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Abstract

Argumentation is crucial to fostering scientific reasoning and problem-solving in science education. However,
researchers and teachers still report problems facilitating argumentation in the classroom. This may be influenced by
the design of the corresponding professional development programs (PDPs) and the focus of the underlying research.
To describe the state of the research regarding science teacher PDPs on facilitating argumentation, we systematically
reviewed publications from the last 20 years in terms of their design, with selected low- and high-inference character-
istics, for example, in terms of the addressed professional competence and the argumentation framework. The results
illustrate a broad spectrum of teacher PDPs on argumentation in terms of formal-structural aspects (e.g., sample

size) and interests (e.g., methodology). We found, for example, that pre-service teachers’argumentation PDPs are less
frequent than in-service teachers'argumentation PDPs and that research rarely focuses on situation-specific compe-
tencies, such as professional vision or decision-making. Additionally, we report challenges in analyzing the argumen-
tation framework and discuss possible reasons for this. We critically evaluate these and other findings, point to fruitful
directions for further research and reviews, and inform practitioners of professional development of argumentation.

Keywords Science teacher, (Scientific) argumentation, Professional competence, Professional development,
Systematic review

Introduction

Research on argumentation has received substantive
interest in science education, since constructing sci-
entific arguments can foster science learning (arguing
to learn) and be an important scientific skill of its own
(learning to argue) (Asterhan & Schwarz, 2016; Driver
et al., 2000; von Aufschnaiter et al., 2008). Argumentation

*Correspondence:

Raphael Wess

raphael.wess@hu-berlin.de

! Physics Education, Humboldt-Universitit Zu Berlin, NewtonstraB3e 15,
12489 Berlin, Germany

2 Chemistry Education, Leibniz Institute for Science and Mathematics
Education at Kiel University, Kiel, Germany

@ Springer Open

is commonly seen as a discursive act that involves the
“complex process of reasoning utilized in situations
that require content knowledge to construct and/or
critique proposed links between claim and evidence”
(Osborne et al.,, 2016, p. 825). This gives argumentation
the potential for enabling collaborative and critical dis-
course based on evidence and makes it a cornerstone
of science communication and the generation of scien-
tific knowledge (Jiménez-Aleixandre & Erduran, 2007).
Acknowledging these benefits, it has also found its way
into recent policy documents (Hazelkorn et al.,, 2015;
Kultusministerkonferenz, 2020a; Kultusministerkonfer-
enz, 2020b; National Research Council, (2012)). Mutu-
ally reinforcing the prominent role of argumentation has
led to a growing body of research in science education.
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Different approaches have been undertaken to analyze
and classify argumentation and its related skills (e.g., by
conceptualizing a pedagogical content knowledge (PCK)
of argumentation) (McNeill et al.,, 2016) or operational-
izing argumentation competence (Rapanta et al., 2013).
However, argumentation is a highly complex process
involving numerous activities, and therefore can lead to
a variety of different understandings of what counts as
argumentation (Rapanta et al., 2013). Hence, the under-
lying conceptualization of argumentation used in pro-
fessional development programs (PDPs) and in research
studies often differs. There is evidence that this ambiguity
makes it hard for teachers to obtain a consensus under-
standing of argumentation and its aims (Katsh-Singer
et al., 2016), and to facilitate it in their classrooms (Choi
et al., 2021; McNeill & Knight, 2013; McNeill & Pimentel,
2010; Sampson & Blanchard, 2012).

We want to analyze this issue by systematically review-
ing previous argumentation PDPs and their associated
research. In recent decades, a considerable number of
argumentation PDPs aiming to improve facilitation in
science lessons have been developed and evaluated, but
a summative overview is missing regarding the following
three aspects.

First, there has been no systematic and comparable
analysis of how research on PDPs in argumentation is
framed theoretically in terms of the underlying argu-
mentation conception. Nor has there been appropriate
analysis of the professional competence this research
addresses, especially with regard to the situated compe-
tencies of teachers. Second, it has not been investigated
how argumentation PDPs are described, and how the
results relate to selected influential characteristics of
effective professional development (PD). Third, we want
to review the influences that the authors of the research
papers attribute to the PDP results.

Our aim in relation to the last two aspects is not to
make a whole new inventory of characteristics from
which to draw conclusions on effective PD strategies
in general. There are studies on effective PDP charac-
teristics in education (Borko et al, 2010; Desimone,
2009; van Driel et al., 2012) as well as for argumenta-
tion (Aydeniz, 2019; Weiss et al., 2022; Zembal-Saul &
Vaishampayan, 2019), which are relevant for developing
argumentation skills that enable its facilitation. The cited
three argumentation reviews focused on argumentation
approaches regarding inquiry or on a comparison of the
two approaches, yet they did not provide a comprehen-
sive summative overview of different argumentation
approaches regarding professional competence and the
underlying argumentation frameworks. To fill this gap,
we want to specifically analyze published research stud-
ies on argumentation PDPs regarding these two aspects.
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This is accompanied by an analysis of general PD char-
acteristics and their attributed influences by the different
authors to identify research trends or desiderata at this
high resolution level.

Overall, our review may be helpful in providing recom-
mendations for yet unattended research foci in argumen-
tation and for designing new argumentation PDPs. To
address these issues, we first define professional com-
petence, its development, and its role in PDPs before
focusing on these for argumentation in science teacher
education. Then, we describe the methods used to search
for and review PDPs on argumentation. Next, we present
the results of the review based on the categories related
to the aforementioned topics. In our discussion, we con-
textualize our results. This paper concludes with recom-
mendations for researchers by outlining new perspectives
for argumentation PDPs, and for practitioners to improve
the development of future science teacher PDPs that aim
to enhance argumentation.

Theoretical background

Professional competence

When describing the relevant knowledge and concrete
skills and abilities of a teacher regarding his or her pro-
fessional knowledge (e.g., concerning argumentation),
the term (professional) competence is often used. One of
the most influential definitions describes competence “as
the ability to meet individual or social demands success-
fully, or to carry out an activity or task” (OECD, 2002, p.
8). Despite the ambiguity of the term competence and the
resulting variety of uses (Schneider, 2019), the term still
best summarizes the goals and requirements of teach-
ers’ abilities to successfully orchestrate learning arrange-
ments (Kunter et al., 2013).

In the following, we rely on the model of Blomeke et al.
(2015) that describes competence (i.e., the ability to suc-
cessfully meet certain demands) as a continuum. Blomeke
et al. (2015) emphasize that a commonly assumed dichot-
omy between dispositional skills (e.g., knowledge and
affective-motivational traits, as latent variables), and
performance (as an observable variable) is not specific
enough to describe the affordances required to perform
successfully in complex, real-life classroom situations.
They point out the importance of situation-specific char-
acteristics, making competence a “latent cognitive and
affective-motivational underpinning of domain-specific
performance in varying situations” (Blomeke et al., 2015,
p- 3). The development of professional competence is,
hence, more of a continuous, mutually influencing pro-
cess. Accordingly, the authors divide this process into
three areas: disposition, situation-specific skills, and con-
crete performance (see Fig. 1).
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Fig. 1 Continuum of professional competence (Blémeke et al., 2015)

Disposition includes cognitive prerequisites and moti-
vational-affective variables. This is in line with Kunter
et al’s (2013) model, which more precisely differentiates
the subdomains of cognition and affect-motivation. Cog-
nition is understood as professional knowledge, which
is an abstract psychological construct describing the
knowledge of a teacher relevant to professional fields of
action. Among the motivational-affective traits, Kunter
et al. (2013) identified variables relating to beliefs, moti-
vational orientations, and self-regulation skills. These
dispositional variables are regarded as prerequisites for
situation-specific skills, which, in turn, represent the rep-
ertoire of actions available for the selection and execution
of a teacher’s concrete actions in a teaching situation.

This view of competence as a continuum or process
variable is in accordance with the conclusion that (pro-
fessional) competence and its facets are changeable and
thus learnable (Kunter et al., 2013). This indicates that the
development of professional competence is a central task
of teacher education. This can also be assumed for argu-
mentation, since the ability to argue and its relevant skills
have been described as a competence (Osborne et al.,
2013; Rapanta et al., 2013). With this in mind, argumen-
tation viewed as a competence can be addressed within
the PD of teachers and hence can be learned by them.

Development of professional competence

By PDPs on argumentation, we mean all training in argu-
mentation competence that is related to the profession of
a (science) teacher with the aim to facilitate argumenta-
tion in the science classroom. The institutional design
of PD varies from country to country. Regardless of the
phasing and their respective weighting within national
curricula, PDPs globally share common goals (e.g., pro-
moting argumentation) or, generally speaking, the overall
goal of developing professional competence in the teach-
ing profession.

The view of in-service training as a one-way knowledge
transfer is now considered outdated, and viewing com-
petence as a dichotomy, rather than a continuum, is now
viewed as an oversimplification (Blomeke et al., 2015).
The view of competence as a continuum is supported by
the evidence that effective measures for PD should not
solely focus on the transfer of dispositional aspects (e.g.,
professional knowledge) but also take into account many
different situation-specific aspects. Many frameworks
exist that try to conceptualize effective PD concerning
these different aspects (i.e., “effective” PD improvements
in teachers’ competence) (Borko et al., 2010; Desimone,
2009; Opfer & Pedder, 2011). PDPs are effective if teach-
ers become able to increase their knowledge and com-
petence and / or have specific changes in their attitudes
and beliefs. They can then use this in learning situations
to plan, determine, and improve their instruction, thus
increasing student learning (Desimone, 2009). Desimone
(2009) proposed five core features of effective PDPs: con-
tent focus, active learning, coherence, duration, and col-
lective participation.

For Desimone, content focus is the most influential
characteristic. Based on previous research, she advocates
for the “link between activities, that focus on subject
matter content and how students learn that content with
increases in teacher knowledge and skills, improvements
in practice, and, to a more limited extent, increases in
student achievement” (Desimone, 2009, p. 184). Active
learning considers opportunities for teachers to engage
in PDPs. This definition covers a range of activities (e.g.,
making own practical experiences in the classroom, par-
ticipating in feedback, and debating, discussing, and
reviewing student work). Coherence is seen as the extent
to which the activities of a PDP are consistent with the
participating teachers’ knowledge and beliefs. Dura-
tion means that changes in teachers’ abilities require
time. The duration of a PDP over a specific period is
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important for effectiveness, although there is no “tipping
point” for PDPs to be effective (Desimone, 2009). Con-
sidering the duration of a PDP more closely, Guskey and
Yoon (2009) suggested assessing contact hours. Contact
hours refer to the amount of time the participants inter-
acted face-to-face with a trainer. The information gath-
ered from their review showed that PDPs had positive
effects when contact hours exceeded 30 h (20 h in Desi-
mone, 2009). The last feature, collective participation, is
seen as an arrangement based on shared participants’
characteristics (e.g., same school or grade) that provides
momentum for potential interaction or discourse. Simi-
larly, in another PDP review, Borko et al. (2010) empha-
sized collective participation, active learning possibilities,
and the effect of school student learning on the intended
content.

Thus, there is consensus among researchers that,
inter alia, the duration of the PDP and active learning
(e.g., in the sense of practical activities) are important
factors in the development of teachers’ professional
competence.

Scientific argumentation as professional competence

The aforementioned thoughts on teacher PD and the
importance of practical activities for it to be benefi-
cial also consistently hold for the PD of argumentation
competence.

Considering our research aim, one should keep in
mind the different uses of terms in the field. A popu-
lar distinction is made between argument as a product
and argumentation as a discursive process (Osborne
et al., 2004). In simple terms, an argument is the ref-
erent to a claim backed by evidence that is—based
on scientific principles or reasoning—justified with
structure and content in varying complexity (McNeill
& Krajcik, 2011; Osborne et al., 2004). The discursive
process or exchange of arguments in a specific context
is labeled as argumentation. Given this understanding,
the term arguing refers to a participant being actively
involved in argumentation by providing, elaborating
on, or judging (parts of) an argument. This results in
a common understanding of (scientific) argumenta-
tion as a dialogic process with the aim of persuasion or
consensus based on a scientific issue, which is based on
and results in an exchange of arguments in a scientific
context (e.g., in a science classroom) (Jiménez-Aleixan-
dre & Erduran, 2007).

It is important to note that argumentation can still be
operationalized in various ways, and cover a wide range
of activities (Aydeniz, 2019; Rapanta et al, 2013). A
means of investigating an argumentation framework lies
in its ability to allow a comparison of the results of differ-
ent argumentation studies.
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First, it is important for researchers to understand
that analytic frameworks [...] are tools created
for specific tasks to investigate specific questions.
Frameworks, therefore, are not fully interchange-
able, and the foci of each framework require consid-
eration before comparing the results of various stud-
ies. (Sampson & Clark, 2008, p. 469)

Rapanta et al. (2013) suggest that defining argumen-
tation as a competence should consider the choice in
research to analyze and/or assess argumentation. Analy-
sis refers to different approaches in terms of arguments.
The authors propose the following three distinctions to
summarize this variety in the educational context: argu-
ment as a form, argument as a strategy, and argument
as a goal. Argument as a form refers to the investigation
of structural aspects (e.g., as provided by the claim-evi-
dence-reasoning [CER] framework) (McNeill & Krajcik,
2011) or Toulmin’s Argument Pattern [TAP] (Erduran
et al., 2004). Argument can also be seen as a strategy that
results in the analysis of (dialogical) argument moves that
in turn result in highly context-specific use and identifi-
cation (Rapanta et al, 2013). In the argument as a goal
perspective, these aspects are summarized, emphasizing
the aim of argumentation (e.g., reaching a consensus)
(Berland & Lee, 2012) or individual vs. communal under-
standing (Gonzalez-Howard & McNeill, 2019).

Assessment, in turn, is divided into metacognitive,
metastrategic, and epistemological knowledge. Meta-
cognitive knowledge refers mainly to declarative knowl-
edge (“know-what”). This includes knowledge about the
structure of an argument and its conceptual or epistemic
quality. Metastrategic refers to procedural knowledge
(“know-how”). This includes studies that examine or train
a) specific argumentative discourse elements rather than
others or b) the implementation of certain argumentative
strategies that presuppose (a high level of) metacognitive
knowing. Epistemological knowing focuses on knowing
about knowledge in general and in relation to a persons’
knowledge (“know-be”-skills). In terms of argument qual-
ity, the study thematizes the a) relevance, b) sufficiency,
or c) acceptability of an argument. This refers mainly to
studies involving problem-solving or conceptual change
through collaboration (collaborative learning). Since we
want to cover a variety of PDPs on argumentation, we
rely on the extensive yet detailed assumptions made for
argumentation as a competence by Rapanta et al. (2013).

Previous reviews of PDPs on argumentation and the need
for a new one

Since the importance of argumentation and its develop-
ment is commonly known, some work has been done to
review the research on argumentation and associated
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PDPs. Previous reviews on argumentation in science
education have focused on the theoretical side to sharpen
argumentation as competence (Rapanta et al., 2013) or
examine general research trends based on linguistic or
epistemic criteria (Erduran et al., 2015). In addition, on
the practical side, previous reviews have examined argu-
mentation to assess student argumentation (Sampson &
Clark, 2008), to foster scientific literacy in K-12- (Cavag-
netto, 2010), or to group argumentation studies themati-
cally in K-8-contexts (Bag & Calik, 2017).

Additionally, some reviews explicitly consider the
PD of argumentation (Aydeniz, 2019; Weiss et al., 2022;
Zembal-Saul & Vaishampayan, 2019; Zohar, 2007). Zohar
(2007) suggested that the elements for successful PDP on
argumentation effort a turn in orchestrating classroom
discourse and considering the importance of scientific
reasoning in the classroom. Roughly a decade later, Zem-
bal-Saul and Vaishampayan (2019) reemphasized the need
for a greater focus on scientific practices and discourse in
light of reform for any successful PDPs on argumentation.
With this, they highlighted the importance that future
teachers should also experience these scientific practices
and discourse styles they later teach children.

Weiss et al. (2022) characterized immersive argument-
based inquiry (ABI) learning environments in school
education. Weiss et al! review focused mostly on ABI-
related learning environments, but it also identified the
teacher actions within a learning environment as one of
three central categories, containing the following typical
actions as common elements of immersive ABI learning
environments:

+ Encouraging argumentation

+ Providing resources

+ Asking questions

+ Sharing authority

+ Communicating norms

+ Modeling dialogue or language use
+ Emphasizing important ideas

They additionally identified student actions (e.g., small-
group work and engaging in argumentation) as well as
generative opportunities (e.g., student authorship of the
initial activity) as the other two commonly occurring
elements.

Additionally, Aydeniz (2019) reviewed the studies of
two curriculum design projects—the IDEAS project and
the Argument-Driven-Inquiry (ADI) project—and pre-
sented two main findings regarding pre-service chem-
istry teachers’ experiences of teaching science through
argumentation: First, pre-service teachers lack a “sophis-
ticated epistemology related to the way chemical knowl-
edge gets constructed, evaluated and critiqued due to the
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experiment-driven nature of chemistry” (Aydeniz, 2019,
p. 25). Second, he highlights the “importance of mastery
experiences and argumentation-based teaching resources
in teachers’ ability to facilitate argumentation in class-
room” (Aydeniz, 2019, p. 25). With regard to them, he
suggested design principles for argumentation tasks and
design principles for group argumentation:

Design principles for argumentation tasks (Aydeniz,
2019, p. 26):

+ Any argumentation-based learning task should make
the goal of the activity explicit to the students

+ Learning tasks should engage students in culturally
relevant and academically important problems

+ Learning tasks should provide explicit scaffolding
for students’ cognitive engagement with the chemi-
cal ideas and social engagement with members of the
learning community

+ Learning tasks should engage students in epistemic
questions about the nature of chemical knowledge
(e.g., “What is the evidence behind claims to knowl-
edge?” or “Is the evidence provided relevant and suf-
ficient?”)

« Structures must be put in place for epistemic and
cognitive divisions of labor so that all students are
equally engaged with the construction, evaluation,
and critique of knowledge

+ Teachers must create conditions for all students to
equally exercise their epistemic authority for making
meaningful contributions to the shared knowledge-
building activities

Design principles for group argumentation (Aydeniz,
2019, p. 26):

+ The instructor should explicitly communicate the
goals of the group assignment to the students

+ The teacher should introduce the students to the lin-
guistic, mechanistic, epistemic, and social aspects of
argumentation

+ Teachers should use assessment strategies that pro-
mote both positive interdependence and individual
accountability

Overall, the above-mentioned reviews provide insight
into different aspects of scientific argumentation, with
Aydeniz (2019) outlining challenges and providing design
principles for PDPs on argumentation for science teach-
ers and Weiss et al. (2022) discussing potential steps to
build further understanding of teachers’ actions. Yet,
their foundation is based solely on three approaches
(IDEAS, ADI, and ABI) of the many different exist-
ing argumentation programs, so the suitability of these
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results for other PDPs remains unclear. Thus, it seems
useful to investigate the characteristics of argumentation
PD, because even though teachers seem to acknowledge
the importance of argumentation in general, their under-
standing of what counts as argumentation still differs
(Katsh-Singer et al., 2016).

Additionally, they still seem to struggle to implement
the argumentation processes outlined above in their
teaching practice (Choi et al., 2021; McNeill & Knight,
2013; Pimentel & McNeill, 2013; Sampson & Blanchard,
2012). However, and perhaps most importantly, no
review has addressed the recently developed models of
professional competence that emphasize the importance
of situated competencies of teachers (Blomeke et al,
2015). It remains unclear how and if this situated per-
spective has been represented in previous publications
on argumentation PDPs. We argue that this is one benefi-
cial approach for concretizing the generally stated need
for support for teachers in facilitating argumentation in
the classroom (Henderson et al., 2018).

In conclusion, we argue that a review that specifically
analyzes professional competence and the underlying
argumentation frameworks of research studies investi-
gating PDPs for science teachers on argumentation is a
reasonable attempt to investigate the merits of research
on argumentation PDPs for science teachers. This will be
accompanied by reviewing active learning and the dura-
tion of PDPs on argumentation, and identifying the rea-
sons the authors of the associated research attribute to
the results regarding argumentation PDPs. With this, we
strive to provide an overview of the state of argumenta-
tion PDPs and to examine future research directions.
Motivated to shed light on this, the following research
objectives emerged.

Research objectives

(RO1) Identifying the focus of accompanying research on
teacher PDPs regarding argumentation in terms of a) the
development of their professional competence and b) the
underlying argumentation framework.

(RO2) Examining the description of PDPs on argu-
mentation in the accompanying studies, and how PDPs
on argumentation attend to the two selected influen-
tial characteristics of effective PD: active learning and
duration.

(RO3) Analyze, how the characteristics of RO2 account
for the reported results, and what influences do the
authors themselves highlight in terms of the PDP results.

Methods

Since we aim to examine the focus of research studies
accompanying PDPs on argumentation to evaluate the
characteristics of these PDPs and their influences on the
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results, we decided to use a systematic review approach.
The aim of a systematic review is the summarization of
existing research, with the help of given criteria, to pro-
vide an overview and conclusions about a specific topic
(Newman & Gough, 2020). Methodologically, we fol-
lowed the steps of PRISMA (Moher et al., 2009, 2015)
and the recommendations of Newman and Gough (2020)
for reviews in education. This section begins with further
elaboration of the research objectives and the categories
emerging from these objectives. On this basis, we report
the identification of search criteria, the search process,
and the coding of the individual studies based on the cat-
egories in the coding manual.

Operationalization of research objectives and category
development

We chose our categories based on the theoretical
assumptions made previously. The research focus (RO1)
was examined in terms of general study characteristics,
professional competence, and argumentation framework
(see Table 1). The general characteristics included the
methodology used (quantitative, qualitative, or mixed-
methods design) and the identification of the dependent
variable(s) (Bag & Calik, 2017). Based on the depend-
ent variable(s), the professional competence on which
a study focused was identified. This allowed us to make
inferences about the different PDP studies and sort them
by their contribution to the development of profes-
sionals’ argumentation competence. Professional com-
petence was categorized, according to Blomeke et al.
(2015), as disposition, situation-specific skills, and per-
formance. Disposition refers to a teachers’ latent traits
(e.g., professional knowledge, beliefs, motivation, and
self-regulation) (Kunter et al., 2013). Situation-specific
skills cover research focusing on the perception and
interpretation of a situation, or, as commonly repre-
sented in science education research, the concept of
professional vision (Goodwin, 1994; Seidel & Stiirmer,
2014; van Es & Sherin, 2002a, 2002b). Decision-making,
another part of situation-specific skills, was coded for
studies that investigated and therefore addressed teach-
ers’ ability to choose from different possible reactions in
a situation. Performance covered studies examining an
observable concrete action undertaken in the classroom
(e.g., concrete instruction within an argumentation task
or a recorded teacher-student talk used for further dis-
course analysis).

Finally, we aimed to examine the underlying argumen-
tation framework since it provides insight into the design
and conceptualization of PDPs’ argumentation activities.
By focusing on underlying argumentation frameworks,
we try to unpack the theory of argumentation used and
do not refer to frameworks used to teach argumentation.
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Table 1 Categories for classifying the research focus — overview
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Domain Category

Source Operationalisation

General characteristics of study Methodology

Dependent variable (DV)
Professional competence

Argumentation framework Focal issues

Argumentation competence based on

analysis and assessment

Model of professional competence

- - Quantitative
+ Qualitative
+ Mixed methods

- - free text, summarized

Bldmeke et al. (2015) - Disposition
- Situation-specific

- Performance
« Structure

- Content
« Justification

Sampson and Clark (2008)

Rapanta et al. (2013) Analysis:
« Form
- Strategy

- Goal

Assessment:

- Metacognitive

+ Metastrategic

- Epistemological

We tried to obtain information on the argumentation
focus by using the frameworks of Sampson and Clark
(2008) and Rapanta et al., (2013). We chose Sampson and
Clark’s framework because we assumed that the three
focal issues—structure, content, and justification—are not
only suitable to describe the assessment of student argu-
mentation but also to categorize the main argumenta-
tion focus of a research study. This is reasonable since the
assessment of student argumentation is quite likely to be
an explicit or at least implicit topic of any PDP on argu-
mentation. Additionally, we considered the description
of argumentation competence by Rapanta et al., (2013)
as a promising second approach for a combined exami-
nation of the structural and content aspects of the broad
field of PDP on argumentation. Using this framework, we
conducted an argument analysis (form, strategy, and goal)
and assessed the approaches of argumentation knowl-
edge (metacognitive, metastrategic, and epistemological)
of the studies. In summary, an analysis of the frameworks
used in PDPs provides important information on how
PDPs are tied to theory.

Note that all categories in Table 1—methods, profes-
sional competence, dependent variable, and argumenta-
tion focus—are study variables, so they are related to the
research focus of the studies accompanying a PDP. It is,
in general, possible to identify all the professional com-
petencies addressed in a PDP, but this requires checking
the course material and concrete instructions that are
often not included in research papers. Due to economic
reasons and based on anticipating a small response rate
of the authors of the research papers, we decided against
an additional analysis of the PDP curricula. We believe
that a focus on the study variables still indicates the core

aims of a PDP and hence reflects the area with the most
emphasis. This procedure does not exclude the possi-
bility that more than the reported competencies were
addressed in the PDPs, which is assumably likely.

To examine the PDP characteristics (RO2), we
extracted the provided description of the PDP activities
from each individual study. We analyzed this informa-
tion by applying categories that address two of the above-
mentioned features of effective professional teacher
development—active learning and duration (Desimone,
2009). The feature active learning was operationalized
here in the presence of active teaching situations with
school students (i.e., student inclusion). The extent of a
PDP was measured by duration and—where applica-
ble—by contact hours. We chose these categories and
operationalizations because the possibility of engaging in
practice situations has particular importance to teachers’
PD as well as the duration of a PDP. We are aware that
there are other gradual nuances for how to conceptual-
ize active learning (e.g., the use of video or text vignettes
or role-playing classroom situations), but we only chose
to examine if the PDPs included the “most authentic”
practical activity—teaching with real students. To con-
textualize this feature, we classified all studies based on
low inference characteristics, such as the participating
science teachers’ sample size, career point, and school
systems.

Table 2 summarizes which characteristics were ana-
lyzed regarding RO2. Again, please note that this
review follows a general approach, so no (in-depth)
analysis of the concrete use of the described activi-
ties, instructions, and materials used in PDPs was con-
ducted; conclusively, we do not investigate Desimones’
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Table 2 Characteristics of the PDP analysed
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Domain Category

Source Operationalisation

General characteristics - PDP PDP description
Participants — Number

Participants — Career point

Participants — School form

Duration® Extent
Contact hours

Active Learning®
students)

Practical experience (here: Inclusion of

- Free text, summarized
- Free text, number

- « Pre-Service teachers
- In-Service teachers
- Both
- Unclear / Not reported

- « Primary school form
- Secondary school form
- Both
- Unclear / Not reported

Desimone (2009) Free text

Guskey and Yoon (2009) Free text

Desimone (2009) - Yes
+No

2 Feature to examine effective PDPs based on Desimone (2009)

(2009) categories of collective participation, coher-
ence, and content focus of PDPs.

To investigate the results and the attributed reasons
(RO3), we first extracted the results from the studies.
After filtering the results for those related to a change
in teachers’ competence based on the PDP, we classi-
fied them based on the direction of change (positive,
negative, or neutral). We then reviewed the abstract
and discussion sections of the studies to identify the
reasons for the reported changes that the authors
attributed to teachers’ competence related to argu-
mentation. Finally, we grouped these reasons into pat-
terns of influential argumentation PD characteristics.
Table 3 summarizes which characteristics were ana-
lyzed regarding RO3.

Based on the results for both RO2 and RO3, we can
provide an overview of how two generally influential
PD characteristics are considered in argumentation
PDPs and what reason(s) for the influential results the
authors attribute.

Table 3 Categories for the results and associated reasons

Study selection

To obtain a broad view of the research regarding argumen-
tation PDPs, we included studies relating to all aspects of
argumentation. Furthermore, we only wanted to include
high-quality papers, so we decided to assess study quality
using the criterion of peer review. Although the peer review
procedure is not completely bias-free and has its own limi-
tations as a quality criterion (Lee et al., 2013), we consider
it an appropriate selection criterion for the inclusion of
research examining PDPs. Additionally, we limited our
search to publications written in English and studies pub-
lished from 2000 to 2020 (20 years). We are aware that these
limitations have raised the potential to miss out on studies
that would have met the following search criteria, but we
believe that the scope of our review will not be impaired.

Search criteria

Based on our research objectives and the outlined cat-
egories, we developed the following criteria for the inclu-
sion of the research papers:

Domain Category

Source Operationalisation

General characteristics - Study results and asso-
ciated reasons

Results teacher learning -

Free text, summarized

Change in teacher competence - - Yes
-No
Direction of change in teacher competence - - Positive
+ Neutral
- Negative

Reason(s) for result(s)
Systematisation for reason(s) -

- Free text, summarized

Inductively developed groups from the
category Reason(s) for result(s), see table
in results
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(1) Study focuses (at least partially) on the concept of
scientific argumentation in PDPs

(2) Study reports findings based on a PDP or at least
one PD activity relating to argumentation

(3) Study reports on PDPs with pre-service or in-ser-
vice science teachers

(4) Study published is peer-reviewed

(5) Study language is English

(6) Study is accessible (e.g., no paywall)

Search procedure

To identify the relevant literature for this review, we
searched the databases Scopus, ERIC, and Educational
Research Abstracts Online (ERA) in February and March
2020. Based on the research objectives for this review,
search terms covering the topics PD, argumentation, and
science teacher were developed (Table 4). Table 5 shows
the final search terms used for each database.

Note that the search terms are slightly different for
each database because of database-specific search opera-
tions. Some words in the search terms for the SCOPUS
and ERA databases contain an asterisk (*) to search for
all possible variations of a lemma. For example, the
lemma argu* searches for the words argument, argumen-
tation, argue, argued, and arguing. For the search in the

Table 4 Criteria for developing the search term
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ERIC database, the search terms had to be modified since
the asterisk function is not provided.

The entire search and selection process is presented
in Fig. 2. The database search yielded 993 papers. Addi-
tional papers were identified through other sources (e.g.,
using the “snowball method” by checking the references
of the identified studies or referring to a description of a
PDP in another study). These were also included in the
screening process (N=4). After clearing for duplicates,
746 studies remained.

From March to the end of June 2020, we conducted
two rounds of screening, in which we first applied the
inclusion criteria for suitability to the titles, abstracts,
and keywords. Applying the aforementioned criteria,
this screening led to the exclusion of 647 papers. The
studies were excluded when one inclusion criterion was
not fulfilled. As can be seen in Fig. 2, the main reason
for exclusion was the absence of scientific argumen-
tation. Often, the word argu* returned studies using
argumentation in a different way (e.g., to position a
paper on a controversial topic: “In this paper, I argue
that..” or “We want to present an argument for..”). In
the second round of screening, we applied the same
criteria to 98 articles that were read completely. Thirty-
four articles did not match the inclusion criteria in this
round. The main reason for exclusion was also the use
of argumentation in another way, followed by studies

Criterion Example keywords

Search terms

Argument

Science teacher
teacher, teach, teaching

Professional development
training

argument, (scientific) argumentation, argue, arguing
science teacher, science teachers, pre-service science teacher, in-service science

professional development, teacher development, teacher learning, teacher

scien®, argu®
scien®, teach*

professional development, teacher
development, teacher learning, teacher
training

Table 5 Databases and search term

Database Full search term

Date of last search results Comment

SCOPUS  TITLE-ABS-KEY (argu* AND scien* AND teach* AND
(“teacher training” OR “professional development”
OR “teacher learning” OR “teacher development”))

AND PUBYEAR >2000

ERIC (argument OR argumentation OR argue) AND
(scientific OR science) AND (teach OR teacher) AND
("teacher training” OR “professional development”
OR "teacher learning” OR “teacher development”)

ERA [All: argu*] AND [All: scien*] AND [All: teach*] AND [
[All:"teacher training”] OR [All:“professional develop-
ment"] OR [All: “teacher development”] OR [All:
“teacher learning”]] AND [DatabaseType: Educa-
tional Research Abstracts Online]

06.03.2020

06.03.2020

05.03.2020

489 Since 2001 set as criterion

243 Since 2001 (“last 20 years”) and only peer reviewed set
as criteria

261 No criteria for further selection in search engine pos-
sible, manually exclusion of studies before 2001
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-

c Records identified through Additional records identified
9 database searching through other sources
5 (N=993) (N=4)
;E
-
Records excluded after
— Records after duplicates (N =251) examining title, abstract and
. removed keywords
(N=1746) (N=648)
2 v - Not argumentation (541)
= Records screened - No professional
g (N =1746) > development program
2 (33)
- No science teachers (53)
_— - Not peer reviewed (3)
. - Not in English (8)
v
g Full-text articles R
B assessed for eligibility | Full-text articles excluded, with
i (N=98) reasons
(N=34)
h— - Not argumentation (15)
— - No professional
v development program
o . (14)
E Studies 1r%clude.d m - No science teachers (3)
£ systematic review - Not peer reviewed (1)
£ (N=64) - Not in English (0)
- Noaccess (1)

Fig. 2 Flowchart diagram of paper selection process according to PRISMA (Moher et al., 2009)

that mostly provided a general theoretical framing of
PDPs on argumentation but did not explicitly present
the results of one. The whole analysis of studies, includ-
ing the various review steps from the 997 initial studies
to the 64 included studies, was published and is openly
available (Wess, 2023).

This led to the final inclusion of 64 studies report-
ing on different PDPs for (scientific) argumentation for
science teachers. This number does not represent 64
different PDPs but rather studies that are based on a sci-
ence teacher PDP relating to argumentation. Using this
approach, different studies with different research foci
sometimes emerged from the same PDP (Christodou-
lou & Osborne, 2014*; Osborne et al., 2013), or differ-
ent studies reported different phases of ongoing PDPs
(Fishman et al., 2017%; Osborne et al., 2019*). As an over-
view of the research context is one of the main aims of
our review, we decided against further clustering here.
In addition, some PDPs build on or re-use the materials
of previous PDPs (Larrain et al., 2017*). Since we were
investigating more general characteristics and not the
concrete instructions or materials, we did not differenti-
ate when the existing material was (re)used or modified.

Study analysis / intercoding

The next step was to extract relevant information from
the 64 articles, including basic study information and the
aforementioned categories. A detailed coding manual for
the above-mentioned categories can be found in the pub-
lished study data repository (Wess, 2023). For the higher
inference categories, intercoding was conducted by two
raters (Gwet, 2012). The first rater was the correspond-
ing author of this paper, who works in the field of science
education research and teacher PD. The second rater
was the second author; a physics education expert whose
research focus is scientific argumentation. We randomly
generated a subsample of the 64 studies, and 11 studies
were simultaneously coded by the two raters. To cor-
rect for the chance of guessing the same codes, we used
Cohen’s Kappa (Gwet, 2012) to estimate intercoder reli-
ability (Table 6).

Without considering the argumentation categories
(which will be addressed in the results section), the other
relevant high-inferential categories of this review had
Kappa values in the range of K=0.63-1.0, which is con-
sidered to be good to excellent agreement. One excep-
tion is the professional competence category relating
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Table 6 Interrater-Reliability (Cohen’s Kappa) for each category (N=
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M

Domain Category Cohen’s k
Block-RO 1 Professional Competence Disposition 1.0
Situation-Specific skills 0
Performance 63
Argumentation Competence - Focal Issues Structure N/A
Content N/A
Justification N/A
Argumentation competence — Analysis Form 01
Strategy 30
Goal 0
Argumentation competence — Assessment Metacognitive Knowledge 01
Metastrategic Knowledge 28
Epistemological Knowledge 0
Block - RO 2 Active learning Practical experience with students 81
Block - RO 3 Reasons for results (authors) Systematisation of reasons 69

to situation-specific skills (K=0), despite having a per-
centage agreement of 81%. This is due to the missing
occurrence of situation-specific skills in the randomly
generated subsample of studies, which led to a rating of
zero for each case and a low difference in ratings. In this
situation, Cohen’s Kappa is prone to error, which resulted
in this exceptional Kappa value. Based on this circum-
stance and the considerable percentage of agreement, we
concluded that the rating of this category is not coinci-
dental and therefore worth considering in this review.

Besides this, for all the other categories for which the
Kappa values indicated at least good agreement in the
subsample, we assumed that our coding manual worked
and provided reasonable results. In the few cases within
these categories for which the codes did not match, dis-
cussion between the two raters resolved the discrepan-
cies, and a consensus was reached.

Results

The results are presented in three parts, each address-
ing the respective research objective. In all three parts,
the descriptive findings for the mentioned categories
are reported (Tables 7, 8, and 9). The full table is a single
spreadsheet with study data for all three research objec-
tives, and all studies can be openly accessed in the pub-
lished study dataset (Wess, 2023).

Results for RO1

We categorized the studies we reviewed by methodol-
0gy, dependent variable, and professional competence to
obtain an overview of the context of the PDPs on argu-
mentation. Where applicable, the number of occurrences
was counted (Table 7).

Table 7 Research focus characteristics of included studies®

Study characteristic Description N (%)
Methodology - Quantitative 7 (10.9%)

- Qualitative 40 (62.5%)

- Mixed methods 17 (26.6%)
Professional Competence - Disposition 48 (75.0%)
(based on DV) - Situation-specific 3 (4.7%)

- Performance 35 (54.7%)
Argumentation Argumentation framework Dismissed

& competence during review

process

@ Percentages may not total 100% due to rounding. Values of professional
competence may add up to more than 64 because some studies fit multiple
categories of study characteristics

Despite addressing many different dependent variables,
the results show that most research settings use a quali-
tative approach and mainly examine dispositional char-
acteristics (e.g., professional knowledge or beliefs). In
approximately half of the studies, an examination of con-
crete performance was also considered in the research
focus.

With the two chosen argumentation frameworks and
the corresponding categories, we were, in most cases,
neither able to find a consensus on the focal issues nor
on the analysis or assessment of argumentation compe-
tence. This was caused by the circumstance that the given
and/or selected information in the studies was in most
cases insufficient to identify an underlying theoretical
framework of argumentation, or the information given
was indistinguishable for the categories of the two argu-
mentation frameworks used by Rapanta et al., (2013) and
Sampson and Clark (2008).
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Table 8 PDP characteristics of included studies®

PD characteristic Description N (%)

General character- Participants - N 1-120

istics Participants — career
point
- In-service 42 (65.6%)
- Pre-service 22 (34.4%)
Participants — school
form
- primary 21 (32.8%)
- secondary 26 (40.6%)
- both 5(7.8%)
- unclear / not reported 12 (18.8%)
Duration - Extent 30-60 min — 4 years,
single to multiple
meetings
- Contact hours 24 (37.5%)
>30h 9(37.5%)°
Active Learning Practical experience—
Inclusion of students
- Yes 44 (68.8%)
-No 20 (31.3%)

2 Percentages may not total 100% due to rounding

b Percentage based on a subsample of N=24 studies where contact hours were
reported / calculable; for the full sample (N=64) it would be 14.1%

Table 9 Reported change of teacher competence based on PD
and direction of change. (Percentages may not total 100% due
to rounding. Values of Direction of change may add up to more
than 64 because some studies fit multiple categories)

Characteristic Description N (%)
Result Change in teacher competence?
- Yes 54 (84.4)
-No 10 (15.6)
Direction of change
- Positive 50 (92.6)
Positive and other 21 (42.0)°
- Neutral 3(5.6)
- Negative 1(1.9)

2 Percentage based on a subsample of N=50 studies where positives results
were reported; for the full sample (N=64) it would be 32.8%

When using the framework of Sampson and Clark
(2008), we faced the following problem: The focal issues
are not disjunctive, and we encountered multiple stud-
ies, where no clear distinction in reference to a frame-
work was possible. The focal issues were not developed
to differ between certain argumentation frameworks but
rather to characterize given argumentation frameworks.
This resulted in not considering them for rating; hence,
no interrater reliability could be calculated.
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We attempted to resolve the fact that Sampson and
Clark’s (2008) framework was unsuitable by using the
description of argumentation competence provided by
Rapanta et al.,, (2013). Even though we used the same
assumptions that were reported in their paper, and partly
their exact coding manual, our agreement was compara-
tively poor. Here, the missing distinguishability of the
analysis and assessment categories influenced our cod-
ing. There is varying information density in terms of
the argumentation reported in the studies. Most studies
do not provide any or sufficient information to clearly
identify the underlying concept of argumentation. We
illustrate this exemplarily based on three studies in the
Additional file 1: (APP1).

Results for RO2

We categorized the PDP characteristics for the descrip-
tion provided, country, participants, duration via extent
and contact hours, and active learning in the sense of
practical experiences with students. Where applicable,
the number of occurrences was counted (Table 8). A list
of the countries in which the PDPs were conducted can
be found in the Additional file 1: (APP2).

General characteristics—participants

The number of participants in the PDP studies var-
ied (from N=1 to N=120). Some studies report results
for the development of one person (Christodoulou &
Osborne, 2014% Kilinc et al, 2017% Zaccarelli et al,
2018*) or—at the other extreme—there was a full cohort
of teachers being taught argumentation skills (Kaya,
2013*). Two studies had more than 100 participants,
but these followed an experimental study design, divid-
ing their participants into intervention and control
groups and offering PDPs only to the (smaller) interven-
tion group (Cinici, 2016* Hasnunidah et al., 2020*). In
most case studies, only the number of participant(s) in
the study was reported. If this was the case, it is marked
with an asterisk (*) (e.g., N=1%*) behind the number in the
overview, indicating that there were more participants
in the PDP that have not been investigated in the study
(Christodoulou & Osborne, 2014*; Kilinc et al., 2017%).
As can also be seen from the Table 8, there are PDPs for
science teachers in primary and secondary education and
for in-service and pre-service teachers.

Duration and active learning

The duration of the PDPs varied widely. PDPs lasted
from 30-60 min (1 module) (Bayram-Jacobs et al., 2019*)
to multiple day-long meetings over 4 years (Chen et al.,
2017%). Most of the studies lasted between a few weeks
and one year. Additionally, the number of meetings in the
PDP period varied in the different studies, ranging from
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one session to multiple meetings, and using synchronous
and asynchronous formats.

Twenty-four of the 64 studies reported the contact
hours or provided sufficient information to calculate
them. Of these studies, 9 studies had an overall time of
contact greater than 30 h (Baker et al., 2009%; Choi et al.,
2015*% Cigdemoglu & Koseoglu, 2019% Crippen, 2012%
Kapon et al., 2009*% Karisan & Topcu, 2016* Saribas
et al., 2019% Soysal & Yilmaz-Tuzun, 2019% Unal Coban
et al, 2016*), which was set as a cut-off criterion for
the long-term benefit of PDPs (Guskey & Yoon, 2009).
Finally, as shown in Table 8, approximately two-thirds of
the PDPs included practical activities with students.

Summarized for the PDP characteristics, nearly in all
sizes (Participants N, duration), school forms, and career
stages, an argumentation PDP was conducted. However,
there is still a small disparity regarding the pre-service
teachers in the number of PDPs investigated. Concerning
active learning, the majority of the PDPs included prac-
tice phases.

Results for RO3

We categorized the PDP results based on a change in
teacher competence and the direction of change. Where
applicable, the number of occurrences was counted
(Table 9). We then investigated the influence of the crite-
ria for RO2 on the results. Finally, we provided a systema-
tization for the reasons mentioned in the studies based
on thematic analysis.

Results of the PDPs

Most studies reported positive results (N=50). Some
of these studies reported also a neutral or negative out-
come (N=21) as the main result. Fewer studies exclu-
sively reported a summation of neutral (Kapon et al,
2009*%; Osborne et al., 2013; Sdnchez-Martin et al., 2017*)
or negative findings (Kilinc et al., 2017%). In a few studies
(N=10), no change in teacher competence was reported;
hence, the category change in teacher competence was
not applicable (e.g., when the main result focused on
the description of different dialogic patterns of teachers)
(Anderson Quaderer & McDermott, 2018*) or mapping
science teachers’ beliefs about argumentation (Katsh-
Singer et al., 2016).

Influence of the PDP criteria on the results

Because the vast majority of studies reported positive
results, an identification of the influence of our investi-
gated PDP criteria of RO2 was impeded. For example,
considering duration, no influence was identifiable. In
addition, looking more specifically at contact hours,
nine studies exceeded the cut-off criterion of more
than 30 h. On the one hand, these studies reported—as
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expected—mainly positive results (N=>5). However, six of
these nine studies also reported exclusively (e.g., Osborne
et al., 2013) or additionally neutral results (e.g., Crippen,
2012*) concerning their central research interests. On
the other hand, studies with contact hours of less than 30
also demonstrated mostly positive effects. This result also
applies to the category of active learning. Independent of
including reflection or practical experiences in the PDPs,
the majority of studies reported positive results. The
same applied when comparing studies that had multiple
reflection and practice sessions or did not.

Overall, it can be seen that, with the criteria we have
chosen, no causally plausible conclusions can be drawn
about the results of the training due to the large number
of positive results. Based on this result, it can be argued
that our chosen criteria do not influence the outcome of
the reported PDP results. To fully investigate RO3, we
extracted the information available from the studies and
the reasons the authors attributed to their results.

Reasons for results (by Authors)
Based on a thematic analysis of the mentioned rea-
sons for the results in teacher competence by the study
authors, we identified different reasons and counted how
often they were mentioned in the 64 studies (see Fig. 3).
As one can see, and perhaps not surprisingly, almost
half of the studies attributed engagement with argumen-
tation as a reason for the results of their argumentation
PDP. Furthermore, group activities, practical experi-
ences, and reflection sessions in the PDP are frequently
mentioned as reasons. Yet, punctually other reasons are
also provided that refer to the material and instruction of
the PDP or general PDP conditions.

Discussion

Based on our results, we now interpret and contextual-
ize them to identify patterns in our analyzed studies and
provide suggestions on how research on argumentation
PDPs was framed and designed. We identified three
central topics that guide our discussion: 1) the variety
of designs of PDPs on argumentation and the research
accompanying it; 2) the visibility of underlying theoreti-
cal frameworks of PDPs on argumentation; and 3) the
influence of PDP characteristics that lead to (positive)
effects of PDPs.

Variety of designs of PDPs on argumentation

and accompanying research

Based on our results, research on PDPs on argumenta-
tion has built a strong foundation over the last 20 years.
The diversity in the formal-structural characteristics
of studies (e.g., the methodology) and in the design
of PDPs (e.g., target groups and duration)—combined



Wess et al. Discip Interdscip Sci Educ Res (2023) 5:9

Engagement with Argumentation (as Topic and/or Strategy)-

Group Activities / Discussions -

Enable Practical Experiences (with Students or Representatives)-

Reasons

Development of argumentation—specific Material -

Explicit Instruction-

Fig. 3 Grouped reasons for results given by the study authors

with an increase of argumentation PDP studies in the
last 20 years (see APP3)—indicates a general growth in
the field and accompanying research. At first, this vari-
ety seems counterintuitive based on the reported strug-
gles teachers have with implementing argumentation in
their classrooms (Choi et al., 2021; McNeill & Knight,
2013; Pimentel & McNeill, 2013) and science teachers’
need for support (Henderson et al, 2018). However,
we argue that growing research around scientific argu-
mentation was necessary to first identify and describe
the observed problems in more detail. For example,
it is now known that teachers have different opinions
regarding what counts as argumentation (McNeill et al.,
2016), and that their understanding of argumentation
can change even during PD (Lazarou et al., 2017). The
latter indicates that PDPs can help solve at least some
of the problems encountered.

Looking more closely at the variety in the PDPs, it
seems that there is an imbalance regarding the group
of pre-service teachers. Unlike in-service teachers,
pre-service teachers have specific characteristics and
needs: they are not as entrenched in teaching prac-
tice and are still developing their identities as teach-
ers (Beauchamp & Thomas, 2009; van Lankveld et al.,
2017). Furthermore, they are, on the one hand, likelier
to be exposed to current science education topics in
their studies, but on the other hand, have less practical
experience in designing and guiding learning situations
in the classroom. Considering the specific characteris-
tics and needs of this group and the differences from
in-service teachers, it seems useful to take this target

Mentoring and Reflection Sessions-

Provision of argumentation—specific Material -
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group further into account when developing, providing,
and investigating PDPs on argumentation.

More closely examining the variety in the research
accompanying argumentation PDPs, many studies have
focused on a broad range of dispositional competen-
cies. For example, the effect of argumentation on the
development of teacher content knowledge in terms of
argumentation was explored by de S4 Ibraim and Justi
(2016*, 2012*). Additionally, changes in the content
knowledge of chemistry (Kaya, 2013*) and physics top-
ics (Kapon et al., 2009*) using argumentation account for
this. Other studies have examined beliefs about (specific
parts or strategies of) argumentation (Hand et al., 2018%
Katsh-Singer et al, 2019*). Some studies have exam-
ined self-efficacy related to argumentation (Aydeniz &
Ozdilek, 2016%).

Additionally, observable concrete performance was
investigated in-depth in 35 of the 64 studies. Here, the
research focus ranged from the effect of the PDPs on
concrete instruction or teacher moves (e.g., using the
provision of scaffolds in the classroom) (Belland et al,,
2015% Larrain et al., 2017*) or examining classroom talk
(Chen et al., 2017% Christodoulou & Osborne, 2014%
Kim & Hand, 2015*).

Thus, research studies have considered both disposi-
tional characteristics and performance in argumentation
training, but the combining element of situation-specific
skills has hardly been explicitly taken into account as a
dependent variable. Only three studies explicitly focused
their research on one of the situation-specific skills (Ber-
son et al., 2018* Rosaen et al.,, 2010%* Tekbiyik, 2015%).
Berson et al. (2018*) investigated the use of instructional
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practices that facilitate scientific discourse and argumen-
tation using a qualitative approach. They had 44 in-ser-
vice teachers in their PDP, in which they analyzed video
recordings of their own practical experiences to inves-
tigate examples of “good practice” A similar approach
was used by Rosaen et al. (2010*) in their PDP for five
pre-service teachers; they explicitly referred to the situa-
tion-specific skill of professional vision. Tekbiyik (2015*)
conducted a 4-h workshop with 90 pre-service teachers
(59 in post-test) to examine the decision-making pro-
cesses concerning the use of nuclear energy.

All three studies reported positive results, and as these
three studies and Blomeke et al. (2015) point out, these
skills seem crucial for teacher learning. In particular,
the positive effects of the use of video (as in two of the
reviewed studies) are in line with other research on the
potential of video use in teachers’ PD (Gaudin & Chal-
ies, 2015; Tripp & Rich, 2012) (e.g., by enabling the use
of authentic classroom situations that effectively activate
observers’ knowledge) (Goldman et al., 2007), and pro-
mote self-reflection abilities (Hollingsworth & Clarke,
2017) or teachers’ self-efficacy (Groschner et al., 2018).

The description of PDPs in some studies we reviewed
left the impression that activities related to situation-
specific skills are also, or at least implicitly, addressed.
For example, many studies have investigated a teachers’
ability to implement / facilitate / negotiate / incorpo-
rate argumentation in a classroom (Osborne et al., 2004;
Saribas et al., 2019*; Shemwell et al., 2015*% Simon et al,,
2008*) or a teachers’ use of a specific curriculum or strat-
egy (Marco-Bujosa et al,, 2017*). However, situation-spe-
cific skills remain implicit, and the explicit research focus
is based on performance. In particular, the extensive and
well-documented PDPs (de S4 Ibraim & Justi, 2016%
Fishman et al., 2017%; Osborne et al., 2004, 2013, 2019%)
that included discussion sessions or used video vignettes
in their PDPs strengthen this conclusion. It appears likely
that the central aspects of situation-specific skills, notic-
ing, reasoning about specific in-situation behavior, and
reflection on decision-making processes have been taken
into account in these PDPs—but were not an explicit
research topic.

Altogether, situation-specific skills, such as professional
vision and in-situation decision-making, raise the poten-
tial to make teachers aware of the possibility of seeing and
acting differently in a relevant situation based on (their
own) authentic classroom situations (Sherin et al., 2011).
However, as our results show, an explicit research focus
on situation-specific skills, such as professional vision
and decision-making around science teachers’ PDPs on
argumentation, is underrepresented. Thus, situation-spe-
cific skills (i.e., noticing and reasoning about argumenta-
tion in science education or—as a first step—recognizing
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and thinking about relevant situations in which argu-
mentation takes place or can take place in the science
classroom) represent a promising but still insufficiently
considered branch of research. We argue that research
on this would help teachers transfer the skills learned via
PDPs into their classrooms and enhance science teachers’
repertoires to facilitate argumentation—a problem that
research is still facing (Henderson et al., 2018).

Therefore, we conclude: There is diversity in the char-
acteristics of PDPs on argumentation for science teachers
and in addressed research topics in terms of formal-struc-
tural aspects, but a) more attention should be paid to
the PD of pre-service teachers, and b) there is a need for
explicit, systematic research on situation-specific skills in
argumentation PDPs.

The visibility of underlying theoretical frameworks of PDPs
on argumentation

We initially assumed that the identification of focal issues
based on the work of Sampson and Clark (2008) and the
allocation of the activities to the argumentation com-
petencies based on Rapanta et al’s (2013) work would
allow us to draw conclusions on this topic. It was pointed
out that a description of the underlying argumentation
framework is important to allow a comparison of the
different study results (Sampson & Clark 2008). How-
ever, we were not able to accomplish this task due to the
challenges in reviewing the studies. Our struggles with
the argumentation frameworks are based on multiple
reasons, as outlined earlier in the Results section of this
paper. Summarized, our challenges confirm the need for
better documentation:

Another important message, related to the first,
underscores how much information readers need
to interpret the results of a study; it is simply not
enough to say that a given intervention supports
students in creating “high”-or “low”-quality argu-
ments. An audience needs very specific details about
the nature of the analytic foci as well the underlying
assumptions about “what counts” as quality to inter-
pret findings. Explicit sharing of these details among
researchers will improve communication and com-
parison of results across studies. (Sampson & Clark,
2008, p. 469)

This conclusion regarding the need for better reporting
after a review of the assessment of student argumenta-
tion is also applicable to the development of teacher PDP
on argumentation. Perhaps the occurrence of only seven
quantitative studies in our review of the research focus
also relates to this. Presuming that quantitative measures
need a valid and reliable underlying operationalization of
the construct/variable of interest, perhaps quantitative
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approaches and the prerequisites for it (e.g., instrument
development and validation) need more attention, espe-
cially when one person looks at our struggles to describe
the PDPs underlying argumentation framework. A first
step could be a description and classification of the
argumentation concept in the seven identified quantita-
tive studies for science teacher PDPs on argumentation
(Fishman et al., 2017* Hasnunidah et al.,, 2020% Kaya,
2013* Murphy et al., 2018* Osborne et al., 2013, 2019%
Sanchez-Martin et al., 2017%).

Thus, we recommend that research papers include a
detailed description of the underlying argumentation
framework in a holistic, clear, and systematic way to ena-
ble comparisons.

PDP characteristics that lead to positive effects of PDPs

We were able to show that there is broad variety in PDPs
regarding characteristics, such as the participants or
the duration. Further, practice experiences were promi-
nent in the majority of the PDPs on argumentation. We
were pleasantly surprised by the large number of PDPs
enabling active learning in terms of the integration of
practical parts in science teachers’ PD of argumenta-
tion. However, we cannot infer any causal relationship
between the contribution of these investigated categories
of PDPs and the reported results.

For example, although duration is a considerable fac-
tor influencing the effectivity of PDPs (Borko et al., 2010;
Desimone, 2009), viewing it as a content-independent
criterion that causally links to the results has its falla-
cies. Too wide is the range of different PDPs in terms of
duration and number of meetings. Even the more spe-
cialized measure of contact hours, used as a standalone
criterion to provide effective, sustainable PDPs, is too
short-sighted. First, of the 64 studies, only 24 reported
or provided enough information to calculate contact
hours, so the information was mostly unavailable from
the researched studies. Only 9 of the 24 studies had an
overall time of contact greater than 30 h, which has been
set as a cut-off criterion for long-term benefits of PDPs
(Guskey & Yoon, 2009). Still, of the nine studies identi-
fied, not all reported a positive effect on teacher learning
in argumentation, despite the occurrence of many posi-
tive results. Therefore, studies not fulfilling this criterion
also had positive effects.

Osborne et al., (2013) and Kilinc et al. (2017*), or the
results of the training may remain below expectations
due to insufficient supervision (Osborne et al.,2013). The
experiences shared in these two studies about PDP on
argumentation are in line with other literature regard-
ing teacher PD: The effectiveness of learning processes
through practical experiences depends strongly on a)
the mentoring before, during, and after the internship
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(Gergen, 2019) as well as, not only the possibility for but
also the quality of reflection of one’s own teaching—learn-
ing sequences (Herzog & von Felten, 2001). Therefore,
using practical experience or duration as a single meas-
ure for effective teacher PD is not useful.

Based on this, we can confirm that the results of the
PDPs reported in the studies were not automatically
influenced by the sole availability of influential PDP cri-
teria, such as long duration and active, yet unreflected or
unevaluated learning. Our chosen resolution of duration,
especially contact hours, and practical experience, is suit-
able to show if an argumentation PDP had one of these
components at all. They do not discern the quality of the
PDP session(s) or the practical experience(s). More sen-
sitive operationalizations of the sessions (e.g., analyzing
tasks, material, and instruction), or the practical experi-
ences (e.g., investigation of the preparation, mentoring,
or concrete tasks) enable a more in-depth analysis of the
quality of the PDP.

Yet, we want to critically note that this is partially
impeded by two circumstances. First, as shown for the
contact hours, at least for our 64 selected studies, there
is a varying information density or absence of relevant
information in some studies. Second, the sheer num-
ber of positive results of PDPs for argumentation still
impedes a comparison to determine good practice indi-
cators. Concerning the second aspect, we cannot exclude
the prevalence of p-bias based on the large number of
positive results. Since one of our inclusion criteria was
“peer review,” we have no indication of studies on argu-
mentation PDPs that may have been rejected for publish-
ing due to reporting null or negative results. This imposes
the question of a prevailing publication bias in peer-
reviewed studies, as has been recognized in other fields
of academic research—for example, for social sciences,
see Franco et al. (2014).

Besides illustrating that these “hard” PDP character-
istics do not allow any causal conclusions of the results
of a PDP, we have shown with our categorization of the
reasons the study authors attribute that there are many
variables to improve argumentation. We can also see
an overlap of our reasons extracted with other effective
criteria in general—for example, practical activities and
reflection phases as mentioned by Desimone (2009)—and
beneficial argumentation-specific design principles—for
example, explicit instruction and introduction of argu-
mentation is also mentioned by Aydeniz (2019). How-
ever, the reasons themselves remain vague. One could
argue here that our generalization of the reasons for RO3
is too low to resolve. However, with the varying amount
of information given in the studies and our intent to
cover all studies that all make argumentation an explicit
goal of their studies, this was our best attempt to group
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these diverse studies that all aim for enhancing argumen-
tation using different contexts and aims with this reso-
lution level, and still reach a considerable consensus. To
obtain finer-grained results, we refer here back to our
conclusion for the argumentation framework and cite a)
a need for better reporting, and b) a more detailed sam-
pling based on our findings. Perhaps one could further
investigate the subsample of the 31 studies on “engaging
with argumentation,” but then still, and we highlight this,
even if the single activities were more precisely described,
their impact on the result as one of many PDP activities
remains unknown.

Overall, we conclude that the identification of effective
PDP characteristics is possible, but generalizations based
on surface PDP characteristics are limited. For example,
practical phases can be the reasons for positive results,
yet generally speaking, practical phases do not automati-
cally lead to good results. This also applies to the other
investigated categories for RO2 and RO3. Therefore,
future research should build on the solid fundament of
previous argumentation PDPs to develop and investigate
the latent trait of argumentation competence. Future
research should more clearly relate the resulting different
PDP activities used to develop science teachers’ argumen-
tation skills to the actual PDP result at the same inference
level and further investigate the share each of these activi-
ties has on the result.

Limitations

One may criticize the fact that we used Blomeke et al’s
(2015) model for studies published before 2015 and
therefore have an indiscriminate use of the categories
regarding professional competence, especially situation-
specific skills. We rebut this critique because subordi-
nated concepts, such as noticing (van Es & Sherin, 2002a,
2002b) or professional vision (Goodwin, 1994), were
established long before the application in the model used
here. Furthermore, we highlighted in the discussion the
implicit presence of these components in PDPs, yet an
explicit research focus in the related studies—and when
looking for established concepts such as noticing and
professional vision—still remains unattended.

We reviewed a subsample of the papers using more
than one coder; the rest of the analysis was done by only
one person. Even though this procedure seems legitimate
(Hallgren, 2012), one could challenge the generalizability
of this step. However, we did not only opt for a subsample
because of time and efficiency reasons. Rather, we see our
high agreement in the values of a randomized subsam-
ple as evidence of the functioning of our coding manual
and ratings (except for the argumentation categories).
Therefore, we assume that additional ratings with two
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coders would not necessarily have resulted in a signifi-
cant change.

Furthermore, our selection of included studies may be
biased by country. Most studies were found in Western,
English-speaking countries (see APP2). This may not
be surprising, considering that we filtered for studies in
English since it is one of the standard languages of sci-
ence communication worldwide. However, educational
contexts are often bound to national curricula. Therefore,
this review possibly misses out on studies and PDPs that
are written in a language other than English but other-
wise would have suited the criteria.

Additionally, the studies included in the review span
the entire K-12 curriculum (elementary, middle and high
school). In our review we followed the approach to give a
general overview of how the development of skill in the
facilitation of argumentation has been realized, inde-
pendent of the curriculum. Future research on this issue
or on the type of school (urban, rural, suburban) can
use our here gained insights to examine these objectives
more closely.

Addressing the search terms for this review, one could
argue that, for example, the imbalance in the group of
pre-service teachers is grounded in the search terms,
leading to more results for PDP and in-service teach-
ers and not for pre-service teachers, where “continuous
teacher development” is a more prominent term. How-
ever, since we explicitly included “pre-service teachers”
in the search terms, as well as “teacher development” and
“teacher training” as varieties of PD, we feel that we still
have a representative sample for pre-service teachers.
Hence, the found imbalance represents the existent num-
ber of studies and is not based on faulty or incomplete
search terms.

Also, we want to share a critical thought on our
approach to identifying the argumentation framework for
a PDP on argumentation. We tried to describe the under-
lying argumentation framework of the studies consider-
ing the argumentation PDP based on the descriptions
provided in the studies. We did this since we anticipated
varying depths in the description of argumentation in the
PDPs, yet we did not systematically take into account some
studies that reported concrete argumentation instruction
and the material of the PD. Perhaps a combined analysis
of the argumentation framework, argumentation activi-
ties, tasks, and material of the PDP using the categoriza-
tions of Rapanta et al. (2013) and an examination of the
relationship between the underlying theoretical argu-
mentation framework and the argument instruction and
material used in PD will lead to more satisfying results, as
only a subsample of the 64 studies provided this informa-
tion. Here, the teacher actions of Weiss et al. (2022), the
design principles of Aydeniz (2019), the work of Zohar
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(2007), and Zembal-Saul and Vaishampayan (2019), which
teachers need to know to successfully introduce argumen-
tation into the classroom, can be useful sources. Further-
more, the additional application of other classifications in
a combined approach—for example, that of Erduran et al.
(2015)—could deliver more holistic results for reviewing
the underlying argumentation framework. However, this
cannot be done by us at this point, as this is a whole new,
time-intensive research task.

Finally, we reviewed only papers that considered science
education. General approaches to argumentation PDPs in
other fields of education were not considered. However,
our presented approach could function as a template, and
the results could provide valuable implications for conduct-
ing argumentation PDP reviews in other relevant fields.

Conclusions

The need for this review arose based on teachers’ chal-
lenges in facilitating scientific argumentation in class-
rooms, even though PDPs on argumentation exist. Based
on our review of these PDPs in terms of selected PD
characteristics and research focus, and the discussion
and experience that occurred during the review process
of the argumentation categories, we came to three cen-
tral conclusions regarding the diversity of research of
PDPs on argumentation, its accompanying research, the
visibility of underlying theoretical frameworks of PDPs
on argumentation, and the characteristics that lead to
positive effects of PDPs. With these recommendations,
we hope to provide helpful insight for developers, mod-
erators, and researchers in designing, implementing, and
researching PDPs on argumentation in science education.
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