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Subject content knowledge (SCK) and pedagogical content knowledge (PCK) are key components of teacher
competence that affect teaching and students’ learning and thinking about the future. In this study, SCK and PCK
were analyzed from Finnish and Spanish (n = 360) primary school student teachers’ (PSTs) answers using a
questionnaire that included environmental problems and teaching sustainability. The answers were analyzed
with theoretically guided deductive and inductive content analyses. The PSTs considered it important to teach
factual, conceptual, methodological and metacognitive knowledge and skills for solving local, regional and global
environmental problems. Critical and evaluative knowledge also appeared, but in rather few answers. The results
are discussed regarding the meaning of SCK and PCK and a powerful knowledge of science disciplines, such as
biology and the geosciences.
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INTRODUCTION

Teachers’ pedagogical choices are decisively important to
what is learned and how it is learned (Burroughs et al., 2019;
Hattie, 2011). Thus, the quality of the learning opportunities
created by teachers affects students’ learning and motivation
(Lutovac & Korkko, 2024). A teacher’s knowledge of a given
subject matter is particularly important to students’ progress
(Laghari et al., 2023), which is perceived as key to a teacher’s
competence (Kleickmann et al., 2017). Teacher’s knowledge
focuses, among others, on two main constructs: subject
content knowledge (SCK), i.e., domain-specific subject matter
knowledge and pedagogical content knowledge (PCK)
(Rosenkranzer et al., 2016; Shulman, 1987). Although the
definitions of these concepts vary across researchers
(Kleickmann et al., 2013; Sarkar et al., 2024), there seems to be
a consensus on some crucial aspects.

SCK represents teachers’ understanding of the subject
matter being taught, whereas PCK is the knowledge needed to
make a subject matter accessible to students (Shulman, 1986).
Thus, PCK is the application of pedagogical theories to a

discipline or a subject context. It has two core facets:
knowledge about students’ subject-specific conceptions and
misconceptions and knowledge about subject-specific
teaching strategies and representations (Park & Oliver, 2008).

Despite the clear theoretical distinction between SCK and
PCK, findings on their empirical separability are mixed
(Kleickmann et al., 2013). Previous studies have shown that
student teachers’ knowledge and understanding of core
concepts and processes, e.g., in ecology (Palmberg et al., 2016;
Yli-Panula et al., 2017), and of teaching strategies and
methods are poor (Yli-Panula et al., 2017). Furthermore, SCK
in biology, for example, is increasing rapidly, which requires
new teaching methods to support learners’ abilities to
evaluate, conceptualize and update their knowledge and skills.

To develop the PCK of teacher education programes, it is
important to know what kind of knowledge of student teachers
SCK and PCK have and what kind of misunderstandings and
deficiencies student teachers have because these views affect
the learning of new issues and the construction of new
knowledge and action (Valverde-Pérez et al. 2022).
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THEORETICAL BACKGROUND

Subject Content Knowledge, Curricular Knowledge, and
Pedagogical Content Knowledge

According to Shulman (1986), teachers’ knowledge
includes SCK, curricular knowledge, and PCK. SCK ‘refers to
the amount and organization of knowledge per se in the mind
of the teacher’ (Shulman, 1986, p. 9) and requires an
understanding of both substantive and syntactic structures of
a discipline (Schwab, 1978). Thus, SCK refers to subject
matter’s such as facts, specific details or elements and
concepts. Concepts again include the relationships between
basic elements, principles, generalizations or theories
(Krathwohl, 2002). To teach a subject, one must know its facts,
concepts, theories, how to organize its principles and
structures and rules for establishing what is legitimate to do
and say in a subject-specific teaching area (Shulman, 1986), for
example in biology education.

Shulman (1986) conceptualized teachers as the medium
through which students experience the content of the
curriculum. Curricular knowledge includes

understandings about the curricular alternatives
available for instruction ... familiar[ity] with the
curriculum materials under study by his or her students
in other subjects they are studying at the same time ...
[and] familiarity with the topics and issues that have
been and will be taught in the same subject area during
the and later years in school, and the materials that
embody them (Shulman, 1986, p. 10).

PCK refers to the character of content knowledge needed
for the practice of teaching. Shulman (1986) defined PCK as
the knowledge of content that informs ‘the ways of
representing and formulating the subject that make it
comprehensible to others’ (p. 6). Additionally, Shulman (1987)
described PCK as ‘that special amalgam of content and
pedagogy that is uniquely the province of teachers, their own
special form of professional understanding’ (p. 8). Thus, PCK
involves transforming one’s content knowledge into curricular
material and pedagogical representations. For Shulman (1986,
p. 9), it is ‘the most useful forms of [content] representation ...,
the most powerful analogies, illustrations, examples,
explanations and demonstrations—in a word, the ways of
representing and formulating the subject that makes it
comprehensible for others’.

Later, Shulman (1987, p. 8) stated that teachers’ knowledge
includes seven approaches:

(a) content knowledge (knowledge of a particular subject),

(b) curricular knowledge (the materials and programs that
serve as ‘tools of the trade’ for a teacher),

(c) general pedagogical knowledge (broad principles and
strategies of classroom management and organization
that appear to transcend the subject matter),

(d) knowledge about learners and their characteristics,

(e) knowledge about educational contexts (ranging from
the workings of the groups or class and the governance

and financing of school districts to the character of
communities and cultures),

(f) knowledge about educational ends, purposes and
values, and their philosophical and historical grounds,
and

(g) PCK (the special content and pedagogy, that is the
subject teacher’s own special form of professional
understanding).

Shulman (1986, 1987) also discussed how different types of
knowledge relate to SCK and PCK (see Table 1).

Teachers should have competencies that serve SCK and all
aspects of PCK of the subjects that they teach. These teacher
competencies are the knowledge and skills that a teacher can
use to support students’ learning in a complex school
environment where critical decisions are required every day
(Garcia-Fortes et al., 2024). They refer to the knowledge, skills,
attitudes, values and personal qualities that enable
professional and effective action in teaching and learning
situations (Koster & Dengerink, 2008).

In general, the concept of competence is understood as the
individual’s self-developed ability, skill, desire and will to
make use of their own scientific expertise and experience in
making decisions and in action (Sjostrom & Eilks, 2018).
Features that support the effective realization of PCK are
knowledge about action that reflects the teacher’s actions. The
former means that the teacher combines different components
of PCK in the teaching situation to create teaching that is
meaningful for the students. The latter means that the teacher
must expand or modify the teaching of a certain subject by
modifying his or her own PCK.

Powerful Knowledge as Part of SCK and PCK

According to Young et al. (2014, p. 74), knowledge is
powerful if it predicts, explains and enables individuals to
envisage alternatives. Building on this, they provide three
distinctions, or criteria, for ‘powerful knowledge’: It is
systematic, specialized and distinct from the ‘common sense’
knowledge acquired through everyday life. Powerful
knowledge originates from an academic discipline or discipline
that is transformed into a school curriculum (Dempster, 2023;
Muller & Young, 2019). This forms the basis for making
knowledge-based generalizations and evaluating teaching and
learning processes. It can enable students to acquire
knowledge that takes them beyond their own experiences
(Young et al., 2014). For example, it links environmental facts
to concepts that can themselves be linked to broader concepts
and theories.

Understanding and solving environmental problems
requires both SCK and PCK related to planetary boundaries
(Rockstrom & Sukhdev, 2016). Planetary boundaries are
boundary values that define a safe area of operation for
humanity within the framework of biological and physical
systems (Rockstrom et al., 2009). Powerful knowledge has
transformative power and is connected to transformative
teaching and learning because students can reconcile their
new observations into existing concepts, make conceptual
connections, gain insights into their observations and
generate ideas (Muller & Young, 2019).



Yli-Panula et al. / Interdisciplinary Journal of Environmental and Science Education, 21(4), e2520 3/13
Table 1. Knowledge categories and types (Gudmundsdottir & Shulman, 1987; Shulman 1986, 1987)
Knowledge .. Related to
categories Definition Knowledge types SCK_PCK

Knowledge of classification X
Knowledge of principles and <
Factual and Factual knowledge is common knowledge about what is needed to be generalisations
conceptual successful to meet a goal. Conceptual knowledge consists of knowing Knowledge of theory, models and
knowledge how facts can be organised in meaningful ways. structures, Knowledge of terminology
Knowledge of details and basic
elements
. This information concern.s how to do something or how to 'solve a Knowledge of skills, technical methods
Methodological problem, such as a learning task (Osborne et al., 2018). It is also . .
knowledge information about research methods, such as how to make observations concerning subjects a.and.knowledge of X
. usage criteria
and study life phenomena.
Metacognitive This is a learner’s knowledge about how they can manage their own Knowledge of strategies, usage of <
knowledge learning and plan their studies (Pintrich, 2002). methods and self-awareness
This is systematically collecting and analysing information. It is linked
Evaluative to evaluative thinking, a disciplined approach to inquiry and reflective Knowledge of understanding
knowledge practice that helps people to make judgements with good evidence by interactions and performance X X
habit (Cole, 2023).
Critical reflection is a ‘meaning-making process’ that helps people set
goals and use what they have learned to inform future actions and
Critical consider the real-life implications of their thinking. It links thinking and Knowledge of reviewing
reflection and doing and can be transformative (Rodgers, 2002; Schon, 1992). . L
. ; . R L . reconstructing, re-enacting and

reflective Reflective knowledge is an actor’s ability to evaluate their epistemic . .
knowledge position and the circumstances of knowing. It is part of the belief critically analysing

formation process and confirms the overall process of knowing

(Broncano, 2014).

Biology and geoscience are essential subjects when
teaching environmental issues from the perspective of
sustainability education (SE). Because they are taught both in
Finland and Spain, powerful knowledge in this study is focused
on from the perspectives of these subjects (Finnish National
Board of Education [FNBE], 2016; LOMLOE, 2020).

Environmental Issues and Sustainability Education

Human activity causes several environmental problems
locally, regionally and globally. To prevent irreversible
changes, European countries strive to promote environmental
policy and are therefore considered pioneers in sustainability
issues (European Parliament, 2023). However, this policy is not
quite ready to achieve all its goals. Greenhouse gas emissions,
waste generation, material consumption, the intensity of
forest use and nutrient pollution must also be reduced more
effectively than at present (OECD, 2021), albeit daily behavior
seems to reveal increased individualism and a decreased sense
of community. Many of today’s environmental challenges
require a veritable shift in thought and behavior to support
sustainable living. According to Sterling (2008), necessary
change can be achieved through SE. Sterling (2008) defines the
concept as follows:

a change in educational culture, one which develops
and embodies the theory and practice of sustainability
in a way which is critically aware. It is therefore a
transformative paradigm which values, sustains and
realizes human potential in relation to the need to
attain and sustain social, economic and ecological
wellbeing, recognizing that they must be part of the
same dynamic (p. 22).

Over the vyears, SE has expanded from the original
ecological perspective to include social, ethical and
transformative aspects of sustainability (Jeronen, 2023) with
the goal of finding sustainable solutions to environmental,
social and economic problems through education (Prabakaran,
2020).

According to Palmberg et al. (2015, 2016), student teachers
have major gaps in their knowledge and skills in teaching the
natural sciences and environmental issues. These results differ
from Fitriah et al.’s (2018) regarding SCK and, partly, PCK.
According to them, pre-service biology teachers had a good
understanding of SCK. They also mastered part of PCK, such as
a knowledge of learning strategies and materials,
communication with learners and assessment and evaluation.
Conversely, pre-service student teachers had difficulties
regarding PCK in the following areas: knowledge of curricular
development, knowledge about learners and knowledge about
developing learners’ potential, in line with Palmberg et al.
(2015, 2016). They seem to need education regarding class
management, curriculum understanding and recognizing the
characteristics and potential of learners.

This study developed as part of the project (teacher student
selection—proactive future work), for which a conceptual
framework was developed for teaching quality in the form of a
multidimensional adapted process model of teaching. The
theoretical basis of the project was Blomeke et al.’s (2015)
model, which depicts teacher competences as a continuum
where dispositions (e.g., teacher knowledge) are dynamically
interlinked with observable job performance (e.g., quality of
instruction). Blomeke et al.’s (2015) model was developed
further in several ways. These modifications of and novel
contributions to the competence model are described in detail
in the article Metséapelto et al. (2022).
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Since teacher education plays an important role in these
issues and research results vary, more research is needed.
Based on the previous ideas, we conducted a survey expecting
to fill an important research gap by investigating future
primary school teachers’ views of SCK and PCK in biology and
the geosciences related to environmental issues. The purpose
of this study is to investigate future primary school teachers’
views on the key issues, concepts and environmental problems
that should be taught in biology and the geosciences and their
views regarding teaching-related skills. This work may reveal
possible misunderstandings and deficiencies so their teaching
can be considered within education programs. The following
research questions (RQs) guided this study:

RQ1. What kind of SCK do the primary school student
teachers’ (PSTs) responses contain regarding:

(a) essential factual and conceptual knowledge in
biology and geoscience?

(b) key local, regional and global environmental

problems?
RQ2. What kind of PCK do in the PSTs’ responses contain
regarding methodological, metacognitive,

evaluative, critical and reflective knowledge:
(a) of the essential skills to be taught?

(b) of key local, regional and global environmental
issues?

With the first RQ, we want to investigate the perceptions
of PSTs about what SCK they have; whereas the second
question provides answers to how they understand PCK.

MATERIALS AND METHODS

Participants

The data of this study were collected in 2020-2021. In total,
360 second-year PSTs participated in the survey as volunteers:
190 Finnish primary school student teachers (FPSTs) and 170
Spanish primary school student teachers (SPSTs). Most PSTs
(over 80%) were women, and 71% of PSTs were 20-24 years old
(the mean age was 21.32 years, standard deviation = 9.9). The
respondents were second-year PSTs with similar studies in
teacher education. All the students had observational
experience from their first teaching practice in schools, but no
teaching experience. Participants from both countries were
selected based on convenience sampling due to their
accessibility and availability for the study. In addition, it is
important to notice that countries’ results will not be
compared. The results concerning the FPSTs’ and SPSTs’ SCK
and PCK will be used in the development of biology and
geoscience curricula.

Data Collection

The web-based (Webropol) survey was administered
according to the rules of the ethics committee of each
university. It was piloted with a group of subject student
teachers from each country. The questionnaire contained,
among others, the following two questions:

Q1. What skills and knowledge related to sustainable
development do you consider essential to teach in
primary school?

Q2. In your opinion, what are the most essential
environmental problems? How would you try to solve
these problems

(a) locally,
(b) regionally or
(c) globally? Comment on each part of this question.

The number of PSTs’ answers varied between the open-
ended questions. More than two-thirds of the PSTs answered
the questions. Approximately 82% of the FPSTs and 89% of the
SPSTs answered essential skills and knowledge to be taught
(Q1). On average, approximately 83% of FPSTs and 82% of
SPSTs answered environmental problems and their solving
(Q2).

Data Treatment

As a background to the analyses of the wide-ranging
content topics, there are the following issues. The answers to
Q1, ‘skills and knowledge’, are expected to be deeply related to
teaching and learning. The answers to Q2, ‘environmental
problems and how to solve them’, are expected to be based on
a knowledge of the natural sciences (e.g., climate change in
planetary boundaries, biodiversity conservation or recycling of
energy and material cycles on the earth) and, furthermore, the
social sciences due to the nature of socio-scientific issues, as
well as the answers to ‘with whom’ do you solve them.

In this paper, we used an inductive and deductive approach
(Newman, 2000). Thus, PSTs’ answers were analyzed using
theory-guided deductive content analyses based on Shulman
(1986, 1987). Inductive content analyses were used following
their common procedure (Krippendorff, 2013; Tuomi &
Sarajdarvi, 2018). First, three researchers familiarized
themselves with the material by reading the answers;
subsequently, similarities and differences in PSTs’ expressions
were listed, followed by identifying issues in the responses
according to the established categories based on Shulman
(1986, 1987). The categories were adapted to our data to
conclude the final classification of the answers (Table 2).

There were difficulties when categorizing factual and
conceptual knowledge because many answers included, for
example, a list of facts or very short statements that did not
explain the issue very much. Factual and conceptual
knowledge were analyzed in connection with environmental
problems, and they are presented together in this article.
Moreover, critical and reflective knowledge is presented
together since they appeared closely related in PSTs’ answers.

Furthermore, categorization of the PCK was conducted
regarding PSTs’ methodological, evaluation, critical thinking
and metacognitive knowledge.

To ensure the reliable assignment of the analytic
categories in these open-ended questions, Cohen’s kappa as an
agreement measures interrater reliability for categorical data
and was calculated based on the total independent coding of
three researchers. The results show substantial agreement (kx =
0.72), according to Landis and Koch (1977).
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Table 2. Theory-guided categories, definitions and examples related to SCK and PCK, modified for this study

Categories

Definition (related to this study)

Examples of answers

Factual and conceptual Issues related to subject matter knowledge and concepts

Emissions caused by traffic, traffic jams, recycling.

knowledge (Anderson et al., 2001; Shulman, 1987).

. We should teach human values and inequalities while we

. Issues related to strategies to teach and learn about pro- . . . . . R
Methodological R . . ) . discuss different situations. With pupils we must analyse
environmental actions in students’ everyday lives .
knowledge how much waste we produce in our houses every day, to
(Anderson et al., 2001). .
discern how to reduce ...
Awareness of one’s own or other people’s cognitive The role of a small person against the entity. The

Metacognitive processes, thinking, learning or knowing. Reflection on  student’s limited opportunities, especially skills that one
knowledge the student teacher’s own actions and knowledge about a can influence oneself, such as recycling and making

teacher’s competence (Anderson et al., 2001).

ecological choices. Reflection on one’s own learning.

Assessment of one’s own or students’ competence or
agency. Evaluating one’s own performance and adjusting
for experiences (Shulman, 1987).

Evaluative knowledge

The mentality of sustainable eco-education does not, in
my opinion, support such efforts where huge amounts of
information are poured into the child’s developing
thoughts. There is no reason to pressure any student to
be anxious about the environmental crisis.

Critical knowledge, current and future actions and
considering the real-life implications of one’s thinking.
Link between thinking and doing, which can be
transformative (Rodgers, 2002; Schon, 1992). Reflective
knowledge is teachers’ or students’ ability to evaluate their
knowledge-related circumstances. The process of their
knowledge-related beliefs confirms the overall process of
knowing (Broncano, 2014; Shulman, 1987).

Critical knowledge and
reflective knowledge

It would be good for everyone to prefer food produced as
close as possible instead of always buying the cheapest
(critical). I can’t say how, for example environmental
issues are resolved at the provincial level. The concerns
could be, for example the unsustainability of Uusimaa’s
transport infrastructure and the lack of, for example
public transport in a certain area.

Although Finnish and Spanish results are presented
separately, the main focus is the phenomenon. Countries’
results should not be compared; rather, the SCK and PCK
analyses should be compared when the PSTs state that they
consider the essential skills and knowledge to be taught in
primary school, the most important existing environmental
problems and their solutions.

RESULTS

Frequency of SCK and PCK in Finnish and Spanish PSTs’
Answers

Both SCK and PCK appeared in PSTs’ answers concerning
essential skills and knowledge for primary school (Q1) and in
local, regional and global environmental problems (Q2).
Regarding the latter, the most often there appeared to be
factual and conceptual knowledge concerning environmental
problems. Approximately 90% of PSTs’ answers included
factual or conceptual knowledge regarding environmental
problems, and approximately 80% of answers concerned
essential skills and knowledge regarding sustainable
development (see Figure 1). Methodological knowledge
appeared in approximately half of the answers (FPSTs 66%,
SPSTs 41%). Metacognitive knowledge appeared less
frequently and varied widely in the answers between the
questions, being the highest on answers concerning essential
skills and knowledge for both the FPSTs and SPSTs. Evaluative,
critical and reflective knowledge appeared at a very low
frequency, above all among the SPSTs.

Factual and Conceptual Content Knowledge About the
Essential Skills and Knowledge to Teach in Primary
School

In PSTs’ answers, the idea appeared that, in primary
school, it would be good to start with the very basics, deal with

the subject as clearly as possible and highlight opportunities
that students can already do. The basics, such as everyday
choices, were also regarded as key skills and knowledge to be
taught and were regarded as influencing students’ learning.
Issues such as teaching theoretical information and
developing students’ relationships with nature appeared, as
well as understanding the meaning of nature as a key means
and content of SE in primary school.

Factual and conceptual knowledge-related issues
comprised most results (FPSTs 94%, SPSTs 99%), which were
usually connected to ecological sustainability.

“One example of the list was recycling, renewable
natural resources and biodiversity” (SPST103).

Some PSTs brought up factual knowledge in slightly more
sophisticated sentences by mentioning concepts concerning
sustainable development. For example, FPST69 wrote the
following:

“Economic and social sustainability.”

FPST69 further explained,

“Because the economy is strongly linked to nature and
social sustainability, it is important, because young
people worry about climate issues.”

Factual and Conceptual Content Knowledge About Key
Environmental Problems Locally, Regionally and
Globally

Factual and conceptual knowledge appeared in
approximately 90% of PSTs’ answers regarding local, regional
and global environmental problems (Figure 1). The most often
mentioned factual and conceptual knowledge about local
environmental problems was littering, plastic waste recycling,
global warming and overconsumption. Moreover, traffic jams,
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Figure 1. Appearance of factual and conceptual, methodological, metacognitive, evaluative, critical, and reflective knowledge in
PSTs’ answers (FPSTs n = 190, SPSTs n = 170) (Source: Authors’ own elaboration)

noise, sewage, high carbon footprints, the eutrophication of
lakes, clear cutting forests, fragmentation of natural areas and
meat production were mentioned. For example, SPST43 wrote
the following:

“The river pollution of my city. I would involve the city
council to control and sanction, and I’d raise awareness
among citizens.”

The connection to school was also mentioned as a lack of
enabling recycling opportunities in general and in schools (an
awareness and an encouragement of recycling) and in
connection to students and PSTs’ own lives, such as cycling
opportunities, green and recreation areas, the relationship
with nature and efficient public transportation.

Most PSTs’ responses contained factual and conceptual
environmental knowledge about regional environmental
problems. The issues that appeared in their answers were
recycling, littering and pollution, biodiversity and preventing
global warming based on leaders’ decisions. This is well
illustrated by the following view:

“Diminishing biodiversity. Humans are a significant
threat to biodiversity. So, the solution is for people to
reflect on their own activities in nature and in everyday
life, that is, for example, protecting endangered
organisms and animals, for example by avoiding
imported meat or protecting forest growth” (FPST17).

Regarding factual and conceptual knowledge about global
environmental problems, the PSTs usually mention global
warming, littering of all kinds, especially plastic waste,
overconsumption and biodiversity. They brought up issues
related to the economy, and some PSTs considered the
prospect of fossil fuels, the amount/quality of waste and

natural loss (i.e., rainforests and barrier reefs). An example of
an answer that includes both factual and conceptual
knowledge is:

“Stopping and reducing global warming by 1.5 degrees.
I vote and support influencers and decision makers who
push the issue forward alone. Telling other people and
emphasizing will get more votes” (SPST89).

Methodological and Metacognitive Content Knowledge
Regarding Essential Skills and the Knowledge for
Teaching in Primary School

The PSTs mentioned that the teacher should give examples
to the students, act or teach in such a way that the students are
not anxious or connect the matter to students’ everyday lives.
They also paid attention to ways of presenting and handling
the topic being taught.

Methodological knowledge appeared in FPSTs’ and SPSTs’
answers related to essential skills and knowledge in 66% and
41% of answers, respectively. Some PSTs justified the
importance of methodological knowledge in teaching
recycling because, besides its simplicity, it directly relates to
students’ experiential learning. They wrote, for example,

“By teaching small things related to everyday choices,
you can directly contribute to sustainable development
by bringing it closer to children and making it easier for
them to implement” (FPST94).

Metacognitive knowledge appeared in the FPSTs’ and
SPSTs’ answers related to essential skills and knowledge in
34% and 23%, respectively. In these answers, attitudes and
values were brought up together with the issue (e.g.,
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consumption) to be taught. For example, SPST151 wrote the
following:

“It’s essential to teach skills and knowledge related to
problem solving in the school context, eliminate all
types of discrimination, learn to take care of the planet,
reflect on which actions are the most sustainable,
practice them more and learn values and attitudes that
involve our own well-being and that of the entire
society.”

Some PSTs described how they processed, acquired, used
knowledge or presented an opinion, such as FPST29’s case:

“In elementary school, it is not appropriate to focus on
overly complicated and stressful matters that pupils
cannot influence and may only be anxious about the
overwhelming nature of the subject. It is expedient to
raise awareness.”

Sometimes, PSTs’ answers contained both methodological
knowledge and metacognitive knowledge, such as

“Finding connections and understanding an entity. To
an individual, throwing one piece of trash on the
ground or buying a new piece of clothing may seem
insignificantly small, but in the grand scheme of things,
when everyone thinks this way, it becomes a problem”
(SPST2).

Methodological and Metacognitive Content Knowledge
Regarding Key Environmental Problems Locally,
Regionally and Globally

Methodological knowledge was presented around a mean
of 67% and 41% of FPSTs’ and SPSTs’ answers, respectively,
concerning local, regional and global environmental problems
(Table 2). Metacognitive knowledge appeared very seldom
(less than 15% of answers).

In local environmental problems, both aspects, teaching
and learning in school as well as methods concerning the
environmental facts, appeared in PSTs’ answers. Subject
matter-related methods were also highlighted in PSTs’
answers, such as lowering the prices of sustainable food, a
preference for local food with a smaller carbon footprint,
refurbishing clothes, minimizing factory emissions in
municipal politics etc. The PSTs highlighted reflections with
the students as one of their main teaching and learning
methods:

“You can reflect with the student on what kind of
consumption culture you have” (FPST160).

Alternatively,

“Agreeing on rules in school with the students, project
work, working with colleagues to get the active learning
methods to school, for example to inhibit littering,
practicing in class what sustainable products are or
encouraging the reduction of consumption” (SPST125).

Regionally, methodological knowledge appeared similarly
to answers concerning local problems. For example, SPST33
wrote about the eutrophication problem of Mar Menor:

“I would make my students aware of the great
importance of this place and the problems it is going
through, so that the entire population, from a young
age, is made aware of the importance of taking care of
their environment and being responsible with their
actions.”

Global mentions can refer to methods such as the climate
agreement, reducing electricity and water, imparting
knowledge and teaching about issues and restricting emissions
to apply to the countries that produce the most.

“In most cases, a precise method for how to do this was
not really mentioned, only the term climate agreement”
(SPST4).

Evaluative, Critical and Reflective Content Knowledge
About Essential Skills and Knowledge to Teach at
Primary Schools

A few answers (FPSTs 9%, SPSTs 5%) appeared regarding
evaluative knowledge (Figure 1). Only in one answer did the
evaluative information focus on teaching-related phenomena,
such as teaching methods. In other answers, evaluative
knowledge was targeted to behavior, nature—environment
observations, the media issues, students’ actual need for
goods, students’ choices, students’ opportunities to act or the
correctness of information.

The following answer relates to teaching and human skills
and represents evaluative and critical knowledge (FPST87):

“One of the most important ecological skills is
optimism. Through this, I would look for answers to
basic questions, such as: How can the human attitude
towards climate change be critical and hopeful at the
same time? What can a person do for the environment
so the future can be approached with a benevolent
attitude? How can we make people appreciate their
environment better? With these values, I would try to
increase my ecosophical attitude in elementary school,
and I call that optimism. I believe that this approach is
of great importance in elementary school eco-
education. Namely, the mentality of sustainable eco-
education does not, in my opinion, support such efforts
where huge amounts of information are poured into the
child’s developing thinking. There is no reason to
pressure any student to be anxious about the
environmental crisis. Instead, the effort is to help the
students understand why changes need to be made.
Humans are capable of better things; you have to
believe in that. Above all, it is important to make the
next generation realize that there is reason to believe
in good. Then we will be able to fight for the diversity
of nature, and we will hopefully look for more
sustainable solutions!”

Critical and reflective knowledge appeared in
approximately 5% of both FPSTs’ and SPSTs’ answers, focused
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on future perspectives, anxiety and threats, together with
encouragement. SPST161 answered,

“In my opinion, one should not create big images of
threats but rather encourage students to create
solutions that are sustainable for the planet in their
own everyday lives.”

Methodological and Metacognitive Content Knowledge
of Key Environmental Problems Locally, Regionally and
Globally

Evaluative, critical and reflective knowledge was barely
found in the answers regarding environmental problems,
above all, among Spanish student teachers.

Evaluative knowledge focused on someone’s own actions
regarding local environmental problems. Concerning regional
environmental problems, the focus was assessing one’s own
competence, individual possibilities and results, means of
action or evaluations of the problem’s magnitude. Respecting
global environmental problems, the PSTs targeted an
evaluation of the student’s knowledge level, the possibilities
of influencing oneself, the company and responsibilities or
evaluations of the influential possibilities. Thus, FPST169
wrote,

“Difficulties caused by overpopulation to curb climate
change.”

Critical and reflective knowledge was also present in the
answers regarding environmental problems. The PSTs focused
locally on the critical examination of consumption habits. For
example, SPST83 wrote the following:

“In my town, we have a chemical derivatives company
that does not stop pouring toxic gases into the
atmosphere, thus compromising the health of citizens
and the species that live in this space. And all this for
the economic interests of the company and the town
council, which does nothing to change it. If inspections
were carried out in a regulatory and regular manner, the
health of citizens would not be compromised.”

Globally, criticism was directed at procedures, for example

“Large factories do not follow environmental laws or
disposable consumption culture, which should be got
rid of, difficult to solve because big polluters like China
do not commit” (FPST126).

In answers related to regional problems, reflective
knowledge focused on the inadequacy of one’s own knowledge,
skills and activities and on reflecting on one’s opportunities
for influence. For example, FPST99 wrote the following:

“Environmental problems in Finland include, for
example the pollution of waterways, the reduction of
biodiversity and littering. To solve these problems, the
Finnish government should make policies that reduce
the aforementioned disadvantages. I can influence
things myself with my own choices and by voting for
parties who promote the environment as state decision
makers.”

DISCUSSION

This study focused on student teachers’ views of key
questions, concepts and environmental issues and on their
views of the teaching skills that should be taught biology and
the geosciences. Previous research has shown that people’s
ability to identify factors affecting ecological sustainability
can be developed by supporting their understanding of SCK,
such as core ecological concepts and processes (Palmberg et
al., 2016) and a knowledge of teaching strategies and methods
(Yli-Panula et al., 2017).

However, few studies have been conducted on the
theoretical distinction between SCK and PCK as well as
observations of their empirical distinctions (Kleickmann et al.,
2013). This study contributes to the situation by clarifying
what kind of student teachers’ SCK and PCK are, and what
misconceptions and deficiencies they have regarding them.
This information can be used as the basis for teacher education
programs to further develop a sustainability pedagogy for
biology teaching.

In the answers of the FPST and SPST, both SCK and PCK
appeared. The most common knowledge was not only factual
and conceptual, but also methodological and metacognitive,
whereas critical reflections, reflective knowledge and
evaluative knowledge appeared rarely in the answers. The
previously mentioned factual and conceptual knowledge, for
example climate issues, biodiversity and river pollution, has a
strong basic connection to the natural sciences. However, they
are also deeply connected to society and the economy. To solve
these kinds of socio-scientific issues, the solver needs at least
basic factual content knowledge in the natural sciences and,
according to Roberts and Bybee (2014), skills to explain natural
scientific phenomena such as the biodiversity mentioned by
the PSTs.

In current education, both SCK and subject-specific PCK
(Hudson et al., 2023) are considered essential for teaching. The
purpose of science education is to define teaching according to
how it considers the meaning of a subject and the possibility
of its application to the external, real-world phenomena of the
school (Roberts & Bybee, 2014). This also includes an
understanding of the relationships between facts and
concepts. Facts and concepts were often combined (i.e.,
incapable of separate analysis) in PSTs’ answers, which
suggests that they did not necessarily master or know how to
distinguish between the phenomenon itself, and the related
concept. Student teachers must develop their scientific
understanding of the latest key ecological concepts in teacher
education to avoid spreading their own misconceptions as
teachers.

The essential factual and conceptual knowledge mentioned
by the PSTs to be taught in primary school was mainly
connected to ecological sustainability, such as recycling or
renewable natural resources, which represent real-world
phenomena and can be regarded as knowledge about
principles and generalizations. At the conceptual level, they
also represent terminological knowledge after Shulman’s
(1987) classification. These phenomena are also written in SCK
in the Finnish and Spanish school curricula (FNBE, 2016;
LOMLOE, 2020). The true real-world phenomenon in South
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Spain can be a lack of drinking water. It can be regarded as an
important detail or basic element of sustainability issues and
is not only based on ecology but also deeply connected to
social environmental issues and represents so-called socio-
scientific issues (Sadler, 2004). The factual and conceptual
knowledge regarding key environmental problems (i.e.,
littering, recycling, pollution, plastic waste, global warming,
and climate change) in the PSTs’ answers represented the
powerful SCK (Young et al., 2014) regarding sustainability. For
these authors, this kind of knowledge is empowering. With this
knowledge, the learner can study ways of acting and
participate in societal and ethical debates.

Roberts and Bybee (2014) describe ability in natural
sciences education using the term scientific competence. This
includes describing phenomena scientifically, and it always
includes methodological knowledge skills. Because the
phenomenon was not usually described but only listed as
concepts, the PSTs did not demonstrate deep interpretation
with scientifically competent answers. Especially when the
methodological connection (in half of the answers) was
missing, scientific competence appeared to be weak.

In general, factual and conceptual content knowledge
intersect with ecological, social and economic sustainability
(Yli-Panula et al., 2022), and it could be assumed to be seen in
such facts presented by the PSTs. Their answers did not often
include explanations of phenomena, so the PSTs did not
demonstrate their scientific competence in connecting the
issues they presented to these three areas of sustainable
development. Student teachers may find it difficult to teach
about sustainability and all its dimensions and aspects. They
need training in SE, as suggested by many other studies (Borg
et al., 2012; Uitto & Saloranta, 2017).

Metacognitive knowledge existed only in 10% of the PSTs’
answers, and evaluative knowledge seldom occurred in the
answers. Roberts and Bybee (2014) connected this evaluative
knowledge as an important ability, for example to research
skills in biology and thus part of the powerful knowledge of the
subject.

Critical and reflective knowledge rarely appeared in the
PSTs’ answers. Only some PSTs emphasized the need to find
sustainable solutions to environmental problems. Although
factual knowledge is important (Puig & Jiménez-Aleixandre,
2022), critical thinking and the utilization of knowledge of
biology and geosciences in everyday situations are essential
when dealing with topics. Teaching critical thinking can
support learners in recognizing how researched scientific
knowledge differs from non-scientific or pseudoscientific
claims, regarding, for example biodiversity loss or climate
change (Hansson, 2021).

Most researchers and education policymakers emphasize
that the slogan ‘scientific literacy for all citizens’ means not
only a discipline-specific understanding of concepts and the
nature of knowledge (Kapon et al., 2018; Roberts & Bybee,
2014) but also acquiring powerful knowledge (Young et al.,
2014). Powerful knowledge is knowledge that help individuals
understand and explain the world and gives them certain
‘powers’ in terms of capacity to move beyond their context-
bound experience (Young, 2013; Young & Muller, 2013). It
supports the empowerment of individuals and the

transformation of their understanding to find not only reliable
explanations for world phenomena but also new ways of
perceiving the world. He or she can learn ways of doing things
that enable participation in social and ethical debates (Young
et al.,, 2014) about the implementation of sustainable
development. Powerful knowledge promotes the future
school, where sustainable knowledge has a central role in
promoting social justice.

In biology education including SE, transformation of
individuals’ understanding of sustainability can be supported
by integrating different forms of knowledge into teaching and
learning situations. In the context of sustainable development,
knowledge can be categorized into evaluative, declarative
(factual), schematic, procedural and strategic knowledge.

Evaluative knowledge includes issues from the individual
level (micro level) to communities (meso level, schools,
educational institutions) and societal institutions (macro
level, cities, regions, states; Boeren, 2019). Using theory-based
evaluation, educational practices can be developed and
enhance and understanding among students and teachers can
be enhanced (Seeber et al., 2019). Declarative knowledge, such
as ecological principles, is crucial regarding sustainability
(Michaelis, 2017). Schematic knowledge is used to describe
what happens outside of our direct experience or perception.
Declarative and schematic knowledge are crucial for
understanding the different biological content areas and their
applications in SE. Procedural knowledge comprises actions
that are suitable for certain types of problems in the specific
domain (de Jong & Ferguson-Hessler, 1996). For example,
climate change is one of the teaching and learning topics
which offer good opportunities for creativity and via creativity
to support students’ problem-solving skills concerning
environmental problems from local to global level. Decision-
making situations require the integration of different types of
knowledge. For example, management decision making
requires the integration of declarative and procedural
knowledge and the application of schematic and strategic
knowledge (schematic [why] and strategic [when, where, how]
knowledge) (Seeber et al., 2019).

For supporting sustainable behavior in biology education,
it is crucial to emphasize systems thinking and focus
interconnections between environmental, social and
economic dimensions of sustainable development (Fischer et
al., 2024). In addition, it is also important to apply
transformative didactics to the learning of cultural
perspectives.

CONCLUSION AND IMPLICATIONS

This study explored student teachers’ views of key teaching
issues, concepts and environmental issues in biology and
geosciences, as well as their views of the teaching skills that
should be taught in these subjects. The PSTs demonstrated not
only many strengths but also limitations in their views
regarding SCK and knowledge of environmental teaching
skills. Many PSTs considered it important to teach factual,
conceptual, methodological and metacognitive knowledge and
skills useful for solving local, regional and global
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environmental problems. They also presented critical and
evaluative information, but quite rarely.

The results of the study suggest that some aspects of
knowledge must be addressed to biology and geoscience
teachers to be successful in teaching SCK and PCK and
integrating biology and geosciences with environmental
issues. First, student teachers must have the goals and
purposes clear that focus on student learning with respect to
scientific knowledge, scientific process skills and scientific
attitudes. Second, strong SCK makes it easier for student
teachers to teach SE through different teaching and learning
methods. One of the goals of natural science education is to
promote a breakthrough in sustainability and support
children’s and young people’s growth in environmental
responsibility. This means changes to the subjects of biology
and geoscience. The role of teachers in this comprehensive
support of sustainability skills is crucial. The role of education
is emphasized especially in the current ‘post-truth’ era, where
researched information mixes with opinions and in some
reference groups the challenge is even dealing with science
denial (Sinatra & Hofer, 2021). Questioning the status of
researched information is not a new phenomenon. For
example, in the case of biological information, its
consequences have taken serious forms when people refuse to
make (environmentally) responsible choices.

The main lesson of this study is related to Shulman’s (1986)
framework. The slavish application of the framework can lead
to the situation where certain epistemological assumptions
about PCK can promote an understanding that reflects the
features of the process-product research paradigm (Dunkin &
Biddle, 1974)—and the behaviorism that influenced it—of which
Shulman’s (1986) work was a timely and influential critique
(Tallman, 2023).

Another challenge is that due to diverse traditions and
cultural backgrounds, pedagogical approaches and teaching
methods as context-dependent issues can vary between
countries. Also, SE can be understood in different ways due to
cultures and environmental factors across countries and
educational institutions. In addition, language differences can
pose challenges in research design and implementation. These
things can also affect student teachers’ perceptions of SCK and
understanding of PCK in biology education including SE.

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

Due to the issues mentioned above, the results should be
interpreted with caution. However, from a practical point of
view, we hope that they will provide ideas for promoting a
transformative approach and sustainability aspects in teaching
to develop curricula and practices in teacher education and at
schools.
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