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Abstract

Various intervention programs for fostering at-risk students’ understanding of basic con-
cepts (such as place value understanding or meanings of multiplication and division)
have been developed and evaluated. However, little is known about the teacher expertise
required to enact these intervention programs, and how this teacher expertise can be pro-
moted. The article suggests a conceptual model for teacher expertise for fostering at-risk
students’ understanding based on three recurrent jobs: (a) specify learning content (in basic
concepts), (b) monitor students’ learning progress (in basic concepts) and (3) enhance stu-
dents’ understanding (of basic concepts). Mastering these jobs with productive teaching
practices involves four orientations in particular (conceptual rather than procedural orien-
tation, diagnostic rather than syllabus-led orientation, communicative rather than individ-
ualistic orientation, and long-term rather than short-term orientation) as well as detailed
pedagogical content categories for unpacking relevant knowledge elements. The paper
reports on the professional development program Mastering Math which aims at promot-
ing this expertise and its evaluation using a pre—post-design. For 95 participating teachers,
the practices for specifying goals and monitoring and enhancing at-risk students’ under-
standing were captured in self-reports and situated in vignette-based activities for elicit-
ing diagnostic judgments. Teachers’ development across different aspects of their expertise
from the beginning and the end of the 1-year PD reveals the first quantitative evidence that
the PD was effective in promoting growth of expertise. Whereas specifying and monitor-
ing practices had substantially developed, the enhancement practices were hindered by a
persistent short-term orientation.
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Introduction: Need for investigating and promoting teacher expertise
for fostering at-risk students’ understanding

Mathematics is cumulative content in which basic concepts from earlier years are crucial
for understanding later content; for example, understanding decimal numbers in Grade 6
requires place value understanding for natural numbers from Grade 2 (van de Walle, 2007).
Students who have not acquired basic concepts (such as place value understanding or the
meaning of multiplication and division) have been empirically shown to be at risk of being
left behind in their later school career unless they get a second chance to understand these
basic concepts (Andersson, 2010; Moser Opitz, 2007).

Within the last decades, several intervention programs have shown efficacy in foster-
ing at-risk students’ understanding of basic concepts (Brophy, 1996; Gersten et al., 2009;
Slavin & Madden, 1989). However, most of these intervention programs were evaluated
only in highly controlled trials under laboratory conditions with small groups of well-qual-
ified tutors, whereas professionalizing teachers at the scale necessary for conducting the
interventions has still been an ongoing challenge (Karsenty, 2010).

Although some intervention programs have also been implemented successfully in field
studies with regular teachers (Slavin & Madden, 1989; Prediger et al., 2019; Cobb & Jack-
son, 2021), their scaled-up implementation seems to have been hindered by a research gap
on the specific expertise that teachers need for fostering at-risk students’ understanding
(Scherer, Beswick, DeBlois, Healy, & Moser Opitz, 2016) and by a lack of evaluated pro-
fessional development (PD) programs that can initiate professional growth of this specific
expertise (Cobb & Jackson, 2021; Karsenty, 2010).

This article reports on a PD research project that contributes to this research demand
by (1) suggesting a conceptual model of feacher expertise for fostering at-risk students’
understanding of basic concepts, (2) presenting a PD program for initiating professional
growth in this expertise, (3) empirically evaluating the initiated professional growth, and
(4) identifying the most crucial obstacles in the growth of teachers’ practices.

The article starts with the background of the innovation in view by defining the terms
at-risk students and understanding of basic concepts and by a brief overview on existing
intervention programs fostering at-risk students’ understanding of basic concepts. The sec-
ond section suggests a conceptual model for the respective content-related teacher exper-
tise that synthesizes different research traditions of teachers’ relevant orientations and
practices. The third section presents the PD program Mastering Math—(presented in more
detail by Prediger et al., 2019), before the fourth section outlines the research design aimed
at evaluating the growth of teachers’ expertise. Finally, the findings are presented and dis-
cussed with respect to the identified challenges.

State of research on fostering at-risk students’ understanding of basic
concepts and teacher expertise in general

Prevalence of at-risk students and learning needs in understanding basic concepts
Slavin and Madden (1989) defined an at-risk student as “one who is in danger of fail-

ing to complete his or her education with an adequate level of skills. Risk factors
include low achievement, retention in grade, behavior problems, poor attendance, low
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socio-economic status, and attendance at schools with large numbers of poor students”
(p. 4). Thirty years later, large-scale assessments still show the high prevalence of stu-
dents who reach only a risky competence level (OECD, 2016) and add language pro-
ficiency as another critical background factor (Paetsch et al., 2016). In Germany (the
context of the presented PD research), 24.3% of students are at risk in Grade 9 (Stanat
et al., 2019) and 15.4% are already at risk in Grade 3 (Stanat et al., 2017), not includ-
ing 3-4% students with certified learning disabilities (Scherer et al., 2016) and 4% with
other special educational needs (e.g., deafness and severe intellectual impairments).

Within the last 30 years, mathematics education (and special education) research
has identified typical mathematical learning needs for at-risk students. Whereas early
research mainly emphasized the relevance of basic skills underlying the current topics,
increasing consensus emerged that skills must be intertwined with the understanding
of basic concepts (Moser Opitz, 2007; Maccini et al., 2007; Anderson, 2010, Cobb, &
Jackson, 2021; for all students, see Kilpatrick et al., 2001).

All students’ learning progressions need to cover both conceptual understanding and
procedural skills, for both the current topics and for foundations from previous years
(see Fig. 1 for a typical learning progression indicated by the curvilinear arrow).

Figure 2 shows an example of how the four different domains from Fig. 1 can be
intertwined in compacted procedures and concepts: Understanding the procedure of
multiplying decimal numbers (“new procedures” in Fig. 1) requires the decomposition
of the decimal and natural numbers (place value understanding for decimal numbers as
current conceptual understanding and place value understanding for natural numbers as
understanding of basic concepts) into their digits and digit-wise multiplication (basic
skills). Basic concepts involved here for at-risk students include the meaning of mul-
tiplication and place value concepts, with their different knowledge elements such as
the positional property (the place of a digit determines its value), the additive property
(two-digit numbers can be decomposed into tens and ones), and the multiplicative prop-
erty for the place values (the second and third digits count the bundled units of tens and
hundreds; van de Walle, 2007; Ross, 1989).

The cumulative nature of mathematical concepts and procedures condensing earlier
concepts and skills is particularly critical with respect to at-risk students because teach-
ers still tend to believe that low-achieving students should concentrate on procedural skill
development (Beswick, 2007; Boaler, 2002; Wilhelm et al., 2017). However, missing con-
ceptual learning opportunities can hinder the learning progression in later years. This lon-
gitudinal relevance of basic concepts for at-risk students has been underlined by empirical
findings that students without understanding of the basic concepts of arithmetic mentioned
above (place value understanding, meaning of multiplication and division) until Grade 4

Conceptual understanding Procedural skills

Current content Conceptual understanding _ Complex (new)
prescribed by of current content procedures
syllabus

Foundations from Understanding of basic Basic skills
previous years concepts and its elements

Fig. 1 Learning progressions from understanding basic concepts via basic skills and more complex concep-
tual understanding to complex procedures (shortened from Prediger, 2020)
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Fig.2 Understanding as a compacted network of connected knowledge elements: Overall categories of
compacted procedures and concepts in current content and foundations (elements marked with black mar-
gins) can be unfolded into subcategories with more detailed elements (marked with grey margins)

have difficulty progressing along the learning progression through Grades 5 to 8 (Moser
Opitz, 2007; Andersson, 2010; Maccini, Mulcahy, & Wilson, 2007). So, ignoring that the
learning progression is cumulative risks leaving students behind.

Intervention programs for at-risk students and the relevance of teachers

In their seminal review on interventions for at-risk students, Slavin and Madden (1989)
characterized effective interventions as (1) well-planned, comprehensive programs with
curriculum material and teacher guides, (2) intensive teaching, for instance, by one-to-one
or small-group teaching and (3) programs that frequently assess student progress and adapt
instruction to individual needs. Beyond these generic conditions, Gersten et al. (2009)
specified instructional components that proved effective for at-risk students, among them
using graphical representations and manipulatives, thoughtfully selecting and sequencing
of instructional examples, and encouraging students to verbalize their own strategies or the
strategies modeled by the teacher. According to the research findings reported in the last
subsection, a focus on basic concepts must be added to this list of characteristics for effec-
tive interventions (Anderson, 2010; Moser Opitz et al., 2017; Cobb & Jackson, 2021).

The high relevance of tutorial programs for at-risk students as interventions supplemen-
tal to regular classrooms stems from the need for curricular adaptivity with respect to stu-
dents’ learning progress (Janney & Snell, 2006; Karsenty, 2010). This often involves the
need to remediate the conceptual foundations from previous years rather than to focus on
the current content prescribed by the syllabus (Fig. 1). Supplemental tutorial programs in
small groups have the additional strength of allowing intense communication, which is cru-
cial for oral monitoring of students’ learning progress as well as for engaging the students
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Fig.3 PD approach for preparing
tutors for teaching at-risk stu-
dents (Karsenty, 2010, p. 10)

Mathematical concepts
(e.g. slope of a linear function)

| Representations (e.g. graphical, algebraic) |

l

| Students’ conceptions and possible difficulties |

l

Different approaches to the subject:
Building on students’ existing resources
(e.g. intuition, common sense, visual
reasoning, daily life experience)

l

| “Toolkit” of strategies and models |

in cognitively demanding, conceptually oriented discourse practices (Henningsen & Stein,
1997).

Based on these identified content needs and on findings about how to design tutorial
programs for at-risk students (Gersten et al., 2009; Moser Opitz et al., 2017; Slavin &
Madden, 1989), the intervention program Mastering Math was developed and investigated
in iterative design research cycles (Selter et al., 2014) for basic arithmetic understanding of
fifth graders. It is based on three design principles:

e focusing on the understanding of basic concepts
e allowing deep insights into student thinking using rich diagnostic tasks
e promoting discourse in teacher-moderated small groups

The Mastering Math tutorial program was shown to be effective in fostering students’
understanding of basic concepts, with significantly higher learning gains than the control
group taught with other intervention programs (Prediger et al., 2019). However, the learn-
ing gains varied substantially and relied heavily on the teachers’ practices in enacting the
program.

Other research projects have also identified teachers as crucial for reproducing the
proven efficacy of small-group tutorial programs (Cobb & Jackson, 2021; Gersten et al.,
2009; Slavin & Madden, 1989). Haycock (1998) emphasized that teachers’ expertise mat-
ters, especially for the learning progress of at-risk students. Karsenty (2010) emphasized
that “teaching mathematics to at-risk students is therefore a specific area of expertise,
which is by no means an easy undertaking” (p. 5). Chazan (1996) also outlined that “even
in the best of circumstances ... the job of teaching ... students who have not been success-
ful in mathematics will remain a difficult challenge for those teachers willing to take it on”
(p. 475).

For preparing (non-professional) tutors for this challenging task, Karsenty (2010) devel-
oped and documented a PD approach with a strong focus on promoting tutors’ pedagogical
content knowledge about conceptual understanding of the mathematical concepts in view,
including the related representations and students’ difficulties, as well as teaching strate-
gies for overcoming them (see Fig. 3). Based on promising first indications for the pro-
gram’s efficacy, Karsenty (2010) called for more professional development (PD) research
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to investigate how teachers or even non-professional tutors can develop their expertise in
fostering at-risk students’ conceptual understanding.

The current study pursues this call for further research. We build upon Karsenty’s
(2010) work in reproducing the strong mathematical focus in our PD program accompa-
nying the Mastering Math program. The foundation of this PD program is a conceptual
model of teacher expertise that comprises more than the tutors’ pedagogical content knowl-
edge about basic concepts. This model is introduced in the next section.

Conceptualizing teachers’ expertise for fostering at-risk students’
understanding of basic concepts

To present our conceptual model of teachers’ expertise for fostering at-risk students’
understanding of basic concepts, we first outline the general framework in which the
model will be articulated and then the model itself, together with further research find-
ings warranting the relevance of its components.

General conceptual framework for content-related teacher expertise

The search for a conceptual framework that allows design researchers to specify and
describe teacher expertise of a certain area of PD content was inspired by the research
synthesis of Goldsmith et al. (2014), who criticized the lack of content-related PD
research that goes into detail of different areas of PD content.

To compile a general conceptual framework as a search space for content-related
teacher expertise, Prediger (2019) synthesized generic frameworks by Bromme (1992)
and Schoenfeld (2010) and specified how to substantiate them for different areas of PD
content (e.g., language-responsive mathematics teaching in Prediger, 2019).

The framework combines a situated perspective on teachers’ classroom practices with
a cognitive perspective on underlying knowledge categories and orientations (Depaepe
et al., 2013), two domains formerly considered complimentary (Blomeke et al., 2015)
yet often unconnected. Based on early ideas of Bromme (1992), the general framework
considers teachers’ situated practices to cope with situational demands in classroom
situations and their interplay with the underlying orientations, categories, and concrete
pedagogical tools. More precisely, five constructs of the framework for content-specific
teacher expertise are defined as follows:

e Jobs: typical and often complex situational demands that teachers have to master in
classrooms, here in particular those relevant for the PD content in view.

® Practices: recurrent patterns of teachers’ utterances and actions for managing the jobs.
Teachers’ practices can be characterized by the underlying categories, pedagogical
tools, and orientations on which the teacher implicitly or explicitly draws:

® Pedagogical tools: concrete and visible tools applied to manage the jobs (e.g., facilita-
tion moves enacted, diagnostic tasks, manipulatives, or other didactical artifacts).

e Categories: Conceptual (i.e., non-propositional) knowledge elements that filter and
focus teachers’ perceiving and thinking. Although generic pedagogical knowledge
provides relevant categories too, we focus here on the content categories that teachers
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explicitly or implicitly chose as their filters for perceiving and thinking (“‘conceptual
tools” in the framework of Grossman et al., 1999).

e Orientations: Generic or content-related beliefs and pedagogical attitudes about math-
ematics and its teaching and learning that implicitly or explicitly guide the teacher’s
perception and prioritization of jobs (see Schoenfeld, 2010, p. 29).

The general conceptual framework can be used to determine which categories and ori-
entations are required for or are used by teachers. In a descriptive mode, the practices of
teachers are observed and analyzed with respect to the pedagogical tools, categories and
orientations they use for managing certain jobs. Complementarily, in a prescriptive mode,
PD design researchers prescriptively determine the pedagogical tools, categories, and ori-
entations expert teachers should use (as Bass & Ball, 2004, suggested in their job analysis).
The pathway from the current to the intended expertise can be unpacked by specifying the
necessary orientations for teachers’ practices (both current and intended) to cope with the
jobs and by identifying the underlying categories that should or do guide their practices.

Substantiating the model of teacher expertise for fostering at-risk students’
understanding of basic concepts

The general framework was used to substantiate the conceptual model of teacher expertise
for the PD content in view in this paper: fostering at-risk students’ understanding of basic
concepts. It was developed during several years of practical PD work and succeeding years
of PD design research, in an iterated interplay of thorough literature review and qualitative
case studies of PD processes (as documented in Prediger, 2020; Prediger & Bur6, 2021).
Three main jobs are the starting point of our specification:

e Specify learning content (in basic concepts)
e Monitor students’ learning progress (in basic concepts)
e Enhance students’ understanding (of basic concepts)

For each job, teachers can enact multiple practices. The practices for the three jobs
are highly intertwined, because what teachers focus on while monitoring or enhancing
students’ understanding is guided by underlying orientations and the content catego-
ries they (perhaps implicitly) chose to specify the learning content. The relevant content
categories in our context are given in Figs. 1 and 2. For example, a teacher who only
focuses the content category of multiplication procedures while specifying the learning
content cannot monitor details in students’ understanding of basic concepts. In contrast,
a teacher who is able to unpack condensed concepts into detailed categories for differ-
ent concept elements (e.g., unpacking place value understanding in the positional prop-
erty, the multiplicative property and the additive property) can set these categories as
learning goals and enhance students’ understanding towards these detailed and targeted
goals. This is why activating detailed concept categories shapes the teachers’ practices
for all three jobs and must therefore be treated in the PD (Karsenty, 2010; Morris et al.,
2009).

The addressed categories that guide teachers’ practices are not only shaped by the teach-
ers’ pedagogical content knowledge but also by the teachers’ underlying orientations. It is
therefore important for planning and evaluating a PD program to consider teachers’ mul-
tiple practices for managing these three jobs and practices identified as less productive in
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Specify Monitor students’ Enhance students’
learning content learning progress understanding

Orientations (in basic concepts) (in basic concepts) (of basic concepts)

« Diagnostic orientation Adaptive goal- (Takes monitoring (Enhance with adaptive

é OR setting practice seriously) learning goal, see left)

S Syllabus-bound Syllabus-bound (Monitoring not (Instruction of syllabus,
orientation goal-setting practice necessary) see left)

& Conceptual orientation Conceptual goal-setting Conceptual diagnostic Conceptual enhancement

;g OR practice practices practice

S Procedural orientation Procedural goal-setting Procedural diagnostic Procedural enhancement

practice practices practice

= Long-term orientation Long-term foundation Diagnostic practices with  Enhancement practices

8 OR practices focus on foundations aiming at learning progress
Short-term orientation Short-term repair practices Diagnostic practices with Compensation practices

(focus current content) focus on current content  aiming at task completion

= Communicative (Required for conceptual (Oral formative Communicative

% orientation OR learning content) assessment in talk) pedagogy

T Individualized (Realizable only for proce-  (Only written formative  Individualized

& orientation dural learning content) assessment) pedagogy

4 Depth and correctness Unpacking practices Targeted diagnostic (Targeted and adaptive

§ of addressed categories  to varying degrees practices (with varying enhancement practices)

degrees of correctness)

Fig.4 Excerpt of the conceptual model for teacher expertise in fostering at-risk students’ understanding:
Typical practices for three jobs and four pairs of orientations (grey practices not considered in the empirical
part due to time restrictions in teachers’ questionnaires)

the reported classroom research (presented in Sect. 1), as they may display the addressed
categories, pedagogical content knowledge, and orientations.

From the huge and heterogeneous body of research and our own qualitative research
about teachers’ multiple practices in working with at-risk students and the underlying ori-
entations that have been identified, we extracted four main pairs of orientations underlying
the observed practices:

Compass: diagnostic or syllabus-bound orientation
Content: conceptual or procedural orientation

Goals: long-term or short-term orientation

Pedagogy: communicative or individualistic orientation

In the following, we briefly report the state of research on these pairs of orientations and
their articulation in practices for managing the three jobs with certain content categories.
In each pair, the first orientation has been shown to be more productive than the second,
but it must be emphasized that the description of dual pairs of orientations must not be
interpreted as opposing orientations, as most people combine both orientations and activate
them situatively. As an advance organizer, Fig. 4 summarizes typical practices enacted for
each job in the different orientations. We start by presenting the orientations with the job
specifying learning content, then continue by switching to enhancing students’ understand-
ing and, after that, monitoring, as the monitoring practices depend on both.
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Different practices of specifying learning content

In general, various studies have indicated the high relevance of the job of specifying the
learning content. This job entails two sub-jobs, starting with unpacking the learning con-
tent from the highly compacted content into detailed pedagogical content categories for the
knowledge elements in view (Karsenty, 2010; Morris et al., 2009; Pillay & Adler, 2015).
Based on these unpacking practices, the second sub-job is setting learning goals. The
teachers’ explicit or implicit goal-setting practices are guided by different orientations:

e In a syllabus-bound orientation, the learning goals are drawn from the official syllabus
(perhaps concretized in the textbooks) without strongly considering at-risk students’
learning needs. In contrast, more adaptive goal-setting practices (Janney & Snell, 2006,
speak about curricular adaptivity; Krihenmann, Moser Opitz, Schnepel, & Stockli,
2019, emphasize the differentiated goal setting) rely upon a diagnostic orientation,
which tightly connects practices for unpacking learning content and goal-setting prac-
tices to monitoring students’ learning progress. For at-risk students, a diagnostic orien-
tation in specifying the learning content is of particular importance as teachers cannot
presume that they have already reached all official syllabus goals; rather, they need to
go back to the basics.

e In a procedural orientation, mainly procedural knowledge elements are unpacked when
the required categories are addressed and prioritized as learning goals, whereas in a
conceptual orientation, mainly conceptual knowledge elements are unpacked through
activating categories and prioritized as learning goals. In spite of the empirical results
on most at-risk students’ principal abilities to achieve conceptual learning goals when
provided with suitable learning opportunities, many teachers have been shown to pri-
oritize procedural orientations for vulnerable students. These procedural goal-setting
practices that are guided by low expectations limit these students’ conceptual learning
opportunities and turn them into at-risk students (Beswick, 2007; Wilhelm et al., 2017;
Zohar et al., 2001).

e In her seminal paper in personality psychology, Dweck (1996) distinguished two forms
of setting achievement goals: mastery orientation (which is described as a focus on the
long-term learning progress) and performance orientation (referring to the short-term
demonstration of competence without improving mastery). For the context of teach-
ers specifying learning content for at-risk students, we adapt this classical distinction
between the performance and mastery orientations to a short-term orientation on the
current content related to short-term categories, involving short-term repair practices
aiming at quick success (an orientation that dominates many remediating tutoring
groups) and a long-term orientation on long-term categories, involving long-term foun-
dation practices focusing on basic concepts and skills from previous years (which is
strongly advised by the experts; see Moser Opitz, 2007; Watson & Geest, 2005). Teach-
ers enacting long-term foundation practices focus their goal-setting practices on catego-
ries involving basic concepts and basic skills, in contrast to short-term repair practices
that exclusively focus on current content (see Fig. 1 for the distinction between catego-
ries for deep progress on current content and basic foundations).
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Different practices for monitoring students’ learning progress

Teachers need to monitor students’ learning progress in particular for adaptive enhance-
ment practices, but these monitoring practices can still differ substantially according to the
underlying orientation (see the middle column of Fig. 4).

e In a syllabus-bound orientation, monitoring is not necessary, whereas the diagnostic
orientation is defined by taking monitoring seriously. The importance of monitoring
practices has been underlined by many researchers in the last decades. While using dif-
ferent terms and prioritizations (e.g., listening to students, Empson & Jacobs, 2008;
diagnostic competence, Leuders, Philipp, & Leuders, 2018; noticing, Sherin et al.,
2011; dealing with errors, Brodie, 2013), all these approaches emphasize the need for
teachers to actively engage in working with diagnostic information on at-risk students’
ideas, conceptions, or learning progress.

e The pedagogy can influence the mode of monitoring. Within an individualized orien-
tation, the monitoring is mainly realized by written formative assessments, whereas a
communicative orientation also allows teachers to use oral communication for spon-
taneous investigation of practices of student thinking (Empson & Jacobs, 2008). Both
practices can be useful and can be combined.

e The content is crucial for successfully managing the monitoring job, and it is again
directly related to the specification of learning goals. A conceptual orientation consists
mainly of assessing conceptual understanding in the conceptual diagnostic practices
by activating conceptual categories, while a procedural orientation consists mainly of
assessing the fluency of skills by activating procedural orientations. Teachers of at-risk
students tend to adopt mainly procedural diagnostic practices; for example, Son (2013)
showed that teachers mostly identified conceptual obstacles as being procedural ones.

e Finally, a short-term orientation shapes monitoring as determining how to bring stu-
dents to task completion in the current content with fitting categories underlying the
practices (Watson & Geest, 2005; Prediger, 2020), whereas a long-term orientation
towards learning progress makes it necessary to identify, monitor, and articulate the
foundation from previous years with relevant categories in order to apply enhancement
practices aiming at individual learning progress.

Different practices for enhancing students’ learning

The orientations applied for specifying learning content (unpacking and goal setting) often
also shape the practices for the job of enhancing students’ understanding operating with
the same categories for their mathematical focus. These categories must be set up as part
of teachers’ knowledge and then be addressed explicitly or implicitly by the teachers. The
jobs of specifying learning content and enhancing students’ learning are tightly connected,
as teachers will only promote what they have chosen as relevant learning content, in par-
ticular when a focus on basics is needed (see Fig. 4).

e Many studies have revealed that, in particular, teachers of at-risk students hold proce-
dural orientations, where learning opportunities are provided for fluency in basic or
advanced skills in line with fitting categories rather than, as would be intended in a
conceptual orientation, for understanding of basic or advanced concepts in line with
fitting categories (Beswick, 2007; Boyd & Bargerhuft, 2009; Wilhelm et al., 2017).
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e The same applies for the so-called compass: Teachers with a diagnostic orientation
(called “ethical compass” or “student-led compass” by Gheyssens, Couberg, Griful-
Freixenet, Engels, & Struyven, 2020) have been shown to adapt their teaching to stu-
dents’ learning progress (called “curricular adaptivity” by Janney & Snell, 2006). In
contrast, teachers with a syllabus-bound orientation (called “syllabus-led compass” by
Gheyssens et al., 2020) teach what the syllabus suggests, even if this does not meet the
at-risk students’ needs (Karsenty, 2010). When they conduct adaptations, then only so-
called instructional adaptations focusing on simplifying access to the task (Janney &
Snell, 2006), which leads to the next pair of practices.

e Prediger & Burd (2021) elaborated the distinction between enhancement practices and
compensation practices according to the kind of adaptivity and underlying orientation
and category: Enhancement practices aim at students’ learning progress in a long-term
orientation (“mastery orientation,” according to Dweck, 1996). When adaptivity is nec-
essary due to the diagnostic orientation, then it is realized in curricular adaptivity with
long-term categories in view (Janney & Snell, 2006). In contrast, compensation prac-
tices also try to realize adaptivity, but with a focus on task completion instead of learn-
ing progress and categories relevant to completing the task. This second adaptation
practice has been described by Corno (2008) as circumventing missing readiness; it can
be highly relevant when compensating one student’s general ability (such as reading)
supports the access to mathematical enhancement. In contrast, compensation practices
fall short if they scaffold away all mathematical demands (Henningsen & Stein, 1997).
Hence, since compensation is another counterpart to practices in mastery orientation
that deviates from performance orientation in its tools and aims, the terms “long-term
orientation” and ‘“‘short-term orientation” are more appropriate for our context than the
popular terms “mastery orientation” and “performance orientation.”

e Many researchers have emphasized a connection between pedagogy and the possible
learning goals pursued: Various studies have shown that at-risk students can develop
conceptual understanding much better in communicative pedagogies when the teachers
engage them in rich discourses, whereas higher achieving students can also have inner
discourses (Moschkovich, 2015). Accordingly, completely individualized pedagogies
where each student works independently on individual tasks have been shown to often
coincide with procedural goal-setting practices (Krdhenmann et al., 2019), as concep-
tual learning goals are harder to pursue without communication, at least for many at-
risk students.

Promoting teachers’ growth of expertise: the Mastering Math PD
program

Based on the presented theoretical background, the Mastering Math PD program was
initially developed in 2014 and iteratively refined in several cycles to promote teachers’
growth of expertise for fostering at-risk students’ understanding. The PD program lasts for
2 years and is rolled out for middle school mathematics teachers or out-of-field teachers
teaching mathematics tutoring groups (with teaching certificates only in other subjects,
e.g., music).

As presented in detail in Prediger et al. (2019), the PD program was based upon solid
research findings on the relevance of teacher collaboration (Borko & Potari, 2020; Cobb
& Jackson, 2021), so it is organized in school networks, in other words, in teacher groups
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External Domain

External source of stimulus or
curriculum materials, here,
here, professional learning communities | Mastering Math materials and

facilitated in school networks PCK background on basic concepts Sl
Personal Domain / Domain of practices
Orientations and content Practices in tutorial groups,
categories underlying practices, here, for specifying goals,
here, procedural or conceptual, monitoring progress, and
long- or short-term, etc. enhancing understanding
Domain of
¥ consequence
Enactment

Salient outcomes, here
evaluated by learning progress
< External offers on basic concepts

or by task completion

Reflection

Fig.5 PD environment in the Mastering Math PD program articulated in the interconnected model of pro-
fessional growth (adapted from Clarke & Hollingsworth, 2002)

from five schools each, which form stable professional learning communities meeting with
a facilitator every 6 weeks to discuss the experiences and prepare the next module.

Figure 5 connects the key components of the PD program in the model of professional
growth (Clarke & Hollingsworth, 2002). The two external sources provided for reproduc-
ing Karsenty’s (2010) strong PD focus on unpacking pedagogical content knowledge about
basic concepts are facilitated network meetings every 6 weeks and curriculum materials
with teacher guides. Both of these provide access to all relevant content categories and
their connections (Selter et al., 2014) for the following basic arithmetic concepts for at-risk
fifth graders: understanding place value in the place value table and on the number line,
connecting representations for addition/subtraction, understanding meanings and connect-
ing representations for multiplication/division, and learning multiple calculation strategies
for two-digit numbers in the 1st year (in view of our evaluation study) and for fractions and
decimal numbers in the second year.

Based on findings that interventions for at-risk students should be supported by well-
planned, comprehensive programs with curriculum material and teacher guides (Slavin &
Madden, 1989), curriculum material for the tutorial groups was provided for all topics in
30 modules, each starting with a 10-min formative assessment and tasks for the teacher-led
tutorial group instruction for enhancing students’ understanding. Figure 6 shows how the
teacher guide provides PD opportunities for pedagogical content knowledge while moni-
toring students’ products in the formative assessment.

With this important material support (Slavin & Madden, 1989; Swan, 2007), the teach-
ers’ cooperative inquiries into students’ thinking are stimulated in biweekly school team
meetings. In this way, the collective inquiry with innovative teaching practices in the newly
established tutorial groups is encouraged, as suggested by Clarke and Hollingsworth’s
(2002) model and Cobb and Jackson’s (2021) focus on at-risk students.

Taking into account the high relevance of teachers’ orientations and practices, the
teacher groups’ inquiries into the domain of practices are systematically connected to
intense reflections in the domain of outcomes during the PD sessions in school network
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Item in the formative assessment

Trage in die Stellentafel ein und schreibe die Zahl auf.

Stellentafel Zah! Translation from German:
[Tinlz E| i )
3 Tausender, 1 Zehner, 10 Einer '3“6 JA &u‘ 3 020 Fill in the place value table and write the number.
[E————— 3 thousands, 1 ten, 10 ones
[T[n]z k|
20 Hunderter, 4 Zehner | lzo/¥ 0] 2040 20 hundreds, 4 tens
6 Tausender, 2 Hunderter, 42 Zehner, 5 Einer ‘GL?%ES‘ 6 6 25 6 thousands, 2 hundreds, 42 tens, 5 ones

Analytic support provided in the teacher teacher guide (translated from German)

Typical answers for (c) Interpretation Suggested starting point
62425, e.g., “There are 6 T, 2 H, Place value of digits not con- Discuss place values of digits, connect
42 Z, 5 E, thus 62,425” sidered to enactive representation in Task 2.1
6607, e.g., “You have to pay attention Recognized the difficult aspect  Revise dealing with bundles of tens,
to the hundreds and the tens” but does not yet know howto  see Task 2.2a
solve it.
6247, e.g., “Well, the 6 to T, the 2 to H, Decomposition of 42 tens Decompose with enactive material,
the 42 must be split, the 4 to Z into 4 tens and 2 ones in Task 2.2b
(tens), and the 2 + 5 to E (ones)”
” = Got the main point but Just focus on forgotten ones,
6AZ0; €6, ‘422 are 420 overlooked the 5 ones system is most probably understood

Fig.6 Extract from Mastering Math teacher guide on monitoring student understanding in a formative
assessment, here for place value understanding (Selter et al., 2014)

meetings every 6 weeks (Karsenty, 2010). With collective diagnostic activities on the
teachers’ classes’ formative assessments, unpacking activities for their mathematical back-
grounds, and planning activities for the tutorial groups, teachers are prepared for mastering
the jobs for each of the basic concepts. The orientations are repeatedly discussed in these
PD sessions, especially with respect to the particular needs of at-risk students and provid-
ing long-term, conceptually rich learning opportunities in communicative pedagogy.

The multilayered PD design of the PD program is intended to develop teachers’ prac-
tices together with the teachers’ four pairs of orientations (Fig. 4) and content categories
(Figs. 2 and 3) in the personal domain. This means that within the interconnected model
of professional growth, we provide multiple input, enactment, and reflection opportunities,
as indicated by the arrows in Fig. 5. In the next sections, we report on the evaluation study,
investigating the effects on teachers’ expertise.

Methods for the empirical evaluation study
Research question and research design of the evaluation

The evaluation study for the PD program was designed to pursue the following research
question:

To what extent can the Mastering Math PD program change teachers’ expertise in
fostering at-risk students’ understanding, as operationalized in practices (which are self-
reported) and underlying orientations as well as in addressed categories?

The evaluation study was conducted using a pre—post-design with teacher questionnaires
that were administered at the beginning of the PD in September (pre-PD) and 9 months
later in June (post-PD). No control group was investigated, as earlier studies had shown no
change of practices and orientations in no-treatment control groups (Prediger et al., 2019).
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Methods of data gathering

Investigating the growth of teacher expertise in an evaluation study using video-based
classroom observation of really enacted practices would have been laborious and would not
have been possible for this sample size. Instead, approximations of enacted practices were
captured pre-PD and post-PD, both times in two complimentary ways: First, a standardized
self-report questionnaire revealed the wider picture of various practices and orientations
for the jobs of specifying areas of learning content (in particular, goal setting) and enhanc-
ing students’ learning. Second, a vignette-based activity eliciting teachers’ diagnostic judg-
ments revealed an in-depth view of practices-in-action in unpacking learning content and
monitoring students’ progress: This instrument elicited teachers’ content categories and
allowed the research to infer the underlying orientations.

Vignette-based open diagnostic judgement tasks capturing content specifying
and monitoring practices

Parallel open diagnostic vignettes were administered pre-PD and post-PD to capture teach-
ers’ practices-in-action in a situated way (Blomeke et al., 2015) by eliciting categories for
specifying learning content and monitoring students’ understanding. Extracts from one of
the vignettes are shown in Fig. 7. To stimulate an oral monitoring situation as a typical
job in tutorial groups, the prompt asks teachers to provide diagnostic judgements on stu-
dents’ resources and obstacles. The vignette starts with a typical error in multi-digit mul-
tiplication and expands to a dialogue on the basic meaning of multiplication. Its content
spans from the procedure for the current learning content in Grade 6 (multiplication algo-
rithms of decimal numbers), which can be unpacked into the procedure and understanding
of natural numbers from Grade 3 (see Fig. 2) with various content categories (procedural
elements such as decomposition into sub-products and automatized multiplication facts
as well as compacted basic concepts and their unpacking into more detailed concept ele-
ments). Figure 7 also lists the maximum of possible content categories, which were identi-
fied by experts prior to the investigation (Drose & Prediger, submitted) and were not vis-
ible for teachers on the vignette-based questionnaire.

Questionnaire for self-reported practices

Teachers’ self-reported practices for the three jobs (as drawn from the literature review)
were captured in a standardized questionnaire structured according to the reported four
pairs of orientations. For each orientation, one to three items were developed and admin-
istered on 6-point Likert scales (1 =strongly disagree, 6 =strongly agree). Examples are
listed in Table 1.

For scales with three items, the internal consistencies are reported in Table 1. Given the
small number of items, we consider the internal consistencies to be acceptable enough (a
between 0.52 and 0.81, with one exception) to report means and standard deviations for
these scales. In contrast, reporting the dual orientations on one scale would not have been
adequate as many dual orientations overlap in teachers’ acceptance.
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Diagnostic vignette with transcript and prompts (translated from German)
In a Grade 6 class, the multi-digit multiplication algorithm of decimal numbers has
already been introduced. Ali and Mia were asked to calculate 12.6 x 15.05.

The following interaction evolves after they calculated the result. 7 77

1 Teacher: Ali, can you explain how you determined your result?

2 Ali: At first, | did 1 times 1 is 1 and then 2 times 5 is 10 and e

then 6 times 5 that is 30. And then the result is 110.30. Ali’s solutio; "
3 Mia: | have done it similarly, but have not done 1 times 1, but

10 times 10 and not 6 times 5 but 60 times 5.

Mia’s solution

4 Teacher: Ok. Let’s start with 12 times 15. There, you both

decomposed the numbers and transformed it into 0 /2
smaller multiplication tasks [draws a multiplication 10
table and enters the decomposition of numbers]. 5 T

5 Mia: Yes, there we can calculate 10 times 10 and 2 times 5. -

6 Teacher: Mh... [takes a sheet with a 400-dot array]
Can you show me your task in the 400-dot array?

7 Ali: [Counts 10 dots in 1° row] So here 10,
[Counts 10 dots in the first column] and here 10.
And then again 2 [2 additional dots in 1° row]
and here [counts 5 additional dots in 1°* column]
5 dots. And that is the task.
This [goes with his finger along 1% column)]
times this [goes with his finger along 1°t row).

8 Teacher: And where can you see the result?

9 Mia: Mh? No, you have somehow done this a little bit wrong.
Because | do it this way: Here 12 [counts 12 dots in 1** row]
and then 15 [counts 15 dots in 1% column)]
and then it is this all [gestures around the complete 12 x 15 rectangle).
Because we have to calculate this all. So, these are 12, 24, 36, 48, 60, 72,
84, 96, 108, 230, and then again 60. 180 pots all together.

10 Teacher: As a result, you mean? [Mia nods] And what about the result that you
calculated before? You said it is 110?

11 Ali: Yes, but there we calculated the multiplication, and here,
we counted the dots.

12 Teacher: But this is a different result now.

13 Ali: Yes, but there, we have done something different.

Prompt for eliciting teachers’ diagnostic judgments:

Maximum of expectable
content categories

Current content:

* Concept: Place value under-
standing for decimal numbers
(Turn: 2,3)

® Procedure: Multi-digit multipli-
cation for decimal number
(Turn: 2,3)

Basics:

* Concept: Place value under-
standing for natural numbers
(Turn: 5)

* Unpacked concept elements:
(Turn 2,3 & students products)

* Positional property
* Additive properts

® Procedures: Multiplication
facts, decomposition into
sub-products
(Turn: 5)

Basics:

e Concept: Meaning of multipli-
cation for natural numbers
(Turn:7,9)

* Unpacked concept elements:
* Meaning of multiplication

in arrays (Turn: 7, 9)

Multiplication as counting

in bundled units (Turn: 9)

e Connecting graphical and
symbolic representations
(Turn: 11)

e Which resources and obstacles do Mia and Ali have? Describe them as precisely as possible.
Give the students’ name and the transcript line. What might be the reasons for their obstacles?

Fig.7 Diagnostic pre-PD vignette and its analysis by experts with respect to relevant content categories

Sample

The initial sample of the evaluation study consisted of 124 mathematics teachers who
volunteered to participate in the Mastering Math PD program and experimented with a
weekly tutorial group for remediating basic concepts in Grade 5. Of those participants, 95
teachers completed the standardized pre-PD and post-PD questionnaire (75 mathematics
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Table 1 Practices captured in self-reports or in-action for three different jobs

Type Operationalization of practices in items (examples)

Technical description

Specify learning content (in basic concepts)

Self-reported practices Conceptual orientation or procedural orientation:
eConceptual goal-setting practices: “Conceptual
understanding is most important for low achievers.”
e Procedural goal-setting practices: “Procedural skills

are most important for low achievers.”

Diagnostic orientation or syllabus-bound orientation:
eAdaptive goal-setting practices: “Content priorities
in my classes are mainly determined by students’
abilities.”
oSyllabus-bound goal-setting practices: “Content
priorities in my classes are mainly determined by
the syllabus.”
Long-term or short-term orientation:
eLong-term foundation practices: “In my tutoring ses-
sions I focus on gaps in foundations from previous
years.”
eShort-term repair practices: “In my tutoring sessions
I focus on the current content of the regular classes.”
Practices-in-action in
diagnostic
judgments

Categories addressed for adequate mathematical focus:
eUnpacking practices (with varying degree of unpack-
ing the details of basic concepts from foundations
in situation)

Monitor students’ learning progress (in basic concepts)
Practices-in-action
in diagnostic
judgments

Categories addressed in conceptual or procedural
orientation:
eConceptual diagnostic practices: Identify concepts
e Procedural diagnostic practices: Identify procedures

Categories addressed in long-term or short-term orien-
tation:
eLong-term diagnostic practices: Identify basics
eShort-term diagnostic practices: 1dentify current
content

Correctness of categories applied:
eTargeted diagnostic practices: Correct or incorrect
diagnostic judgement on basic concepts or concept
elements

Enhance students’ understanding (of basic concepts)

Self-reported practices Conceptual or procedural orientation:
eConceptual enhancement practices: “For low achiev-
ers, I mainly try to foster conceptual understanding.”
(1 item)
e Procedural enhancement practices: “For low achiev-
ers, I mainly try to enhance procedural skills.” (1

item)

1 item each

3 items each
. =.68
Ao =-T71
Ao =54

Apost = 44

3 items each
. =.68
apOSl = '67
Ay =60
=.79

Xpost

Percentage of
un-packed basic
concept elements
among all applied
categories

Percentage of con-
ceptual/procedural
elements among all
applied categories

Percentage of basics/
current content
among all applied
categories

Percentage of
adequately noticed
basic concepts/
concept elements
among all applied
categories

1 item each
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Table 1 (continued)

Type Operationalization of practices in items (examples) Technical description
Communicative or individualized orientation: 3 items each
eCommunicative pedagogies: “I organize my sessions @, =.56
in a way that students can communicate, with my Apog =61
moderation.” A =72

e/ndividualized pedagogies: “I organize my sessions Apos =81
so that students can work independently on individu-

alized tasks.”
Long-term or short-term orientation: 3 items each
eEnhancement practices: “When I realize that my low  a,.=.57
achievers lack basic concepts for solving a task, Ao =-67
we work on the basic concepts even if this was not  a,.=.57
planned.” Ao =-52

eCompensation practices: “When I realize that my low
achievers lack basic concepts for solving a task, I scaf-
fold their thinking until they solve it nevertheless.”

teachers and 20 out-of-field teachers with teaching certificates for subjects other than
mathematics). A subsample of 63 teachers also completed both vignette-based diagnostic
judgment tasks. The teachers had between 1 and 38 years of experience in math teaching
(median=38 years). They estimated that between 0 and 80% of their students were at-risk
(median=23.50%). Some of the schools were in underprivileged urban areas.

Methods of data analysis
Analysis of diagnostic judgments

A preliminary study with pre-service teachers (Drose & Prediger, submitted) showed that

teachers rarely identify all content categories identified by a group of experts (see Fig. 7,

right column), and a good judgment is not necessarily complete, but focused on the most

relevant elements of the basic concepts involved. Hence, the qualitative analysis of the

diagnostic judgments was conducted in four steps (exemplified in Fig. 8):

Step 1. Extract the addressed categories from teachers’ diagnostic judgments; for exam-

ple, the utterance “difficulties with decimal point/positions” refers to the category of place

value understanding of decimals and “picture does not match expression” to the category

of connecting graphical and symbolic representations.

Step 2. Classify the addressed categories according to the field being addressed (see Fig. 2)

as shown in the headings in Fig. 7: current procedure, current concept, basic procedure,

basic concept, and unpacked basic concept element.

Step 3. For all basic concepts or unpacked concept elements, evaluate adequacy of judg-

ment for the turn in the transcript of the vignette.

Step 4. Determine the total of applied categories and calculate percentages for deriving the

e degree of unpacking practices operationalized by the percentage of unpacked basic
concept elements among all applied categories,
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€ €
L2, g Lo
28 g 28 g
- ge5E ge §¢
Pre-PD diagnostic & ¢33 f¢ sl
judgement > :_:; = 5. Post-PD diagnostic > é s
of one teacher § S -Zé ‘g judgement of one teacher § S § g
% % = N : = a
(English translation) § 825 (English translation) § B E5
Steps 1-3:  “MLa’s resources “First child’s resources
Preparing e Procedure of multi- P CC - - o understanding of multiplication: C B U v
& coding digit addition interpreting the dot-array as
ofjudge- | Multiplying as CBU + visualization of the task
ments repeatedly adding up
o Place-value C B - v o understanding of multiplication: C B U «
understanding repeatedly adding up
Mia’s obstacles - - - - First child’s obstacles
o Place-value understanding for | € CC U
decimal number just rudimen-
tary. He knows that digits after
the point have a different value.
o Does not transfer his understan- C B U f
ding of multiplication to multi-
plication of two-digit numbers.
All’s resources Second child’s resources
 Procedure of multi- P CC- - o Structure of numbers in place- cCB UX
digit addition value systew. is understood:
Decomposition in ten § four dots
All’s obstacles Second child’s obstacles
o He does not CBU N oo place-value understanding c - A
understand thalt the o No understanding of CB U~
way of F“L“’“L“t"“’@ has wultiplication ow the dot-array
Bfct et o Different representations may CB U

lead to different results.”

Step 4: Derive
Unpacking practices-
in-action:

Conceptual diagnostic
practices-in-action:
Long-term diagnostic
practices-in-action:
Targeted diagnostic
practices-in-action:

Pre-PD practices-in-action

2 of 5 categories are unpacked
into basic concept elements

3 of 5 categories focused on
concepts (2 on procedures)

3 of 5 categories focused on
basics (2 on current content)

3 of 5 categories correctly
identified basic concepts

Post-PD practices-in-action

7 of 8 categories are unpacked
into basic concept elements

8 of 8 categories focused on
concepts (0 on procedures)

7 of 8 categories focused on
basics (1 on current content)

7 of 8 categories correctly
identified basic concepts

Fig.8 Example of pre-PD and post-PD diagnostic judgement of one teacher: Increase in addressed and
unpacked basic concepts

e degree of conceptual and complementary procedural diagnostic practices operational-
ized by the percentage of procedures/concepts/unpacked conceptual elements among
all applied categories,

e degree of long-term and complementary short-term diagnostic practices operational-
ized by the percentage of basics/current content among all applied categories, and

e degree of targeted diagnostic practices operationalized by the percentage of adequately
noticed basic concepts among all applied categories on basic concepts.
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As the data were coded by two coders, we checked intercoder agreement for 25% of the
material. The interrater reliability reached a Cohen’s kappa of 0.88.

Analysis of percentages and of standardized questionnaire

Descriptive results for all variables and percentages are reported with respect to the
means and standard deviations pre-PD and post-PD. Pre—post-differences were tested
using paired #-tests on a 5% level of significance for each orientation. Effect size d was
calculated by relating the mean differences of subsamples to the pooled standard devia-
tion (Cohen’s d).

Findings on growth and stability of teachers’ expertise

Change of teachers’ content specifying and monitoring practices in the diagnostic
judgments

Pre-PD and post-PD diagnostic judgments were elicited by vignettes as shown in Fig. 7.
Figure 8 displays the pre-PD and post-PD diagnostic judgements of one exemplary
teacher and the steps of coding by the applied categories as well as the deduced degrees
for the unpacking practices and monitoring practices. The comparison of pre-PD and
post-PD codings reveals how the teacher developed her unpacking and monitoring prac-
tices in the intended direction, as more categories on basic concepts are addressed and
unpacked into elements of the basic concepts. The teacher strengthened her concep-
tual diagnostic practices and long-term diagnostic practices on basics slightly, and the
unpacking practices most substantially.

This exemplary insight into the case of one teacher is typical for the whole sam-
ple, as the frequencies in Table 2 show: In the pre-PD diagnostic judgement, teachers
unpacked on average 52.1% of the addressed categories for basic concepts. In the post-
PD diagnostic judgments, the teachers unpacked 71.9% of the explicitly addressed cat-
egories for basic concepts. The inference statistics in the ¢-test reveal that this change is
significant (with a small effect size of d=0.38). We can interpret this result as evidence
that teachers refined their specifications of the learning with more detailed basic con-
cept elements.

In addition, the productive monitoring practices-in-action increased (and the unpro-
ductive practices decreased) significantly:

e With respect to conceptual diagnostic practices, on average 58.6% of the categories
addressed by teachers in the pre-PD diagnostic judgments were related to conceptual
elements. This percentage significantly increased to 69.1% of the categories addressed
in post-PD diagnostic judgement (p=0.014, d=0.35). Complementarily, the proce-
dural diagnostic practices decreased from 41.4% to 30.9% (complement to 100%, not
reported in Table 2).

e With respect to long-term diagnostic practices, on average 78.3% of the addressed cat-
egories in the pre-PD diagnostic judgments referred to basics and 21.7% to current con-
tent. This relation remained stable with 79.1% basics and 20.9% current content in the
post-PD. As the derived long-term diagnostic practices were already strong in the pre-
PD diagnostic judgments, no further development was found during the PD.
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e Finally, the diagnostic practices on basic concepts also tended to improve in their
degree of correctness, from 79.5% in the pre-PD to 85% in the post-PD diagnostic judg-
ments, although the higher degrees of unpacking might pose more challenges for the
evaluation. Although this spans 12% of SD, the change was not significant.

In total, Table 2 shows that the fine-grained PD work in the Mastering Math project
(with the teacher communities on unpacking concept elements and their experimentation
with tutoring groups of at-risk students) resulted in the intended growth of unpacking and
monitoring practices with productive underlying orientations.

Change of teachers’ self-reports on practices

Whereas the previous section revealed substantial growth in teachers’ practices for the jobs
of unpacking the learning content and monitoring learning progress with relevant content
categories, other practices changed much less, as the results in Table 3 on teachers’ self-
reported goal-setting and enhancement practices show. As the productive and unproductive
orientations can overlap, both are reported separately.

Teachers’ self-reports of conducting practices in conceptual orientation stayed stable
on a quite high level for conceptual goal-setting practices (m,,,,=5.07 in the pre-PD ques-
tionnaire and m,,,,=5.14 in the post-PD questionnaire) and for conceptual enhancement
practices (staying the same at 4.77 pre- and post-PD). The practices in procedural orien-
tation developed differently: Whereas the procedural goal-setting practices were reported
significantly less after the PD (from 3.55 to 3.01 with a small effect size of d=-0.27), the
teachers’ self-reported procedural enhancement practices did not change.

Whereas the adaptive goal-setting practices in diagnostic orientation did not change,
syllabus-bound goal-setting practices for the regular classroom increased significantly
(with a moderate effect size of d=0.73).

Also, for the long-term orientation, the intended long-term foundation practice
remained stable, whereas for the short-term orientation, a significant decrease in teachers’
self-reported practices was found (with moderate effect size of d=-0.64).

With the increase in self-reported communicative pedagogy practices, the communica-
tive orientation was the only productive orientation that changed significantly. While this
effect was small (d=0.26), the significant development towards less individualized peda-
gogy revealed a large effect size (d=-0.82).

The most surprising and unfavorable pre—post-development was found for the short-
term orientation regarding the job of enhancing students’ understanding. While teachers
reported similar enhancement practices in long-term orientation, they reported even more
short-term compensation practices after participating in the PD, albeit with moderate effect
size (d=0.34).
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Table 2 Changes in teachers’ content specifying and monitoring practices in the diagnostic judgments (sig-
nificant changes marked in bold)

Pre-PD Post-PD t-tests for change

m (SD) m (SD) t(57) p d

Specify learning content
Unpacking practices for basic  52.1% 397%  71.9% 28.4% 2.90 005 038
concept elements
Monitor students’ learning progress
Conceptual diagnostic 58.6% 264%  69.1% 20.5% 2.55 014 033
practices
Long-term diagnostic prac- 78.3% 20.0%  79.1% 16.6% 0.24 .808  0.03
tices on basics

Targeted diagnostic practices  79.5% 364%  85.0% 23.6% 0.94 349 0.12
(correctness)

Conclusion
Summary and embedding of findings in the literature

As intervention programs for fostering at-risk students’ understanding of basic concepts
always rely on teachers, PD researchers have called for more PD design research to pro-
mote teachers’ expertise in enacting such intervention programs (Karsenty, 2010; Slavin &
Madden, 1989). So far, PD research has been rather unspecific in capturing what exactly
teachers learn while developing this expertise. With the Mastering Math intervention pro-
gram for tutoring groups (Selter et al., 2014), we were in the same situation: Although the
overall program was assessed as having been successfully implemented with measurable
effects on students’ achievement (Prediger et al., 2019), large differences in the teachers’
effectiveness suggested that we needed to investigate in more detail what teachers need to
learn in the Mastering Math PD program and what they can learn within 9 months.

In this paper, we have presented (a) a conceptual model to specify the relevant teacher
expertise, (b) the Mastering Math PD program we have developed for promoting this
expertise (with components suggested by Cobb & Jackson, 2021), and (c) a detailed evalu-
ation of the changes in expertise that we have achieved (or have not yet achieved) by the
PD program.

The conceptual model of teacher expertise for fostering at-risk students’ understand-
ing is in itself an important contribution of this paper. It synthesizes what has so far been
a fragmented and incoherent international discourse on mathematics teacher expertise for
at-risk students into a connected and coherent account of teachers’ practices for three jobs:
specify learning content in basic concepts (i.e., unpacking learning content and setting
learning goals), monitor students’ learning progress, and enhance students’ understanding.
The state of research on teachers’ practices for managing these jobs for at-risk students was
synthesized in a way that was guided by four pairs of underlying orientations, which can
overlap and coexist. The model systematizes earlier suggestions of what teachers need to
learn (e.g., by Beswick, 2007; Brodie, 2013; Gheyssens et al., 2020; Karsenty, 2010; Wat-
son & Geest, 2005).

The suggested conceptual model for teacher expertise informed the PD design and
allowed us to provide detailed insights into the professional growth that teachers achieved.
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Rather than presenting only a success story on an overall scale, the conceptual model
allows us to scrutinize the achievements and constraints of the evaluated Mastering Math
PD program for different orientations and jobs (see Fig. 9).

First of all, the pedagogical orientations changed substantially, with increased rel-
evance for communicative pedagogies (d=0.26) and decreased relevance for individual-
ized pedagogies (d=— 0.82). This achievement in changing teachers’ pedagogies confirms
that “handing over” pedagogical tools (such as activity structures or tasks) is much easier
than deeper changes in subtler orientations. Apparently, the provided curriculum materials
offered sufficiently concrete support for tutoring groups so that teachers felt able to engage
students in rich mathematical communications (Clarke & Hollingsworth, 2002).

Second, it is encouraging to see that the teachers’ monitoring of practices-in-action
in a diagnostic judgment all changed in our intended directions. This is an important
program achievement since teachers’ expertise in noticing and monitoring students’
learning has repeatedly been identified as crucial for success (Brodie, 2013; Empson
& Jacobs, 2008; Leuders et al., 2018; Sherin et al., 2011). In particular, we identified
a significant change toward less procedural practices (d=— 0.33), which is highly rel-
evant for work with at-risk students is often shaped by expectations that are too low
(Beswick, 2007; Brodie, 2013; Karsenty, 2010). These practices changed together with
improved unpacking practices-in-action (d =0.438), which means that teachers substan-
tially improved their expertise to unpack the mathematical content into relevant content
categories. It would be highly interesting to analyze further if this covariation might
indicate that increased conciseness of available content categories may also have an
impact on the orientations (Clarke & Hollingsworth, 2002).

However, these achievements in the specifying and monitoring practices and their
underlying orientation were constrained by the teachers’ growing self-reports that their
decisions in classrooms were mostly led by the syllabus (unproductive increase by
d=0.73). This means that although they made significant strides in developing their
expertise in monitoring their students’ learning progress, this expertise might not unfold
its potential for adaptive enhancement practices when the selections of what content to
focus on in classrooms is constrained by a syllabus-led orientation. This constraint was
already described by Gheyssens et al. (2020). In the context of the Mastering Math PD
program, the unproductive increase in self-reports might be partially traced back to the
effect of increased awareness of a teaching dilemma: By comparing the adaptive, extra-
curricular work in the supplemental tutoring group with their work in mainstream class-
rooms, the teachers might have become more aware that their mainstream classrooms
are led more by the syllabus than by diagnostic insights. If this interpretation is correct,
then becoming sensitive to this challenge might be a first step in overcoming it.

An indication that counters this optimistic interpretation, however, is the second con-
straint marked in red in Fig. 9: The short-term orientation has only decreased significantly
in self-reported goal-setting practices (fewer short-term repair practices; d=— 0.64) and
slightly in the short-term monitoring of practices-in-action (d=— 0.03). However, it has
increased in the third job in unintended directions: Whereas the long-term enhancement
practices aimed at learning progress were reported to be stable, the teachers reported more
compensation practices post-PD than pre-PD (d=0.34). This means that after 9 months
of participating in the PD program, teachers’ short-term orientation to use compensation
practices increased, even if this circumvents the job of enhancing students’ understanding
(an example item of this scale is “When I realize that my low achievers lack basic concepts
for solving a task, I scaffold them until they solve it nevertheless.”).
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Table 3 Change of practices captured in self-reports for different jobs and pairs of orientations (1=do not
agree at all, 6 =agree absolutely)

Agreement to practices Pre-PD Post-PD t-tests for change

m (SD) m (SD)  dp p d

Specify learning content: Goal setting
Conceptual or procedural orientation:
Conceptual goal-setting practice 5.07  (1.00) 5.14 (1.08) 1#(94)=0.48 .631 0.05
Procedural goal-setting practice 3.55 (1.14)  3.01 (1.25) #93)=-2,58 012 —0.27
Diagnostic or syllabus-bound orientation:

Adaptive goal-setting practice 4.64 0.81) 453 (0.87) t94)=-1.12 266 — 0.11
Syllabus-bound goal-setting 2.82  (0.92) 397 (091) 193)=7.12 <.001 0.73
practice
Long-term or short-term orientation:
Long-term foundation practices 420 (0.89) 423 (094) 1#94)=0.22 824 0.02
Short-term repair practices 3.42 (0.93) 240 (1.04) #94)=-6.29 <.001 —0.64

Enhance students’ understanding

Conceptual or procedural orientation:

Conceptual enhancement practice  4.77  (1.11) 477 (1.13) #91)=0.00 999  0.00

Procedural enhancement practice 330 (1.24)  3.09 (1.36) 1(93)=-0.89 .378 —0.09
Communicative or individualized orientation:

Communicative pedagogy 4.59 (0.86) 4.87 (0.84) 1#93)=2.49 .015 0.26

Individualized pedagogy 397 (097) 253 (1.06) 193)=-—7.99 <.001 —0.82
Long-term or short-term orientation:

Enhancement practice 4.75 0.74) 486 (0.82) #94)=1.27 206 0.13

Compensation practice 2.94 (1.00)  3.51 (0.95) #94)=3.28, .001 0.34

As self-report questionnaires only provide a limited insight into teachers’ enacted prac-
tices and underlying orientations, we further investigated this critical constraint using the
richer data of qualitative studies on teachers working with diverse abilities: Both studies
confirmed the persistence of compensation practices inspired by short-term orientations
(Prediger, 2020; Prediger & Burd, 2021). These studies also indicated that the prevalence
of compensation practices was coherent with an increased awareness of syllabus-bound
goal-setting practices: When the syllabus dictates advancing to the next area of content
in spite of monitoring difficulties, then it has some internal rationality to circumventing
the goal of students’ learning progress and restricting it to task completion in compensa-
tion practices. This can be explained as a particular version of performance orientation
investigated in personality psychology since Dweck (1996) distinguished it from in mas-
tery orientation (which is described as a focus on long-term learning progress). We claim
that for teachers’ work with at-risk students, performance orientation takes the particular
form of compensation practices that lead students to completing tasks without progress in
understanding. The prevalence of these compensation practices was also found in a paral-
lel classroom video study in which compensation practices were observed twice as often
as enhancement practices (Prediger & Burd, 2021), so this prevalence will require future
research and particular attention in the next year of the ongoing PD program.
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Changes in captured practices
with effect size d

g

Jobs Specify learning Monitor students' Enhance students’

. . content learning progress S understandin
Orientations € Prog &

Compass:
Diagnostic orientation OR

Syllabus-bound orientation : Syllabus-bound goal-
i setting practices 0.73

Adaptive goal-
setting practices -0.11:

Content:

Conceptual goa- Conceptual diagnostic Conceptual enhancement |
Conceptual orientation OR | setting practices 0.05 | practices-in-action  0.33 | practices 0.00 :
Procedural orientation Procedural goal- “Procedural diagnostic Procedural enhancement
setting practices -0.27 practices-in-action -0.33 | practices -0.09 :
Goal: Long-term foundation i Long-term diagnostic Enhancement practices aim- |
Long-term orientation OR  practices 0.02 | | practices-in-action  0.0: : ing at learning progress 0.13 :
Short-term orientation Short-term repair Short-term diagnostic Compensation practices aim-
practices -0.64 i practices-in-action -0.0: ing at task completion 0.34
Pedagogy:

L . . Communicative
Communicative orientation OR pedagogies 0.26
Individualized orientation individualized

pedagogies -0.82
Categories
Categories for adequate Unpacking practices- | Targeted diagnostic

mathematical focus in-action 0.38 | practices-in-action  0.12 |

Fig.9 Summary of achievements and constraints of the evaluated Mastering Math PD program: effect sizes
d from pre-PD to post-PD for each captured practice (light color marks significant effects in intended direc-
tion, italics in unintended direction)

Implications for future PD projects

Based on the identified effects of the current PD program, we can recommend that in the
future similar PD programs should be established that provide ample opportunities to
deepen the pedagogical content knowledge on understanding basic concepts, to experiment
with formative assessment and curriculum materials using in working with at-risk students,
and to reflect on the four pairs of orientations. Whereas the program was successful with
respect to weakening procedural orientations in favor of conceptual orientations and to
overcoming individualized orientations in favor of communicative orientations, there were
also lessons learned from the identified constraints in changing teachers’ syllabus-led ori-
entations and short-term orientations (Watson & Geest, 2005).

In this way, the conceptual model as well as the local constraints that have been detected
in it by our evaluation study might influence future PD research. Future PD design research
projects should search for PD approaches that are optimized to overcome the prevalence of
compensation practices and strengthen real enhancement practices aimed at learning pro-
gress. This might start with emphasizing the coherence of long-term orientations across
different jobs: When long-term orientation informs goal setting and monitoring, it should
consequently also shape the enhancement practices. Compensation practices should be
critically discussed and questioned, not only for the experimental supplemental tutorial
groups, but also for overcoming them in mainstream classrooms (Gheyssens et al., 2020).
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Methodological limitations and outlook on future research

Even if we can already draw consequences for PD programs, the results should be inter-
preted with caution while considering the methodological limitations. The study was con-
ducted with only one treatment condition and without a control group. In order to single
out which kind of support mattered most for the growth of expertise, different PD and sup-
port conditions should be compared systematically, and a waiting control group should be
included to provide a baseline with which to compare. Additionally, the questionnaires
should be further elaborated into scales with high internal consistency for all relevant
practices and orientations. Questionnaires on self-reported practices always risk devi-
ances from really enacted teaching; however, in our case, they helped us nevertheless to
detect two important areas of constrained achievement, and the triangulation in two other
qualitative studies validates these findings (Prediger, 2020; Prediger & Bur6, 2021). As
the vignette-based instrument for capturing practices-in-action provided deeper insights by
eliciting teachers’ addressed content categories, future vignette-based instruments should
also capture enhancement practices, not only specifying and monitoring practices.

Most importantly, similar studies should be conducted in other contexts, with other
teachers, other topics, and different PD programs, in classrooms that include all students,
not only at-risk students, in order to learn what is context specific and what is generalizable
across contexts.

Acknowledgements The research is conducted in the project Mastering Math (originally funded by the
German Telekom Foundation, grant holder S. Prediger & C. Selter) and is conducted within the DZLM
research program (Deutsches Zentrum fiir Lehrerbildung Mathematik: German Center for Mathematics
Teacher Education). The current study is financially supported by the Ministries of Education in Northrhine-
Westfalia (2014-2023, grant holder S. Prediger & C. Selter), Bremen, Berlin and Hamburg (2020-2023,
grants to S. Prediger). We thank all involved facilitators and teachers, in particular Nathalie Ross and Silke
Vollert, Julia Cramer and Marc Schoenfelder, Grit Spremberg and Anita Pfeng, for their wonderful engage-
ment for the project.

Author Contribution Susanne Prediger: Conceptualization, methodology, resources, conducting the PD,
writing (original draft), supervision, and funding acquisition. Jennifer Drose: Methodology, investigation,
instruments, formal analysis, and writing (original draft). Rebekka Stahnke: Administration of data gath-
ering, investigation, instruments, formal analysis, and writing (reviewing and editing). Claudia Ademmer:
Resources, conducting the PD, and conceptualization.

Funding Open Access funding enabled and organized by Projekt DEAL.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source, provide a link to the Creative Com-
mons licence, and indicate if changes were made. The images or other third party material in this article
are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly
from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

Andersson, U. (2010). Skill development in different components of arithmetic and basic cognitive func-
tions: Findings from a 3-year longitudinal study of children with different types of learning difficulties.
Journal of Educational Psychology, 102(1), 115-134. https://doi.org/10.1037/a0016838

@ Springer


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1037/a0016838

506 S. Prediger et al.

Bass, H., & Ball, D. L. (2004). A practice-based theory of mathematical knowledge for teaching: The case
of mathematical reasoning. In W. Jianpan & X. Binyan (Eds.), Trends and challenges in mathematics
education (pp. 107-123). East China Normal University Press.

Beswick, K. (2007). Influencing teachers’ beliefs about teaching mathematics for numeracy to students with
mathematics learning difficulties. Mathematics Teacher Education and Development, 9, 3-20.

Blomeke, S., Gustafsson, J.-E., & Shavelson, R. J. (2015). Beyond dichotomies: Competence viewed as
a continuum. Zeitschrift Fiir Psychologie, 223(1), 3—13. https://doi.org/10.1027/2151-2604/A000194

Boaler, J. (2002). Experiencing school mathematics. Lawrence Erlbaum. https://doi.org/10.4324/97814
10606365

Borko, H., & Potari, D. (Eds.). (2020). ICMI Study 25 conference proceedings. Teachers of mathematics
working and learning in collaborative groups. ICMI

Boyd, B., & Bargerhuff, M. E. (2009). Mathematics education and special education: Searching for common
ground and the implications for teacher education. Mathematics Teacher Education and Development,
11, 54-67.

Brodie, K. (2013). Learning about learner errors in professional learning communities. Educational Studies
in Mathematics, 85, 221-239. https://doi.org/10.1007/s10649-013-9507-1

Bromme, R. (1992). Der Lehrer als Experte. Huber.

Brophy, J. (1996). Teaching problem students. Guilford Press.

Chazan, D. (1996). Algebra for all students? The algebra policy debate. The Journal of Mathematical
Behavior, 15,455-477. https://doi.org/10.1016/S0732-3123(96)90030-9

Clarke, D. J., & Hollingsworth, H. (2002). Elaborating a model of teacher professional growth. Teaching
and Teacher Education, 18(8), 947-967. https://doi.org/10.1016/S0742-051X(02)00053-7

Cobb, P., & Jackson, K. (2021). An empirically grounded system of supports for improving the quality of
mathematics teaching on a large scale. Implementation and Replication Studies in Mathematics Educa-
tion, 1(1), 77-110. https://doi.org/10.1163/26670127-01010004

Corno, L. (2008). On teaching adaptively. Educational Psychologist, 43(3), 161-173. https://doi.org/10.
1080/00461520802178466

Depaepe, F., Verschaffel, L., & Kelchtermans, G. (2013). Pedagogical content knowledge: A systematic
review of the way in which the concept has pervaded mathematics educational research. Teaching and
Teacher Education, 34(C), 12-25. https://doi.org/10.1016/].TATE.2013.03.001

Drose, J., & Prediger, S. (submitted). Content-related analysis of prospective teachers’ diagnostic thinking:
Cues for unpacking students’ understanding of multiplication procedures and the underlying basic
arithmetic concepts. Submitted Manuscript.

Dweck, C. S. (1996). Capturing the dynamic nature of personality. Journal of Research in Personality,
30(3), 348-362. https://doi.org/10.1006/jrpe.1996.0024

Empson, S. B., & Jacobs, V. J. (2008). Learning to Listen to Children’s Mathematics. In T. Wood & P. Sul-
livan (Eds.), International Handbook of Mathematics Teacher Education (2™ ed., Vol. 1, pp. 257-281).
https://doi.org/10.1163/9789087905460_013.

Gersten, R., Chard, D. J., Jayanthi, M., Baker, S. K., Morphy, O., & Flojo, J. (2009). Mathematics instruc-
tion for students with learning disabilities: A meta-analysis of instructional components. Review of
Educational Research, 79(3), 1202—1242. https://doi.org/10.3102/0034654309334431

Gheyssens, E., Coubergs, C., Griful-Freixenet, J., Engels, N., & Struyven, K. (2020). Differentiated instruc-
tion: the diversity of teachers’ philosophy and praxis to adapt teaching to students’ interests, readiness
and learning profiles. International Journal of Inclusive Education. https://doi.org/10.1080/13603116.
2020.1812739

Goldsmith, L., Doerr, H., & Lewis, C. (2014). Mathematics teachers’ learning: A conceptual framework
and synthesis of research. Journal of Mathematics Teacher Education, 17(1), 5-36. https://doi.org/10.
1007/S10857-013-9245-4

Grossman, P. L., Smagorinsky, P., & Valencia, S. (1999). Appropriating tools for teaching english: A theo-
retical framework for research on learning to teach. American Journal of Education, 108(1), 1-29.
https://doi.org/10.1086/444230

Haycock, K. (1998). Good teaching matters: How well-qualified teachers can close the gap. Thinking K-16,
3(2), 3-15.

Henningsen, M., & Stein, M. K. (1997). Mathematical tasks and student cognition: Classroom-based
factors that support and inhibit high-level mathematical thinking and reasoning. Journal for
Research in Mathematics Education, 28(5), 524-549. https://doi.org/10.2307/749690

Janney, R. E., & Snell, M. E. (2006). Modifying schoolwork in inclusive classrooms. Theory into Prac-
tice, 45(3), 215-223. https://doi.org/10.1207/s15430421tip4503_3

@ Springer


https://doi.org/10.1027/2151-2604/A000194
https://doi.org/10.4324/9781410606365
https://doi.org/10.4324/9781410606365
https://doi.org/10.1007/s10649-013-9507-1
https://doi.org/10.1016/S0732-3123(96)90030-9
https://doi.org/10.1016/S0742-051X(02)00053-7
https://doi.org/10.1163/26670127-01010004
https://doi.org/10.1080/00461520802178466
https://doi.org/10.1080/00461520802178466
https://doi.org/10.1016/J.TATE.2013.03.001
https://doi.org/10.1006/jrpe.1996.0024
https://doi.org/10.1163/9789087905460_013.
https://doi.org/10.3102/0034654309334431
https://doi.org/10.1080/13603116.2020.1812739
https://doi.org/10.1080/13603116.2020.1812739
https://doi.org/10.1007/S10857-013-9245-4
https://doi.org/10.1007/S10857-013-9245-4
https://doi.org/10.1086/444230
https://doi.org/10.2307/749690
https://doi.org/10.1207/s15430421tip4503_3

Teacher expertise for fostering at-risk students’ understanding... 507

Karsenty, R. (2010). Nonprofessional mathematics tutoring for low-achieving students in secondary
schools: A case study. Educational Studies in Mathematics, 74(1), 1-21. https://doi.org/10.1007/
$10649-009-9223-z

Kilpatrick, J., Swafford, J., & Findell, B. (Eds.). (2001). Adding it up: helping children learn mathemat-
ics. London: National Academy Press.

Kridhenmann, H., Moser Opitz, E., Schnepel, S., & Stockli, M. (2019). Inclusive Mathematics Instruc-
tion: A Conceptual Framework and Selected Research Results of a Video Study. In D. Kollosche,
R. Marcone, M. Knigge, M. Godoy Penteado, & O. Skovsmose (Eds.), Inclusive mathematics edu-
cation. State-of-the-Art Research from Brazil and Germany (pp. 179-196). Springer. https://doi.
org/10.1007/978-3-030-11518-0

Leuders, T., Philipp, K., & Leuders, J. (Eds.). (2018). Diagnostic competence of mathematics teachers
(pp. 179-196). Springer. https://doi.org/10.1007/978-3-319-66327-2

Maccini, P., Mulcahy, C. A., & Wilson, M. G. (2007). A follow-up of mathematics interventions for
secondary students with learning disabilities. Learning Disabilities Research & Practice, 22(1),
58-74. https://doi.org/10.1111/1.1540-5826.2007.00231.X

Morris, A. K., Hiebert, J., & Spitzer, S. M. (2009). Mathematical knowledge for teaching in planning
and evaluating instruction: What can preservice teachers learn? Journal for Research in Mathemat-
ics Education, 40(5), 491-529. https://doi.org/10.5951/JRESEMATHEDUC.40.5.0491

Moschkovich, J. (2015). Academic literacy in mathematics for english learners. The Journal of Math-
ematical Behavior, 40(A), 43-62. https://doi.org/10.1016/J.JMATHB.2015.01.005

Moser Opitz, E., Freesemann, O., Grob, U., Matull, 1., & Hulmann, S. (2017). Remediation for students
with mathematics difficulties. Journal of Learning Disabilities, 50(6), 724-736. https://doi.org/10.
1177/0022219416668323

Moser Opitz, E. (2007). Rechenschwdche/Dyskalkulie [Mathematical learning difficulties/Discalculia].
Haupt.

Moser Opitz, E., Grob, U., Wittich, C., Hisel-Weide, U., & Niihrenborger, M. (2018). Fostering the
computation competence of low achievers through cooperative learning in inclusive classrooms: A
longitudinal study. Learning Disabilities, 16(1), 19-35.

OECD. (2016). Low-performing students: why they fall behind and how to help them succeed. OECD
Publishing. https://doi.org/10.1787/9789264250246-en

Paetsch, J., Radmann, S., Felbrich, A., Lehmann, R., & Stanat, P. (2016). Sprachkompetenz als Pradik-
tor mathematischer Kompetenzentwicklung von Kindern deutscher und nicht-deutscher Famil-
iensprache. Zeitschrift Fiir Entwicklungspsychologie Und Pidagogische Psychologie, 48(1), 27-41.
https://doi.org/10.1026/0049-8637/A000142

Pillay, V., & Adler, J. (2015). Evaluation as key to describing the enacted object of learning. International
Journal for Lesson and Learning Studies, 4(3), 224-244. https://doi.org/10.1108/1JLLS-08-2014-0033

Prediger, S. (2019). Investigating and promoting teachers’ pathways towards expertise for language-respon-
sive mathematics teaching. Mathematics Education Research Journal, 31(4), 367-392. https://doi.org/
10.1007/s13394-019-00258-1

Prediger, S. (2020). Content-specific theory elements for explaining and enhancing teachers’ professional
growth in collaborative groups. In H. Borko & D. Potari (Eds.), ICMI Study 25 Conference Proceed-
ings. Teachers of mathematics working and learning in collaborative groups (pp. 2—14). Lisbon: ICML.

Prediger, S., & Bur6, R. (2021, online first). Fifty ways to work with students’ diverse abilities? A video
study on inclusive teaching practices in secondary mathematics classrooms. International Journal of
Inclusive Education. https://doi.org/10.1080/13603116.2021.1925361

Prediger, S., Fischer, C., Selter, C., & Schober, C. (2019). Combining material- and community-based
implementation strategies for scaling up: The case of supporting low-achieving middle school students.
Educational Studies in Mathematics, 102(3), 361-378. https://doi.org/10.1007/s10649-018-9835-2

Ross, S. H. (1989). Parts, wholes and place value: A developmental view. The Arithmetic Teacher, 36(6),
47-51. https://doi.org/10.5951/AT.36.6.0047

Scherer, P., Beswick, K., DeBlois, L., Healy, L., & Moser Opitz, E. (2016). Assistance of students with
mathematical learning difficulties: how can research support practice.? ZDM — Mathematics Edu-
cation, 48(5), 633—649. https://doi.org/10.1007/S11858-016-0800-1.

Schoenfeld, A. H. (2010). How we think: A theory of goal-oriented decision making and its educational
applications. Routledge. https://doi.org/10.4324/9780203843000

Selter, C., Prediger, S., Niihrenborger, M., & HuBBmann, S. (Eds.). (2014). Mathe sicher kénnen - Natiirli-
che Zahlen. Forderbausteine und Handreichungen fiir ein Diagnose- und Forderkonzept zur Sicherung
mathematischer Basiskompetenzen. Berlin: Cornelsen.

Sherin, M. G., Jacobs, V. R., & Philipp, R. A. (2011). Mathematics Teacher Noticing. Routledge. https://
doi.org/10.4324/9780203832714

@ Springer


https://doi.org/10.1007/s10649-009-9223-z
https://doi.org/10.1007/s10649-009-9223-z
https://doi.org/10.1007/978-3-030-11518-0
https://doi.org/10.1007/978-3-030-11518-0
https://doi.org/10.1007/978-3-319-66327-2
https://doi.org/10.1111/J.1540-5826.2007.00231.X
https://doi.org/10.5951/JRESEMATHEDUC.40.5.0491
https://doi.org/10.1016/J.JMATHB.2015.01.005
https://doi.org/10.1177/0022219416668323
https://doi.org/10.1177/0022219416668323
https://doi.org/10.1787/9789264250246-en
https://doi.org/10.1026/0049-8637/A000142
https://doi.org/10.1108/IJLLS-08-2014-0033
https://doi.org/10.1007/s13394-019-00258-1
https://doi.org/10.1007/s13394-019-00258-1
https://doi.org/10.1080/13603116.2021.1925361
https://doi.org/10.1007/s10649-018-9835-2
https://doi.org/10.5951/AT.36.6.0047
https://doi.org/10.1007/S11858-016-0800-1.
https://doi.org/10.4324/9780203843000
https://doi.org/10.4324/9780203832714
https://doi.org/10.4324/9780203832714

508 S. Prediger et al.

Slavin, R. E., & Madden, N. A. (1989). What works for students at risk: A research synthesis. Educa-
tional Leadership, 46(5), 4-13.

Son, J.-W. (2013). How preservice teachers interpret and respond to student errors: Ratio and proportion
in similar rectangles. Educational Studies in Mathematics, 84(1), 49-70. https://doi.org/10.1007/
S10649-013-9475-5

Stanat, P., Schipolowski, S., Mahler, N., Weirich, S., & Henschel, S. (Eds.). (2019). IQB Bildungstrend
2017: Kompetenzen in den Féchern Deutsch und Mathematik am Ende der Sekundarstufe I im zweiten
Ldndervergleich. Waxmann

Stanat, P., Schipolowski, S., Rjosk, C., Weirich, S., & Haag, N. (Eds.). (2017). IQB-Bildungstrend 2016:
Kompetenzen in den Fdchern Deutsch und Mathematik am Ende der 4. Waxmann: Jahrgangsstufe
im zweiten Léandervergleich.

Swan, M. (2007). The impact of task-based professional development on teachers’ practices and beliefs.
Journal of Mathematics Teacher Education, 10(4-6), 217-237.

Van de Walle, J. (2007). Elementary and middle school mathematics: Teaching developmentally (4 ed).
Pearson Education. https://doi.org/10.1086/690113

Watson, A., & Geest, E. D. (2005). Principled teaching for deep progress: Improving mathematical learning
beyond methods and materials. Educational Studies in Mathematics, 58(2), 209-234. https://doi.org/
10.1007/s10649-005-2756-x

Wilhelm, A. G., Munter, C., & Jackson, K. (2017). Examining relations between teachers’ explanations of
sources of students’ difficulty in mathematics and students’ opportunities to learn. The Elementary
School Journal, 117(3), 345-370. https://doi.org/10.1086/690113

Zohar, A., Degani, A., & Vaaknin, E. (2001). Teachers’ beliefs about low achieving students and higher
order thinking. Teaching and Teachers’ Education, 17, 469-485. https://doi.org/10.1016/S0742-
051X(01)00007-5

Publisher’s Note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

@ Springer


https://doi.org/10.1007/S10649-013-9475-5
https://doi.org/10.1007/S10649-013-9475-5
https://doi.org/10.1086/690113
https://doi.org/10.1007/s10649-005-2756-x
https://doi.org/10.1007/s10649-005-2756-x
https://doi.org/10.1086/690113
https://doi.org/10.1016/S0742-051X(01)00007-5
https://doi.org/10.1016/S0742-051X(01)00007-5

	Teacher expertise for fostering at-risk students’ understanding of basic concepts: conceptual model and evidence for growth
	Abstract
	Introduction: Need for investigating and promoting teacher expertise for fostering at-risk students’ understanding
	State of research on fostering at-risk students’ understanding of basic concepts and teacher expertise in general
	Prevalence of at-risk students and learning needs in understanding basic concepts
	Intervention programs for at-risk students and the relevance of teachers

	Conceptualizing teachers’ expertise for fostering at-risk students’ understanding of basic concepts
	General conceptual framework for content-related teacher expertise
	Substantiating the model of teacher expertise for fostering at-risk students’ understanding of basic concepts
	Different practices of specifying learning content
	Different practices for monitoring students’ learning progress
	Different practices for enhancing students’ learning


	Promoting teachers’ growth of expertise: the Mastering Math PD program
	Methods for the empirical evaluation study
	Research question and research design of the evaluation
	Methods of data gathering
	Vignette-based open diagnostic judgement tasks capturing content specifying and monitoring practices
	Questionnaire for self-reported practices

	Sample
	Methods of data analysis
	Analysis of diagnostic judgments

	Analysis of percentages and of standardized questionnaire

	Findings on growth and stability of teachers’ expertise
	Change of teachers’ content specifying and monitoring practices in the diagnostic judgments
	Change of teachers’ self-reports on practices

	Conclusion
	Summary and embedding of findings in the literature
	Implications for future PD projects
	Methodological limitations and outlook on future research

	Acknowledgements 
	References




