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My agenda for this talk

How can we achieve an 
empirical founda3on?

Exemplified for the PD content “fostering at-risk students’ understanding of basic concepts”

I will start on the classroom level to show structural analogies in research needs and research approaches

Why is content-related 
PD research so important?

What kind of empirical foundation do 
we need for professional development?



Starting points of the project Mastering Math

since 2000 Large-Scale-Assessments: 20-25% of students are at risk of being
le< behind without access to mathema?cs (PISA 2003, IQB 2016 etc.)

à Fostering students‘ understanding
as an mandatory teacher job in policy documents

Policy level

Classroom level

Realization gap



The case of Paul: How to foster
at-risks students‘ mathema9cs learning?

Teacher Paul describes
Suleika‘s struggle: 
(Grade 5)

Suleika can calculate the 
subtraction well, only the 
carries pose problems for her.

But we can handle this successfully 
by differen?ated tasks: I only give 
her subtrac?ons without carries.

Suleika has no access to a basic concept: 
Place value understanding

First the hundreds, then the tens, 
then the ones, isn’t so difficult

Con?nued struggle due to
missing learning opportuni?es!

“At risk”: the risk is in missing learnrng opportunities, not in students’ background (Jackson et al. 2017)



Empirical founda9on for the classroom level

Identify and localize problem

since 2000 Large scale assessments: 20-25% of students are at risk of being
left behind without access to mathematics (PISA 2003, IQB 2016 etc.)

2005-07 Interview study and tests for identifying relevant basic concepts
and empirical evidence for their predictive power

Missed in Grade 2 No remedia;on
in Grade 5

No sustainable learning gains
from Grade 5 to Grade 8
(Moser Opitz 2007)

Not cared for Left behind

Basic concept:
place value understanding



(Cobb & Jackson 2021)



Empirical founda9on for the classroom level

Iden3fy and localize problem

since 2000 Large scale assessments: 20-25% of students are at risk of being
le< behind without accesss to mathema?cs (PISA 2003, IQB 2016 etc.)

2005-07 Interview study and tests for iden?fying relevant basic concepts
and empirical evidence for their predic?ve power

2009-11 Development of standardized measures BasisMathG –
Screening for iden?fying students without access to basic concepts and skills
(published later as Moser-Opitz, Prediger et al. 2016, Hogrefe)



Empirical founda9on for the classroom level

Identify and localize problems

since 2000 Large scale assessments

2005-07 Interview study and tests

2009-11 Development of standardized screening

Design conceptual remediation program

2004-07 Design experiments for specifying basic concepts
and enhancing them

Thereof take away: 
226 = 200 + 20 + 6
2 Hundreds
2 Tens
6 Ones

4 Hundreds
4 Tens
3 Ones

443 = 400 + 40 + 3



Empirical founda9on for the classroom level

Iden3fy and localize problems

Design and evaluate conceptual remedia3on program

2004-07 Design experiments for specifying the basic concepts and enhancing them

2009-12 Empirical evidence for efficacy in quasi-experimental controlled trial
(under laboratory condi?ons)

(Moser Opitz, Prediger et al. 2017 in Journal for Learning Disabilities)

à significantly higher learning gains

Pre-test        Post-test        Retention test

Basis-
Math-G-
Score

ANOVA: FTime x group [4,240] = 2.86,
p<.05, η2 = .05

30

27,5

25

22,5

20

17,5

SIMBA-Group IPG

SIMBA-Group SG

Control group KG



2010-17 Mastering Math: Redesign the laboratory remedia?on program  
into curriculum resources for everyday use in classrooms

§ developed in itera?ve cycles of design, design experiment and re-design
(Selter, Prediger, Nührenbörger, Hußmann 2014)

§ mul?ple involvement of mathema?cs teachers, consul?ng us how the curriculum 
resources can best support their work

§ in total 21 years of work in Design Research  (7 x 3 years)

Empirical foundation for the material implementation strategy

Iden3fy and localize problems

Design and evaluate conceptual remedia3on program

2004-07 Design experiments for specifying the basic concepts and enhancing them

2009-12 Empirical evidence for efficacy in quasi-experimental controlled trial
(under laboratory condi?ons)

Implementa3on at scale?

Mastering Math



How can an empirical foundation of programs for struggling students be achieved?

Classroom level

Students

Mathematical content

Resources

Large scale
assessmentInterviews & Tests

Design Research Controlled trial under
laboratory conditions

Always by combining several research approaches



How can implementa:on of a program be achieved?

Classroom level
StudentsMathematical

content

Resources

Mathematics
teachers

Material Strategy

Personell strategy

Systemic strategyEstablish communitiies
of inquiry

(Jaworski, 2006; Bonsen et al. 2010)

Curriculum ressources alone do not do good teaching
Focus on mathematics teachers is crucial (Cohen, Raudenbush, Ball 2003; Desimone 2009)



Teacher PD level – structural analogy of relevant components

Teacher PD level

Classroom level

Students

Mathema;cal
content

Curriculum 
resources

PD content

PD resources

Facilitators

Mathematics teachers



Designing a PD program and PD resources

Teacher PD level

Classroom level

Students

Mathema;cal
content

Curriculum 
resources

PD content

PD resources

Facilitators

Mathema;cs teachers

Design research
on teacher PD level

Modules of the Mastering Math PD program with action and reflection



Designing a PD program and PD resources

Teacher PD level

Classroom level

Students

Mathematical
content

Curriculum 
resources

PD content

PD resources

Facilitators

Mathematics teachers

Design Research on PD level

Product: PD modules
dzlm.de/2000

Germany has 33 0000 schools
so scaling up is needed



Further steps of transfer

Facilitator PD level

Teacher PD level

Classroom level
Students

Mathema;cal
content

Curriculum 
resources

PD content

PD resources

10 facilitators
FPD content

FPD resources

Facilitator educators

Successive and
nested design by
Design Research

Successive and
nested design by
Design Research

50 mathematics teachers

Prediger, S., Roesken-Winter, B., & Leuders, T. (2019). Which research can support PD facilitators? Research strategies in the Three-Tetrahedron Model for content-related
PD research. Journal for Mathema0cs Teacher Educa0on, 22(4), 407-425. doi:10.1007/s10857-019-09434-3

Germany has 33 0000 schools
so scaling up is needed



Further steps of transfer
Systemic implementation
architecture

Facilitator PD level

Teacher PD level

Classroom level
Students

Mathematical
content

Curriculum 
resources

PD content

PD resources

10 facilitators
FPD content

FPD resources

Facilitator educators

Successive and
nested design by
Design Research

Successive and
nested design by
Design Research

50 mathema9cs teachers

Prediger, Fischer, Selter, & Schöber (2019)  in 
Educational Studies in Mathematics, 102(3), 361-378.



First study of implementa=on effec=veness

Facilitator PD level

Teacher PD level

Classroom level

Mathematical
content

Curriculum 
resources

PD content

PD resources

10 facilitators
FPD content

FPD resources

Facilitator educators

Successive and
nested design by
Design Research

Effecbveness
research
down the levels

Successive and
nested design by
Design Research

Effectiveness
research
down the levels

90 mathema9cs
teachers

Evaluation in large field study

Teachers‘ self-reports on received
support and further support needs

Facilitators‘ self-reports and
process reports

Students‘ learning gains



Empirical evidence for effects in students‘ learning gains

Evalua3on in large field study

Teachers‘ self-reports on received
support and further support needs

Facilitators‘ self-reports and
process reports

Students‘ learning gains

Facilitator PD level

Teacher PD level

Classroom level

Control group: 
n = 389 struggling students, taught
with other programs
(Effect size d = 0.89)

Interven;on group: 
n = 592 struggling students, 
taught with Mastering Math
(Effect size d = 1.24)

Start of Grade 5 End of Grade 5

Prediger, Fischer, Selter, & Schöber (2019)  in Educational Studies in Mathematics, 102(3), 361-378.

Classroom level

ANOVA: FTimet = 1246.6, p < .001 
FGroup = 3.18, p = .08 n.s.
Fgroup x Timet = 31.26, p < .001, η2 = .031

Comparing learning gains

Highly significantly beeer leanring gains
with impressive effect sizes

But: substantial differences between teachers
à further PD research needed to improve targetedness of teachers‘ PD program



Implementa:on in five federal states (NRW, HH, BE, HB, RP)

Facilitator PD level

Teacher PD level

Classroom level

Mathematical
content

Curriculum 
resources

PD content

PD recources

17+10+3+5+x 
facilitatorsFPD content

FPD resources

Facilitator educators

ca. 400 teachers

2019-2023: 5 federal states, 
6 different systemic condi3ons
adap3ons of systemic
implementa3on structure needed

Personell Strategy

Systemic Strategy

Personell Strategy

Unexperienced facilitators
–> more explications about

teachers‘ typical professional 
growth necessary

Material Strategy



Empirical foundation?

Facilitator PD level

Teacher PD level

Classroom level

Mathematical
content

Curriculum resources

PD resources

Facilitators

FPD content

FPD resources

Facilitator educators

Teachers

Students

PD content

So far, PD research has mainly concentrated on 
generic design principles, 
without much explicit attention to the PD content
(Yoon et al. 2007, Lipowsky 2010, Timperley et al. 2007)

e.g.
long-term programs
ini;ate reflec;on
coopera;on
case-based work

What kind of empirical foundation do 
we need for professional development?



Empirical foundation?

Facilitator PD level

Teacher PD level

Classroom level

Mathema;cal
content

Curriculum resources

PD resources

Facilitators

FPD content

FPD resources

Facilitator educators

Teachers

What kind of empirical founda3on do 
we need for professional development?

Students

PD content

So far, PD research has mainly concentrated on 
generic design principles, 
without much explicit attention to the PD content
(Yoon et al. 2007, Lipowsky 2010, Timperley et al. 2007)

Why is content-related 
PD research so important?

Main goal of content-related PD research:
Understanding teachers‘ content-related
professional growth so that PD program
can target core issues

Here:  Foster understanding of basic concepts



Jobs

Orienta,ons

Theoretical background: Model of content-related teacher expertise
(Prediger 2019 adapted from Bromme 1992 & Schoenfeld 2010)

Categories for 
noticing and 
thinking

Pedagogical 
tools

• Which jobs do mathema/cs teachers 
have to master?

• Which prac/ces are produc/ve 
for mastering the jobs?

Prescrip@ve specifica@on 
of intended exper@se

Identification of enacted practices 
of teachers and their backgrounds

• Which jobs do mathema/cs teachers 
really work on, which do they avoid?

• By which prac/ces do teachers manage 
the chosen jobs?

• Which pedagogical tools can be used for the 
practices to manage the jobs productively?

• Which pedagogical tools do teachers use 
in their prac/ces for managing the jobs? 

• Which categories for noticing and thinking 
do underly the enacted practices for 
managing the jobs?

• Which categories for noticing and thinking 
should underly the practices for mastering 
the jobs?

• Which orienta/ons should guide 
the priori/za/on of the jobs and the choice 
of prac/ces?

• Which orienta/ons do guide the 
priori/za/on of the jobs and the enacted 
prac/ces for managing them? 



Monitor students’ learning 
progress (in basic concepts)

Enhance students’ under-
standing (of basic concepts)

Jobs

Diagnos/c orienta/on

Conceptual orientation

Orientations

Theore9cal background: Model of content-related teacher exper9se

Communica/ve orienta/on

Diagnostic
tasks

Visuals & Manipula/vesTasks for
enhancement

Teachers‘ moves

(Prediger et al., to appear in  JRME)

Categories for
noticing and thinking

Pedagogical tools

“Understanding of basic concept“
<- challenging PCK category!



Categories for
monitoring Suleika‘s
learning needs

Back to the case of Paul‘s prac:ces

Paul‘s practice for monitoring Suleika‘s learning progress

Suleika can calculate the subtrac;on well, 
only the carries pose problems for her.

(Prediger 2020 ICMI study)

Conceptual understanding Procedural skills

Current
content

Basics Underlying basic concept: 
Place value system

Basic skill: Digit-wise subtraction
without carry

New procedural skill: Mul/-
digit subtrac/on with carry

Conceptual core, e.g. splitting
numbers to understand the meaning
of carries

But we can handle this successfully by differentiated 
tasks: I only give her subtractions without carries.

Paul‘s prac/ce for suppor/ng Suleika:

First the hundreds, then the tens, 
then the ones, isn’t so difficult



Identifying (un)productive practices of teachers and underlying orientations

Teacher‘s enacted prac9ces
as iden/fied e.g. in the case of Paul (and many others)

Compensation practices for
circumventing difficulties

Enhancement prac5ces for
understanding of basic concepts

Distinction known from other contexts (Corno 2008, Wember 2013)

Differentiated tasks: I only give her 
subtractions without carries.

Intended prac9ces in the 
Mastering Math program

I give her the chance to wrap up 
what she missed some years ago



Identifying (un)productive practices of teachers and underlying orientations

Teacher‘s enacted prac9ces
with at-risk students

Compensation practices for
circumventing difficulties

Enhancement prac5ces for
understanding of basic concepts

Distinction known from other contexts (Corno 2008, Wember 2013)

2015-2019 Distinction repeatedly identified in several case studies
(Watson & Geest 2005; Prediger, Schnell & Rösike 2016, Prediger & Buró 2021, Büscher 2019)

2021 Prevalence shown in MATILDA video study:
Total: 1821 Practices coded in 
videos from 25 lessons in 
inclusive math classrooms

65% Compensa/on prac/ces35% Enhancement prac/ces

10%  Basics

0 %              10%             20%             30%             40%             50%             60%             70%         80%             90%           100% 

(Prediger & Buró 2022IJIE)

Key ques5on for qualita5ve PD research: 
What does underly these compensa5on prac5ces?

Intended practices for fostering 
at-risk students’mathematics learning



Categories for monitoring
Suleika‘s learning needs

Iden9fica9on of orienta9ons and categories underlying produc9ve prac9ces
in the model of exper9se

(Prediger 2020 ICMI Study, 
Prediger & Buró 2021))

Conceptual
understanding

Procedural
skills

Current content

Basics from
earlier years

Basic concepts
Basic skills

New procedural
skills

New concepts

Conceptual vs. 
procedural orienta/on

Diagnostic vs. syllabus-
bound orientation

Long-term vs. short-term 
orienta/on

Communicative
pedagogy

Enhancement practices for
understanding of basic concepts

Orienta3ons

Intended prac@ces in the 
Mastering Math program



Teacher‘s guiding categories
iden/fied in several case studies

Empirical iden:fica:on of a guiding unproduc:ve category – Task comple:on

Task Completion

Differentiated tasks: I only give 
her subtractions without carries.

Compensa?on prac?ces for
circumven?ng difficul?es

Enhancement prac?ces for students‘ progress
in understanding of basic concepts

Learning progress along
a learning trajectory

Individual categories for
no,cing and thinking

Functioning of totally
individualized
pedagogy

Intended prac*ces
and their backgrounds

Intended categories for
noticing and thinking

Long-term orientation Short-term orienta/on
Orienta,ons



Explaining mechanisms of teachers’ professional growth
Model of Professional Growth

External Domain

Inquiry of new teaching 
prac?ces 
new differen?a?on or support 
prac?ces

Domain of inquiry

Salient outcomes
||learning growth|| in 
|| basic conceptual needs ||
vs. || task completion ||

Domain of 
consequences

Personal Domain

External source of s?mulus or 
curriculum materials

(Clarke & Hollingsworth 2002)



Explaining mechanisms of teachers’ professional growth
Model of Professional Growth

External Domain

Collabora?ve inquiry of new 
teaching prac?ces: 
new differen?a?on or support 
prac?ces

Domain of inquiry

Salient outcomes, evaluated by
||learning growth|| in 
|| basic conceptual needs ||
vs. || task completion ||

Domain of 
consequences

Collective Domain
Shared prac?ces, orienta?ons 
and categories

External source of stimulus or 
curriculum materials, e.g., 
materials for assessing and fos-
tering basic conceptual needs

simplified tasks with 
lowered expectation

Paul: ||task comple/on||
Maria || forge\ng ||, first aspect of ||learning progress||

not yet in play before 
facilitator-researcher joined

forgetting 
not related?

Both evalua/on categories
could not push teachers’ 
professional growth for 3 months

Shared practices, orientations 
and categories: established 
compensation practices with 
underlying evaluation categories

Collabora?ve inquiry of new 
teaching prac?ces: 
differen?a?on by compensa?on 
prac?ces for at-risk students

Salient outcomes, evaluated by
||learning progress|| in 
||understanding basic concepts||
vs. ||task completion||

(adapted from Clarke & Hollingsworth 2002 in Prediger 2022ICMI)

I tried to teach them subtrac.on with carries 
several .mes, but they always forget it.

Maria



External Domain

Collabora?ve inquiry of new 
teaching prac?ces: 

Domain of inquiry

Salient outcomes, evaluated by
||learning progress|| in 
|| basic conceptual needs ||
vs. || task comple?on ||

Domain of 
consequences

Collective Domain
Shared prac?ces, orienta?ons 
and categories: established 
compensa?on  prac?ces with 
underlying evalua?on categories

External source of s?mulus or 
curriculum materials, e.g., 
materials for assessing basic 
conceptual needs

PD trajectory for evalua/on categories
for prac/ces
1. || Work intensity ||
2. || Task comple/on || 
3. || Procedural learning progress|| 
4. || Conceptual learning progress||

Offer other 
evaluation criteria

External source of stimulus or 
curriculum materials, e.g., mate-
rials for monitoring & enhancing 
understanding in basic concepts

Explaining mechanisms of teachers’ professional growth
Model of Professional Growth
(adapted from Clarke & Hollingsworth 2002 in Prediger 2022ICMI)

Prediger, S. (2022, in press). Content-specific theory elements for explaining and enhancing teachers’ professional growth in collaborabve groups. 
In H. Borko & D. Potari (Eds.), ICMI Study 25. Teachers of mathemabcs working and learning in collaborabve groups. Springer.

new enhancement practices 
for at-risk students



Systema9c rela9on of intended and enacted prac9ces and orienta9ons

Enacted practices and
underlying orientations

Compensate to circumvent difficulties

Procedural orienta?onConceptual orienta?on

Intended practices and
underlying orientations

Iden?fy relevant basic concepts

Long-term focus on basics Short-term focus on current content

Overlook unaccomplished understanding in basic c.

Monitor students‘ progress in basic concepts

Enhance understanding of basic concepts

Communica?ve pedagogy

Monitor students‘ procedural performance

Long-term orienta?on
Short-term orientation for repair

Solely individualized pedagogy

Diagnostic orientation

Differentiated tasks: I only give 
her subtractions without carries.

Task 
comple?on

Syllabus-bound orienta?on



Outcomes of the qualitative research on the teacher PD level

Teacher PD level

PD content

PD resources

PD Facilitators

Teachers

Cocneptual orienta5on

Communica5ve pedagogy

Diagnostic orientation

Former PD content: Educationally reconstructed PD content

Design Research for specifying
the PD content in detail

(Kattmann et al. 1996, Komorek et al. 2013)

-> Developing quantitative 
measures for capturing
orientations



Quan:ta:ve measures on self-reported prac:ces and orienta:ons

Agree
completely

Don‘t agree
at all

Individualized 
pedagogy

Focus on 
current 
content

Procedural
orientation

Don’t agree 
at all

Agree 
complet
ely

6

5

4

3

2

1

Questionnaire at beginning of PD on Mastering Math
(n = 95 teachers)

Compensation 
practices

Conceptual 
orientabon

vs. Communicative 
pedagogy

vs. Focus on basics of 
previous years vs. Enhancement 

practices

Finding: no either or, but both at the same time!



Measurable change of self-reported practices and orientations

Agree
completely

Don‘t agree
at all

Individualized vs. 
communicabve pedagogy

Focus on current content vs. 
on basics from previous years

Procedural
vs. Conceptual orientabon

Don’t agree 
at all

Agree 
completely

6

5

4

3

2

1
Compensation vs. 
enhancement practices

*
*

*

*

Pre Post Pre PostPre Post Pre Post

Questionnaire at beginning of PD 
(n = 95 teachers)

and after one year of PD on Mastering Math

Produc;ve prac;ces and orienta;ons significantly
increased, unproduc;ve did not decrease

But: Compensa;on prac;ces
even increased

Persistence of task
complextion



Empirical founda=on by research on PD level

Facilitator PD level

Teacher PD level

TPD content

TPD Ressources

PD Facilitators
FPD content

FPD Ressources

Facilitator educators

Mathematics teachers

Design Research for specifying
the PD content in detail

First empiciral evidence for
effectiveness



Monitor students‘ progress
in basic concepts

Enhance understanding
of basic concepts

Jobs

Diagnostic rather than syllabus-bound orientation

Conceptual rather than procedural orienta;onOrientations

Substan:ated model of teacher exper:se for fostering
at-risk students‘ understanding of basic concepts

Communicative, not individualized pedagogy

Diagnostic
tasks

Visuals & Manipula;vesTasks for
enhancement

Teacher moves

(Prediger 2020, Prediger et al., to appear in JMTE)

Categories for
noticing & thinking

Pedagogical tools

Identify relevant 
basic concepts

Manual with didactical
background on all 
basic concepts

Learning progress on a 
leanring trajectory

↔ Task comple;on

Compensate by circum-
venting difficulties

Long-term, not short-term orienta;on

Most heavy challenge!!



More detailed evalua9on in a more complex matrix

(Prediger et al., to appear in JMTE)



Implications for the facilitator preparation programs

Facilitator PD level

Teacher PD level

PD content

PD resources

Facilitators
FPD content

FPD resources

Facilitator educators

Teachers

Personal strategy

Materiale Strategie

Design research for further
specifica?on of PD content

Effectiveness study shows
effects and limitations of the PD

Task complebon as
an amazingly
stable category



DZLM PD research program: Strive of content.related empirical foundation 
of all implementation strategies

Facilitator PD level

Teacher PD level

PD content

PD resources

Facilitators

FPD content

FPD resources

Facilitator educators

Teachers

Mathemabcal
content

Curriculum 
resources

Students

Classroom level

Personell strategy

Material strategy
Personell strategy

Material strategy

Systemic strategy

Systemic strategy

Systemic strategy

Material strategy

Examples for other DZLM PD contents
• digitally assisted teaching of algebra

• differentiating fraction classrooms
• early mathematics education

• language-repsonsive teaching of percents

Structural analogy of the tetrahedrons allows us to
lia research approaches, ques/ons, and methods
(Prediger et al., 2019)

But: complexity of PD contents requires adapta-
/ons of research strategies (unpacking is needed!)



DZLM PD research program: Strive of content-related
empirical foundation of all implementation strategies

Facilitator PD level

Teacher PD level

PD content

PD resources

Facilitators

FPD content

FPD resources

Facilitator educators

Teachers

Mathemabcal
content

Curriculum 
resources

Students

Classroom level

Personell strategy

Material strategy
Personell strategy

Material strategy

Systemic strategy

Systemic strategy

Systemic strategy

Material strategy

Roesken-Winter, B., Stahnke, R., Prediger, S., & Gasteiger, H. (2021). Towards a research base for implementation strategies addressing
mathematics teachers and facilitators. ZDM – Mathematics Education, 53(5). doi:doi.org/10.1007/s11858-021-01220-x



Conclusion

By multiple research approaches, 
in particular qualitative design research 
and quantitative effectiveness studies
Tests of (static) professional knowledge 
are not enough

Because generic design 
principles are not sufficient, 
we need to know more about 
teachers‘ learning pathways for 
particular PD contents

Roesken-Winter, B., Stahnke, R., Prediger, S., & Gasteiger, H. (2021). Towards a research base for implementabon strategies addressing mathemabcs teachers and facilitators. 
ZDM – Mathema+cs Educa+on, 53(5). doi:10.1007/s11858-021-01220-x

Prediger, S., Roesken-Winter, B., & Leuders, T. (2019). Which research can support PD facilitators? Research strategies in the Three-Tetrahedron Model for content-related PD research. 
Journal for Mathema+cs Teacher Educa+on, 22(4), 407-425. doi:10.1007/s10857-019-09434-3

How can we achieve an 
empirical foundation?

Why is content-related 
PD research so important?

What kind of empirical foundation do 
we need for professional development?


