD 1 as promoting changes in what people do, promoting behaviors and ways of thinking through
a learning for sustainable development, while the complementary term ESD 2 promotes learning as
sustainable development through the capacity to build critical thinking and the exploration of inherent
contradictions. Some researchers have reacted negatively to the preposition ‘for’ in the concept of ESD
and consider it normative [12,13]. To avoid the preposition ‘for’, the concept ‘sustainability education’
has become an alternative [14,15].

When, in this article, we follow many forerunners and adopt the concept of sustainability education,
we thus move the focus from the question of what teachers are supposed to teach to the question:
what is an education focusing on sustainability supposed to achieve? When first and foremost reflecting
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on what to achieve, the main focus is on action competence, critical thinking, deliberation and
understanding of how one’s choices affect local and global societies and the entire biosphere. Vare and
Scott [11], on the other hand, emphasize that ESD is a learning process that should build the learners’
capacity to analyze, negotiate, question alternatives and develop their ability to make sound choices.
Furthermore, the role of sustainability education is to deal with inequality and power issues and
encourage critique of the systems of which the students’ and educators’ daily life and education is a
part [12].

What we are asking for, as researchers, is an interdisciplinary, even transdisciplinary, learning in a
context of diversity [16]. Transdisciplinary processes encourage collaboration between science and
society, and thus emphasize joint undertakings and learning [17], and diversity means that various
views are appreciated. There is a growing interest in transdisciplinary approaches to the sustainability
challenge, approaches that can handle complex authentic problems and create practice-oriented
learning situations [17].

Sustainability education is characterized by a holistic approach when it comes to content and a
pluralistic approach when it comes to teaching [18]. Holism implies in this sense that all the dimensions
and perspectives of sustainability are integrated in the instruction. Pluralistic teaching, on the other
hand, is teaching so that different views and perspectives concerning sustainability are acknowledged,
reflected on and discussed, and the aim is to improve the student’s democratic action competence [19].

The role of educators subsequently becomes to improve the students’ joint involvement and
participation in authentic environmental activities and critical discourses [20–22]. In Denmark ‘action
competence’ has been a favored approach and key concept in environmental education and health
education research since the 1980s [23]. According to action competence, the role of education is not to
serve political goals or promote strongly normative purposes. The approach is based on the idea that
environmental problems involve social conflicts of interests and has to be handled by problem-oriented
and cross-curricular methods. Therefore, the role of education is to encourage students and provide
learning conditions that transform them into critical, political agents [23]. Action competence relates
to the German Bildung concept based on the central idea that human beings have intrinsic possibilities
for self-development, but also for the joint development of society [24]. In higher education this means
that sustainability becomes “a dynamic and flexible synergy issue for different sciences and subjects so
that science, education, art and practices are combined, transformed and developed” [24] (p. 62).

When Bildung is an educational ideal, elementary critical questions are: where is education
heading and what is the ultimate goal of education? The sustainability education ideal is an education
where the transformation of oneself and society is a dual task [12]. Education has to promote a
planetary consciousness and a visioning of a different world in a cosmic perspective, according to
Gadotti [25], but also a vision of a better self through self-reflection and authenticity, according to
Wolff [12]. However, it is fruitless to teach people about sustainability and at the same time ignore
the unsustainability problems in a neoliberal society, applying aims that are in contradiction with the
whole idea of sustainability [8,26,27], and blaming others for not acting appropriately [28]. The history
and the culture of societies (both local and global) transform people every day, and with that in mind
the mission is to create new models of mutual living in more sustainable ways [29], which demands
braveness and political action competence.

In many countries environmental and sustainability issues have increased in education on all
levels from nursery schools to universities over the last decade [7,30]. Still, it has been argued that
the development is too slow [8,12]. In the evaluation of the impact of the Decade of Education for
Sustainable development, UNESCO found that in most UN member states ESD was increasing,
but few states could report full implementation across education systems, as well as across policies
and planning [7]. More and more commentators have actually argued that the educational efforts have
not been radical enough to address the most urgent problems of our time [27,31,32]. There is obviously
still much to do and many challenges to face [33].
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Even if there are tasks enough for many players, teachers have for decades been cited as key
agents in the sustainability process [3,34]. To prepare teachers for this important task, analysts have
asked for a stronger emphasis on teacher education [34,35]. Yet, teacher education in many countries
has failed in this respect [36–41]. According to Martin and Carter [42], education settings need to
become “proactive in sustainability” and to make that happen, ESD needs to be a core concept in teacher
education. Since there are risks of both normatively steering and narrowing of the scope, we would
rather say that “sustainability” has to be the core and its implementation obvious in policy, campus
practice, and last but not least, in research, teaching and learning.

In this article, Finland has been used as an example in identifying how and why teacher education,
especially primary teacher education, has failed in sustainability and what need to be changed in
teacher education to improve the situation. Even if we focus on primary school teachers, some of the
studies we use in our analysis include secondary schools. We begin with an overview of Finnish teacher
education, including both international and national policy documents concerning the implementation
of sustainability in teacher education.

2. Finnish Teacher Education

Finnish teacher education has a worldwide reputation, since Finnish students have performed
very well in international comparisons, such as PISA (The Programme for International Student
Assessment of OECD). As one of the contributory factors behind these successful achievements,
reference has been made to the high quality of Finnish teacher education [43,44]. Finnish teacher
education has a fairly long academic tradition by international standards, entering Finnish universities
in the 1970s [45,46]. Of the sixteen Finnish universities and six regional university centers running
today, eight main universities and two centers provide teacher education.

Apart from Finnish teacher education’s international reputation, it is also very popular nationally
and many would-be teachers apply every year. Both primary and secondary school teacher education
leads to a higher academic degree (300 ECTS), and primary school teachers have education as their
major subject. Together with multidisciplinary school subject studies this qualifies graduates to teach
in grades 1–6. Primary school teachers are also qualified to teach in grades 7–9 if they take further
studies in one or more school subjects. However, most of the teaching in grades 7–9 and in upper
secondary school is carried out by “subject teachers”, who have a major in one of the teaching subjects
and a minor in one or two other school subjects, and who also have studied education (60 ECTS),
including teacher training [43]. Table 1 shows what qualifications are needed for teachers in Finland at
different school levels.

Table 1. Type of school and teachers’ qualifications in Finland (modified from Jakku-Sihvonen and
Niemi [45] (p. 11)).

Age Type of school Teachers’ qualification

0–6 Kindergarten Kindergarten teachers (BA) 180 ECTS

6 Pre-school Kindergarten teachers (BA) or
primary school teacher (MA)

7–12 Comprehensive school, 1–6 Primary school teachers (MA) 300 ECTS
13–15 Comprehensive school, 7–9 Subject teachers (MA)
16– Upper secondary school Subject teachers (MA)
16– Vocational school Subject teachers (BA or MA)i

19– Higher education Teachers with higher academic degree (Ph. D)

Notes: i If it is not organized in higher education courses in the subject they teach or if they have received competence
in other ways, they can get exemption from this rule.

Research-based teaching and learning is one of the major aims of Finnish teacher education.
By integrating theory and practice in a dialogic process, the aim is to produce reflective teachers
who will become life-long learners with a readiness for professional development throughout their
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vocations [47]. The writing of a Master’s thesis, together with studies in educational research
methodology, is an important part of this process. Integration of research when dealing with various
challenges in teachers’ work is also considered a prerequisite for their future career [45,46,48].
Teachers are trained to develop their teaching analytically and systematically and create good
learning environments [48]. However, this does not guarantee that they are trained in interdisciplinary
procedures and in how to teach about complex global dilemmas.

Teaching practice is a crucial part of Finnish teacher education, but it does not necessarily give any
training in how to teach about sustainability. Much of the teaching practice takes place in particular
training schools belonging to the teacher education departments of the universities. The integration
of teaching practice with educational theory, as well as with subject studies and subject teaching,
is essential. This is accomplished through a three-part practice supervision in cooperation between a
university lecturer, a teacher at the training school and the student teacher. Students also complete
teaching practice in actual schools. As this section shows, Finnish teachers are well educated in general.
Yet, even if many Finnish educational policy documents and action plans include sustainability
education and training of students at many levels [49–51], sustainability undeniably plays a minor role
in the education of Finnish teachers.

3. Sustainability in Finnish School Systems and Teacher Education

Even if policy documents and strategies on many levels request sustainability at all levels of
education, the Finnish universities are autonomous and can therefore make their own decisions
regarding the scope of sustainability in education and practice. Therefore, there are no common models
of how to integrate sustainability into university courses and teacher education. There is also great
variation in teacher educators’ knowledge of and skills in integrating and teaching sustainable issues
in higher education. The same problem is obvious in schools; graduated teachers do not know how to
teach about sustainability.

3.1. Sustainability in Policy Documents

Numerous ambitious international and national policy documents and action plans describe goals
and ideas on how to implement sustainability at all levels of education [37,52,53]. The Brundtland
Report [3] and Agenda 21 in Finland [54] clearly emphasized the link between the environment
and development, as well as the importance of the human dimension in all decisions concerning
environmentally sound development. According to these documents, citizens have to learn to maintain
social, cultural, and economic well-being without depleting natural resources or overloading nature’s
delicate balance. The faintly behavioristic goals suggest that it is the role of education and training to
ensure that citizens of all ages have the knowledge, skills, readiness and vision that will enable them
to build a sustainable and equitable future and commit to a sustainable way of life [55]. From 2001
sustainable development is included in Finnish basic education according to the decree on national
goals of education and the Basic Education Act: “Students are educated to take responsibility and
work together and to promote tolerance and trust between human groups, peoples and cultures.
The teaching should also support the development of pupils into active members of society, and they
are given skills to function in a democratic and equal society and promote sustainable development” [56]
(translation and italics by the authors).

Already in the core curriculum for basic education 1985 [57] “the environment and nature
protection” is one of the main aims, and in the curriculum of 1994 [58] human rights, equality,
democracy, biodiversity and cultural diversity build the main values. The following Finnish national
core curriculum for basic education from 2004 [59] and the current version from 2014 [60] emphasize
sustainability to be implemented in several ways in education but also in the everyday life in schools.
In the core curriculum from 2004, the goal of one of the cross-curricular themes is “to raise
environmentally conscious citizens who are committed to a sustainable way of life” [59] (p. 39),
and who will “learn to examine the challenges to sustainable development from several points of
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views” [59] (p. 29). Even if these goals were set more than ten years ago, the impact has not been
particularly significant.

It is quite obvious that sustainability is even more important in the current curriculum for
basic education from 2014 [60]. A sustainable future is mentioned in the curriculum in the very
first paragraph, where the aim of the revision of the governance system of basic education is
described. According to this, the aim is to improve the possibilities for basic education to take into
account the changes in the world, and also to strengthen the role of education in the process of
building a sustainable future. Overall, the concept of a sustainable future is mentioned 42 times,
a sustainable lifestyle 45 times, sustainable development 40 times, and sustainability nine times in the
2014 core curriculum.

When the undertaking of basic education is described, the current curriculum states that education
shall promote participation and a sustainable lifestyle, and also support the students’ development as
members of a democratic society. The “need for a sustainable lifestyle” is one of the four headlines
defining the basic values of the core curriculum [60] (pp. 15–16, the authors’ translation). The other
headlines are “all pupils are unique and have a right to a good education”; “humanity, education,
equality and democracy”; and “cultural diversity is richness” [60] (p. 16), which all relate to the social
and cultural dimensions of sustainability. Hence, sustainability can clearly be regarded as a core
component in the values of contemporary basic education in Finland.

The current core curriculum from 2014 also strives to develop a comprehensive competence
among students. Comprehensive competence involves a unity of knowledge and skills, values,
attitudes and also both the will and the ability to use the knowledge and skills in practice.
The intention is that by applying its methods and contents every school subject contributes in its
own way to comprehensive competence. Seven sectors build up the comprehensive competence,
one of them being “an ability to participate, affect and contribute to a sustainable future” [60] (p. 24).
Other sectors including issues of sustainability are everyday competence, digital competence, and cultural
and communicative competence.

According to the current curriculum, sustainability is also an integral part of the working culture
of the school. “Responsibility for the environment and a sustainable future” [60] (p. 39) is one of
the important integrated themes. Sustainable development is emphasized as an example of an area
within democracy education to increase the pupils’ active participation (cf. action competence in
the Introduction). Furthermore, the curriculum also underlines that learning organizations have to
consider the environment and a sustainable future throughout their work, concerning for example the
importance of the sustainable use of raw material and energy and the protection of biodiversity to the
health of our planet and its ecosystems.

However, many other policy documents also influence the content of the basic education besides
the school curriculum. The education system is expected to supply the labor market, at the same time
as schools are expected to fulfill curriculum requirements [61]. Success in international comparisons is
viewed as a consequence of good politics, though unfortunately an important goal of local educational
politics is to decrease costs [62]. A similar problem of mixed signals is obvious in teacher education.
Student teachers are trained by teacher educators in the university context for many years. If that
context does not enhance sustainability, why should the graduated teachers be ready to take such steps
when they start working in schools? In their study of teacher educators, Goodwin et al. [63] found
that teacher educators realized that their work relates to the larger contexts in which it is situated.
A quarter of the respondents saw it as challenging to navigate among agendas and policies at the
universities, since these agendas are often in conflict with their own view of their work. In addition,
these policies may be in conflict with the demands of the school curricula.

The official profile of the universities is stated in their strategies, and, consequently, these strategies
are relevant when considering sustainability in teacher education. According to Hofman’s [5] study,
one can discern some rhetorical attempts by Finnish universities to live up to the Ministry of Education
and Culture’s agreement item “promotion of sustainable development.” In 2010—2012 this agreement
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item was part of performance agreements with the universities that the Ministry makes every four
years [64]. Hofman’s [5] analysis of how the three dimensions of sustainable development are
acknowledged in the policy documents, study plans and strategies of three universities revealed
that none of these universities mentioned sustainable development more than twice in their strategies
for 2012.

When examining the role of sustainability in the strategies of the eight Finnish universities
offering teacher education programs in 2016 in comparison with earlier versions [5], it is obvious
that the emphasis on sustainability has become stronger since the previous strategies, but the
variation is still remarkable. In the strategies, which vary in length and depth, seven mention
sustainability, six of them as a vision or basic focus area, and one as an objective in societal interaction.
One university has omitted sustainability from this strategy version, and the extent to which
universities mention sustainability varies from none to eleven times. Two universities talk about
all the dimensions of sustainable development, but only one seems to have a strong sustainable profile,
namely the University of Lapland. In most of the other Finnish universities other interests are much
stronger. An international profile, for example, is very noticeable in seven universities. Other apparent
ambitions are collaboration, efficiency and high-quality, whereas social equality and cultural diversity
is nearly absent in all but one strategy. Three of the universities are eager to become top-ranking.
The concept of sustainability is also mentioned as merely an economic attribute, and it is remarkable
that no university mentions campus greening in its strategy. In conclusion, the strategic goals are
diverse and sustainability might be difficult to fulfill at the universities offering teacher education,
since interests are aimed in so many conflicting directions.

3.2. Sustainability in Schools

Currently, the aspect of sustainability is integrated into Finnish schools’ practices in many different
ways, and more or less frequently. An external evaluation carried out on behalf of the Ministry of
Education and Ministry of the Environment in 2012 revealed that only 35% of the 917 primary and
secondary schools participating in the questionnaire had programs for sustainable development [65].
This despite the political request for sustainable development programs in every school. The situation
on the management stage is equally diverse. Susiluoma [66] investigated the situation regarding
sustainable development management at the school level in Finnish basic education and general upper
secondary education. Of the participating schools (n = 597), 16% had an environmental education
program or plan, 20% had an environmental plan, 12% had a teacher who was responsible for
environmental education, 23% had a person responsible for environmental issues, and 19% had an
environmental group. Based on this investigation a conclusion could be that environmental issues
are not generally prioritized on a management level in Finnish schools. Nevertheless, plans and
responsible staff do not obviously guarantee sustainability education in the teacher’s practice either.
One of the reasons might be that primary school teachers do not have enough education in how to
deal with sustainability issues to start such programs.

In a Finnish study including 442 lower secondary subject teachers from 49 schools, Uitto and
Saloranta [67] found that the teachers did not consider sustainability issues very frequently in their
teaching. Well-being and social sustainability were the most common aspects, while ecological,
economic, and cultural aspects were less common. There were large differences in how teachers
teaching different major subjects used different aspects of sustainability. The results indicate that
teachers in biology, geography and history were generally more active teaching the three dimensions
of sustainability in a holistic way, while teachers in the mother tongue, religion, visual arts, crafts,
music, physical and health education considered two or three dimensions of sustainability, but were
not teaching holistically. Teachers in mathematics, physics, chemistry and languages commonly used
only one dimension of sustainable development. These results strengthen the view that sustainability
issues are not seen as a common aspiration among teachers.
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Since there is not much research from Finland about the implementation of sustainability in the
school system it is also relevant to take into consideration how sustainability has been implemented in
other countries. Sweden is culturally most similar to Finland, and there are Swedish studies that have
investigated the implementation of ESD in schools. Borg et al. [68] have collected data from Swedish
upper secondary school teachers (n = 3229) to identify barriers to implementing ESD. For the teachers
in their study it seems to be a lack of inspiring examples and the absence of necessary expertise that are
the most common obstacles for integrating sustainability into teaching. According to Borg et al. [68],
more than half of the upper secondary school teachers in their study felt underprepared to integrate
sustainability. The study also shows that the subject-based curricula in upper secondary schools set
barriers for interdisciplinary work. This highlights the problem with subject-based curricula and the
academic disciplines in teacher education as well.

Berglund et al. [69] studied the effect of the implementation of ESD in grade 12 in regular
schools and in grade 12 in schools with an ESD profile (n = 638). They measured the students’
sustainability consciousness, a concept built of knowledge, attitudes and behaviors in all the
three dimensions of sustainability. Significant but small differences were found in sustainability
consciousness between students in regular schools and students in schools with an ESD profile.
Furthermore, when sustainability consciousness was analyzed dimension by dimension, it was only in
the economic dimension where students in the ESD schools had significantly higher values.

Olsson et al. [70] conducted similar research, where they compared the effectiveness of ESD in
regular and in ESD schools, but in grades 6 and 9 (n = 1773), and the results are in line with the
findings of Berglund et al. [69]. The effect of implementation of ESD was relatively limited. In grade 6,
there were significant differences in sustainability consciousness. Students in ESD schools scored higher
on knowledge, attitudes and behavior in all dimensions of sustainability, than the students in regular
schools. In grade 9 there were small differences between the regular schools and the schools with an
ESD profile, but the results indicate a negative effect of the ESD profile on the students’ sustainability
consciousness. The social dimension was the one which contributed most to this difference.
The authors discuss that the possible reason for this could be that the schools with an ESD profile
have not been directed toward an ESD approach in teaching, characterized by holism and pluralism.
The support might have only been aimed at the implementation of sustainability activities.

A study of Boeve-de Pauw et al. [18] showed that neither the holistic nor the pluralistic approach
were commonplace in Swedish schools. The holistic approach was more common than the pluralistic,
and these approaches were more frequent in higher grades than in lower. The results indicate that a
more holistic approach in sustainability teaching increases the sustainability knowledge, while a more
pluralistic approach generates more sustainable conduct. They conclude that ESD based on holism
and pluralism effectively improves students’ sustainability consciousness. However, pluralism is not
commonplace in schools, the researchers suggesting that this might be the result of the “normativity
paradox” [71], which means that pluralistic teaching in a sense is in conflict with the predefined aims
of sustainable development. Boeve-de Pauw et al. [18] also point out that the strong rhetoric in steering
documents does not seem to have affected the actual practice of teaching. Borg et al. [68] also regarded
leadership as crucial when implementing sustainability education in schools. This reconnects to the
situation in higher education and in particular to teacher education.

3.3. Sustainability in Teacher Education

No clear directions exist on how to teach future teachers about sustainability. Neither is there
any strong commitment among the teacher educators. The respondents in a study including seven
universities and ten polytechnics offering preservice training for various categories of teachers
(including vocational teachers) had no answer about how higher education could guarantee that
student teachers are prepared to teach sustainability [65]. The investigation was a part of a study
organized by the educational division of the Finnish Commission on Sustainable Development and
aimed at the educational organizations appointed as responsible for the implementation of sustainable
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development, such as higher education institutions offering teacher training, regional governmental
agencies, and NGOs [65]. The results show that the promotion of sustainability in higher education is
still very much dependent on enthusiastic key persons. Many of the respondents (administrators and
governmental staff, n = 45) also hoped for stronger steering by the Ministry of Education and Culture.
However, Pathan et al. [65] highlight that Finnish universities and higher education institutions play
an important role in ensuring that teachers are provided with the necessary skills and competencies for
teaching about sustainable development. They also conclude that the role of sustainable development
should be increased in teacher education, and consider the lack of commitment to be basically a
problem of leadership.

Since Finnish primary teacher education has to prepare future teachers to teach primary school
subjects, most of the educational studies consist of compulsory courses. In addition, students mostly
choose their minors among the subjects that are part of the school curricula. Sustainability as a theme
to be implemented in all subjects has been a challenge for a long time and it has mainly been up to the
teachers to actualize it. This has not only been a problem in schools, but also in teacher education.

In universities it is up to the lecturers how to implement the topic of sustainability in various
courses in the teacher education programs. None of the universities offering teacher education have
compulsory courses on sustainability for all at basic levels, according to a study from 2010 [65].
Our website analyze in 2016 showed that the number of courses on sustainability still differs
between higher education institutions in Finland, and sustainability is seldom compulsory in teacher
education programs.

Optional courses of different lengths might well be offered. It is unusual with extensive courses,
but since 2015 it has been possible for student teachers at the University of Lapland to complete a
master in environment and nature studies, and at Åbo Akademi University a master focusing on
environmental education can be completed, but only if external funding is granted for the courses.
Other universities offer basic courses providing different views on sustainability, which are open to
students from all faculties, but they may be difficult to combine with the teacher education program
for practical reasons. In addition, the topic of the various courses might be very different from what
the trainee teacher needs.

As Goodwin et al. have pointed out, “Quality teacher education relies on quality teacher
educators” [63] (p. 284). Therefore it is important to investigate teacher educators’ views on
sustainability and the implementation of sustainability in their work. However, only a few
investigations have been carried out concerning this aspect of teacher educators’ competence, though
several have been concerned with other aspects. According to a study by Hökkä and Eteläpelto [48],
rather than sustainability, the most important aspects for teacher educators in general were their
professional learning and identity. However, for science teacher educators the main goals were “to
promote meaningful learning of science concepts and to inspire students’ interest in learning about
science” [72] (p. 121). Buchanan [73] investigated sustainability education in Australian primary
teacher education in a focus group study with teacher educators representing all the subjects in the
curriculum of primary education. The analysis of the discussions in focus groups revealed that it
was not easy to come to a common and unambiguous understanding of the concept of sustainability
education. Social science and science were the subjects where sustainability issues were most frequently
addressed, while these issues were only sporadically touched upon in other subjects, except for
some cross-curricular subjects. However, the cross-curricular nature of sustainability education is a
richness, but also a problem, as few take the responsibility for implementing it. Limited time resources
were mentioned as the major obstacle for including sustainability issues in an already crowded
curriculum. The implementation of sustainability in teacher education was scanty and sporadic,
and sidestepped because of a lack of time both for teaching and preparing. Another obstacle according
to the respondents was the presence of many other urgent teaching issues.

A nationwide questionnaire by Borg et al. [74] among Swedish upper secondary school teachers
(n = 3229) revealed similar problems with adapting a holistic view as in Buchanan’s study.
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The conceptual understanding of sustainable development varied dependent on which subjects the
teachers were teaching. Social science teachers emphasize the social dimension of sustainability,
while science teachers concentrate on the ecological dimension. Even though the teachers were
generally aware of the three dimensions, they did not have a holistic understanding of the concept of
sustainable development, and consequently did not have the competence to teach sustainability issues
holistically either. Borg et al. [74] suggest that the lack of holism in the conceptual understanding could
be explained by a lack of sustainability education related to their subjects in their teacher education
program. Compared with Hofman’s [5] study that we present below this conclusion sounds accurate.

Hofman’s [5] study of Finnish teacher education is to our knowledge the only Finnish study
that focuses on teacher educators’ view of how sustainable development has been implemented in
their own teaching at the course level. It indicates that the whole undertaking has largely failed.
The implementation of sustainability in teacher education is more a question of political rhetoric
than a reality at the course level. Despite elective courses in environmental education or sustainable
development, the aims of sustainability have not been reached.

We shall now take a closer look at Hofman’s [5] material, summarizing the results concerning
teacher educators’ views on sustainability. When the respondents (154 teacher educators) were asked
to describe how they personally understand the concept of sustainable development only 10 percent
mentioned all the four integrated dimensions of sustainable development, i.e., ecological, economic,
cultural and social dimensions (the cultural and social dimensions are often also counted as one,
see Introduction). A slightly greater part (11%) touched upon three of the four dimensions, and did
not include a cultural or social dimension.

The ecological (called “environmental” by several of the respondents) dimension was sometimes
combined with some other aspects, like human well-being, which was stressed by nearly half of the
teacher educators (49%). The rest of the teacher educators (30%) understood the concept in very
different ways without naming any of the four (three) main dimensions. For example, they explained
that sustainability was an ethical or moral question or simply the recirculation of waste products or
continued growth in general. As many as 70% of the teacher educators in Hofman’s study mentioned
the ecological or environmental dimension, including those who represented subjects other than the
natural sciences. Therefore, the teacher educators stated that sustainability does not concern them
and they do not include it in their teaching (18%) (since the sustainability issue belongs to the natural
science educators, according to them). More than half of the respondents said that they did not know if
their department had defined the concept of sustainable development in their strategies or other policy
documents. In conclusion, Hofman’s study indicates that policy documents and recommendations
have not had a major effect on teacher educators.

Nevertheless, up to 75% of Hofman’s respondents considered that sustainability is extremely
important for all student teachers [5]. They also mentioned education and awareness raising as the
best ways for society to promote sustainable development, but they did not see their own work as an
important contributor. The great majority of the teacher educators (87%) had not received any training
or education in how to integrate sustainability into all subjects, although several policy documents
maintain that universities and teacher training departments have to incorporate basic sustainability
knowledge and that pedagogical skills should be highlighted as an important educational policy
issue in in-service training of teachers and supervisors [34,55]. Sustainability is merely rhetoric if
teacher educators training future teachers have not received any education in sustainability themselves.
In the section below we will present our interpretation of why this topic has been addressed in such a
piecemeal fashion until now.

4. Why is an “Excellent” Education Failing in Sustainability?

When we were searching for answers about why Finnish teacher education fails in the
implementation of sustainability, we found many fundamental components that hindered the process.
We identified five strong elements that prevent purposeful implementation. Three of them are
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connected to characteristics of Finnish teacher education, which reflects a combination of overall trends
in society and politics that are contradictive to sustainability (1); takes place at universities, which means
that it struggles with the same obstacles regarding sustainability as Finnish university education
in general (2); and is based on separate academic disciplines and fragmented school curricula (3);
Two other obstacles for a successful implementation are that sustainability demands a profound ecologic
literacy (4); and is strongly value dependent (5). Below we explore these five obstacles in more detail.
Our argumentation below is based on a critical analysis of actual literature on sustainability topics
(research on sustainability in higher education; reports from the Worldwatch Institute, UN, and the
Finnish government), educational research (policy documents, educational policy studies and empirical
research), and social philosophy. Besides our analyses on current university strategies and comparisons
of university courses on sustainability, results from our earlier empirical and theoretical studies have
also been crucial complements to the literature.

4.1. Sustainability is in Conflict with Trends in Society

Finland is one of the richest countries in the world [75]. During the last century,
domestic consumption has grown eleven times [76]. After World War II, in the 1950s and 60s,
mass consumption became a part of the Finnish life style [76]. However, from a planetary perspective,
this is not necessarily a favorable development. Since the Club of Rome published Limits to Growth
in 1972, arguing that the limits of planet Earth had been reached, the sustainability issue has been
continuously under consideration. Planet Earth suffers from air pollution, deforestation, decreased
biodiversity and many other problems. Overpopulation, unequal distribution of food and access
to water and sanitation are alarming global human issues. One of the major environmental threats
is climate change. This is a complex problem that influences many levels of life, both human and
non-human, including water availability, food production, biodiversity, health, equality, human rights
and employment. According to the Worldwatch Institute [77] and the Intergovernmental Panel on Climate
Change [78], climate scenarios are dominated by orthodox economic views with unrestricted growth as
the hidden goal.

The speedily growing world population is predicted to be as large as between 9.4 and 10 billion
by 2050 [79]. Therefore, future forecasts concerning material and resource usage are all but bright,
and yet economists still recommend continued consumerism. In this situation people may well feel
insecure about whether they should consume more to support the current economy or less to help
ensure a sustainable future [26].

Consumerism has become a dominant paradigm throughout the world [80,81], and Finland is
no exception. The average consumption of goods of the world population in 2008 was 10 tons per
year. However, the variety was vast, from a few tons to nearly 30 tons [80]. The reason for such high
consumption is not only to be found on the individual level or to prevalent choices, but is primarily
due to policies, economies and structures that facilitate environmentally destructive behavior [82].
Over the decades many joint efforts have been made to create a growing demand for goods.
This has taken place with the help of policymakers, marketers, media experts, business leaders, and
many others [82]. Talented “consumerism architects” have succeeded in shaping norms, values and
narratives that attract buyers to choose a lifestyle where they express themselves through consumption.
Thus, individuals are not the only ones to blame; it might even be unfair to make single individuals
responsible for consumerism [26]. This can absolve the state from responsibility.

However, great obstacles hinder change, since consumerism has become part of human
identity [83]. It is a sign of what Foucault [84,85] calls governmentality, which means that individuals
are governed so skillfully that they can no longer separate their own will and actions from the system.
People always make choices in a context [26] and, thus, structural problems become personal moral
issues [83]. Nonetheless, education cannot escape the dilemma between politics and ethics [31] and the
formation of identities [85]. Studies show that economic growth has reached the point in industrialized
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countries where it no longer has a positive impact on people's subjective experience of well-being and
happiness [86].

Undoubtedly, education has also become a consumer good and a remarkable vehicle for
competition. This is also the case in Finland, where education is seen as a tool in Finland’s economic
success on the world market. The excellent results in the PISA comparison is seen as proof of a
successful educational system [62]. Consequently, Finnish education has become a goal and is market
oriented. This is especially the case with higher education, and teacher education is no exception.
Teacher educators are subject to accountability in the same way as all other university lecturers.

4.2. Finnish Teacher Education is A Reflection of University Education in General

Finland signed the Bologna Declaration of 19 June 1999 together with twenty-eight other European
countries [87]. The aim of the declaration was to homogenize European higher education, but also
to make students more competitive in the world educational market [88]. Since the 1990s,
Finnish university evaluation has been institutionalized, and in 2004 the development of quality
assurance and evaluation started [61]. Finnish universities have adopted the same values as the
business sector and are steered by quality standards and top-down management [89]. When business
ideologies became a part of the university strategies, the rhetoric also changed; learning became a form
of market competition, and education developed into a sales product to be delivered to the market [90].

This has had a remarkable effect on both staff and students. According to Kallio and
Kallio [91], university lecturers lack motivation for creative, knowledge-intensive work, because
of the “management-by-results” atmosphere at their workplaces. Time efficiency decreases academic
discussions and obstructs deeper understanding among teachers and students [89], elements that are
crucial when dealing with challenging issues like sustainability. The idea of educating future teachers
about sustainability is in conflict with a strong market-oriented agenda, but also with traditional
practices. Although teacher education in Finland is research-based, it is not particularly critical [92] nor
especially focused on development and adjustment [93]. Hökkä and Eteläpelto [48] have pointed to a
lack of research on why the development of teacher education is so slow both on the individual and the
collective level. Most educational research has applied a positivist approach and followed a normative
agenda committed to the official values, according to Simola [92]. Sustainability, however, does not
come about without open discussions about the issueof unsustainability.

Despite conflicting interests, international organizations, governments, industry and universities
throughout the world have addressed the universities’ urgent role in promoting the idea of a
sustainable future among their students [53]. Yet, to promote sustainability, it is not enough that
universities train students in sustainability; they need to act sustainably and focus on long-term
goals [94].

Even if there have been major developments in higher education, there is still much to
improve, according to Ramos et al. [95], who have studied implementation processes, participation,
change management, assessment, and the popularity of sustainable development at the higher
education level by reading of 33 academic papers from various countries. Higher education institutions
can actually implement sustainability in three ways. One of these ways is called ‘campus greening’
and takes place through innovative planning, development of practical solutions and activities that
promote sustainability in the daily life at the campuses. Examples of campus greening activities
are often related to consumption; saving energy and water, reducing waste, etc. The other way of
implementing sustainability is through teaching, and the third way is through research.

Sustainability is not only knowledge, among other things it is also an “open-minded and
participative process” that has a connection to the students’ own reality [96]. That means that
universities are also life worlds for students. Innovative research and creative education build on
academic freedom that together shape an ethical framework and prepare for the unpredictable [94].
Thus, universities should be seen as trustworthy institutions that train both scientists and citizens
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and conduct research that decreases uncertainty and ignorance. This is a field that needs a lot
of development.

4.3. Separate Disciplines and Split Curricula Complicates the Implementation of Sustainability Education

Universities have three main tasks to fulfill: education, research and social engagement,
and they are the leading producers of knowledge. At the same time, they are conservative institutions
with a strong subject orientation. Research shows that there is a lack of interdisciplinary scientific
understanding with an increasing numbers of specialists even though sustainability issues are widely
connected [97]. For example, the environmental and the financial crisis is a mixture of finance and
economy as well as of climate, resources and the environment. Sustainability education has to deal with
ideology, social change, and political power relations, and could gain much from political science [98].

Declarations and documents about sustainability in higher education stress that sustainability has
to include all students regardless of subject, and has to be a part of the study programs and teaching [53].
The reason for the slow implementation of sustainability in higher education is, according to
Christie et al., both the complexity of the sustainability problematic and the epistemological differences
between different disciplines, and Dillon [99] asks for interdisciplinary meta-knowledge when solving
sustainability problems. Weber [33] also emphasizes the complexity and distinguishes between two
interlinked dimensions, a natural one (focusing on planet Earth) and a social one (focusing on human
societies). One apparent obstacle for implementing sustainability in higher education teaching is its
interdisciplinary nature. Interdisciplinary research is still seen as challenging, a form of research that is
not supplied by academic practice [65].

Arts, humanities and social sciences introduce other crucial views of the sustainability dilemma.
Because of its complexity [53] it is easier to implement sustainability issues in creative disciplines
rather than science subjects. Likewise, sustainability might require an innovative and student-centered
pedagogy [52]. Students need to develop an ability to judge, criticize, argue and predict, as well as to
fight ignorance and understand various perspectives when dealing with sustainability [33]. In a study
among university students in the USA (n = 552), Fisher and McAdams [15] found that the way college
professors approached the issue of sustainability, was also the way in which students framed the issue.
This means that if the view the students receive is mainly one-sided or monodisciplinary, they will
miss the complex picture. To deal with this problem, university teachers as individuals need to have
both a complex understanding and a multidisciplinary approach in their teaching [15].

Teacher education is still based on separate academic disciplines and serves a fragmented school
curriculum. Yet, according to Katehi [100], the multidisciplinary nature of universities provides
grounds for jointly promoting new ideas and new practices. Since sustainability is more a matter of
process than content, it turns the traditional curricula upside down in a quest for reorganization.

In Finnish schools, environmental and sustainability topics have often been passed to science lessons
and delegated to science teachers (mostly biology and geography) [101]. Sustainability, however, cannot be
handled only by natural sciences, even if these sciences are fundamental. Nevertheless, the core curriculum
for basic education from 2014 emphasizes interdisciplinary teaching and learning to a much greater extent
than earlier curricula [60]. Integrating teaching and multidisciplinary learning themes in the curriculum is
a promising way forward from the view of sustainability education. The intention is that this educational
approach will influence both content and teaching methods. The need for encouraging cross-curricular
themes has also been underlined in earlier curricula, but the practical impact has not always been evident.
Finnish teachers of grades 1–6 generally teach most subjects in the school class they are responsible
for, which facilitates working interdisciplinary. However, sustainability is also emphasized within the
curriculum contents and also in the aims of different subjects. Nevertheless, subjects like languages,
mathematics, music, and history do not include sustainability issues in their aims and contents.

The new curriculum states that basic education in every school is obliged to arrange at least
one cross-curricular learning theme during the school year, guaranteeing that each student has the
opportunity to participate in this work. Furthermore, these themes are included in the assessment of the
students, for example when assessing the subjects included in a particular learning theme. This clear
statement in the curriculum might improve the conditions for working interdisciplinary, and this bodes
well for dealing with the sustainability issue and the development work which has already started.
Therefore, the conditions for the interdisciplinary perspective in general, and regarding sustainability
education in particular, can possibly also improve teacher education at the university level.
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4.4. Sustainability is Complicated without A Profound Ecological Literacy

For over thirty years environmental issues and sustainability has been discussed as something that
should be faced comprehensively and should influence all education, but still very often these issues
have been treated as “add-on topics”. The complex concept of sustainability hides many components,
among them nature. Nature is the basis of all life. Without nature there is, moreover, no social life
and no economics or culture. That is why the idea of sustainability originally rose from biologists and
the field of nature protection. Today, the climate change dilemma more obviously than ever before
shows how dependent humans are on well-functioning ecosystems, but also how all kinds of human
undertakings and social engagements are dependent upon careful observation of nature.

Nevertheless, nature and the ecological dimension of sustainability still seem to be increasingly
ignored in the sustainability debate. Environmental education as a new educational approach in the
1960s included a basic ecological approach to environmental problems [102,103]. Later, when it was
pointed out that environmental education does not only concern the natural sciences [3], other aspects
of sustainability were paid more attention. The more recent concept, ESD [2], clearly pronounced
the importance of the human dimension in all decisions concerning environmentally sound
development [54] (see also the Introduction).

Environmental aspects do not, however, inevitably include basic ecological aspects.
Therefore, ecological literacy and ecological understanding as a more positive approach than
environmental problems form the bases of ecological sustainability. Ecological literacy means
“understanding the key ecological systems using sound ecological thinking, and also understanding
the nature of ecological science and its interface with society” [104] (p. 230). Ecological aspects of
sustainability include both knowledge- and value-based issues of the sustainable use of natural
resources, conserving bio- and genetic diversity and maintaining nature’s ecological systems [105].
Therefore, an insight into natural resources, the fragility of the physical environment, and the effect
of human activities on them, are environmental concern issues which should be considered in all
social and economic policy development [34]. The fundamentals for sustainable development are the
maintenance of biological diversity, the viability of ecosystems and the long-term reconciliation of
economics and other human activity with the environment’s carrying capacity [106]. Learning to care
for all life on earth as early in life as possible is important as a basis for sustainability education [107].

However, the majority of student teachers and graduates in many universities are unable
to explain the meaning of key integrating ecological concepts at even a minimum level of
maturity, alluding to a possible systemic problem [108–110]. To achieve ecological literacy a greater
understanding of ecological topics is needed. The ecologically literate person is, moreover, significantly
more likely to engage in a set of pro-environment activities than someone who is not educated in
ecology [111].

Future teachers ought to be profoundly trained, on the one hand, to understand ecologic
components and ecological relationships and, on the other hand, to realize how nature and natural
phenomena relate to social structures. Teachers unquestionably need a profound ecological knowledge
to really understand, for example, the complex climate change dilemma. An ecologically literate
teacher can also understand the complex relationships between human and ecological systems more
easily [109]. Basic knowledge on many levels is a foundation for teachers, who have the task of
integrating sustainability into all school subjects, but to do this they also need to be trained in
ethical reasoning.

4.5. Sustainability Education is Complicated because of Its Value Dependence

The global sustainability challenges need to be tackled by knowledge and facts (to know how
the world and the situations actually are) and tackled under real life conditions. Yet, the problems
also need to be faced by normative questions, such as what ought we to do about it, and what is
just to do [12,112–114]. As Moore and Nelson have said, “It is from the partnership between science
and ethics that policies are born” [112] (p. 226), and education has to be designed so it triggers the
students’ own thinking and judgment [114,115]. However, ethics in education can be both a method

14



Educ. Sci. 2017, 7, 32

and an aim. As a method in teacher education, ethics activates students morally and encourages
even unpredictable transformations; but if regarded as a narrow aim, educators can only transmit a
particular ethical view [12]. Without any determined aim, the outcome becomes undecided and makes
room for future teachers to formulate visions and jointly shape temporal aims and even to disbelieve
the entire “sustainable development” aspiration [12,116] and shape new projects and visions.

Humans’ relation to nature and the idea of a sustainable future is wedded to many social dilemmas.
Individual choices and fulfillment of personal desires do not necessarily promote socially valuable
goals. Worldwide justice as well as intergenerational justice requires an equitable distribution of
benefits as well as of burdens [112]. This calls for society-wide changes that involve the implementation
of new policies, new infrastructures, new technologies and new laws [82]. To create a more sustainable
course, there is a need for wider structural changes. Unsustainability is a global problem that is
often in conflict with the individual quest for freedom of choices that has become a privilege in the
wealthy countries. When considering the basic provision of the Universal Declaration of Human Rights,
Article 3: “Everyone has the right to life, liberty and security of person” [117] it becomes obvious that
interpreting the word “liberty” widely as “freedom of choice” easily turns the provision into a paradox.
According to Moore and Nelson [112], these notions signal that the rich nations of today are carrying
out the most severe violation of human rights.

The role of education is then also to train one’s practical reason to consider the ethical conditions
for mutual human undertakings and to identify the limits and terms nature sets for human life.
Viewed this way, education has to offer both theoretical knowledge and provide possibilities for ethical
deliberation, thus “provoking” students to form personal judgments and to participate in responsible
actions based on both knowledge and reflection.

This ethical deliberation starts from an ethically conscious teacher education. A teacher education
with sustainability as an important aim takes this mission seriously. In a qualitative study among
upper secondary teachers, Sund [118] became convinced of the difficulty of teaching about ethical
sustainability issues like global equity, fairness and responsibility to distant others. Emotions and
passions were common elements when dealing with these kinds of issues, and she underscored that
sustainability/unsustainability, justice/injustice and wealth/poverty are complex and demanding
teaching topics which require talented teachers. A quick fix kind of training is definitively not enough.

5. Pedagogical Implications and Conclusions

A non-sustainable life has not come about suddenly and will not be overcome without joint
efforts and fertile learning conditions. The concrete process towards sustainability needs to become
a canon in teacher education in Finland and elsewhere. Words in policy documents are not enough;
without training in sustainability education student teachers will hardly be able to teach this topic.
If universities and other institutions offering teacher education do not regard sustainability as an
important topic, there is a great risk that future teachers as well as teacher educators will enter the
labor market without enough knowledge and skills to teach sustainability. The main actors to solve
this issue are the leaders of universities, especially in Finland where the universities are autonomous.
When leaders have embedded sustainability in the visions and goals of strategy documents they are
responsible for the implementation of the issue in the university as a whole, including educational
programs and research. However, somebody needs to take responsibility for a broad application,
otherwise only those who have an economic interest in the topic will act.

Both strategies and national curricula are a good beginning, but without a purposeful
interdisciplinary and transdisciplinary implementation that involves university leaders, teachers and
students from different disciplines, and also other stakeholders, the policies will remain merely words.
Universities have autonomy in terms of educational content, so to find a consensus between teacher
educators about which subjects are most essential and have to be included in teacher education
is challenging [65]. One teacher educator can seldom teach an interdisciplinary topic alone [65].
Another problem with the implementation of sustainability is the competition among so many
compulsory subjects that must all be covered by the teacher education curriculum [65].
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Pathan et al. [65] found that the strategies around sustainable development are most realized in
the Finnish vocational institutions and in polytechnics when compared to other educational sectors
in Finland. They argue that this is the case because vocational training has a closer relationship
to workplaces and employers than higher education and especially university education has.
Sustainability has, moreover, become a must in many workplaces. A Finnish study from 2001 shows
that teachers in vocational education were more committed to teaching sustainability than teachers
in primary and secondary schools [101]. One reason was that the leaders encouraged the teachers in
vocational education to participate in sustainability in-service training. To rely too much on in-service
training is though hazardous, since all schools might not have resources for that [65] or might prioritize
other kinds of training courses. The teachers’ preservice training at the university is without doubt the
most important.

Universities in Finland and elsewhere are top knowledge institutions in a key educational
position. Therefore, the sustainability process could create excellent opportunities for them to produce
new ways of thinking as forerunners in a sustainable process. Then they become important participants
in a dynamic and flexible synergy issue of different sciences and subjects where science, education,
art and practices are combined, transformed and developed [119]. Universities already have both a
research infrastructure, and staff with knowledge to train students in sustainability issues, according
to Weber [33], so they even have a responsibility to jointly take the lead in the sustainability process
as models and living laboratories [100]. As we have discussed the situation is sometimes less
promising. The shortcomings of universities in general are obvious in the 2nd Glion declaration of the
Glion Colloquium (a forum that gathers university leaders and leaders from business and governments
every second year in Glion, Switzerland to jointly consider what role the world’s leading universities
should play in addressing the great challenges and opportunities of our times.). The Glion Colloquium
is still hopeful in their vision about the universities’ role in the sustainability process: “Universities
exist to liberate the unlimited creativity of the human species and to celebrate the unbounded resilience
of the human spirit” [120].

A redesign of the universities and teacher education requires visionary leadership,
social networking, and new forms of research and high levels of participation [7]. The sustainability
trajectory becomes a joint commitment where visioning, planning, activities, daily conducts and
evaluation continually follow each other in a steadily transforming process that engages both
teachers and students in democratic processes and joint work that enables profound learning and the
understanding of multiple views. There is a need for teacher education where future teachers learn to
relate to sustainability issues as reflective practitioners and learning facilitators.

Because of the interdisciplinary nature of sustainability and the fact that universities are
autonomous, the implementation of sustainability in teacher education is challenging. To prepare
teachers for teaching about sustainability, this topic needs to be seen as important not only at the
course level, but significant already in strategies, curricula and plans. Managers, administrators,
teacher educators, researchers and students from various fields need to work together in this crucial
development process. Student teachers have to be involved in campus greening, experiencing how
sustainability is included in various school subjects both in theory and practice, but also treated as a
subject in its own right. Another necessity is purposeful high quality sustainability in-service training
for both teachers in general education and teacher educators at universities.

In 2013–2018 the new Finnish Education Evaluation Centre perform assessments of learning
outcomes in sustainability in upper secondary vocational education [121]. No results of these
assessments have been published yet. The same interest will hopefully soon be shown in general
education, and why not in teacher education as well, even if the economic benefit of the sustainability
knowledge of those graduated from general education might not be directly observable. Negligence on
this level will be disastrous in the long run. Features like the learning outcomes of sustainability
education, action competence or interdisciplinary skills have hitherto not been measured in PISA tests.
Yet, according to a recent plan [122], ‘global competency’ will be a target for measurement in 2018.
This will hopefully raise the sustainability issues to the agenda both in teacher education and schools
in the countries involved, not least in Finland.
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Abstract: Sustainability education (SE) is included in school curricula to integrate the principles,
values, and practices of sustainable development (SD) into all education. This study investigates
lower secondary school subject teachers as educators for sustainability. A survey was used to study
the perceptions of 442 subject teachers from 49 schools in Finland. There were significant differences
between the subject teachers’ perceptions of their SE competence, and the frequency with which
they used different dimensions of SE (ecological, economic, social, well-being, cultural) in their
teaching varied. Teachers’ age had a small effect, but gender, school, and its residential location were
nonsignificant factors. Teachers could be roughly classified into three different subgroups according
to their perceptions of the role of SE in their teaching; those who considered three SE dimensions
rather often and used holistic sustainability approaches in their teaching (biology, geography,
history); those who considered two or three dimensions often but were not active in holistic
teaching (mother tongue, religion, visual arts, crafts, music, physical and health education, and
home economics) and those who used one SE dimension or consider only one holistic approach
in their teaching (mathematics, physics, chemistry and language). Subject teachers’ awareness of
their SE competence is important to encourage them to plan and implement discipline-based and
interdisciplinary SE in their teaching. The specific SE expertise of subject teachers should be taken
into account in teacher training and education.

Keywords: sustainability education; subject teachers; secondary school; survey; teaching

1. Introduction

1.1. Curricular Goals of Sustainability Education

The aim of education for sustainable development (ESD), or sustainability education (SE), is to
integrate the principles, values, and practices of sustainable development (SD) into all aspects of
education. This challenge was also underlined by the United Nations (UN) as the Decade for Education
for Sustainable Development (DESD 2005–2014). During the decade, SE has been increasingly taken
into account in the formal education of comprehensive schools around the world [1]. SE emphasizes the
consideration of multiple aspects of sustainability including ecological, economic, social, and cultural
aspects of SD. The consideration of all aspects of sustainability is crucial in sustainability teaching
(ST), although aspects involving the ecological dimension have traditionally been emphasized in
schools [2–4]. The Finnish National Core Curriculum for Basic Education [5] was in use in the
schools during the DESD. According to the curriculum, natural diversity and the preservation of
environmental viability is included in the underlying values of basic education. The curriculum also
included “Responsibility for the environment, well-being and a sustainable future” as a cross-curricular
theme and, according to the curriculum [5] (p. 39), schools should teach “future-oriented thinking
and the building of the future upon ecologically, economically, socially and culturally sustainable
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premises”. The curriculum highlights a holistic view, by which the students should, for instance “come to
understand prerequisites for human well-being, the necessity of environmental protection, and the
relationship between the two” [5] (p. 39). In the learning objectives and core contents of different
school subjects, goals linked to SE have also been mentioned. The national curriculum was renewed
in 2014 [6], with seven main areas of students’ transversal competences emphasized in all subjects.
One of these main competence areas is “Participation, agency and the building of a sustainable future”.
Thus, as sustainability aspects have been highlighted in the past and present curricula [5,6], it is important
to study how the goals have been reached in the school.

1.2. Effectiveness of SE in School Education

Currently, SE is widely included in school curricula around the world [1], and research on
the effects of SE is gradually increasing. However, very little is known about the effectiveness
of SE. In general, the goals of SE are to influence the values, interests, and attitudes of students.
In Finland, ninth-grade students’ pro-environmental and pro-social values and attitudes, as well as
their interest in environmental and human issues, have been found to be interconnected [7]. In a
Finnish study [8], it was also found that ninth-grade students’ interest, values, and attitudes pertaining
to environmental issues correlated with each other. An important finding is that students’ sustainability
school experiences make a difference, as the Finnish ninth-grade students’ ecologically sustainable
behaviors outside the school could be influenced by their personal factors, like sustainability-related
attitudes, values, and self-efficacy beliefs, which in turn were influenced by sustainability experiences
in the school [9]. Sustainability-related social and agency experiences, in particular, have been found to
be important in predicting these behaviors [9]. In Sweden, similar results were found [10], indicating
that SE can impact student outcomes in terms of their sustainability consciousness. Thus, to study the
educational effectiveness of SE in secondary school, it is also very important to more closely study the
competence of the teachers in SE.

1.3. Teachers as Sustainability Educators

SE is a complex and controversial approach, and it may be a challenge for subject teachers.
In their review on environmental education research, Hart and Nolan emphasized that teachers’
knowledge, attitudes, and competence to consider versatile and complex phenomena in environmental
education vary [11]. In general, teachers’ pedagogical competence can be described as content
knowledge, pedagogical knowledge, and pedagogical content knowledge [12]. Subject teachers’ SE
competence may be linked to their expertise areas, as well as to the tradition, methods, and practices
of different subjects’ teaching [13–17]. However, there are not many detailed studies on teachers’
knowledge of SD and their pedagogical content knowledge related to SE. In general, understanding
the different dimensions of sustainability has proven to be a challenge for teachers [13,15,16]. In general,
many teachers may not feel very competent at including sustainability issues in their teaching [16].
Therefore, examining in-service subject teachers’ knowledge and skills to implement SE is an important
topic to research.

In general, secondary school subject teachers specialize in two or three academic disciplines
in Finland. The qualification required for subject teachers is a master’s degree from a university.
For their master’s degree, subject teachers need to have completed advanced studies in their major
subject, and intermediate studies in their minor subjects, one of which is pedagogical studies in
teacher education. For instance, a biology teacher has often studied biology as the major subject,
and geography/earth sciences, chemistry, or health education as a minor subject, but these studies do
include specific courses on SE.

The aim of this study is to determine to what extent subject teachers take different aspects
and holistic approaches of SE into account in their teaching, as well as how competent they feel in
teaching different SE dimensions. In this study, teachers’ perceptions of all aspects of sustainability,
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namely ecological, economic, social, and cultural, as defined by [5], were investigated. The study
questions for our research are:

How often do subject teachers implement different dimensions and holistic views of SE in
their teaching?

How do subject teachers perceive their competence to teach different dimensions of SE?
Do subject teachers’ perceptions differ from each other in terms of the following:

• teaching frequency of ecological, economic, social, and cultural sustainability;
• teaching a holistic view of SE;
• their competence to teach different dimensions of SE?

What is the relative importance of subject, gender, age, school, and the school’s residential area in
explaining the results?

2. Materials and Methods

2.1. Questionnaire and Data Sampling

A large-scale survey was carried out to study the implementation and effects of ESD in 2010 in
Finland, see, e.g., [7,9,17]. A specific questionnaire was developed for the research. The background
of the questionnaire is in the general recommendations given by UN on the dimensions of SD and
SE (e.g., [18]). The items measuring teaching on different aspects of SE were developed using the
main areas of sustainability commonly considered in SE [19,20] and the Finnish cross-curricular
theme “Responsibility for the environment, well-being, and a sustainable future” [5], especially the
ecological, economic, and social dimensions. Items for cultural and economic dimensions were
developed using the FNBE recommendations that deepen the understanding of cross-curricula
themes [21]. The recommendations of the OKKA Foundation [22] for sustainability schools were
also used. OKKA is a foundation for teaching, education, and personal development supporting the
educational sector. Its founding organizations are the Trade Union of Education in Finland (OAJ) and
several teachers’ associations in the vocational sector. The OKKA Foundation has the right to grant
sustainable development certification of educational establishments in Finland.

The original questionnaire is composed of several pages with questions that consider teachers’
sustainability-related teaching in the school. Only sections to elicit responses from teachers on items
concerning their general schools practices and teaching on ecological, economic, social, and cultural
sustainability at school were included in this study. The teachers were asked how often they considered
different dimensions of sustainability (ecological, economic, social, and cultural) in their teaching:
“Evaluate how often you consider the issues mentioned below in your own teaching. The teaching
method is free depending on the subject and its nature. Choose the alternative that best fits with
your own opinion”. The frequency of different activities was rated on a five-point Likert-type scale:
5 = very often, 4 = rather often, 3 = sometimes, 2 = rather seldom, 1 = very seldom.

Teachers’ perceptions of their competence in SE were assessed using five items with which the
teachers could rate their responses on a five-point Likert scale: 1 = very poorly, 2 = rather poorly,
3 = satisfactory, 4 = rather well, 5 = very well. Teachers’ perceptions of their knowledge of the
cross-curricular theme “Responsibility for the environment, wellbeing and sustainable future” [5] were
assessed similarly.

A stratified sampling procedure was used to select the lower secondary school for the study, so
that different residential areas (urban, densely populated, and rural) were represented in the sample
collected from the whole country. Fourteen teacher questionnaires were sent to each of the selected
54 lower secondary schools, of which five were Swedish-speaking schools. Altogether, 49 schools were
included in the study.

The teachers were also asked to indicate their major and minor subject during their pre-service
studies. There were 25 different disciplines in the questionnaire:
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• Mother tongue and literature; • Health education;
• Second national language Swedish; • Lutheranism religion;
• Second national language Finnish; • Lutheranism religion;
• English; • Other religions;
• German; • Ethics;
• French; • History;
• Russian; • Social studies;
• Other language; • Music;
• Mathematics; • Visual arts;
• Biology; • Crafts;
• Geography; • Physical education;
• hysics; • Home economics
• Chemistry;

The groupings were carried out according to the two disciplines the subject teachers taught at
their schools. The same teacher usually teaches two different subjects according to his/her pre-service
major and minor studies, such as mother tongue and literature, history and social studies, physical and
health education, or religion and ethics. The grouping was carried out according to the major subject
of the teacher. Some disciplines occurred only as minor subjects, such as health education, orthodox
religion or other religions, ethics, and social studies. For instance, only four teachers indicated that
their major subject was health education, and thus these teachers were combined with the teachers of
physical education.

Finnish as the mother tongue and Swedish as a second national language were the most common
subjects of the language teachers. The third most common language was English. Because there
were not many language teachers who had Finnish as a second national language or French,
German, Russian, or other language as their major subject, they were combined to form a group
of “other language teachers” in this study. Altogether 16 subject teacher categories were formed.

2.2. Statistical Analyses

An explorative factor analysis (EFA) was used to reduce the data and identify the latent variables
of the data with IBM software, PASW 23. Maximum likelihood was used as the extraction method
based on Eigenvalues larger than 1. Promax rotation was used, as is likely that the factors measuring
different aspects of sustainability correlate with each other. Factor score coefficients were estimated
using the regression method and the factor scores were used in statistical analyses. Average scales
describing the variables were calculated, with the items’ means representing the Likert scale from
1 to 5 according to the EFA pattern matrix. ANOVA was used to analyze the contribution of gender,
age, teachers’ subject, and schools’ location in urban, densely populated, or rural areas.

The original questionnaire was composed of 53 items to find the most suitable solution to study
the ecological, economic, social, and cultural aspects of SE. However, only 27 items were accepted
into the final best fit factor solution of EFA. In this case, initial communalities varied between 0.441
and 0.774 and the Kaiser-Meyer-Olkin Measure of Sampling Adequacy was 0.91 indicating that the
data were adequate to carry out the EFA. The five-factor solution explained 69.4% of the variance in
initial Eigenvalues. The number of items per factor varied between three and eight, and the internal
consistency (Cronbach’s alpha) from 0.87 to 0.91.

3. Results

3.1. Subject Teachers

The data from 49 schools representing different parts of Finland were used in the study.
The response rate for the schools was 92%, and for the teachers’ questionnaires, 60%. A total of
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442 teachers participated in the study, but 14 teachers did not indicate their subject. The teachers
were grouped into four different age groups: 21–30 years (13%), 31–40 years (25%), 41–50 years (31%),
and >50 years (30%) by age. Forty-nine percent of the schools were located in urban areas, while the
contribution of densely populated areas was 21% and rural areas 30%.

The teachers were grouped according to the major subject they taught at school, which is
commonly the same discipline they studied during their pre-service studies. In general there were
more female teachers (53%–97%), with the exception of history, in which 65% of the teacher were male
(Table 1).

Table 1. Teachers categorized according to major subject and gender.

Teachers Women Men Total

Mother tongue 34 1 35
Swedish 22 1 23

Other languages 14 2 16
English 31 3 34
Biology 22 8 30

Geography 7 3 10
Physics 7 9 16

Chemistry 14 5 19
Mathematics 22 12 34

History 13 24 37
Religion 19 7 26

Home economics 35 3 38
Physical & health education 18 16 34

Music 14 8 22
Visual arts 17 4 21

Crafts 22 11 33
Missing 8 6 14

Total 319 123 442

3.2. Formation of SE Dimensions in Teaching

Five different sustainability dimensions were found by EFA, so that the number of items varied
between three and eight in different ST factors (Table 2). For social sustainability, two different types
of dimensions were found, namely the general social dimension at the school and society levels, and
well-being at the individual level. The cultural dimension was also a factor. Cronbach’s alpha of
the different variables varied between 0.87 and 0.91, showing that the internal consistency of the
variables was very high. Factor loadings were rather high in all variables. Items’ means indicate
that sustainability issues were not considered very frequently (M = 2.7–3.5) by the teachers. The item
and variable averages indicate that well-being and social sustainability were the most frequently
considered aspects, while ecological, economic, and cultural aspects were considered least frequently.
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Table 2. Cronbach alfa, factor loadings, means, and standard deviations of different ST factors and
their items.

ST Variables Found in EFA Factor Loading M SD

Factor 1. Ecological sustainability (Alpha 0.91) 2.72 0.87

Environmental influences of industry, traffic, and power production. 0.92 2.79 1.13
Environmental influences of the use of natural resources. 0.88 2.98 1.12
Prerequisites of the well-being of living nature (e.g., sufficiency and good quality of habitat). 0.86 2.70 1.13
Nearby nature and its function (e.g., elements’ cycling, energy flow). 0.79 2.71 1.18
Environmental influences of agriculture. 0.76 2.14 1.10
Built environment and its function (e.g., population, mills, traffic lanes). 0.68 2.58 1.10
Environmentally responsible ways to travel. 0.54 2.55 1.06
Recycling of goods. 0.39 3.35 1.09

Factor 2. Cultural sustainability (Alpha 0.91) 2.86 0.98

Scandinavian cultural heritage. 0.95 2.72 1.16
European cultural heritage. 0.95 2.84 1.22
Finnish cultural heritage. 0.85 3.19 1.21
Cultural identity and its formation. 0.73 2.98 1.22
Multiculturalism in Finland. 0.62 2.89 1.08
The cultural heritage of the school neighborhood. 0.62 2.57 1.11

Factors 3. Social sustainability (Alpha 0.87) 3.28 0.81

Democratic school community. 0.84 2.95 1.10
Preventing alienation. 0.73 3.15 1.06
Democratic society. 0.67 2.70 1.11
Preventing and intervening in bullying. 0.61 3.81 0.93
Human rights and equality. 0.57 3.27 1.07
Tolerance. 0.53 3.78 0.96

Factor 4. Well-being (Alpha 0.89) 3.46 1.03

Physical wellbeing (e.g., health). 0.85 3.53 1.14
Mental wellbeing (e.g., mental health). 0.85 3.29 1.19
Social wellbeing (e.g., social issues, relationships between people). 0.82 3.55 1.07

Factors 5. Economic sustainability (Alpha 0.87) 2.65 0.97

Consumption habits and their importance for one’s own finances. 1.05 2.64 1.18
Personal economy (e.g., planning and care of one’s own budget). 0.73 2.53 1.26
Consumption habits and their importance for sustainable development. 0.64 2.52 1.12
Lifestyles and consumption habits. 0.53 2.92 1.05

3.3. Sustainability Dimensions in Teaching

The frequency of the teachers’ use of different sustainability dimensions (ecological, economic,
social, wellbeing, and cultural) in their teaching was measured. Science teachers, especially biology and
geography teachers, considered the ecological sustainability aspect rather often (Table 3). This aspect
was least considered by language, religion, and music teachers. Other subject teachers considered
ecological dimensions “rather seldom” (2 on the Likert scale) or “sometimes” (3 on the Likert scale).
Economic aspects were considered most often by home economics, history, and biology teachers, but in
this case the frequency was “sometimes” or ”rather often” (4 on the Likert scale). Teaching on economic
issues followed a similar pattern to the ecologic dimension, so that language and music teachers
considered the dimension rather seldom, which was also common among other subject teachers.

Social aspects and well-being were the themes most commonly considered by the teachers.
Social sustainability issues were considered rather often, especially by religion, history, and music
teachers, and well-being by the teachers of physical and health education, home economics, biology,
and geography. This aspect was least frequently considered by chemistry, mathematics, and physics
teachers, and by the group of other language teachers. Cultural sustainability was considered especially
by mother tongue, history, music, visual arts, and religion teachers. As in social sustainability,
cultural issues were least frequently considered by chemistry, mathematics, and physics teachers
(Table 3).
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Table 3. Means (M) and standard deviations (SD) of teachers’ ST, when calculated as an average of the
items in each SE factor.

Teacher/ST
Ecological Economic Social Well-Being Cultural

M SD M SD M SD M SD M SD

Mother tongue 2.15 0.61 2.40 0.77 3.34 0.74 3.28 0.86 3.37 0.75
Swedish 2.19 0.69 2.14 0.67 3.04 0.69 3.20 0.76 3.13 0.78
English 2.19 0.74 2.18 1.11 3.18 0.93 3.11 0.88 2.69 0.91

Other languages 2.06 0.68 1.94 0.77 2.68 1.02 3.02 1.01 2.70 0.64
Biology 4.04 0.45 3.08 0.74 3.29 0.61 4.22 0.63 2.93 0.76

Geography 4.00 0.56 2.65 1.10 3.13 0.67 4.03 0.87 2.67 0.67
Physics 3.22 0.73 2.38 1.10 2.85 0.78 2.57 0.98 1.80 0.85

Chemistry 3.09 0.68 2.21 0.85 2.58 0.65 2.23 0.63 1.47 0.47
Mathematics 2.90 0.67 2.42 0.81 2.82 0.79 2.66 0.81 1.83 0.77

History 2.71 0.92 3.30 0.93 3.71 0.76 3.18 0.94 3.34 0.85
Religion 2.50 0.58 2.83 0.87 3.81 0.74 3.83 0.97 3.55 0.65

Home economics 2.85 0.63 3.50 0.67 3.39 0.81 4.23 0.68 2.95 0.88
Physical & health education 2.59 0.73 2.47 0.91 3.54 0.58 4.48 0.67 2.44 0.73

Music 1.86 0.77 2.01 0.99 3.65 0.71 3.83 0.90 3.73 0.85
Visual arts 2.83 0.70 2.55 0.95 3.39 0.96 3.27 0.98 3.85 0.66

Crafts 2.82 0.80 2.98 0.84 3.28 0.61 3.29 0.74 2.79 0.74
Total 2.72 0.88 2.64 0.98 3.27 0.82 3.44 1.02 2.87 0.99

Note: Highest means are bold (M ≥ 3.2).

The boxplots in Figures 1 and 2 show the distribution of the data. The outliers and extremes show
that in many subject teacher groups there were individual teachers who did not share the general
views of that group.

Figure 1. The frequency of ecological and economic ST of the different subject teachers.
White bars = ecological sustainability; gray bars = economic sustainability. Boxplots show the median,
interquartile range, outliers (circles), and extreme cases (stars) of individual variables.
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Figure 2. The frequency of social, well-being, and cultural ST of the different subject teachers.
Dark gray bars = social sustainability; light gray bars = well-being; white bars = cultural sustainability.

3.4. Differences between the Teachers

There seemed to be clear differences in teachers’ ST (Table 3, Figures 1 and 2);
thus, univariate analysis of variance (ANOVA) was used to determine which of the independent
variables (age, subject of the teacher, or location of the school) were important (Table 4). To test the
differences between the teachers, Levene’s test indicated that the variances between the teacher groups
did not differ significantly (p > 0.05) from each other. The results show that the teacher’s subject
was the most important factor explaining the frequency of ST, accounting 20%–43% of the variance
(SS effect + SS error) (Table 4).

Table 4. Results of the ANOVA testing the significance of dependent variables.

Dimensions of ST F df p Partial Eta Squared

Ecological sustainability

Subject 16.95 15 <0.001 0.40
Age 6.22 3 <0.001 0.04

Economic sustainability

Subject 7.34 15 <0.001 0.22
Age 8.43 3 <0.001 0.06

Social sustainability

Subject 6.24 15 <0.001 0.20
Age 3.85 3 NS -

Well-being

Subject 14.47 15 <0.001 0.36
Age 3.00 3 NS -

Cultural sustainability

Subject 18.99 15 <0.001 0.43
Age 2.65 3 0.049 0.02

The reasons for the results can be seen in Figures 1 and 2, in which the boxplots show large
variations between the teachers. Multiple comparisons of ANOVA showed that, for instance,
biology and geography teachers considered ecological sustainability issues significantly more often
in their teaching than most other teacher groups (Tukey’s test, p < 0.001). Language teachers were
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different from other teachers in that they thought significantly less about ecological issues than
the teachers in biology, physics, chemistry, and mathematics (Tukey’s test, p < 0.001). The home
economics teachers considered economic sustainability significantly more often than, for instance,
language, mathematics, physics, chemistry and music teachers (Tukey’s test, p < 0.001). In ecological
sustainability, the distribution was the largest among history teachers and in economic sustainability
among visual arts teachers (Figure 1).

In social, well-being, and cultural sustainability, the overall picture was different from that of
ecological and economic ST (Table 3, Figure 2). In teaching on social sustainability the teachers
did not differ as much from each other as in ecological and economic sustainability. For instance,
in social sustainability, religion teachers were significantly different (Tukey’s test, p < 0.001) only
from mathematics, other language, and chemistry teachers. Well-being was most often considered by
the teachers of physical/health education, home economics, biology, and geography. For instance,
the teachers of physical/health education differed significantly from all language, mathematics,
physics, chemistry, and crafts teachers (Tukey’s test, p < 0.001). Likewise, music and visual arts teachers
considered cultural sustainability more often than mathematics, physics, chemistry, and English
teachers (Tukey’s test, p < 0.001). Well-being and cultural dimensions were the least frequently
considered by mathematics, physics, and chemistry teachers, and they differed significantly from most
other teacher groups (Tukey’s test, p < 0.001).

3.5. Holistic Approach in SE

The teachers were asked how often they used more holistic ST dimensions in their teaching.
(Table 5). In these six items interactions between sustainability dimensions (ecological, economic,
social, and cultural) were described. The challenges between different SD dimensions can be considered
in various ways in ST; in Table 5 only reduced relations are named.

Table 5. Relationships between different possible sustainability challenges.

Main Type of Challenge Relation Items

Ecological–Social (Eco.–Soc.) The challenges caused by the environmental changes to human
living conditions (e.g., refugees, conflicts, famine).

Ecological–Economic (Eco.–Econ.) The challenges caused by the environmental changes to the
economy (devolution of economic activity, poverty).

Social–Ecological (Soc.–Eco.) The challenges caused by human activities to the condition of
the environment (e.g., climate change).

Social–Economic (Soc.–Eco.) The challenges caused by human activities to the stability of
the economy (e.g., market crash, warfare).

Economic–Ecological (Econ.–Eco.) The challenges caused by the economic growth to the condition
of environment (e.g., exhaustion of natural resources).

Economic–Social (Econ.–Soc.) The challenges caused by economic growth to human
wellbeing (e.g., the uneven distribution of material wellbeing).

The frequency with which the teachers used holistic approaches in their teaching varied and the
teachers differed significantly from each other (ANOVA F = 8.7–11.4, df = 15, p < 0.001) (Figure 3).
Overall, holistic approaches were used rather seldom by most teacher groups, except science, history,
and religion teachers. Human activity as a cause of challenges in ecological sustainability (Soc.–Eco.)
was considered mostly by mathematics and science teachers. In general, biology, geography, history,
and religion teachers used several holistic approaches. These teachers used holistic approaches equally
or even more often than they used some of the unidimensional sustainability aspects (Figure 3, Table 1).
Overall, the challenges caused to economic sustainability by other sustainability aspects were rather
rarely considered by most subject teacher groups. A holistic teaching approach in which the ecological
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aspect was included as the main cause or effect tended to be most commonly used in ST. Only biology,
geography, religion, and history teachers reported that they consider an economic–social combination
(Econ.–Soc.) at least sometimes in their teaching (Figure 3).

Figure 3. The frequency of holistic approaches in ST (challenges between ecological, economic, and
social SD) carried out by different teacher groups. Black rectangle = Eco.–Soc.; White square =
Eco.–Econ.; Black square = Soc.–Eco.; White triangle = Soc.–Econ.; Black star = Econ.–Eco.; White circle
= Econ.–Soc.

3.6. Teachers’ Perceptions of Their SE Competencies

Teachers’ perceptions of their general competence in SE were assessed using five items by
using a five-point Likert scale. On average, teachers rated their knowledge of the cross-curricular
theme “Responsibility for the environment, wellbeing and sustainable future” satisfactory or higher
(Figure 4). There were still differences between the teachers (one-way ANOVA, F = 4.1, df = 15,
p < 0.001). For instance, biology and geography teachers’ responses indicated that their conceptions
on their knowledge of the cross-curricular theme was higher than among most other subject teachers,
especially physics, chemistry, mathematics, language, and physical and health education teachers
(Tukey’s test, p < 0.05).

Figure 4. Teachers’ conceptions of their knowledge about the cross-curricular theme “Responsibility for
the environment, wellbeing and sustainable future”.
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Teachers’ belief in their competence to teach different dimensions of sustainability
(ecological, economic, social, and cultural) was examined using four items. The average competence
in different dimensions varied from 2 (“rather poorly” in economic and cultural sustainability by
mathematics, physics and chemistry teachers) to nearly 5 (“very well” in ecological sustainability
by biology and geography teachers) (Figure 5). To study how much each subject teacher group
differed in their competence perceptions, the average SE competence was calculated as the mean
of the four SE competence items and analyzed with a one-sample t-test. The analysis indicates
that there were significant differences (p < 0.01) in SE competence perceptions within the subject
teacher groups (Figure 5). Mathematics, biology, physics, and chemistry teachers felt significantly
more competent in teaching ecological dimensions when compared to their average sustainability
competence (p < 0.01). Mother tongue and visual arts teachers felt significantly more competent in the
economic dimension (p < 0.01), while mathematics and home economics teachers felt less competent,
respectively. In addition, the competence in the social dimension was rated significantly lower (p < 0.01)
by mother tongue teachers when compared to their average competence. Similar trends, although not
significant, could be found among other teachers (Figure 5).

 
Figure 5. Teachers’ perceptions of their competence (means and standard deviations) to manage
different aspects of sustainability in their teaching. Black circle = ecological, white circle= economic,
black square = social, and white square = cultural sustainability.

When calculated from the whole sample, teachers’ contributions in different dimensions and
holistic approaches in ST, perceptions of their SE competence, and knowledge of cross-curricular
goals were in most cases significantly correlated (p < 0.01) with each other (Table 6). In most
cases the relationship was moderate (rho = 0.3–0.49) or strong (rho ≥ 0.5), cf. [23]. For instance,
the frequency of the ecological dimension used in ST correlated very strongly with all holistic
dimensions in ST. The relationship was similar in the economic dimension, but in this case the
correlations were mostly moderate. There were also strong correlations between different types of
holistic dimensions in ST (Table 6). In some combinations the correlations represent a rather small
association (rho = 0.17–0.27), for instance between the social, wellbeing, and cultural sustainability
dimensions and holistic approaches of ST that emphasize the combination of ecological, economic,
and social aspects (Soc.–Ecol., Econ.–Ecol., see Table 6). Likewise, there were non-significant or rather
small correlations between the frequency of social, wellbeing, and cultural sustainability dimensions
and the ecological, economic, or curricular competences in ST. On the contrary, ST in the ecological
and economic dimensions correlated weakly with the social and cultural competence dimensions.

33



Educ. Sci. 2017, 7, 8

Small correlations were also found between some holistic approaches in ST and social and cultural
SE competence. Overall, the correlations reflect at least three types of ST activity, one being strongly
related to ecological-holistic-economic dimensions, another to social-economic-holistic dimensions,
and the third to well-being-social-cultural dimensions (Table 6).

Table 6. Spearman’s correlation coefficients (rho, p < 0.01) between different SE dimensions, holistic SE
approaches in ST, and SE competences of all subject teachers.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

SE dimensions

1 Ecological
2 Economic 0.57
3 Social 0.30 0.51
4 Well-being 0.32 0.41 0.59
5 Cultural 0.15 0.40 0.58 0.33

Holistic approaches in ST

6 Ecol.–Soc. 0.57 0.49 0.46 0.41 0.39
7 Ecol.–Econ. 0.57 0.61 0.45 0.31 0.36 0.75
8 Soc.–Ecol. 0.70 0.42 0.27 0.26 0.17 0.68 0.66
9 Soc.–Econ. 0.50 0.52 0.48 0.31 0.42 0.68 0.78 0.58
10 Econ.–Ecol. 0.64 0.49 0.32 0.19 0.23 0.67 0.73 0.74 0.70
11 Econ.–Soc. 0.50 0.51 0.43 0.31 0.41 0.70 0.75 0.60 0.77 0.76

SE competences

12 Ecological 0.52 0.30 NS 0.22 NS 0.40 0.32 0.46 0.29 0.40 0.33
13 Economic 0.39 0.36 0.20 0.20 0.15 0.36 0.38 0.31 0.39 0.36 0.36 0.61
14 Social 0.21 0.24 0.37 0.36 0.35 0.33 0.27 0.20 0.29 0.18 0.30 0.47 0.59
15 Cultural 0.15 0.22 0.37 0.29 0.52 0.30 0.26 0.16 0.25 0.14 0.28 0.33 0.41 0.73
16 Curricular 0.48 0.37 0.24 0.28 0.22 0.35 0.37 0.36 0.35 0.34 0.33 0.52 0.52 0.45 0.44

Note: Strongest correlations (rho≥ 0.5) are presented in bold; NS, Not significant.

To classify the different subject teachers into larger subgroups, a decision tree analysis was also
carried out with CHAD as the growing method to summarize the results (Table 7). The analysis
(F = 37–81, p < 000.1) showed which subject teacher groups answered the questionnaire most similarly.
The decision tree analysis classified subject teachers into roughly three or four different subgroups
within each of the five sustainability dimensions. The largest averages in Table 7 indicate the highest
subgroup activity within a SE dimension. For instance, in the ecological dimension mathematics,
biology, physics, geography, chemistry, history, visual arts, crafts, and home economics formed one
subgroup. On some occasions, only two or three subject teachers were classified into the same
subgroup, such as history and home economics teachers to the economic dimension and biology,
physical & health education, and home economics to the well-being dimension. The pattern varied
according to the SE dimension, indicating that although subject teachers could be roughly classified
into different SE subgroups, the classification strongly depends on the SE dimension in question.
Mathematics, physics, chemistry, and language teachers formed the most distinct groups relating to
their perceptions to ST, but for other teachers the main factor was their perception of different aspects
of SE (Tables 6 and 7).
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Table 7. Summary of classification of the decision tree analysis.

SE
Dimensions/
Subgroups

Ecological Economic Social Wellbeing Cultural

1

3.08 (0.82) 2.48 (0.91) 2.75 (0.80) 2.52 (0.82) 1.78 (0.77)

MA, BG, PH, GE, CH,
HI, VIA, CR, HOE

MA, PH, MOT,
GE, VIA, PHE MA, PH, OL, CH MA, PH, CH MA, PH, CH

2

2.14 (0.71) 2.96 (0.82) 3.27 (0.75) 4.31 (0.67) 2.99 (0.80)

MOT, SW, OL, EN, MU BG, RE, CR BG, MOT, SW, EN,
GE, VIA, CR, HOE BG, PHE, HOE BG, SW, HOE

3

2.54 (0.66) 2.12 (0.91) 3.67 (0.70) 3.20 (0.86) 3.52 (0.78)

RE, PHE SW, OL, EN,
CH, MU RE, HI, MU, PHE MOT, SW, OL,

EN, HI, VIA, CR
MOT, RE, HI,

MU, VIA

4

- 3.38 (0.81) - 3.87 (0.91) 2.68 (0. 78)

HI, HOE GE, RE, MU OL, EN, GE,
CR, PHE

Note: MOT = mother tongue; SW = Swedish; EN = English; OL = other language; MA = mathematics;
PH = physics; CH = chemistry; BG = biology; GE = geography; HI = history; RE = religion; MU = music;
VA = visual arts; CR = crafts; HOE = home economics; PHE = physical & health education. Values are means
and standard deviations (in parentheses).

3.7. Differences in Demographical Factors

In general, economic and ecological sustainability were the least frequently considered topics in
the ST, and the well-being was the most often considered sustainability dimension for all age groups
(Figure 6). There were significant differences between the teachers’ age groups in the ST frequency
only in the ecological and economic dimensions (F = 8.4, df = 3, p < 0.01) (Table 2). The oldest age
group used ecological sustainability topics significantly more often in their teaching than any of the
younger age groups (Tukey’s test, p < 0.01). They also used economic and social topics significantly
more in their teaching that the youngest age group (Tukey’s test p < 0.01). In well-being and cultural
sustainability, there were no significant differences between the age groups (Figure 6).

 
Figure 6. Frequency of different ST dimensions taught by four age groups of the teachers.
White = economic, gray = ecological, vertical lines = cultural, horizontal lines = social,
checked = wellbeing.
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Due to the large number of schools and the varying number of teachers attending the study,
the comparisons were carried out using only a non-parametric independent samples Kruskal–Wallis
test. The results indicated that there were no differences between the schools in terms of how often
the teachers used different dimensions of sustainability in their teaching. Differences between rural,
densely populated, and urban areas could be studied with ANOVA, and the results showed that
there were no significant differences between the different residential areas in any of the studied
factors. The independent samples t-test also indicated no overall gender differences in any of the
studied variables.

4. Discussion

4.1. Teachers’ Main Subject Influence SE

In this study, the perceptions of lower secondary school subject teachers on SE were studied.
The results indicated that there were large differences between the subject teachers in how they used
ecological, economic, social, well-being, and cultural aspects, as well as holistic approaches, in their ST.
Subject teachers also differed from each other in their perception of their competence to teach different
dimensions of sustainability and their awareness of the cross-curricular theme “Responsibility for the
environment, wellbeing and sustainable future” [5].

The most interesting result of this study was that the teachers’ subject was the most important
factor explaining their contribution in ST, their age being of only minor importance. Teachers’ gender,
school, or the location in different types of residential areas did not explain the differences between the
subject teachers’ perceptions. Teachers’ professional development was likely the reason for the finding
that older teachers used more ST than younger teachers. In a Swedish study [16] similar results were
found; recently qualified teachers’ perceptions of SD indicated a poorer understanding of SD than
teachers who had been working longer than five years. The results of these studies contradict a British
study, which found that student teachers have a more comprehensive understanding of SD than their
mentors, the experienced teachers [24].

The lack of difference between the subject teachers in different schools is an interesting result, as in
an earlier study, the data for which were collected in the same schools as in this study [9], ninth-grade
students’ pro-environmental behaviors could be explained by their personal factors, especially
self-efficacy beliefs, which in turn was connected to their sustainability-related experiences in the school.
In another Finnish survey on ninth-grade students’ environmental interests, values, and attitudes,
school-related differences were found [8]. Therefore, although subject teachers’ perceptions of SE may
not differ among schools, students’ knowledge of sustainability issues, positive attitudes, and skills
to act in sustainable ways may be promoted, for instance, by individual SE enthusiastic teachers and
schools’ sustainability-oriented action culture.

4.2. Subject Teachers’ Strengths and Limitations in ST

On average, social sustainability and well-being were the aspects most often considered by
teachers, and the cultural dimension was used more often than ecological and economic dimensions.
The results are not in line with the studies that have investigated teachers’ understanding of different
aspects of SD in teaching [3,15,16]. These studies found that teachers’ understanding was mostly
focused on the ecological dimension. In our study, only mathematics, physics and chemistry teachers
were clearly focused on the ecological dimension alone. The emphasis of teaching on ecological or
environmental issues is attributed to the tradition of environmental education, which is more focused
on environmental issues than SE [4,25].

There were also large differences in the frequency with which the teachers considered
sustainability issues in their teaching. Our results suggest that although teachers may be uncertain
what the different SD and SE dimensions are [14,16], they still consider sustainability-related issues
in their subject-specific teaching. In general, as regards the ST frequencies, three different teacher
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groups could be roughly distinguished: those who considered at least three sustainability dimensions
rather often and used several types of holistic approaches in their teaching (biology, geography,
and history); those who considered two or three dimensions often but were not especially active
in holistic teaching (mother tongue, religion, visual arts, crafts, music, physical/ health education,
and home economics), and those who used only one SE dimension or considered only one holistic
approach (mathematics, physics, chemistry, and language). The perceptions of the biology, geography,
and history teachers of their SE competence and awareness of the sustainability curricular theme were
higher when compared to the perceptions of other teachers. The results are partially in line with the
Swedish study [14], which found that upper secondary school teachers differ in their understanding
of the holistic perspective of SD, including economic, ecological, and social dimensions. As in this
study, the Swedish study suggested that subject traditions are important factors that influence teaching,
so that social science teachers emphasize social dimensions and science teachers emphasize ecological
dimensions [14].

In the Swedish study [16] it was found that the teachers were unsure of their understanding of
the economic dimension, which is in accordance with our study, in that the economic dimension was
the least considered sustainability dimension in ST by some subject teacher groups. However, it is
important to note that, in this study, more detailed differences between the subject teachers could be
found as all subject teachers were studied separately. For instance, history and home economics teachers
used economic aspects relatively often in their teaching. This is understandable, as sustainability issues
are included in the curricula of these disciplines [5]. Home economics, biology and geography teachers
consider lifestyles, consumption habits, and environmentally responsible behaviors often in their
teaching. The second discipline of history teachers is social studies, and thus social and economic
issues are often considered by history teachers.

Subject teachers had different strengths in their competence to teach on different sustainability
themes. Due to the national curriculum [5] and teaching traditions, biology and geography teachers
are often active in their teaching of the ecological dimension [2]. Also in this study, when compared
to other teacher groups, biology and geography teachers most often taught ecological sustainability,
but they also taught other sustainability dimensions often and used holistic viewpoints in their
teaching. They were also very aware of the cross-curricular sustainability theme and generally felt
very competent in ST, especially in the ecological dimension and well-being. The results cannot be
fully compared with the Swedish studies [14,16], which found that the science teachers, including
biology teachers, focused mostly on the ecological dimension. In Finland biology teachers most often
teach geography as a second discipline and geography teachers most often have biology as a second
discipline, thus influencing each other. The Finnish biology and geography curricula also shared
related content, “The common environment” [5,6], so that more holistic and integrated environmental
courses could be implemented.

This study shows that teachers in religion, home economics, history, and crafts used social,
well-being, and cultural SE dimensions rather often in their teaching, because of the characteristics of
their discipline. History and religion teachers did not often use the ecological aspect of sustainability
in their teaching, but history teachers combined the ecological dimension into holistic approaches.

Overall, mathematics, physics, chemistry and language teachers used sustainability issues the least
in teaching, considering only the ecological or social-cultural dimensions, respectively. For language
teachers, the results of this study are in line with the Swedish findings [14] that many language
teachers did not use sustainability issues in their teaching, because they did not see any relevance of
SD to their subject. This is understandable, as mathematics, physics, chemistry and language teachers
focus largely on subject-specific procedural knowledge and problem-solving skills. Recently it was
suggested [15,26] that sustainability aspects can easily be included in science education. For instance,
the relevance of scientific knowledge and skills can be considered in individual and societal contexts,
together with different SE aspects.
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4.3. Implications for Teacher Training and Education

On a global scale, it is widely accepted that SE is an important part of formal education, and it also
forms an important part of school curricula. Researchers have argued that subject teachers’ competence
to teach sustainability issues is not very high, and they feel unsure about SE [3,11,14–16,24]. This study
indicated that subject teachers had their own strengths and limitations in SE, which should be taken
into account when planning and implementing SE in secondary schools. Subject teachers should
become aware of their SE competences through their disciplines. Many in-service teachers already
consider sustainability-related issues in their teaching, but do not combine them in a more holistic
view of sustainability. Thus, subject teachers would benefit from courses considering the holistic
and cross-curricular backgrounds of SD and SE, and how the teachers can combine SE aspects in
their pedagogical content knowledge. In-service and student teachers would need training in SE,
as suggested by many studies [11,15,16]. In teacher education, SE contexts should be readily included.
Recently, teacher education is actively developing SE, for instance in different contexts of formal and
non-formal science education [27,28].

In the renewed curriculum of basic education [6], transversal competences are emphasized
in all subjects. One of these main competence areas is “Participation, agency and building of a
sustainable future”, which requires SE competences. The implementation of multidisciplinary learning
content and the integration of different subjects is also a new cross-curricular goal in basic education,
providing teachers with a context to cooperate and plan teaching, in which SE can be the main
interdisciplinary approach. It is important that teachers are helped to recognize their strengths in SE,
and can take other teachers’ SE expertise into account.

4.4. Implications for SE Research

In general, the external validity of the study is very good, because a well-planned stratified
sampling was used when gathering the data. When developing the questionnaire, the internal validity
was confirmed by using the practices and research-based documents that describe the characteristics
of SE in the school [5,18–22]. However, SE is a whole-school approach [29]; thus, the implications of
its educational effectiveness are challenging to study. For instance, in this study the variation within
the teachers in each school was so large that it may have exceeded the potential variation between
the schools. The number of teachers varied from five to 14 in the participating schools and thus
all subjects were not presented from every school. The subject of participating teachers also varied.
In general, the comparisons of schools with the survey based on teachers’ or students’ responses
to a limited number of Likert-scale items may be a rather rough measure of the complexity of SE.
The comparative results between the schools should be interpreted with caution and the sources of
variation. The differences between the schools had to be quite large to appear in teachers and students’
average responses to Likert scales. Thus, although the statistical significance of differences between
the schools or areas may be small, these differences can be important.

The results also reflect the methodological approach of the study, as sustainability-related issues
in teaching were examined as such. It is obvious that these dimensions are considered by subject
teachers without planned linkage to SE.

To find more detailed information about educational effectiveness in SE, teachers’ and students’
perceptions of sustainability issues should be studied with questionnaires that assess a range of
versatile aspects of SE. This study was carried out in a research project, in which several aspects of
educational effectiveness was studied (see e.g. [7,9,17]). In this study only teachers’ perceptions of
their teaching was investigated. Other SE aspects, such as teachers’ sustainability-related values,
self-efficacy beliefs and impacts on schools action culture will be published in another research papers.
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5. Conclusions

The perceptions of lower secondary school subject teachers about their ST and competence to
teach different aspects of sustainability were studied. The teacher’s subject was the most important
factor explaining teachers’ contribution to ST, while their age had little importance. Teachers’ general
educational experience was likely related to the result that ST increased with age. Gender, school, or the
location of the school in different residential areas did not have any effect on SE teaching. As groups,
subject teachers differed from each other when teaching ecological, economic, social, well-being,
and cultural aspects of SE or considering holistic aspects of SE. They also differed from each other in
their perceptions of their competence to teach different dimensions of sustainability.

Every subject teacher group had its specific strengths and limitations in SE. For instance,
biology and geography, history and social studies and to some extent also religion and ethics teachers
considered several but different sustainability dimensions often and used holistic approaches in their
sustainability-related teaching. However, it is likely that subject teachers were not especially aware
of their competence in SE. In-service teacher training courses and SE courses in teacher education
would be important in clarifying the background and pedagogy of SE. For instance, in mathematics,
physics, chemistry, and language teacher education, problem-solving and multi-literacy pedagogy
could be practiced using SE contexts. Teachers also need SE competence to carry out multidisciplinary
teaching and cooperate with each other, as the whole-school approach has been found to be an effective
educational approach in SE [29]. Subject teachers are experts in their discipline; thus, additional teacher
training and education have the potential to result in teachers’ higher SE competence.
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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.

Keywords: sustainability; biodiversity; species identification; systems thinking; teacher education

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]
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as the United Nations’ decade of education for sustainable development. The goal of the 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
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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].

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
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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
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

Achievement that a Person Should Be Able to Do
Assessment

1. Structural thinking
Understanding interrelations

1. Recognising interconnections

- 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

- list of systems parts
- connections represented in words

or diagrams
- description of the systems in terms of

its parts and connections
- definition of emergent properties
- description of properties the system

has that the components alone do not

2. Dynamic thinking
Ability to see and deduce behaviour patterns

2. Identifying feedback

- 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

3. 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
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Table 1. Cont.

Skills and Their Main Contents
Levels of Systems Thinking and Indicators of

Achievement that a Person Should Be Able to Do
Assessment

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

4. Differentiating types of variables and flows

- classify parts of the system according to
their functions

- distinguish accumulations from rates
- distinguish material from information flows
- identify units of measure for variables

and flows

- table of system variables by type
- types of variables with units

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

5. 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

6. Creating simulation models

- represent relationships between variables in
- mathematical terms
- build a functioning model
- operate the model
- validate the model

- model equations
- simulation model
- model run
- compare model output to

observed behaviour

7. Continuum thinking
Recognising continuous processes in
real-world phenomena

7. Testing policies

- identify places to intervene
- within the system
- hypothesize the effect of changes
- use model to test the effect of changes
- interpret model output with respect

to problem
- design policies based on model analysis

- list of policy levers
- description of expected output

for given change

- model output
- comparison of output from different

hypothesis tests
- policy design

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?
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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)?

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.

Categories Used in This Study
Corresponding Seven Categories in Stave and
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
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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 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” (2025F3). Some students described
the relationship using a concept map, for example this student (1086M1) (Figure 2).

 

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

50



Educ. Sci. 2017, 7, 72

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).

“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 ( . . . )” (1027F3).

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).

 

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
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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.
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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
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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
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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Abstract: Outdoor, hands-on and experiential learning, as opposed to instruction-based learning
in classroom, increases student satisfaction and motivation leading to a deeper understanding of
the subject. However, the use of outdoor exercises in undergraduate biology courses is declining
due to a variety of constraints. Thus, the goal of this paper is to describe a convenient, no-cost and
flexible exercise using an on-campus botanical tour for strengthening specific knowledge areas of
major plant groups. Its assessment on conduct and coverage, and student-perceived and actual
knowledge gain is also described. Data presented derived from traditional biology undergraduates in
sophomore year over nine fall and three spring semesters. Conduct and coverage was assessed using
a summative survey including open-ended questions administered to 198 students. A pre- and
post-exercise survey addressing 10 knowledge categories was administered to 139 students to
evaluate student-perceived knowledge gain. Quiz grades from the on-campus tour exercise were
compared with average quiz grades from two in-class plant-related labs of 234 students to assess
actual knowledge gain. Each student reporting on the conduct and coverage indicated either one
or a combination of outcomes of the exercise as positive engagement, experiential learning, or of
interest. Student-perceived improvement was evident in all ten knowledge categories with a greater
improvement in categories learned anew during exercise compared to subjects reviewed. Quiz grades
from the exercise were >11% greater than quiz grades from the two in-class plant-related labs.
Active learning with interest likely contributed to the increased perceived and actual knowledge
gains. Suggestions for adoption of the exercise in different settings are presented based on both
student comments and instructor’s experience.

Keywords: teaching biology outdoors; student engagement; experiential learning;
plant classification; biodiversity

1. Introduction

Student satisfaction, the favorability of students’ subjective evaluation of the experience and
outcome of what they learned [1], and motivation are positively correlated to a variety of learning
measures [2]. However, finding a match between what makes students satisfied and motivated
and what needs to be covered in a specific biology course to meet program goals and standards
is a challenge. Such matches, if found, will increase student-driven learning, rather than passive
reception. Pleasurable experiences with our outdoors and resulting curiosity are among the reasons
why many of us, today’s biology teachers, chose to be biologists. Thus, exercises that enable
today’s students to understand structure, function and benefits of outdoor world may stimulate
their curiosity as well, and help sustain their satisfaction and interest in biology. Merits and
impacts of outdoor teaching have also been well-recognized in a variety of scopes such as camping
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education [3], extension and enrichment of curriculum [4], and experiential [5] and collaborative [6]
learning. Furthermore, dedicated outdoor learning is found to increase enthusiasm and attendance,
decrease behavioral problems [7,8], and improve cognitive function and academic achievement [9].
However, a large proportion of the U.S. population today has abandoned the natural world mainly
due to lack of early experience with nature [10], and the same trend is experienced in the UK [11].
A variety of limitations including lack of teacher preparedness, limited encouragement by schools,
differences in curricular priorities and inaccessibility to field sites in and around especially urban
universities [12], time, cost of transport, risk [13], etc. underlie this decline in student exposure to the
outdoors. Scott, Boyd, Scott and Colquhoun grouped the barriers that prevent outdoor learning into
two main categories, teacher confidence and school culture [14]. Future biologists, today’s biology
undergraduates in particular, need the opportunities to experience outdoor learning that impart
curiosity, joy and enrichment of the subject.

At the university level, this decline in teaching and learning field biology and dilemmas associated
with it are also well-recognized, particularly with regard to identification of plants and animals, which is
fundamental to the appreciation and understanding of natural history and our surroundings [15,
16]. It is, however, possible to engage students in an effective outdoor learning experience on our
campus premises in the U.S. and elsewhere without travelling long distances to field sites, especially
in the study of plant diversity. This article describes how we have accomplished that at Xavier
University of Louisiana (XULA) located in the city of New Orleans, LA, USA, and provides examples
of strategies and assessments used with the expectation that biology instructors elsewhere will make
necessary adjustments to develop similar exercises using suitable botanical stations available on their
campuses. XULA is a mainly minority-serving institute with a nationally renowned biology pre-med
program [17]. Despite the success of the program, only up to a third of the graduating class enters
medical school annually. Given the unacceptably low minority representation in biology Ph.D.s, Doctors
of Philosophy, nationally [18], including in organismal biology [19], a large proportion of the minority
biology graduates not entering medical school from pre-med programs may also be an opportunity.
This outdoor exercise may also help enhance chances of their participation in non-medical biological
sciences at the postgraduate level. Objectively planned outdoor exercises can also help integrate
biology core concepts with eventual competencies [20,21] while adding value to the everyday classroom
experience [22] of students in any undergraduate biology program, minority-serving or other.

Thus, the broad goal of this exercise was to develop a non-medical, no-cost and convenient
activity to help fulfill the need for outdoor exposure of undergraduate Biology majors. The specific
objectives of the exercise were: (a) to provide students with a hands-on experience and a deeper
understanding of how the local botanicals of Bryophytes, Pteridophytes, Gymnosperms and Angiosperms
contribute to the existence of other life forms in their surroundings in an outdoor setting and (b) to
evaluate student-perceived and actual knowledge gain from the exercise by summative assessments.
Conduct, assessment and suggestions for implementation of the exercise are discussed.

2. Methods

2.1. Course Content and Accommodations

The Biodiversity course at XULA covers fundamentals of evolution, a survey of eukaryotic
kingdoms and principles of ecology taught in sequence. A survey of eukaryotic kingdoms covers
cladograms to discuss evolution of major clades and Linnaean taxa with their major characteristics
and representatives. Students taking the course are approximately 19-year-old sophomore biology
majors. By the time of taking this on-campus tour exercise as part of their lab, students were
familiar with the basics of plant systematics such as the cladogram showing four major plant
groups (nonvascular Bryophytes, vascular seedless Pteridophytes, seed non-flowering Gymnosperms, and
flowering Angiosperms), their phyla and few common names of their major representatives. The exercise
was introduced following the two Biodiversity labs in which students use a combination of preserved
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samples, microscopic slides and occasional potted live specimens of the four major plant groups
to draw pictures and label structures. Time for the exercise was found by consolidating four other
lab periods to follow into three labs which covered animals using preserved specimens in class and
a review for the final exam without replacing any content. Biodiversity being the third biology core
course in the sequence, fall semester had a higher number of class sections and students per section
than spring. This exercise has been conducted continuously for the past 11 years while the data
presented in this paper were collected over a period of six years.

2.2. Worksheet and Map

Ten tree species including Gymnosperms and Angiosperms, and four other botanical groups, namely,
parasitic plants, lichens, epiphytes and herbaceous plants, which included Bryophytes, Pteridophytes
and Angiosperms in close vicinity on campus, were identified for the exercise. Trees were listed as
numbered stations according to the planned sequence of visits to them, and the discussion topics were
included in a note-taking column as shown in Table 1 to cover the specific objective (a). The four
non-tree botanical groups were numbered following ten trees on the worksheet and were planned
to be covered between visits to the trees based on the proximity of the group to a visiting tree
station. A Google Earth map with the stations labeled was prepared (Figure 1) to accompany the
worksheet. While the sequence of stations to visit during a class tour was determined considering the
blockades on the path due mainly to construction activities on campus, the most recent tours started
at station 1 and ended at 11. Since botanical groups 12 and 13 were on the tree number 2, all three
were covered together while the botanical group 14 was covered between trees, 4 and 5 (Figure 1).
In the worksheet, Phylum Magnoliophyta meant the most inclusive plant phylum, all flowering plants.
Economic benefits discussed included mainly the food for people from different tree species, timber,
ornamental or shade value in landscaping, medicinal or other industrial uses, etc. Ecological benefits
included air and soil quality improved and sustained by trees; food for animals with examples such as
squirrels, other rodents and birds eating seeds, moth and butterfly caterpillars feeding on leaves;
shelter for many animal species; trees hosting epiphytes and lichens; poisonous compounds in some
trees, etc. Morphological characteristics included appearance of the tree in the winter, its stature and
architecture, leaf shapes (e.g., deciduous or evergreen, relative size to which the tree grows, branching
patterns of the main trunk and presence of simple/lobed/compound leaves, etc.) and simple flower
morphology. In the non-tree botanical groups, nutritional meant nutritional habits of these groups
or their components such as fungi and algae in the case of lichens. A quiz used for the assessment
of actual knowledge gain was prepared based on the discussion had during the tour, and, therefore,
the notes to be written by students in the worksheet. For the purpose of adoption, the design of the
worksheet, therefore the map, could be changed, considering the specific course objectives, material
already covered, types of trees and other botanical groups present on the given campus premises and
the length of the time available for the exercise.

Table 1. Format of the worksheet used by students to take notes during the on-campus tour exercise.
Numbers 1–10 = trees; 11–14 = other botanical groups.

Tree/Botanical
Group No.

Common Name Botanical Name

Basic Classification (Major Group, Phylum—Class
in Magnoliophyta), Ecological and Economic
Benefits/Uses, Morphology (Seasonal Appearance,
Relative Size and Architecture, Leaf Shapes, Flower
Characteristics), Native Land of Trees; Nutritional
Habits of Non-Tree Botanicals, etc.

1 Bald cypress Taxodium distichum

2 Live oak Quercus virginiana

3 Crape myrtle Lagerstroemia indica

4 Sweet gum Liquidamber styraciflua

5 Pear Pyrus communis

6 Arbor vitae Thuja occidentalis
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Table 1. Cont.

Tree/Botanical
Group No.

Common Name Botanical Name

Basic Classification (Major Group, Phylum—Class
in Magnoliophyta), Ecological and Economic
Benefits/Uses, Morphology (Seasonal Appearance,
Relative Size and Architecture, Leaf Shapes, Flower
Characteristics), Native Land of Trees; Nutritional
Habits of Non-Tree Botanicals, etc.

7 Sago palm Cycas revoluta

8 Callery pear Pyrus calleryana

9 Pine Pinus spp.

10 Oleander Narium oleander

11 Parasitic Dodder plant Cuscuta sp.

12 Lichens

13 Epiphytes (e.g., resurrection fern,
mosses, Spanish moss)

14

Herbaceous plants (e.g., clover,
dandelion, broadleaved plantain,
common purslane, spotted
spurge, nutsedge, grasses)

 

Figure 1. Google Earth map of the locations of trees (1 through 10) and other botanical groups
(11 through 14) used for the exercise. Numbers of trees and other botanical groups are the same as in
the worksheet.
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2.3. Botanical Tour

A mock tour was taken first to approximately estimate and adjust the time needed to walk to each
station, complete the discussion of the station, and take notes (Table 1). The tour was restricted to the
coverage mentioned in the worksheet considering that the total time allocated for the lab was 1 h and
50 min, and students (a) would spend ~20 min in class for taking a short quiz from the previous lab
and listening to a directive to the conduct of the exercise; (b) would take approximately another 20 min
for walking between stations shown in Figure 1; and (c) would be dismissed ~10 min before the end of
the lab period allowing them to go to their next class from the last station of the exercise. During the
in-class directive, use of both worksheet and the map were briefed on. Students were asked to use the
map during the tour and again later if they wanted to re-visit any station and review the materials
discussed during the tour. They were reminded to stay together as one group and bring the worksheet
and something to keep under it as support while writing but not the book bags. Both during the
in-class directive and while on the tour, students were encouraged to observe, touch, take pictures and
ask questions about the trees and other botanical groups that they would visit on tour. Photographs
presented (Figure 2) were taken by students.

 

(a) (b) 

Figure 2. Students writing notes for Live Oak tree (Quercus virginiana) (a). Observations and discussions
on moth eggs on oak leaves; seeds used as food by rodents; epiphytic lichens, mosses, resurrection fern
and Spanish moss on the bark allowed students to appreciate multiple ecological benefits of the tree.
A student writing notes using a flower picked from the pear tree (Pirus communis) and checking if it is
Monocot or Eudicot (b).

2.4. Qualitative Assessment

Two summative student surveys were conducted over a period of six years (Table 2). Survey 1
was administered to each student pre- and post-exercise in six class sections in fall and three sections
in spring to determine student-perceived improvement in 10 knowledge areas covered by the exercise.
Data collected from the second survey (Table 2) conducted in eight fall and three spring sections
served as student feedback on the conduct of the exercise. Rankings of survey 1 data were used
to calculate the percentage student-perceived improvement as, ((post-exercise rating —pre-exercise
rating)/pre-exercise rating) × 100. Survey 2 responses were processed using the pivot table feature on
Microsoft Excel 2010.
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Table 2. Two surveys administered to assess the student-perceived improvement in specific knowledge
areas (survey 1, administered pre- and post-exercise) and the conduct of the exercise (survey 2).

Survey 1. Circle One Number as the Answer for Each Question. Name

Question
Response (1 = not knowledgeable;
5 = very knowledgeable)

1 How knowledgeable are you of the four major plant groups? 1 2 3 4 5

2 How knowledgeable/familiar are you of the trees in local parks, campuses or other
man-made landscapes? 1 2 3 4 5

3 How knowledgeable are you of the ecological benefits/contributions of the local trees? 1 2 3 4 5
4 How knowledgeable are you of the economic benefits/uses of the local trees? 1 2 3 4 5
5 Are you aware of the state trees of your and neighboring states? 1 2 3 4 5
6 Do you know the different leaf forms (morphologies) of local trees? 1 2 3 4 5
7 Are you familiar/knowledgeable with the major Gymnosperms in and around campus? 1 2 3 4 5
8 Are you knowledgeable of the representatives of Monocots and Eudicots in the local landscape? 1 2 3 4 5
9 Are you knowledgeable of the visible symbiotic relationships that local plants harbor? 1 2 3 4 5
10 Are you knowledgeable of the non-woody (herbaceous) plants in the local landscape? 1 2 3 4 5

Survey 2 Please Answer the Following Questions Regarding the on-Campus Tour Last Week.

1 Given the time allocated to the lab, was the coverage of subject material (e.g., number of items
on the handout) adequate? (please also comment, if desired).

2 Was the time used effectively? (please also comment if desired).

3

Did the exercise help strengthen your knowledge/experience of the plant kingdom?
Please circle one,
A. Yes, a great deal B. Yes, to some extent C. Yes, only marginally
D. No and reason out your above answer with examples, if possible, below.

4 Based on the overall exercise (educationally, logistically or in any other aspect),
please indicate what worked well.

5 Based on the overall exercise (educationally, logistically or in any other aspect),
please indicate what did not work well? Please suggest improvements, if possible?

2.5. Quantitative Assessment

Student grades from a ten question post-exercise quiz were compared with the averaged grades
of two quizzes from other plant-related labs conducted in-class previously to determine the actual
knowledge gain in eight fall and three spring sections. Each quiz had the same format with 10 multiple
choice questions each with equal points. Since both quiz types were administered to the same
individual students the mean comparison for quiz grades was performed with “repeated measure”
under “general linear model” using SPSS V. 19.0.0.1 [23,24].

3. Results

3.1. Student-Perceived Knowledge Improvement

Students reported that their knowledge improved in all 10 areas investigated. The lowest
improvement, 66%, was reported for the knowledge of four major plant groups while the highest,
200%, for the knowledge of major local Gymnosperms (Figure 3). Four knowledge areas, namely:
(a) four major plant groups; (b) trees in local campuses and parks; (c) ecological benefits and
(d) economic benefits of trees had lower (111%) self-reported improvement, averaged across the two
semesters, than the other six knowledge areas. These six areas included: (a) state trees of neighboring
states; (b) leaf morphologies; (c) local Gymnosperms; (d) local Angiosperms (Monocots and Eudicots);
(e) symbiotic relationships of plants with other organisms; and (f) herbaceous plants, which showed
187% improvement. Students’ self-reported improvement in each knowledge area showed no difference
between semesters.
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Figure 3. Improvement of student-perceived knowledge in ten subject areas questioned in survey 1.
N = 95 and 44 for fall and spring, respectively. Error bars are SE.

3.2. Conduct

Student engagement was evident by consistently observing, touching and picking parts of
specimens visited; frequent commenting on what they saw; questioning and note taking etc. (Figure 2).
In survey 2, each student reported that the content covered was adequate and time was used efficiently
(Table 3). Largest proportion of students, ≥50%, in each semester, responded “a great deal” while
none responded “no” to the question, “Did the exercise help strengthen knowledge/experience
of the plant kingdom?”. Moreover, every student had responses to the question, “What worked?”.
Most students identified visual, hands-on and experiential learning as the reason why the exercise
strengthened their knowledge of the plant kingdom followed by the information learned about
each tree or botanical group. Organization of the tour and the coverage of material were cited most
frequently as “what worked” followed by studying or being outdoors. In each semester, at least
50% of the students had no responses to the question, “What didn’t work—suggest improvements”
(Table 3). Students who responded to this question most frequently cited worksheet-related concerns.
More than 50% of the worksheet-related concerns were about “too much information to write” followed
by “an item was missing” and “sequence was not followed exactly”. The most frequent comment
under the season/weather-related concerns was “flowers (or leaves) were not there” followed by
“weather too hot”.

3.3. Actual Knowledge Gain

Performance on the quiz from the on-campus tour was 11.2 and 18.5% greater (p < 0.001),
resulting in 0.82 and 1.16 points higher grade out of 10, compared to the average performance on
the other two plant-related quizzes from the labs conducted in-class in fall and spring, respectively
(Figure 4, descriptive statistics in Table 4 and results of the mean comparison in Table 5). Although the
quiz grade from the on-campus tour was 9.5% higher in fall than spring (p < 0.01), improvement in the
grade by on-campus tour was the same in each semester (p = 0.14).
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Table 4. Descriptive statistics for the quiz comparison shown in Figure 4.

Semester/Descriptive Statistic
Fall Spring

On-Campus Quiz Other Plant Quizes On-Campus Quiz Other Plant Quizes

Mean 8.11 7.30 7.40 6.24
Median 8.25 7.50 8.00 6.25
Mode 10.00 7.50 9.00 6.00

Standard Error 0.13 0.14 0.22 0.19
Kurtosis 0.21 −0.57 −0.10 0.14

Maximum 10.00 10.00 10.00 9.00
Minimum 3.00 2.50 3.00 2.00

Range 7.00 7.50 7.00 7.00
Sample Variance 2.88 3.07 3.29 2.65

Skewness −0.85 −0.43 −0.62 −0.61
Standard Deviation 1.70 1.75 1.81 1.63

Count 164 164 70 70

Table 5. Results of the general linear model used for the quiz comparison shown in Figure 4.

Semester Source Sum of Squares Degrees of Freedom Mean Square F Significance

Fall
Intercept 19,472.54 1 19,472.54 4079.76 0.000

Error 777.99 163 4.77

Spring Intercept 6514.46 1 6514.46 1445.16 0.000
Error 311.04 69 4.51

3.4. Discussion and Educational Implications

Assessment showed that the exercise enhanced both student-perceived knowledge and actual
knowledge gain. Student-perceived improvement of knowledge, while not an effective measure
of knowledge gain [25], is indicative of student satisfaction, which is a predictor of quality of
learning outcome [26]. Interestingly, students felt that the on-campus tour exercise strengthened
their knowledge substantially (111% improvement) even in the subject areas that had already
been covered in previous indoor labs and lecture, such as the subjects addressed in the first four
questions of survey 1. Unsurprisingly, students reckoned that the exercise more markedly strengthened
(187% improvement) their knowledge of the subjects that they were not directly taught prior to the
exercise, the subjects addressed in questions five through ten of survey 1. Thus, this outdoor exercise
shows promise for increasing student satisfaction in both reviewed and newly introduced subject areas.
Student satisfaction and engagement were also evidenced by the results presented under conduct.
For instance, every student had favorable comments about either outdoor experiential learning or tour
organization/coverage under “what helped strengthen knowledge/experience” and “what worked”,
while the largest proportion of students had no response to “what didn’t work, suggest improvements”
even when asked to “suggest improvements”. Furthermore, frequent questioning, sharing ideas freely
among peers, following directions including note-taking and staying together as one group observed
during the tour testified to the relaxed engagement of students in the exercise. Increased note-taking
and verifying with me if the notes were correct, and more frequent group discussion among students
compared to in-class labs was also evident. Students themselves identified “opportunities for group
discussion” as part of “what worked” in survey 2. Research shows that learning in a group setting
transforms the learning experience from competitive to collaborative, makes students engaged who
otherwise might not become actively engaged [27], and improves grades in STEM fields [28]. In this
exercise, students’ awareness that the information covered during the tour was not available from
the lab manual or textbook may also have contributed to their deeper engagement. Thus, one main
outcome of the exercise was the student satisfaction, which translated into their engagement with
what they handled eventually instigating effective experiential learning. Dedicated exposure to
the local outdoors also encourages students to map their bioregion and understand the ecological
and socioeconomic benefits of the world [29]. Students’ experiences that (a) initiate interest in
biology-at-work outdoors; (b) motivate them to ask questions and (c) engage them with the material
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they work with, may also strengthen their will to seek undergraduate research opportunities, which is
the turning point for many to pursue careers in research [30,31]. Subsequently, a career in research is
perceived by most students to be associated with high job satisfaction and social status [32].

Knowledge gain shown by higher quiz grades from the on-campus tour exercise compared to the
two in-class labs that mainly used preserved specimens may result from the increased understanding
and remembrance of the material learned as a result of hands-on, experiential and engaged learning that
happened with a greater satisfaction during the on-campus tour. With the exception of basic taxonomy,
much of the material covered during the on-campus tour exercise was not covered in previous plant
labs or the lecture. For instance, ecological and economic uses, state trees of adjacent states, herbaceous
plants, leaf morphologies, poisonous trees, native lands, botanical names, etc. learned during the
on-campus tour as opposed to the overall cladogram, names of taxa and the common names of few
representatives of those taxa learned in the previous labs or lecture. Moreover, the quiz from the
on-campus tour did not include any question directly related to the previously covered materials.
Therefore, the higher quiz grade from the on-campus tour exercise is most likely due to the attributes
of outdoor experiential learning rather than due to the knowledge from materials covered already.
The Biodiversity course in the fall semester is comprised mostly of students directly progressing from
previous biology core courses, General Biology 1 and 2 (regular sequence) compared to the spring,
which tends to enroll a sizeable number of students repeating the course or transferring from a different
program (off sequence). Interestingly, although this difference between the two cohorts was manifested
as a greater quiz grade in fall than spring, the on-campus tour exercise imparted the same degree of
improvement in knowledge gain in either cohort.

Assessments by the surveys and the quiz testified that the students acknowledged and
experienced the influence of the exercise on their learning of multiple areas of the main subject,
the study of plants in Biodiversity. For instance, discussion on social recognition of trees by way of
naming state trees, experiencing the fundamental biological principles such as symbiosis, becoming
aware of local representatives of major plant groups, knowing that herbaceous plants are immediately
important as most of the human food, being able to recognize trees by names using morphological
characteristics, etc. were either reported as knowledge/skill areas that were highly improved or
commented as reasons why the exercise was interesting. Thus, the findings of this study show that
given the proper exposure and guide, students can be motivated to appreciate outdoor experience,
a core meaning of biology. Such planned guidance is increasingly significant today due to (a) poor
representation of organismal diversity in current biology curricula [33]; (b) inadequate basic systematics
skills of biology students [15,16]; (c) student perception that biology curricula are detached from their
lives and interests [34] and (d) general public perception that modern biology students are distracted
from the nature. The opportunity for students to apply what they learn in class to the local outdoor
environment, and to work interactively as a team may also help them develop improved study habits.

4. Conclusions

Assessment of this on-campus tour exercise showed that it (a) instigated student satisfaction
and engagement in learning plant-related biodiversity of the local environment; and (b) enhanced
the knowledge of selected subject areas of the curriculum that can be connected to outdoors.
Findings testified that, given the opportunity, students willingly engage in and apply what they
experience in the outdoor world contrary to the general perception that today’s biology students
are inadequately interested in the outdoor environment. Teaching outdoors was useful for both
review and introduction of new material notwithstanding the inherent differences in academic
performance of student cohorts of different semesters. Thus, an on-campus tour exercise is both
an academically effective and a practically convenient alternative when organized field trips with the
class are not possible.
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Abstract: There are very few studies concerning the importance of teaching methods in biology
education and environmental education including outdoor education for promoting sustainability at
the levels of primary and secondary schools and pre-service teacher education. The material was
selected using special keywords from biology and sustainable education in several scientific databases.
The article provides an overview of 24 selected articles published in peer-reviewed scientific journals
from 2006–2016. The data was analyzed using qualitative content analysis. Altogether, 16 journals
were selected and 24 articles were analyzed in detail. The foci of the analyses were teaching methods,
learning environments, knowledge and thinking skills, psychomotor skills, emotions and attitudes,
and evaluation methods. Additionally, features of good methods were investigated and their
implications for teaching were emphasized. In total, 22 different teaching methods were found
to improve sustainability education in different ways. The most emphasized teaching methods were
those in which students worked in groups and participated actively in learning processes. Research
points toward the value of teaching methods that provide a good introduction and supportive
guidelines and include active participation and interactivity.

Keywords: biology education; sustainability education; environmental education; education for
sustainable development; outdoor education; primary schools; secondary schools; pre-service teacher
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1. Introduction

One of the international goals for the future is the construction of a sustainable society [1].
A sustainable society is considered to be a society that has reached sustainability through a process
called sustainable development. Sustainable development as a concept is heavily context-dependent
in social, cultural, and environmental situations [2]. Brundtland’s report defines sustainability as
“development that meets the needs of the present without compromising the ability of future
generations to meet their own needs” [3]. According to Diesendorf [4], this definition emphasizes the
long-term aspect of the concept of sustainability and introduces the ethical principle of achieving equity
between the present and future generations. It does not mention the natural environment explicitly,
focusing only upon human needs or wants. However, the report makes it clear that these “needs”
include the conservation of the natural environment. More recently, it has been given a broader
definition which conveys that there are three principal dimensions: an ecological, economic and
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social one [5]. In the teaching and learning of sustainable development, the ecological dimension
refers to the natural one and includes all living things, resources and life-supporting systems. Its goal
is conservation. The economic dimension comprises jobs and income, and its goal is appropriate
development. The social dimension involves people living together. Its goal is peace, equality and
human rights. In addition to these three dimensions, there is also a fourth one, the political dimension.
It has to do with politics, policy and decision-making as a goal of democracy [5]. The ecological issues
are important in biology education, e.g., in Finland, Sweden and Denmark, they form the core content
in the curricula of biology for basic education. All biology curricula emphasize different biotopes and
ecosystems, lifecycles of plants and animals, and life-supporting processes, such as photosynthesis,
respiration and biodiversity, but they do not mention the other dimensions of sustainability [6–8].
For this reason, we stress the ecological aspect in this study. Our aim is to find out and describe useful
teaching methods in biology education and sustainability education (SE) including outdoor education
(OE) for promoting sustainability in primary and secondary schools and teacher education. As far as
we know, there are no previous studies from these perspectives.

An ongoing debate over the last three decades has been how the role of education should be
conceptualized when creating sustainability and a sustainable future. Sustainability and a sustainable
future are here understood as the goals of sustainable development. The relationships between
environmental education, education for sustainable development, and sustainable development
education have been discussed. Environmental education and education for sustainable development
are interpreted in different ways around the world, according to context [9]. Some authors argue
that education for sustainable development is a part of environmental education [10] or a perspective
of environmental education [11], or that environmental education has developed into education for
sustainable development [12]. In Agenda 21, it has been stated that environmental education is a
continual, life-long learning process to raise public awareness and action globally, nationally and locally
in every area in which humans impact the environment [13]. Important distinctions between the goals
of environmental education were made by Lucas [14]—“in,” “about” or “for” the environment—in
order to avoid misunderstandings about the intended type of environmental education.

According to UNESCO [15], education for sustainable development is about enabling people
to constructively and creatively address present and future global challenges and create more
sustainable and resilient societies. Learning in education for sustainable development often includes
only knowledge, values and theories related to sustainable development. However, it also means
“learning to ask critical questions; learning to clarify one’s own values; learning to envision more
positive and sustainable futures; learning to think systematically; learning to respond through applied
learning; and learning to explore the dialectic between tradition and innovation” [13]. Thus it offers
learners a context for developing active citizenship and participation, embracing the complexity of
the interdependencies of ecological, societal, and economic systems [16]. The overall goal of the UN
Decade of Education for Sustainable Development (2005–2014) was to integrate the principles, values,
and practices of sustainable development into all aspects of education and learning [17]. In Finland,
sustainability is included in the curriculum for basic education at all educational levels. How this has
been done is described in more detail in another article of this special issue [18].

Sustainable development education again is based particularly on environmental and ecological
sciences and focuses on the interaction between ecological and social systems. It encourages students
to critically reflect on the ideas of sustainable development and the values that underlie them, and to
create solutions to achieve concrete goals in a variety of unpredictable situations [19].

As noted above, both environmental education, education for sustainable development,
and sustainable development education share a vision of quality education and a society that lives in
balance with Earth’s carrying capacity. They are thus integrated and represented in all dimensions of
sustainable development. In this study, we use the term sustainability education (SE) [20] because it
catches all forms of environmental education, education for sustainable development, and sustainable
development education.

73



Educ. Sci. 2017, 7, 1

2. Theoretical Background

Many of the topics in biology education are closely linked to the content of SE. These kinds
of contents exist especially in the fields of ecology, biodiversity, conservation and system biology.
According to Palmberg et al. [21], the ability to identify species is important for a better understanding
of biodiversity and issues concerning the environment and sustainability, not only for comprehension
of certain branches of biology (e.g., ecology, evolution, genetics). However, taxonomy is often a
forgotten field in school curricula. Biological phenomena connected to socio-scientific issues, such as
climate change, need to have an integrative and interdisciplinary approach to be thoroughly taught and
learned. When biology education is given in connection to SE, teaching methods such as experiential,
collaborative, process-based and problem-based experimental learning and computer-assisted methods
can be useful.

2.1. Common Educational Principles Promoting Sustainability

To achieve the goals of SD, active teaching methods such as the process-based instruction,
problem-based learning, and OE are recommended by several researchers [19,22,23]. Process-based
instruction focuses upon developing students’ independence in learning and problem solving by
providing a framework into which curriculum activities can be placed [24]. In problem-based learning,
students use “triggers” from a problem case or scenario to define their own learning objectives.
Subsequently they do independent, self-directed study before returning to the group to discuss
and refine their acquired knowledge [25]. Problem-based learning and experience-based learning in
authentic environments are main ideas also in OE [22,26]. There is, however, no definitive description
of authentic learning. Educators must make their own interpretations of what creates meaning for
students in the classroom [27]. In this study, we do not take the term authentic environment to mean
only environments outside the classroom; instead we take it to mean teaching strategies which make
student experiences as authentic as possible compared to what happens in real life. In order to do so,
the information to be studied and the environment in which learning takes place must be meaningful
to the students. In addition, it also means that teachers should support the students to be reflective.
Different learning environments and current and contextual tasks used in problem-based learning and
OE support self-efficacy, autonomy, engagement, and meaningful learning as well as foster creativity
and flexibility [28]. Collaborative learning can be supported e.g., by searching information [29] and
producing knowledge in groups [30], by evaluating learning, action, and knowing together [31].

The ever-growing importance of complex problem solving and knowledge construction in
modern society emphasizes the need for collaborative activities and settings in schools to foster
learning and collective competencies [32]. Collaborative learning is seen as an active process resulting
in jointly processed knowledge better than the knowledge produced by an individual (e.g., [33]).
This is especially the case concerning environmental issues, which should be solved to support
sustainable development. Recently, the collaborative and inquiry-based study approaches have been
investigated in the computer-assisted study environments in science. Studies have indicated that
inquiry-based learning can be applied to the context of computer-assisted collaborative learning and
that collaborative technology facilitates high-level cognitive and social interaction while students
work together toward deeper understanding (e.g., [34,35]). These skills are important when solving
multifaceted environmental problems in order to work toward a more sustainable lifestyle.

2.2. Teaching Principles and Methods in Biology Promoting Sustainability

Biodiversity, climate change, the sustainable use of natural resources, health, cultural heritage,
multiculturalism, and global welfare are important contents in the planning of a sustainable future.
The effects of students’ own behavior should be discussed and sustainable actions practiced in local
surroundings. An important goal is to learn negotiation, problem solving and decision-making
skills through discussions about ecological, social, economic, and ethical principles concerning local
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and global responsibility in their own life. Through memorable, experiential, and active processes,
students learn to discuss their own value selection and to evaluate phenomena and sources of
information critically [36–38].

In biology education, selected teaching methods should support learning biology, learning to do
biological science and learning about biological science [39]. Several biological topics require approaches
promoting experimental problem-solving and process-based skills [40,41]. The focus is on science
investigation processes and the goal is to reach valuable learning results, and students therefore need crucial
science content knowledge as well as autonomous learning [42]. This, however, seems to create difficulties
for the so-called working memory, which again impairs the self-regulation competencies [43]. Therefore it is
important to implement teaching methods including both autonomous learning and instructional activities,
and to vary the level of openness of experimental tasks. The implementation of problem-based active
learning models have positive effects on students’ academic achievements and their attitudes to science
courses [44], while implementation of problem-based learning and group investigation encourages students
to think critically through planning, arguing, stating questions and problems, and providing solutions to
environmental problems [45].

Biological field-based activities, e.g., fieldwork and field trips, provide students with authentic
and interactive experiences and experiential learning opportunities, which increase students´ interest
and enhance their learning [46]. Students´ engagement in field-based activities plays an essential role
in learning biological issues. Fieldwork provides students with a chance to observe nature and the
environment and to use scientific inquiry to test ideas and concepts they have learned in the classroom.
According to Hart and Nolan [47], fieldwork had a positive effect on students´ knowledge, attitude and
behavior, crucial factors also in promoting sustainability.

2.3. Teaching Principles and Methods in Sustainability Education Promoting Sustainability

According to the World Bank [48], “[t]he achievement of sustained and equitable development
remains the greatest challenge facing the human race.” Recently, the sustainable development
goals represented a focus on the role of education in achieving a more humane world [49]:
“education for sustainable development and sustainable lifestyles, human rights, gender equality,
promotion of a culture of peace and non-violence, global citizenship, and appreciation of cultural
diversity and of culture’s contribution to sustainable development.” This requires an ecological or
participatory worldview [50]. It is important to understand the interlinkages between the three pillars
of sustainable development (economic growth, social development, and environmental protection) and
the consequences of human choices. It means that people’s ways of thinking should change toward
more holistic, systemic and integrative modes [51].

Human societies and ecological systems are interconnected so that they are co-adaptive,
reacting to each other and to previous interactions and reactions in a network of feedbacks [19].
Consequently, the approach of education must be complex, transdisciplinary, and broad [52].
However, current learning processes and practices are generally not aligned with this kind of
education [53] (p. 21); [54].

The focus of SE is on the interaction between social and ecological systems requiring interdisciplinary
thinking skills [21]. Practical problem-based learning develops this kind of understanding [52]. SE aims
to foster students’ ability to apply knowledge in a variety of unpredictable situations. Students are
encouraged to critically reflect on the ideas of sustainable development and the values that underlie them,
and create solutions to achieve concrete goals in their unique situation [21]. Typical for SE is that educators
offer a wide range of conceptual and material content, illustrate interconnections and interdependence,
and stress dynamic rather than fixed structures and processes [55]. Furthermore, hands-on experiences
can be incorporated into the curricula [52]. OE is seen as an effective way of getting hands-on experiences
because it integrates concrete experiences, interests, emotions, and values [56].
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2.4. Outdoor Education and Meaning of the Place Promoting Sustainability

Fieldwork and field trips in biology involve many different goals, contents and learning
environments [57–59] and therefore also vary in effectiveness and learning outcomes. A common feature,
however, is that all activities are arranged in authentic, often natural environments, where students can
connect their theoretical thinking with experiences of various kinds of real nature. Fieldwork and
field trips are examples of outdoor learning, or its synonyms outdoor learning activities and
outdoor activities [22,28]. In addition to outdoor activities, outdoor education includes overall
interdisciplinary aspects of the world outside the school. It can be arranged, e.g., as adventure education,
adventure/wilderness therapy, experiential education, outdoor leadership, outdoor environmental
education, outdoor recreation or expeditions (e.g., [22,28,60]).

Developing a relationship with nature is an important precursor to understanding sustainability
(e.g., [61,62]). This is why different approaches to outdoor education and outdoor learning
(see overview in [26]), and especially fieldwork, field trips and nature studies, are important ways
of improving ecological literacy [57,58], i.e., “understanding the key ecological systems using sound
ecological thinking, and also understanding the nature of ecological science and its interface with
society” [63]. Other important outcomes of outdoor learning are, e.g., connectedness to nature [64,65],
positive environmental attitudes [66,67], and environmental consciousness [22,68]. Outdoor nature
experiences then again are the most important factor connecting with interest in biology [69].
Several research results confirm significantly better learning results for students when they get
first-hand experiences and studies in authentic learning environments, like farms [70] and natural
environments [57,59,61,62].

3. Research Aim and Questions

An important question concerning biology education and SE including OE is how they can
promote sustainability. As far as we know, there are no previous studies discussing this question based
on comparison and evaluation of different teaching methods. The aim of this study is therefore to
identify and describe useful teaching methods in biology education and SE including OE for promoting
sustainability. The results are used for developing curricula and instructions of biology education in
basic and teacher education.

The research is guided by the following research questions:

(1) What are the teaching methods used in biology education and SE including OE for achieving the
sustainable development goals in primary and secondary schools and in teacher education?

To get answers to the first research question, we analyzed described teaching methods, objectives
for the development of psychomotor skills, emotions and attitudes, knowledge and thinking skills to
be learned, learning environments, and how achievements were evaluated.

(2) What are the features of the useful teaching methods in biology education and SE including OE
for achieving sustainable development goals?

To get answers to the second research question, we analyzed features of useful teaching methods
and what kind of implications there were for developing curricula and the teaching of biology.

4. Material

The material was selected applying the method presented by Àlvarez-Garcia et al. [71]. For a
systematic review, we identified peer-reviewed journal articles using a consistent search strategy,
established the criteria for the selection of articles to be considered, and analyzed them based on clear
and precise criteria and dimensions [72].

The articles were searched using scientific databases such as ERIC, Web of Science, and SCOPUS.
The search strategy was based on a systematical organization, categorization and selection of keywords
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related to biology education and SE. A word search was thus conducted in relation to the terms biology
education, teaching methods, sustainable development, environmental education, education for
sustainable development, outdoor education, fieldwork, excursions and study trips, problem-based
learning, project-based learning, experimental learning, experiential learning, game-based learning,
value-based learning, place-based learning, collaborative learning, computer-supportive learning,
inquiry-based learning, and teacher training. All searches were done in English, Finnish, Swedish and
German. Using these keywords, a common search strategy was developed for the various databases
consulted, adapting it to the characteristics of the given platform. For each database, a hierarchical
search strategy was applied, starting from the simplest expression (one term) to the most complex
form (combinations of terms). Depending on the requirements of each database, the search fields were
basically limited to the title and abstract of the articles. Also manual examinations of key research
journals in biology education and SE including OE were used as well as reviews and bibliographies.

The following criteria were used to select material for the more detailed analyses of
teaching methods:

(a) Scope: National and international research;
(b) Type of research: Empirical research on teaching methods in biology education and SE

including OE;
(c) Period: 2006–July 2016;
(d) Target groups: students in primary schools, secondary schools and pre-service teacher education;
(e) Languages: Finnish, Swedish, English or German;

Although we are well aware of the existence of other types of documents that could have been
analyzed, such as dissertation theses, research reports, books and book chapters and conference
proceedings, we limited the review to academic papers published in peer-reviewed journals because
they have been subjected to rigorous review and are, therefore, high-quality documents. We also
eliminated articles that do not specifically refer to teaching methods in biology education or SE
including OE.

(f) Quality: Academic papers published in peer-reviewed journals.

5. Methods

The study is a qualitative survey with quantitative features [73,74]. At first, we examined the
selected 17 journals concerning biology education and SE. They included in total 29 articles that
mentioned teaching methods. From these, we selected 16 journals with 24 articles to be analyzed in
detail (Table 1).

Table 1. The selected journals and the analyzed articles.

The Selected Journals The Analyzed Articles

Environmental Education Research [75–77]
Eurasia Journal of Mathematics, Science & Technology Education [78]
International Journal of Environmental and Science Education [79]
International Journal of Science Education [80–82]
International Research in Geographical and Environmental Education [83]
Journal of Adventure Education & Outdoor Learning [84]
Journal of Biological Education [85]
Journal of Education for Sustainable Development [86]
Journal of Environmental Education [87]
Journal of Science Teacher Education [88–92]
Journal of Sustainable Development [93]
Journal of Sustainability Education [94]
Journal of Teacher Education for Sustainability [95]
Nordic Studies in Science Education [96]
PLoS ONE [97]
Sustainability—Open Access Journal [98]
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In the analysis, we followed the method of qualitative content analysis [99–102]. Inductive content
analysis was used to analyze teaching methods, learning environments and features of useful teaching
methods and implications [99,101]. Deductive content analysis was used to analyze psychomotor
skills, emotions and attitudes, knowledge and thinking skills and also evaluation methods [99].

In order to ensure the reliability of the process, all three members of the research team
first conducted the selection of information units, the categorization and the subsequent analysis
independently. The analysis process was dialogical by nature. The final decisions were made through
e-mail discussions where each researcher argued why the content of the article should be placed into
a certain category or categories. The discussion continued until consensus was reached and clear
arguments were found. The generalizability of our results relates to the selection of analyzed data.
To ensure that our categorization decisions were based on comprehensive understanding of the article,
we decided to read the whole article before categorizing it. We also based our analysis on what the
authors of the articles had explicitly written rather than what we in some cases thought we could
read between the lines as being the authors’ intentions. As such decisions always include elements of
subjective interpretation, joint discussions about each article were essential in deciding which aspects
of the instructional process the article emphasized. This procedure ensured that decisions were not
based on a single person’s first impression of an article but on well-argued joint discussions. Because of
the dialogical nature of the analysis, we did not see a need for calculating an inter-rater reliability.
Researcher triangulation was an essential part of our analysis process. Our research group consisted of
experts from biology education, environmental education, sustainable development education, and
educational sciences, and all researchers are experienced teacher educators and researchers.

6. Findings and Discussion

There are many articles concerning studies and comparisons of teaching methods in relation to
other issues in the studies of biology and sustainability education. Teaching methods can be seen
as objective-oriented activities and flow of information between teachers and students. Studies of
teaching methods are important because teaching methods influence all types of learning in the
cognitive, affective and psychomotor domains [103,104]. The choice of teaching methods depends
on what kind of teaching approach is preferred. Traditional instruction in biology is deductive
and comprises the principles and methods used for instruction to be implemented by teachers
to achieve the desired learning or memorization by students. In this kind of teacher-centered
approach to learning, teachers are authorities and students’ primary role is to passively receive
information through lectures and direct instruction. Learning is measured using objectively scored tests
and assessments [104,105]. Alternative teaching approaches are inductive where instruction begins
e.g., with observations, experimental data to interpret or a real-world problem to be solved. In this
student-centered approach to learning, teachers and students play an equally active role in the
learning process. The teacher’s primary role is to coach and facilitate student learning and overall
comprehension of material. Learning is continuously measured using both formal and informal forms
of assessment, including group projects, student portfolios, and class participation [104]. The selection
of teaching methods is affected by the learning objectives. The clearly specified learning objectives also
provide the goals at which the curriculum is aimed, they facilitate the selection and organization of
content, and they make it possible to evaluate the outcomes of the learning [105]. Several good features
are emphasized in the analyzed teaching methods and have implications especially for developing
curricula and teaching for sustainability.

6.1. Teaching Methods

In total, 22 different teaching methods were found in the analyzed articles (Figure 1). The most
common teaching method was students working in groups and participating actively in learning
processes. Nowadays, this is also used in science education [44]. The most frequently mentioned
teaching methods were outdoor education and fieldwork, experimental, interactive and experiential
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learning. Teachers’ presentations and teaching discussions were also popular. They were used mostly
when introducing students to the work and toward objectives.

Figure 1. Teaching methods found in the analyzed articles.

Previous studies have shown that in active teaching-learning processes, retention of knowledge is
significantly increased [106,107], there is enhanced motivation and higher-order learning [108] and
development of practical skills [27]. Substantial evidence also exists that indicates that well-planned,
taught, and guided outdoor teaching and fieldwork can have a positive impact on long-term
memory due to memorable experiences. Residential experience can lead to individual growth and
improvements in social skills. More importantly, there can be reinforcement between the affective and
the cognitive domains. However, students are different: some of them like fieldwork and some do
not. Poor fieldwork is likely to lead to poor learning. Some researchers also present a health warning
concerning OE [27].

There are also barriers and opportunities for OE and fieldwork at schools and in teacher education.
These include e.g., fear and concern about health and safety, teachers’ lack of confidence in teaching
outdoors, curriculum requirements limiting opportunities for outdoor learning, and shortage of time,
resources and support. Research into students’ experiences of outdoor learning activities suggests that
there are several factors that can facilitate and/or impede learning in outdoor settings. These include
the structure, duration and pedagogy of OE programs, the characteristics, interests and preferences of
students, and the nature and novelty of the outdoor learning settings [28].

Problem-oriented/problem-based, co-operative/collaborative and argumentation as teaching
methods were emphasized in more than one-fifth of the articles. These teaching methods are important
in students learning processes and can enhance learning when they are used together and connected
to information and communications technology. Collaboration supports students to make their own
thinking visible [109,110] and helps them to learn from argumentation [111]. Argumentation has
been shown to support higher-order and critical thinking, and engagement in science learning [112].
Higher-order and critical thinking is important to enhance understanding of socio-scientific issues
connected to biology and sustainable development education. Collaborative reading within an
argumentative discussion supports students to understand the text in more depth [113].

Whole-school approaches and service-learning approaches can be seen as part of place-based
learning in local environments and communities through the use of local features, phenomena,
and issues as context and scaffolding for content [114,115]. These were scarcely represented in the
reviewed literature. However, they should be taken more into account also in biology education
because they can generate a broader public interest and perhaps motivate local, state, and national
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policy makers to advocate for the integration of SE within the school curriculum [116]. They can also
produce greater confidence, stronger motivation toward learning, and a greater sense of belonging
and responsibility. In addition, through these, students can develop more positive relationships with
each other, with their teachers and with the surrounding communities [28].

6.2. Objectives for the Development of Psychomotor Skills, Emotions and Attitudes

Learning in the psychomotor domain is associated with physical skills such as speed, dexterity,
grace, the use of instruments, expressive movement, and the use of the body in dance or athletics.
The psychomotor domain addresses skill development relating to manual tasks and physical movement
as well as the operation of equipment, such as computers and laboratory tools [117,118]. Its subdomains
are perception, set, guided response, mechanism, and complex overt reaction. Perception refers to
the ability to apply sensory information to motor activity and set to the readiness to act [117,119].
Guided response comprises the ability to imitate a displayed behavior or to utilize trial and
error [117]. Mechanism refers to the ability to use learned skills intendedly in different actions without
supervision [117,119]. Complex overt reaction has to do with the ability to skillfully perform complex
patterns of actions [117,119]. The three first subdomains were well represented in the articles (Figure 2)
whereas the two last ones were not.

Figure 2. The objectives for the development of the psychomotor skills (categorized according to the
model of [117,119]) and objectives for development of emotions and attitudes (categorized according
to the model of [119,120]).

Kearney [121] defined affective learning as “an increasing internalization of positive attitudes
toward the content or subject matter.” Feelings, emotions, and attitudes belong to the affective domain
which has five subdomains. The lowest subdomain has to do with attending or receiving. It includes
the awareness of feelings and emotions as well as the ability to utilize selected attention. The next
subdomain involves responding or reacting to phenomena, which means active participation of the
student. The third subdomain has to do with the ability to see the value of something and to express it.
The fourth subdomain, organization, includes the ability to prioritize values and to create a unique
value system. The uppermost subdomain is characterization. It is the ability to internalize values and
let them control one’s behavior [119,120]. Rodriguez et al. [122] suggest affective learning subsumes
student motivation and promotes greater learning because “affective learning motivates students to
engage in task-relevant behaviors.”

The three lower subdomains were well represented in the articles, but the upper ones were
not taken into account as often. A deficiency concerns the pedagogies. It is easy to assert that the
affective domain is important in science education. However, it is usually not clear what types of
behavior should be looked for in students when their feelings, appreciations, attitudes, and values are
evaluated. Compounding the difficulty is the general uncertainty about the definition or specification
of the phenomena related to science education that we expect students to exhibit feelings and
attitudes about [123]. Research shows that teachers are not familiar with student-centered teaching
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methods. They often think that students understand content knowledge of science subjects without
any theoretical background or support given by a teacher [124]. Good quality learning demands that
the teacher has knowledge and competency to plan and carry out meaningful instruction.

According to Kärnä et al. [123], having students work together in a carefully structured
environment of cooperation and support can allow feelings to emerge and both cognitive and affective
changes to begin [125]. Emotionally supportive environments can be fostered by creating a community
of learners, providing helpful feedback, and creating opportunities for peer interactions that limit
competition [126]. Although positive emotions such as enjoyment of learning, hope for success,
and pride of a given task are commonly associated with positive learning outcomes, recent research
indicates that this connection is much more complicated than initially proposed [127]. According to
Kärnä et al. [123], Finnish pupils’ attitudes toward biology correlated with different performance levels.
Pupils’ perceptions of their own competence had the highest correlation with successful performance
in the assessment. Attitudes became even more positive with better grades in different natural sciences.
Pupils with the poorest performance levels in a subject liked the subject the least and did not perceive
it to be as useful as those of their peers who performed the best in the assessment. One reason can be
that students with negative emotions such as anxiety, anger, and shame may learn less, because they
are more likely to use poor processing skills such as memorization or rehearsal of content, and also
more likely to withdraw from a class when faced with difficulties and failure [128].

6.3. Knowledge and Thinking Skills to Be Learned

According to Krathwohl [129] there are four kinds of knowledge: fact (factual) knowledge,
concept (conceptual) knowledge, method (procedural) knowledge, and metacognitive knowledge.
Factual knowledge includes basic elements (knowledge of terminology and knowledge of specific
details) that students must know to be acquainted with a discipline or solve problems in it.
Conceptual knowledge means interrelationships among basic elements within a larger framework
that enable them to function together. It includes knowledge of classifications and categories,
knowledge of principles and generalizations, and knowledge of theories, models, and structures.
Procedural knowledge means understanding how to do something. It includes methods of inquiry,
and criteria for using skills, algorithms, techniques, and methods, knowledge of subject-specific skills
and algorithms, knowledge of subject-specific techniques and methods and knowledge of criteria for
determining when to use appropriate procedures. Metacognitive knowledge means knowledge of
cognition in general as well as awareness and knowledge of one’s own cognition. It includes strategic
knowledge, knowledge about cognitive tasks, including appropriate contextual and conditional
knowledge, and self-knowledge. Of these types of knowledge, metacognitive knowledge was the least
represented one in the reviewed articles (Figure 3).

Figure 3. Types of knowledge (categorized according to the model of [129]) and types of thinking skills
(categorized according to the model of [129,130]).
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Types of thinking skills were analyzed using the hierarchy of the cognitive domain. Bloom [118]
defined cognitive learning as dealing with “recall or recognition of knowledge and the development
of intellectual abilities and skills.” The cognitive domain comprises six subdomains concerning the
development of our mental skills and the acquisition of knowledge. The subdomain of knowledge has
to do with the ability to recall data and/or information. Comprehension means the ability to understand
the meaning of what is known and to demonstrate understanding by describing, paraphrasing, etc.
The subdomain of application is the ability to utilize an abstraction or to use knowledge in a new
situation. Analysis involves the ability to differentiate facts and opinions and to break down a problem
into its constituent parts. The subdomain of synthesis means the ability to integrate different elements
or concepts in order to form a sound pattern or structure so that new meaning can be established.
The uppermost subdomain, evaluation, includes the ability to make judgments about the importance
of concepts [118,129,130]. In dealing with the cognitive domain, it is relatively easy to specify desired
types of student behavior and the phenomena on which they impinge, i.e., the subject-matter content of
science instruction. Teachers and researchers are also used to specifying the types of behavior desired
of the student in acquiring and using science content [123].

The subdomains of knowledge, comprehension, and application were well represented in the
articles, as well as those of analysis and evaluation (Figure 3). Synthesis was taken into account the least.
It requires creativity: putting elements together to form a coherent or functional whole, reorganizing
elements into new patterns or structures through generating, planning, or producing. It involves the
generating of new ideas, products, or ways of viewing things. It is considered the most complex form
of thinking [118]. Studies analyzing classroom tests have found that most teacher-made tests require
only recall of information [122]. However, when teachers are asked how often they assess application,
reasoning, and higher-order thinking, both elementary [37,131] and secondary [38] teachers claim
that they assess these cognitive levels quite often. The reason that recall-level test questions are so
prevalent is that they are the easiest kind to create. They are also the easiest kind of questions to ask
spontaneously in the classroom.

6.4. Learning Environments

Since learning environments have been developed to support the selected teaching methods,
they both have an effect on learners’ achievements. The most often used learning environment were
classrooms, which were mentioned in 22 out of 24 articles. Introductions, guidelines, and discussions
concerning learning experiences and results of observations and experiments were often carried
out in the classrooms, in addition to traditional teacher presentations and inquiries. Outdoor and
field environments were mentioned in 14 articles. Different visiting places, such as museums,
gardens, and nature parks, were the third most common learning environments (mentioned in
11 articles). Such places appear to be good learning environments because students’ learning results
are significantly better when they get first-hand experiences and studies in authentic learning
environments [57,59,62,70]. One reason can be that emotionally supportive learning environments
engage students in adaptive learning strategies such as elaboration, organization, and critical
thinking [114].

Laboratory environments were found in only five articles, although laboratories are places where
students can meet real scientists and learn how research is done. In school laboratories, students can
develop their experimentation skills when planning and carrying out small studies. The internet and
electronic discussion forums were mentioned in two articles. Computer-assisted teaching-learning
processes offer a useful way for cognitive process-oriented instruction, during which the teacher’s role
is to activate students’ mental activities and to support self-regulatory strategies for learning [130,132].

6.5. Evaluation Methods

Evaluation methods were analyzed using a common categorization of the teaching and learning
evaluation types [119,133]. Summative and diagnostic evaluations were the most popular methods
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(found in 18 and 17 articles, respectively). Formative evaluation was used only in 10 articles.
Comprehensive evaluation is an important part of teaching and learning processes, and summative
assessment should be complemented by formative and diagnostic assessment. The prevailing
evaluation culture should develop from a measuring culture to a development and supporting
culture [121,134,135]. Evaluation comprises values and beliefs, which affect conceptions of evaluation
goals and aims that guide evaluation practices [136]. Instead of teacher-centered evaluation, more
such methods where students can learn actively should be used [135,137,138].

6.6. Features of Useful Teaching Methods and Implications

The most emphasized feature of useful teaching methods was the activity, participation,
and interactivity of the students (Figure 4).

Figure 4. The features of useful teaching methods.

The review gives a clear endorsement for the provision of a certain kind of biology education
approach. This research emphasizes the value of teaching methods which have a good introduction
and supportive guidelines and include active participation and interactivity (Figure 5). The results
support Rickinson’s research [26]. First-hand experiences, locality and place-based education, and OE
are also emphasized. Conversely, systematic teaching of sustainable development, teachers as role
models, continuing development of EESD (Environmental Education for Sustainable Development),
positive feedback, and whole-school approaches were not popular (mentioned only twice).
Moreover, neither continuous teacher and staff education nor differentiation were popular, having been
mentioned only in one article together with the ideas that SE should be taken into account at all
education levels, and that there should be enough time for SE. The reason could be similar to those that
Rickinson reported in his study, e.g., that the aims of SE are not always realized in practice, the different
types of barriers faced by individual students and teachers in learning and teaching SE, and familiarity
with the SE setting [26].

Figure 5. Implications concerning the analyzed teaching methods (EESD = Environmental Education
for Sustainable Development).
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7. Main Conclusions and Implications

The study aimed to identify and describe useful teaching methods in biology education
and sustainability education (SE) including outdoor education (OE) for promoting sustainability.
Although our analyses of recent research on teaching methods and their evaluation included several
details, a holistic view of the educational processes is needed for the understanding of all effects.
All teaching methods are, of course, context- and subject-dependent, and cannot therefore be arranged
as a list of the most or least effective methods. The analyses, however, provide ideas of how to use
these methods together for promoting sustainability aspects in teaching, and also of how to evaluate
the whole process for the purpose of curricula development. The study emphasizes especially the
value of inductive teaching methods with student-centered approaches in authentic environments with
first-hand experiences. Like previous research [44,46,47], the analyses also emphasized fieldwork and
field trips, including problem-based activities, as factors increasing students’ interest in and knowledge
of sustainability. Fieldwork appeared to have positive effects also on students’ attitudes and behavior
concerning sustainability [66,67]. Students’ relationships with and connectedness to nature [64–66],
environmental consciousness [23,59,68], and interest in biology [69] are all important factors in any
attempt to create a sustainable future [57,58,61,62].

An issue to be taken more into account is the whole-school approach. According to Wyn et al. [49],
it can bring benefits to school communities, enhancing the development of school environments
where students feel safe, have a sense of belonging and develop the skills needed to participate fully.
The results of the analyses also emphasized a great need for several comparative studies of teaching
methods and their careful evaluations in relation to the expected results.
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Abstract: Health education, which also includes medicine education, promotes social sustainability
in society. Through the context of Internet-based intervention, this study reports on fourth graders’
(N = 51, aged 10–11 years) perspectives on medicines, their use with common diseases and
medicine-related information sources. The study was qualitative by nature. Data was collected
in spring 2010, by audio recording students’ group discussions during the study process and group
interviews. After intervention, students were well aware of the proper use of medicines and how to
find information both on medicines and health issues. The main challenge was finding websites that
provide reliable and confidential information. The results of this study raise awareness of a concrete
pedagogical approach to health education. The pedagogical approach conducted in the intervention
could, to some extent, be transferred to any school setting. This study underlies the promotion of
Internet-based health literacy and criteria, for evaluating online health information in the primary
school context.

Keywords: medicine education; health education; internet-based education

1. Introduction

The Finnish education system, which incorporates the entire population, is a pillar of social
and economic development. Education promotes responsibility, a sense of community, and respect
for the rights and freedoms of the individual [1]. Thus, schools are also excellent places in which
to promote the health and well-being of children and adolescents. Health education in schools
should be developed in accordance with the requirements of three sustainable development aspects:
environmental, socio-cultural and economical [2]. In order for social and cultural justice to be taken
seriously, health and sustainability must mean equity and understanding between people and cultures,
as well as peaceful, unprejudiced co-existence [2]. Health education that includes health knowledge,
skills and values, is necessary to meet the challenges of schools both in the present and the future.
This study focuses on medicine education which is a less-studied area of health education. The study,
in the context of intervention, presents an Internet-based teaching method to promote medicine-related
health literacy; it also examines fourth graders’ perspectives on medicine use as well as promoting the
search for information on diseases.

One of the central objectives of public health and the promotion of health is the worldwide
development of health literacy. Health literacy is linked to health habits, health, the quality of life and
differences in health [3]. Over the past decade, the interest and academic discourse dedicated to the
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concept of health literacy, has escalated enormously [4]. Without doubt, health literacy is an important
and expanding topic in contemporary health care, health promotion, health education research and
policy development. The probable reasons for health literacy becoming such a hot topic for researchers,
health practitioners and educators alike, are essentially two-fold: first, the function of health literacy
as an identified public health goal, added to the widely reported relationship of health literacy with
behavior and measurable health parameters [5–8]; and second, the portrayal of health literacy as
a direct outcome, the aim of health education as a school subject, as well as the outcome of health
promotion practices exemplified through the whole school approach [9–12]. Generally, the increasing
focus is not only on adult but also on adolescent health literacy [13].

Health literacy is defined as consisting of five core components: theoretical knowledge,
practical knowledge, critical thinking, self-awareness, and citizenship. It is emphasized that the two last
additional components are called for when the aim is to develop students’ internal capacity to construct
their own meanings regarding health topics. One of the main aims of health education in schools should
be to foster students’ ability to define their own beliefs, identity and social relations. Moreover, if it
is desired that students should become responsible citizens acting in an ethically responsible way,
competencies such as ethical reflection skills should be developed in schools. The development of
certain health literacy components may demand specific kinds of learning conditions [12].

As health literacy is linked to health habits, health, quality of life and differences in health [14],
poor health literacy is connected with an individual’s inability to interpret health-related knowledge,
such as the number of visits to the hospital and the incorrect use of medicines [15]. People with poor
health literacy have difficulties in understanding diagnoses, are unable to follow instructions on how
to take care of themselves as well as poorly benefitting from health care services [14–16].

Adolescents in Finland, as well as in Norway, Poland and Scotland, reported a high level
of health-related symptoms; headache, backache, sleeping difficulties, with the intensity of most
symptoms increasing with age [17]. Finnish parents reported that their children have a good
health status, although approximately one-tenth had experienced some psychosomatic symptoms or
long-term diseases [18]. Furthermore, Finland has a high rate of medicine use-related problems [19].

Limited attention has been given to the topic of adolescent health literacy, although (1) future
health problems can be prevented by providing health knowledge and skills at an early age; (2) young
people, especially those with chronic illnesses, at a younger age take an increasingly greater role in
managing their health [20,21]; and (3) many important physical, behavioral, and sexual health issues
arise prior to adulthood [22]. Educating children through school health programs is one of the means
to develop the critical health literacy recommended in the goals of the EU.

Health literacy includes the skills needed to search for information on health issues, medicine use
and diseases. Rational medicine use, the goal of medicine education, is defined as the right medicine
taken in the right way at the right time for the right problem. The use of medicines is common to almost
all adults and children [23–30], thus children are familiar with the most commonly used medicines
and their use [31–37]. Children consider parents to be the most common source of information
about medicines [23,34,35,38], other sources being the insert in the medicine package itself [23,39],
physicians and nurses [23,35,38,39], and an increased use of the Internet [40].

Most individuals seek health information from the Internet [41]. Use of the Internet for this
purpose by 50% of Europeans, has increased significantly in recent years [42]. Despite its advantages,
the Internet is also a rich source of potentially alarming information about health and illness [43],
especially disturbing for people who are already anxious about their health [44].

In the United Kingdom (UK) and the United States (USA), the Internet is the primary source of
general information that adolescents use (11–19 years) and health information is generally regarded as
being salient. Its saliency was increased through active searching and personalization. The perceived
credibility of the Internet varies because expertise and reliability are sometimes difficult to determine;
empathy can be facilitated through online communities but the individual can control disclosure.
Internet sources combine positive traditional features of amateur and professional, personal and
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impersonal. Although it is unlikely to supplant the role of trusted peers and adults, the Internet has
found an important place among adolescents’ repertoire of health information sources. Adolescents are
interested in finding information about a range of health topics, such as exercise, diet, sexual health,
alcohol and drug misuse. Recognizing that Internet information may not be credible, some adolescents
have developed strategies to test its reliability. Many also advocate the use of quality marks from
well-known institutions. Here arises a hint of contradiction between adolescents’ general perceptions
of the Internet as a medium, and its specific use for health information [45].

The availability of reliable Internet material that provides high-quality information on mental
health may assist young people in need of help to overcome barriers, and to improve awareness of the
common symptoms related to mental problems [46]. Although there is significant variation in quality,
at best, websites can also provide basic, evidence-based, self-help, and direct young people to sources
of professional care [47]. The readability of online educational materials made available to patients
also needs to be improved [48].

This research provides new information about Internet-based medicine education in the primary
school context. Previous research has mainly focused both on the general aspects of how and why
people use the Internet for health information purposes [49] as well as on the perceived credibility of
online health information [43,45]. In this study, we are interested in students’ perspectives on medicine
education intervention, the focus being mainly on the theoretical knowledge about medicines, practical
knowledge about the use of medicines, and critical thinking in searching for information on the
Internet. The study is guided by the following research questions:

• What students perceive they have learned about medicines and their use?
• What students perceive they have learned about different diseases?
• How students perceive medicine-related Internet information sources?

2. Materials and Methods

2.1. Participants

This study involved a rural primary school in the eastern part of Finland. Three fourth grade
classes participated in the study, totaling 51 students (ages 10 to 11 years). The medicine issues included
in the research belong to the curriculum and the yearly schedule of the school, thus following their
normal daily routines. Each class had their own teacher who was responsible for teaching during
the intervention, modifying the case studies to suit the needs of their pupils. Three teachers and
five researchers planned the intervention together.

2.2. Intervention

During the Internet-based intervention, students worked in small groups: seven groups in each
class (three classes in all). Each group comprised of two or three students. Intervention embodied
three phases; (a) the scenario; (b) the Internet-based inquiry; and (c) the compilation. In the scenario
phase, each student group became familiarized with one case story; a fictitious person described
his/her health problems or injuries and considered issues concerning the use of medicines (Table 1).
The stories were aimed to promote the students’ interest and motivation by connecting themes on
disease and medical use, to a real-life context. The case stories concerned stomach ache, flu, accidents,
migraine, snake bite, diabetes and asthma (Table 1). In the Internet-based inquiry phase, the students
carried out structured inquiry tasks. From websites given to them in advance (Medicine education
websites, the alternative medicine website, Terveyskirjasto website), they searched for information
about the case person’s symptoms and a possible cure. The aim was to develop students’ theoretical
and practical knowledge about medicines and diseases, as well as to develop students’ critical thinking
skills in relation to the use of Internet sources. In the last phase, the students presented to each other
their own particular case, and the results and conclusions of their inquiry tasks. There was general
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discussion amongst the whole class about how to use medicines properly and the appropriate use of
Internet sources.

The medicine education website is targeted at schoolteachers and it is designed to help them
educate children about the proper use of medicines. As well as offering a lot of background information
about the proper use of medicines and common childhood illnesses, it also includes assignments for
different age groups of children, such as role-play about a visit to the pharmacy or a quiz about the
proper use of medicines. The medicine education website is available in Finnish and in Swedish at
www.laakekasvatus.fi. The idea of an alternative medicine website is offered as a general source of
medical information and treatment, which also includes advertisements. The website ‘Terveyskirjasto’
(http://www.terveyskirjasto.fi/terveyskirjasto/tk.koti) comprises of 10,000 scientific articles about
medicines, giving actual information about health and illnesses.

Table 1. Intervention case stories.

Case Story Health Problems and Issues Concerning the Use of Medicine

Ville’s stomach ache Stomach ache (symptoms, disease and cure)
Veijo’s case: How to get reliable information about flu? Flu (symptoms, disease and cure)
Eetu’s case: Once bitten, twice shy Accidents: Hand wound and sprained ankle (symptoms and cure)
What is wrong with Sonja? Headache: Migraine (symptoms, disease and cure)
A snake causes a woman serious symptoms Snake bite (symptoms and cure)
What is wrong with Mikko? Diabetes (symptoms, disease and cure)
Minna’s story Asthma (symptoms, disease and cure)

2.3. Data Collection

The main data was students’ group interviews after the intervention and it was supplemented by
audio recordings of students’ group work during the study process. Semi-structured group interviews
focused on the following themes: (1) medicines and medicine use; (2) disease under consideration;
(3) medicine information sources; and (4) working within the intervention. One of the authors held
audio-recorded group interviews with students in spring 2010, in a quiet, private room, during regular
school hours; the interviews ranged in length from 20 to 35 min. The atmosphere established during
the group interview was positive and relaxed and the interviewer tried to encourage students to admit
any lack of understanding or anything else that might be unclear. The group interview began by
students being asked in general about the medicine education intervention. Students were then asked
to define medicine, explain what they had learnt about medicines and diseases, and how medicine
information can be found. The interviewer also asked students to expand on particular points of issue.
The order of the questions and topics was undefined and depended on the flow of discussion.

2.4. Data Analysis

Students’ group discussions and group interviews were transcribed and checked for accuracy
with the audio recording, and content analysis [50] was chosen for the analysis of students’ descriptions
throughout all the data. The answers were received to the following questions: What have the students
learned about medicines and their use; what have the students learned about different diseases; and
what are the students’ perceptions of Internet-based intervention. Two researchers independently
analyzed the data in order to create categories and sub-categories. Discussion followed as to whether
or not the categories found were consistent. The analysis was quite convergent. An example of
such categories and sub-categories can be found in Table 2, concerning what students learned about
medicines and their use. A count was made of how many times each category was mentioned during
the group interview. Data was analysed in the context of a particular setting and does not represent
any absolute “truths” about students’ perceptions of medicines, medicine use, diseases or searching
for information [51–53].
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Table 2. Students’ descriptions of what they had learned about medicines.

Category Number of Descriptions Descriptions

Use of Medicines

Adult permission 15
Medicines prescribed by a doctor may not be taken without adult approval (Boy 1)
Children may take medicine with the permission of a physician or parents, or even
children, of course take some Burana (ibuprofen) (Girl 4)

Medicine dosage 8
The prescription states a safe dosage, and if . . . (Boy 3)
If you take more than the recommended dosage, then you get too much medicine;
if you take too little, then you may not be cured (Boy 9)

Label/package instructions 9

In a way that is shown on the label (Girl 12)
This means, if it reads e.g., one tablet per day for a specific age-group, then you
should take only one; if you take more, then you may have a reaction (Boy 8)
So, act according to the instructions on the packages (Boy 13)

Right time to take medicines 3 Take medicine at a certain time (Boy 2)
You can take the medicine after a meal (Girl 1)

Reason

For pain/feeling poorly 16

If you feel that you have headache or stomach ache, then you may take some ‘off the
shelf’ medicine, or . . . (Girl 8)
So if you are sick or allergic or you have a seizure or e.g., flu, then you may take
(Girl 13)

Prescribed 6 I have a prescribed medicine, Burana (ibuprofen) (Boy 4)

When necessary 4 You should only take medicines when necessary (Girl 9)

For a health problem 3 If you have a very high fever, then you may take some kind of painkiller or
something that lowers the fever, however, not just for only a slight headache (Girl 14)

Storage

Medicine cabinet 3
In the medicine cabinet. And then there are some that need to be stored at a low
temperature. Yes (Girl 7)
And some must be locked in the medicine cabinet (Girl 11)

Out of access to children 2 So that small children cannot reach the medicine. (Girl 5)

At What Age Can You Take Medicines without Parents’ Consent

Fourth graders 4

Depends on the medicines. Some medicine for a fever or a cough, yes those can be
taken, but if you have... (Boy 9)
More serious symptoms (Girl 5)
For example you are asthmatic and you get an asthma attack, then, if you don’t
know which medicines to take, you had better follow the advice of an adult (Boy 10)
If your parents have shown you what medicines to take then you may use them,
but if you’re not sure, then it is not worth taking the risk (Girl 3)

4 year old age-limit 4 I think it was something up to 4 years old (Boy 14)

Ages from 8–12 years 3 You can take medicine I think that 8–12 is a suitable age and adults have their own
medicines (Girl 14).

Total 80

2.5. Ethical Issues

This study is part of a larger research project concerning medicine education, permission for which
was granted by the Committee on Research Ethics, at the University of Eastern Finland. Students’ views
and participation was respected, therefore they had the right to drop out of the project at any stage
of data collection. The interviewer highlighted the fact that participation was totally voluntary and
during the interview the students could refuse to answer any question. Emphasis was placed on there
being no right or wrong answers. The questions presented did not refer to personal illnesses or use
of medicines.

3. Results

3.1. What Students Learned about Medicines and Their Use?

The students’ group discussions about medicines were quite generalized. Almost everyone had
used medicines such as painkillers and education on the careful use of medicine was highlighted.
In the interview, students later described what they had learned during the medicine education
intervention. Issues mostly mentioned were related to the use of medicines, the reason for using
medicines, how to store them and who should use them. The descriptions could be classified into
four categories: use, reason, storage and the suitable age for children to use medicines alone (Table 2).
There were 80 descriptions in all.
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Students explained that they had learned about different kinds of medicines. They described that
if a cough continues, if one has a high fever, or if medicines do not help, then you should contact a
physician. Students perceived that you should not take medicines prescribed for others and that it is
important to know about the side effects. They spoke about home care in the following ways: domestic
treatments do not require the presence of a physician, even though, if you visit a physician and ask
what treatment can be done at home, he/she may be able to give certain instructions as to what to do.

Students knew the difference between over-the-counter medicines (OTC) and prescribed
medicines:

It (OTC) is the kind of medicine you can take yourself. (Boy 21)
Prescribed medicines are those you can’t buy without a prescription given by a physician. (Girl 19)

3.2. Students’ Descriptions Regarding What They Had Learned about Different Diseases

Stomach-ache was perceived to be due to constipation, the runs, or appendicitis, and medicines
should not then be used. Particularly highlighted was the importance of washing hands in order
to avoid and prevent droplet infection. Students had acquired a lot of general information about
flu, discussing the symptoms and home care for it. They were also able to name some commercial
medicines. Flu was considered in a more detailed way after intervention. The difference between flu
and influenza was also explained; students mentioned how best to avoid flu. They suggested keeping a
distance from people who are sick, washing hands and taking care of your own health. There was very
little discussion about First Aid during group discussions and the interview, but students recognized
the need for First aid knowledge and highlighted the fact that accidents can be prevented in a number
of ways. Students wanted to learn more about First Aid skills either at school or during their free time.

3.2.1. Migraine

At the beginning of the first lesson, students knew that migraine may cause a seizure, nausea,
razor-like light formations, and that bright lights should be avoided. Later, they understood that
video games and special movie effects might also worsen the situation. They had the impression that
taking paracetamol is acceptable but ibuprofen should be avoided, even though both medicines may
be used for migraine. Environmental aspects were mentioned in association with treating migraine;
they suggested a dark, quiet place, with no bright lights, also mentioning such health aspects as
sleeping and eating regularly. It was interesting to note that one of the students had searched for
information on migraines at home, and had gathered a lot of facts on the subject.

3.2.2. Snakebite

Initially, students knew asnakebite to be dangerous but were not able to offer any form of
treatment in such a situation. Furthermore, they thought that a typical reaction to a snake bite is
increased sweating and nausea. The group discussed what should have been done to avoid getting
bitten, suggesting that a First Aid kit and the use of rubber boots would have been a good preventative
measure. During the group interview, the students were able to explain the symptoms and the First
Aid required, in more detail. When a snake bites a person on the leg, the leg swells, the person is
nauseous, the location of the bite is tender, bright red, and exhibits two small holes. You should then
administer the tablet contained in the First Aid package for snakebites, the leg must be propped up
and the patient should not be lifted. Finally, students suggested calling an ambulance, adding that
snakebites can be avoided by stomping on the ground, watching where you walk and by wearing
rubber boots.

3.2.3. Diabetes

At the beginning of the first lesson, students did not express any perceptions about the cause of
diabetes. They described symptoms of weight loss, increased thirstiness, and a more frequent need to
go to the bathroom. Later, they stated that you have to visit a doctor regularly, that the person needs
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insulin, which is injected either into the hand, stomach, or some other part of the body. Symptoms can
be avoided by ensuring a sufficient amount of exercise and eating healthily.

3.2.4. Asthma

At the beginning of the first lesson, students had a very narrow comprehension of issues related
to asthma, mentioning only that cold air is harmful and that it is worsened by the use of tobacco.
A symptom of asthma is coughing and during an asthma attack, you need to breathe the medicine
through an inhaler. After intervention, they were able to discuss more widely the different issues
related to asthma and highlighted that asthma is a common, long-term disease among children.
Environmental pollutants (dust, smoke) as well as the quality of outdoor air, were mentioned as being
factors that may affect the severity of asthma. The students also knew that ibuprofen may worsen
an asthma attack. Later, they broadened their perceptions of the symptoms, mentioning a prolonged
cough and difficulty in breathing during an attack. They knew that prescription medicines such as
Ventoline (salbutamol) are needed to combat asthma, but also spoke about OTC-medicines, First Aid
and home care. According to students, ‘you should remain calm’ in order to control the symptoms.

3.3. Students’ Perceptions about Searching for Information on Diseases

At the beginning of the first lesson, students considered that sources of reliable information could
be acquired from a doctor, hospital, pharmacy and the Internet. However, the students also mentioned
their doubts as to whether the Internet is completely reliable. After intervention, the information
sources for diseases mentioned were Iltalehti (a Finnish afternoon tabloid), Google, the Internet,
doctors, books, TV, pharmacy, parents, mothers, nurses, packages and labels.

Students perceived the medicine education site as being safe, contrary to Wikipedia, which can
be modified by anyone. The same doubt applied to the alternative medicine website. Two students
described the reliable website in the following way:

There was...the first site (Medicine education website) from which it was easy to find all the
information. When you went to the website, there was a title and subtitles that you could use to read
the symptoms. These were clearly written and there were no difficult words. (Boy 1)

The writer’s name always appeared at the bottom of the paper, it was the name of the doctor at
the end (website Terveysirjasto). (Boy 21)

The Terveyskirjasto website gave names of the experts, but the text included many concepts
which were not easy to understand. Conversely, students considered that the texts on the Medicine
Education website were fluent, logical and clear. They found that the information was easy to find and
the links were good. Students would have wished for more subtitles.

3.4. Students’ Perceptions of Internet-Based Intervention

Students were asked, during the interview, about their perceptions of the medicine education
intervention. They acknowledged its role in learning, its significance, and how they felt about it.
Students described learning about medicines, medicine use e.g., future knowledge of what medicines
to take. Students perceived that medicine education is useful and necessary:

It is rather good that school provides opportunities for medicine education and there could be
more of these lessons; they are quite useful. (Girl 2)

Everybody needs medicine education, learning to use medicines in the correct way. (Girl 14)
Students perceived medicine education studies as enjoyable, very nice or quite nice. They also

perceived the topic as interesting. In conclusion, students perceived Internet-based medicine education
as being important; it was a different, nice way to study a previously unfamiliar issue.

This was much nicer than working in normal lessons, because in this way you learned more
important issues. (Girl 20)

It was interesting; this information is of use in your free time too, and then in the higher grades
these issues will probably be easier to understand when they are revised. (Boy 3)

97



Educ. Sci. 2017, 7, 46

Some of the students perceived that it would be better to study medicines in the sixth grade.
They considered medicine education to be difficult.

Some issues were difficult to understand, it was difficult to search for information and ponder on
it yourself. (Girl 7)

The theoretical framework and main results are shown in Figure 1. Medicine education as a part
of health education promotes social sustainability and health in society. Health literacy in the context
of Internet-based medicine education intervention entails rational medicine use and awareness of
reliable information.

 

Figure 1. The theoretical framework and main results about the Internet-based medicine
education intervention.
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4. Discussion

This study examined fourth graders’ perspectives on medicine issues in the context of the
education intervention that was aimed at developing student health literacy and the further promotion
of their health habits, health and quality of life, thus contributing towards solving the challenges
of national and international health [1–11]. Self-awareness and citizenship were not considered,
even though they are also essential components of health literacy [12].

Students’ theoretical and practical knowledge about medicines and diseases was seen in their
descriptions, which are in line with main processes in healthcare [14,15]: keeping healthy, detecting
health problems, diagnosing diseases and treating diseases. Fourth graders were able to understand
the causes of diseases, symptoms, treatment and prevention. Students especially described common
illnesses; in moderation, they highlighted chronic illness, its symptoms and treatment, mentioning
their own experiences, symptoms and treatments, as well as that of their friends or schoolmates.
It seemed that the desire to take a greater role in managing their health was developing [20–22].

Students’ perspectives on medicines and their use, was similar to that seen in previous studies
in Finland [26,27,30]. Fourth graders’ perspectives included the view that as well as the benefits,
medication always includes risks such as the side effects. They knew that, generally, adult permission is
needed; that the amount of medicine given must be accurate; that medicines should be used according
to the instructions on the label/package and administered at the right time for pain or sickness.
Fourth graders considered that in some cases, at least children of their own age could use medicines
without the permission of adults, which is in line with international results of medicine use among
adolescents [23–25,31,34,36,37]. As previous studies have also shown [29,30], students pointed out
that medicines should be stored in a medicine cabinet, out of the reach of young children. The rational
use of medicines and safe medicine storage decrease health risks and healthcare costs, thus being an
important aspect of sustainability.

Searching for Internet-based information about diseases and their care was practiced according
to the structured tasks. In the initial discussions, students pondered that reliable information could
be acquired from doctors, from a hospital and from a pharmacy, as has been found in previous
studies [23,34,35,38,39]. Unlike previous studies [23,26,34,35,38] fourth graders did not point out the
role of parents, teachers or patient inserts as being an information source. During the group discussions
after intervention, they mentioned packages and labels, showing an understanding of the rational use
of medicines. Still, students did not consider schoolteachers to be a source of medicine information.

The students appropriately evaluated different websites; they were able to identify reliable sites
and argue their perceptions. The students learned to evaluate the reliability of health information
sources, even though this could be sometimes difficult to determine, and they recognized that Internet
information might not be credible. Strategies were developed to test reliability. There were signs
that fourth graders’ general perceptions differed about the Internet as a medium and its specific use
for health information. We would hope that high-quality health information from reliable websites,
would aid in overcoming barriers for young people seeking help, and would improve awareness of
common symptoms related to health problems. Students were able to find evidence-based self-help on
the Internet, and they identified that there is significant variation in the quality of sources, as previous
studies have shown [41,46]. Fourth graders expressed the need for improvement in the readability
of online health educational material and considered that already at their age, medicine education
is needed.

However, generalization of our findings is clearly limited, because conclusions based on our
findings, are directional and transferable mainly in the Finnish settings. Due to its sample size,
this study is limited, but the group interviews provided students with the opportunity to talk about
the rational use of medicines. The objective was to understand fourth graders’ perceptions rather
than make generalizations. The Internet-based medicine education intervention was conducted in
accordance with the age and developmental level of the students, and thus supports the healthy
growth of children.
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5. Conclusions

Research findings support previous national and international studies and show that this kind
of Internet-based medicine education intervention and its research is important in the school context.
The medicine education website, was found to develop students’ conceptual awareness of diseases
and awaken student values related to sustainable development, such as the prevention of diseases.

The results of this study show the importance of developing the content of Internet-based
medicine education and education for sustainable development. This should focus especially on taking
responsibility and seeking out critical information. The Internet-based medicine education intervention
motivated and activated students. They discussed and complemented each other’s thoughts and words
and encouraged them to examine Internet-based health material. However, we acknowledge that
Internet-based information replaces neither professional help nor the role of parents and teachers.

The prevalence of chronic diseases such as asthma and diabetes is obviously part of a student’s
everyday life. The need for knowledge concerning First Aid is also apparent. Students’ prior knowledge
of symptoms, what causes them and the treatment for diseases was quite relevant, but during the
intervention this knowledge was deepened further. It is possible to say that this Internet-based
medicine education intervention helped students understand health as a physical and social capability.
Important skills were also developed relating to the acquisition and application of information,
implying that the achievement of a level of knowledge and skills actually improves personal health.

This study suggests that fourth graders need well-structured tasks when searching for information
on the Internet, addressing the possibility of them becoming distracted and straying too far from
the actual task. Educational material on the Internet needs to be structured in the same way in order
to support student inquiries. Furthermore, in health education, media literacy and health literacy
should be developed side by side, improving students’ skills and enabling them to use the Internet in
their learning. Health literacy supports the understanding that prevention and health promotion are
essential for improving sustainable development at the local, regional and national level.
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Abstract: The purpose of this study is to present a multimodal languaging model for mathematics
education. The model consists of mathematical symbolic language, a pictorial language, and a
natural language. By applying this model, the objective was to study how 4th grade pupils (N = 21)
understand the concept of division. The data was collected over six hours of teaching sessions,
during which the pupils expressed their mathematical thinking mainly by writing and drawing.
Their productions, as well as questionnaire after the process, were analyzed qualitatively. The results
show that, in expressing the mathematical problem in verbal form, most of the students saw it as
a division into parts. It was evident from the pupils’ texts and drawings that the mathematical
expression of subtraction could be interpreted in three different ways. It was found that the pupils
enjoyed using writing in the solution of word problems, and it is suggested that the use of different
modes in expressing mathematical thinking may both strengthen the learning of mathematical
concepts and support the evaluation of learning.

Keywords: multiliteracy; languaging; division; mathematics; education

1. Introduction

Traditionally, there has been a strong emphasis on the use of symbolic mathematical language
in representing mathematics. This has, however, been found to be a limiting factor in expressing
mathematical thinking in learning processes [1–3]. The aim of this article is to present a multimodal
languaging model, in which the ways to express mathematical thinking are expanded beyond
mathematic symbolic language. A second objective is to observe how 4th grade pupils understand the
concept of division based on this model.

Different ways of expressing thinking and making meaning form the underlying theoretical basis
for this study. Theoretically, the multimodal languaging model is related to multiliteracy, a concept
referring to various modes in the current communications environment [4]. The present model includes
three types of semiotic systems of meaning-making: a symbolic mathematical language, a natural
language, and a pictorial language [2,5]. It has been suggested that the use of different semiotic
systems such as these supports the development of conceptual knowledge [6,7]. Furthermore, it has
been recommended that, in a national assessment of learning outcomes [8], languaging should be an
integral to the pedagogical method in learning mathematics.

In our earlier paper [9], we published the outline of our pedagogical model and preliminary
results in Finnish from the point of view of integrating school subjects. In this paper, we will link the
multimodal languaging model to a multiliteracies framework, present new data, and further discuss
the concept of division based on the data.
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2. The Theoretical Framework

2.1. Multiliteracy

The multimodal languaging model is connected to a multiliteracies framework. The basic
principles of multiliteracy were set out in the manifesto of the New London Group (NLG) [10].
Since then, multiliteracies has become a key concept in describing the changes in the current textual
world, in which the written mode can be complemented by, or even replaced by, other modes [4,11].

In research, multiliteracies is usually framed by semiotics, which emphasizes the “semiotic resource”
as a potential key term in meaning-making [12]. Sociocultural approaches also seem to be inherent
in multiliteracy [12]. These aspects reflect two of the "multis" inherent in multiliteracies, as stated by
Kalantzis and Cope [4]. First of all, the variety of modes provides more options for meaning-making;
secondly, a text may vary enormously, depending on social context such as different cultural settings,
gender identity, or the subject matter [4].

Multimodal resources in school mathematics have been highlighted in several studies
(e.g., O’Halloran [13]). The aspect of social diversity of multiliteracies in the context of mathematics is
also acknowledged, for example, by Takeuchi [14], who studied English language learners (ELLs) in
mathematics practices in an urban Canadian classroom.

The present multimodal languaging model intentionally takes advantage of different modes
in making meaning. The underlying idea is that, if the pupils are obliged to use different modes
in their expression, they gain a greater understanding of the topic. Thus, the students in this study
wrote and drew while performing mathematical tasks. Culturally, our study is in the context of school
mathematics in Finland: the study combines the international symbolic mathematical language with
other ways of meaning-making. Students’ productions must therefore be interpreted from this cultural
point of view.

The multiliteracies approach has only recently been incorporated into the Finnish core curriculum [15]
as one of the transversal competencies. It is defined as follows [15] (p. 33): “the competence to interpret,
produce and make a value judgement across a variety of different texts, which will help the pupils to
understand diverse modes of cultural communication and to build their personal identity.”

We can see this idea, for example, in the objectives of instructions in mathematics for
Grades 3–6 [15] (p. 398), for example: “ . . . to encourage the pupil to present his or her conclusions
and solutions to others through concrete tools, drawings, speech, and writing, also using information
and communication technology.”

It is to be noted that the theoretical concept of multiliteracies is rather complex. It is described
as being a pedagogical approach, but in the Finnish curriculum is applied as a set of communication
abilities [12,16]. However, there is an urgent need for research into the implementation of a
multiliteracies approach in all school subjects by developing concrete yet theoretically relevant
educational models.

2.2. Languaging of Mathematical Thinking

Traditionally, at least in Finnish mathematics education, pupils often work silently and
independently in the mathematics classroom, and the solutions to mathematical problems are usually
presented by mathematical symbols alone, without any clarifying text or drawing. Owing to this
tradition, it is often difficult for mathematics teachers to follow how a pupil has thought through
his/her solution to a mathematical problem. Has the pupil really understood the main idea of
the solution?

The use of languaging breaks this tradition and serves as a means to express thinking in
several different ways. It has been shown that writing and the use of natural language in the
solutions of mathematical problems may in fact boost learning in mathematics, develop mathematical
understanding, change the pupil’s attitude towards mathematics for the better, and help the teacher’s
evaluation [17]. The use of natural language, both in the solution process of mathematical problems,
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and in formulating the presentation of the solutions, helps a pupil to organize her/his mathematical
thinking for herself/himself and for the peer group [2,9,18]. In fact, it seems that the use of natural
language and drawings helps most students in the solution process of mathematical problems not only
at primary level, but also at higher levels of the education system [19].

At the primary school level, we have recognized three useful semiotic systems or “languages” of
meaning-making in mathematical presentations (Figure 1). These semiotic systems are a mathematical
symbolic language, a natural language, and a pictorial language [2,12,19]. In the school context,
this means students are able to express their mathematical thinking either by using mathematical
symbols (e.g., numbers, symbols), a natural language (mother tongue and/or second language),
or pictures or other tangible devices [12,19]. The modes in using these are writing, speaking,
and drawing.

 

Figure 1. The three languages that can be used to express mathematical thinking [12,20].

Mathematical thinking is described as an information process monitored by one’s
metacognition [7]. The main purpose of using several semiotic systems in learning activities
(e.g., in studying new mathematical concepts and doing exercises) is to develop the student’s
own meaning-making processes. We call this process “languaging”, a concept that has been used in
mathematics and in mother tongue didactics since the 1990s [21].

Languaging in mathematics refers to expressing one’s mathematical thinking by different modes
either orally (by natural language) or in writing (by natural language, mathematical symbolic language,
or pictorial language) [12,20]. From a multiliteracies aspect, languaging can be seen as a multimodal
approach to making meanings of mathematical concepts and procedures.

In addition to the meaning-making of concepts and procedures for a learner, multimodal
languaging is also a tool for a teacher to evaluate how the learner has understood mathematics.
In this study, we will use pupils’ texts and drawings as a resource for semantic interpretations.

2.3. The Concept of Division in School Mathematics

In the Finnish National core curriculum for basic education, the objectives in division learning
in Grades 3-6 are described as follows: “They learn division in cases of both quotition and partition.
They practise division by number units. They utilise the properties of operations and the connections
between them.” [15] (p. 399).
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Pupils are introduced to the concept of division after they have learned multiplication.
The objective is that they should understand the connection between multiplication and division
in Grade 3. In several studies, the concept of division is observed to be difficult to understand for
pupils and even for prospective teachers [22], especially in word problems and in recognizing both
of the aforementioned types of division. Typically, if we ask pupils to give an example of division,
they describe it as being division into parts: e.g., “Mother had 24 cookies and she promised to divide
them equally to me and my five friends. How many cookies did I get?” We could describe this
as the primitive model of division [22]. In fact, the model of division by contents (e.g., “For how
many children can mother divide packages of four cookies, if she has 24 cookies?”) is understood by
systemically teaching in upper grades [23].

3. The Division Research: Data Collection and Analysis

The use of different modes in mathematics was modeled and explored via a six-hour teaching
process, which took place in the Training School of University of Tampere in 2012 in a 4th grade
class of 21 pupils. All of the pupils were monolingual Finnish speakers. The process was planned
and conducted in co-operation with the class teacher. After the teaching, we submitted a written
questionnaire in order to evaluate the students’ experiences and thoughts on the process. In this article,
we concentrate on the following research questions:

1. How do the pupils interpret the concept of division?
2. How did the pupils experience the use of writing and drawing in learning mathematics?

The key idea in the teaching process and data collection was that the students were given a
mathematical expression (24/6−3), which was then the starting point for several different tasks. At first,
the pupils were to invent a typical school word problem based on the given expression. This means
that they had to construct verbal meanings and context for the numbers, division, and subtraction by
themselves, in contrast to the usual ways of presenting mathematical problems. Then, the students
were to solve their own invented mathematical word problem by using the multimodal languaging
method: in this phase, they worked with a mathematical symbolic language, a natural language via
writing, and a pictorial language by drawing. After this, they were to extend their own word problem
into a story by planning and processing their stories as typically done in developing writing skills.
The stories based on the mathematical word problem were eventually transformed into strip cartoon
form in order to practice textual skills and to evaluate the student’s mathematical thinking.

A qualitative content analysis was conducted on pupils’ productions during the teaching process
(word problems, written and drawn solutions, stories, and cartoons) and on the written answers to
the questionnaire. Based on the productions, we were able to interpret what kind of meanings pupils
constructed for the given mathematical expression. The process was successful, as nearly all of the
pupils cooperated willingly during all the steps.

4. Results

4.1. How Do the Pupils Interpret the Concept of Division?

The use of multimodal languaging model in the process revealed the contexts into which abstract
mathematical symbolic language was referring to in the student’s thinking. Most of the students
(N = 21) equated the contexts with food, e.g., cookies (N = 9), or animals, e.g., bunnies (N = 6).

Languaging through writing revealed how the students understood the mathematical concepts
of division and subtraction. In the expression 24/6−3, the key issue is what kind of meanings pupils
gave to the subtraction “minus three.” Interestingly, in the division into parts the subtraction was
understood in two different ways: A: “minus three” from only one group (N = 11) or B: “minus three”
from each of the six groups (N = 8) (Figure 2).
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Figure 2. The ways the pupils (N = 21) interpreted the concept of division and subtraction in the
expression 24/6–3 (modified from Joutsenlahti et al. [12]).

Against our expectations, we found two cases where the pupils had constructed division by
contents. The two pupils had problems in formulating the word problem correctly to the end, but the
main idea of the division by contents was properly presented (see Table 1, Case C). In the next
two tables and in Figure 3, we show how three pupils constructed the word problem, its solution,
and the whole story in the cartoons. In Table 1, we have taken three examples of the word problems in
which division is needed for their solution.

Table 1. Word problem examples of divisions and subtractions (Types A, B, and C from Figure 1).

Type of Division An Example

A
“In the tree there were 24 apples. Aku, Santeri, Miina, Liisa, Kaisa and Laura
divided them. After that Kaisa gave to her mother 3 apples. How many apples
did Kaisa get?” (Pupil 1)

B “Emma divided 24 cookies to her six friends. Emma’s sister took 3 cookies from
each friend. How many cookies did each friend get?” (Pupil 2)

C

“Samppa had 24 ice hockey sticks. His task was to divide them into groups of six
sticks.” Three groups were left in the storage. How many groups of six sticks
were taken to the training hall?” (This example is a combination of several pupils:
First two sentences are from Pupil 3 and the rest of the problem from others)

In the second phase, pupils constructed solutions to their word problem firstly via natural
language, and secondly via pictorial language (Table 2). The solutions by natural language were like
little stories, which also contained mathematical symbolic language. The original handmade drawings
were completed as shown in Table 2 (drawn by computer). Only Pupil 3 of the three pupils had
problems in logically making a solution and cartoons. Pupil 3 had made the beginning of the solution
of the word problem correctly, but the rest of the solution was insufficient. We present here only the
correct parts of the example of Model C.
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Table 2. Pupils’ word problem solutions of divisions and subtractions by natural and pictorial language
(Types A, B, and C from Figure 1). The solutions via pictorial language are based on pupils’ drawings.

Type of Division The Solution by Natural and Pictorial Language

A

“Kaisa got at first 24/6 = 4 (apples). When Kaisa came home she
gave three apples to the mother 4 − 3 = 1. Kaisa got one apple.”
(Pupil 1).

B

“24/6 = 4, 4 – 3 = 1. The cookies were divided and everyone got
four (cookies). The sister takes from everyone else three cookies.
Every girl got only one cookie.” (Pupil 2).

 

C

“24/6 − 3 = 1. Samppa divides the ice hockey stics into six
groups. He left three groups in the storage and took one group
including four ice hockey sticks to the training camp.” (Two
sentences from Pupil 3 and the rest of the solution from others).

 

At the end, pupils drew cartoons in which they told the whole story: the word problem and its
solution (Figure 3). Pupil 1 drew the cartoon about how Kaisa divided 24 apples, Pupil 2 drew the
cartoon about how Emma divided 24 cookies (Case B in Figure 1), and Pupil 3 drew the cartoon about
how Samppa divided 24 ice hockey sticks (Case C in Figure 1). The last cartoon, C, is not complete,
because there were some misunderstandings at the end of the solution.

 
Figure 3. Three examples of pupils’ cartoons (Models A, B, and C from Figure 1). The speech bubbles
have been translated from Finnish to English.

All the pupils in the study succeeded in drawing logical cartoons from their word problem.
All three pupils created a reliable context in their word problem (Table 1) and in their cartoons
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(Figure 3) for the mathematical expression. The division into parts and the subtraction have acquired
real meanings in the pupil’s own cartoons from their point of views.

4.2. How Did the Pupils Experience the Use of Writing and Drawing in Mathematics Learning?

After the teaching process, we asked the pupils how they had experienced the multimodal
approach in mathematics learning by a questionnaire. The results are shown in Tables 3–5. Most of the
pupils liked writing the word problem and constructing a larger story about it. An interesting detail in
Table 3 is that almost all of the girls liked writing the most, whereas most of the boys liked drawing
cartoons. A mind map was needed in the planning of the story; that part of the study is omitted from
this article. Mind map making develops analytical thinking.

Table 3. The most agreeable part in the project from the pupils’ points of view (N = 21).

Girls Boys

Drawing cartoons 1 6
Writing word problem and story 11 1

Making mind map for a story 0 2

The pupils were asked whether they thought that writing (the use of natural language) supported
the solution making for word problems. Almost all of the pupils thought that writing supported it
(Table 4). The result is interesting, because writing was not favored by the boys.

Table 4. Do you think that writing (natural language) supports the solutions of word problems?
(N = 21).

Answer Girls Boys

Yes 12 6
No 0 2

No answer 0 1

The pupils also provided their opinions as to why writing is important or not in the solving
process. By content analysis, four main themes were found, which are presented in Table 5 with
text examples.

Table 5. Examples of pupils' opinions on the importance of using natural language in solutions of
word problems.

Theme Examples

Better understanding “I understand better how I have solved the problem.” (5 pupils)
Easier to construct the solution “It is easier to solve the problem when you can write.” (5 pupils)

Checking of the answer “You can justify from the written text that you have solved it correctly” (2 pupils)
Mother tongue learning (writing) “You learn at same time mathematics and mother tongue” (1 pupil)

5. Discussion

The pedagogical model described in this paper is an example of using multimodal ways of
meaning-making in school mathematics. The intentional use of multimodal languaging model revealed
the meanings pupils made for the mathematical symbolic language and concepts (here, division and
subtraction) and served in interpreting their thinking. These various types of ways to express one’s
thinking serve also as a way for the teacher to evaluate the students’ understanding of the concepts.

Despite the unfamiliarity of the task, every pupil in the class managed to produce a proper word
problem, solutions by natural language, and a pictorial language for the problem and the cartoons.
The most typical interpretation of division was division into parts (Figure 1). From the point of view of
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the pupils, writing was seen as useful for a better understanding of the solution, and for constructing
the solution more easily (Tables 4 and 5). A similar result has also been observed in the languaging
surveys of university mathematics teaching. The girls liked writing more than the boys, and the boys
liked drawing more than the girls (Table 3). Boys having problems in writing are seen on a wider scale
in Finland; national Finnish assessments of learning outcomes at the end of comprehensive school
have shown that boys are significantly worse than girls in writing [24]. There were no differences in
the data between how pupils made solutions via natural or pictorial languages: all pupils could do
both of them mainly correctly. All pupils were able to draw cartoons, presenting both the problem and
its solution.

We suggest that the broadened ways of expressing mathematical thinking may help those who
struggle with mathematics and for whom mathematical symbolic language as such is difficult to
comprehend. The use of writing and drawing in problem solving may also strengthen the learning of
mathematical concepts, as the use of different modes leads to organizing one’s mathematical thinking.
In this study, all of the pupils were monolingual Finnish speakers; however, the use of multimodality
may also support, for example, L2 learners for whom the pictorial language may serve as a way to
understand mathematical concepts.

The use of different modes in learning mathematics could easily be extended to the use of, for
example, videos. The use of various modes and even digital technology would connect the symbolic
mathematical language to more familiar ways of meaning-making for young students. In a broader
sense, these kinds of educational applications are closely related to a multiliteracies approach and
serve as a way to understand the various ways of making meaning in todays textual environment.

A few limitations of this study are to be mentioned. First of all, the data was collected in a specific
educational context (monolingual Finnish classroom); secondly, the sample size is small, as is common
in case studies. Nevertheless, the data showed potential in developing the multimodal languaging
model, as it served to express thinking.

The multiliteracies framework with multimodality brings new insights into school mathematics.
Further research is needed into how the intentional use of different modes serves in learning specific
concepts, such as multiplication, or in multilingual classrooms.
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Abstract: Group work permits students to develop a range of critical thinking, analytical and
communication skills; effective team work; appreciation and respect for other views, techniques
and problem-solving methods, all of which promote active learning and enhance student learning.
This paper presents an evaluation of employing the didactic and pedagogical customs of group
work in mathematics with the aim of improving student performance as well as exploring students’
perceptions of working in groups. The evaluation of group work was carried out during tutorial
time with first year civil engineering students undertaking a mathematics module in their second
semester. The aim was to investigate whether group work learning can help students gain a deeper
understanding of the module content, develop improved critical and analytical thinking skills and
see if this method of pedagogy can produce higher performance levels. The group work sessions
were conducted over four weeks whilst studying the topic of integration. Evaluation surveys were
collected at the end of the intervention along with an investigation into the examination results
from the end of semester examinations. In order to derive plausible and reasonable conclusions,
these examination results were compared with an analogous cohort of first year mathematics students,
also studying integration in their engineering-based degree. The investigation into the effectiveness
of group work showed interesting and encouraging positive outcomes, supported by a combination
of qualitative and quantitative analysis.

Keywords: group work; enhancing mathematical learning; collaborative and cooperative learning

1. Introduction

This paper evaluates the effectiveness of implementing group work in mathematics, in terms of
student performance and students’ perceptions of this didactic form of learning during tutorial sessions.
Mathematics educators are always striving to improve learner performance and achievements in the
field of mathematics. The issues of learning problems in mathematics and the lack of metacognitive
awareness of mathematical thinking and problem-solving skills [1] still seem to persist, and despite
differences amongst educators on an effective learning methodology, it can be suggested that there
is at least a concurrence with respect to the reduced level of accomplishment amongst learners in
mathematics [2].

In the mid-1980s there was a reform movement in mathematics education as a reaction
to dissatisfaction with conventional teaching approaches [3]. Specific reports recommending the
restructuring of mathematical delivery [4] marked the need for modifications in teaching methodology.
The National Council of Teachers of Mathematics [5] endorses the use of increasingly intensive
and effective instructional interventions for students learning mathematics, suggesting that these
can be used during tutorial sessions as well. Employing multiple models and ways of structuring
topics can present rich adaptions of mathematics content to effectively support student’s needs [5].
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Educators must therefore be encouraged to present active learning activities so that students can
construct knowledge, and one way to accomplish this is to familiarise students with group work [4,6].

The current delivery of lectures often finds university students learning mathematics through
conservative behaviouristic methods [1], leaving them to be passive and dependent on their lecturers [7].
Modern, enhanced taught mathematics focuses on a constructivist approach, asking students to face
new challenges with prior knowledge and to absorb and adopt new information, thus allowing them
to form their own significant interpretation and meaningful understanding of the taught material [8].

Without denying the importance of traditional mathematical lecturing, and acknowledging that,
in a competitive academic environment, students are more often rewarded for individual effort, this
study aims to reinforce and add to the current research literature on group work, though with a
particular emphasis on the field of mathematics at a higher educational level. This would allow
once-skeptical educators who have perceived group work as ineffective and problematic in this
subject area to recognise and appreciate the value and benefits of also assigning group work to
their students [9]. More explicitly, the research question posed is the following: can group work be
considered an effective method of learning for the subject of mathematics, and can it enhance the
student learning experience at a higher educational level? This study investigates the effectiveness
of group work in university-level mathematics, a higher-level application perhaps slightly lacking
in research output, by examining any improved student performance upon adoption of group work
interaction as well as examining student perceptions of working in groups. In addition, the study
considers whether group work learning can deepen student understanding of the module content and
aid them in developing higher critical and thinking skills.

This paper begins with a brief literature review documenting the adoption of group work in
education, particularly those relating directly to mathematics. Collaborative and cooperative group
work are highlighted, including a description of the main shortcomings and benefits experienced
by the practitioner. The paper continues with the methodology used to carry out the evaluation
of the effectiveness of group work in mathematics during tutorial sessions. The findings from the
investigation are then discussed and analysed using both qualitative and quantitative techniques.
Finally, some concluding remarks and possible future assessments are presented.

2. Literature Review

Group work is centered upon the constructivism model of learning [10–13]. According to the
report from the National Council of Teachers of Mathematics [4,5], it is said that group work in
mathematical education plays an essential role in students’ question acquisition and in criticising
constructively [14], all leading to productive and beneficial outcomes in student learning.

The number of research studies carried out over recent years has increased noticeably in the
field of mathematics at the primary and secondary school levels [15]. Substantial research within
the mathematics education sector indicates that employing small groups for various activities and
exercises does lead to constructive and beneficial outcomes for student learning.

From a review by Webb [16,17] concerning studies investigating peer interaction and achievement
in small scale groups, various compatible outcomes were achieved. Conveying a clarification or
simplification of an idea, solution or method to another group member was positively related to
achievement, whereas experiencing non-responsive feedback from a group member, specifically
no feedback or feedback that was irrelevant to what one has said or done, was characterised by
a negative relation to achievement [16,17]. Webb’s review also interestingly revealed that group work
was most useful when students were taught how to work in groups and how to present, provide
and accept assistance. This received aid was most fruitful and functional when it was in the form
of detailed explanations and then applied by the student to the existing task or to a different task.
Slavin’s research showed positive effects from group work on cross-ethnic relations and enhancing
student achievement [18]. Yackel, Cobb and Wood found that small-scale group work problem-solving
followed by whole class dialogue generated many learning opportunities that do not usually occur in
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a conservative tutorial or class, comprising opportunities for collaborative discussion and resolution of
contrasting viewpoints [19].

Over the past years, many studies have been conducted in order to investigate how
effective competitive, individualistic, and cooperative group work methodologies are in endorsing
and encouraging productivity and achievement [20,21]. Acknowledging these studies and using
meta-analysis to study achievement in cooperative learning, the results showed that the average
student learning through cooperative approaches performed at about two-thirds a standard deviation
above the average student learning within a competitive (an effect size of 0.67) or individualistic
(effect size equal to 0.64) structured lesson [22], prompting higher achievement levels when considering
cooperative group work learning compared to competitive or individualistic learning strategies.

Group work plays a fundamental role both in cooperative and in collaborative learning methods,
and has attracted significant research interest [21–29]. Studies demonstrate that these pedagogical
customs of group work do produce higher achievement and more positive relationships amongst
students, compared to competitive or individualistic experiences.

Research suggests that collaborative learning has quickly turned into a strong promoter of group
work in educational institutions at all levels [24]. In collaborative learning, participants brainstorm,
share information and work, tackle the same problem together continuously within their groups
and learn from each other so their combined collaborative achievement surpasses the simple sum of
individual contributions [29]. As Damon and Phelps clearly state, this is structurally different from
cooperative learning, which refers to discrete practices and concepts such as specific role assignments
in a group and goal related liability of both members and the group, so that each student is responsible
for the entire concluding result [23]. Curtis discusses that cooperative learning mostly deals with tasks
that are divisible into more or less independent subtasks, where cooperating parties work in parallel
to process individual subtasks in an autonomous, independent way [28] as opposed to collaborative
learning where a shared solution to a problem is built simultaneously, collectively and in liaison with
all members of the group.

Group collaboration can take a variety of forms and has been investigated in a broad range
of contexts, including classroom-based learning [30], computer-based learning [31], web-based and
e-learning [32]. What these collaborations, however, have in common is that two or more learners interact
in a synchronous form to negotiate shared meaning and jointly and continuously solve problems [26].

Since learning mathematics can often be viewed as a lonely, individualistic or competitive matter,
with students developing mathematical anxiety or avoidance, collaborative and cooperative learning
through group work can address these problems and enhance students’ progress and achievements [33].

Group work interaction helps all members learn concepts and problem solving strategies, improve
self-confidence and overcome the fear of mistakes [6,14,34]. Mathematics does offer opportunities
for creative thinking, exploring open ended questions, and posing intriguing problems, and group
work can help to face these trials and difficult tasks that are well beyond the capacities of individual
work at that developmental phase. Group work can also be a convenient and helpful tool to help
develop a supportive attitude towards learning. In a study by Bernero, the students who struggled
with mathematics continued to stress and strain about it and became discouraged with individual
work, but improved both academically and socially when it came to group work, due to an increase in
self-assurance [34].

Group work, however, can also sometimes lead to unsuccessful operation, mainly due to a
lack of understanding of the important elements that arbitrate its effectiveness. Group efforts can
be unproductive in many aspects. For instance, less capable members of the group can sometimes
leave it to others to accomplish and conclude the group’s exercises [35], whereas more capable student
members might put in less effort to avoid doing all the work [35]. The amount of time spent explaining
concepts can be positively correlated with the amount of time learning, so more capable members
might learn a great deal by providing detailed explanations of the taught material to less able students
struggling to comprehend as a captive audience [35].
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The educator plays a vital role in the effective running of group work. During group work,
the educator should act ‘both as an academic expert and as a classroom manager’ [20], be able to
specify the academic objectives and aims of the lesson, make instructional decisions, and explain
the task clearly defining the assignment goals [25]. There are different grading models available
for assessing group work. Some assess the end product only, while others assess both the process
and the final outcome. The grading can be conducted entirely by the educators or by the students
using a form of peer assessment. The benefits of peer assessment for student learning have been well
documented [36,37]. Another option is for the educator to award an overall mark for the end product
where each individual group member has a scaled grade according to their level of contribution as
determined by their peers or lecturer, ensuring that all grading must align with the learning outcomes
for the module [38].

3. Methodology

This investigation was carried out during tutorial time to first year Civil Engineering students,
undertaking a Mathematics module in their second semester. The group work sessions were conducted
over four weeks to the whole class, whilst studying the specific topic of Integration. The remaining
tutorial sessions of the second semester involved practical exercises in the outstanding chapters of
the syllabus, with students attempting these in an individualistic manner. Previous experience has
led to the opinion that students find Integration the most challenging and difficult to understand
topic within the whole syllabus. As a result, selecting this chapter seemed to be suitable in order to
demonstrate the potential effectiveness of group work in enhancing the students learning experience.
The tutorial sessions had a steady attendance of 23 students, of which 4 were female. None of the
students surveyed had been in a group work environment in Mathematics before, but have had this
form of learning experience in their other modules. All the students who attended agreed to participate
in this research.

3.1. Group Work Setup

Group work was conducted whilst studying the Integration chapter, over four weeks during
one hour tutorial sessions which ran twice per week, and the following material relating to Integration
was covered:

• Week 1: Integration by Substitution;
• Week 2: Integration by Parts;
• Week 3: Integration using Partial Fraction decomposition;
• Week 4: Applications of Integration in the Civil Engineering field.

For this investigation, the educator provided a vital role in the effective running of group
work in mathematics. The lecturer was able to specify the academic objectives and aims of the
session, make instructional decisions (such as size group, how long groups should stay together,
student assignment roles) and clarify the task clearly defining the assignment goals.

Students were paired up in groups, making sure that each group consisted of a mixture of calibers
of students, in other words, weaker and stronger students were arranged to work together, but never
a group consisting solely of weak students. The problems that the students had to tackle in their group
work were based on the theory taught in lecture, and were either provided by the lecturer or set by the
actual group members. The latter was a more complex challenge for the students, as they had to think
and produce, within their groups, suitable and workable problems that were then given to other fellow
groups for them to tackle. The group work interaction was at times collaborative but also cooperative in
nature, with students tackling and working together on the same problem or on specific role assignments.

For instance, students were asked in their respective groups to consider a curve of their choice,
which had to consist of a product of functions, be able to plot it on a Cartesian plane either manually
or employing graphical software tools, and then, by applying the integration techniques learnt during
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the lectures, the remaining task was to determine the area of the region bounded by the curve and
the axis or by the curve and straight lines of their choice. In this problem, each group member was
assigned a role to fulfill, working cooperatively, but simultaneously each student was responsible for
the concluding solution.

During the intervention, the role of each group member was observed by the lecturer, making sure
that there was sufficient collaboration and cooperation and that each student contributed equally to the
final outcome. The educator provided guidance and support during group work activities, observed the
group interaction and student engagement, gave hints or clarifications, provided encouragement,
drew members into the discussion, behaved in a friendly and constructive manner, managed to balance
too much or too little assistance and intervened when necessary in a facilitative way in order to enable
successful completion of the task by the group.

Upon completion of the problems, the results were handed back to the team which had posed the
task initially, or simply to another fellow group, in order to mark and provide appropriate feedback to
their peers. In this way, not only were students deepening their understanding of the theory with the
help of their classmates, but they were also learning to communicate, to deliberate, to assess and to
improve their mistakes accordingly.

In order to investigate the effectiveness of group work in mathematics, a more detailed and
substantial quantitative approach was employed using two sets of level 4 classes, where all students
had engineering-based backgrounds. For clarification purposes, the cohort which was engaged in
group work shall be referred to as the Experimental class and the other class which had no group
work involvement during the semester shall be considered as the Control class. To benefit from
accurate and feasible conclusions on the effectiveness of group work, an indirect approach was
accomplished by comparing these two classes. More specifically, in the Experimental class, only the
teaching and learning on Integration was delivered in the form of group work during tutorial time,
whereas the remaining syllabus was covered under normal learning arrangements. The control class,
which consisted of 16 students, had their teaching and learning experience delivered under normal
traditional arrangements throughout the whole semester.

3.2. Data Collection

A questionnaire (see Appendix A) was administered on the experience of group work during
the sessions, as well as an investigation into the exam results from the end of semester examinations.
Students were invited to participate in the study, which was voluntary due to ethical considerations
and involved completion of questionnaires, observations of collaborative activity with hand written
observations made by the educator. The survey was administered only to the Experimental class, with all
23 students completing the questionnaires. Some questions required opinionated handwritten replies
and the rest of the responses were sought on 3-point Likert scales ranging from “Disagree” to “Agree”.

At the end of the semester, with the aid of the outputs of the final exams, the performance of the
students in the Integration questions was compared with the analogous performance of the students
in the rest of the assessed questions (Integration vs. Rest of examinable questions). This difference in
performance between the questions in the Experimental class was additionally later then compared
with the corresponding difference in performance of the students in the Control Class.

The Integration questions within the end of year examinations for each cohort, the Experimental
and the Control Class, had a different percentage weighting, specifically 60% of the exam from
the Experimental Class had Integration questions assigned to it, whereas the examination for the
Control Class had 50% of Integration examinable material. When regarding the performance of
students in Integration questions compared to their performance of the rest of the assessed questions,
this weighting was taken into consideration. Thus, not only was the student’s performance on the
integration topic assessed relative to the rest of the syllabus for the class with group work learning,
but also a comparison was made with the analogous performance of students not experiencing group
work from another cohort, the control class. Hence, any difference in the level of difficulty of the
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Integration questions with respect to the rest of the questions in the exam and any dissimilarities in
the academic capabilities and strengths of the students of the two cohorts were taken into account in
the analysis.

In this context the authors employed, as a tool to measure the effectiveness of group work,
the ratio of student performance on integration questions relative to their performance in the
remaining questions, and from here on after this ratio shall be considered as the performance ratio.
This performance ratio shall be used as an indicator to evaluate the effectiveness of group working.
The authors suggest that this ratio be calculated by examining the quotient of student’s performance
in individual integration questions over the remaining exam questions respectively.

Per f ormance ratio =
Total %marks f rom Integration questions

Total %marks f rom the Rest o f the questions in the exam

For example, in the Experimental Class, a randomly selected student managed to accumulate
44 out of the 60 marks that relate to the Integration topic, hence approximately 73.3% ((44/60) × 100)
was the total percentage of allocated marks from the Integration questions. 16 out of the 40 marks
were received for the remaining questions, hence 40% ((16/40) × 100) was the total percentage of
successful marks from the rest of the questions in the exam. Applying the suggested performance
indicator, the performance ratio for this specific student was 1.83 (73.3%/40%).

It must be noted for elucidation purposes that a performance ratio value greater than 1.0 indicates
that a student performed better in the integration section of the exam compared to the rest of the
questions in the exam paper, due to the value of the numerator of the performance ratio quotient being
greater than the denominator value.

4. Results and Discussion

4.1. Qualitative Analysis: Discussion of the Findings from the Questionnaire Survey

The evaluation survey filled in by all students of the Experimental class is the main source of
feedback examined as the qualitative analysis section of this project. The results of the first three
questions of the survey, which required individual comments of opinion, have been summarised and
grouped in a thematic way by considering the response frequency, and depicted as Figure 1.

Figure 1. Student responses to Q1–3 of the Questionnaire (see Appendix A).
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From these responses, it is deduced that in general students perceive mathematics as a difficult,
challenging and yet rewarding subject, with all students agreeing that their group work experience in
this hard module has been helpful and enjoyable. More detailed individual comments are that group
work was found to be constructive, deepening the student’s understanding of Integration. The majority
of the participants believe that working in groups positively affected the way they learn mathematics
and allowed them to develop their critical thinking and analytical skills. Acknowledging that group
work allows for collaboration between classmates, it strengthened their confidence in the subject, and it
served as another learning approach to reinforce their mathematical knowledge.

As part of the opinioned responses, a couple of students did mention a few possible foreseeable
drawbacks of working in groups, namely that it can slow down the lesson and that this form of
learning can be nonproductive if only one member of the group does all the work.

Figure 2 is a bar chart showing students responses about their perception of what contributes
to the effectiveness of teaching mathematics. More than 86% of the students believed that teaching
mathematics is more effective when it builds on previous knowledge, when it creates connections
between topics and most importantly when it uses group work as a didactic approach. More than
three quarters of the responses also referred to encouraging reasoning rather than simply getting
an answer as another effective teaching strategy for mathematics.

Figure 2. Diagram showing the number of students responding to the different options for effectiveness
of Question 4 in the questionnaire.

An unexpected outcome of this specific question is that only a few students (4 out of the
23 students) consider teaching mathematics to be more effective when it uses technology. In this era,
with the current advancements in technology, it can only be assumed that students would perhaps expect
or demand the teaching delivery to be more updated and in compliance with the changing technological
improvements. However, based upon these responses, it seems that students do not consider it necessary
for mathematics to conform to a more technological method of delivering effective teaching.
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Figure 3 depicts using a bar chart, an analysis of the Likert scale data of the questionnaire.
The significant conclusions here are that the majority of students agree that they learn from working
as a group, believe that group work is a good idea, enjoyed taking part in group work and think
that all group members were given an equal opportunity to contribute to the final outcome of the
group activity.

 

Figure 3. Bar chart showing the number of students responding to the Likert scale questions in
the questionnaire.

Most students also seem to be indifferent to the issue that group work allows some students
to be free riders, or that they learn more by being in a group as opposed to working individually.
Additionally, taking into account the educators’ views of group work for this intervention, it can
be assumed that group work becomes useful for social reasons as well as the positive effects on
learning mathematics. It was noted that learning within groups helped to improve students’ attitude
towards mathematics and allowed the struggling students to get over their anxiety about the subject.
Moreover, this way of learning seemed to be more fun and enjoyable for learners assisting them to
learn through discussion instead of memorisation during mathematics lessons.

4.2. Quantitative Analysis: Findings from the Data Retrieved from the End-of-Year Examinations

The end-of-year mathematics examination results for the respective semesters were retrieved and
outputs were gathered in order to extrapolate interesting and valuable conclusions for this research
study. To determine whether group work was effective in the learning of mathematics, the main
objective of the investigation, it was necessary to be able to produce an empirical indicator to aid in
this analysis. Examining each student’s performance ratio (refer to section 3.2 to recall how this ratio
was individually calculated) in both the Experimental and the Control classes, the following average
performance ratios were derived, approximated to three decimal places:

Average Performance Ratio for the Experimental Class (with group work) = 1.807
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Average Performance Ratio for the Control Class (no group work) = 0.863

These average performance ratios show that students working in groups performed better
in the integration-related questions compared to the class which did not have any group work
arrangements. The data analysis indicates that when students worked in groups their performance in
the integration related questions improved by around 109% ( (1.807−0.863)

0.863 × 100 = 109.4%) compared to
the performance of the students that attended a normal class environment.

Figure 4 below illustrates the performance ratio of the students that attended the experimental
class (blue) against this of the students that attended the control class (red). The ratios present the
individual students’ performances and are displayed in increasing performance value. It must be noted
that as the cohort numbers of these classes were different, specifically 23 students for the experimental
class and 16 for the control class, the upper and lower end values of the performance ratios have been
truncated in order to provide a more realizable, feasible and longitudinal comparison.
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Figure 4. Experimental and Control class performance ratios of Integration questions compared to the
rest of the examinable questions against the respective number of students.

The analysis of these results indicate that, throughout the spectrum, the performance ratio values
of students learning integration in the experimental class were always higher than those of the students
of the control class, as can be seen by the blue line always having an upward trend above the red line.
Hence, this figure clearly portrays and supports the benefits of group work on the topic of integration.

Figure 5 below presents the percentage of students that performed better in the Integration topic
compared to the rest of the questions in the exam for each class. Recall that a performance ratio greater
than 1.0 indicates a better performance in the integration section of the exam. The results show that
when students worked in groups 47.8% of the class achieved better marks in Integration (11 out of the
23 performance ratios were greater than the value 1) whilst only 37.5% of the students performed better
in integration when working in normal class arrangements (6 out of the 16 students). These percentages
also highlight the efficiency of group work in teaching mathematics.
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Figure 5. Percentage of students performing better in Integration questions vs. the rest of the exam
questions for both the Experimental and Control class.

Figure 6 presents the average result achieved by students in integration questions with respect
to the different range of overall performance in the exam. Students were clustered in performance
categories over 20% intervals. Students were arranged in these categories in order to assess group
work effectiveness for the different academic strength levels of the students.

Figure 6. The average result (%) achieved by students in integration questions with respect to the
different range of overall performance in the exam for both the Experimental and Control class.

The results illustrate the beneficial effect of group work for almost all student categories.
For example, students achieving a final result between 60% and 80% in their exam presented an average
mark of 70.2% in the integration section when working in groups. In the Control class this percentage
corresponded to 64%. This trend was similar throughout the performance categories and emphasises
the effectiveness of group work in mathematics for this study.
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By now placing the emphasis on an important aspect of this project, the size of the effect on
the performance of students using group work in mathematics, the so called “effect size” promotes
a more scientific approach to accumulate this knowledge. Effect size is simply a way of quantifying
the effectiveness of a particular intervention, relative to some comparison. It allows the researcher
to move beyond the simplistic ‘does it work or not?’ to the far more sophisticated, ‘How well
does it work?’ The effect size (d-index) is therefore an important tool in reporting and interpreting
effectiveness, and for this study, it is defined as the difference in the average performance ratio of
the experimental class relative to the control class, divided by the average of the two class standard
deviations, pooled standard deviation [39].

Based on the data gathered from the examination of the Experimental and Control classes,
an analysis of this goal based on the average performance ratio of each class on the topic of integration
was accomplished and the results are listed in the table below

Statistical Measure Output

Experimental Class Average Performance Ratio Mean: 1.807
Control Class Average Performance Ratio Mean: 0.863

Experimental Class Standard Deviation: 4.431
Control Class Standard Deviation: 0.281

Experimental Class Size: 23
Control Class Size: 16

Pooled Standard Deviation: 3.140
d-index (Effect Size): 0.301
Variance of d-index: 0.113

Margin of Error: 0.659
Lower Confidence Limit: −0.358
Upper Confidence Limit: 0.960

The analysis deduced an effect size of 0.3, meaning that the performance of the average student
in the experimental class is 0.3 standard deviations above the average student in the control class and
hence exceeds the scores of 62% of the control class (see Interpretations of effect size table in [39]).
In other words, based on the data gathered from the examination scripts for these two classes, with this
effect size value, this analysis quantifiably shows and supports previously stated deductions that
group work in mathematics does moderately improve students’ performance.

If an effect size is calculated from a very large sample, it is likely to be more accurate than one
calculated from a small sample. This margin for error can be quantified using the idea of a confidence
interval. Due to the small sample size of this study, this error analysis shall also be employed so as to
provide more substantial results.

To calculate a 95% confidence interval for an effect size, a formula given by Hedges and Olkin
is used [40]. The results emanating from the detailed investigation of the performance ratios for the
two types of classes show that the standard error of the effect size is SE[0.3] = 0.336 with the margin
of error being 1.96SE[d] = 1.96 × 0.336 = 0.659. Hence, the 95% confidence interval is [−0.36, 0.96].
This can be interpreted as meaning that the true effect size of student’s performance due to group
work on the topic of Integration is very likely (95% confident) to lie between −0.36 and 0.96.

5. Conclusions

This study set out to evaluate the effectiveness of implementing group work in a university-level
mathematics module, in terms of student performance and students’ perceptions of this didactic form
of learning. Observing the group interaction and the group’s solutions, it is possible to say that group
work learning helped to deepen students’ understanding of the material, a conclusion that is also
reflected in the final examination results prompting higher performance levels for the class which
underwent group work learning on the specific topic of Integration.
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The educator taking part in this intervention further observed that students did attempt to be
critical and developed their analytical thinking skills whilst working in a group. Struggling students
that once became discouraged with individual work experienced reduced strain and felt less stress
when tackling a mathematical problem whilst collaborating with fellow group members. Perhaps this
increase in self-esteem and greater social competence could in the long run, also contribute to
a more positive attitude towards the university experience. Moreover, it was observed that students
found themselves discussing the importance of different proposed solutions, searching for applicable
problems, and surpassing their capacities for individual work at that developmental stage.

In addition, the findings discussed in the previous section do relate to similar experiences
described in literature by educators who have adopted group work techniques in their own practice.
Specifically, Tarmizi and Bayata [1] found that collaborative problem-based learning in a group
environment did have a significant influence on student performance, and Kocak et al. [14] observed
that students who study mathematics in a group are encouraged to discuss and learn to be more
attentive in class, resulting in better understanding mathematics instead of memorizing the relevant
information and proofs. Edwards and Jones [27] describe the perspectives of secondary school
students who have had considerable experience with collaborative small group work in mathematics
and D’Souza and Wood [33] describe tertiary students’ views and opinions of group work based on
in-depth interviews, though both studies allow for only a descriptive qualitative approach to support
their results. Thus, building and scientifically expanding upon previous studies and literature, both the
qualitative and quantitative analysis in this paper provide encouraging and positive reflections on
group work in mathematics at a tertiary context level, reinforcing the effectiveness of this didactic
method. Adapting this method of learning at the university level but also in a subject that students
always find challenging and a subtopic that students always struggle with (an extrapolation from
educator’s teaching experience) has led to findings in this study that are significant and can complement
the existing literature on this evergreen method of learning.

While the outcomes of this study are positive and endorse the benefits of group work, one possible
limitation of this study was the relatively small sample size of both the experimental and control classes.
In view of this, one possible improvement would be to consider larger control and experimental class
sizes as well as extending the duration and period of group work interaction. The authors invite
researchers to investigate this in greater detail and possibly enhance the findings of this study so that
they can be generalized to a broader context.

From a wider perspective, businesses and employers are continuously looking for employees who
are able to work collaboratively on projects and to tackle and solve tasks as a team. Consequently, it is
vital to be able to give students the practice and training to develop these skills by working in groups on
a variety of problems and helping them see this teaching and learning method as a fun and enjoyable
one, adding further that when students are motivated and inspired, their learning capabilities are
usually enhanced.

It is important, however, to mention that the group work model is not necessarily the answer
to all encountered pedagogical failing practices. The role of the educator is still key with regard
to determining what is effective for one particular class or student and it is the educator’s choice
that is relevant to the approach which has the greatest influence based on personal experience with
mathematical modules. The barriers for educators using group work in mathematics in tertiary
education could be considered to be time management concerns, assessment issues and the impact of
their experience and own knowledge.

Being reflective in one’s teaching philosophy and always being enthusiastic to adapt teaching
styles in order to accommodate the diverse backgrounds of students, their abilities and motivation
levels are traits that will conceivably have the most impact in teaching mathematics effectively.
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Appendix A

Student Questionnaire

Please answer the following questions with as much honesty and detail as possible. Your responses
are anonymous. It is important to give your true feelings as it will have the best impact on your
future learning.

(1) How are you finding mathematics so far?
(2) How are you finding working in groups so far in this subject?
(3) Does working in groups affect the way you learn mathematics?

Views on the Subject of Mathematics

Please circle the response most appropriate to your thoughts and feelings.

Disagree Moderate Agree

(4) I learn from my friends. 1 2 3

(5) I learn from working as a group. 1 2 3

(6) I think that group work is a good idea. 1 2 3

(7) I enjoy taking part in group work. 1 2 3

(8) I think that all members of the group are given an equal
opportunity to contribute.

1 2 3

(9) I think that I will learn more about the subject matter
working in a group then I would if I worked by myself.

1 2 3

(10) I think group work allows some students to be free
riders, do little work, whilst on the back of stronger students.

1 2 3

(11) Circle any of the below comments (as many as you wish), that in your opinion apply to the
following sentence:

Teaching mathematics is more effective when it . . .

(a) builds on the knowledge learners already have
(b) exposes and discusses common misconceptions
(c) uses higher-order questions
(d) uses cooperative small group work
(e) encourages reasoning rather than ‘answer getting’
(f) uses rich, collaborative tasks
(g) creates connections between topics
(h) uses technology in appropriate ways.
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Abstract: In this theoretical article we construct an argument for a pedagogical perspective based
on the notion of epistemological profiles for scientific literacy for primary and secondary education.
Concurrently, we offer a discussion of the implications of this proposal to the preparation of teachers
and the development of their pedagogical skills. Underlining cultural practices in the construction,
communication and validation of knowledge—called epistemic practices which are informed by
an ideological perspective on science, are implied in the notion of epistemological profiles in the
context of science teaching, particularly physics. Using the concept of mass in the context of science
education, we discuss how different ideological perspectives on science reflect distinct aspects of
reality. Thus, in this paper we propose an ‘order’ and ‘direction’ to scientific literacy and education
in science, emphasizing the construction of a clear empirical perspective for primary school and
a rationalistic ideological perspective for secondary school. We complement our argument with
resources from activity theory and discourse studies, alongside a discussion of issues and challenges.
In concluding this paper, we point out that such proposal requires a change in the classroom
teaching culture.

Keywords: science education; epistemological profile; ideological perspective on science; model for
learning; philosophy models; culture; activity theory; discourse

1. Introduction

The field of science education acknowledges the importance of scientific literacy for effective
citizenship and conscious actions in today’s world [1–3]. The concept of scientific literacy was first
introduced by Hurd [4] in 1958 and has been used in the literature for more than 50 years [5].
According to Hurd [4] science and technology are the most prominent characteristics of the modern
world, which suggests that scientific literacy is a requirement for contemporary citizenship.

While a goal for education in science, scientific literacy is still a polysemous term, as its definitions
do not necessarily converge. Also, the methods on how scientific literacy can be acquired still lack
convergence, as we can see from inspections of the situation of many countries that use the term in
their official documents, but in practice such a literacy is still not a reality in these cases. In paper
we raise the following question: is there no consensus about what scientific literacy is or how it can be
achieved [2,6]?

As Roberts [7] argued, there is no scientific literacy (SL) if students do not know any subject content:
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“there is no consensus about the meaning, or even the parts, of SL—with one exception:
everyone agrees that students can’t be scientifically literate if they don’t know any subject
matter. The literature contains many expressions of frustrations about the implications of
the lack of consensus for research and practice” [7] (p. 13).

In his review of SL, DeBoer [8] expresses the following:

“instead of defining SL in terms of specifically prescribed learning outcomes, SL should be
conceptualized broadly enough for local school districts and individual classroom teachers
to pursue the goals that are most suitable for their particular situations” [8] (p. 582).

McEneaney [9] argues that there is no consensus in defining the specifics of SL. She describes it as
a “worldwide catcher” in terms of a “scientific literacy approach” that, in her view, enjoys worldwide
attention as a science education goal. In her analysis she provides examples from curricular statements,
textbooks, and assessments materials in a variety of countries.

Despite such issues in defining SL and how to acquire it, the National Science Educational
Standards [10] consider scientific literacy necessary for all students. In this case, it is related to
equity and excellence, so science in schools must be available to all students, regardless age, sex,
cultural background, and so on. Also, The Standards defines levels of understanding and abilities that
all should develop.

According to The Standards: “Excellence in science education embodies the ideal that all students
can achieve understanding of science if they are given the opportunities. Students will achieve the
outcomes at different rates, some sooner than others. But all should have opportunities in the form of
multiple experiences over several years to develop the understanding associated with the Standards.”
Our point of interest is the problem of the time-scale and its implications for life in society. If all
students should acquire such competences, they inevitably will acquire at different times along life,
which makes the work of teachers even more difficult. However, as studies have showed even teachers
in many countries, including Brazil, are not scientific literate. Given this issue, the question then
becomes one of, how can we expect that students to be scientific literate if their teachers are not?

Also, SL can be considered as the domain of methods and language of science. From this
perspective, a student is SL if she/he is capable of serial, compare, contrast, deduce, induce,
communicate, associate and interpret variables and so on. Of course, these procedures are part of the
work of scientists, but they are not capable, alone, to assure if a person or a group of people are scientific
literate, even because the definition for SL still weak in these cases, and lack of a structure that gives
meaning to levels of SL, what, in our vision, needs to be more compatible with the reality of schools
and the work of teachers.

In order to address this problem, it is necessary to ensure that teachers themselves are scientific
literate and this is a problem in many countries in which teachers lack interesting in teaching due
to low pay, bad teaching conditions, lack of students motivation and interest, among others [11–13].
Aligned with this problem, there is the definition problem: what exactly does it mean to be scientific
literate? Such a question lead us again to the problem of demarcation, cleared posed by Roberts [7] and
mentioned above. Furthermore, is SL possible in basic education or even in fundamental education?

Another trend in SL is the socio-scientific approach [14,15] and eco-reflective approach [16]
which are used for framing the responsibility of individuals towards global sustainability.
However, these approaches carry a strong sense of enforcement given that in order to critically debate,
one needs to have a strong understanding of the scientific subject. Lee, Sohn & No [17] have shown that
the socio-scientific debates still show that students awareness of contemporary world problems are weak
and they are not pro-active in solving and discussing these problems.

In this paper, we argue that the socio-scientific approach provides a means for SL, but much work
has to be done to integrate socio-scientific discussions in the curriculum. In this sense, we consider
we need a model for scientific literacy that encompass such convergence areas at the same time avoid
some of the mentioned problems.

129



Educ. Sci. 2017, 7, 47

Other issues related to this discussion are the logical operations students take when they are
considered scientific literate [18,19]. The operations the authors describe are embodied in the daily
interactions among people and in our vision they are not capable, alone, to distinguish if one is or is not
SL, We consider that SL could be more than that in any given group or society. That is, SL encompasses
it but in some sense it is much more than the domain of these operations (induction, deduction, analogy,
causality, definition, consistency, and so on). As Piaget [20] proposed, humans pass for well-defined
stages of development and this shall not be confused with SL, which, in turn, can take advantage of
these stages to promote the literacy. Therefore, one would argue that an individual can “deduce” from
naive realism, as well “deduce” from empiricist, and “deduce” from rationalistic perspectives and so
on, and this makes the whole difference for the type of literacy we are proposing in this article and for
life in society as a whole. We will explain such perspective in details further.

At this point, we briefly present a synthesis of the discussion: on the one hand, scientific literacy
is a goal and a condition to be achieved. On the other hand, there is no consensus about the meaning
of scientific literacy and how it can be achieved in the teaching of science (for contrasts see Holbrook &
Rannikmae [21]). The incoherence is clear. It is important to have a theoretically based and established
definition of literacy that incorporates the cultural practices of the students and, at the same time, the
work of teachers.

It is important to note that we conceptualize culture as the historical process of accumulation and
transmission of knowledge, meanings, values, rituals, expectations and norms, which are distributed in
the systems of activities of a society [22]. We share the idea that culture began jointly with the emergence
of discursive practices among humans, which enabled the construction and transmission to each new
generation of the achievements of the previous ones. Furthermore, the culture is constantly changing
given the urges of creation of new motives to constantly new human needs [23] emergent from the daily
human-machine-environment interactions; science, by its turns, is the privileged form of knowledge to
overcome the difficulties that arise from such rapid evolvement of technology-society-environment
dimensions [24].

Building upon these theoretical perspectives, in this article we propose a theoretical alternative to
the understanding of scientific literacy derived from the notion of epistemological profile proposed by
Bachelard [25] and resources from activity theory [22,23,26] and discourse studies (sociolinguistics and
textual linguistics).

2. The Notion of Epistemological Profile

Bachelard [25] proposes the notion of epistemological profile to conceptualize different forms
individuals understand and deal with reality. The epistemological profile consists of “zones”,
called ‘philosophies’ and ‘levels’ by Bachelard. They range from the most common in the daily
culture, like animism and naive realism, to empiricism, which is related to techniques of measurement
with instruments, and rationalism, made of abstract models and concepts that impose an order of
theoretical causality in the comprehension of reality. Each “zone” is epistemologically and ontologically
characterized. Each ‘zone’ is different and a new zone cannot be achieved by adding knowledge but
by ruptures, as Bachelard explains.

Bachelard uses as an example different ways of conceptualizing the definition of mass from his
own epistemological profile. He proposes an auto-analysis of his profile for conceptualizing mass.
Different “zones” interact, such as naive realism, empiricism, Newtonian rationalism, complete
rationalism and discursive rationalism (dialectical). We will call these “zones” as “ideological
perspectives on science” as we will explain further.

While our proposal does not encompass all “zones” available in the culture of basic education, we
will comment all presented by Bachelard to clarify the notion of epistemological profile. Like Bachelard,
we will use the concept of mass to exemplify his proposal. We will explain Bachelard’s perspective
and enrich it with perspectives from the field of education.
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For the naive realism, mass is something large, with volume, something that becomes quantity if it
is large enough. Most people work under this perspective when they think and talk about mass. This is
the common sense that guides previous concepts of students, as documented in works on conceptual
change [27–36]. The culture of daily life operates in the construction of such “zone”. Cultural differences
imply differences in the comprehension and usage of the same concept or idea. Despite the differences,
this “zone” is characterized by immediatism in the construction of affirmations, visual appreciation,
inconsistent usage of fragmented theories—non-systematic and locals—and an almost complete lack
of generalization.

The next “zone” (ideological perspective on science according to our usage) in Bachelard’s
evolutionary line is the empiricism, characterized by certain measurement standards and techniques.
Bachelard’s evolutionary line coincides with the historical line of science, in which the “zones”
posteriorly developed are located at the right of the epistemological profile, establishing a hierarchy of
philosophies. The transition to this new zone of the profile overcomes epistemological obstacles from
the previous zone, the naive realism. The transition presupposes the abandonment of the sensitive
immediatism of naive realism and follows systematization and use of controlled techniques and
methods of comparison, mediated by instruments that presuppose usage orientated by theories and
ideas, even when those theories are unknown to the individuals operating them. Mass is understood
here as something that can be measured and connected to an instrumental objectivity: mass can be
compared to other mass using scales calibrated in a systematic standard. The prototypical image of
this “zone” is the work of technicians making measurements according to certain standards and using
available techniques to make such measurements even when technicians themselves do not know the
theories that constitute, orientate and give meaning and purpose to the instruments and techniques.

The “zone” of rationalism derives from works in science that culminated with the first rationalist
synthesis in science: Isaac Newton’s classical mechanics. Individuals under rationalism use abstract
models, rational and generals, to understand and explain the world. An example is the expression
F=ma, which relates mass, force and acceleration in an abstract and rational way. Each variable is
discriminatory, formal and general as they can be any mass, any acceleration and any force, regardless
how the variables were measured or obtained. The knowledge of one variable is immediately deduced
from the knowledge of the other two. Rationalism creates a formal and apodictic order of the world.
The variables are understood and structured as a rational relation and only acquire full meaning in
this relation. Synthesis and generality are characteristics of rationalism which is also aligned with
knowledge of theories that give meaning to entities and exercises of the constant conceptual thought
(action and thoughts mediated by concepts).

The founding of the constant π = 3.14, is another instance of how rationalism operates. In the case,
‘π’ (Pi) is the inclination of the straight line of a graph of the diameter vs. perimeter of a circumference,
which is given by the tangent of the angle of both cathetus. As this constant number (Pi) was modeled
to be achieved, it reveals the nature of rationalism, which is the usage of elements of nature and
their relation through formal mathematics expressions, which imposes an order of causality and then
provides previsions and more control to humans in the world. Thus, with rationalism, humans come
to control more and more nature.

The next step in the hierarchical scale of the epistemological profile is the complete rationalism,
in which mass is a complex function of velocity. The mass of a body can increase and decrease
according to its speed. The notion of mass acquires an internal functional structure. This is the
realm of relativistic mechanics, which inaugurated the complete rationalism. Einstein questioned:
(1) the problem of non-invariance in Maxwell’s equations of electromagnetism when submitted to
Galileo’s transformation, leading to the questioning of the principle of relativity; (2) the asymmetry
in the explanation of electromagnetic phenomena when analyzed under different inertial references.
Based on the knowledge available at the time, Einstein decided that the principle of relativity could be
extended to electromagnetism, which turned out to be correct, and in this case the transformations
of Galileo and Newtonian mechanics would not be correct in certain circumstances, requiring the
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modifications established by the theory of relativity. In this new perspective, light becomes constant
and independent of the framework used to measure it, time and space are not absolute anymore,
and the mass of a body becomes a complex function of velocity. It is important to observe that the
theory of relativity derived from the clash between theories from the mechanics and electromagnetism,
inaugurating the complete rationalism in the epistemological profile hierarchy.

Bachelard proposes a last philosophy or “zone”: the discursive or dialectical rationalism.
The status of this philosophy derives from the notions of dialectics and discourse, in which the
object is not determined once and for all but it is instead constructed in the discursive and dialectical
relations humankind creates and (re)creates continually, marking historical and ideological phases in
the various levels discourse and counter-discourse operate.

Based on the knowledge he had at his time, Bachelard raises the possibility of asking: ‘can mass be
negative?’. The individual answers: ‘why not?’. This is a dialectical step that looks for an entirely new
concept, detached from common reality. Bachelard takes as an example Dirac’s mechanics, in which
the propagation determines what is propagated. Bachelard says about the concept of mass:

Calculation yields up this notion to us along with the others, the magnetic and electric
moments, the spins, respecting to the very end the fundamental syncretism which is
so characteristic of complete rationalism. But now comes the surprise, now comes the
discovery. At the end of the calculation, the notion of mass is delivered up to us strangely
dialectized. One mass was all we needed. Calculation gives us two, two masses for a single
object. One of these masses sums up perfectly everything that was known about mass in
the four antecedent philosophies: naive realism, clear empiricism, Newtonian rationalism,
full Einsteinian rationalism. But the other mass, the dialectic of the first, is a negative mass.
That is a concept which cannot be assimilated at all in the four antecedent philosophies.
(Bachelard [25], p. 29)

In this quotation, Bachelard [25] (p. 30) proposes that reality is preceded by “realization”
(the equations and calculations). In his own words “Thus, realization takes precedence over reality.
By so doing it demotes reality”.

It is important to emphasize that each philosophy (according to Bachelard’s usage) establishes
itself in relation to underlying cultural practices. These cultural practices create possibilities that might
reinforce or hinder the construction of the philosophy at stake. Discursive practices in the classroom
should reflect different aspects of scientific culture, encompassing knowledge, procedures, attitudes,
meta-knowledge and the scientists’ discursive practices of construction and validation of knowledge,
which are based on the dominant scientific paradigm, as mentioned by Kuhn [37]. We can say that
each “zone” or philosophy in the epistemological profile is constituted by multiple paradigms, we just
have to remember the case of rationalism, which encompasses the paradigms of classical mechanics
and electromagnetism.

The knowledge of the philosophies of the epistemological profile related to sciences can inform
and contribute to consistent discursive and practical changes in the work of teaching professionals.
The new discursive practices and the classroom culture need to be aligned with a “zone” of the
epistemological profile that will be centered on the construction and strengthening of the teacher’s
knowledge. The requirements for the formation of teaching professionals in this proposal are new but
feasible. However, a dialogue between the tradition and the vanguard in the science education is vital
to inform and move it forward.

Having presented the notion of epistemological profile, in the next section we offer a discussion
of how this perspective provides an alternative for the understanding of scientific literacy.

3. Scientific Literacy and Epistemological Profile

As discussed earlier, scientific literacy can be understood as the strengthening and construction of
new zones in the epistemological profile of individuals based on practices and knowledge of science.
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Such practices are cultural. Therefore, it does not make sense to talk about an acting zone without
relating it to the cultural and discursive practice that constructs and validates it.

The naive realism is both the result and component of practices kept between individuals in
a certain culture. Those practices are always presented in the daily interactions between individuals
sharing meanings when they act and talk. This is the zone in the epistemological profile that most
people have in common and the education in science needs to take into consideration modes of acting
and knowledge related to this zone of the epistemological profile. The naive realism mediates the type
of knowledge students usually bring to science classes. Research on students’ previous conceptions
and conceptual change have documented the nature and operational mode of the naive realism in
the conceptualization of acceleration, force, heat, optics, electrical circuits, chemical balance, among
others [27–35] .Teachers are again central. They must be able to operate within the naive realism and
aim at overcoming it. Teachers need to master at some level the language of their students and the
implicit assumptions to be overcame by the construction of a scientific zone in the epistemological
profile of their students.

It is neither desirable nor possible to eliminate this mode of producing and reproducing
knowledge. Put in another way, it is not possible to eliminate the subtract of that zone in the
epistemological profile, which are cultural practices uniting most people and allowing them to
undertake daily discursive exchanges aimed at giving meaning to immediate and apparent experience,
even though when they have no scientific basis.

Primary school students are curious but have not yet developed abstract thinking completely,
which will be done in adolescence [20,38,39]. Individuals are born under certain biological
circumstances and this is framed, as Vygotsky circle as shown, by the culture and speech of adults
surrounding them. The main problem to be posed is: How to cross both perspectives to develop
personalities akin to a better world and to themselves? Under this circumstance, this level of basic
education can counteract naive realism brought by students to clear empiricism brought by teachers,
in which students gradually come to realize, recognize and operate under control variables and the
technique and domain of standard procedures. In such perspective, students compare, classify and put
in order the empirical reality. The procedures are constructed and repeated. In turn, the measurement
and comparison become more precise, and also become the axis of this practice, through which
the students can explore the natural world, realizing empirical correlation between the entities and
measures, recognizing patterns and elaborating a certain degree of the empirical reality. In this process,
the material tools acquire a central importance. They allow the classification and identification of
measures and relations, which in turn allows the measurement of those relations and contribute as
means for the students actions.

In that level, it is clearly possible to use some rationalist concepts to explain the theoretical
causality of certain phenomena measured and realized empirically. What is in question is the priority:
in that level priority is given to the construction of the empiricism, making it, for the students, clear
and distinct from naive realism. The construction of a new zone in the epistemological profile of the
students would be a goal in the scientific literacy of primary students.

The establishment of correlations, the comparison, the measurement, the identification of
empirical patterns and the technique are means of action of an individual that acts under the clear
empiricism and should, therefore, be privileged in the practice of teaching science education at primary
level. Natural sciences offer several modes to achieve that objective, from the use of control variables to
the measurement and establishment of correlations, such as the relations between a shadow in relation
to the position of bulkhead of the object and light source.

The construction of that also presupposes a discussion and teaching of questions related to science,
technology, environment [2,3,40,41] as well as the exercise of argumentation as a scientific practice in
the establishment of statements empirically and theoretically based, and in the effective citizenship
in today’s democratic societies [42–44]. The construction benefits from those perspectives and at the
same re-signify a new epistemological order distinct and more advanced than naive realism.
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In secondary school, physiological, psychological, social and cultural aspects and the students’
ability to abstract evolve quickly [20,38,39], allowing the construction and strengthening of rationalism,
which contributes to the structuration and consistency of the evolving abstract thought. At this level,
causality, the laws, theories and meta-knowledge are privileged. They are based on the construction of
models used to understand empirical relations established at primary school. It is not a collection of
knowledge, but the construction of a new epistemological order in the action and thought, based on
conceptual, abstract and theoretical parameters.

The construction of the rationalism supports the development of the students’ cognitive abstraction,
becoming a requirement for action, thought, speech and rationalization of the world, in which ideas are
based on other ideas and concepts are defined in a structured and organized conceptual net. The teaching
of Newtonian mechanics clearly supports the construction and development of rationalism, and can
be taken as a prototype theory of it. Concepts are defined by the type of relation they have with other
concepts. Understanding and operating according to such logic is radically different from operating
with the logic of naive realism, in which the epistemological obstacles need to be overcome and
understood, supporting the acquisition of a larger understanding of zones of the epistemological
profile that influence the students’ actions.

Questions related to science, technology, society, environment, discussions of socio-scientific
issues and the use of argumentation in effective citizenship [2,3,10,40–48] are suggested at primary
school. At secondary school, such approach can be re-signified and elaborated again taking into
consideration the rationalism that is being constructed and strengthened.

From this perspective, students are faced with questions and problems that require modeling,
construction and synthesis of concepts, and abstraction. They in turn are the means to discuss,
problematize and use of argumentation, making arguments widen in scope and in meaning.
Reciprocally, the questions and problems benefit from argumentation, which enlarge their scope,
generality and consistency.

4. A New Proposal for Reconceptualizing Scientific Literacy

In our proposal, scientific literacy develops within the creation and strengthening of ‘zones’,
what we will call for the sake of clarity, “ideological perspectives on science” in the epistemological
profile of the students, which will in turn make it possible for them to act and think scientifically.
This identification is no accident and for a clearer definition of what we are calling “ideological
perspectives on science”, we will discuss some of the resemblances of the Aristotelian philosophy and
modern Science, in such a way that both are synthesis of reality, and how they differ from each other
on the basis that sustain their “zones” (ideological perspectives), which in turn will lead us to discuss
the notion of epistemological profile.

4.1. Aristotelian Philosophy and Modern Science: Their Main Differences and Implications for the Notion of
Epistemological Profile

Modern science resembles Aristotelian philosophy in using models to explain phenomena.
The difference between these ideological perspectives of knowledge chronologically separated relies on
the bases which sustain their models. In the case of the Aristotelian philosophy, by basing its statements
on observations, immediately sensations and immediate impressions; in modern science, the models
are based in other models, in experiences and observations, which are mediated by instruments,
available technology and by the particular scientific community. Thus, this is a clear difference of
“ideological perspectives” among these two models to explain reality. Both sustain on the real and
have had the authority and the right to claim about it. The main difference between them and common
sense resides in the antinomy: synthesis and syncretism/fragmentation and unsystematic.

Common sense is based on immediate impressions, like Aristotelian philosophy, but, unlike it,
the common sense does not provide a model and synthesis of reality. In few words, the common
sense knowledge is noticeable unsystematic and disperse, although it serves to construct localized
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explanations which are incorporated in the discursive memory of a culture or micro-culture,
constituting and reproducing the common sense.

The notion of epistemological profile proposed by Bachelard [25] is useful to this discussion,
as it clarifies the “ideological perspectives on science” behind the zones of the epistemological profile
of individuals. For instance, the epistemological profile of a professional physicist generally covers
various zones, as is the case for Newtonian mechanics, the relativity and quantum mechanics, just to
stay in examples from physics. The transition among the zones of the profile does not happen by
continuity, but by the overcoming of the epistemological obstacles. Thus, between the common sense
and the Sciences there are epistemological obstacles that are not overcome simply by experience or
accumulation of more information and quotidian thoughts. Science Education is decisively one via for
the overcoming and for the construction of scientific zones in the students’ epistemological profiles.

The zones of the epistemological profile are representations of the different ideological perspectives
on science of knowledge that influence the individual who acts. These ideological perspectives encompass
cultural practices in the classroom in the construction and validation of the new ways to deal to knowledge
of content and in relation to meta-knowledge, that is, knowledge about other forms of knowledge
(for example, knowledge about the nature and history of science [49–53]). Additionally, as Carvalho [54]
have suggested, it is also necessary to create conditions for the development of the students’ conceptual,
procedural and attitudinal dimensions and their understanding of Science, Technology, Society,
Environment and socio-scientific issues [55–58].

The conceptual dimension is related to the learning of a given field; the procedural dimension
has to do with doing well established operations (procedures) to accomplish a determined goal of an
action. Finally, the attitudinal refers to the feelings, beliefs and values held about an object that may be
the enterprise of science, school science, the impact of science on society or scientists themselves [59].
In addition, of course, these three types of dimensions are interrelated since a type of attitude can
evoke a set of procedural dimensions (operations), which in turn can affect the learning outcomes of
a given subject.

Individuals need to be careful and sensitive to global issues, respect each other and take
responsibility for their actions to solve current problems [40,60]. And this encompass the three related
dimensions: attitudinal, procedural and subject matter (conceptual), what in turn, are (re)conceptualized
in terms of the ideological perspective on science at stake of the epistemological profile of the interactors.

In our view, these outcomes would be difficult to achieve with individuals discussing under
different ideological perspectives of the epistemological profile, because they will not enter in
agreement since the basis that sustain their knowledge bases are epistemologically different.
We consider the epistemological profile approach is a fruitful mean to join people together of different
backgrounds in conversations with the same dominant ideological perspective on science, which enable
them to have “fruitful debates”, as instance, about socio-scientific issues in terms of SL with the support
of the teacher, who mobilizes the perspectives underpinning the discussions.

4.2. Middle Point

The knowledge of the ideological perspectives of the epistemological profile related to sciences
can inform and contribute to consistent discursive and practical changes in the work of teaching
professionals. The new discursive practices and the classroom culture need to be aligned with
a knowledge of such perspectives that will be centered on the construction and strengthening of
the teacher’s.

However, the question is how students and teachers can acquire such skills? It does not rests only
on acquire competency in using one or another concept in typified assessment activities, but mainly of
the student be able to act and operate according to determined ideological perspectives on science in
problem-situations, and know how to evaluate the product of his/her actions in terms of the mobilized
ideological perspective; in our case, we are interested in science—that is—the ideological perspectives
on science.
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From this perspective, the learning of sciences acquires a fundamental importance, since it
presupposes the passage from common sense to new ideological perspectives—that of sciences
(more general, theoretical and systematized than the common sense). In this passage (i.e., along the
teaching and learning) the students move forward and backward between the ideological perspectives,
mobilizing different concepts depending of the situational demands, including as a way to deal and
understand the particular demands posed by teaching. Thus, the classrooms are privileged spaces to
students gradually acquire resourcefulness with ideological perspectives distinct from the common
sense, mainly the scientific ones. This, however, leads us to a demarcation problem: what is scientific?

The sciences have common assumptions, such the empirical nature, the rationality principle and
the mediation of knowledge by models, instruments and theories. The methods, approaches and
theories used, however, varies between the sciences and among fields of the same science, depending
of the scientific community, the problems of study, the counter positions erased and active, of the
accepted argumentations, of the available techniques and of the cultural-historical collection of its
time. One central process for the individual to domain the paradigms, theories and methods of one
determined scientific field is his/her acculturation in this field.

From this point of view, the gradually acculturation of the students in the epistemic practices in
the classroom can bring them opportunities to collectively develop competency in talk, write, read and
produce science [61]. One important step in this process is the understanding by the student that
science is a privileged form to understand and possess knowledge of the world. In appropriating
and producing science the student gradually acquire competence in talk and think under scientific
perspectives. Regarding the epistemic practices, Sandoval [62] poses a clear definition on learning:

[in the model of cognitive apprenticeship] learning science entails the appropriation
of discipline-specific modes of discourse and action. These ways of talking, thinking,
and acting include often tacit epistemological commitments, commitments to the kinds
of questions worth asking, the kinds of answers worth having, and acceptable methods
for making them. Developing an apprentice-oriented science pedagogy thus requires
an epistemic focus, an effort to understand how knowledge is made within a discipline.

Our position is that learning science does not have to do only with “equip”, but mostly in
“empowering” intellectually the students with scientific resources of our era and history. The demand
this conception of teaching and learning implies is urge, however, in Brazil there is a lack of teachers in
their specific areas of teaching, more specifically in science. In the physics teaching, unfortunately this
index is alarming. It is necessary to overcome the older problems of teacher education [63] and advance,
in the teacher education and continue education, the modeling of the practices, what presupposes
reflections and dialogue among universities, schools, government and community attended.

This perspective implies changes and investments in the teacher education programs. It is
essential to inform the understanding of teachers about science and its value to the contemporary
citizen. The visions of science of teachers and students needs to be questioned and widen, aiming to
an approach that implies the introduction of the processes of science into the classroom, and the
development of the conceptual, procedural and attitudinal skills of the students.

According to Kelly [61], discursive and ethnographic investigations of the epistemic practices of
daily life in the classroom evince how science is “performed” moment-by-moment in these scenarios by
students and teachers. Such an analytical approach studies how the epistemic practices of classrooms
offer possibilities and constraints to what counts as science, who can participate and how science is
accomplished among the members of the group.

Kelly [61] claims that the focus on epistemic practices situates the learning of science in social
contexts and insert a new set of demands to research. The analysis should include the multiple actors,
the modes how roles of the individuals are established, the norms and expectations, the mediators’
artifacts and the local histories of sociocultural practices.

According to the author, the discursive investigations of the epistemic practices in the classroom
benefit of more widen analysis, which include the school, the media, university, parents, and
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cultural practices of daily life of the students. The crossing of these perspectives informs the research
and the practice and propitiates opportunities to more critically analysis by the part of researches,
students and teachers.

The study of discourse is a strong theoretical and analytical perspective to deal with issues and
demands of science education for democracy, well-being and consequent decision makings. Under this
perceptive, we will discuss in the next sections the perspective of activity theory and cross this
perspective with resources from the discourse studies and of the epistemological profile, and then
discuss their contributions to inform and widen the problem developed until this point.

5. Activity Theory and Discourse Studies

Activity theory has its roots in soviet psychology in the beginning of the 20th century.
Such a theory emerged from the shared works of Vygotsky, Luria and Leont’ev, and it was systematized
and articulated by Alexei Leont’ev [23,26]. The historical, dialectical and material components of
human development based on a Marxist ideology had a great influence in the formulation of activity
theory. According to this perspective, cognition and human development are interrelated to practical
activities, which provide structure and content to individuals’ inner activities.

The development and continuity of the human activity systems succeeds at the light of processes
of acculturation created by society, in which individuals appropriate of knowledge historically
accumulated by previous generations [22]. This phenomenon implies mediation, the use of instruments
(both material and ideal), rules, division of labor, situated identities and, evidently, discourse.
These processes are constitutive of, and constituted by, the structure of human activity. In this structure,
the level of action emerged with the division of labor among humans engaged in social activities.
This is a conscious level and regards what must be done which not necessarily converge directly to the
motive of the collective activity. We will explain this point of view.

According to Leont’ev [23,26] and validated by the academic community [22], any human activity
can be analyzed by means of its structure in levels, each one representing an authentic and particular
reality: Activity, action, and operation. Each level has its own characteristics and objects and will be
discussed. We begin by the activity level.

5.1. Activity: Originated in a Need/Motive

Human activity has origins in a need, whether biological or cultural. The needs are the departure
point to an activity beginning, but alone they cannot give them a start and orientation. It only happens
when the need meets one determined object (ideal or material) that can satisfy it, and this object is
called the motive of one’s activity, Leont’ev call this process an “objectification of a need”, which is the
“filling” of a need with content of the objective world.

We highlight that the motive is the “motor” for the development of all actions that unfold from the
activity. As instance, we have in school activities, extra-school activities and leisure activities distinct
motives that characterize and determine these activities.

We recognize that teachers must be capable to manage different motives for their classes,
considering the curriculum, the teaching planning, feedbacks from students and contextualized
clues from previous classes. This is an alternative perspective for teachers’ motives approach, which
generally are imposed mostly exclusively by the didactic textbook, inflicting one unique motive to
all of their classes—seek uncritically the didactic textbook and, as a consequence, the deflation of the
teaching activity and its image upon society

The discourse, and its domain by the part of teachers can offer opportunities for them to
consciously domain and manage their motives according to contextualized clues they are able to
recognize and understand from their classes. The students, by their turn, and usually, are not initially
conscious of the class’ motive. They are, actually, conscious of the object of their actions, constructed
and transferred gradually and discursively to them by their teachers, as we will explain next.
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5.2. Action: Related to the Satisfaction of a Conscious Goal

With the advent of the division of labor, for one single activity the individuals may appeal to
different processes, obtaining different and partial results; the articulation of these processes may result
in a common product that may satisfy one individual’s need or a group of individuals. Leont’ev calls
“actions” these processes, which are related to the individual’s representations of a product or result,
that is, a conscious goal. Thus, each action is oriented to a previous or emergent goal. This perspective
is evident in the classroom, since in these learning spaces the teacher’s didactic intentionality cannot
lost sight of; his/her intentionality manages the students’ actions and manages the discursive rhythm
that is oriented to the motive (or the “main teacher’s goal”) for that class.

Again, the discursive perspective is crucial for teachers understand the conscious goals that
must pass by ideological formations and negotiations of group of teachers that gradually transfer
this responsibility to their students, making them the objective of their actions, which are related to
various discursive components, as is the case for the linguistic-structural components, among them
the discursive orientations (e.g., Vieira, Kelly & Nascimento [64]; Vieira & Kelly [65], as for narrations,
explanations, argumentations, descriptions, injunctions, and dialogues). Such discursive orientations
are derived from the notion of “sequence” from studies on textual linguistics [66,67], and are
dominant modes of language structuring that transcend the phrasal level of analysis. Each discursive
orientation can allow or restrict the satisfaction of a determined didactic goal. Thus, is evident how the
discursive-linguistic-structural and activity theory work together to inform the teaching practice in
the classroom. As instance, narrations, explanations and injunctions can help the satisfaction of more
authoritative goals, while argumentation and dialogues are related to more open-ended goals.

Besides its intentional aspect (what must be done or obtained), every action also presents
an operational aspect (how and by which means the goal can be satisfied). This operational aspect is
determined by the material and symbolic conditions available to the goal satisfaction. These considerations
lead us to the level of operation, which will be the next point to be discussed.

5.3. Operation, Related to Conditions and Methods

As we mentioned before, any action develops according to certain objective conditions,
which determine the methods for accomplishment of the action. Leont’ev calls “operations”
these methods.

Operations are usually unconscious and are subordinated to the goal of the action they contribute
to realize. An individual may form operations through conscious processes. With time, they begin to
structure more complex chain of actions, losing their intentional aspect, which is no longer recognized
by the individual, but keeping their operational aspect, which becomes automated in the form of an
operation. To execute an operation the individual needs to know how to make it and this is the reason
why an operation is generally automatic, that is, without the need of intentional effort to be realized.

Again, the discursive perspective allows us to understand how operations help to establish
patterns at the action level by means of what we have called “Discursive Didactic Procedures”,
which are the means arising from the conjunction of the teacher’s propositions with convergent
meanings (propositions are the less units of meaning of discourse, as can be found in Vieira,
Kelly & Nascimento [64]; and Vieira & Kelly [65]). The delimitation of propositions, taking into
account the cultural or micro-cultural character of the classroom, are established by sociolinguistics
criteria [68], such as pauses, intonation, eye gaze, etc., and verbs of change (run, jump, etc.) which often
co-varies and mark changes in the content and direction of the established discourse. This evinces the
historical-cultural nature of the discursive perspective informed by activity theory.

Activity theory places the human being as an agent in the historical-cultural processes of
knowledge, ideology and work. It is in the advent of division of labor that arises the fundamental
differentiation of animal and human activities: the level of action. That is, this difference is born in the
concerted relations between humans.
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In a few words, the division and articulation of actions and activity were historically elaborated
with the advent of division of labor concomitantly with the use, production and accumulation of
material and symbolic instruments. Such a division of labor was mediated by, and constitutive of,
language in labor activities, what enabled the negotiation and establishment of meanings, reassembling
then the emergence of the culture as a discursive practice and the human consciousness as the product
of the appropriation of the systems of meanings cultural-historically constructed and construed
by humans.

6. Implications for Science Education in School Science Activities

As an example on how such perspectives can improve science education, in school science
activities the students have the opportunities to learn in discursive dynamics in which a concept
or subject may be initially a motive of the shared activity, with coordinated actions that may not
be necessarily directed to the definition of the concept or subject, but helping in circumscribe and
contextualizing it, and, as a consequence, passing to the conscious action of the students in another
activity, until arrive to the level of the operation, assuming then the status of condition or method for
the realization of other actions, and, finally, turning again the motive of a new shared activity, at this
time with a meta-reflexive motive. Such a meta-reflexive activity presupposes the reflection of the
students regarding the fields and limits of applicability of the concept, whether a concept of common
sense, fragmented and with little generality, whether a concept under the paradigm of Newtonian
mechanics, more general, systematized and rational. Metacognition serves as an important component
to people as they encounter various problems that relate to personal, societal, and global issues [69].

This dynamic of the concept or subject in transiting between the motivational, the intentional
and the conditional is afforded by the engagement of the students in the discursive practices in the
classroom mediated and managed by the teacher (for a discourse perspective in science classrooms see
Kelly [70]). In turn, the students begin to domain concepts and their fields of application, beginning to
construct zones of their epistemological profile related to science, as instance, domain the ideological
perspective of classic mechanics. It is important to stress that in the passage of the common sense to
the scientific ideological perspectives there are epistemological ruptures that the individuals need to
be conscious.

Furthermore, the implicit assumptions, so common in discursive activity [66], initially operate
“naturally”, but with the advance of these activities the implicit assumptions come to turn to explicit,
even because of the results of the ideological power of explanations that the epistemological profiles
have to offer. Also, the interplay of discursive implicit-explicit [66] affords the emergence of various
constructions and interpretations performed by the individuals who interact in the considered
group [70]. The control of the teacher over these interpretations passes precisely by his/her knowledge
of the psychology of humans (activity theory), of the discourse features that constitutes the school
activities, and finally, of the ideological aspects that give meanings to the science constructed and
construed in the classroom. It is in this last step the epistemological profile approach acquires
a fundamental function, since it is recognizable a new instance for the comprehension of scientific
concepts and meanings that the automatization of teaching darkens.

We consider that the provided theoretical perspectives can inform the consciousness of the
teachers about the structural, discursive and epistemological components of their activities, and of
their students’. Our point of view is that the relation and interpretation the individuals have of their
discursive memories present a qualitative change when they pass to have the “lens” and consciousness
of the structure of their activities and that of their peers. As we mentioned earlier, such a lens articulates
the motivational, intentional and circumstantial spheres of human activity and its appropriation by
the individual, along the appropriation of discursive and ideological perspectives resulted by the uses
and application of discourse analysis and of the epistemological profile approach produce new effects
of sense regarding their memories, constructed in and by the discursive interactions. These changes
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influence the way the individual sees the world, how sees him or herself and how actively lives and
act in the world, what can collaborate or no to a (re)production of a model of society.

7. Scientific Literacy and Epistemological Profile

As evident in the discussion so far, scientific literacy can be understood as the construction and
strengthening of new ideological perspectives in the epistemological profile of individuals based on
practices and knowledge of science. Such practices are cultural. Therefore, it would not be wise to offer
a discussion about an acting ideological perspective without relating it to the cultural and discursive
practice that constructs and validates it.

The naive realism is both the result and component of daily practices kept between individuals in
a certain culture. Those practices are always presented in the daily interactions between individuals
sharing meanings when they act and talk. This is the ideological perspective that most of people have
in common and the education in science needs to take into consideration the modes of acting and
knowledge related to this zone of the epistemological profile. The naive realism mediates the type of
knowledge students usually bring to science classes. Teachers are again central. They must be able
to operate within the naive realism and aim at overcoming it. Teachers need to master at some level
the language of their students and the implicit assumptions to be overcome by the construction of
a scientific ideological perspective.

It is neither desirable nor possible to eliminate this mode of producing and reproducing
knowledge. Put in another way, it is not possible to eliminate the subtract of naive realism, which are
cultural practices uniting most of people and allowing them to take daily discursive exchanges that
give meaning to immediate and apparent experience, even though when they have no scientific basis.

Primary school students are curious but have not yet developed abstract thinking completely,
which will be done in adolescence [20]. Under this circumstance, this level of education can
counteract naive realism brought by students to clear empiricism, in which students gradually
come to realize, recognize and operate under control variables and the technique and domain
of standard procedures, thus acquiring familiarity with the natural world. In such perspective,
students compare, classify and put in order the empirical reality. The procedures are constructed
and repeated. In turn, the measurement and comparison become more precise, and also become the
axis of this practice, through which the students can explore the natural world, realizing empirical
correlations, recognizing patterns and elaborating a certain degree of the empirical reality. In this
process, the material tools acquire a central importance. They allow the classification and identification
of relations, which in turn allows the measurement of those relations and contribute as means for the
students' actions.

In that level, it is clearly possible to use some rationalist concepts to explain the theoretical
causality of certain phenomena measured and realized empirically. What is in question is the priority:
in that level priority is given to the construction of the empiricist ideological perspective, making it,
for the students, clear and distinct from naive realism. The construction of a new ideological perspective
on science in the epistemological profile of the students would be a goal for the scientific literacy of
primary students. Their control of the knowledge, procedures, attitudes and meta-knowledge related
to this new ideological perspective, once added, orientates and restructure all these processes of
knowledge in the action and operation in course.

The establishment of correlations, the comparison, the measurement, the pattern and the technique
are means of action of an individual that acts under the ideological perspective of clear empiricism
and should, therefore, be privileged in the practice of teaching science education at primary level.
Natural sciences offer several modes to achieve that objective.

The construction of that ideological perspective also presupposes a discussion and teaching
of questions related to science, technology, environment [1,10,45,46,71]. As well as the exercise of
argumentation as a scientific practice in the establishment of statements empirically and theoretically
based, and in the effective citizenship in today’s democratic societies [43,44]. The construction of
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an empiricist ideological perspective benefits from those perspectives and at the same time re-signify
a new epistemological order distinct and more advanced than naive realism.

In secondary school, physiological, psychological, social and cultural aspects and the students’
ability to abstract evolve quickly [1,10,20,39,45,46,71] allowing the construction and strengthening of
the rationalistic ideological perspective, which contributes to the structuration and consistency of the
evolving abstract thought. At this level, causality, the laws, theories and meta-knowledge are privileged.
They are based on the construction of models used to understand empirical relations established at
primary school. It is not a collection of knowledge, but the construction of a new epistemological order
in the action and thought, based on conceptual, abstract and theoretical parameters. At this stage the
concepts are part of a net that weaves the web of a system, a conceptual system that can integrate and
explain phenomena from different orders, making this ideological perspective highly general.

The construction of the rationalistic ideological perspective supports the development of the
students’ abstraction, becoming a requirement for action, thought, speech and rationalization of the
world, in which ideas are based on other ideas and concepts are defined in a structured and organized
epistemological net. In physics education, the teaching of Newtonian mechanics clearly supports
the construction and development of this perspective, and can be taken as a prototype theory of the
rationalistic ideological perspective on science.

8. Discussion and Final Remarks

Several reform documents report that students need to learn the practices and processes
of science, including the understanding of the role of argumentation in the accomplishment of
science [1,10,45,46,71,72]. Students are asked to engage in more active activities and investigations
open to rational discussions, including the consideration and debate of socio-scientific issues and
the learning about nature and history of science. There is a clear tendency in contemporary science
education in promoting the learning of “science as argument” [73–75]. However, science teachers
and future teachers still lack specific orientations about the new recommendations for the teaching
of sciences. According to Duschl & Osborne [76] (p. 1), “An examination of recent policy reports [...]
strongly suggest that classroom and school environments and teaching practices, for all intents and
purposes, remain essentially unchanged during this 50 year period”.

The problem of the preparation of teachers for science education in the 21st Century becomes
even more complex in light of the theoretical perspectives recommended in this article. The point
that we bring forward is: students should engage in argument, but argumentation should follow
a set of paradigms in an epistemological and conceptual evolution, in which elaborating ideological
perspectives on science support the improvement of discussion of fundamental and diverse issues,
including socio-scientific ones [2,3,16,41,43].

Thus, this article proposes a perspective for scientific literacy based on epistemological profile that
privileges the construction of the clear empiricism in the teaching of primary school and rationalism in
secondary school. The proposal establishes a re-conceptualization of scientific literacy that provides
means for ideological science paradigms evolving into a human being, at a certain moment and under
certain conditions. The demand for ideological perspectives on science is given by the development
of individuals in the activity systems of society, such as the complete rationalism (for those studying
physics at university) or the strengthening and enlargement of ideological perspectives previously
established, like the clear empiricism (for whose studying chemistry in a technical course, for example).

According to Wickman & Ostman [77] (p. 1):

Research in science teaching is currently dominated by constructivism. This school
of thought rests on the legacy of Piaget, and learning is seen a change of cognitive
structures that interacts with the environment [78]. The central aim of this research has
been to describe people’s ideas about different concepts and phenomena and to explain
“conceptual change” [79,80]. Originally it had an epistemological stance, where people’s
naive ideas about nature were compared with scientific theories or paradigms. [29,34]

141



Educ. Sci. 2017, 7, 47

In our proposal, we have not eliminated such a research trend, but instead it was integrated into
a larger scope framework, in which the teachers consider and identify the ideological perspectives
on science that the students have and show their inconsistency. By doing so, the students gradually,
through adequate discursive practices in the classroom and other spaces of learning, construct and
strengthen a new ideological perspective on science. It does not mean the students will abandon the
previous one, as they will have a new option to understand and deal with reality. The consciousness
individuals have of their profiles and their consciousness of contemporary questions and problems of
their societies under a determined ideological perspective on science are other aspects privileged by
teachers and need more clarification.

Such consciousness depends on the ideological perspective under which the reality is understood
and reflected. Rationalism’s understanding of reality or of a phenomenon is quite distinct from
the naive realism. In this sense, as Lundqvist, Almvist & Östman [81] argued, a question is raised:
“How often do we as teachers or students act as a direct result of an epistemological belief in a
philosophical sense?” The differences have implications for life in society and effective citizenship
aimed at the well-being of the individual and society at large. It also encompasses mutual respect
and a deeper consciousness and engagement in the physical and social reality that constitutes the
“subtract” of activities and personalities of human beings.

Several questions regarding the difficulty to implement our proposal may arise. For example,
we can immediately recognize the distance between the satisfaction of the proposal and the reality of
science teaching, in which students finish secondary school without knowing basic scientific concepts.
They also have reading and writing challenges and do not present even a minimum empiricist zone in
their epistemological profile. Unfortunately, this is the reality of most schools in which students finish
basic education almost totally under the domain of the naive realism, not having, therefore, an informed
and deep understanding of fundamentals questions about contemporary issues. Such perspective
unfortunately worsens what is already bad in the world and is reflected in the official documents of
many countries, which aim to reverse this situation in the schools by means of a new science education
approach [1,10,23,45,46,71,72].

Despite the difficulties, the proposal is justified by the suggestion of a “perspective” and, in a certain
way, “a goal” for scientific literacy. The goal is still far from being full-filled but this does not eliminate
its value as a goal and its contribution to the process of reformulation of science education where
such reformulations are needed. Such a goal requires changes in today’s culture in science classrooms
and in the activity of the teachers. A better understanding of the structure and discourse of the
students’ activities and the structure of scientific ideological perspectives can inform the dialogue
between researchers and teachers. Such a dialogue could provide new means for allowing discursive
practices and the ideological perspectives on science to be constructed and strengthened in the
classroom more coherent and consistent. Framed within these theoretical constructs, this article
proposes a re-conceptualization of scientific literacy by placing at the heart of its account students’
epistemological profiles.
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Abstract: Sustainable energy is one of the biggest global challenges today. This paper discusses how
we can promote adolescents’ learning of sustainable energy with the help of an international massive
open online course (MOOC). The aim of this case study is to understand: (i) What do the adolescents
find relevant in the MOOC course about sustainable energy? and (ii) What are the opportunities and
challenges of the MOOC for the adolescents to learn sustainable energy? In our study, 80 voluntary
adolescents around the world, who were at least 15 year old, took part in two surveys. The themes of
our MOOC course were, e.g., sustainable growth, solar power, wind power, biofuel production and
smart power generation. This 38 work-hour, free of charge, online course includes an introduction
video, interviews of specialists, lecture videos, reading materials of the newest research and multiple
choice questions on the topics. Research data was classified by using content analysis. The study
indicates that adolescents feel that both the MOOC course and sustainable energy as a subject are
relevant to them. Their decision to take part in an online course was mostly influenced by individual
relevance and partly influenced by both societal and vocational relevance, according to the relevancy
theory used. The MOOC was experienced to be relevant for the three following reasons: (i) good
content (e.g., energy production) and implementation of the course; (ii) the course makes it possible
to study in a new way; and (iii) the course is personally useful. The characteristics of the MOOC,
such as being available anywhere and anytime, free access, and online learning, bringing out a
flexible, new way of learning and thus promoting Education for Sustainable Development (ESD) in
the context of sustainable energy at school level around the world. This MOOC provided the school
students with choice-based learning and expanded their learning opportunities in understanding
sustainable energy. In the designing of MOOCs for studying sustainable energy, it is important to
take the following things into consideration: (i) the balance between theory and practical examples;
(ii) the support for interaction; and (iii) other support (e.g., technical and learning strategies) for
students. Communication with other learners and getting feedback from teachers and tutors remain
the vital challenges for the developers of MOOCs in the future.

Keywords: Education for Sustainable Development (ESD); sustainable energy; online learning; MOOC

1. Introduction

The promotion of Education for Sustainable Development (ESD) will be even more important in
the future [1,2]. In particular, promoting the learning of sustainable energy is one of the central global
contents of ESD at school levels. In addition to learning the topic, it may add to the student and his/her
family’s social knowledge about it and it may also help in bringing new students to the field [3].
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Sustainable energy can be described as a production and using of energy that supports sustainable
development. This kind of energy is renewable and is produced durably, both socially and economically.
For example, solar energy, water-based production of energy, and the production of biofuels with
the help of microbes are all called as renewable energies [4]. For our massive open online course
(MOOC) about sustainable energy, the themes of sustainable growth, solar power, wind power, energy
efficiency, energy, water and food, energy consumption, fusion energy, biofuel production, smart power
generation and cities, towns and renewable energy were selected. One of the main aims was to increase
the students’ ability to critically follow the societal and technical discussions on sustainable energy.

In a meaningful teaching of sustainable energy, it would be important to take into consideration
four strategic viewpoints: equality, flexibility, student orientability and creativity [5]. The themes
about sustainable development such as sustainable energy should be dealt with holistically and in a
student-oriented manner [2,5]. In particular, adolescents want to study natural science phenomena
that they find interesting and socially essential, and they would like to deal with moral questions
having to do with the phenomena. It has been proven that they would like it if the teaching contained
more personal activity and included the effects of the professions in the fields of natural sciences
and technology in solving challenges shared by the entire world [6]. Adolescents like to take into
consideration also the social and ethical points of the topic in addition to the academic points [7,8].
In this research, international adolescents study sustainable energy with the help of an online course
(MOOC) that has been produced communally. It has been designed exploiting previous information
from earlier researches (see Section 4 for further information).

2. Promoting Sustainable Energy Learning through the MOOCs

Massive open online course (MOOC) is thought of as an innovative method both in the teaching
and researching of sustainable energy [9]. According to Zhan et al. [9] MOOCs on sustainable energy
can offer learning resources and opportunities for people to cultivate their awareness of global
environmental protection, of a sense of sustainability, and also to learn about the ways in which
universities teach sustainability-related knowledge in an open online environment. In earlier research
discussions, forums and lecture videos were most frequently used as the pedagogical methods of the
earlier MOOCs for university students [9].

Originally the term MOOC, coined by Dave Cormier, was used to represent the phenomenon
of their course called “Connectivism and Connective Knowledge (CCK08)”, which was facilitated
by S. Downes and G. Siemens in 2008. The MOOC has been described as an online course with the
option of free and open registration, a publicly-shared curriculum, and open-ended outcomes [10].
They characterized the MOOC as integrating social networking and as being an accessible online
resource. The MOOCs were facilitated by leading practitioners in the fields of study, and significantly,
they were built on the engagement of learners who self-organize their participation according to
learning goals, prior knowledge and skills, and common interests [10]. In general, these kinds of
MOOCs are based on connectivism and the social construction of knowledge. Therefore, they are
called cMOOCs (Connectivist MOOCs).

Although the first MOOC was carried out in 2008, the interest in MOOCs at that time was quite
limited among researchers and mainstream media [11,12]. In 2011, Stanford launched three MOOCs,
including the “Introduction to Artificial Intelligence” (‘CS221’) course, for which about 160,000 learners
were registered. In the beginning of 2012, the MOOC models made by companies Coursera, Udacity
and edX, were launched by Stanford, MIT and Harvard. MOOC was hyped up as the revolution of
high education by the media and, 2012 was named “The year of MOOC” [13]. Different to the original
MOOC led by S. Downes and G. Siemens, the pedagogy of Stanford’s MOOC was more instructivist
and behaviorist [12,14]. In this kind of a MOOC, there were weekly recorded video lectures and
quizzes with immediate feedback. Some courses consisted of assignments that were peer-reviewed.
All of the courses had discussion forums that students could use for their own purposes, and in some
courses, instructors directly encouraged students to use these forums, though none of the instructors
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had a strong presence on the forums [15]. These kinds of MOOCs were labeled xMOOCs, as used
in this study.

From 2012 onwards, the number of MOOCs has increased rapidly. But the concept of the MOOC
remains relatively poorly defined. Matthew Plourde’s diagram illustrates that every letter in MOOC
is negotiable. In this paper, we use the definition of MOOC developed by OpenupEd [16], in which
MOOCs are “online courses designed for large numbers of participants, that can be accessed by
anyone anywhere as long as they have an internet connection, are open to everyone without entry
qualifications, and offer a full/complete course experience online for free”. This definition is shared by
many European partners and has some empirical data to support [17].

Although MOOCs, especially xMOOCs, have not led to the disruptive innovation of education
portrayed by the media, it is a valuable low-cost supplement to formal education [18,19]. A survey from
Duck University suggested that learners under the age of 18, learners over the age of 65, and learners
who reported a lack of access to the course contents indicated that the MOOCs provided expanded
opportunities to their current formal education and their present and future career experiences [20].
MOOCs can help in meeting the increasing demand for on-the-job continuous professional development
as employment patterns and lifelong learning change [13,18]. For developing countries, MOOCs help
to improve the information literacy of people [21]. In Finland, MOOCs have been found useful for
learning programming at school level [22].

However, MOOCs also have to face many challenges in their teaching because of the massive
amount of participants in one course. The completion rate of MOOCs is usually very low [18,23].
The motivational, emotional and intellectual commitments, and the skill profiles of MOOC learners,
affect the development and use of MOOCs [24]. The assessment of the higher levels of learning remains
a challenge for MOOCs [18].

3. The Relevancy of the MOOC Course about Sustainable Energy

In this case study, we are interested in how relevant the course participants experience a MOOC
course on sustainable energy. The results of this MOOC course are examined from the point of view of
relevance theory [25].

“Relevance” is a concept that is often used when talking about the teaching of natural sciences.
Teaching should be relevant, but the concept does not have a specific meaning and it therefore has
been used in many different ways across time and from speaker to speaker. In the beginning of the
20th century, teaching of natural sciences was relevant when it served the purposes of the state and
companies, and it was meaningful from the point of view of the functioning of society. Later on,
the general education in natural sciences and their meaning in daily life became important [25,26].

As a concept, relevance has been used in order to illustrate a student’s interests [27,28], and to
illustrate how meaningfully the phenomena of daily life appear from the point of view of individuals and
society, for example: applying science and technology to social, economic, environment, and political
questions through sustainable development [29,30]. Relevance has also been used to explain how well
the students are able to perceive the significance of using daily life contexts in teaching [31–34]. And it
has been used as a synonym for importance, usefulness and correspondence of needs [35,36].

Even though people have not always agreed on the meaning of the concept of relevance, the
relevance in science learning has been studied quite a lot. The most well-known research project
dealing with the relevance of scientific education has been the international ROSE (The Relevance of
Science Education) project. In the ROSE project, the concept of relevance was thought of mostly as a
synonym for motivation and interest, but the organizers of this research were given the possibility to
define relevance in the way they preferred [37].

Because there was not a previous similar model for relevance, Stuckey et al. [25] have aimed at
creating a similar model for the relevance of teaching natural sciences, which considers the previous
notions. According to this model, the relevance of teaching can be evaluated in three different
dimensions: individual, societal and vocational relevance. The usefulness of this model is also

149



Educ. Sci. 2016, 6, 40

supported by the fact that also Van Aalsvoort [38] has previously described the concept of relevance
similarly. In addition to these above-mentioned three dimensions, intrinsic and extrinsic relevance is
often talked about, as well as whether or not learning is relevant right at this moment or only later
in the future.

Stuckey et al. [25] presents a model in their article for evaluating the relevance of learning natural
sciences. This model can be tangibly exploited in addition to research in planning teaching. Here we
can observe that, as a concept, relevance is more comprehensive than just interest or significance.
The principle of the model can be observed in Figure 1, below.

Figure 1. The dimensions of relevance [25].

In this model, individual relevance consists of, for example, subject matters that increase the
student’s interest or help the student to be successful in school and daily life. Things that can be
considered to fit under societal relevance are, for example, those that help the learner act as a
responsible member of society, to better understand the society around them and to be active in
helping to develop the society. Vocational relevance consists of knowledge and skills that for example
give a person the qualifications for a certain field or that bring support to the possible future profession.
The present–future dimension in the model of relevance means that the thing being dealt with may be
relevant to the learner either in the same exact moment or far in the future. Intrinsic relevance supports
the student’s interests and motivation, whereas extrinsic relevance is caused by the demands arranged
by the surroundings.

It is briefly stated by Stuckey et al. [25] that the teaching of natural sciences becomes relevant
training when teaching has positive effects on a student’s life. Relevance, as a concept, should be
available to the teachers and people who make the core curriculum, so that they can evaluate the
relevancy of their lesson plans [39]. A model created on the basis of Stuckey et al.’s research has been
created in order for the teachers to be able to actively analyze their lesson plans and perhaps edit these
plans, so that teaching would be as relevant as possible from the students’ point of view [25].

Stuckey et al. [25] have themselves used this model, created by them, in teacher training, where it
has been used as a helping tool for reflecting on the aims for relevant education in natural sciences and
as a tool for evaluating different teaching methods. Using this model in analyzing core curriculums
makes it possible to find strengths and weaknesses, as well as the different levels of relevance in
teaching [25].

4. The Aim and Content of the MOOC Course “Sustainable Energy”

A MOOC course, arranged for the first time, was organized by the University of Helsinki and in
cooperation with the Aalto University and Technology Academy Finland (TAF). This course was held
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in autumn 2015. It was especially meant for over 15-year-olds all over the world who were interested
in the subject. It was free of charge.

The goals of this MOOC course about sustainable energy are to:

• give a versatile glimpse into one of the biggest global challenges of today, sustainable energy;
• strengthen the students’ skills on sustainable energy and its production based on the latest

research and technology innovations;
• help to understand energy production in the future as a multidimensional entity;
• increase the students’ ability to evaluate the choices connected to sustainable development in the

daily life;
• promote Finnish knowledge of energy and future study possibilities, as well as the Millennium

Technology Prize;
• inspire learning about mathematical subjects, natural sciences and branches of technology.

The teachers of this course were top-level researchers from a wide range of fields: there were
lecturers from professors to doctoral students and from representatives from branches of science to
representatives from commercial fields. Also, the themes chosen for this course dealt widely with
sustainable development: from solar energy to nuclear energy (see details in Introduction). The themes
dealt with the effects of renewable energy on the electrical network in the future and with increasing
the effectiveness of using energy. This course aimed to bring forth both advantages and possible
disadvantages for students. A more specific description of this course can be found here in the
webpage: https://www.lumate.fi/event/millennium-youth-course-sustainable-energy/.

In order to be able to pass this course, the students would have to familiarize themselves with the
specialists’ interviews (videos), lecture videos (20 minutes each) and articles (the topics: Smart Power
Generation and Cities, Towns and Renewable Energy) and then answer multiple-choice questions
designed mostly by specialists. This course, implemented in the Moodle learning environment, was a
38 work-hour high school course, suitable for independent study, because it unifies the natural science
entity in schools. Against a course diploma, a student could apply for a course performance from
their school, a student could apply for a one study point marking of performance from the University
of Helsinki, or they could apply for a study point also from our Open university. The subject of this
course followed the new Finnish National Core Curriculum’s (for high schools) theme: the necessity of
a sustainable lifestyle.

An international MOOC course “Sustainable Energy in Education”, a further training course for
teachers, was implemented in the spring of 2016 on the basis of the research study of Sustainable
Energy course.

5. Research Methods

There are two research questions in this case study:

(1) What do the adolescents find relevant in the MOOC course about sustainable energy?
(2) What are the opportunities and challenges of the MOOC for the adolescents to learn

sustainable energy?

In this case study, 80 adolescents took part in research. Data for the first research question
was collected in the beginning of this online course (the first task). A research form was compiled
communally on the basis of relevance theory. Data for the second research question was collected at
the end of the online course. In total there were two open questions about possibilities and challenges
related to the second research question.

Data from the first research question was classified with the help of theory based content
analysis [40]. All answers were divided into three classes: (i) individual relevance; (ii) societal relevance;
and (iii) vocational relevance, according to the relevancy theory explained in Section 3. In addition,
frequency of the answers for each class was calculated (see Table 1).
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Table 1. The Relevancy of the Course.

Relevance Theory The Answers of the Students Frequency

Individual

• An interesting topic (26)
• Wants to learn more about sustainable energy (24)
• Interested in energy production (11)
• Interested in natural sciences (11)
• Course is in English (10)
• Interested in sustainable energy (10)
• Wants a coursemark (7)
• An important topic (5)
• Online course (5)
• MOOC is cool
• Useful information for the future
• Might be helpful in the matriculation examination
• Course was suggested by a teacher
• To improve grade in physics
• A challenging course
• A flexible course
• Wants to know about implementing courses in Finland
• Wants to gain experience about the university life
• Interested in learning in general

117

Societal
• Wants to make the world a better place
• People should know more about sustainable energy

11

Vocational
• Wants to work with sustainable energy in the future
• Wants to be a better teacher

4

Data from the second research question was classified using inductive content analysis [41].
Subclasses were formed first from the answers and then the upper classes were formed on the basis
of the subclasses. First, all opportunities of the MOOC were coded and 12 codes were formed by a
researcher, for example: (i) flexible learning (34 answers; e.g., an adolescent’s answer: “could study
anywhere and anytime”); (ii) interesting topic (25 answers; e.g., an adolescent’s answer: “course topic
was interesting”); (iii) good lectures (18 answers; e.g., “lectures were clear and well organized”).
Then, they were classified into three categories by another researcher (see Table 2) and compared with
earlier research.

Table 2. The opportunities of the MOOC during the course.

The Opportunities An Example of the Answers Frequency

Course design

- Course topic was interesting (24)
- Lectures were clear and well organized (18)
- Lecturers were great (11)
- Videos were clear and re-watchable (9)
- Quiz system was clear (8)

70

Providing a new way of learning: flexible
learning and new learning strategies

- Could study anywhere and anytime (34)
- Course was free and online (3) 37

Personal benefit: Learned lots of new things,
learned English, encouraged towards

learning about science and Finnish research

- Learned lots of new things (11)
- Learned English (4)
- Encourages children towards learning
science (student teachers) (2)
- Learn about Finnish research (2)

19
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Secondly, all challenges of the MOOC were classified and nine codes were formed by a researcher,
for example: (i) not enough interaction (16 answers; e.g., an adolescent’s answer: “There was not
enough interaction between students”); (ii) problems with technology (14 answers; e.g., an adolescent’s
answer: “there were some technical difficulties”) and (iii) lecturers’ skills in English (7 answers;
e.g., an adolescent’s answer: “lecturers should learn to speak English”). Then, they were classified into
three categories by another researcher (see Table 3) and compared with earlier research.

Table 3. The challenges of the MOOC during the course.

Challenges An Example of the Students’ Answers Frequency

Course design

- Lecturers should learn to speak better English (7)
- Instructions were unclear (6)
- Something other than questionnaires (5)
- Wanted more practical examples (5)
- Didn't like the reading tasks, they were too long (4)

27

Interaction
- There was not enough interaction between students
- Would like to have feedback after every chapter 18

Learning support
- There were some technical difficulties
- Would like to have some deadlines 17

The results of the case study have been confirmed by three researchers according to the research
method [40,41]. The classifications of both data were checked, on the basis of the examples, by all the
three researchers (two from the same research group and one from another research group), and the
classification was accepted. Two researchers are specialists in sustainable development education
(EDS) and in research of relevancy theory, and the third researcher is a specialist in research of online
learning (MOOCs). The results of the qualitative case study are directional.

6. Research Results

In the following part, the results are analyzed according to the main research questions
(see Section 5).

6.1. The Relevancy of the MOOC Course

The students thought that both the course and its theme were relevant (see Table 1 above).
Students chose this course in particular because of the reasons of the principle of individual relevance.
The three most popular reasons for taking part in this course were: (i) finding the theme of the course
interesting; (ii) wanting to learn more about sustainable energy, and (iii) a general interest in production
of energy. All in all, there were 80 participants in this research. According to the answers, there were
132 different “points” in accordance with the relevance theory, from which 61 answers belonged to
these first three categories mentioned above.

The fourth most popular reason, according to the students, was general interest in the natural
sciences; a large part of the other answers can also be counted to belong under individual relevance.
All in all, individual relevance could be seen in 117 answers out of a possible 132.

In five of the answers, the student wanted to make the world a better place, five students thought
that the theme of the course was generally important, and one student thought that people should
know more about sustainable energy. These three answers all represent societal relevance. In total,
the societal relevance in taking part in the course could be seen only in 11 out of 132 answers.

Vocational relevance was even less popular than societal relevance. The vocational viewpoint had
been taken into consideration in only four answers.
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6.2. The Opportunities and Challenges of the MOOC

According to the survey, the course participants reported that this MOOC provided them with
a good learning experience in the three following areas (Table 2): (i) Course design (70 answers
altogether); (ii) Providing a new way of learning (37 answers); and (iii) Personal benefit (19 answers).
The course materials were well-prepared and easy to use (course design). Twenty-four answers claimed
that the topic of the course was quite interesting for them. Thirty learners deemed that the lectures
were clear and well organized and that they were also great. Seventeen answers commended the good
quality of videos and quiz system for their clarity and reusability. Firstly, this course was a new way of
learning for the participants. Thirty-seven answers mentioned that the characteristics of the MOOC,
such as being available anywhere and anytime, free access, and online learning, and bringing out a
flexible, new way of learning. Thirdly, the course participants got personal benefit from this course
study. Some learners claimed that they had learned lots of new things, others felt it interesting to
see what kind of research is done in Finland. Some teacher trainees thought that this MOOC would
encourage kids towards studying natural sciences. Not only had the students’ knowledge of energy
increased, some Finnish learners reported that their English had been improved.

There are some challenges that this MOOC has to face, concerning: (i) course design; (ii) interaction;
and (iii) learning support. At first, the design of the course needs to be improved. The survey showed
that learners needed clearer instructions to leading study, and they wanted more practical examples to
help them understand the learning content. Some learners thought that the reading materials were too
long for them to read. Others thought that there should be more different forms of assignments and
that they should be more varied. As an online course, open to the world, some learners suggested that
the lecturers should speak better English in their lectures. Lack of interaction between teachers and
students, and between students, was another problem in this xMOOC. Eighteen answers mentioned
that there was not enough interaction among students and that the teachers did not give enough
feedback. Learners also reported that they needed some technical help and learning support to assist
their online study.

7. Discussion

7.1. The Relevancy of The Course

The adolescents experienced the course as individually relevant. Personal interest belongs to the
front and upper corners in the left-hand side in the model of relevance theory [25] and it represents
individual, present and intrinsic relevance. The desire to learn new things belongs to the front and
upper corners on the right-hand side, so it belongs also to the individual and intrinsic relevance,
but instead of present, belongs to the future. In addition to individual relevance, also societal and
vocational relevance had an effect on the students’ decisions whether or not taking part in the course,
even though in noticeably lesser proportions. The societal viewpoint is most likely going to strengthen
over time, when the awareness of the world strengthens through globalization. This will possibly
also have an effect on the students’ decisions about which courses to choose, and this might be an
interesting subject of research in the future.

The answers that represent vocational relevance were those in which the responder wants to work
with sustainable energy in the future or the responder wants to become a better teacher. From the basis
of these results, it would be wise to ponder whether or not the students are able to think about their
working lives in the future, or whether personal interests are just simply so much more important that
the vocational viewpoint cannot be fitted into a small description about why the student has especially
chosen this course? In the further revision of this course it would be wise to take this viewpoint better
into consideration.
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7.2. The Opportunities and Challenges of The MOOC

MOOCs, especially xMOOCs, are characterized as delivering high quality content from the
world’s best universities for free to anyone anywhere with a computer and an internet connection,
and supporting choice-based learning [18,42]. Students in primary and secondary schools, have the
opportunities to take MOOCs in topics not taught in their schools and to explore different disciplines
in helping to weigh their academic and career choices [20]. In our MOOC practice, most of
the learners chose this course because of their interest in the natural sciences and sustainable
energy/sustainable development. This MOOC provided them with choice-based learning and
expanded their learning opportunities.

MOOCs were respected to give rise to innovation on the existing education system.
Although current critiques of MOOCs in the mainstream media are general and mostly focused
on the failed “revolution in education” [12], our survey showed that MOOC did bring new learning
strategies, including learning online, global learning, learning with media, self-paced learning, etc.,
to the learners and made a change on the individual level.

Ossiannilsson et al. [43] did a system literature review in order to identify factors affecting the
quality of MOOCs. They concluded that the present research study identifies learning design and
learning environment as key factors affecting experience and quality [43]. This research highlights
some elements that affect the design of the MOOC, including the relevance of content to the learners,
the design of instruction and guidance, the length and complexity level of the reading materials,
the forms of assignments, etc. This will be helpful in the designing of online courses in the future.

How to support learners participating in a MOOC is an important issue. With the massive
amount of participants taking part in a MOOC, it is not possible to provide tailored individual
support [44]. Our findings showed that learners need support both in technical skills and learning
strategies. In cMOOCs, the common method was to encourage participants to create their own PLE
(Personal Learning Environment) consisting of tools and peers to support their learning [44], but in
xMOOCs, it is still a problem that needs to be explored. Interaction between teachers and students
is another key issue in the more individually focused, didactic MOOCs. Although e-assessment and
peer review have been introduced to support learning, communication with other learners and getting
feedback from teachers and tutors remain vital challenges for the developers of MOOCs.

7.3. Conclusions

The aim of the course was to give the students’ more information about sustainable energy and
its production through the help of the newest research and technology innovations, and to give an
understanding of energy production in the future as a multidimensional entity. The MOOC course
was personally relevant for the students on the basis of this case study. It gave adolescents a new
holistic approach to learning about sustainable energy on the basis of the newest research. The theme
of the course was also thought to be relevant. In particular, energy production was considered as one
of the most useful topics. If we want to increase the societal and vocational relevance of the topic [4],
then they should be more visible in the planning and carrying out of a course.

The characteristics of the MOOC, such as being available anywhere and anytime, free access, and
online learning, bring a great opportunity to supporting learning about sustainable energy on the basis
of the newest research [9], especially at school level, around the world, and thus promoting Education
for Sustainable Development (ESD). Next time it would be useful to think about whether or not an
xMOOC-shaped course is the best option. An online course that consists of videos, articles and multiple
choice questions does not seem to support the students’ interaction and learning enough; the students
requested this for future courses. The xMOOC shape would seem to be better for independent studying
of the theme. In the future, the cMOOC-shaped online course, which supports communal learning,
could be used and studied. This would make it possible to include useful reflections and discussions
pointed out in this study.
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