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Abstract

Argumentation in teaching and its centrality in higher education has been noted to be important. The logical order of
presented content knowledge and soundness of reasoning are both essential parts of well-planned teaching. Even
though coherent and sound argumentation is essential, even more important is the ability to reorganize the content
structure for teaching purposes. This study investigates pre-service physics teachers” knowledge justification schemes
(identification of content knowledge) and didactical schemes about four different topics on quantum physics. The data
is collected from a physics teacher preparation course which attended of N=16 pre-service physics teachers’. The
knowledge justification schemes (KJS) and didactical schemes (DS) were evaluated and scored. Each pre-service
teachers’ scores of KJS’s and DS’s were summed up and normalized from 0 to 1. The results suggest that successful
identification of content knowledge (quality of KJS) is a pre-requisite qualified didactical scheme but the opposite never
happens. The results offer new kind of understanding how scientific argumentation can be implemented in higher
education and especially in teacher education. The possibilities to use argumentation as a teaching method as well as
method to learn scientific knowledge in teacher education is discussed.
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Introduction

Scientific argumentation plays a central role in learning the form, structure and nature of scientific
knowledge (Rapanta et al., 2013; Fischer et al., 2014). However, it has been noted that students find it
difficult recognize the situations to use argumentative justification even though the basic
argumentative moves might be familiar from daily life, e.g. politics (Cavagnetto & Kurtz, 2016;
Garcia-Mila & Andersen, 2008). This motives to think that science teacher education paying more
attention to teaching of argumentation as an instructional method but also as a learning method
would be successful. However, argumentation is rarely used as a part of practical teaching. (Fischer
et al., 2014; Knigh-Bardsley & McNeill, 2016) There can be many explanations for the present state but
one quite obvious reason might be teachers’ uncertainty to use argumentation in their teaching which
will explain their unwillingness to teach students how to construct arguments or how to use
argumentation (Zohar, 2008; Knigh-Bardsley & McNeill, 2016). This could be a good possibility for
teacher education to step forward and offer qualifications for argumentation so that pre-service
teachers would have substantial skills regarding both technical and pedagogical use of
argumentation.

Argumentation studies usually aim to either learning-to-argue or arguing-to-learn (Rapanta et al., 2013).
In this study these both goals and directions are taken as equally important in promoting pre-service
physics teachers’ better skills to identify basic argumentative moves and structures, to construct
coherent arguments and employ argumentation in their future teaching. To this end, this study
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introduces knowledge justification schemes and employ them as a tool to teach argumentation and
argumentative structure by paying special attention to justification of knowledge claims. Knowledge
justification scheme is a graphical representation of the argumentative structure of justification of
knowledge claim.

Coherent and sound argumentation is essential in teaching, but however, even more important is the
ability to reorganize the content structure for teaching purposes (Duit et al., 2014; Nousiainen, 2013).
Physics knowledge is complex; it is organised and has a structure, whereby meaning of physics
concepts builds up essentially through the structure. Learning such complex content knowledge
forms also a basis to learn coherent argumentation on subject matter knowledge. Clear exposition of
new concepts, clear direction of progress, where new concepts are learned based on previously
explained concepts, and clarity in how concepts become related are key features of well-organised
physics content which a physics teacher should have in command. These aspects are trained by
implementing didactical schemes which help pre-service physics teachers’ to organise their
understanding of physics conceptual structure and reflect how such structure is built in teaching.
Didactical schemes can be regarded as argumentative structure of a teaching plan which combines
both content knowledge and justification of that content knowledge. Again, didactical scheme is also
a graphical representation of the teaching plan. The emphasis on graphical representation of
knowledge is justified by the shared notion of their usefulness in forming “the big picture” of the
relational knowledge structure in physics (Nousiainen, 2013; Mantyla & Nousiainen, 2014). The
novelty of this research is paying attention to the justification of knowledge claims as a teaching
method but also a method to focus on physics content knowledge.

These argumentation skills being justifying of knowledge claims and constructing a didactical
presentation of justified knowledge are connected but not identical skills. A previous research has
identified criteria to assess the quality of didactical schemes (Nousiainen, 2013) but how such ability
to produce a qualified didactical scheme is connected to the ability to produce a qualified knowledge
justification scheme is an unanswered question. Research questions of this study then are

RQ1: How the quality of knowledge justification schemes and didactical schemes can be measured?
RQ2: Is the quality of knowledge justification scheme an adequate precondition for building up a
good didactical scheme?

This is answered by evaluating pre-service physics teachers’ knowledge justification schemes and
didactical schemes which they constructed during a teacher preparation course spring 2016. The
instructor implemented the flipped classroom approach as her teaching method (Velegol et al., 2015;
Toivola & Silfverberg, 2015). In flipped classroom students have to investigate the topic at hand by
reading given material or watching suitable videos before classroom activities. In such an approach
the role of the instructor is to facilitate fruitful discussions by conceptual questions, by participating
actively into students’ group working and by providing extra material when needed. This approach
gives students more responsibility of their own learning and emphasises learning of higher cognitive
skills instead of listening and remembering which can be deemed as the setup of “traditional”
lectures. In what follows it is important to remember that none of the topics were taught by the
instructor (in the sense we traditionally understand teaching) since these topics were covered already
in the introductory physics courses which these students have passed.

The teaching method supports the production of knowledge justification schemes and didactical
schemes but also ensures that the students really represent their own views in their schemes. The
quality of knowledge justification schemes are evaluated according to their basic argumentative parts
being e.g. objective, evidence and conclusion (van Lacum et al., 2014) whereas the epistemic quality of
didactical schemes is investigated by employing an epistemic framework (Nousiainen, 2013). The
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results offer new kind of understanding how scientific argumentation can be implemented in higher
education and especially in teacher education.

From scientific argumentation to argumentation in teaching

Argument is a chain of reasoning to defend some theory or a point of view. Through argumentation
the interlocutors try to convince each other by precise definitions of concepts and logical reasoning.
An ideal argument is both logically faultless and rhetorically successful, and thus good
argumentation is conceptually clear and has exact lines of reasoning between concepts.
Argumentation can also be seen as a process (independent student or a collaborative learning
situation) which involves general knowledge acquisition aiming at rational solving of questions, main
issues and disagreements (Garcia-Mila & Andersen, 2008).

Argumentation helps students to learn the form, structure and nature of scientific knowledge because
it leads attention to justification of knowledge claims. (Rapanta et al., 2013; Fischer et al., 2014) Then
the aim is to teach students to construct arguments that has a structure and form of scientific
arguments. In other words, effort needs to be paid on learning to use of evidence to back up claims.
Everyday argumentation is not a suitable model because its weakness is the inability to give any real
arguments or counter arguments. Everyday argumentation typically just repeats the claim or appeal
to the emotional state. (Sandoval & Millwood, 2008)

One of the first frameworks modelling the scientific argumentation that was adopted for purposes of
education has been suggested by Toulmin’s (1958/2003) Argumentation Pattern, TAP. In TAP the
argument has been divided in parts which are identified to be data, claim, warrant, backing, rebuttal
and qualifier. TAP has provided basis for further extensions and there have been several attempts to
revise Toulmin’s framework for educational purposes. One of the most recent proposal suggests that
argumentation can be taught by identifying argumentative moves from scientific texts (van Lacum et
al., 2014). This heuristic, called Scientific Argumentation Model (SAM), consists of seven
argumentative moves: motive, objective, support, main conclusion, counter argument, refutation and
implication. The use of heuristic i.e. analysis on scientific texts is two-fold: identification of content
knowledge and identification of how argumentation is presented in the text under inspection. Such
an approach gives a promising and suitable tool to teach also pre-service teachers scientific
argumentation paying special attention to justification of knowledge claims. In this study, this line of
developing the argumentation further to match the needs of educational application is continued.
These notions can be summarised as a set of guidelines.

Guideline to construct the knowledge justification schemes

The practical solution to teach argumentation is to let students get to know the form of scientific
knowledge through scientific texts, i.e. original and authentic research articles. According to SAM
(van Lacum et al., 2014) the argumentative moves which can be found in scientific texts are:

1  Motive: Statement indicating why the research was done (e.g., a gap in knowledge,
contradictory results). The motive leads to the objective.

2 Objective: Statement about what the authors want to know. The objective may be formulated
as a research question, a research aim, or a hypothesis that needs to be tested.

3  Main conclusion: Statement about the main outcome of the research. The main conclusion is
closely connected to the objective. It answers the research question, it says whether the
research aim was achieved, or it states whether the hypothesis was supported by evidence.
The main conclusion will lead to an implication.

4  Implication: Statements indicating the consequences of the research. This can be a
recommendation, a statement about the applicability of the results (in the scientific
community or society), or a suggestion for future research.
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5  Support: The statements the authors use to justify their main conclusion. These statements
can be based on their own data (or their interpretation) or can be statements from the
literature (references). Supports may be presented in so-called support chains.

6  Counterargument: Statements that weaken or discredit the main conclusion. For example,
possible methodological flaws, anomalous data, results that contradict previous studies, or
alternative explanations. Counterarguments are sometimes presented as limitations.

7 Refutation: Statements that weaken or refute the counterargument.

These guidelines can be applied in practical teaching solutions since students’ active and scaffolded
working on the topic at hand fits very well in flipped classroom approach. The construction process is
two-fold. First, students are given a research article and after reading it students are asked to identify
the aforementioned argumentative moves. Second, students are asked to connect the moves to each
other and present them as a graphical scheme. As a result students should produce, based on the
given research article, a knowledge justification scheme which presents the main argument and its
argumentative structure. When this is done, we have a clear summary of the main claims presented in
the article and how they are motivated, supported and rebutted.

5. Counter-argument 1: 5. Counter-argument 2:

How a single photon can We do not see single
interfere with itself or with photons but single
a photon which passes the photoelectrons instead.
apparatus before of after?

6. Refutation 2: However,

—_— the quants nature —
of light is apparent.

photon interference but measure likelihood

6. Refutation 1: We do not actually see
amplitude to perceive photons in different spots.

produces an interfence pattern even if

‘ 4, Conclusion: The two-slit experiment

2. Objective: Perform above descnheu} v v . the intensity of light is so dim that
two-slit experiment for single photons J F'y r'y T by calculation there is only one photon
at a time in the apparatus. The phenomenon
disappears if we determine which slit is open.

l
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in single photon interference. ;n this expr__‘nmem interference pattern which which slit the photon passes particles which would pass only through
we can detect photons electronically. The intensity emerges spot by spot in the (by closing the other), the cither one or the other slit
of light is so dim that we can watch the intereference oscilloscope screen. interference pattern d‘o no .

pattern appearing spot by spot.

emerge.

Figure 1. An example of a knowledge justification schema made by a student. Each box includes
short description of the argumentative move identified from the given article which was about single
photon interference.

In physics research articles the presentation of support (in form of different measurement results and
their modelling) can be a complex chain of reasoning. The selected research articles deal with complex
physics phenomena (detailed in Method chapter) and thus careful analysis on their argumentative
structure is fruitful and useful practice in finding out the typical way physics knowledge is justified.
Due to complexity of argumentation in the articles, the graphical outline of the argumentative
structure as such scheme presumably helps students better to identify the argumentative moves since
research has shown that graphical representation tools support one’s metacognitive skills
(Nousiainen, 2013).

Didactical reconstruction of physics content knowledge

In teaching physics the ability to reconstruct the epistemic point of physics knowledge (how do we
know what we know) is of importance. In physics there are to main processes that build physics
knowledge, namely experimental and modelling procedures. (Nousiainen, 2013; Nousiainen &
Koponen, 2010; Mantyld & Nousiainen, 2014) In the quantitative experiment, the concept is
operationalised (made measurable through pre-existing concepts). The role of experiments and
models can be exemplified by following description. For example, the operationalisation of
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Coulombs’ law requires the concept of force and charge, whereas the concept of the electrical field
rests on force, charge and Coulomb’s law. ). In such experiments, a new concept or law is always
constructed sequentially, starting from those that already exist and which also provide the basis for
an experiment’s design and interpretation. The results of the experiments and how they modify
knowledge structures are usually expressed and represented in terms of models. Therefore, in
addition to experiments, models are also core components of knowledge structures. For example, the
definition of the electrical field is a model which breaks the force between two interacting charges into
one part which causes the field (the charge as a source) and another part which experiences the field
(the other charge). Typically, a model is an idealized and symbolic representation or a description of
dependencies found in an experiment or that should provide explanations and predictions of
regularities found in experimental data. (Koponen, 2007; Nousiainen & Koponen, 2010)

In both knowledge construction processes the evidence that support the conclusions play an essential
role. Therefore it is natural to assume that above described knowledge justification schemes can be
useful starting point in planning the teaching of the topic. In addition to knowing content knowledge
a core competence for a physics teacher is the ability to reconstruct the content knowledge, i.e.
scientific knowledge needs to be outlined for teaching purposes (see e.g. Duit et al., 2014; Nousiainen,
2013). Such didactical outlines or reconstructions are needed for teachers to reflect on their own
knowledge and plan their teaching in logical manner. Moreover, didactical reconstruction should be
pay special attention to the epistemic aspects of argumentation. In other word, knowledge claims
presented in such reconstruction need to be justified carefully and with thought. The epistemic
aspects of argumentation are taken note by e.g. Fischer et al. (2014) being an important and
fundamental viewpoint of the credibility of a claim. For example a fairy tale might be formally correct
and coherent but it is not true. The following framework to reconstruct physics knowledge offers pre-
service physics teachers a suitable scaffold to reflect on their knowledge and present its structure as a
scheme and give justifications for all the connections.

Guideline to construct the didactical schemes

A didactical scheme is a tool for pre-service physics teachers to reorganise their content knowledge
for teaching purposes. It serves as a framework to plan teaching which core has central ideas from
knowledge justification scheme but didactical scheme pays attention to organization and justification
of knowledge in teaching. Didactical scheme presents how central quantities and laws form a tangled
web of physics concepts. Special attention needs to be paid on the order in which concepts are
presented and the relations between concepts. The concepts (nodes) are physics quantities, laws
(either particular or general), models (e.g. definitions or analogies) or general principles (such as
energy conservation) which are connected to each other with directed, numbered links. The direction
and numbering of links shows the conceptual sequence according to which the conceptual structure is
built. The scheme presents the relations between physics concepts, how these relations are established
and how they are justified. The amount of nodes and links is not limited but the nodes have to belong
in the given categories.

In practice the form of didactical scheme is a map (see Figure 2 for one example) representing the
relations between concepts supplemented with a written report explaining the nodes and their
connections in detail. For example, the description of experiments should include at least the motive
or objective of the experiment, experimental setup, measurements and dependence or relation
between concepts. In description of model one needs to explain the motive or aim of the model and
how the model builds or ties up concepts. The written report supplements the illustrated relational
structure of didactical scheme.
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Figure 2. An example of a didactical scheme of single photon interference established by a pre-service
physics teacher. Numbering refers to the order on how the graph should be read.

Method

Participants

The research was carried out spring 2016 during a teacher preparation course in the Department of
Physics in the University of Helsinki. The course focused on organization of physics content
knowledge in the context of quantum physics. The students (N=16) were pre-service physics teachers
who were on their 3r—4t year in their studies. The participants had already passed the basic level
physics courses and the teacher preparation course at issue was a part of their obligatory intermediate
physics teacher studies.

Procedure

The collected data were students’ knowledge justification schemes and didactical schemes of
introductory quantum physics. The four different topics were energy quantization, quantization of
momentum and the augmentation of electron and photon concepts. The topics were chosen to be four
most important experiments regarding quantization and particle-wave duality. The exact topics and
research articles given as base material were

1. The photoelectric effect (Millikan, 1916): energy quantization and first impression of photon.

2. The scattering of X rays (Compton, 1961): quantization of momentum, photon is needed to
explain the phenomenon, concept of photon is specified with the understanding gained from
photoelectric experiment.

3. The single photon interference (Rueckner & Titcomb, 1996): the particle-nature of photon
(experiment carried out by using very low intensity light) is needed to explain the
phenomenon. The photoelectric and Compton’s experiments are needed in interpretation of
results.
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4. The single electron interference (Rosa, 2012): the wave-nature of electron shows up. The
photoelectric and Compton’s experiment and experiment on single photon interference are
needed in interpretation of results.

The teaching proceeded in three phases. First students read a research article (listed above) and
produced a knowledge justification scheme (KJS) according to the seven argumentative moves as
indicated in van Lacum et al. (2014). The KJS’s were assessed by instructor (method described in next
section). Second, students evaluated and compared their schemes in small groups during the next
lectures. When small groups had reached consensus of the main issues, students turned their
thoughts towards teaching this topic in high school and discussed how the content should be
reorganized for teaching purposes, e.g. what should be added or emphasized and what should be
removed. Third, each student built their own didactical scheme about the topic. These three phases
were employed to all four topics.

Data analysis

Data analysis of knowledge justification schemes

Knowledge justification schemes were analysed according to seven argumentative moves defined by
van Lacum et al. (2014). Students schemes were compared to an expert K|S made by physics experts
(three university teachers from Physics Department) how had read the research articles and
constructed the KJS’s of all four topics. The expert KJS’s were very thorough and detailed, especially in
how evidence were presented. Such thoroughness was not expected from students’ schemes but in
order to get full scores, the most important findings (that demonstrate how the argumentation
proceeded in the article) were required. All moves were scored 0-%2-1 and maximum score was 7 for
each KJS. The example KJS shown in Figure 1 has scored full points in all argumentative moves.
Partial scores were given if the move contained correct issue but it was somewhat superficially
presented or if there were correct and incorrect information mixed with each other.

Data analysis of didactical schemes
Didactical schemes were analysed from two perspectives since the connectedness of the scheme
(structure) and degree of epistemic justification of the concepts have both found to be important and
inseparable features of well-organised knowledge structure. Degree of justified connections can be
associated with the richness of organised knowledge and degree of epistemic explanations describes
the quality of the knowledge. (Nousiainen, 2013) Moreover, unambiguousness of the scheme is an
essential feature of good presentation. Therefore, the criteria to grade the DS (max. 10 points) were as
follows. In most cases the application of the criteria were straightforward but in some cases they
could be applied only partially.
1. Framing (4 points). The didactical scheme is appropriately framed so that the relevant nodes
are presented and they are justifiably linked.
2. Description of nodes (4 points). Justification of nodes is analysed by following epistemic
justification criteria (explained shortly below and in detail in Nousiainen, 2013).
3. The clarity of the scheme (2 points). Nodes are categorised correctly into quantities, laws,
experiments, models and principles. The scheme has a clear and well-defined starting point,
has logical progression of concepts and justified ending.

Epistemic justification of explanations in students’ reports (in form of description of nodes) is
analysed using a specific taxonomy developed for this purpose and attention is paid only to following
four epistemic aspects of knowledge: 1) ontology, 2) facts, 3) methodology and 4) valid justification
(Nousiainen, 2013). The criteria are such that they are nearly self-evident prerequisites of acceptable
knowledge in physics. Therefore, these four criteria form a suitable basis for the analysis of epistemic
acceptability of knowledge represented in description of nodes:
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1. Ontology. Concepts are applied properly and they describe ontologically correct entities.
Ontology also requires that the properties a quantity has are described adequately and that
concepts are correctly related.

2. Facts. Appropriate and correct concepts are connected by presenting appropriate and correct
quantities and laws that establish the connection. For a law or principle, the proper relation is
given in a clear manner.

3. Methodology. In this approach methodological knowledge is limited to knowledge including
the description of such experiments and models, which are feasible to make connections
between physics quantities and laws.

4. Valid justification. Justified knowledge means that students gives ontologically correct,
factually acceptable, and methodologically plausible arguments. For an experiment, this
means that the prerequisites for the experiment are clearly and correctly described, that the
experiment itself is adequately described (what is measured and how), and that results are
expressed and conclusions discussed at some length. A similar sequence can also be followed
in evaluating a model.

These criteria form cumulative, hierarchical ladders and thus the numbering (1-4) is indicative of the
order in which the above epistemic “norms” should be fulfilled. All nodes were evaluated according
to these criteria and average of the scores from all four DS’s describes the overall epistemic quality of
the justified knowledge student has in command.

Results

The knowledge justification schemes and didactical schemes were evaluated according to the above
presented criteria. The maximum scores were 7 points for KJS and 10 points for DS. To ease the
comparison, all scores were normalized between 0 and 1.

Table 1. The average normalized scores of argumentative moves in students’” knowledge
justification schemes. Row numbers refer to argumentative moves: 1. motivation, 2. objective,
3. support, 4. main conclusion, 5. counterargument, 6. refutation and 7. implication.

KJS1 KJS 2 KJS3 KJS 4
1 0.72 0.72 091 0.91
2 0.94 0.78 0.94 0.94
3 0.50 0.78 0.88 0.84
4 1.00 0.94 0.84 0.97
5 0.81 0.97 0.72 0.75
6 0.84 0.97 0.81 0.81
7 0.94 0.97 0.91 0.84

Results show that the average scores from knowledge justification schemes improve from 0.82 to 0.88.
In the first KJS the identification of the empirical support has been difficult. Closer inspection reveals
that 6 out of 16 students have identified it correctly, 4 partially and 6 were not able to express
empirical support at all or too superficially. One possible reason to this might be the demanding
research article or students’ limited understanding of the new type of task (first KJS). Otherwise there
are no significant differences between KJS’ scores. Typically main conclusion (average 0.94), objective
and implication (0.90 and 0.91, respectively) are best identified in students’ KJS.

Students have succeeded similarly well in all didactical schemes (DS1-DS4), average scores vary
between 0.77-0.82. The last didactical scheme turned out to succeed worst. One reason might be the
cumulative nature of tasks (all three earlier DS’s were needed to produce the last one) and also the
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counter-intuitive nature of the phenomenon (single electron interference explained by the wave-
nature of electron).

Table 2. The average normalized scores of evaluated aspects in didactical schemes.
DS1 DS2 DS3 DS4

Nodes 084 086 080 0.78
Explanations  0.81 084 072 075
Clarity 075 075 084 078

There is smallish descent in the overall epistemic quality in the explanations of nodes in the DS3 and
DS4. Closer inspection of this drop can be seen in Figure 3 which shows us that the amount of full
scores is lowest in DS3. In comparison, around 85% of students have gained full or 75 % of full scores
in DS1 and DS2. Generally, in DS3 and DS4 the epistemic explanations are not that good.

Distribution of quality of explanation of nodes

16

14

12

[ R T - T =2 B v

Ds1 DSs2 DS3 DS4

@1.0 O00.75 O0.50 O0.25

Figure 4. Bar chart describes the distribution of the epistemic quality of students” explanations in
their four different didactical schemes. The amount of students N=16.

The normalized sums of task points are presented in Table 1. Value close to 1 means that student have
acquired almost full points of all tasks.

Table 3. Normalized scores describing the overall quality of knowledge justification schemes and
didactical schemes of 16 students.

KJS 096 096 086 1.00 093 093 093 086 064 086 086 079 071 093 0.89 057
DS 100 080 060 1.00 085 090 098 0.75 073 065 088 080 075 0.70 0.85 0.53

The Spearman’s ranking correlation was calculated for normalized sum of all four separate KJS and
DS scores and it was found to be 0.69. Furthermore, the hypothesis that the data sets are independent
can be rejected at the 5% level based on the Spearman Rank test. Roughly, this means that one can
conclude with 95% certainty that KJS and DS are dependent on each other.

From the Figure 4 we can see that there are some data points with relatively high KJS values (<0.8)
with lower DS values (>0.7). On the other hand, we remark that the opposite does not exist (absence
of data points having low KJS values with high DS values).



European Journal of Science and Mathematics Education Vol. 5, No. 2, 2017 | 219

-
o

1-[]; o ¢ 0
D-Q; ] B
- | | | |
0.8} " .
: " g .
0.7F =
i *
0.6F d
A e KIS
0.6 0.7 0.8 0.9 0

Figure 4. Scattering of normalized values of knowledge justification schemes (x-axis) and didactical
schemes (y-axis). All KJS and DS values are summed up and normalized from 0 to 1. Note the absence
of values lower than 0.5. Different clusters are marked with different plot marker

Data can be grouped into four distinct clusters by agglomerative clustering analysis (Ruskeepéd,
2004). Two different distance criteria (Euclidean and Manhattan) lead to exactly same clustering as it
appears in Figure 4. Clusters are marked with different-shaped plot markers.

1. Low achievers (triangle). Student have low scores (0.55-0.70) in both KJS and DS.

Intermediate content knowledge, low usability (diamond). Students have quire high scores in
KJS (0.85-0.95) but low scores (0.60-0.75) in DS. This means that these students have quite well
identified the most relevant content knowledge in their KJS. The low usability of that
knowledge means that students representations of its teaching plan (DS) are somewhat
superficial either lacking many important nodes or adequate explanations. Note that
according to cluster analysis, data point (0.79, 0.80) can either belong to cluster 2 or 3.

3. High achievers (box). Student have quite high scores (0.80-0.95) in both KJS and DS. These
students typically have some small shortcomings in their KJS’s (in average one missing score
in each KJS) and some important nodes or the explanations lack clarity at some points.

4. Excellent achievers (round). Students have full or almost full scores in both KJS and DS. These
students were highly motivated to fully understand all phenomena.

The cluster analysis results go well along with the course grades, the threshold to get the best grade
(5/5) is 85% of maximum scores meaning that students in clusters 3 and 4 have got the highest grade
of the course. Students in cluster 2 have got the second best grade and students in cluster 1 have got
grade 3/5. Only exception to this is the left-most data point who represent the lowest possible passing
grade (1/5) which describes the threshold of the skills and competencies our teacher education has set
a teachers should have in command.

Discussion and conclusions

This research has presented guidelines to outline argumentation in teaching by using graphical
schemes to 1) knowledge justification and 2) its didactical solution. The quality of knowledge
justification schemes can be evaluated by following ideas of argumentative moves presented in van
Lacum et al. (2014). The KJS’s made of four different topics turned out to score quite well (in average
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0.82-0.88). Such heuristic can be used to evaluate knowledge justification but it could discern students
views better if more attention is paid in the empirical evidence which is presented to support the
claims. The quality of didactical schemes is measured by paying attention to the relevant connections
between nodes and the degree of epistemic explanations supporting the nodes (Nousiainen, 2013).

Results show us indisputably that there is a clear correlation between KJS's and DS’s scores.
Therefore, the results allow us to state that KJS quality is a necessary prerequisite for DS quality.
However, KJS quality is not an adequate condition to ensure the DS quality which means that the
recognition of content knowledge does not automatically lead to didactical solution. This result is in
accordance with Duit’s and colleagues (2014) ideas of didactical reconstruction of knowledge. The
ability to reorganize physics knowledge for teaching purposes is naturally one of the core skills that
physics teacher education aims to. The novelty of this research is paying attention to the justification
of knowledge claims as a teaching method but also a method to focus on physics content knowledge.

Previous research has discussed the advantages of fostering students’ argumentation skills (e.g.
Fischer et al. 2014). Especially paying careful attention to argumentative moves of written arguments
(e.g. reading research articles) has shown to support students’ abilities to discern the most essential
parts of arguments and its structure (van Lacum et al., 2014). However, the results of this study
corroborates the impression that understanding of core content knowledge is not enough but a
didactical viewpoint is also needed in reorganization of content knowledge for teaching purposes.
The goals of knowledge organization, its epistemic justification and coherent argumentation are of
course central for physics teacher education and core competencies of a teacher. These competencies
are fostered in physics teacher education by applying knowledge justification schemes and didactical
schemes.

The data was collected from a teacher preparation course which was carried out by following a flipped
classroom approach (for details, see e.g. Velegol et al.,, 2015; Toivola & Silfverberg, 2015). The pre-
service teachers themselves were pleased with the approach that required active student participation
and gave the responsibility of the learning to themselves (few examples below).

“We had to find out the things on our own and process that knowledge which almost
inevitably leads to learning. Also, the lectures were planned so that the lecturer all the time
communicated with the students. Students were free to present their own views and
reflections and those were thought also trough together.”

“It was especially advantageous to find out the theory [from research articles] on my own.
I had to think thoroughly and therefore I also understood things much better.”

The research results as well as the feedback from the course allows us to state that the presented tools
force pre-service teachers to reflect their own knowledge, to take responsibility of their own learning
process and help them to reorganize their physics knowledge for teaching purposes.

The presented knowledge justification schemes produce representations which are (after evaluation)
quite alike with each other (gaining scores 0.70-1.00). Van Lacum’s et al. (2014) framework has been a
fruitful starting point of the research on students’ abilities to recognise argumentative moves. Future
research could concentrate more precisely on knowledge justification processes in physics
emphasising the nature of physics knowledge. It would be interesting to develop a knowledge
justification scheme which builds directly on the experimental and modelling processes which are
two important processes in physics knowledge construction (Nousiainen & Koponen, 2010). Such a
scheme could better take into account the use of empirical evidence (cf. Sandoval & Millwood, 2008;
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Kelly et al., 2008) and thus discern better the quality of students’” argumentative representations. This
kind of knowledge presentation would also help with construction of DS.
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