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Abstract

Throughout the past decades, inquiry-based teaching has been subject to much
research that has documented its effectiveness. In spite of this, the teaching
method remains largely unused in Danish science classrooms, as many teachers
haven’t been properly educated in, how to apply it in their teaching practice and
perceive it as time-consuming, and difficult to control, as a result of its open and
student centred nature.

In order to understand, if this also applies to newly educated science teachers,
who have been properly introduced to the teaching method at the course
‘Advanced Methods of Teaching Science’ at the University of Copenhagen,

[ have studied how six newly educated science teachers understand and perceive
IBSE, and in addition observed how they employ it into their teaching practice.

I have collected data in classroom observations and interviews, and I have,
among others, found that the participating teachers generally have extensive
knowledge of IBSE, which they perceive as a valuable pedagogical tool that they
frequently employ in their teaching. The way it is implemented varies, based on
factors such as the academic level of the students, the classroom chemistry and
the individual teaching style of the teacher, but in general, the participating
teachers always design their inquiry-based lessons with the 6F-model as an
underlying template.

However, In spite of the extensive understanding and positive attitudes to
inquiry-based teaching, the teachers involved in this study, often experience
challenges related to, especially the time-consuming nature of IBSE, and how to
provide feedback to their students, why I conclude that more attention must be
given to address these issues at the ‘Advanced Methods of Teaching Science’
course.
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1. Introduction

Inquiry-based teaching (IBSE: Inquiry based science education)? is an
instructional method that is founded in a constructivist tradition and used in
science classrooms around the world.

[t can be considered a student centred form of teaching, as students, in inquiry-
based lessons, explore scientific questions, typically by experimenting, while the
teacher guides them in the right direction, without interfering or taking direct
part in the exploration.

Throughout the past decades, IBSE has been subject to much research that has
documented its effectiveness, but in spite of this, it remains largely unused in
science classrooms, among other things because many teachers perceive it as
time-consuming, and difficult to control, as a result of its open and student
centred nature.

As |, in this thesis, study newly educated Danish science teachers’ perceptions
and understandings of the teaching method and investigate how it is introduced
in practice, this thesis is meant to add to the body of literature in science
education, which seeks to improve science teacher education and professional
development.

[ use a combination of qualitative and quantitative methods to get insights from
the teachers themselves and from their classrooms. My approach has been, to
interview six science teachers, who teach different subjects at various academic
levels, in order to learn about their perspectives. Additionally [ have observed
three of these teachers’ teach a module at their respective schools, in order to
understand how inquiry-based teaching takes place in practice.

[ have then submitted the data from my interviews and observations, to a
thematic and a descriptive analysis, respectively, in order to answer my research
questions. In this thesis, [ present these answers and the work that led me to
them.

[ begin by contextualizing inquiry-based teaching, by presenting central aspects
of the teaching method and reviewing its theoretical roots and historical
development. This is followed by a presentation of research relevant for this
study, where I among others focus on positive and negative aspects of the
teaching method and case studies that explore how newly educated science
teachers implement IBSE in practice. The content of the first two chapters are
meant to form the background of my research questions, these are presented as

11 use the acronym IBSE and the term 'inquiry-based teaching’ interchangeably to refer to the teaching
method in this thesis, as both are common in international (Harlen 2010; Lawson 2010; Llewelyn, 2013)
and in Danish research. (Kruse 2013; @stergaard et al 2010).



Chapter 4. The methods of my study are described in Chapter 5, and in Chapter 6,
[ go through my analysis and my results. In Chapter 7 I discuss my findings,
before I provide a conclusion and give suggestions for future perspectives in
Chapter 8 and 9.



2. Background

In order to examine how educators use and experience inquiry based teaching, it
is important to understand exactly what it is. Therefore, this following chapter
seeks to contextualize this study, by explaining some of the many aspects of the
teaching method.

To provide a basic understanding of IBSE and its implementation, the first
section explains its nature and explores how it functions in practice. In the
second section I explain constructivism, which is the theoretical framework for
IBSE. This is followed by a section, in which I briefly review some of the original
thoughts and teaching strategies that have inspired to the creation of IBSE.

In the fourth section, inquiry-based teaching with a focus on learning models,
such as the 5E and the 6F-models, are thoroughly reviewed. And finally in the
fifth section, I explore how learning in circles can lead to a higher level of
scientific literacy.

The nature of Inquiry-based teaching

Every educator has a unique way of teaching; consequently, multiple methods
and teaching strategies are used in science classrooms, museums and schools,
ranging from cookbook exercises, direct instruction, multimedia-presentations
and textbook instruction to inquiry-based teaching.

Each of these methods has different benefits and limitations. As an example,
teaching that uses direct instructions from the teacher and textbooks, tend to
focus on students’ acquisition of factual knowledge (Bass et al. 2009).
Consequently, this kind of teaching has the potential to cover a large body of
information, often directly related to a given curriculum, but it also tend to focus
on memory and learning answers, rather than exploration and critical thought
(Reaume 2011).

Conversely, an additional aim of inquiry-based teaching is that students learn the
correct scientific methods and language (Gormally, Brickman et al. 2009), it is
designed to engage students through group work and experiments, in which
students get to practice their scientific understandings.

Overall, there are many definitions of IBSE, but in this study [ have chosen to use
the definition given in the National Science Education Standards:

Inquiry is a multifaceted activity that involves making observations; posing
questions; examining books and other sources of information to see what is
already known; planning investigations reviewing what is already known in light
of experimental evidence; using tools to gather, analyze and interpret data;
proposing answers, explanations, and predictions; and communicating the
results. Inquiry requires identification of assumptions, use of critical and logical

10



thinking, and consideration of alternative explanations (NRC 1996 p. 23).

In other words, in inquiry-based lessons students are required to solve problems
by using scientific methods (Spronken-Smith and Walker 2010), but as the
students do not already have well developed skills of observing, collecting
evidence, making predictions, testing possible explanations and interpreting
findings, they not only develop an understanding of the scientific subject they are
working with, they also get hands on experience, increasing their scientific
literacy in the process, which is one of the most important arguments of IBSE
(Frisdahl 2014; Harlen 2004). IBSE is thus thought to provide students with a
deeper understanding of a given science related subject, as the knowledge
developed is based on both the methodological and the conceptual
understandings of natural science (Bass et al. 2009; Marshall and Alston, 2014;
Reaume 2011), which fits well with the overall goals for Danish science teaching,
as teachers, among others, are expected to teach about, for instance, scientific
reasoning and argumentation and the role of experiments in science2.

Inquiry-based teaching in practice

Because of its width, there are many ways in which IBSE can be practiced: “It is
not a program of study, nor a scheme of work, or a curriculum model” (Harlen
2004 p. 6). Therefore inquiry-based teaching can take on multiple forms in
practice, varying from short investigative sessions, which might fit into a single
module, to month-long activities (Crawford 1999).

However, inquiry-based teaching is usually structured around a student’s
independent exploration of a scientific issue. The exploration, is scaffolded by the
teacher who provides materials and feedback and in general facilitates the
activity without providing the students with any answers. The most significant
difference between IBSE and traditional teaching, is that the students are
allowed to work with the problem before the teacher uses their new and partial
understandings to create factual knowledge which is new to the students
(Nielsen 2017).

Even though there are standards that formulate suggestions and goals for IBSE
teaching, as the purpose statements made by the ministry of education, it is
ultimately up to the individual educator to design the teaching to fit these goals.
As a result the individual inquiry-based lessons do, in practice, differ due to
teachers conceptions of inquiry and factors such as teachers own education and
knowledge, the age of the students, the academic level of the students, classroom
chemistry, availability of science equipment etc. (Keys and Bryan 2001).

Z As an example the teaching-plan for the scientific introductory course at C-level (Upper
secondary school) is attached as Appendix A

11



In fact, Harlen (2004) suggests that different modes of implementation not only
are inevitable, but even desirable, as different situations to a higher degree will
reflect the real world. Furthermore the diversity of IBSE has the potential to
invite teachers into using inquiry in ways that match their own beliefs and
teaching styles (Keys and Bryan 2001).From this perspective, what makes
teaching recognizable as inquiry-based, is ultimately the character of activities
taking place in the classroom. Table 1 summarizes some of the key features that
make a lesson inquiry-based.

Table: 1 Characteristics of inquiry-based science education. Based on Harlen 2004;
@stergaard, Sillasen et al. 2010

1. The students are engaged by scientific questions

The nature of IBSE requires students to work in a scientific way, creating their own
hypotheses about the natural world, materials, objects or events. This can be done

individually or in collaborative groups making it possible to share ideas, formulate
hypotheses and construct understanding together.

2. Formulation of hypotheses

Starting with their existing knowledge, including their exploration of the problem,
students formulate potential solutions in order to solve a problem.

3. Testing

To imitate the scientific methods, the students must consider how their hypothesis
can be tested and answers may be found through investigation. This requires them
to select, organize and present their data in accordance to their hypotheses.

4. Conclusion, validation and contextualization

The students present their solutions and seek to validate their answers through
other sources. In order to extend their newly found scientific knowledge, the
students must apply their findings and skills to other contexts and situations.

Throughout an inquiry-based course, it is the teacher’s responsibility to guide
and support the student’s activities by providing scientific material, asking open-
ended questions to stimulate understanding, and when necessary, help students
with planning, so that hypotheses and ideas are properly tested. But it is the
students who must do the exploring.

12



In this context, it can be argued that the student centred nature of IBSE, has the
potential to get students to take ownership of their experiments and even
capture and maintain their motivation for working with natural science in the
future (Frisdahl 2014) The teacher's role is thus significantly changed in a
student centred inquiry-based science lesson, as he or she goes from being in
control of the students' activities, to supporting the students, when they
formulate research questions that they themselves can work on.

There are, however, as mentioned, different factors that decide how inquiry
based teaching is structured in the individual classroom, as parameters such as
the student's academic level, the subject's complexity and the students' ability to
work independently, can influence the degree of openness of the inquiry-based
activity. The teacher can thus, based on the environment in which he or she
teaches, adjust the level of inquiry, by increasing or downgrading the amount of
decisions that the students should relate to, during the session. This is described
by among others Trnova and Trna (2012) and Colburn (2000), who distinguish
three different levels of inquiry (Table 2).

Table 2: Three levels of inquiry from Trnova and Trna (2012 p. 12)

Three levels of inquiry-based teaching

Structured Inquiry

The teacher provides students with a hands-on problem to investigate, as well as the
procedures, and materials, but does not inform them of expected outcomes. Students
are to discover relationships between variables or otherwise generalize from data
collected. These types of investigations are similar to those known as cookbook
activities, although a cookbook activity generally includes more direction than a
structured inquiry activity about what students are to observe and which data they
are to collect.

Guided Inquiry
The teacher provides only the materials and problem to investigate. Students devise
their own procedure to solve the problem.

Open Inquiry

This approach is similar to guided inquiry, with the addition that students also
formulate their own problem to investigate. Open inquiry, in many ways, is similar to
real world science.

13



In summary Inquiry-based teaching can be understood as a superordinate term
that includes various different ways of teaching, in which students follow and
imitate methods and practices similar to those of professional scientists, with the
intention of creating their own knowledge. The teaching-method is student
centred and designed so that students get hands on experience with the scientific
world and improve their scientific literacy, while the teacher facilitates the
learning by scaffolding, assisting and providing feedback.

The Origin of Inquiry-based Teaching

After having explained the nature of inquiry based teaching, the following
section examines constructivism, which is the theoretical framework from which
IBSE derives. This is followed by a brief review of the historical development of
inquiry-based teaching and the learning-models that have grown to be a central
part of the implementation of IBSE in science classrooms around the world
(@stergaard, Sillasen et al. 2010).

The Constructivist way of Learning
In contemporary science education, constructivism has been a major theoretical

influence, inspiring many new methods of science instruction, including IBSE
(Matthews 1994).

One of the central principles of constructivism is that every human being
searches for, negotiates and constructs meaning from the world around us, by
reflecting on our everyday experiences (Llewellyn 2013). Knowledge is
therefore, in a constructivist point of view, not passively received, but actively
built up by the cognizing subject. In this perspective, learning is not only an
active, but also a highly personal process, as new information is managed
differently from person to person, based on prior individual knowledge and
experiences.

Jean Piaget who was one of the founders of constructivism, formulated the
central concept mentioned above, that all knowledge is created and adapted
through a lifelong process of interaction with new experiences and situations
(Andersen & Krogh 2017). Furthermore, he argued that the knowledge of a
person is structured as figurative or operative mental schemas, related to either
actions or consequences. When a person, in this perspective, encounters a new
situation, his existing mental schemas come in to play, and knowledge is shaped
through a combination of processes known as assimilation and accommodation.

Assimilation can be understood as a process, where new experiences that fit into

already existing mental schemas is added, without the schemas being
fundamentally changed. Whereas in the process of accommodation, the mental

14



schemas are altered; modified or changed to accept or fit the newly perceived
knowledge (Ibid)

The adaption of new knowledge then occurs, because the individual encounters
phenomena that cannot be fitted into his already existing cognitive structures. In
these situations, the individual experiences a state of disequilibrium, which can
only be solved if the person adjusts his already existing cognitive structures to
accommodate the new situations (Llewellyn 2013; Andersen & Krogh 2017).

Social Constructivism

Even though learning, as stated, is a personal process, it should not be
understood to mean that it occurs independently of others. This was theorized
by Lev Vygotsky, who came to be of huge importance for the social constructivist
movement, which can be seen as an important corrective to classical
constructivism (Winslgw 2009)

The idea that the cognitive development of a person, to a high degree, is driven
by social interactions is fundamentally different from Piaget’s ideas, in which the
cognitive development primarily was considered to be an individual process.
Learning, from a social constructivist perspective, is thus mediated by aspects
such as social interactions, which makes it possible for the students to argue,
discuss and, in general, use their language, which is considered the most
fundamental symbolic learning tool in social constructivism, which is expressed
in one of Vygotskys well-known quotes:

“Thought is not merely expressed in words, it comes into existence through them”
(Andersen & Krogh. 2017 p. 24).

In extension of this, Vygotsky suggested that the individual student, to a high
degree, develops his cognitive understanding, through dialogue with teachers or
other students. To illustrate how the process of learning works, he introduced
the concept: the zone of proximal development (ZPD).

“The ZPD should be understood as the realm of what is slightly beyond the learner’s
skill. This is limited on the lower end, by what the learner can accomplish
independently, and on the upper end, by what the learner can accomplish through
interactions with others, such as peers, teachers or tutors. In the ZPD the learner’s
actions are ‘scaffolded’, so that they are able to do more than they were able to do
on their own. By practicing this, the learner’s abilities grow, pushing the
boundaries of the ZPD further outward, and thus learning occurs”(Doolittle 1997
p. 85)”.

15



From the social constructivists point of view, it is thus crucial for the cognitive
development of a person, that the teaching is not only based on where the
individual student is in his mastery of content, but that it also builds upon
knowledge about how much the student is able to develop and accomplish.

In order to describe the teacher’s work, supporting the students within the ZPD,
the American psychologist Jerome Bruner introduced the concept of scaffolding
(Wood, Bruner et al. 1976), in which the central idea is that the teacher supports
the student during the learning process, with the intention of helping him
achieve his learning goals. Then when the student reaches a self-supporting level
of knowledge, these supports are then gradually removed (Ibid).

Various different pedagogical actions relate to the concept of scaffolding, these
among others include: providing resources for the student, introducing a
compelling task, providing templates and guides, giving advice and coaching.

In relation to this, it is indeed possible to see features from constructivism and
social constructivism embedded within inquiry-based teaching.

IBSE is thus structured so that the conceptual knowledge of the learner is
created during research, where students in groups negotiate and reflect on
observed phenomena and develop their professional language.

Additionally inquiry-based teaching emphasizes the importance of ascertaining
the learners predefined knowledge of a subject, in order to create cognitive
disequilibrium and optimize learning. This is used in contemporary teaching
models exemplified by the 6F model, in which an actual phase has been added
that serves the purpose of “uncovering” what the student already knows or
thinks about a given subject or topic.

Finally, the teacher’s role in inquiry-based teaching is directly comparable to the
notion of scaffolding, as it is the teacher who introduces a compelling task and
provides materials, but most importantly guides students by giving them
feedback, which is a central part of IBSE, because of it’s student centred and
open-ended nature. Through the process of feedback the teacher can stimulate
student learning and ensure the highest possible learning outcome by adjusting
the level of scaffolding, so that it fits with the individual student. This does
however require much of the teacher, who must have a detailed knowledge of
the competencies and opportunities for development for each student.

The Story of Inquiry-based Science Education

After having examined some of the constructivist concepts underlying inquiry-
based teaching, this section focuses on how the teaching method has evolved
from being principles and ideas to more concrete teaching tools and models.
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Even though IBSE as a teaching method, was only introduced in Denmark
recently (@stergaard, Sillasen et al. 2010), its core ideas has several historical
predecessors and can be traced back, to the beginning of the twentieth century
and the work of the German philosopher Johan Friedrich Herbart, who
formulated two important principles for teaching, that can still be detected in the
methods of inquiry-based teaching today (Bybee 2015).

For Herbart, the primary purpose of education was the development of
character, and the process of developing character began with cultivating the
student’s interest in a topic (Ibid).

In other words, effective instruction was dependent on the students overall
interest in the subject being taught. According to Herbart, the way to stimulate
this interest was most effectively achieved through social interactions in the
classroom, and by letting students get direct experiences with the natural world,
by making observations and experiments.

In order to increase the conceptual understanding of the students, it was then
essential that the impressions gained from the practical work, was put into
relation with the students’ prior knowledge and formed into general concepts or
principles, which was Herbart’s second principle of teaching.

Overall, both of Herbart’s principles have influenced contemporary inquiry-
based teaching, which also emphasizes the stimulation of the students’ interest,
the importance of doing practical work and the scientific methodology.

Another influential philosopher of the early twentieth century, was the American
academic, constructivist and teacher John Dewey. In his book ‘How we think’,
which was first published in 1910, he acknowledged the ideas of Herbart and
proposed, what he thought were five indispensable steps of reflective thinking.
These included: (1) Defining the problem, (2) noting conditions associated with
the problem, (3) formulating a hypothesis for solving the problem, (4)
elaborating the value of various solutions, and (5) testing the ideas to see which
provided the best solution for the problem (Dewey, 1997 p. 72).

Although Dewey's indispensible features for reflective thinking cannot be
classified as an actual instructional model, it is still possible to detect some
important similarities with contemporary inquiry-based teaching and his idea,
‘that there is an order of events, that should optimally occur in the process of
human learning’ and Herbart’s thoughts about cultivating the students interest,
was eventually adopted by the creators of several contemporary learning cycles
(Lawson 2009).
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Developing Instructional Models

In 1962 J. Atkin and Robert Karplus, proposed an early edition of a learning cycle
that became a source of inspiration for many other models (Lawson, 2009:
Bybee, 2015). It was designed to correspond to the way scientist invented and
used concepts about the nature and involved three phases: exploration, concept
introduction, and concept application (Llewellyn 2013).

The purpose of the exploration phase was to allow students to become interested
in the subject at hand, raise questions, gather data and identify points of
dissatisfaction with their current understanding.

This was followed by the concept introduction, which was a phase where the data
and observations gathered in the exploration phase were interpreted, explained
and discussed in the classroom.

Finally, the concept application phase gave the students opportunities to test

their ideas, and try out their latest understandings in new contexts (Tanner
2010).

In the mid eighties the BSCS3 5E’s instructional model was then created. Its
author, Roger Bybee and his colleagues described it as a ‘direct descendant’ of
the Atkins and Karplus learning cycle (Bybee 2015), as it contained parts from all
three of the abovementioned phases, and in general served the same purpose, to
create optimal conditions for the students construction of new conceptual
knowledge (Ibid). In order to elucidate the learning cycle, it was divided into five
phases, each starting with an E named after what they imply; Engage, Explore,
Explain, Elaborate and Evaluate (Ibid).

The engaging phase is thus meant to engage students in the subject and establish
their focus. In the Exploration phase students explore and examine concepts and
issues. In the Explaining phase, students explain their discoveries. Finally the
students newly found understanding of phenomena and concepts are extended
through new activities and experiences in the Elaborating phase.

Furthermore, in the Evaluating phase the teacher assess the learning outcomes of
the lesson, however, evaluate also refer to the continuing informal evaluation of
the students throughout the cycle (Ibid), which is illustrated in Figure 1.

3 Biological Sciences Curiculum Study
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Figure 1: The phases of 5E-model (From A. Berg. 2014)

The 5E model has since been redefined several times by, among others, Arthur
Eisenkraft (Eisenkraft 2003), who wanted to emphasize the importance of
ascertaining the student's prior knowledge, which can be related to the
constructivist way of learning. Therefore, in 2003 he added an extension to the
model by splitting the engagement phase into two, Elicit and Engage.
Additionally, Eisenkraft also argued for the importance of using the newly added
knowledge of the students in other situations, adding, therefore, the Extension
phase. The 5E and 7E models were later transformed into a Danish version,
named, The 6F-model, at the course Advanced Methods of Teaching Science, at
the University of Copenhagen.

The 6F model was created on the basis of, and can be seen as a combination of
The 5E and 7E models, and contains the phases: Elicit, Engage, Explore, Explain,
Extent and a more fluid formative version of Evaluation, which is called
Feedback. During my interviews I learned that all of my informants associated
the 6F model, in particular, with inquiry-based teaching. As a result, this study
emphasizes the 6F rather than the 5E-model, even though the latter is more
often used in an international context.

The principles for the individual phases of the 6F-models are described in the
following section.

The 6F Model

As mentioned, the 6F model, like other teaching models, is meant to structure
inquiry lessons that often have a high degree of freedom for the individual
student (@stergaard, Sillasen et al. 2010). The 6F model is, as shown in Figure 2,
circular, as a course of instruction will most likely follow in a closed circle, where
the extension phase potentially can initiate a new course (Frisdahl, 2014). The
model is dynamic, which allows teachers to use it in different ways, some phases
can thus be repeated more than once in a lesson. It should, however once again
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be mentioned that the phases Explain and Extent must not be introduced before
the students have explored a topic.

FORUDSATNING

{
-

FORLAENG FEEDBACK FORSK

Figure 2: The phases of the 6F-model (From Evans and Madsen 2012)

Even though the Danish 6F-model, to a high degree, looks like the 5E and 7E-
models, there is a significant difference in the nature of the feedback being given.
As illustrated in Figure 2, feedback is being exchanged continuously throughout
the lesson in the 6f-model, changing the nature of the feedback from being
summative to formative. This change has been completed, as formative feedback
is suitable for an inquiry lesson, as it not only keeps the students going, but also
gives the teacher valuable information about the students experiences and
general progress, which he can use when scaffolding the learning of the
individual student (personal conversation with associate professor at
Department of Science Education, Robert Harry Evans). The general principles of
the phases of the 6F-model are elaborated on the upcoming pages.

Elicit.

The central part of the first phase of a 6F- lesson is that the teacher ascertains
insights about the student’s prerequisites related to the subject of the lesson
being started. From a constructivist perspective, successful learning is founded
in the student’s predefined knowledge; therefore it is essential that the questions
or exercises are formulated to reveal insights about this. Additionally the phase
gives the teacher knowledge of the students' academical level, providing the
opportunity to decide whether there is a need for changes or adjustments in the
planned course of instruction (Bass et al. 2009; Bybee et al. 2006).

Engage.

The engaging phase serves the purpose of creating a teachable moment by
catching the student’s interest in the subject, motivating the student to seek new
knowledge (Bybee 2015). This can be done with surprising, fascinating and
marvellous movie clips, trials, data sets, etc. The elicit and engage phases are
closely linked as the engaging phase must be based on, and challenge the
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previously held assumptions and views of the students “thus creating cognitive
disequilibrium” (Ulriksen, Jensen et al. 2013).

Explore

After the student’s interest has been awoken, they must work in a scientific way,
exploring, gathering data and formulating hypotheses about the phenomena that
they are studying. In this phase the students are responsible for doing the
research and developing ideas that the teacher can later relate to
institutionalized knowledge (Nielsen 2017). It is, however, as we have seen,
possible to modify the openness of inquiry in a lesson, depending on the
academic level of the students. There is thus no definite way to implement an
explorative phase, which can vary in many ways, based on subject, the teacher's
expertise and the available remedies in the classroom (Harlen 2004).

Explain

In the explain phase the students are given the opportunity to share and test
their observations, hypotheses and conclusions with their fellow students and
the teacher. (Bass et al. 2009: Frisdahl 2014). A central point of the explanative
phase is that the discussion is built on the students 'own experiences from the
research phase, which gives them an opportunity to express their conceptual
understandings and train their scientific language.

This phase is however also meant to interconnect the context-emphasizing and
open-ended practical work with the teaching plans and the curriculum, which
defines what teachers are supposed to teach in their classrooms. The teacher can
therefore introduce institutionalized knowledge, concepts or definitions that
relate to the work of the students in this phase (Bybee 2015; Frisdahl 2014).

Extend

In the extending phase, the students newly achieved knowledge is applied in new
contexts. The phase is thus designed to challenge and extent the conceptual
understanding of the students and provides further opportunity to practice
scientific skills and language allowing students to develop a deeper and broader
understanding of the subject (Bybee 2015) The phase does, however, also serve
the purpose of preventing the new knowledge from being situated, which can be
characterized as knowledge that is bound to certain contexts and therefore
cannot be used in other connections (Frisdahl 2014).

Feedback

In the Danish 6F-model, the feedback-phase is, as mentioned, not an independent
final summative phase that allows teachers to evaluate the student’s progress
toward the learning outcomes.

[t should, to a higher degree, be understood as a continuous formative activity
that is evident throughout the course of an inquiry session. It serves many
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purposes and can take on different forms from teacher-student, student-teacher,
student-student-feedback, just to mention a few.

From a teacher’s point of view, the feedback received via interactions with and
signals from the students, can provide valuable information about the progress
of the students. This information is important and can allow the teacher to adjust
the activities in order to promote student learning. Conversely, the teacher-
student feedback is meant to guide the students, push them in the right direction
and motivate them to learn even more (Frisdahl 2014; Yin, Shavelsen et al.
2008).

Learning as cycles

The 6F-learning cycle is thus basically a model that is meant to structure
teaching by separating it into sequential phases. It is cyclic in nature, as the final
phase of the teaching can lead to the initiation of a new cycle (Tanner 2010).

Its cyclic nature can however also be understood in another perspective that
implies a number of cognitive benefits that [ will now discuss. First, inquiry-
based teaching, in general, often requires the students to repeat the learning
process a number of times, when they find that their initial hypotheses should be
altered, as their attempt to test it proves unsuccessful. Starting over multiple
times will, each, time provide the students with additional knowledge about the
specific hypothesis or subject at hand, which will then ultimately increase their
conceptual understanding (Frisdahl 2014).

Inquiry-based teaching can however also be understood as a learning cycle that
spans over a longer period of time. This perspective sheds light on how IBSE can
help students to get familiar with the methods of a given science subject.

The first couple of times they conduct experiments, students are thus likely to
experience insecurity and concerns related to social factors, such as group
dynamics and methodical factors such as, how to properly design an experiment,
how to minimize uncertainties in experiments or how to present their data in a
manageable way (Frisdahl 2014). But with every inquiry-course, the students
gain experiences and knowledge that, eventually, makes it easier for them to
participate in the next inquiry-based lesson, as their contextual understanding is
slowly being developed.

As a result, the students (and the teacher) will presumably experience inquiry-
based teaching as challenging and time consuming when it is first implemented,
as experiments fail, and the uncertainties seems inconceivable (Ibid). But in the
long run, the students gain scientific literacy, process skills and conceptual
learning, as they get used to the teaching method (Harlen 2004).
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3. Research Background

This study has, up until this point, predominantly investiga