
 

 

1 

 

Combining material- and community-based implementation strategies  
for scaling up: The case of supporting low-achieving middle school students 

Susanne Prediger,1 Claudia Fischer,2 Christoph Selter,1 and Christian Schöber2 

1  TU Dortmund University 
   Institute for Development and Research in Mathematics Education 
   44221 Dortmund, Germany 
   +49/231/755-4383 
   prediger@math.tu-dortmund.de 
 

2 Leibniz-Institute for Science and  
  Mathematics Education (IPN) 
  24118 Kiel, Germany 
  +49/431/880 3136 
  cfischer@ipn.uni-kiel.de 

Source. This is a post-peer-review, pre-copyedit version of an article published in the Special Issue of Educa-
tional Studies in Mathematics: “Scaling Up Innovative Approaches to Teaching Mathematics,” ed. by Katja 
Maass, Paul Cobb, Konrad Krainer, and Despina Potari. The final authenticated version is available online at 
doi.org/10.1007/s10649-018-9835-2. (Share-It-Link https://rdcu.be/4TwF) 

Cite as. Prediger, Susanne, Fischer, Claudia, Selter, Christoph & Schöber, Christian (2019). Combining materi-
al- 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. doi.org/10.1007/s10649-018-9835-2. 
Open Access of a non-printable version https://rdcu.be/4TwF 

Abstract. In order to better facilitate scaling up of classroom innovations, two complementary strategies have 
often been discussed. The community-based strategy emphasizes the necessity for professional learning commu-
nities and their embedding in institutional settings. The material-based strategy starts from well-designed teach-
ing materials, which are considered catalysts for bringing teaching approaches to many classrooms. The imple-
mentation project reported on in this study systematically combines both strategies and takes a third strategy into 
account: the systemic strategy of addressing higher levels of the school system, such as the school and district 
level. The goal of the project is to help teachers to better support low-achieving students at the beginning of 
German secondary schools (Grades 5 and 6). The results of the accompanying research in a quasi-experimental 
study, reported in this article, show that a combination of strategies can be effective: the participating low-
achieving students had higher learning gains than a control group did. The deeper analysis provides insights into 
the complexities of the interplay of community aspects, institutional backgrounds, and the power of substantial 
teaching materials. 
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It has often been emphasized that educational and didactical innovations—for example alter-
native teaching approaches, new curricula, and research results—do not spread automatically 
in a school context, but have to be accompanied and supported, especially when implement-
ing at scale (Coburn 2003; Rogers 2003). Some teachers might not consider these innovations 
beneficial; others struggle to reconcile the changes with their experiences and subjective theo-
ries. The need for support is underscored by many empirical studies (Euler and Sloane 1998; 
Schellenbach-Zell et al. 2008), showing that dissemination of innovations is often slow or 
hesitant especially when scaling up (Gräsel et al. 2006; Rogers 2003).  

Thus, scaling up is the huge challenge for all educational reforms, even if there is evidence 
for the efficacy of a teaching approach in laboratory and other smaller-scale studies (Adler 
and Jaworski 2009; Burkhardt and Schoenfeld 2003, Roesken-Winter et al. 2015). In order to 
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promote the scaling-up processes, two main implementation strategies are often discussed: the 
strategy based on professional learning communities on the one hand and the strategy based 
on well-designed material on the other. This article shows how community-based and materi-
al-based strategies can be treated as complementary. The presented scaling-up project for 
supporting low-achieving middle school students combines both strategies, and the ongoing 
formative evaluation provides empirical insights into its functioning. In sum, the article has 
the goal of giving an existence proof for the ability to realize the combining of both strategies 
by presenting a possible project architecture and providing both empirical evidence for its 
effectiveness on students’ learning gains and some deeper insights into the impact they may 
have on other levels. 

Section 1 outlines the state of discourse on different implementation strategies. Section 2 
describes the content of the project: supporting low achievers. Section 3 explains and justifies 
the complex architecture of the implementation project and elaborates the research context. 
Section 4 presents the methods of data gathering and analysis. Section 5 presents insights into 
the scaling-up process and its effectiveness, opportunities, and challenges. Finally, Section 6 
presents a summarizing discussion and some concluding remarks. 

1.  Implementation strategies for scaling up  

1.1 Material-based strategy: Designing robust teaching units and manuals  

Most teachers use resources as guidelines in practice (McDuffie and Mather 2006), such as 
textbooks or teacher’s manuals. Maaß and Artigue (2013, p. 784) stated that there is a grow-
ing body of research showing that teaching resources affect instructional practice and student 
learning. In this article, approaches that start from the assumption that well-designed teaching 
materials are an important catalyst for bringing teaching approaches to many classrooms are 
subsumed under the notion of material-based strategy.  

Material-based implementation projects have shown that the careful design of materials 
can substantially support the quality and coherence of implemented teaching approaches 
(Burkhardt and Schoenfeld 2003; Burkhardt 2006; Swan 2007). As argued by Gravemeijer et 
al. (2016), this material needs to encompass complete teaching units or curricula, not only 
single tasks. The quality of the support increases with the research-based quality of the mate-
rials (Roesken-Winter et al. 2015): They should be empirically founded on a thorough analy-
sis of the problems to be tackled and come with quantitative empirical evidence of their effi-
cacy. 

However, a purely material-based strategy is too limited since teachers need an environ-
ment in which they can appropriate the materials to their own contexts (Remillard 2005). As 
Maaß and Artigue (2013) summed up: “resources can be considered as an important compo-
nent of dissemination, but which, when used without other strategies for dissemination, are 
only of limited impact” (p. 784). Thus, dissemination of materials must be accompanied by 
the professional development of teachers. Rather than top-down teacher training models, the 
material-based dissemination strategy is combined here with a community-based strategy.  
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1.2 Community-based strategy: Establishing professional learning communities 

In their research review on conditions of successful professional development of teachers, 
Darling-Hammond and Richardson (2009) identified six crucial aspects. It should: 
• enhance teachers’ subject knowledge and the way it is shared with students; 
• help teachers understand how students learn certain concepts; 
• create opportunities for active learning through participation; 
• enable teachers to expand their knowledge, put it into practice, and jointly reflect;  
• link the curriculum, assessment, and standards to professional learning; and 
• be cooperative, collegial, intensive, and organized over a longer period of time. 

These findings about conditions for successful instruction-oriented teacher training call for 
more collaborative and reflective settings (Krainer 2008; Selter and Bonsen 2018). Communi-
ty-based strategies emphasize the necessity for stable communities of teachers jointly engag-
ing in long-term change processes. Examples are lesson studies (Takahashi and Yoshida 
2004; Kullmann 2012) and professional learning communities (Bonsen and Rolff 2006; Lo-
mos et al. 2011). Professional learning communities are groups of teachers (mostly at the 
same school) who jointly deepen their knowledge and understanding of what is taught, design 
lessons, take actions in their classrooms, assess student results, and reflect on their actions and 
on student results (Selter and Bonsen 2018). As innovative teaching practices cannot be 
adopted by teachers simply reading research papers or manuals, professional learning com-
munities are important institutions where teachers can find their own ways to realize the gen-
eral principles of innovative teaching approaches (Krainer 2008).  

On the other hand, purely bottom-up-approaches are challenging for many teachers when 
there is not enough didactical orientation. That is why we follow Lachance and Confrey 
(2003) in their plea for combining both the material- and community-based strategies: Estab-
lishing professional communities is crucial to giving teachers the social context for systematic 
and continuous reflection and offers them research-based teaching materials and gives them 
orientation on how to start.  

1.3 Systemic strategy: Addressing multi-level complexities 

As Llinares and Krainer (2006) pointed out, research on teachers’ processes of professional 
change must take into account not only the content (here supported by the material-based 
strategy) and communities (here supported by the community-based strategy), but also the 
institutional contexts in which the teachers work. Considering a professional development 
program in context means taking into account the teachers’ schools, school districts, and the 
general conditions (resources, structures, commitment, etc.). These institutional contexts span 
from the teacher community level and the school context to the school district level with their 
local authorities, as all these contexts can support or hinder the change processes in signifi-
cant ways (Cobb and Jackson 2012; Llinares and Krainer 2006). In particular, school man-
agement has been shown to be crucial for change processes (Bryk et al. 2010; Darling-
Hammond 1997; Prenzel et al. 2008). Thus, it is necessary to address the communities within 
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their specific institutional settings, which requires a multi-level structure in the project design 
(see Figure 3 below). 

1.4 Design challenge and research questions 

Based on the outlined state of research, this article focuses on a general design challenge:  

(DC)  How can a research-based implementation and professional development program be 
designed that combines the three implementation strategies: material based, communi-
ty based, and systemic?  

Section 3 of this article will present the project architecture as an answer to this high practi-
cal-interest design challenge. Sections 4 to 6 will show the theoretical relevance of this work 
will be shown in the presented research project, which pursued the following three research 
questions:  

(RQ1)  What are the effects of the research-based implementation and professional develop-
ment program on teachers’ perceptions of materials and of their cooperation in profes-
sional learning communities?  

(RQ2)  What are the effects of the research-based implementation and professional develop-
ment program on students’ learning gains compared to a control group of students 
supported by teachers outside the program?  

(RQ3)  What are possible challenges to and advantageous conditions for the success of the 
program on the different levels?  

2.  Research-based background of the innovation in view:  
Fostering basic conceptual understanding for low-achieving students 

The research questions were posed and the general design challenge was examined in the 
Mastering Math (“Mathe sicher können”) project, whose content and research-based back-
ground is described in this section. Mastering Math is a design research and professional de-
velopment project of the Institute for Development and Research in Mathematics Education at 
TU Dortmund University (Prediger, Selter, Hußmann, Nührenbörger, and others). It is funded 
by the German Telekom Foundation from 2011–2020. Since 2015, it has been externally 
evaluated by IPN Kiel (Köller, Fischer, Döring, Trepke, and Schöber). The goal of the project 
is to develop teachers’ expertise in supporting low-achieving students in German middle 
schools (Grades 5 and 6, ages 10–12).  

2.1  Research background: Necessity for the intervention program and its efficacy on fos-
tering basic conceptual understanding of low-achieving middle school students 

The practical starting point of the long-term research and development project was the statis-
tical findings of large-scale assessments showing that about 20% of German middle school 
students do not reach the curricular goals of middle schools (Prenzel et al. 2013; an interna-
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tionally similar example is Maccini et al. 2007). Empirical research on low-achieving stu-
dents’ knowledge structures showed that most difficulties can be traced back to difficulties in 
primary education content (Andersson 2010; Selter et al. 2012): In the German context this 
has consisted mainly of deficits in basic conceptual understanding of the place value system 
and the basic operations (i.e., multiplication and division, relating representations, and word 
problems; see Moser Opitz 2007).  

Based on these empirical results, the pilot phase (2009–2012) focused on developing and 
evaluating an intervention program in 14 lessons for students to foster their basic conceptual 
needs. A quasi-randomized control trial involving Grades 5 and 6 students (n = 123) provided 
empirical evidence on its efficacy (Moser Opitz et al. 2017). In addition, a standardized cur-
ricular test was developed and optimized psychometrically in order to select those students 
with basic conceptual needs in an objective, reliable, and valid way (Moser Opitz et al. 2016).  

Based on this foundation, the Mastering Math project was initiated, with the goal of bring-
ing the pilot intervention program from the laboratory to everyday classrooms.  

2.2  Material base for professional development:  
Supporting teachers in noticing and supporting students in their basic conceptual 
needs  

In order to achieve not only efficacy under laboratory conditions but also effectiveness of the 
intervention approach under field conditions, the material base had to be extended from 14 
lessons to a two-year program that could be used by teachers with diverse mathematics educa-
tion backgrounds and teaching experiences. 

Thus, in the design research phase of Mastering Math (2011-2014), the pilot intervention 
program was elaborated into more comprehensive and robust teaching materials aimed at 
supporting teachers in noticing and fostering low-achieving students’ conceptual understand-
ing and basic competence (Selter et al. 2014).  

The teaching materials are 
presented in 31 units covering 
the specified conceptual needs of 
low achievers, especially the 
place value system and meaning 
and representation of basic oper-
ations for natural and decimal 
numbers and fractions. All units 
are based on the three main de-
sign principles (Hußmann et al. 
2014) that form the Mastering 
Math teaching approach:  

(1)  Focusing on conceptual un-
derstanding. Rather than 
training fact retrieval or pro-

 
Maurice, Dilara and Jonas 
calculate the task 123 x 10.  

Explain how they do it.  

Figure 1 Extract from the teaching material: Connecting calculation  
to place value understanding (Selter et al. 2014, p. 59) 
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cedures, focusing on conceptual understanding allows students with mathematical diffi-
culties to construct meanings for mathematical practices (Andersson 2010; Boaler 2002; 
Hiebert and Grouws 2007; Prediger et al. 2013). For example, understanding the place 
value system is crucial for flexibly calculating multi-digit numbers. Because a rule such 
as “multiplying by 10 always means shifting to the next digit” can only be understood by 
decomposing the numbers into hundreds (H), tens (Z for Zehner in German in Figure 1), 
and ones (E for Einer in German) and connecting the digits to the visual representation.  

(2)  Ensuring adaptivity using diagnostic tasks. In order to support teachers to build on stu-
dents’ individual learning potentials and learning needs and help them deal with difficul-
ties in diagnostic teaching (Bell 1993; Sundermann and Selter 2013), every teaching unit 
(consisting of 3-5 lessons) starts with a one-page formative assessment sheet with diag-
nostic tasks offering insights into student thinking. To analyze students’ answers with the 
intent of determining typical resources or misconceptions, the teacher’s manual shows the 
most frequently occurring answers together with suggestions on how to interpret them 
and how to address them (Figure 2).  

 

Figure 2     Formative assessment and manual for interpreting the results (in the unit on place value understanding)  

 

(3)  Promoting discourse. Conceptual understanding is best developed when students engage 
in mathematical discourses (Bell 1993; Nührenbörger and Schwarzkopf 2010). Thus, the 
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teaching units have not been optimized for independent individual seatwork, but rather 
for small-group work with teachers’ moderation on problems with multiple solutions and 
perspectives (such as in Figure 1), encouraging students to communicate, explain, and ar-
gue.  

Thus, the Mastering Math teaching approach consisted of the design principles together with 
the material for students and teachers. The materials were designed in order to enable teachers 
to identify those students with the most difficulties, to realize which basic conceptual needs 
they have, and to foster their nurturing of the students’ conceptual needs, as shown in Figure 
1. The teacher’s manual did not merely prescribe what teachers were expected to do but was 
also intended to be educative. The iterative design process for the materials took several de-
sign research cycles and ended with the scaled up implementation in the project architecture 
presented in the next section. 

3. Multi-level project architecture for scaling up in Mastering Math NRW 

A major design challenge for all scaling-up processes is to develop research-based implemen-
tation and professional development programs that help to bring innovations such as those 
presented in the Mastering Math program into classrooms. According to the literature base 
(see Section 1), we assume that this design challenge can be met using three implementation 
strategies: the material- and community-based implementation strategies and the systemic 
strategy, which involves addressing different levels of institutional contexts.  

As this involves many decisions, this section presents the ways the design challenge was 
addressed in the project architecture of its implementation in North Rhine-Westphalia (re-
ferred to as Mastering Math NRW), for which this evaluation was conducted. For Mastering 
Math NRW, 40 comprehensive secondary schools (Grades 5–13) and 120 teachers were in-
volved and empowered to work with the developed teaching materials (material-based strate-
gy of implementation). 

In 2014, the implementation project started in Grade 5 of the project schools; in 2015 it 
was extended to Grade 6. The support provided by a project team that consisted of six re-
searchers and one coordinator at TU Dortmund University who worked using the teaching 
approach and the materials to qualify nine network facilitators and to establish teacher com-
munities in each school and networks across schools in order to engage the teachers in con-
tinuous cooperation (community-based strategy). The network facilitators moderated profes-
sional learning community meetings by following up on professional development using the 
materials and gradually handed over responsibility to the teachers. The entire complex project 
architecture with structures and support on five levels is summarized in Figure 3.  

As innovations can only be successful when embedded in institutional contexts (Prenzel et 
al. 2008), the project also involved the schools’ principals and local and regional authorities 
and worked towards establishing networks of schools (systemic strategy). 
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Figure 3  Systemic multi-level structure of the project architecture in Mastering Math NRW (North Rhine-Westphalia) 

 
The process of recruiting facilitators, schools, and teachers followed the sketched multi-

level structure: First, decision makers in the Ministry of Education had to be convinced. After 
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their approval, the project leaders negotiated with the heads of several school districts in 
NRW who committed themselves to paying the network coordinators and recruiting schools 
willing to participate in the project over the long run.  

The stakeholders in the school districts identified possible project schools and negotiated 
with the school principals in order to create the conditions necessary to implement the project 
(i.e., providing teacher resources and establishing reliable communication structures). Teach-
ers who taught the Mastering Math groups in addition to the regular classes began to take part 
as volunteers at their schools when they felt confident with the intentions and the background 
philosophy of Mastering Math teaching approach. The Mastering Math project was then pre-
sented at a large conference to which the school principals and math teachers from the project 
schools were invited.  

In this project architecture, the nine network facilitators played a key role in navigating be-
tween the top-down, material-based strategy and the more bottom-up, community-based strat-
egy. On the one hand, the network facilitators were qualified as experts in the Mastering Math 
teaching approach, the underlying materials for use in teaching, and the underlying teaching 
philosophy, including content-specific information on the mathematical background, students’ 
ways of thinking, possible mistakes and alternative conceptions, and possible ways of work-
ing with students. The network facilitators were the ones who communicated these aspects to 
the teachers. On the other hand, they combined their input with activities designed to enhance 
the peer-to-peer communication and cooperation that had been installed.  

In this respect, the facilitators were responsible for empowering the teachers’ communities 
to work with increasing agency and independence. In the beginning, the network meetings 
across the schools of a district were mainly used for discussing the underlying teaching phi-
losophy of the material, analyzing students’ solutions, and planning the next course lessons 
based on reflecting previous experience. Increasingly, priorities shifted towards the develop-
ment of strategies to incorporate the Mastering Math teaching approach into regular class-
room teaching and in the long run into the schools’ structures. The latter is important for sus-
tainability after the end of the implementation phase.  

Summing up, we combined the four types of support for implementing innovation de-
scribed by Cobb and Jackson (2012):  

• New positions. An example of this is the addition of one person per district/school respon-
sible for organizing the professional development in mathematics education. In our project, 
one network coordinator and nine network facilitators were appointed.  

• Learning events. This includes professional development, either intentional or unintention-
al, and on-going or discrete events. In our project, this was realized by regular professional 
development meetings in the schools, in the network or across all nine networks, that of-
fered input on the teaching materials and their backgrounds and by peer-to-peer exchange 
in the teachers’ communities in each school and the network meetings of all schools in-
volved in one district.  

• New organizational routines. These can include regular meetings of the principals of 
schools and all mathematics teachers. In our project, this was realized by installing the 
teacher communities in each school. These groups met regularly for joint work in fixed 
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time slots, sometimes visited by the schools’ network facilitator, and they established addi-
tional courses for students at risk.  

• New tools. These could consist of classroom materials, materials for professional devel-
opment, or revised curriculum frameworks. In our project, this aspect was considered very 
crucial, so complete teaching material for two years of additional courses was created.  

4.  Methods for investigating the effects on different levels 

The description of the project architecture in Section 3 has high practical relevance, which can 
translate into theoretical relevance if the project can show its effectiveness. For this purpose, 
we present some of the methods applied for the external evaluation conducted by IPN Kiel 
and data collected in the first two years of the implementation project. The results are present-
ed in Section 5. 

4.1   Methods of data gathering 

4.1.1 Measures and instruments 

The mixed-methods evaluation captured conditions and effects using several measures and 
instruments. Figure 4 depicts the parts relevant for this article. The choice of measures takes 
into account the different levels (see Figure 3) and different domains of knowledge (project 
management, process of teaching and professional development, effects on teaching, and 
teachers and students).  
• On the student level, the learning gains of the intervention were measured using BASIS 

MATH G4+-5 (Moser Opitz et al. 2016) to perform standardized pre- and post-tests at the 
beginning of Grade 5 (September 2015) and beginning of Grade 6 (September 2016). The 
focus was on basic conceptual needs in arithmetic (place value understanding, meanings of 
operations, and word problems) and basic arithmetic skills. The standardized cutoff for 
identifying low-achieving students at risk is a score of 29 out of 60 (and 31 for the post-
test).  

• On the teacher level, an online questionnaire was administered using the free service plat-
form LimeSurvey. The instrument was adapted from other teacher professionalization pro-
jects (Fischer and Rieck 2014) and used four Likert-type scales (with the anchors being ful-
ly agree, partially agree, partially disagree, and fully disagree). In general, self-reported 
data must be taken with care as they do not capture objective facts but the subjective views 
of the participants. We interpreted the subjective views as indications of teachers’ ac-
ceptance of Mastering Math, as acceptance is always a precondition for incorporating in-
novations in regular professional practice (Rogers 2003). 

• On the teacher community and school level, the protocols of meetings on all levels were 
collected (e.g., facilitators meeting the project team at the university). 
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4.1.2 Samples 

The comparative intervention study involved 40 schools in the implementation project and 21 
control schools that were offered integration into the project’s work two years later. The stu-
dents who participated in the intervention and control groups (about 15% of all students) were 
the low-achieving students who participated in additional remediating courses in classrooms 
using either the Mastering Math approach or other programs at the control school (Fischer et 
al. 2017b). Table 1 shows that both subsamples were comparable in terms of the immigrant 
statuses of the students (slightly higher in the control group) and pre-test scores. 

Table 1  Characterizing the involved schools and intervention subsamples 

 Whole samples Subsamples in intervention study 

 
 

 

All students  
at Mastering 
Math Schools 

All students at 
Control 
Schools 

Intervention Group:  
low achievers in  
Mastering Math  
Courses  

Control Group:  
low achievers in other 
additional courses  
in control schools  

Number of schools/ 
number of classes 40/165 21/83 see left see left 

Number  
of students (N)  3,837 1,898 592 389 

Percentage of students  
with immigrant status 29.3% 34.7% 61.7% 52.2% 

Pre-test score    
Mean (SD) 34.81 (11.80) 33.93 (12.24) 19.12 (6.52) 19.65 (6.67) 

Percentage of low-achieving stu-
dents (pre-test below cut off 29) 31% 35% 100% 100% 

 
 
The online questionnaire was administered two months after the second year of the as-

sessed intervention started, only to the teachers in the Mastering Math schools and not to 
those in the control schools. Sixty-three teachers answered, and 59 answered all questions. 
The teachers were diverse in their job experience (56% had taught less than 10 years, 31% 11-
20 years, and 14% longer than 20 years). Forty-four percent were active in the project from 6 
to 14 months, and a majority (56%) joined the project two months before (Fischer et al. 
2017a). 

4.2 Methods of data analysis 

The test and questionnaire data were analyzed quantitatively using SPSS 19. For the ques-
tionnaires, only frequencies of agreement on selected items are reported here. For comparing 
students’ learning gains of intervention and control group (Research Question RQ2), a repeat-
ed measure analysis of variance (one-way ANOVA) was conducted on the scores of the pre- 
and post-test. Group and time were the main factors of the ANOVA, and group by time was 
the interaction factor for the analysis. Within these analyses of variance, the inter-group effect 
sizes were determined using partial eta squared.  
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More complex answers to RQ3 were provided by insights into the qualitative analysis of 
protocols, mainly from the facilitators’ meetings with the research team. For this purpose, a 
content analysis was conducted to identify the most crucial chances and challenges and their 
interplay on different levels. 

5. Results of the quantitative and qualitative analyses 

5.1 Effects on the teacher and school level (RQ1) 

This section addresses RQ1: What are the effects of the implementation and professional de-
velopment program on teachers’ perceptions of materials and of their cooperation in profes-
sional learning communities? The questionnaires offer—among other things—interesting in-
sights into the teachers’ self-reports on the perceived use of the material provided by Master-
ing Math and into challenges in the field of cooperation in the professional communities of 
the teachers (see Table 2).  

Table 2. Teachers’ perceptions of materials and cooperation 

 
Item 

Percentages of full/partially agreement to the items  
among the responding teachers 

Perceived support by material and additional advice  

Support by project material 76.3% / 16.9% 

Support by concrete hints for working with the material 41.3% / 33.3% 

Support by in-service training 30.5% / 30.5% 

Support by facilitators’ content input 65.1% / 17.5% 

Support by facilitators’ explanations of project material 61.9% / 19.0% 

Perceived support by the learning community  

Support by common aims in the group 68.5% / 18.5% 

Support by exchange with other teachers 47.5% / 35.8%  

Support by exchange of material 51.9% / 20.4% 

Support by task sharing 55.6% / 22.2% 

Support by group work being more effective than individual work 38.9% / 25.9% 

 

Teachers’ self-reported effects of the material-based strategy  

With respect to the offered teaching materials, 76.3% of the teachers felt supported by the 
Mastering Math material and ranked this support highest, while 16.9% partially agreed to this 
item. However, concrete hints on how to deal with the material in practice were important for 
41.3% (33.3%) and another 30.5% considered the in-service training helpful. The facilitators 
played an important role in the implementation of both the project’s concept and structures 
and the material. Sixty-five point one percent of the teachers felt supported by the facilitators’ 
input on the content level (17.5% partially agreed), for 62% the explanation of the material 
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was crucial (19% partially agreed), and 41.3% highly estimated the ideas about how the mate-
rial can be used in classroom practice (33.3% partially agreed). Forty-four percent felt it was 
helpful to receive constructive feedback in the domain of diagnosis and support of students 
(27.1% partially agreed). 

Teachers’ self-reported effects of the community-based strategy 

Only 47.5% of the respondents found the exchange with other teachers very supportive, while 
35.6% partially agreed to this item (see Table 1). Thus, implementing professional communi-
ties of teachers requires special investment in establishing such groups. The difficulties can be 
read off by the following data: Usually, a cooperating unit consists of at least three people. 
Smaller units cannot be considered a group. In 2015, 35.5% of the teachers worked on the 
school level with one other partner, 4.8% were alone, 44.4% were active in groups of three to 
five, and 14.3% in groups of six to ten persons. We concluded from this finding that only 
58.7% were already engaged in professional collaboration; for the other group we saw urgent 
need for intervention.  

On the content level, cooperation includes common aims and common actions referring to 
those aims. Teachers reflect on the classroom practice, identify the needs of the students and 
find the suitable material. They alter existing material, develop if necessary additional materi-
al and give each other feedback. Teaching is a constructive process, and the implementation 
of a new teaching practice requires reflecting, restructuring, and reconstructing the present 
practice. As far as the quality of cooperation is concerned, 68.5% of the respondents self-
reported common aims that were in line with the project’s concept. These teachers jointly 
reflected on their teaching. 51.9% altered the teaching material and reflected on the project 
work, while 31.5% developed additional teaching material. With respect to the cooperation 
practices, 55.6% reported successful task sharing. Thirty-eight point nine percent perceived 
group work as more effective than individual work (25.9% partially agreed). 

These findings correspond to a general problem in German school culture: There is no tra-
dition of professional cooperation. Even for teachers who volunteered to participate in Mas-
tering Math, developing professional collaboration required more support.  

Reported challenges on the schools as institutions level 

Installing teachers’ professional learning communities is also a task for schools as institutions, 
especially for principals. The questionnaire showed that starting the project with only one or 
two colleagues in a school hindered establishing teacher groups for nearly 40% of the teach-
ers. The majority of the respondents reported a lack of support by the school principals and a 
lack of interest of the teachers who were not involved. Only 35% of the respondents reported 
that the principals sufficiently supported the implementation process. Thirty-eight percent 
stated that their principal was interested in Mastering Math, and the same percentage saw 
their principal implementing it. Only 9.5% heard that their principal had informed the teach-
ers not involved that the project was occurring. These formative insights into obstacles in the 
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program at the end of the first year were treated by intensifying communication with the prin-
cipals (see Section 5.3).  

5.2 Effects on students’ learning gains (RQ2) 

The achievement scores and ANOVA results for both subsamples for RQ2 (What are the ef-
fects of the research-based implementation and professional development program on stu-
dents’ learning gains compared to a control group?) are shown in Table 3. The intervention 
and control groups show impressive increases in the test scores, with effect sizes of d > .80. In 
the ANOVA, the significance of the main factor, time, with F(time) = 1246.6 and an effect size 
of h² = .560, suggests that as expected, the low-achieving students in both groups improved 
their basic conceptual understanding and skills during one year of schooling.  

Table 3. Comparison of leaning gains between intervention and control group 

 Scores  
in pre-test   

m (SD) 

Score 
in post-test  

m (SD) 

Gains in average 
scores from  

pre- to post-test  

Intra-group  
effect size d from 
pre- to post-test  

Intervention Group: Low-achieving stu-
dents in Mastering Math courses  19.12 (6.52) 29.44 (10.08) D = 10.32 d = 1.24 

Control Group: Low-achieving students in 
other additional courses in control schools  19.65 (6.67) 27.15 (10.10) D = 7.5 d = 0.89 

Results of ANOVA: Inter-group and time  
effect from pre- to post-test 

F(time) = 1246.6, p < .001, h² = .560; F(group) = 3.18, p = .08 (n.s.), h² = .003;  
F(group x time) = 31.26, p < .001, h² = .031 

 

The significant interaction effect, with F(group x time) = 31.26, p < .001, suggests that the inter-
vention group had significantly higher learning gains than the control group from pre- to post-
test. The effect size of h² = .031 is considerable for field studies (Cheung and Slavin 2016). 

The post hoc test does not show a pairwise difference between both groups, showing empiri-
cal evidence for the effectiveness of the program on the student level. 

Even if the effectiveness is shown by comparing learning gains, other parts of the analysis 
provided unexpected results: For example, the length of students’ participation in the inter-
vention did not seem to influence learning gains, nor did the teachers’ self-identification as a 
Mastering Math teacher. For these reasons, deeper insights into the processes are required. 

5.3 Challenges and advantageous conditions on other levels (RQ3) 

Although the data analysis presented here is focused on the teacher, the teacher community, 
and the school level, it is worth complementing it by snapshots from other levels that we drew 
from the minutes of the facilitators’ meetings within schools, across schools in network meet-
ings, and across networks in meetings with the project team at the university. These data are 
used to deal with RQ3: What are possible challenges and advantageous conditions for the 
program on the different levels?  
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The necessity of including the school districts level already became visible before the pro-
ject started: Whereas some district authorities were very supportive in recruiting schools and 
facilitators, others had more difficulties. During the two and a half years of project work, the 
most supportive district was the one with the best functioning schools. For the principals, the 
relevance assigned by the district authority to an implementation project was a crucial deter-
minant for the relevance assigned within the district’s school. This had immediate impact on 
other levels.  

The schools as institutions level was crucial for installing the Mastering Math courses as 
additional courses in the school’s time tables and for installing reliable meeting times for the 
school groups functioning as professional learning communities. The more the principals 
were committed to the project, the easier were the teachers’ institutional contexts. When prob-
lems became visible in the principals’ commitments (see Section 5.2), all 40 principals were 
invited again to meet the project team at the university and discuss challenges and means of 
possible support. For some schools, the principals’ commitment could be strengthened, which 
led to much better working conditions in the proceedings months.  

The teacher communities in schools level proved to be very important in some schools 
where teachers started to engage in intense communication and cooperation. In other schools, 
however, the large size of the groups turned out to be an obstacle for experimenting with in-
novations, so that teachers split up in order to gain the freedom to experiment. In other 
schools, the lack of adequate group size mentioned above (just one or two teachers involved) 
turned out to be an advantage to getting the work started, as these isolated teachers were not 
slowed down by doubting colleagues and found their professional learning community in the 
network meeting across schools in the district. However, in order to establish the courses in 
the schools in the long run, these teachers working in isolation will need to find allied col-
leagues. 

On the classroom level, establishing extra courses with only 8–10 students proved to be of 
major importance for the teachers’ professionalization pathways. Although difficult to estab-
lish in some schools (cf. school level), these small courses allowed teachers a much more in-
tense communication with their low-achieving students. These were important conditions for 
increasing the sensitivity for students’ conceptual needs. In the third year, the teachers are 
now ready to integrate the Mastering Math teaching approach and material into their regular 
classrooms, which have 25–30 students. For the first two years, limiting the size to small 
groups was also an excellent opportunity to extend the teachers’ repertoires of teaching styles 
to be less directive and diagnostic.  

The existence of 31 complete teaching units with carefully planned learning trajectories 
and diagnostic tasks proved to be a successful curricular orientation. Teachers’ interest in 
formative assessment increased only when experiencing the added value of the diagnostic 
information for their teaching. Once they engaged in discussions about students’ different 
ideas and conceptions, they developed an appreciation for the need of formative assessment. 
The material base on the teaching unit level rather than single tasks provided a good base for 
offering experiences of success. On the one hand, this allowed them to become familiar with 
the principles of promoting discourse and focusing on conceptual understanding, which are 
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crucial for their professional development. On the other hand, the project team will encourage 
them in the future to select the most important parts in order to overcome the time problems 
that occur when every single task is used. Hence, a material base is very helpful, but teachers 
need to keep the agency in selecting the parts that are most relevant for their students.  

6. Discussion and Conclusion  

Should a community-based implementation or material-based implementation strategy be 
used? Many researchers emphasize the need to combine them for achieving the scaling up of 
implementation projects (Lachance and Confrey 2003; Llinares and Krainer 2006). However, 
there is still a lack of evaluated projects that realize the recommended combination of strate-
gies. Mastering Math NRW can serve as a case that can show the complexities of combining 
the strategies and addressing different levels (systemic strategy) and provide empirical evi-
dence for its effectiveness under field conditions.  

6.1 Limitations of the study 

Of course, the specific ways of combining the three strategies are tightly connected to the 
specific conditions of the presented project and its very specific focus on low-achieving stu-
dents in Grades 5 and 6. Additionally, the research revealed complexities that raise challenges 
that need to be overcome in the years following the project. The project also has methodolog-
ical limitations: Because schools were not randomly assigned to the intervention and control 
groups but rather volunteered for the program, no classroom observations were conducted in 
order to account for teachers’ practices, and the number of involved teachers was limited. The 
intergroup effect size of h² = .031 for comparing students’ learning gains is an even greater 
limitation, as the study was only organized as a quasi-experimental study. However, consider-
ing the size of the sample and the difficulty of the field conditions, with teachers starting im-
mediately, the effect size is still considerable according to the meta-study of Cheung and 
Slavin (2016).  

However, the project can already provide some substantial answers to the design challenge 
(DC) and research questions (RQ1-3) that allow refining the material- and community-based 
strategies, as we do below.  

6.2 Material-based elements of the implementation strategy and their effects 

Implementing an innovative teaching approach can start from laboratory products for which 
efficacy is shown in randomized or quasi-randomized controlled trials. However, before 
widely implementing it in schools, further years of design research may be required to trans-
form the laboratory intervention program into more robust teaching materials that are applica-
ble for many teachers (Burkhardt 2006). As the current study has shown, teaching materials 
can form a material base for scaling up when following these three characteristics:  
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• The material supports teachers to pursue critical quality criteria, in our case (1) focusing on 
conceptual understanding, (2) ensuring adaptivity using diagnostic tasks, and (3) promot-
ing discourse (Hußmann et al. 2014), that are in line with general demands in effective 
mathematics education approaches (Hiebert and Grouws 2007). 

• The material base encompasses not only isolated tasks, but 31 complete teaching units for 
two years (as recommended by Gravemeijer et al. 2016), each with well-planned learning 
trajectories and corresponding diagnostic tasks and a teacher’s manual.  

• The material is not only delivered to the schools, but implemented within a multi-level 
support structure (intertwinement with a systemic strategy).  

The reported investigation of the teachers’ questionnaires showed that the offered material 
base provided important support for the teachers, as it offered a clear curricular orientation 
about what to do and sensitized them to students’ basic conceptual needs that had previously 
been neglected (RQ1). 

6.3 Community-based elements of the implementation strategy 

The material-based implementation strategy should be combined with a community-based 
strategy to offer teachers a communicative space to develop their own ways of realizing the 
teaching approaches based on their own school contexts. The formative evaluation showed 
that teachers need one year of facilitation, which can help realize the community-based strate-
gy along the following lines:  

• Creating long-term professional learning communities in each school (“school groups”) 
with regular joint meeting times, jointly declared aims, and binding communicative struc-
tures. Too-small school groups should be combined across several schools. 

• Organizing the communities’ work around the materials by discussing lesson plans and 
reflecting experiences, especially with respect to examining and analyzing children’s 
thinking. This principle harmonizes the top-down and bottom-up approaches of the materi-
al-based and community-based strategies and is a crucial contribution to the existing litera-
ture. 

• Including the other institutional levels (principals and district levels) as far as possible in 
order to give a supportive background structure. This point needs to be strengthened in the 
next project. 

The qualitative research on the oral feedback, observations, and questionnaires showed that it 
takes time to install professional learning communities with adequate working conditions 
within the schools (RQ1), but the installation was heavily strengthened by the existing materi-
al as a common base. For many German schools, meeting regularly with colleagues is a real 
innovation for which the organizational structures (such as a joint hour in the weekly time 
table) first have to be established (RQ3). In spite of these difficulties and complexities, the 
students’ learning gains were already significant in the first year (RQ2). 
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6.4 Systemic elements of the implementation strategy 

The facilitators played a key role in combining the material-based strategy with the communi-
ty-based strategies as they helped the teachers’ communities within and across schools to 
adapt the teaching approaches in the teaching materials to their own school contexts with spe-
cific students and conditions (RQ3). 

Our overall experience in the project showed that the material-based and community-based 
strategies can be combined effectively and have an effect even on the level of students’ learn-
ing gains. In addition, it is of crucial importance not to neglect the systemic strategy. Further 
research will need to disentangle differential effects of different design elements rather than 
test all together.  
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