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Abstract

Abstract

Classroom dialogue is the predominant learningngeth German science and mathematics
classrooms. Studies during the last 40 years hewealed that it is often a tight interaction
pattern that does not necessarily foster and ddastoidents’ elaborations. Rather, teachers
ask questions that foster students’ reproductioknoiwledge and provide them with short,
corrective feedback. In order to change this stgtus the Dialogic Video Cycle (DVC), an
evidence-based, one-year teacher professional ajgweht program (TPD) on productive
classroom dialogue, was developed. The dissertatamined how the DVC would impact
teachers’learning in the program, theireflection on the DVC, teachers’ and students’
practice changes in the classroom, and changes in studpeatseptionsof higher-order
learning with and without considering their selfacept of ability as an individual student
precondition.Within a longitudinal control-group design, thesults revealed that teachers
changed their feedback behavior and provided tbieidents with more feedback on their
learning processes. Regarding the level of questamd student answers, no significant
changes were found. Individual practice changes wather homogeneous with regard to
feedback and rather heterogeneous for teachersstigoeng and students’ elaborations.
Qualitative analysis of teacher learning within BPMC workshops showed that teachers were
more open-minded with regard to feedback as aiweatdacher behavior, whereas teachers’
questions as an initiative teacher behavior wees ss a vital tool for efficient navigation
through lesson scripts. Although teachers facedemiiit challenges with regard to
implementing all the new knowledge provided in #D into their individual classrooms,
their reflections on the program revealed that @y@yreciated the DVC mainly because of the
constant community of learners and the immediagdidack on teaching routines through the
video tool (Essay 1). Students perceived the clmngelassroom dialogue positively with
regard to their higher-order learning which is cosgd of situational learning processes and
cognitive elaboration strategies. For both dependanables, students reported significantly
more positive perceptions at the end of the scheal than the control group. An additional
sub-sampling with regard to the students’ self-ephcof ability as a relevant student
precondition revealed that the DVC was especiatiydiicial for students who initially had a
low self-concept of ability with regard to theirtigtional learning processes (Essay 2). In
summary, the dissertation delivered results reggrdiystematic effects as well as on
individual cases within a comprehensive investaatof the causal impact chain in TPD.
Through this approach, the dissertation adds tadhaested research on effective TPD, but

acknowledges classrooms as individual settingsriptementing new knowledge.



Research Desiderata of the Dissertation

1 Research Desiderata of the Dissertation

1.1Classroom Dialogue — Status Quo

In the German context, classroom dialogue is thenmaarning setting for
mathematics (Hiebert et al., 2003) and sciencedébek Prenzel, 2006) in secondary
education. During the last four decades, classrd@miogue has mainly been put into action
through the Initiation-Response-Follow-up (I-R-Ejjsence (Mehan, 1979; Mercer & Dawes,
2014). The I-R-F pattern can be a learning-supp®rsetting when the quality of each
component is assured (Chin, 2006; Dawes, 2004 puldir the level of initiation and follow-
up, the teacher can influence whether the I-R-Feappin an “authoritative” or “dialogic”
function (Mortimer & Machado, 2000). Research hsven that often the elements of the
I-R-F are rather “authoritative” causing tight irgetion patterns (Howe & Abedin, 2013;
Mercer & Dawes, 2014). In this context, teachergsjions, which serve as the initiation of a
teacher-student interaction, have shown to be affea closed and reproductive character.
Students are then triggered for short, knowledgeoducing answers which serve as a
keyword for the teacher to continue with a “secutedching script (Jurik, Gréschner, &
Seidel, 2013). In this teaching style, subjectshsas science appear as a rigid body of
knowledge where there is alwatfse right answer (Driver, Newton, & Osborne, 2000), and
students expect to be provided with the right amswéhe end anyway (Oliveira, 2010). This
aspect is reinforced by the level of the teachfstdback which is often rather “corrective”
instead of “cueing” (Hattie & Timperley, 2007). the context of mathematics, results of the
TIMSS video study revealed that especially Germ&sstooms are dominated by the
described reproductive questioning approach (Stigeonzales, Kawanaka, Knoll, &
Serrano, 1999). With such a highly routinized teaghpattern, it is rather unlikely that
learning opportunities arise in which studentsrdasw to argue and reason (Osborne, 2010),
as well as develop a deep understanding and wilisg to continue with a career in science,
technology, engineering and mathematics (STEM) &@igation for Economic Co-operation
& Development [OECD], 2007).

Therefore, teachers are requested to provide dgudenth fruitful learning
environments that instill a positive learning atti¢é towards STEM. In the context of
classroom dialogue, this means finding out whatestis think by scaffolding them in
questioning their conceptions and acquiring thguage to express scientific ideas by posing
different perspectives to each other (Wells & Ara@f06). Especially, the aspect of
presenting different perspectives to a problemuraent or question forms the basis for a
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purposeful communication setting which allows fdére tterm “dialogue” — meaning a
minimum of two people being involved in a conveimat(Howe & Abedin, 2013). Up to
now, four decades of research have dealt with Sctesn dialogue”, with the focus on
describing the structure of dialogue patterns (t@%tudies in the review of Howe & Abedin,
2013).

The main conclusions regarding the status quo assobom dialogue are: first, the
components of the I-R-F are often taught in a tighy; second, future research has to go
beyond describing patterns of classroom dialoguel @ther work on its changeability.
Therefore, the present dissertation investigatesaaher professional development program
(TPD) on classroom dialogue called the DialogicadidCycle (DVC) in order to examine
teachers’ practice changes as well as their legraimout classroom dialogue. The DVC
served as the vehicle for changing classroom dielag a productive way. Thus far, only a
few studies have dealt with professional develognm@ograms in relation to classroom
dialogue, which have mainly examined the impacthef programs through extensive case
studies (“Accountable Talk,” Michaels, O’Connor,Resnick, 2008; “CamTalk,” van de Pol
& Elbers, 2013). The goal of this dissertation ¢ déxtend this line of research by
implementing a longitudinal control-group study iovestigate the changeability of the
elements of the I-R-F in the videotaped lessonzadicipating teachers (Essay 1).

Besides the lack of research on the changeabilityclassroom dialogue, its
consequences on student learning outcomes areenessarily investigated, and if doing so,
variables with regard to achievement are the ceottaattention (Howe & Abedin, 2013).
However, the research highlights students’ peroaptof higher-order learning as relevant for
students’ development of a deep and sustainabléembrunderstanding (Donovan &
Bransford, 2005). Therefore, this dissertation exach in a second study whether the DVC
would affect students’ higher-order learning inamshto their situational learning processes
and elaboration strategies which were approacheduegtioning students directly after the
videotaped lessons. In this context, individuatstus’ preconditions have to be considered
due to their influential character (Corno & Snowg8f). In the context of higher-order
learning in classroom dialogue, previous studieghaghlighted the self-concept of ability
as important because it impacts how students engadepersist in the learning process
(Helmke & van Aken, 1995; Jurik et al., 2013). Frtms perspective, it can be assumed that

the DVC could cause different effects for differatidents. Therefore, a second theme in



Research Desiderata of the Dissertation

Essay 2 was whether the DVC would affect studdmtgher-order learning differently when

considering their math or science self-conceptodftg.

1.2Teacher Professional Development — Status Quo

Teacher professional development has become amgaseictor due to the “alarming”
results of studies such as PISA around the tutheimillennium. As a consequence, policy
makers as well as educational researchers ask opager focus on the quality of teachers
and on the establishment of life-long learning opjaties for them (Blossfeld et al., 2015).
In the same breath, more profound research on ftfeetigeness of TPD is claimed
(Desimone, 2009; Osborne, Simon, Christodoulou, élbRichardson, & Richardson, 2013;
van Veen, Zwart, & Meirink, 2012). The range ofesff in TPD are heterogeneous, from
afternoon workshops on a wide choice of topics Ifiic Kunter, Klusmann, Ludtke, &
Baumert, 2011) to extended programs lasting foesdwears — mainly in the US context —
where teachers are, for example, trained to bedeawher-leaders in order to spread effects
(e.g., Borko, 2012). Despite the empirical evidenegarding certain effective components
such ascontent focus, active learning, collective partatipn, duration and coherence
(Cordingley, Bell, Rundell, & Evans, 2003; Desimp@609; van Veen et al., 2012; Wilson,
2013), these principles of effective TPDs are netessarily implemented in existing

programs.

Within the DIALOGUE project, which embeds the prasedissertation, the DVC was
designed by purposefully implementing effective TRDmponents (Gréschner, Seidel,
Kiemer, & Pehmer, 2014) and providing teachers vatimindful facilitation (Groschner,
Seidel, Pehmer, & Kiemer, 2014). To advance thd figith regard to systematic and
controlled research on TPD effectiveness, the DV& wompared to a rather traditional
program, the Advanced Traditional Program (ATP).d8yng so, it was intended to examine
the rather conventional format to an evidence-bastennpt. As described in Section 1.1, this
was done by analyzing videotaped lessons and hyirwag students’ perceptions through a
questionnaire after each lesson. In addition, focomprehensive description of change
processes and in order to understand the causehdoges teachers made in their practice
during the TPD, results in Essay 1 were complenteble qualitative teacher statements
selected from the additionally videotaped TPD whdgss. For a further understanding of the
DVC’s role as a professional learning opportunity teachers, qualitative excerpts of

teachers’ reflection interviews completed the cashpnsive exploration of the program.
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1.3Research Questions within the Framework of the Digstation

The following framework (Figure 1) forms the bafos five research questions of the
cumulative dissertation and was derived from theveldescribed research desiderata and the
theoretical background which will be presented hie following chapter. The framework
serves as an advanced organizer of the dissertatidris, therefore, presented at the end of

this introductory chapter.

Teacher learning in the Teacher Teacher & student Students’ Students’
DVC workshops reflection classroom practice classroom precondition
on the DVC perceptions
( \ Teacher’s
é—@_ productive
Activity 1: initiation:
Student activation Elaborative question
by productive —_
questioning and
active student Fostering situational | \_
engagement -\ /- learning \'}’ﬁ
=l processes .
\ ) Student’s Domain-
> productive \ ) specific
( \ <_@_ response: i—= ) self-
Elaborative answer concept of
— Cognitive ghilley
NS elaboration A\ J
Activity 2: Scaffolding strategies :7
Scaffolding of [
student ideas by Toacheris \____
productive feeback 5| productive follow-
IEI up:
Feedback on

K ) learning processes

Figure 1: Framework of the dissertation

The dissertation aimed to comprehensively investighe impact of the DVC on
different facets within the causal chain of TPD.tlms context, it is assumed thaachers
learn in the context of two DVC activities student activatiorand scaffolding of student
ideas(based on Walshaw & Anthony, 2008), which influetegcher and student classroom
practice with regard to the elements of the I-R-F. As iatikel by the camera arrows, the
video tool serves as the mediator between the D\Wksthops and classroom practice
through representative video clips of productivassfoom dialogue. In between teacher
learning and practice changésachers reflectvithin the DVC program on the role of video
for professional learning. Practice changes witiard to productive classroom dialogue are
assumed to influence tlstudents’ classroom perceptionghigher-order learning, which are

10
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composed of perceptions of situational learningcesses and perceptions of the more
enduring cognitive elaboration strategies. The esttgl domain-specific self-concept of
ability — as an influentiastudent precondition presumably impairs the impact of the DVC

on students’ higher-order learning perceptions.

Within the two essays, assumptions are empiricaXgmined by the following five
research questions which are asked along the fhemmns of the presented framework.
Research questions are listed in the order theyaddeessed in the two essays. Detailed
hypothesis regarding each research question asermiesl within the summary of each essay
(Section 4.1 and 4.2).

Essay 1:

Teacher and student classroom practite: what extent do the different treatments — DVC

and ATP — support teachers in changing their prastin classroom dialogue?

Teacher learning in the DVC workshopafhat teacher discussions of the DVC workshops

help to illustrate the findings on teacher pra@ice

Teacher reflection on the DVGVhat specific role do teachers attribute to the D&Ca

professional learning opportunity based on effectiemponents of the TPD?

Essay 2:
Students’ classroom perceptio3o students of teachers who participate in the DVC

perceive positive changes in their situationalre®y processes and cognitive elaboration
strategies in comparison to students of teachecspalticipated in the ATP?

Students’ preconditionDo students with different levels in their self-cept of ability

benefit differently from the DVC compared to thagfethe ATP in their situational learning

processes and cognitive elaboration strategies?

In the following, the theoretical background is g@eted. In Section 2.1, literature
regarding teacher and student practices in classidialogue is depicted. Relevant research
regarding students’ higher-order learning percestiand how it is impacted by classroom
dialogue and their self-concept of ability as adividual student precondition is shown in
Section 2.2. Section 2.3 sums up the framework eutinent research on teachers’ learning in

professional development. After presenting the tigzal basis, the DIALOGUE project is
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introduced by describing the two different TPD ctiods (DVC and ATP) and their
implementation (Section 3.1). In Section 3.2, thedent and teacher sample is described
before presenting the procedure of data colleaioth analysis (Section 3.3). Both essays are
separately summed up in Sections 4.1 and 4.2 béfrg discussed corporately in Section
5.1. Finally, the educational relevance of theatisgion and future research implications are

deduced from a methodological and content-baséetctiemn.

12
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2 Theoretical Background

2.1Teacher and Student Practices in Productive Classom Dialogue

2.1.1 Students’ Productive Responses as a Source for Semds’ Learning

Educational research has been focusing on classdogue for 40 years (Mercer &
Dawes, 2014). The majority of this research hasceommated on generating empirical
evidence on how dialogue between students anddeachestablished in the classroom and
what criteria it is required to fulfil in order tsupport students’ learning with a maximal
learning outcome (Mercer, 2008). A discrepancyl sidists between the two described
research foci: an extensive body of literature sstgythat the main criterion of classroom
dialogue is that it be learning supportive, but ftmimplementation in the classrooms is often
still insufficient. As illustrated in Section 1.&lassroom dialogue is often put into action as a
tight interaction pattern with students as keywgrders (Chin, 2006; Jurik et al., 2013;
Mercer, 2008). Critically, it may be asked whettigs pattern can be defined as “dialogue,”
in reference to Bakhtin’'s (1981) definition of “tbgic” as the interplay of multiple
perspectives. Allowing for those multiple perspeesi within classroom dialogue requires the
involvement of students as equal participantsdoraversation, instead of just keyword givers
in a lesson script (Wells & Arauz, 2006). Such alaljic setting provides room for scientific
argumentation, the co-construction of knowledgel andeep and critical engagement with
learning content, and then it can be defined asdipctive” (Alexander, 2005; Osborne,
2010). Previous research has shown that engagudgerss in such argumentative and
interactive learning settings leads to a significase in students’ conceptual understanding
(Chi, 2009; Mercer, Wegerif, & Dawes, 1999; Resnigkchaels, & O’'Connor, 2010; Webb
et al.,, 2014). Additionally, students’ processesradsoning show that their understanding
might diverge from the teacher’'s expert domain kieolge. For the ongoing lesson, these
disparities are particularly valuable resourceshia context of students’ and teachers’ co-
construction of knowledge (Twiner, Littelton, Coffi& Whitelock, 2014).

2.1.2 Teachers’ Productive Initiation and Follow-up: Fosering and Scaffolding

Students’ Responses

In this context, the teacher has been shown torbeat with regard to his or her
facilitation of the required “dialogic” conversatiofirst, the teacher takes care of activating
the students to participate in the classroom disogsecond, the teacher scaffolds the

students’ ideas in the conversation (Walshaw & Anth 2008). Strong tools for teachers’

13



Theoretical Background

fostering and scaffolding of students’ contribusoare questions and feedback. Research
provides evidence that both aspects have beenav&dsince classroom dialogue became a
focus of educational research (Mercer & Dawes, 20ddd that their “quality” varies greatly

and is crucial for student learning (Chin, 2006).

The teacher questiorteol often initiates a conversation with the aimnereasing the
students’ participation (Koufetta-Menicou & Scait)00). In this context, its quality with
regard to student learning is profound becauseoiinptes the level of the students’ answers
(Chin, 2006). There is a consensus among studigeammer questioning that a “productive
question” challenges students to think profoundhspires their learning processes, and
encourages them to use reasoning skills (AlexarZzd5; Lee & Kinzie, 2012; Wragg &
Brown, 2001). Additionally, an effective teacheregtion can foster elaborative student
responses which include explanations of the stsdénhbughts, and encourage students to
develop their own way of expressing ideas, rathantsimply memorizing facts and giving
correct keywords (van Zee, lwasyk, Kurose, Simpsgo#yild, 2001). Oliveira (2010) states
that questions that allow students to give only coeect keyword lend support to students’
expectations that, in case of failure, the tea@biktrultimately provide them with the correct
answer anyway. Oliveira (2010), therefore, emplessithe importance of questions being
open-endedwith multiple answer possibilities, and includeallengingto trigger students’
further exploration, andonnectingto include students’ prior knowledge. Thus, thaliy of
a question has an important function in classro@togue, influencing how students become

activated and engaged in the conversation (Walgh&nthony, 2008).

Additionally, after activating students to partiaip in classroom dialogue and
fostering elaborated answers, 8wffolding of students’ answessa second key component
of productive classroom dialogue. Dawes (2004,81) @lefines the “scaffolding” tool, in the
context of classroom dialogue, as “the teacher'sde&/support the learner’s thoughts and
actions.” In order to support the students’ thigkprocesses, the teacher scaffolds a student
by probing ideas, words, and opinions (Dawes, 20Bé¥ides clear structuring of dialogue
(Resnick et al., 2010), studies revealed that afgedback is one of the most effective tools
to do so (Hattie, 2008). As described in Sectidh feedback is provided as the follow-up
move on a students’ response to the teachers gndstithe I-R-F pattern. Mortimer and
Machado (2000) state that I-R-F is an authoritat@@munication pattern when the teacher’s
feedback is evaluative. This assumption is shangdHbttie and Timperley (2007) who

categorize this form of “corrective” feedback ®dback about the taskhich provides

14
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students only with information on the correctneka solved task. It is claimed that this type
of “corrective” feedback is most common, since ntesicher questions require that students
give either “right” or “wrong” answers. The problewith this type of feedback as the least
effective is that students simply try to “pick thght answer,” and, thus, to equip themselves
with the right strategy to achieve that aim. Inerdo implement the I-R-F in a dialogic
function, the teacher’'s feedback needs to providermation to the student for further
extension of the response (Mortimer & Machado, 2000is type of feedback is categorized
asfeedback on the processing of the tasll has been shown to be the most effective (Hattie
& Timperley, 2007). It directs students to re-thiakd re-use certain strategies or to ask for
concrete help. It is regarded as a “cueing” typéeetiback and is likely to enhance students’
deep understanding of tasks. Harks, Rakoczy, Hatgsser, and Klieme (2014) backed this
assertion, finding that process-oriented feedbdwgt had an indirect effect on students’
achievement was perceived as most useful. Anotiyee distinguished by Hattie and
Timperley (2007) is thefeedback on self-regulatipnwhich promotes students’ self-
monitoring and regulation of their learning pro@sssThis type has been shown to influence,
for example, students’ perceived autonomy andefétfacy. In this context, van den Bergh,
Ros, and Beijaard (2014) investigated whether pynsghool teachers’ attitudes towards
feedback and feedback behaviors changed afteremddsed intervention on feedback. The
results showed that the teachers provided moreromative and metacognitive feedback to
reinforce their students’ learning following thetdrvention. Additionally, the teachers
reported finding it easier to give feedback thaivated their students’ thinking. These results
provide a relevant piece of evidence that videaebawsiork on a specific criterion of
productive classroom dialogue can change teaclpeastices and attitudes. In this context,
the research group emphasizes that the interplanes own video excerpts and the video
sequences of colleagues created a rich learningoanvent for teachers. They state that
being videotaped while using new knowledge in tlassroom is an authentic activity which
encourages teachers for active participation.

This dissertation connects to the empirical eviéelmg examining whether the DVC,
as another video-based TPD on productive classmdiafgue which includes videotaping
during the implementation of new knowledge, suppt@achers in changing their questioning
and feedback behavior in order to facilitate elabwe student answers (Essay 1).

15
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2.2Students’ Perceptions of Higher-Order Learning

In accordance with the current paradigm in eduoatioesearch, teachers provide
students with learning opportunities that they aually use to achieve maximum success
regarding the construction of knowledge and leaymmaotcomes (Klieme & Rakoczy, 2008).
As stated in Section 2.1, it is therefore relevanask in the context of classroom dialogue
how teachers can use conversation to facilitatéesiulearning. Besides observing students’
responses as an external learning activity, ielevant to ask how students use classroom
dialogue for their internal learning activities.tims context, the present study concentrates on
students’ higher-order learning as an importantaue variable, which thus far has seldom
been considered, although it is a particularly vate precondition to allow for students’

understanding of learning content (Donovan & Brargf2005).

Higher-order learning can be characterized sityational learning processethat
focus on the question of how students perceive tbaining in a current lesson, acmfnitive
elaboration strategieshat determine the students’ use of certain graseto support their

learning in a more habitual and constant way (Vern&uVerloop, 2000).

2.2.1 The Interplay of Classroom Dialogue and Students’ ifjher-Order Learning

The procedures of processing, elaborating, andnarigg are basically characterized
as the essentiaituational elements of higher-order learning (Collins, BrownNewman,
1989; de Corte, Verschaffel, Entwistle, & van Méntoer, 2003; Donovan & Bransford,
2005).Processingdescribes whether a student is able to follow @odess the lesson, which
is important in order to participate in a conversatElaboratingmirrors the way students are
activated and how their prior knowledge is integdafThe third situational element of higher-
order learningprganizing asks how well the student can structure and agathe gained
knowledge. It can be assumed that all situatiom@ments,processing elaborating and
organizing are supported by productive classroom dialogue feacher's questions that
allow for the students’ elaborated answers, as aglieedback that supports students in re-
thinking their responses, can be expected to pejptinfluence the situational elements of
higher-order learning. This assumption has not bested empirically and is, therefore,

investigated in the presented dissertation (Eskay 2

Beyond situational learning processes, cognitiad@lation strategies are relevant for
higher-order learning (Weinstein & Mayer, 1986).g8utive learning strategies, of which

elaboration strategies are a part, are assumed todoe enduring (Vermunt, 1996), and are
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intentionally used by learners (Zimmerman & Margfieons, 1990). In the context of
productive classroom dialogue, in which studente a&erbally challenged to offer
explanations and evidence (Duschl & Osborne, 200@ynitive elaboration strategies are
regarded as the students’ intentional use of gfiegeto connect existing knowledge to
previous knowledge, and then using the knowledga mew context (Weinstein & Mayer,
1986). When teachers in a TPD on classroom dialégara about the importance of fostering
and scaffolding students’ elaboration the role ajrdtive elaboration strategies and changes

in students’ perceptions of them over a periodroétshould be considered (Essay 2).

2.2.2 Students’ Domain-specific Self-concept of Ability & an Influential Precondition

Besides the teacher’'s impact on student learningtti¢d 2008), a consensus in
educational research is that students’ individuatpnditions influence how students become
engaged in learning (Corno & Snow, 1986). In thamtext, the self-concept of ability is
considered an important student characteristic Bemy 1986; Marsh & Martin, 2011).
Shavelson, Hubner, and Stanton (1976) characteeifeconcept of ability as a person’s
perception of himself, which is influenced by expeces in the person’s environment. This
definition is internationally shared in educationasearch (Bong & Skaalvik, 2003;
Retelsdorf, Kéller, & Mdller, 2014). Jurik et aRq13) have shown that students with a low
self-concept of ability tend to be disengaged frolmssroom dialogue, even when their
previous knowledge is high. Furthermore, studesgdf-concept of ability has consequences
for higher-order learning, since it influences hewdents initiate and persist in learning
processes such as elaborating and organizing tepountent (Helmke & van Aken, 1995;
Wigfield & Karpathian, 1991). This is consistentlivBandura’s (1986) line of reasoning that
the self, as a regulator of behavior, activatesitefjies that induce lower or higher

performance.

Studies have shown that a domain-specific contéxeti-concept provides a much
more precise picture than asking students for theireral academic self-concept of ability
(e.g., Marsh & Hattie, 1996; Marsh, Ludtke, Trautwe% Morin, 2009; Shavelson et al.,
1976). Because the present study focuses on thextaf science and mathematics education
and the importance of considering domain-spec#it-concept of ability, it also focuses on
math or science self-concept of ability, dependamgthe teacher’'s chosen subject in their
TPD.

In accordance with the given literature, the donsgacific self-concept of ability

seems to be an important differential and inflledrdspect on students’ higher-order learning,
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and therefore a relevant indicator for investigatihe effectiveness of a TPD on classroom
dialogue (Essay 2).

2.3Teachers’ Learning and Reflection in Professional Bvelopment about

Productive Classroom Dialogue

As illustrated in the previous sections, enhanalagsroom dialogue is one key to
giving students opportunities to develop a deepwletstanding of STEM learning content
and to have a positive learning experience whighthe final analysis, might lead to career
choices in the highly demanded STEM fields. Thaefdhis study aimed to develop an
effective TPD that would have an impact on studdmngher-order learning. Since TPD is not
necessarily connected to teachers’ needs in trely doutines (Richter et al., 2011) and
empirical evidence regarding the effectivenessRID3 is still rare (Osborne et al., 2013), the
DIALOGUE project, in which the present dissertatisrembedded, aimed to develop a TPD
which is based on empirical evidence regardingcéffe TPDs (Borko, 2004; Desimone,
2009; Wilson, 2013), as well as address classromatoglie as a predominant topic of
teachers’ daily routines (Kunter et al., 2006; 8e&l Prenzel, 2006).

2.3.1 Effective Components of Teacher Professional Dev@ment

In conceptualising such a program, we consideredeace of research on effective
TPDs by implementing Desimone’s (2009) componeptmtent focus, active learning,
collective participation, durationandcoherencelIn this context, Vescio, Ross, and Alyson
(2008) stated that carefully designed TPDs wereentigely to positively influence changes

in teachers’ practices.

Specifically, such a program should give teachieeschance tactivelyimprove their
practical knowledge and to experience opportunitiesansfer concrete classroom dialogue
activities to daily teaching practice. This actlgarning process should be encouraged by the
collective participationof teachers in a trustworthy community of learn@an Es, 2012).
The duration and coherencecomponents formed the structural basis for the TyQiving
teachers the chance to learn within a coherentegmuver the period of an academic year.
Such constant TPDs are still uncommon in the Geroartext (Richter et al., 2011). By
providing teachers with concrete and coherent dietsvon thecontentof classroom dialogue,
the DVC was conceptualized along Walshaw and Antiso2008) activities 1 (student
activation) and 2 (scaffolding students’ ideas)tBactivities were enriched by the body of
literature presented in Section 2.1.
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2.3.2 Video — A Tool in Effective Teacher Professional Delopment

Research has shown that changes in teacher leaamengnore likely if teachers
recognize improvement in their students’ learnieguiting from their newly implemented
practices (Guskey, 2002; Opfer, Pedder, & Lavie,1). A promising tool to make such
changes in practice visible and reflect on thenvideo (e.g., Borko, Jacobs, Eiteljorg, &
Pittman, 2008). Video excerpts can illustrate & ool of (new) teaching techniques and
allow teachers to better understand their studehtsking by watching colleagues’ videos
(Sherin & Han, 2004). Video allows for connectiots teachers’ daily routines and
opportunities for active and collaborative learnibgth of which are important aspects of
successful TPDs (Opfer et al., 2011; van Veen.e@ll2), and which have been proven to be
effective (Borko et al., 2008; Goldman, Pea, Bar&menny, 2007; Santagata, 2009; Sherin
& van Es, 2009; Zhang, Lundeberg, Koehler, & Ebeiha2011). Additionally, it gives
teachers the ability to watch themselves from tadise, outside of the situation of acting in a
complex classroom setting. Thus, it is regarded asltural tool for mediating interactions
between the classroom and TPD workshop contexigp & Rich, 2012).

Besides generating evidence regarding teacher<tipeachanges and students’
learning outcomes, the dissertation seeks to furtimelerstand how teachers learn in an
evidence-based program, such as the DVC, and reflecthe role of video and their
professional needs, which have been acknowledgddhpartant sources to improve TPD
creation (Mansour, Heba, Alshamrani, & Aldahmad¥4). Therefore, the videotaped TPD
workshops as well as the teachers’ reflectionshennewly designed program seemed to be
another valuable data sources and were, therefoatifatively examined in Essay 1.
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3 Project Context - DIALOGUE

As described above, the dissertation was condustétn the DIALOGUE project
which integrated the two illustrated current reshastrandsclassroom dialoguandteacher
professional developmenAlong with its standalone framework, the dissstafocused on
the impact of the DVC on teachers’ learning, rdftets, and practices, as well as students’

practices, perceptions and the impact of precanti

3.1Research Design

In order to expand the perspective of researchrdagpeffective TPD, the DVC as a
program (which explicitly refers to effective conmamts) was compared to a rather
traditional approach of TPD (Richter et al., 201We called the second program the
‘advanced traditional program’ (ATP) because of antmuous parameter: participating
teachers took part in a set of common workshopsclassroom communication and
additionally met in “roundtables” with the facilim of the DVC. Along this
conceptualization, teachers who participated in BW&C served as the intervention group
(IG), teachers of the ATP as a control group ((E&th programs are described in more detalil

in the following and are illustrated in Figure 2.

3.1.1 The Dialogic Video Cycle (DVC)

The IG teachers participated in a TPD with twoatems of the DVC, with each cycle
including three workshops and one video recordinth@ teachers’ lessons. The central topic
of the year-long intervention was “productive classn dialogue.” As mentioned above,
Walshaw and Anthony’s (2008) activities 1 and 2vedras the basis for each cycle. In
Workshop 1, the teachers first received input oodpctive classroom dialogue from the
facilitator and learned about the importance offfetding students’ ideas and activating
students to engage in the learning processes. 8duhdrs learned, for example, about the
importance of asking open-ended questions, whitbwaktudents to elaborate on their
knowledge and, therefore, engage in the learninggss. Additionally, they received input on
the importance of scaffolding students’ elaboratidoy using the feedback tool. After
receiving theoretical input, the teachers were @ske adapt concrete facets of student
activation and scaffolding into a lesson plan #eth of them had brought to the workshop.
The teachers were then videotaped by the reseaaam while they taught the lesson they had
revised in the workshop. The facilitator chose widgscerpts on the basis of the criteria of

! funded by a research grant from the German Resé&anendation (SE 1397/5-1)
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productive classroom dialogue — the elements tieatdachers had identified at the beginning
of the DVC — and prepared them as a basis for &zadflections in Workshops 2 and 3
(Gréschner et al., 2014b).

Workshop 2 of each cycle focused on student aabivaand clarifying discourse
participation rights (activity 1), whereas WorksH®focused on scaffolding student ideas and
feedback (activity 2). In both workshops, partitipg teachers watched selected clips,
clarified questions about productive classroom adjaé, and jointly reflected on their
experiences. In Workshop 2, teachers concentrateceftecting on those teaching routines
that activate students to engage in the learnimggss, whereas Workshop 3 focused on
scaffolding students’ learning. Again, teacherdetéd on, for example, the importance of
fostering students’ productive engagement in ctassardialogue, as well as scaffolding their
students’ learning processes by, for example, mtdeki feedback. The facilitator posed
guiding questions to support the teachers’ refbesti (e.g., which teacher strategies to
promote student activation are discernible in tidee clip?). The second iteration of the

DVC followed the same course of action.

3.1.2 Advanced Traditional Program (ATP)

The teachers patrticipating in the ATP chose a Setookshops that the research team
had identified as focusing on productive classrat@mogue and that were offered by the local
TPD institute. Furthermore, to establish a soc@anmunity among the participants, the
teachers met twice in roundtables provided by #raesfacilitator as in the IG to share their
experiences in the different courses they had pusly visited. The teachers were
encouraged to exchange ideas regarding how theyekpdrienced the central aspects of
productive classroom dialogue. Due to the lack idk® as a central intervention tool, the
teachers neither reflected on their own teachingimes nor actively learned by watching

their own or others’ teaching.

21



Project Context — DIALOGUE

Dialogic Video Cycle (DVC) Advanced Traditional Program (ATP)

PRE: Lesson videotaping and student questionnaires

October 2011

Workshop 1:
Adapting lesson
plans:
classroom

dialogue
Workshop 3:
Scaffolding T.each and
= videotape
studentideas thel
and feedback ceson Roundtable 1
w‘s’t':‘z':r’"t’ = Selection of PD courses Exchange of
activationand of the Loc.al District experiences
~ clarifying Institute
§ discourserights
5 Course Topics:
5
= Workshop 1: Class I'(.)Oﬂ.I
Adapting lesson communication,
plans: student activation, and
classroom motivation. Roundtable 2
Workshop 3: dialogue
- Teach and Exchange of
Scaffolding N :
) videotape experiences
studentideas N
and feedback
Workshop 2:
Student
activationand
clarifying

discourse rights

July 2012

POST: Lesson videotaping and student questionnaires

Figure 2: Overview of TPD offerings

3.1.3 Treatment Implementation

To examine the extent to which the two differematments provided options for
professional teacher learning, a feasibility stwés implemented (Gréschner et al., 2014a).
Two independent, trained coders rated the videdt&péC workshops and the roundtables
with regard to the implementation of effective caments. The raters agreed that a
pedagogical focus (i.e., on classroom dialoguelparable duration (22 h), and coherence
were fully implemented in both programs. Opportiesitfor collective participation and
exchange were fully observed in the DVC, but wese abserved (to a smaller extent) in the
roundtables. Active learning and reflection of taag practice were only observed in the
DVC workshops. Moreover, aspects of concrete legganning and video-based reflection
were only implemented in the DVC workshops (Gréschet al.,, 2014a). The feasibility
study served as an important requirement to ertbiateboth programs varied systematically
(for variation overview see Table 1). Detailed fimgbk are further described in Gréschner et

al., 2014a, which served as an important suppositipublication for the dissertation.
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Table 1: Treatment implementation

Component of effective TPD DvC ATP
Content focus
Duration (22 h)
Coherence

o + + +

Collective participation and exchange
Active learning and reflection

+ 4+ + o+ o+ 4+

Lesson planning

Video-based reflection + -

Note: + fully implemented; O partly implementediot implemented
3.2Sample

3.2.1 Focus of Essay 1: Teacher sample

The teacher sample was recruited through an aneawsrd at the local TPD institute
and the university correspondence school netwoeachers chose whether to participate in
the DVC (IG) or the ATP (CG). In the first meetintpe teachers were briefed on the two
different programs. They knew the programs wouldehthe same duration and content, but
would differ according to whether or not the videould be used as a tool for reflecting on
one’s own classroom dialogue practice, or as a dteungroup of practitioners who would
meet regularly in workshops to plan and reflectttogir individual practices. This procedure
allowed teachers who were reluctant to participate video-based TPD to avoid it (Fishman,
Marx, Best, & Tal, 2003). The teachers did not knatwich program would serve as the
intervention or control condition. Six teachersampfor the DVC and four teachers chose the
ATP. The teachers in both groups did not differ £ 7.00,z = -1.14,p = .25) in their
motivation to learn about productive classroomatjiake (four-point Likert scale) during their
participation in the DVCNI = 3.51,SD = .47;Mgank= 4.67) or the ATPN = 3.81,SD = .38;
Mgrank = 6.75). Furthermore, to prevent any effects freystematic variation in teachers’
characteristics, teachers in both the IG and CGwempared beforehand. The teachers in
both groups did not significantly differ in eithage or teaching experience. No significant
differences were found in gender or the chosenestiljgither math or science) for the TPD
between the IG and the CG (see Table 2).
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Table 2: Teacher sample

IG (n=6) CGnh=4) Mann-Whitney Test
M SD Mean M SD Mean U z p
Rank Rank
Age [years] 395 543 6.25 36.5 6.03 4.38 75 7-9 .33
Teaching 467 2.94 4.50 713 252 7.00 6.0 -1.30 .20
Experience
[years]
Chi square
n n [%] n n [%] X df p
Gender .08 1 .78
Male 2 .33 1 .25
Female 4 .66 3 .75
Subject for .63 1 43
TPD
Math 3 .50 1 .25
Science 3 .50 3 .75

To better understand how teachers transferred thew knowledge regarding

students’ higher-order learning within classroomalajue to their individual classrooms
(Buczynski & Hansen, 2010; Van den Bergh, Ros, &d2ed, 2015; Vescio et al., 2008),
individual practice changes as well as qualitagxeerpts of individual participants were

analysed. Therefore, Table 3 gives an overviemdividual teachers’ characteristics:

Table 3: Individual teachers’ characteristics

Teacher

PD Age Gender Teaching Subjectin  Secondary
pseudonym  program [years] experience  the PD* level**
[years]
Sarah IG 39 F 10 Math High
Marc IG 45 M 4 Math Low
Laura IG 33 F 2 Physics Low
Caroline IG 44 F 5 Physics High
Lucy IG 33 F 2 Math High
Thomas IG 43 M 5 Math Low
Peter CG 43 M 10 Physics High
Susan CG 30 F 4 Math High
Helena CG 33 F 7 Biology High
Karin CG 40 F 8 Physics High

Note: *Lower and higher secondary teachers in Gaymsually study and teach two subjects. Due to
international contextualization, throughout thesdigation it is referred to “Science” for the sudtge"Physics”

and “Biology”; **In Bavaria (Southern Germany), gents are tracked after primary education accortting
their achievement level

3.2.2 Focus of Essay 2: Student sample

Because the teachers were free to choose one o¢h€PD conditions, the numbers
of students in the IG and the CG differed (Mgachers= 6, Nstudents= 136; CG:Nieachers= 4,
Nstudents= 90). The two student groups differed slightlyame € (224) = 5.20p = .00,d = .71)
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and gendery= 8.94,df = 1, p = .00); thus, both variables were accounted facasriates in
the analysis regarding students’ perceptions afasanal learning processes and cognitive
elaboration strategies. To prevent any potentiabl@ms with internal validity, both groups
were checked for pre-test differences in both ddeenvariables. Pre-test differences could
not be determined for either situational learningcpsses, (193.16) = —1.48p = .14, nor for
cognitive elaboration strategigg203) = .25p = .80 (see Table 4).

For the second research question in Essay 2, tdem#or students’ domain-specific
self-concept of ability when entering the study waentified Minitial lever = 2.02). Along this
median, students were grouped into low and higtainself-concept of ability. Gender and
age served as covariates to offset the significhiftrences between the IG and the CG
groups in both initial levels (see Table 4). Agdwmsts for systematic differences in the pre-
test measurements for both dependent variablesapgieed. For students who initially had a
high self-concept of ability, no group differencies either situational learning processes
(t (79.59) = —.46p = .65) or cognitive elaboration strategie$g87) = —.04p = .97) could be
detected. For students who initially had a low -selficept of ability (see Table 4), a
difference appeared in the situational learningcessest((112) = -1.96p = .05,d = .38),
but not in the cognitive elaboration strategted (4) = .14p = .88).

Table 4: Student sample

IG CG
Chi square
n n [%] n n [%] X df p
Gender [female]
Whole sample 54 .40 54 .60 8.94* 1 .00
Low initial level 34 .49 32 .68 403 1 .05
High initial level 15 .27 18 .55 6.86* 1 .01
t-Test
n M SD n M SD t df p d
Age
Whole sample 136 15.41 .98 90 16.07 .85 5.20* 224 .00 .71
Low initial level 69 15.48 1.00 47 16.28 .85 4.45* 114 .00 .86
High initial level 56  15.27 .90 33 1579 .78 2.75* 87 .01 .61
I:’reSit. learning process
Whole sample 1.96 .45 2.05 35  -1.48 193.16 .14
Low initial level 1.79 .39 1.96 .48 -1.96 112 .05 .38
High initial level 2.14 45 2.18 34 -46 79.59 .65
PreCOQ. elak. strategie
Whole sample 1.40 .62 1.36 .55 .25 203 .80
Low initial level 1.28 .53 1.24 .53 14 114 .88
High initial level 1.53 .69 1.54 53 -.04 87 .97

Note: *p <.05
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3.3Data collection and analysis

Data collection took place in the school year 28012. As color-coded in Figure 3,

different data served as sources to examine tlerésearch questions along the framework
within the two essays.

October2011 March 2012 July 2012
Adaptlng lesson q Adaptinglesson @
plans: plans:
classroom classroom

A

dialogue : dialogue

- Wodtshops Workshop 3:

sft =catioldie S scfoldig e
ﬁ studentideas P studentideas P

and feedback thelesson the lesson

M3IAIRIUI UORI3YBY

Student Student
@ activation and @ @ activationand @
clarifying clarifying
discourse rights discourse rights
—-| [ Videotaping ] ,,,,,,,,,,,,,,,,,,,,,,,,,, SRR SR —— { Videotaping } IR
Cognitive Cognitive
elaboration elaboration
strategies strategies
a=.70 a=.78
Situational Situational
learning learning
~ processes processes
& a=.82 a=.86
w o 1 S :
Self-concept of Self-concept of
ability ability
a=.83 a=.84

Pre DVC1 Mid DvC2 Post

Figure 3: Overview of data collection (color-codecccording to the framework)

3.3.1 Essayl
Data collection

Also illustrated in Figure 3, data regarding teachd student practices were obtained
by videotaping the IG and the CG teachers’ lesstrike beginning (pre) and the end (post)
of the school year. For an additional illustratioihteacher learning, which was the second
focus of Essay 1, workshops of both iterationshef DVC were filmed. Regarding teacher
reflection on the DVC as a professional learningarfunity, the IG teachers were videotaped
at the end of the study for a short interview.
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Data analysis

All video codings related to teachers’ classrooracpces were determined by five
independent raters using the Videograph softwammitiele, 2002). The raters were trained
using video material that came from the same stuttywas excluded from the final data
analysis. To examine research question (a) andlllyideos of classroom lessons were first
sub-divided into speaker turns (i.e., teacher, estjdand no speaker) based on the event-
sampling method (Bakeman, 1997). Low-inference mgpdiystems were then developed by
applying disjunct categories (see Table 5) basegrewmious video studies (Seidel, Prenzel,
Duit, & Lehrke, 2003) and the literature review,igfhallowed for the analysis of elements of
productive classroom dialogue, as they relatedetxhers’ questioning and feedback and
student answers (Pehmer, Kiemer, & Groschner, 20Brefore, each instance of a teacher
talking (i.e., teacher talking turn) was first cdden terms of whether the teacher was
providing feedback or asking a question, independérhe instance’s level. Subsequently,
each teacher question was coded in relation tevtd of fostering, and each teacher feedback
was coded based on its level of scaffolding. Actwydo this same procedure, each instance
of a student talking was coded based on the leéh® student answer. The described
procedure of coding pre-set talking turns accordanthe levels of the questions, answers and
feedback allowed for the quantification of a qualite video analysis (Schimer, 1999). Since
the study focused particularly on classroom diagggunly talking units in classroom dialogue
were considered in the first study’s analysis. Bkdippa and direct consensus calculations

reached satisfactory levels and are presentedble ta

All video codings presented in Table 5 were aggeshan the class level. The
absolute data were then translated into relativa. dehis procedure allowed for comparing
variations in the total times of the recorded lessand to calculate, for example, the number
of teacher questions in relation to the total numdfeteacher statements. For the teacher
statements, data analysis using frequencies wafferped. For the students’ statements,
however, it was focused on the length of the statgmin order to examine their elaborations.

Therefore, the durations of student statements used in the data analysis.

For research question (a) of each component ofl-iRd-, and with regard to the
sample size of teachers, non-parametric varianab/ses for longitudinal comparisons of the
two groups were applied R (R Core Team, 2013), using relative data at thenitivg level

of teacher questions and student answers, as wddlt éhe level of teacher feedback. To
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facilitate deeper insight into individual changastéaching practice (b), the relative data for

each IG teacher pre- and post-intervention weunstilated using descriptive curves.

To select illustrative comments that underlie timelihgs (research question (c)), the
videotaped IG workshopsn (= 6, each approximately 2 h) were screened, afevamet
statements addressing aspects of teacher quesgti@md feedback, as well as student

elaborations, in classroom dialogue were transdribe

To provide further insights into the DVC'’s role agprofessional learning opportunity
related to effective components of TPD (researastijon (d)), teachers’ reflection interviews
were further screened with a focus on the teaclhm@ementations of gained knowledge and
on the discursive tools applied to the DVC, the @i video, and the exchange among teacher

colleagues.
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Table 5: Video codings regarding teacher and student classom practice

Element of TPD program  Unit of Categories Example Cohen’s  Direct
analysis* Kappa** consensus
[%]
Preliminary work
Speaker tur » teacher 98.1***
» student
* no oneothel
Classroom settir T&S » classroom discourse**** 85.7***
e group/partner/single
student wor
Activity 1
I: Productive initiation T * No question 79 89.7
Level of teacher questi (frequency
« Fostering reproduction of “What was the mathematical sentence of last le
knowledge starting with a C?”
e Fostering elaboration of “How can you manage to increase the picture ot
knowledge screen?”
“What is the explanation for your finding
R: Productive respons S * Reproduction of “Sentence oCavaleiri* .68 79.€
Level of student response (duration) knowledge
e Elaboration of knowledge “First of all | labeled the diagram, next | drew |
curve. The numbers | got from the tat
Activity 2
F: Productivefollow-up: T * No feedback .68 82.2
Level of teacher feedba  (frequency
* Feedback on ta: “Yes”, “No”, “Right”, “Wrong”
* Feedback on learning “Think again, what does the 4 and the 2 tell
processe
* Feedback on self- “I know that in thetest you will be able to manage t
regulatior task.”

* T = Teacher statement; S = Student statemeni8% units of analysis. *** Only direct consensus ¢ reported because each rater set up own speaketo validate
whether all raters would agree on the same amduatking units in a video; for Kappa calculatiovideo material with pre-set speaker turns by orregreis needed. ****

Only elements of setting “classroom discourse”iackided in the analysis

3IN9O0VIA — X309 199[0.d
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3.3.2 Essay 2
Data collection

As illustrated in Figure 3, data for Essay 2 weodlected in the same lesson as the
videotaping by student questionnaires. This procedillowed for the connection of both

studies.

Math or science self-concept of ability (studenpsecondition): Since the TPD
intervention was focused on productive classroomadodue in mathematics and science
teaching, math or science self-concept of abiligswneasured. The scale used for this study
was originally developed for the PISA study andluded three items (e.g., “In
mathematics/science | am a fast learner”) scorimg dour-point Likert scale (Ramm et al.,
2006). At both the pre- and post-test, the scabteveld a good reliability ofiyre = .83 anthipost
= .84.

Situational learning processes (students’ percesjo Students were asked about
their situational learning processes during ingtomcdirectly after a lesson with their teacher.
The instrument included 14 items and were scoredadour-point Likert scale (Seidel,
Prenzel, & Kobarg, 2005). The larger number of gemas due to the multifaceted character
of situational learning processes and comprisedsteeflecting basic processing (“I was able
to follow the lesson the whole time”), elaboratifighad a lot of ideas concerning the topic”),
and organizing (“I was aware what was more or lesgortant”). The scale had good
reliability at both the pre- and post-testg{= .82 andhps:= .85).

Cognitive elaboration strategies (students’ pergap): To examine more stable and
enduring aspects of higher-order learning, studewese asked what kind of cognitive
elaboration strategies they applied during insiomst The cognitive elaboration strategy
scale included five items (e.g., “I try to undemstanew things better by connecting them to
things | already know”) that were rated on a foomp Likert scale (Ramm et al., 2006), the

reliability of which was satisfactoryfe = .70,0p0st= .78).
Data analysis

In order to determine changes in the students’ gpeed higher-order learning,
differences were calculated from post- to pre-tesires 4 post/pre-processes, post/pre-
strategies). The two different scores served asrignt variables for analysis of covariance
(ANCOVA) with a differentiating factor between ttegent groups (IG and CG). Student
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gender and age served as covariates (see Se@id. Jhe significance level for all analyses
wasp < .05.
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4 Contributions of the Two Studies to the Dissertation Objectives

4.1Fostering and Scaffolding Student Engagement in Pductive Classroom
Dialogue: Teachers’ Practice Changes and Reflectisnin Light of Teacher

Professional Development (Essay 1)

Essay 1 was submitted to the jourradarning, Culture and Social Interactigrsnd
accepted for publication in May 2015. Conceptiaeparation, analysis, and the publication-
based presentation were fulfilled in the contexthid dissertation and implemented in Essay
1 (80%). The originating process, the preparateong the presentation of the essay were
advised by both co-authors (Alexander Groschner; I6f@& Seidel 5%).

Pehmer, A.-K., Groschner, A., & Seidel, T. (201%pstering and scaffolding student
engagement in productive classroom dialogue: Teacheactice changes and reflections in
light of teacher professional developmedrgarning, Culture and Social Interactions.

As stated within the research desiderata, classromogue is an extensively
investigated learning setting with regard to itsigiure (Howe & Abedin, 2013), but seldom
with regard to its changeability. The DVC aimed dopport teachers in changing their
guestioning and feedback to foster and scaffoldesits’ elaborations. With regard to the
investigation of its impact, it was therefore a anagim to examine changes in teacher and
student classroom practices. Vescio et al. (20@&pe sin this context that purposefully
designed programs are more likely to positively actpteachers’ classroom practices. The
DVC was designed by implementing concrete companenteffective TPD (Desimone,
2009). Especially, a constant community of learngrereby a longer duration forms an
important basis is emphasized as relevant for ssfgeteacher learning (van Es, 2012). Still,
there is no consensus regarding the optimal leafth successful TPD (Lauer, Christopher,
Firpo-Triplett, & Buchting, 2014), but promising @aches have worked with teachers
throughout a longer — partly extensive — periodrk®p2004). The DVC with its duration of
22 hours within one academic year served as a pgmwoach in the German context where
TPD often takes place in a single afternoon’s wokssetting (Richter et al., 2011). Also
video-based feedback on concrete, teaching techsidqas shown to support teachers
(Santagata, 2009; Sherin & van Es, 2009) and &efbre, assumed to be a tool that fosters
teacher learning within the DVC.
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Other TPDs in the context of classroom dialogueshsas “Accountable Talk”
(Michaels et al., 2008) which equip teachers witinarete talk moves, report successful
knowledge transfer to teachers’ classroom practibes emphasize the energy teachers
constantly needed to apply in order to establishniew dialogic setting. They emphasize that
both the teacher and the students have to gettaseelw forms of communication which is
not always the case. Such findings are backed bgrdtterature which emphasizes that
teachers might face challenges and individual eegrio their learning (Molinari & Mameli,
2013), as well as the individuality of classrooros the implementation of new knowledge
(van den Bergh et al., 2014). In order to bettetaustand these barriers, teachers’ individual
attitudes towards TPD can provide valuable insigind help to understand their individual

needs (Mansour et al., 2014).

Therefore, the first study of this dissertation @dirio expand the field of research on
classroom dialogue with regard to its changeability the field of research on effective
TPDs, the present study adds by examining changegeadchers’ practices both by a
systematic approach (comparison of DVC which seagts and ATP which served as CG),
but also individual analyses. For a comprehensiceuge of the DVC’s impact, the study
throws light on teachers’ learning within the DV@datheir reflection on the program with
regard to its potential for professional teacharneng. Concretely, the following research
questions and hypotheses were derived from theepies body of literature and are to be

embedded in the first three columns of the ovérathework of the dissertation.

The study addressed four research questions. Rbsgaestions (a) through (c) were
formulated in a general manner and were explorpdragely for each component of the I-R-F

pattern.

(@) Aggregated practice analysis: To what extenttli® different treatments (i.e., DVC

and ATP) support teachers in changing their pragio classroom dialogue?

Hypothesis la Level of teacher questions (I): Itswe@njectured that the DVC
provided more learning opportunities than the ATB therefore support IG teachers better in

changing relative frequency of questions that fodte elaboration of knowledge.

Hypothesis 2a Level of student responses (R): Atingty, it was hypothesized that

the relative duration of students’ elaboration&mdwledge increases in the IG.
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Hypothesis 3a Level of teacher feedback (F): Weeetqa changes in the I1G teachers’
relative frequency of feedback on learning processed feedback on self-regulation to

increase, whereas relative frequency of feedbadikgks was expected to drop.

(b) Individual practice analysis: How does the widual practice of each teacher in the

IG change throughout the academic year?

Hypotheses 1b-3b: Due to each classroom being g weigue context, it is
hypothesized that different teachers implement aorepts of classroom dialogue (I, R, F)

differently.

(© Teacher learning analysis: What teacher dismussfrom the DVC workshops help to
illustrate the findings on teacher practice?

Since (c) and also (d) provide in-depth knowledgeteacher learning in the DVC,

both research questions are more exploratory; fibrereno hypotheses were formulated.

(d) Reflection analysis: What specific role do teaxs attribute to the DVC as a
professional learning opportunity based on effectemponents of TPD?

Results were generated through the video-codingepire and screening of the DVC

workshops and teacher reflection interviews asrilestt in Section 3.3.1.

Contrary to hypotheses la and 2a, the non-param@iOVA showed that teachers
in the IG @ = 6) neither significantly changed their questidnsa level which fosters
students’ elaborations, nor did their students alale more on their knowledge. The CG
(n = 4) teachers showed a decrease in both aspectsefnore, the CG teachers asked fewer
guestions to foster students’ elaborations; acogiyj there were fewer student elaborations
at the end of the school year. In keeping with hlypsis 3a, the IG teachers showed
significant changes regarding their level of feabd eachers in the IG, thus, provided their
students with significantly more feedback on leagnprocesses and self-regulation at the end
of the academic year. In contrast, the CG group beemstagnated at the level at which they
entered the ATP.

The findings related to research question (b) cordd the hypothesis that teachers’
changes in practice seem to differ for individusddhers. At the level of teacher questions
and student answers, a rather heterogeneous cli@ngfee six participating teachers was
shown. Three teachers positively developed theestioning behaviours, whereas three
teachers showed a decrease in their practice dtirengcademic year. Students’ development
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was according to the individual classes: teachdrs positively changed their questioning
triggered their students for more elaborations and versa. In contrast, changes related to
the level of feedback were more homogeneous anuyeltia except for one teacher, in similar

ways towards more feedback on learning processksedfiregulation.

The extracted discussions (for detailed excerpasbse. 3, 5.2.3, and 5.3.3 of Essay 1
in Supplement A) revealed a kind of uncertainty thibe questions are a tool for activating
students and if opening up questions for studezitdiorations means moving away from a
controlled lesson script. With regard to studeabetations, the qualitative teacher discussion
revealed that rich student elaborations are notpget of learning environments, but that
teachers see the need for it. The last excerpt gawesight that teachers considered feedback

a relevant guiding todbr students’ engagement in deep thinking processes

In their reflection interviews (for detailed excexsee 5.4 of Essay 1 in Supplement
A), teachers highlighted the community of learn@s appreciating, encouraging, and
inspiring. Additionally, they emphasized the rolemamediate feedback about their teaching
practice — which was possible through the use déwi— as essential for their professional

learning.

To sum up, the first study revealed knowledge aloetimpact of an evidence-based TPD
with regard to changes in classroom practiceshtratlearning, and teachers’ reflections
v" On an aggregated level, the DVC — compared to fiie A showed to be effective with
regard to teachers changing their scaffolding bielnawy providing more feedback gn
students’ learning processes and self-regulatiataissroom dialogue.
v' Analysis of individual practice changes revealeat tithe implementation of new
knowledge about classroom dialogue in the classreammes for individual participants.
v' Qualitative excerpts of teachers’ learning in tHeDTas well as reflections on the TRPD
provide an informative insight into teachers’ coasits and needs and should, therefore,
be considered for the conceptualization of futup®Toffers.
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4.2How Teacher Professional Development regarding Pradttive Classroom

Dialogue Affects Students’ Higher-Order Learning (Essay 2)

Essay 2 was submitted to the jourrfaaching and Teacher Educatjand published
in April 2015. Conception, preparation, analysisd &ghe publication-based presentation were
fulfilled in the context of this dissertation amdplemented in Essay 2 (75%). The originating
process, the preparation, and the presentatioheokssay were advised by both co-authors
(Alexander Gréschner 15%; Tina Seidel 10%).

Pehmer, A.-K., Grdschner, A., & Seidel, T. (2018pw teacher professional development
regarding classroom dialogue affects students’driginder learningTeaching and Teacher
Education 47, 108-119. http://dx.doi.org/10.1016/j.tate. 20P.007

The overall goal of TPD is to improve student l&agn Therefore, when investigating
the effectiveness of TPD, student learning outcosmesild be considered (Desimone, 2009).
Thus far, systematic approaches regarding TPD tefeaess also with regard to a program’s
impact on students’ learning are either rare ot fintings are reported (Osborne et al.,
2013). Besides observable, external learning dietsvisuch as students’ responses, internal
learning activities are another outcome variablectvishould be considered. In the context of
classroom dialogue, it was claimed that studiestimasvestigate the impact of classroom
dialogue on student achievement (Howe & Abedin,308tudents’ positive perceptions of
higher-order learning are relevant for developingdezp and sustainable understanding of
content (Donovan & Bransford, 2005). Higher-ordearhing is composed dfituational
learning processewhich capture students’ situational processingh@lating, and organizing
of knowledge (e.g., de Corte et al., 2003) aognitive elaboration strategieghich are more
enduring and stable (Vermunt & Verloop, 2000). Frartheoretical perspective, but not yet
investigated, it can be assumed that productivesod@m dialogue which fosters and
scaffolds students’ elaborations impacts both &aoéthigher-order learning. Through, for
example, teacher feedback on learning procesgassiive impact on students’ organization
of knowledge could be expected as through scafigldearners are supported in the
reorganization of their knowledge (Dawes, 2004).er€fore, the second study of the
dissertation explored, again in a systematic lamgial control-group design, how the DVC
would impact students’ situational learning proessand cognitive elaboration strategies.
When investigating the impact of a program sucthasDVC, differing effects regarding the
perceptions of higher-order learning should be mssh for students with different
preconditions as they are known to be highly infhlied (Corno & Snow, 1986). A program
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such as the DVC in which teachers concretely workheir own teaching practice within one
class with whom they participated in the study rhigave a different impact on students’
with differing preconditions. In the context of staoom dialogue, students’ self-concept of
ability has been shown to be relevant with regarthé students’ engagement and persistence
in the learning process (Jurik et al., 2013). Tfeees the additional aim of the second study
was to investigate the expected differential efféat student sub-samples (low and high self-
concept of ability)

Concretely, the following research questions anpoktiyeses were deduced from the
presented body of literature and investigate thetfoand fifth column of the framework of
the dissertation. Numbering of the hypotheses wiffeom the original numbering in Essay 2

(Supplement B) to allow for coherent numbering witthis dissertation.

4. Do students of teachers who participate in aewitbased intervention (IG) on
classroom dialogue perceive positive changes inr thieuational learning processes and
cognitive elaboration strategies in comparison tiadents of teachers in a CG?

Hypothesis 4: It was expected that students ofhiacin the IG to benefit from the
intervention and show positive developments inrtperceived situational learning processes
and cognitive elaboration strategies. Positive geanwere expected because of their
teachers’ participation in the DVC, which providieérning and reflection opportunities on
components of teaching that activate and scafféldlents’ higher-order learning. For
students of teachers in the CG, no changes weoenassbetween pre- and post-tests because
their teachers took part in a program that providechange rather than active learning and
reflection opportunities.

5. Do students with different levels in their saificept of abilitypenefit differently from
video-based intervention (IG) compared to thoseh@ CG in their situational learning

processes and cognitive elaboration strategies?

Hypothesis 5: Different effects for students witloa and high self-concept of ability
were assumed. Students with a low self-concepbitityawere predicted to profit most from
the intervention on situational learning proceg$gpothesis 5a). Students with a high self-
concept of ability already possess strong situatid@arning processes due to their known
favorable learning engagement and persistence,wWeu¢ predicted to profit from more
enduring and intentional use of cognitive elaboratstrategies (hypothesis 5b). As in

research question 4, no changes were predictetldaCG.
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Both the IG f = 126) and the CGn(= 90) student samples (for detailed sample
descriptions, see 3.3.2) were investigated by a-point Likert scale on their situational
learning processes (scale based on Seidel etOfi5)2cognitive elaboration strategies (scale
based on Ramm et al., 2006) and math or scienéematept of ability depending on the
subject the class participated with (scale basedRamm et al.,, 2006). Questioning of
students happened in the same lesson as the \pdeptéds described in Section 3.3.2, post-
pre differences of situational learning processeb@gnitive elaboration strategies served as
dependent variables for each ANCOVA, applying reatt (IG and CG) as the differential
factor. Gender and age served as covariates dsigrdicant differences for both treatment
groups (see Table 4). Regarding the fifth resegtastion, the same procedure was applied
for sub-samples of students with low vs. high atilevels of their self-concept of ability.

Sub-samples were generated along the meadiar2.02.

Results regarding research question 4 (see alsoreFid) revealed that students
benefited significantly from the DVC in both thegituational learning processes and
cognitive elaboration strategies (hypothesis 4 eadirmed). Students’ perceived situational
learning processes stayed at a medium to poséiva throughout the one-year intervention,
whereas the levels of students in the CG decred$edIG students’ perceptions of cognitive
elaboration strategies improved, while studentthenCG again reported slightly worsening

perceptions at the end of the school year.

An investigation of research question 5 showed lBattudents who entered the study
with a low self-concept of ability significantly noved their situational learning processes
(hypothesis 5a confirmed). The DVC was also pasiyivconnected to the use of cognitive
elaboration strategies in students who reportedyla $elf-concept of ability level. Here, 1G

students tended to show an increase in their peocsphypothesis 5b partly confirmed).
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Figure 4: Changes of students’ perceived higher-oet learning

To sum up, the second study complemented the th&ser with regard to student
perceived learning outcomes:

UJ

v" As a consequence of their teachers’ participatiotiné DVC, IG students improved thei

L

=

higher-order learning.

112
—_

v" More specifically, the DVC showed to be particufdreneficial for students with a low
self-concept of ability.

v" Therefore, teachers’ participation in TPD basedeffective teaching components and
addressing relevant aspects of teachers’ dailyimesit such as classroom dialogue, tan

be an important tool in supporting student learnm§TEM subjects.
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5 Discussion

5.1Discussion of Central Results

Based on the research desiderata stated in Sedtibrasd 1.2, the dissertation aimed
to contribute to the field of research on classrodi@ogue as well as effective teacher
professional development (TPD). Along with the feamork presented in Section 1.3, it
intended to examine how the Dialogic Video Cyclé/(@) as a TPD which considered both
research streamslassroom dialoguandeffective TPDimpacted the different elements of a
causal chain in TPD (Desimone, 200@)Jachers’ learning in the DVC workshopsachers’
and students’ changes in classroom practiaad students’ classroom perception$ their
higher-order learning. To acknowledge potentiafedéntial effects with regard tstudents’
preconditionsthese were considered by means of their math enseiself-concept of ability
when investigating treatment effecide teachers’ reflections of the DV&s a professional
learning opportunity, were integrated as a medgatiolumn between the teachers’ learning

and practices.

Regarding the five columns of the framework, théadsources were investigated
based on the following intentions: first, it aim@dcontribute to the demand for more research
on TPD effectiveness (e.g., Osborne et al., 20¥3)X¥amining treatment effects on teachers’
practicesand studentgerceptions This was approached by comparing the DVC to ars®c
treatment, the advanced traditional program (ABecond, teachers’ learning, reflection, and
practice changes need to be acknowledged as indivigrocesses (e.g., Vescio et al., 2008),

whereby individual teacher data regarding thespsds were additionally examined.

With regard to the systematic intention, the disdeEm examined how the two
different treatments supported teachers in chandgih&yr practices regarding classroom
dialogue. In this context, the levels of the teashquestions and feedback, as well as the
students’ responses, were examined due to thewaete in classroom dialogue (Chin, 2006)
and their assumed impact on students’ higher-deslgning. The longitudinal intervention-
control group comparison revealed that the IG teekvere able to change their scaffolding
behavior in favor of more feedback on studentsrrig®y processes and self-regulation
(confirmation of hypothesis 3a). Against hypothedasand 2a, no systematic changes of
teachers’ questioning and students’ responses foenel.
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Given the partly contradictory results for the agmted teacher sample and the
acknowledgment of classrooms as individual impletaigon settings (van den Bergh et al.,
2014), the need for further individual analysisteacher practices as well as a qualitative

examination of teachers’ learning in the workshagose.

The analysis of teachers’ individual practices edee that teachers showed a rather
heterogeneous entry level as well as developmeht riegard to their questioning behavior.
The students’ level of responses behaved very dicggly, which again shows the triggering
character of teachers’ questions for students’ arsWragg & Brown, 2001). The DVC
supported only half of the teachers in positivatamging those two elements of productive
classroom dialogue. In contrast, teachers entenedstudy with a rather homogeneous
feedback behavior and also showed comparable dawelat regarding this element of

productive classroom dialogue.

For further explanation of these results, the aolokil qualitative analysis of teacher
discussions during the workshops revealed thathtgacare confronted with different
challenges with regard to the instructional pragidn productive classroom dialogue.
Questions which foster students’ elaborations niteanteachers enter a “field of unexpected
responses,” whereas giving feedback in a diffengay can be declined as a “field of
controllable responses” because it involves a i@adirectly from the teacher. It seems that
teachers, therefore, felt more comfortable in cirapghis element of classroom dialogue.

Student elaborations are seen as important, bdttbastablish.

Integrating the systematic and individual findinggarding teachers’ practices and
learning could reveal that feedback ascantrollable, reactiveteacher behavior was
changeable, whereas questions amiiative teacher behavior that causesgexpectedtudent
behavior was not. Van den Bergh et al. (2014) tegianilar positive findings with regard to
teachers’ feedback after participating in a videsdad intervention. They conclude that
intensive work within a community of learners atiogrefore, the interplay between one’s
own and colleagues’ videos illustrating teachingctices, supported teachers with regard to
their practice changes. The DVC as a program whauh implemented comparable features
(Gréschner et al.,, 2014a) supported teachers imaas way. Whereas their program was
primarily focused on feedback, the DVC addressddel@ments of classroom dialogue.
Therefore, the teachers might have been confromiéid too many different aspects and
seemed to have pickdéeedbaclas the rationale for change. Osborne et al. (26tE3¢ in this

context, “professional learning is not just a casaleveloping a new skill but also one of
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developing a deeper understanding of the theoteitianale of any practice” (p. 338). Here,
the qualitative excerpt regarding teacher quesitmpnri for which no significant changes could
be revealed — gave an insight that one illustré@éagher was lacking a deep understanding
with regard to the role of questions as an actigatiool. Through the other teacher’s
statement, it became clear that the teachers sestigous as a vital tool for efficiently
navigating through lesson scripts. The qualitagxeerpt showed that the implementation of
new knowledge in the individual classroom, evemfi@ purposefully designed TPD, can face
barriers due to a lack of awareness of certairrungonal practices (Molinari & Mameli,
2013). Especially with the complex tool of questmyy which can cause completely new
teacher-student interactions (Mercer, 2010), teachemced challenges. Therefore, teachers
might need stronger support regarding this fatitita element of classroom dialogue, an

aspect which will be discussed later on implicagiéor future TPD (Section 5.3)

After examining that a lack of awareness of certastructional qualities may partly
have led to the results regarding classroom pestithe dissertation sought to further
understand teachers’ attitudes towards the progranthey might also hinder knowledge
implementation (Mansour et al.,, 2014; Vermunt & Edifk, 2011). The results of the
teachers’ reflections provided knowledge that theCDwith its purposefully implemented
learning community and video tool for immediatedieack was appreciated by the teachers,
independent from their practice development. THegBngs are coherent with the literature
which emphasizes a trustworthy and constant communii learners as an important
condition in TPD (van Es, 2012). The results alseerl that teachers seek TPDs that are
connected to their daily routine, and which provigedback on their own and others’

teaching techniques (Guskey, 2002).

After discussing the findings regarding the obsklwavideo data, the dissertation
aimed to investigate the DVC — again based on yis¢ematic purpose — with regard to
students’ higher-order learning. Assumptions that DVC would positively affect students’
perceptions could be supported by the revealednigsd In comparison to the CG students,
the IG students’ situational learning processesdcbe kept on a positive level throughout the
academic year. Their cognitive elaboration straegignificantly improved, while the CG
students’ elaboration strategies dropped (confionatof hypothesis 4). Additionally,
differential effects of the DVC could be shown &tudents with a differing math or science
self-concept of ability. Here, the DVC was espdgibkneficial for students with a low self-

concept of ability with regard to their situationbdarning processes (confirmation of
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hypothesis 5a). Students with a high self-conceptability reported their cognitive
elaboration strategies at an increased level atetite of the academic year, but with no

significant difference for CG students (hypothégigartly confirmed).

As discussed for study 1, teachers significantigngfed their scaffolding behavior by
means of more feedback on student learning proseasd self-regulation which was
perceived by their students. It is emphasized m ody of literature that the teachers’
facilitation strategies of classroom dialogue iafige students’ educational outcomes (Mercer
& Littleton, 2007; Snell & Lefstein, 2011). Espeltyafeedback has shown to be one of the
most influential instructional practices (Hattie &imperley, 2007). Through more
information regarding their learning processes selfiregulation, students were seemingly
able to stabilize their situational learning premssand increase their cognitive elaboration
strategies. Particularly, students with a lowef-esehcept of ability could benefit from these

changes with regard to their situational learning.

As stated before, the changeability of classrooralodue has seldom been
investigated (Howe & Abedin, 2013) and only a snmalinber of studies have examined the
impact of TPD on student learning outcomes (Vestial., 2008). Therefore, the findings of
the second study add to these fields of researchuiltiple ways: first, feedback changes in
classroom dialogue are perceived by students bynsneaf higher-order learning.
Consequently, second, students’ higher-order legrig a construct to be considered when
investigating the impact of TPD. And third, the @stigation of differential effects with
regard to students’ self-concept of ability prowldealuable insights into possible various
effects of a TPD treatment.

With its findings generated by rather systematiprapches, as well as (partly
qualitative) results for individual teachers, thesértation could show that teachers’ practices
are changeable, but not for every component osmdasn dialogue; at least, not at the same
time. The observed changes are nevertheless pedcdiy students with regard to their
higher-order learning and are especially benefifvalstudents with a low self-concept of
ability. Teachers’ learning faces some challengibpugh the DVC itself is appreciated as a
fruitful professional learning opportunity. Aftereftecting on these results from a
methodological perspective and providing limitasoaf the two studies, the educational
relevance of the dissertation for TPD as well asdgearch on TPD is deduced.
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5.2Methodological Reflections and Limitations

The comprehensive examination of TPD with regardit$oimpact on teachers’
learning, reflection, practice, students’ percapioand the consideration of preconditions is
still rare in the German context (Richter et aQ12), as well as internationally (Osborne et
al., 2013). The presented mixed-method approackwved for generating valuable knowledge
on how a carefully designed program can suppoxhia in their learning processes and
practice changes in order to support students’ dnigihder learning. In this context, it is
acknowledged that carefully designed TPDs are rikeby to positively influence changes in
teachers’ practices (Vescio et al., 2008). The ABRa rather traditional TPD approach, but
comparable to the DVC with regard to duration andtent focus, could neither cause any
positive practice changes nor prevent students foenception decreases. This longitudinal
control-group approach was a new attempt, whichthas far been seldom applied in the
context of TPD, especially with regard to classrodmmlogue where rich case studies are
pivotal (Michaels et al., 2008; Van de Pol & Elhe?®13), but was required in order to
deliver clear evidence on TPD effectiveness. Tladgvidual analyses and qualitative excerpts
allowed for detecting barriers such a program faoet therefore, conclusions can be drawn

for future TPD offers.

The dissertation has limitations which serve, irdigaon to the findings, as an
important basis for future research. Both studiesevbased on a small sample size and some
participating teachers already showed “above aedrgwactices (e.g., 50 % student
elaborations) within the German context (Juriklgtz013). Moreover, practice analyses were
based on frequency and duration; therefore, nolasionis can be drawn about the individual
interactional patterns or timing of, for exampleat¢her feedback on the learning processes.
Hattie and Timperley (2007) stated that, besidedatiel of feedback, the timing and student
perceptions of particular kinds of feedback are atdevant. Additionally, teacher practice
changes were measured in the learning settingla$sSmom dialogue” and do not deliver any
information on other talking formats, such as smgadup dialogue. The presented qualitative
data only serve as illustrations for teacher leayrand reflection and, therefore, cannot be

over generalized.

5.3Educational Relevance and Implications for Future Rsearch

Findings of the dissertation are of educationadéwahce both from a practical and
research perspective: first, taking empirical emme into account when designing TPDs

should be a stronger concern. The DVC as such graoro could positively impact (some)
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practice changes (especially in regard to feedbaskjdents’ higher-order learning, and

teachers’ positive attitude towards the progransuRe regarding the CG reveal that besides
the implementation in newly designed programs,aestealso needs to investigate existing
TPDs with regard to effective components and th@ipact on classroom practices and
student learning outcomes. Such efforts are neédeatder to understand how existing

programs within the landscape of TPD (do not nexrdgyimpact students.

Second, a comprehensive mixed-method exploratitpeti¢o understand how such a
program affects students and teachers, but alfarttoer throw light on possible barriers for
knowledge implementation in the classroom. Withitufe research efforts, therefore,
instruments must be developed and applied that tairmeasure teachers’ awareness of
instructional practices in the context of classrodralogue. Additionally, interview data
before and after participating in the DVC seemégbomising to better understand teachers’
attitudes towards the program as a professionatileg opportunity. This approach seeks to
generate more knowledge of why some componentsobservably implemented in the
classroom, while others are not. From a practieasective, such data at the beginning of a

TPD can also help the facilitator to support theividual teacher’s needs in the program.

Third, some components the teachers learned abenat nvore difficult to implement
than others. In order to break routines which haften been established over a long period of
time, future TPD efforts should, therefore, distirglp between instructional practices which
teachers can implement easily and those which adelger time to establish. Also, changing
all facets of classroom dialogue at the same timag wnderstandably challenging for teachers.
Therefore, future DVC efforts will concentrate ameaopic at a time in order to give teachers
the chance to develop a deep understanding ofirceiriatructional practices and their
consequences for student learning. With regardes$earch implications, this procedure will
also allow for more refined conclusions of how djes regarding certain components
influence students’ learning perceptions. Furtheenéuture efforts also aim to improve the
video-coding procedure in order to capture teashadent interactions more precisely,
thereby also allowing from this methodological pexstive a more concrete picture regarding

the interplay of changes in classroom dialoguesdndents perceptions.

The fourth implication and directly connected te tprevious statement concerns
students’ perceptions, which should be considemegtsearch regarding the impact of TPD.
Here, moving away from only achievement as an ou&w®ariable can provide knowledge

regarding students’ reluctance for career choiceSTEM. It can help to understand what
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instructional practices teachers need to changerder to positively impact learning

perceptions in the mentioned subjects. In the conté classroom dialogue, students’
perceptions of the teachers’ fostering and scafigl@bols in classroom dialogue can provide
another valuable insight. Therefore, within futuesearch, an instrument will be developed

that captures students’ perceptions of feedbaclgaedtioning.

Finally, with regard to differential effects, esmdly, students with lower
preconditions were shown to benefit from the indetion. Future research on TPD, therefore,
should consider that such treatments not only impatividual classrooms differently, but

also individual students.

From the dissertation, it can be concluded thaffild of research on TPD is still in
an initial stage, but that well-designed studies t&ow light on the effects of TPD, the
barriers it faces, and the teachers’ needs. Byamphting careful research designs which
apply initial measuring of classroom practices asllwas students’ perceptions and
preconditions, causal conclusions can be drawnrdegpeffective TPD. Additionally, initial
data provide TPD facilitators with concrete infotrma on instructional practices and
teachers’ needs, and therefore allow for an indi@idadaption of these throughout the
program. Such programs have the potential to stipigachers’ in changing classroom
routines in order to meet the societal challengengiburaging more young people to choose a
career in a STEM field.
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