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General introduction



Chapter 1

1.1 Differentiation

Students differ from each other in multiple ways - e.g., regarding intelligence, previous
educational experiences, social economic status, and motivation — which all have an impact
on what they have already learned and what they need to progress in their learning. Primary
school classrooms are traditionally diverse since, in most countries, primary school has only
one mainstream track for students of diverse achievement levels (in contrast to secondary
school, in which students are often placed in separate tracks based on achievement level).
Due to the current movement towards inclusion of children with special educational needs
in general education classrooms, the range of academic ability and achievement levels
within primary school classrooms is increasing even further. Thus, students within one
classroom may have widely varying zones of proximal development (Vygotsky, 1978).
Therefore, learning content that is appropriate for most students in the class may be too
easy for some students and too difficult for others. Teaching students with different zones
of proximal development poses a challenge for teachers: How to adapt education to the
varying educational needs of students of diverse achievement levels? In other words: How
to differentiate education?

Differentiation in primary mathematics education is the central theme of this
dissertation. The focus is on differentiation based on students’ current achievement
level, also called cognitive or readiness-based differentiation. Differentiation is defined
as ‘an approach by which teaching is varied and adapted to match students’ abilities
using systematic procedures for academic progress monitoring and data-based decision-
making.” (Roy, Guay, & Valois, 2013, p.1187). According to this definition, teachers should
monitor students’ academic progress to identify students’ educational needs and then
adapt instruction and practice to these needs. The way in which progress is monitored and
the nature of educational adaptations can vary substantially, and various organisational
formats can be used. One frequently used way to organise differentiation is homogeneous
within-class ability grouping, in which students with similar academic ability or achievement

levels are placed together in subgroups within the heterogeneous classroom (Tieso, 2003).

1.2 Adaptive teaching competency

For teachers, implementing differentiation requires advanced knowledge and skills. In line
with Vogt and Rogalla (2009), the term ‘adaptive teaching competency’ is used in this
dissertation to refer to teachers’ capacities for making adaptations to students’ identified
educational needs (i.e., implementing differentiation). Adaptive teaching competency is
defined in terms of four dimensions: subject matter knowledge, the ability to diagnose

students’ current understanding and achievement, the ability to use diverse teaching
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methods to meet diverse students’ needs, and classroom management skills. Thus, it
requires both general pedagogical skills (e.g., classroom management) and domain-specific
subject matter knowledge (e.g., in mathematics) as well as pedagogical content knowledge
(e.g., didactical models). The definition of adaptive teaching competency implies that
differentiation is strongly grounded in a particular content domain. In the domain of
mathematics, for example, teachers should not only master the content which is to be
learned by the students themselves, but also possess pedagogical content knowledge
regarding (a) how mathematics is typically learned (e.g., how students come to understand
mathematical concepts), (b) how mathematics is typically taught (e.g., the order in which
specific solution strategies are taught), (c) how specific educational needs can be diagnosed
(e.g., why does a student struggle with a particular type of sums?), and (d) how specific
educational needs can be met (e.g., how to adapt instruction when a student does not
understand the concept of multiplication). In order to study differentiation in sufficient
depth and to enhance the potential applicability of the findings in teachers’ daily practice,

this dissertation zooms in on one content domain, namely primary mathematics education.

1.3 Primary mathematics education in the Netherlands: Need
for differentiation

Mathematics is one of the core subjects in primary school and a basic understanding
of mathematics is necessary to function in society. In international comparisons of
mathematics achievement, Dutch students are losing their traditionally high place in the
rank order. This is not only due to increased mathematical competence in other countries,
but also to a slow but steady decrease in mathematical competence in the Netherlands
over the last twenty years (Meelissen & Punter, 2016). Moreover, while relatively many
Dutch students reach at least a basic achievement level, only few Dutch students reach
an excellent achievement level compared to students in other countries (Meelissen &
Punter, 2016). These findings are a cause for concern and have been linked to teachers’
potentially insufficient competence in mathematics (i.e., their own skill level), didactics of
mathematics, and differentiation in mathematics (KNAW, 2012). Accordingly, a need for
additional training (for pre-service teachers) and professional development (for in-service
teachers) about primary mathematics education in general, and differentiation in particular,
has been identified (Inspectie van het Onderwijs, 2012, 2015; KNAW, 2012; Schram, Van
der Meer, & Van Os, 2013).
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1.4 Project GROW

1.4.1 Goals
Against this background, project GROW (‘Gedifferentieerd RekenOnderWijs’, i.e., a

Dutch acronym for differentiated primary mathematics education) was launched to
study differentiation for students of diverse achievement levels in primary mathematics
education in more depth and, ultimately, to develop and evaluate a teacher professional
development (PD) programme about this topic'. The first goal of the project was to specify
what differentiation entails in the context of primary mathematics education. The term
‘differentiation’ is very broad and has been used in multiple ways. Moreover, strategies
for differentiation are strongly grounded in the content domain in which they are to be
applied. Thus, there was a need to specify what teachers should do in order to meet the
needs of students with diverse achievement levels in mathematics. The second goal was
to investigate the degree to which teachers already implement differentiation (before
PD about this topic). Only a few previous studies had examined the implementation of
differentiation for students of a broad range of achievement levels (e.g., Roy et al., 2013)
and there was still a need for studies specifically in the domain of mathematics as well
as observational studies. Besides the overall level of implementation, it was examined
whether certain strategies for differentiation were used relatively frequently or infrequently.
This could inform teacher educators about the relative ease or difficulty of implementing
specific strategies and provide directions regarding areas in which there is most room
for improvement. The third goal was to develop, implement and evaluate a professional
development (PD) programme about differentiation in mathematics. The PD programme
was aimed at meeting the educational needs students of all achievement levels, i.e.,
including low-achieving, average-achieving, and high-achieving students. Although
(PD about) differentiation is widely recommended, little is known about its effects on
teachers’ instructional behaviour or on students’ achievement. While previous studies
have demonstrated positive effects of two technological applications for differentiation
(reviewed by Deunk, Doolaard, Smale-Jacobse, & Bosker, 2015), studies in which the
teacher has a central role in implementing differentiation are scarce. Specifically, there is
still a need for large-scale studies investigating the effects of PD on teachers’ observable
behaviour and student achievement. The fourth goal was to investigate how students’
achievement level is reciprocally related to motivation for mathematics in students of
diverse achievement levels. Previous achievement is theorised to be an important source
of aspects of motivation such as self-efficacy (Bandura, 1997) and self-concept (Marsh &

Martin, 2011). In turn, motivation is supposed to promote adaptive learning behaviours

' Project GROW was funded by the Netherlands Organisation for Scientific Research (NWO; grant number
411-10-753).
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such as persistence, which should have a positive effect on future achievement (Marsh &
Martin, 2011; Wigfield & Eccles, 2000). Since the educational experiences of low-achieving,
average-achieving, and high-achieving students are likely to differ substantially — for
example, low-achieving students may experience failure more often — the relations between
motivation and achievement may also differ depending on achievement level. Therefore,
the relations between motivation and achievement were investigated over time with
particular attention for whether and how these relations differed between low-achieving,
average-achieving and high-achieving students. This could provide new knowledge about
the relative importance of several aspects of motivation for students of diverse achievement

levels, which could have implications for desirable differentiation practices.

1.4.2 Design

In project GROW, researchers of Utrecht University collaborated intensively with a
consortium of pre-service and in-service teacher educators with expertise in differentiation
and primary mathematics education. This collaboration was sought in order to enhance the
compatibility between research and the daily practice of teaching and teacher education.

An overview of the project is presented in Figure 1.1. In the first phase of the project,
the consortium members participated in an expert consensus procedure to specify what
differentiation in primary mathematics education entails. A combination of focus group
discussions and the Delphi method was used to achieve consensus among the consortium
members on a model and recommended strategies for differentiation. Based on the
specification of differentiation resulting from the consensus procedure, a PD programme
about differentiation in primary mathematics education was developed in continued

collaboration with the consortium of experts.

Phase 1 Phase 2
2011-2012 2012-2013 2013-2014 2014-2015
¢ Expert consensus Cohort 1 PD programme Follow-up
procedure Cohort 2 Control PD programme
e Development of Cohort 3 Control Control PD programme
the PD programme Data collection X X X X X X

Figure 1.1 Design of project GROW. PD = Professional development

In the second phase of the project, the PD programme was implemented and
evaluated in a large-scale study involving 32 whole primary schools (N = 400 teachers
and 6187 students of grade 1 through é). Participating schools were randomly assigned to

one of three cohorts. In each cohort, data were collected across two schoolyears (i.e., all
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schools provided data on all measurement occasions), but the timing of the intervention
differed between the cohorts: Cohort 1 participated in the PD programme in Year 1
and was a follow-up condition in Year 2, Cohort 2 was a control condition in Year 1 and
participated in the PD programme in Year 2, and Cohort 3 served as a control condition
in both years. Data were collected at the beginning, middle, and the end of each of the
two schoolyears. In the 2014-2015 schoolyear, the evaluation study had ended but schools
of Cohort 3 could participate in the PD in return for their participation in data collection

during the two previous years.

1.4.3 Teacher-level measures

At the teacher level, both self-report and observational data were collected to measure
teachers’ implementation of differentiation. No instruments were available to measure
the application of differentiation in the domain of mathematics in sufficient detail for our
purposes. Therefore, two new instruments were developed and administered: a self-report
instrument called the Differentiation Self-Assessment Questionnaire (DSAQ) and a video
observation instrument called the Differentiation in Mathematical Instruction (DMI). At the
beginning of both school years, teachers were asked to report their own implementation
of a range of strategies for differentiation using the DSAQ. In addition, video observations
of mathematics lessons were carried out at the beginning and end of both school years
in a subsample of teachers. The collected videos were scored with the newly developed
DMI, a video observation instrument to score teachers’ implementation of differentiation

in mathematics.

1.4.4 Student-level measures

At the student level, achievement in mathematics was measured using the standardised,
nationally administered Cito Mathematics Test (CMT, Janssen, Scheltens, & Kraemer,
2005). The CMT was administered at the middle and end of both schoolyears. Additionally,
the scores of the end of the previous school year (June 2012) were used as the baseline
measure, yielding a total of five timepoints at which mathematics achievement was
measured. Student motivation for mathematics — including self-efficacy, self-concept, task
value, and mathematics anxiety — was measured using a questionnaire which was newly
developed for this purpose (since no previous questionnaire covered all these aspects of
motivation in a format suitable for administration for students from grade two through
six). Three additional variables which were known to affect mathematics achievement
were administered to control for these variables: nonverbal intelligence, visual-spatial
working memory and verbal working memory. Nonverbal intelligence was measured with
the well-established Raven'’s Standard Progressive Matrices (SPM; Raven, Court, & Raven,

1996). Working memory was measured using two newly developed measures for online,
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self-reliant administration: the Lion game (Van de Weijer-Bergsma, Kroesbergen, Prast,
& Van Luit, 2016) and the Monkey game (Van de Weijer-Bergsma, Kroesbergen, Jolani,
& Van Luit, 2016).

1.5 This dissertation

An overview of the topics and structure of this dissertation is provided in Figure 1.2.
Chapter 2 reports about two studies. Study 1 describes the method and results of the
expert consensus procedure which was used to specify what differentiation entails. Study 2
presents the newly developed Differentiation Self-Assessment Questionnaire and describes
how teachers rated their own usage of the differentiation strategies recommended by the
experts in Study 1. Chapter 3 reports about the results of the video observations which
were scored with the newly developed Differentiation in Mathematical Instruction. First,
the chapter describes teachers’ observed implementation of differentiation — including
relatively frequently and infrequently used strategies — at baseline. Second, the chapter
analyses the effects of the PD programme on teachers’ observed implementation of
differentiation. Chapter 4 investigates the effects of the PD programme on student
achievement. Latent growth models were used to evaluate the short-term and long-term
effects on mathematics achievement growth after controlling for nonverbal intelligence
and working memory. Chapter 5 investigates the longitudinal and potentially reciprocal
relations between achievement and several aspects of motivation for mathematics (self-
efficacy, self-concept, task value, and mathematics anxiety). First, a mediation model
in which the motivational variables were modelled as mediators between previous and

subsequent achievement was developed in the total sample. Second, multiple-group

Differentiation in primary
mathematics education

Goal N°1 Goal N2 Goal N°3
Specification Implementation Professional
development
Chapter 2
(Stu%y 1) Chepte’ 3 Chapter 4
Self-reported Observed Student Student
achievement motivation
Chapter 2 Chapter 3
(Study 2)
Goal N°4
Chapter 5

Figure 1.2 Overview of the topics and structure of this dissertation.
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modelling was used to investigate whether the relations between achievement and
motivation (as specified in the final model) were similar or different for students of diverse
achievement levels. Finally, Chapter 6 provides a general summary and discussion of all

chapters in this dissertation.
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Chapter 2

Abstract

The diversity of students” achievement levels within classrooms has made it essential
for teachers to adapt their lessons to the varying educational needs of their students
(‘differentiation’). However, the term differentiation has been interpreted in diverse ways
and there is a need to specify what effective differentiation entails. Previous reports of
low to moderate application of differentiation underscore the importance of practical
guidelines for implementing differentiation. In two studies, we investigated how teachers
should differentiate according to experts, as well as the degree to which teachers already
apply the recommended strategies. Study 1 employed the Delphi technique and focus
group discussions to achieve consensus among eleven mathematics experts regarding a
feasible model for differentiation in primary mathematics. The experts agreed on a five-
step cycle of differentiation: (1) identification of educational needs, (2) differentiated goals,
(3) differentiated instruction, (4) differentiated practice, and (5) evaluation of progress
and process. For each step, strategies were specified. In Study 2, the Differentiation Self-
Assessment Questionnaire (DSAQ) was developed to investigate how teachers self-assess
their use of the strategies recommended by the experts. While teachers (N = 268) were
moderately positive about their application of the strategies overall, we also identified
areas of relatively low usage (including differentiation for high-achieving students) which
require attention in teacher professional development. Together, these two studies
provide a model and strategies for differentiation in primary mathematics based on expert
consensus, the DSAQ which can be employed in future studies, and insights into teachers’

self-assessed application of specific aspects of differentiation.
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2.1 Introduction

Every day, primary school teachers are faced with the task of teaching students of diverse
academic ability and achievement levels. Therefore, teachers should adapt their lessons
to the diverse educational needs of their students (Corno, 2008). Such adaptations are
often promoted using the term differentiation or differentiated instruction, defined by
Tomlinson et al. (2003, p.120) as “an approach to teaching in which teachers proactively
modify curricula, teaching methods, resources, learning activities, and student products to
address the diverse needs of individual students and small groups of students to maximise
the learning opportunity for each student in a classroom”.

The international trend towards inclusive education makes the need for differentiation
especially urgent. Within response to intervention models, general education teachers are
required to provide both universal support —i.e., a good general education for all students
(Tier 1) — and targeted support (Tier 2) such as small-group instruction for struggling
students (Fuchs & Fuchs, 2007; McLeskey & Waldron, 2011). Small-group or individual
interventions carried out by an educational specialist (Tier 3) are only available for a limited
number of students whose problems persist despite the supports provided by the general
education teacher. Thus, general education teachers have the primary responsibility for
providing a good education to all students, regardless of their achievement level.

Attending to the educational needs of students with a broad range of ability and
achievement levels is a challenge for teachers. Successful differentiation requires advanced
subject matter knowledge, pedagogical skills and classroom management skills (VanTassel-
Baska & Stambaugh, 2005). Consequently, a need for professional development in the
area of differentiation has been identified repeatedly (Johnsen, Haensly, Ryser, & Ford,
2002; Inspectie van het Onderwijs, 2012; VanTassel-Baska et al., 2008).

To design effective professional development programmes, it is important to know
what teachers should do in their day-to-day teaching to differentiate their lessons for
students of diverse achievement levels. What constitutes best practice? In two studies, we
investigated how teachers should differentiate according to experts as well as the degree
to which teachers already apply the recommended strategies. The focus was exclusively on
mathematics since strategies for differentiation may vary across subject areas. Moreover,
domain-specific guidelines or strategies tend to be more concrete and may therefore
provide stronger guidance to teachers.

Differentiation is an umbrella term that may be used to refer to one or several of a
variety of instructional modifications. It may involve modifications of the content (what
students learn), the process (how they learn it), or the product of learning (how students
demonstrate their learning) (Tomlinson, 2005). Various student characteristics may serve
as a ground for differentiation. For example, Tomlinson et al. (2003) distinguish between

differentiation by student readiness (representing the current level of knowledge and
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skills in the subject area), learning profile (a student’s preferred ways of learning, such as
a preference for visual input) and interest (topics about which the student wants to learn
more).

In the current study, the focus is on differentiation by student readiness. Readiness
is influenced by a child’s natural ability as well as learning experiences and is reflected in
the child’s current knowledge and skill level. The importance of differentiation by student
readiness is supported by the theoretical constructs of the zone of proximal development
(Vygotsky, 1978), challenge-skill balance (Csikszentmihalyi, 1990), aptitude-treatment
interaction (Cronbach & Snow, 1977), and adaptive teaching (Corno, 2008). Vygotsky
(1978) stated that learning occurs when a child engages in activities that fall within its
zone of proximal development (ZPD), i.e. that are slightly more difficult than what the child
already masters independently. When children within one classroom have widely varying
readiness levels, their zones of proximal development also differ. A task that is just within
reach for average-achieving students (i.e. in their ZPD) may be too difficult for children
with lower readiness levels when the gap between existing knowledge and skills and
the task is too big. Conversely, children with higher readiness levels may already master
the task and in this case they are not challenged to reach beyond what they can already
do. This implies that children within the same classroom may need different instructional
treatments to work in their ZPD. To work in the ZPD, the skill level of the students should
be in balance with the difficulty level of the tasks. Such a challenge-skill balance may
result in effective and engaged learning, while tasks that are much too difficult or too
easy may lead to frustration, boredom, and withdrawal from learning (Csikszentmihalyi,
1990). Additionally, certain characteristics of the learning environment may be useful for
some learners but not for others, depending on the aptitude of the student (Cronbach
& Snow, 1977). Because of the variation in student aptitudes and the resulting diversity
of educational needs, teachers should adapt education to the needs of their students
(Corno, 2008). What these theories have in common is the idea that students with different
readiness levels have different educational needs and that instruction should be matched
to these needs, which is exactly what differentiation aims to do.

Roy, Guay, and Valois (2013) took a step towards clarification of the term
differentiation by identifying two main components of readiness-based differentiation:
academic progress monitoring and instructional adaptations. Ideally, the developments in
students’ achievement or understanding are closely followed, for example using frequent
formal or informal tests, and adaptations are then made to ensure a good fit between the
readiness of the student and the instruction.

Most approaches to differentiation include these two components in some way.
Nevertheless, the way in which progress is monitored and the nature of instructional

adaptations strongly vary across intervention studies (e.g. Brown & Morris, 2005; McDonald
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Connor et al., 2009; Reis, McCoach, Little, Muller, & Kaniskan, 2011; Tieso, 2005; Ysseldyke
& Tardrew, 2007). Students’ achievement may be measured with standardised, curriculum-
based, or informal assessments. In some cases, the results of these assessments are used
to determine the instructional treatment for an extended period of time (weeks or months)
whereas other interventions continuously monitor progress and adapt the instructional
treatment accordingly. Adaptations may be at the level of individual students or subgroups
of students. When grouping is used, such groups may be between-class or within-class,
fixed or flexible (Tieso, 2003). Adaptations may entail modification of the amount of
instruction, the content or type of instruction, the content or type of independent practice
tasks, or combinations of these elements. Given the diverse interpretations of the term
differentiation, there is a need to specify what effective differentiation entails.

One line of research has examined the effects of various types of ability grouping.
The best results are obtained when students can switch between groups based on changes
in their educational needs (the progress monitoring component of differentiation) and
when instruction is tailored to the needs of the students in the groups (the instructional
adaptations component) (Kulik & Kulik, 1992; Lou et al., 1996; Slavin, 1987; Tieso,
2003). When these conditions are met, homogeneous within-class ability grouping has
demonstrated positive effects on student achievement across multiple studies (Kulik &
Kulik, 1992; Lou et al., 1996; Slavin, 1987; Tieso, 2005). In contrast, slight negative effects
of within-class ability grouping in primary school were found across three studies in which
variations in instructional treatment were not explicitly described (Deunk, Doolaard, Smale-
Jacobse, & Bosker, 2015). So, it seems to be important to use the grouping arrangement
as a means to provide the different subgroups with the instruction that they specifically
need, i.e. to differentiate instruction. Another issue in the literature on ability grouping is
the potential existence of differential effects, i.e. different effects for students of different
ability levels. While Slavin (1987) reported a higher median effect size for low-ability
students than for average-ability and high-ability students, other reviews have found
different patterns with smaller or even negative effects for low-achieving students (Deunk
etal., 2015; Kulik & Kulik, 1992; Lou et al., 1996). More research is necessary to determine
in which situations such differential effects may arise.

A recent review (Deunk et al., 2015) examined the effects of various readiness-
based differentiation practices on student achievement. Although the authors aimed to
include all high-quality studies published about this topic since 1995, only sixteen studies
about differentiation in primary school could be included. Most of these sixteen studies
were either too narrow (ability grouping without explicit instructional differentiation) or
too broad (interventions in which differentiation was one of several components of a
comprehensive school reform initiative) to be informative about the effects of differentiation

on student achievement. However, promising results were obtained with two computerised
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interventions for differentiation: Individualizing Student Instruction (McDonald Connor,
Morrison, Fishman, Schatschneider, & Underwood, 2007; McDonald Connor etal., 2011a;
McDonald Connor et al., 2011b) and Accelerated Math (Ysseldyke et al., 2003; Ysseldyke
& Bolt, 2007). The Individualizing Student Instruction programme provides the teacher
with recommendations about the amount and type of literacy instruction needed by
individual students based on their scores on a computerised test. Accelerated Math is a
technological application which continuously monitors students’ progress, adapts practice
tasks to students’ individual skill level, and informs the teacher when students struggle
with certain types of problems. Both of these interventions, which clearly contain both
components of differentiation (progress monitoring and instructional adaptations), have
demonstrated significant positive effects across multiple studies.

Prior research has shown that there is room for improvement in teachers’ implementa-
tion of differentiation. The Dutch Inspectorate of Education recently found that adequate
adaptations to diverse educational needs are only made at about half of the schools
(Inspectie van het Onderwijs, 2012). In US middle schools, both teachers and students
reported low usage of differentiation strategies (Moon, Callahan, Tomlinson, & Miller, 2002).
In a recent study on Canadian elementary schools, teachers self-reported moderate use
of differentiation strategies, but strategies requiring more time to implement were used
relatively infrequently (Roy et al., 2013). Similarly, studies about adaptations for students
with learning disabilities found that teachers tend to implement typical adaptations
which can be easily implemented for all students rather than specialised adaptations, i.e.
adaptations targeted at the unique educational needs of individual students (McLeskey &
Waldron, 2002, 2011; Scott, Vitale, & Masten, 1998). However, a recent study carried out
in Finland found that teachers do provide more individual support to struggling students
(Nurmi etal., 2013). For high-achieving or gifted students, low levels of differentiation have
generally been found (Reis et al., 2004; Westberg, Archambault, Dobyns, & Salvin, 1993;
Westberg & Daoust, 2003). In sum, prior studies have generally found low to moderate
use of differentiation strategies, although the degree of implementation of differentiation
seems to vary depending on the specific strategies for differentiation examined, the
targeted population of students, and perhaps also the country in which data are collected.
Specialised adaptations as well as adaptations targeted specifically at high-achieving
students seem to be used relatively infrequently.

In conclusion, there is a clear need to apply differentiation based on differences in
students’ readiness and teachers could use some help in doing this. The literature shows
that differentiation should include progress monitoring and instructional adaptations.
However, the ways in which this can be done effectively are less clear. Promising results have
been obtained with two computerised interventions. However, high-quality research about

the achievement effects of interventions in which differentiation is mainly implemented
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by the teacher himself is scarce. There is a need for general guidelines for differentiation
that can be applied in a wide array of schools, independently from curricular methods
or technological applications. Therefore, Study 1 sought to achieve consensus among a
consortium of mathematics experts about a feasible model and associated strategies for
differentiation. Study 2 linked the results of Study 1 to teachers’ daily practice by examining
how teachers self-assess their use of the strategies for differentiation recommended by

the experts.

2.2 Study 1

2.2.1 Aims Study 1

The aim of Study 1 was to operationalise the concept of differentiation by achieving
consensus among a consortium of mathematics experts about a coherent set of strategies
for differentiating primary school mathematics education. The result of the consensus
procedure needed to be feasible for use by general education teachers in daily mathematics
teaching. Additionally, it needed to be applicable in diverse schools, independent from
curricular method.

Expert consensus procedures can be valuable when scientific literature provides
insufficient information to make complex decisions (Landeta, 2006) and have been applied
before to achieve consensus about effective teaching (Teddlie, Creemers, Kyriakides,
Muijs, & Yu, 2006). While several individual experts have made recommendations for
differentiation in primary mathematics in books and journals for practitioners, consensus
among various experts could provide a more solid foundation. For differentiation in
mathematics, teacher educators with expertise in the didactics of primary mathematics are
the relevant group of experts. Teacher educators may have gained practical knowledge
regarding the effectivity and feasibility of diverse strategies for differentiation. Making use
of this experiential knowledge has the potential to complement the scientific literature

and strengthen the link between theory and practice.

2.2.2 Method Study 1

2.2.2.1 Participants

The consortium of experts was designed to include distinguished Dutch pre-service
and in-service teacher educators with a professional focus on mathematics education.
To be eligible for participation, potential members had to be experts in their field, as
demonstrated by their (1) experience in providing pre-service or in-service teacher training
about teaching mathematics (2) regular presence as invited speaker at educational

conferences and (3) role as a consultant to the Ministry of Education, Culture and Science
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to discuss new educational policy. The senior authors approached potential candidates
with these criteria in mind. All experts who were invited to participate agreed to join the
consortium.

This resulted in a consortium of eleven experts (seven men, four women) representing
eight large national and regional institutes for pre- and in-service teacher training spread
across the Netherlands. The members had experience in at least two of the following areas:
in-service teacher training for mathematics (M = 8.6 years, SD = 8.5 years), pre-service
teacher training for mathematics (M = 5.4 years, SD = 6.3 years), carrying out educational
evaluation studies (M = 25.0 years, SD = 21.2 years) and teaching (M = 5.7 years, SD =
5.4 years). The current daily work of the consortium members included educating pre-
service teachers, providing professional development for in-service teachers, and guiding

schools in the implementation of new educational approaches including differentiation.

2.2.2.2 Consensus procedure
Focus group discussions (Liamputtong, 2011) and the Delphi method (Hasson, Keeney, &
McKenna, 2000) were used to investigate the experiential knowledge of the experts on
differentiated mathematics education systematically. Focus group discussions are structured
discussions with a group of persons involved in the topic in which certain roles (e.g. a
discussion leader, a timekeeper and a secretar