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Abstract 

We are currently witnessing an increase of international interest in mathe-
matics education, fueled partly by the growing concerns of students’ declin-
ing results, but also by changed perceptions of what mathematics students 
should master. In response, many initiatives have appeared in order to move 
away from traditional to more inquiry based approaches to teaching. Though 
several small-scale studies have contributed much to the understanding on 
how to support teachers in this work, there is still a lack of research conduct-
ed on a larger scale. Therefore, the aim of this thesis is to add to the 
knowledge of how to support instructional improvement at scale. This is 
done by focusing on two common approaches to support mathematics teach-
ers’ development of reform based practices: teacher professional develop-
ment [PD] programs and curriculum materials. The thesis builds on four 
papers which are all connected to a project aiming at improving the mathe-
matics instruction in a large Swedish municipality. The project includes a 
PD-program for almost 400 elementary teachers and the mathematics curric-
ulum materials that teachers are using play a central role in the program. The 
first two papers focus on curriculum materials either by using surveys to 
compare teachers’ views of the support offered in the materials and their 
reported mathematics instruction, or by conducting textbook analyses to 
characterize how some commonly used materials communicate about, for 
example, goals of lessons. The results demonstrate that teachers using differ-
ent materials experience different levels of support from them and also show 
variations in their reported instruction. These differences are further reflect-
ed in the textbook analyses which show that the materials offer teachers var-
ious support, for example regarding how they communicate about goals. The 
last two papers focus on teacher PD-programs either by comparing the ef-
fects of two programs on student achievement, or by using surveys to exam-
ine teachers’ views of one of the programs and its impact on their reported 
instruction. The results indicate that the two PD-programs have affected 
students’ achievement in different ways, demonstrating both decline and 
improvement. Even within the programs differences are revealed between 
students at the primary and secondary levels. These variations are further 
present in the teacher surveys, where the results show differences between 
teachers from different grade-levels. By drawing on the literature review and 
the results of the papers, the thesis ends with a discussion of possible elabo-
rations of a widely used core conceptual framework for studying teacher PD. 



To Mattias 





List of Papers 

This thesis is based on the following papers, which are referred to in the text 
by their Roman numerals. 

I Neuman (Lindvall), J., Hemmi, K., Ryve, A., & Wiberg, M. 
(2015). Mathematics textbooks’ impact on classroom instruc-
tion: Examining the views of 278 Swedish teachers. In H. 
Silfverberg, T. Kärki & M. S. Hannula (Eds.). Studies in Sub-
ject Didactics 10. Nordic Research in Mathematics Education - 
Proceedings of NORMA14, Turku, June 3-6, 2014. Turku, Fin-
land: University of Turku. 

II Van Steenbrugge, H., Lindvall, J., Remillard, J., Bergqvist, T., 
& Ryve, A. (2015). Designing elementary mathematics curricu-
lum programs to accommodate a flexible use by a range of 
teachers. Manuscript in preparation. 

III Lindvall, J. (in press). Two large-scale professional develop-
ment programs for mathematics teachers and their impact on 
student achievement. International Journal of Science and 
Mathematics Education. 

IV Lindvall, J. (in press). Large-scale professional development 
and its impact on mathematics instruction: Differences between 
primary and secondary grades. Paper submitted to the tenth re-
search seminar of the Swedish Society for Research in Mathe-
matics Education, MADIF 10. Sweden: Karlstad, 26-27 January 
2016. 

Reprints were made with permission from the respective publishers. 





Contents 

1 Introduction ............................................................................................. 9 
1.1 Aim of the thesis ............................................................................ 11 
1.2 Connections between the papers .................................................... 12 
1.3 Structure of the thesis .................................................................... 13 

2 A conceptual framework for studying teacher professional development 
......................................................................................................... 15 

2.1 Core critical features of effective professional development ........ 16 
2.1.1 Content focus ......................................................................... 17 
2.1.2 Active learning ....................................................................... 18 
2.1.3 Coherence............................................................................... 18 
2.1.4 Duration ................................................................................. 18 
2.1.5 Collective participation .......................................................... 19 

2.2 An operational theory for studying the impact of professional 
development ......................................................................................... 20 
2.3 The role of curriculum materials within the framework ................ 21 
2.4 Limitations of the framework ........................................................ 23 

3 Methodology ......................................................................................... 25 
3.1 The educational context in Sweden ............................................... 25 

3.1.1 Mathematics teachers and their education ............................. 25 
3.1.2 The national curricula and curriculum reforms ...................... 26 
3.1.3 Mathematics classroom instruction ........................................ 26 
3.1.4 Instructional improvement efforts in mathematics................. 27 
3.1.5 The role of mathematics curriculum materials ....................... 28 

3.2 The professional development program ........................................ 29 
3.2.1 The professional development program’s theory of teacher 
change ............................................................................................. 30 
3.2.2 The professional development program’s theory of 
instruction ....................................................................................... 32 

3.3 Data collection and analysis .......................................................... 35 
3.3.1 Analyzing curriculum materials ............................................. 35 
3.3.2 Measuring professional development .................................... 38 

3.4 Ethical considerations .................................................................... 41 
3.4.1 Research ethics ....................................................................... 42 
3.4.2. Professional ethics ................................................................. 43 



3.5 Validity and reliability ................................................................... 44 
3.5.1. Validity and reliability in surveys ......................................... 45 
3.5.2 Validity and reliability in tests ............................................... 46 
3.5.3 Validity and reliability in textbook analyses .......................... 47 

4 Summary of the papers .......................................................................... 49 
4.1 Summary of Paper I ....................................................................... 49 
4.2 Summary of Paper II ...................................................................... 50 
4.3 Summary of Paper III .................................................................... 51 
4.4 Summary of Paper IV .................................................................... 52 

5 Conclusions and discussion ................................................................... 55 
5.1 Elaborating on Desimone’s framework ......................................... 55 

5.1.1 Elaborating on content focus .................................................. 56 
5.1.2 Elaborating on coherence ....................................................... 58 

5.2 Discussion of the methodology ..................................................... 61 
5.3 Contributions ................................................................................. 63 
5.4 Future research .............................................................................. 64 

Sammanfattning på svenska ..................................................................... 65 

Acknowledgements .................................................................................. 67 

References ................................................................................................ 69 



 

9 
 

1 Introduction 

Today we ask more of our public schools than ever before, especially when 
it comes to the subject of mathematics. In the past few decades, the percep-
tions of what mathematics students should master and how they should learn 
it have changed, and in the light of this, there is a necessity to move away 
from traditional to more inquiry-based approaches to teaching (Clewell, Co-
hen, Campbell, & Perlman, 2005; Goldsmith, Doerr, & Lewis, 2013). In 
view of these changes, many countries have adopted new standards which 
put greater expectations on students and focus on higher order skills and 
conceptual understanding (e.g., Boesen et al., 2014; Marrongelle, Sztajn, & 
Smith, 2013). These kinds of initiatives aim at improving mathematics 
teaching, not only at a small number of schools, but on a larger scale. How-
ever, to reform mathematics teaching and enhance students’ achievement, it 
is not enough to introduce new curricula (Boesen et al., 2014; Cohen & Hill, 
2000). Changes in classroom practices are ultimately dependent on the 
teachers (Borko, 2004) and for them to carry out instruction in line with the 
rather ambitious goals is hard without access to adequate support. Two 
common ways to support teachers’ development of the instructional practic-
es advocated are curriculum materials1 (Ball & Cohen, 1996; Remillard, 
2005; Stein & Kaufman, 2010; Stein & Kim, 2009) and professional devel-
opment [PD] programs (Borko, 2004; Desimone, 2009; Kennedy, 1998, 
2016; Scher & O'Reilly, 2009). 

To begin with, curriculum materials have for a long time been regarded as 
a key vehicle to affect large-scale instructional reforms in mathematics 
(Stein & Kaufman, 2010; Stein & Kim, 2009). In recent years, a stronger 
interest can be seen in studying not only what students learn from working 
with the materials, but also how teachers learn and make use of them (Fan, 
Zhu, & Miao, 2013; Gueudet, Pepin, & Trouche, 2012; Remillard, Herbel-
Eisenmann, & Lloyd, 2009). Therefore, more and more emphasis is put on 
so-called educative curriculum materials (c.f. Davis & Krajcik, 2005), cur-
riculum materials that should help teachers to develop both general 
knowledge which they can apply flexibly in new classroom situations and 

                                                      
1 I acknowledge that the term “curriculum materials” have been used with various definitions. 
In this thesis I follow the definition in Remillard (2005, p. 213) and use the term to refer to 
“printed, often published resources designed for use by teachers and students during instruc-
tion”.  
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support them in specific instructional decision making. Such materials, 
which have the potential to support teachers’ enactment of the instructional 
practices advocated in the curricula reforms mentioned, have been developed 
in several countries (Remillard, 2005). Yet, as stated in both Stein and 
Kaufman (2010) and Stein and Kim (2009), curriculum materials alone seem 
to have a limited influence on teachers’ classroom practices. Instead, teach-
ers are likely to need additional support, for example continuing professional 
development [PD], in how the use the resources effectively in developing 
their mathematics teaching (Cobb & Jackson, 2011; Saxe, Gearhart, & Nasir, 
2001). 

As with curriculum materials, PD for teachers has also been regarded as a 
key to improving the quality of instruction (Borko, 2004; Desimone, 2009). 
In several countries substantial resources are therefore spent on PD-
programs for mathematics teachers (e.g., Birman et al., 2007; Swedish 
Ministry of Education, 2012). Research within the area is advancing, and 
today there seems to be a general agreement on some core critical features of 
effective PD. For example, that it should be sustained, consistent with state 
policies and concentrated to a particular subject content as well as how to 
teach it (e.g., Desimone, 2009; Marrongelle et al., 2013; Timperley, Wilson, 
Barrar, & Fung, 2007; Wayne, Yoon, Zhu, Cronen, & Garet, 2008). Howev-
er, voices are being raised that the existing research on teacher PD only has a 
limited capacity to support practice and policy (Blank & de las Alas, 2009; 
Bryk, Gomez, Grunow, & LeMahieu, 2015; Wayne et al., 2008). Although 
several small-scale studies of teacher PD have shown great improvement on 
students’ results (see examples in Kennedy, 2016; Yoon, Duncan, Lee, 
Scarloss, & Shapley, 2007), the general effects of PD on student achieve-
ment appear to be small and anything but cost-effective (Harris & Sass, 
2011). One explanation of this could be that the studies conducted have often 
taken place in favorable settings, including small groups of teachers volun-
teering for PD and programs led by the designers (Wayne et al., 2008).  As 
argued by Cobb and Jackson (2011), current research on instructional im-
provement in mathematics education has mainly focused on supporting 
smaller groups of teachers’ learning. Though these studies have contributed 
much to our understanding, we still need more knowledge regarding teacher 
PD offered on a larger scale, with non-volunteers and in multiple contexts 
(Cobb & Jackson, 2011; Goldsmith et al., 2013; Marrongelle et al., 2013; 
Wayne et al., 2008; Yoon et al., 2007). This thesis can be seen as one piece 
in an attempt to respond to these calls. 

As a base of the thesis, which allows for investigating phenomena con-
nected to supporting instructional improvement at scale, lies a combined 
research and development project, Count on Västerås [CoV], which includes 
a year-long PD-program for mathematics teachers. Curriculum materials, 
mainly students’ textbooks and the accompanying teacher guides, play a 
central role in the PD-program and the reasons for these are several. Firstly, 
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the curriculum materials teachers use have been shown to greatly impact 
instruction, though not always in line with the visions of the designers 
(Remillard, 2005; Remillard, Herbel-Eisenmann, & Lloyd, 2009). Secondly, 
when planning for and conducting mathematics instruction, teachers in Swe-
den use mathematics textbooks to a high extent (Boesen et al., 2014; 
Johansson, 2006). Thirdly, some curriculum materials have the potential to 
support teachers in developing their mathematics instruction (Remillard, 
2005; Remillard et al., 2009). However, considering the empowerment cul-
ture in Sweden (c.f. Ryve & Hemmi, 2016) and that teachers in Sweden are 
free to choose which materials they want to use in instruction, teachers are 
not prescribed with a particular textbook series within the PD-program. In-
stead, the program aims at supporting teachers to critically analyze the af-
fordances and constraints offered in the particular textbooks and teacher 
guides that they already use in their mathematics instruction. As argued by 
Brown (2009), designers of teacher-PD need to take into consideration the 
importance of curriculum materials and support teachers in exploring which 
resources to use and how to use them. Considering the role of curriculum 
materials in CoV, together with the fact that the PD-program is conducted in 
multiple contexts (schools with different grade levels, students with different 
socio-economic backgrounds, and so forth) and in collaboration with a large 
number of teachers who are also non-volunteers, it serves as an interesting 
case for studying possible approaches on how to support instructional im-
provement at scale. 

To give the study a theoretical foundation and to guide the methodologi-
cal considerations and decisions, this thesis adopts a widely used core con-
ceptual framework for studying teacher PD. The framework is presented in 
Desimone (2009) and consists of a set of core critical features of effective 
PD as well as a model of how the PD is expected to affect practice. By shar-
ing a conceptual framework, Desimone (2009) argues that the research field 
has a greater potential to improving the conceptualization and methodology 
for studying teacher PD-programs and building a consistent knowledge base. 
Therefore, she recommends the framework to be used in all empirical causal 
studies of teacher PD. However, as mentioned by Desimone (2009, p. 186) 
herself, the framework is basic and “it is clear there are several potentially 
important components not included in the base model (…), as they have not 
yet been subject to much impact research”. One of these identified compo-
nents is the role of curriculum materials and future research is therefore en-
couraged to elaborate on the framework.  

1.1 Aim of the thesis 
The overarching aim of this thesis is to contribute to the knowledgebase on 
how to support instructional improvement at scale. This is done by focusing 
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on the possible support that both curriculum materials (Paper I and II) and 
PD-programs (Paper III and IV) can provide for teachers in carrying out rich 
mathematics instruction2. Drawing on the literature review and the results of 
the papers in the thesis, the purpose of the kappa3 is to deepen the knowledge 
of some core critical features of effective teacher PD by discussing possible 
elaborations of Desimone’s (2009) conceptual framework. 

1.2 Connections between the papers 
This thesis focuses on how teachers can be supported in the development 
and reorganization of mathematical classroom practices. Bearing in mind (1) 
the importance of curriculum materials in teacher PD-programs already dis-
cussed, (2) the extended use of textbooks in mathematics instruction (Mullis, 
Martin, Foy, & Arora, 2012), (3) that most studies have focused on students’ 
materials (e.g., textbooks) and to a lesser extent on the teachers’ materials 
(e.g., teacher guides) (Stein & Kim, 2009) and (4) the need for more 
knowledge of how curriculum materials can be designed to accommodate 
teachers’ needs in instruction (Brown, 2009), a decision was made to further 
investigate the design and usage of the curriculum materials most commonly 
adopted in the municipality. The first two papers in this thesis (I and II) are a 
result of some of these studies undertaken at the University. The first paper 
(I) took the perspective of the teachers and aimed at studying how teachers 
perceived the support offered in the curriculum materials they use as well as 
whether the choice of materials affected their reported mathematics instruc-
tion. In the second paper (II), the perspective was changed and the focus was 
put on what kind of support is actually offered in the materials. More specif-
ically, the study aimed at investigating how curriculum programs can be 
supportive to a range of teachers by investigating how the materials present 
information and how they communicate with the teachers about, for exam-
ple, the goals of the lessons. The results of the studies on curriculum materi-
als carried out at the University affected to a large extent the content of the 
teacher PD-program in CoV. 

The two remaining papers (III and IV) in this thesis focus on teacher PD-
programs and how they can support teachers in developing their mathemat-
ics instruction. The aim of Paper III is to investigate the impact of two dif-
ferent PD-programs on students’ results. By comparing the PD-program in 
CoV with another large-scale PD-program carried out in the municipality, 
the study provided an interesting opportunity to discuss possible explana-

                                                      
2 The concept of rich mathematics instruction is further elaborated on in section 3.2.2 in this 
thesis 
3 In the absence of a short English term to refer to the introductory chapter of a compilation 
thesis the Swedish term kappa is used in this thesis 
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tions for the findings, especially regarding the differences in changes in stu-
dents’ results between both the PD-programs and between the various grade 
levels. Considering the differences found between the grade levels in the 
PD-programs’ impact on student achievement, the last paper (Paper IV) in 
the thesis set out to examine and compare how the teacher PD-program in 
CoV supported and affected changes in the participating primary respective-
ly secondary level teachers’ reported mathematics instruction. 

1.3 Structure of the thesis 
This thesis consists of four papers and a kappa, whereby the kappa consists 
of five chapters. This first chapter gives a brief introduction, articulates the 
aims of the thesis and describes the connections between the four papers. 

Chapter 2 outlines Desimone’s (2009) core conceptual framework for 
studying teacher PD, which is used throughout the thesis. The framework is 
described in relation to relevant research within the field and a separate sec-
tion is devoted to the role of curriculum materials within the framework. In 
addition, possible limitations of the framework are raised. 

Chapter 3 contains the methodology of this thesis and is divided into five 
subsections. First of all, the Swedish educational context is described. Sec-
ondly, the PD-program in CoV is characterized by using Desimone’s (2009) 
framework. Thirdly, the methods and procedures used for data collection and 
analysis are described. Fourthly, the ethical considerations that have been 
taken are discussed. Fifth and finally, the validity and reliability of the stud-
ies are reflected upon. 

Chapter 4 consists of a summary of the four papers in which the results 
have the most prominent position. 

Finally, in Chapter 5, conclusions from the results of the papers, as well 
as previous research, are discussed in relation to possible elaborations of 
Desimone’s (2009) framework. Thereafter follows a critical reflection of the 
methodology and lastly, some suggestions for future research are made. 
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2 A conceptual framework for studying 
teacher professional development 

In the research field of teacher PD, different models have been used to de-
scribe the relationship between PD, teachers, instruction and student out-
comes. However, though many models include these four components, or 
similar, they differ in how the components are assumed to relate to and af-
fect one another. For example, some propose slightly more complex and 
cyclic models with links between all of the four components mentioned 
(Clarke & Hollingsworth, 2002), or some (Fishman, Marx, Best, & Tal, 
2003). Others (e.g., Guskey, 2002b; Scher & O'Reilly, 2009) propose linear 
models, though the order of the components may differ. In examining the 
current literature about PD for mathematics teachers, Sztajn, Campbell, and 
Yoon (2009) noted that there was no consistent use of a framework for de-
scribing different PD initiatives. Similar arguments are also brought up in 
Schoenfeld (2015) as well as Scheerens (2010), and the issue is considered 
to be a major obstacle to both theoretical and empirical progress in the re-
search field of teacher PD. Desimone (2009) draws the same conclusion and 
suggests that one of the reasons for the rather vague guidelines on designing 
“good” teacher PD-programs might be that there is little agreement on how 
to assess the quality of such programs. In other words, the lack of a common 
language may restrain both researchers and other central actors from devel-
oping PD-programs that support teachers in carrying out the required in-
structional changes and improving students’ results. For example, without a 
set of shared core critical features, it is hard to translate the complex learning 
opportunities for teachers in PD-programs into measurable phenomenon and 
especially, for researchers to build on each other’s results. Therefore, with-
out a shared framework, there could be only limited opportunities for ad-
vancement in the research field.  

In the light of these arguments, this thesis adopts the core conceptual 
framework for studying teacher PD proposed by Desimone (2009). The 
framework consists of two components, where the first one involves identi-
fying a set of core critical features of effective PD and the second one is to 
establish an operational theory for how the PD is assumed to work to influ-
ence teachers, instruction and students. The reasons for choosing this 
framework are several. First of all, research is a cumulative process in which 
scholars build on each other’s studies to achieve more and deeper 
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knowledge. This process is facilitated by a common language, such as a 
shared framework. The article by Desimone (2009) is widely used in studies 
on teacher PD, as proven by its many citations, and could therefore function 
as a common base or language. Secondly, though not exhaustively tested, the 
framework has received support from several studies linking PD-programs 
with both teachers’ and students’ outcomes (e.g., Desimone, Porter, Garet, 
Yoon, & Birman, 2002; Penuel, Fishman, Yamaguchi, & Gallagher, 2007). 
Thirdly, similar models have been used in numerous studies of teacher PD 
(e.g., Blank & de las Alas, 2009; Scher & O'Reilly, 2009; Yoon et al., 2007). 
Fourthly, a framework for evaluating PD should describe (1) what effective 
PD is, (2) how it is supposed to affect teachers, instruction and students and 
(3) the contextual factors that could impact the PD. As argued by Kang, Cha, 
and Ha (2013), the framework by Desimone (2009) includes all of these 
three aspects.  

 However, as argued by Desimone (2009) herself, due to limited empirical 
evidence the framework lacks several potentially important components, 
such as the role of curriculum materials in implementation. Therefore, the 
framework is not to be seen as a monolithic approach, but instead as a core 
base that supports adaption and customization to different contexts. Consid-
ering the emphasis on curriculum materials in CoV, together with the fact 
that curriculum materials typically form a central component in initiatives to 
improve mathematics instruction (Ball & Cohen, 1996; Cobb & Jackson, 
2012), this thesis uses Desimone’s (2009) framework as a base, but with the 
addition of curriculum materials having a more prominent role than in the 
original framework. The framework will be used with three different func-
tions. First of all, in this chapter of the thesis, it will be employed to structure 
the chapter and to outline relevant research on teacher PD. Secondly, it will 
be used to characterize the teacher PD-program in CoV (see section 3.2 in 
this thesis). Thirdly, it will act as an object of study itself, as the results of 
the papers (I-IV), together with other relevant research, will be used to dis-
cuss possible elaborations of the framework (see section 5.1 in this thesis). 

2.1 Core critical features of effective professional 
development 
Starting with Kennedy’s (1998) review of teacher PD-programs in science 
and mathematics education almost two decades ago, scholars have increas-
ingly discussed and studied various characteristics of effective PD. By draw-
ing on several bodies of theory and correlational and case study evidence, 
recent research seems to points towards a larger agreement on some core 
critical features (Wayne et al., 2008; Yoon et al., 2007). In the light of this, 
Desimone (2009) argues that there exists a research consensus on at least 
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five core critical features of PD that have been associated with changes in 
teacher knowledge and practice and, to a lesser extent, student achievement. 
These features are (a) content focus, (b) active learning, (c) coherence, (d) 
duration and (e) collective participation. 

2.1.1 Content focus 
The first characteristic, referred to as content focus, may be the most influen-
tial factor of PD-programs impact on teacher learning and student achieve-
ment (Desimone, 2009; Kennedy, 1998; Timperley et al., 2007). An obvious 
question then becomes; What type of content should be rewarded in PD for 
mathematics teachers? 

As argued by Ball, Thames, and Phelps (2008) the domains of mathemat-
ical knowledge for teaching includes both subject matter knowledge and 
pedagogical content knowledge [PCK], in which the latter concerns the 
mathematical content in relation to knowledge of the curriculum, students in 
class and teaching. Thus, it is not enough for teachers to possess a general 
knowledge of teaching, but this knowledge must also be linked to a particu-
lar subject. Similarly, teachers need not only to be knowledgeable in their 
subject, but must also be able to teach it.  These statements are further sup-
ported by empirical evidence, where a number of reviews and meta-analysis 
(e.g., Clewell et al., 2005; Kennedy, 1998; Salinas, 2010; Scher & O'Reilly, 
2009; Slavin & Lake, 2008) suggest that PD-programs addressing both the 
subject-specific content and the pedagogy are the most effective ones when 
trying to improve student results. Still, in teacher preparation programs focus 
tends to be put on subject matter courses, having little or no connection to 
the classroom teaching (Ball et al., 2008). Even in professional learning 
communities, the literature on teachers’ PCK tend to be neglected (Bausmith 
& Barry, 2011; Van Driel & Berry, 2012).  

Although there seems to be more and more evidence pointing to that ef-
fective PD-programs should focus on teachers’ PCK within a specific sub-
ject, more research within the area is still needed. The concept of PCK is 
broad and Ball et al. (2008) even divide into several subdomains. For in-
stance, previous studies (Britt, Irwin, & Ritchie, 2001; McNeill & Knight, 
2013) have shown that teachers participating in similar PD-programs but 
within different grade levels experience unique challenges that need to be 
addressed for their specific contexts. Also teachers themselves are asking for 
PD that is focused on both the content as well as the grade level they teach 
(Chval, Abell, Pareja, Musikul, & Ritzka, 2008) and it is proposed that fu-
ture research need to address the issue whether PCK is different for teachers 
of different levels (Abell, 2008).  
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2.1.2 Active learning 
Effective PD also includes active learning. This means that teachers should 
have the opportunity to actively engage in meaningful analysis of teaching 
and learning, for example by planning for mathematics instruction, review-
ing student work in the topic area being covered, observing expert teachers 
or being observed (Desimone, 2009; Garet, Porter, Desimone, Birman, & 
Yoon, 2001). However, the fact that teachers are carrying out activities do 
not necessary imply that they are actively engaged in meaningful discussions 
or practice. For instance, Garet et al. (2001) have shown that PD activities 
which are content focused, but do not increase teachers’ knowledge and 
skills, are negatively correlated with changes in their practice. Furthermore, 
Timperley et al. (2007) found that when providers of PD expect teachers to 
implement a set of prescribed practices, the eventual impact on student out-
comes are not sustained ones the providers withdraw. Instead, it is proposed 
that the providers of PD should work together with teachers in more iterative 
ways, taking their classroom context into consideration and involving them 
in discussions based on their immediate problems of practice.   

2.1.3 Coherence 
The third critical feature of effective PD, coherence, is related to two differ-
ent aspects (Desimone, 2009). The first concerns the consistency of teachers 
learning within the PD with their previous knowledge and beliefs. For ex-
ample, the results from a study by Penuel, Fishman, Yamaguchi, and 
Gallagher (2007) suggest that teachers’ judgments about the coherence be-
tween the practices advocated in the PD and their own goals for students 
learning influence their implementation decisions. The second aspect con-
cerns the alignment of school and state policies with what is taught in the 
PD. As mentioned by several scholars (e.g Cobb & Jackson, 2011; Garet et 
al., 2001), the teaching practices advocated in PD, curriculum materials, 
national standards and assessments can facilitate teachers’ efforts of improv-
ing the instructional practice if they provide a set of coherent goals. Howev-
er, if their goals conflict, they may instead constrain teachers’ efforts to de-
velop their teaching practices in a consistent direction.   

2.1.4 Duration 
For the past 15 years, almost all research literature on teacher PD calls for 
PD-programs that are intensive and sustained over time (e.g., Cohen & Hill, 
2000; Garet et al., 2001; Scher & O'Reilly, 2009; Timperley et al., 2007; 
Wayne et al., 2008). These are the two core aspects regarding the fourth 
critical feature: duration (Desimone, 2009). The duration of PD-programs is 
suggested to be important for two reasons (Garet et al., 2001). First of all, 
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longer meetings give teachers greater opportunities to engage in in-depth 
discussions related to the content of the PD. Secondly, activities that are 
sustained over time (e.g., spread over one or several semesters) are more 
likely to give teachers a chance to try out new practices in their classrooms 
as well as obtaining feedback on their instruction.  

Still, even if the duration of teacher PD is generally considered as im-
portant, other factors have been shown to have greater influence on students’ 
results. Several studies (Kennedy, 1998, 2016; Scher & O'Reilly, 2009; 
Timperley et al., 2007) have shown that the PD-programs which provided 
the longest contact-hours were not always the ones that showed the greatest 
effects. Or in other words, the quality of the PD-sessions is more important 
than the quantity. Yet, as mentioned by Timperley et al. (2007), comprehen-
sive timeframes are probably necessary in order to attain PD-programs 
which allow teachers to engage in iterative learning processes that are linked 
to their own practice.  

2.1.5 Collective participation 
The last critical feature of effective PD emphasizes the collective participa-
tion of teachers from the same school, grade level or department (Desimone, 
2009).  PD-programs that are designed for groups of teachers are supposed 
to have several advantages in comparisons with those designed for individu-
al teachers (Garet et al., 2001). Firstly, these kinds of professional learning 
communities enable interaction and discourse among colleagues. Second, 
teachers from the same school or grade level are more likely to share com-
mon curriculum materials, course offerings and assessment systems. Third, 
teachers teaching the same students can engage in discussions around needs 
across grade levels and classes. Fourth, the collective participation of teach-
ers from the same school may support in developing a shared professional 
culture and a common understanding of instructional goals, which in turn 
can help sustain changes in practice over time. 

At the same time, studies have shown that even in communities where 
teachers are given time to work together, significant gains in student 
achievement are not present (Timperley et al., 2007; Vescio, Ross, & 
Adams, 2008). What teachers discuss and the support they are given must 
also be taken into consideration. To begin with, the participating teachers 
need to be willing to openly discuss the issues they encounter in practice 
(Cobb & Jackson, 2011). Further, the discussions should be focused around 
investigating relationships between instructional practice and student learn-
ing (Vescio et al., 2008). Finally, these discussions many times benefit from 
the support of external expertise, such as researchers within the field (Blank 
& de las Alas, 2009; Timperley et al., 2007).  
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2.2 An operational theory for studying the impact of 
professional development 
The first component of Desimone’s (2009) conceptual framework for study-
ing teacher PD concerns the five critical features, whereas the second com-
ponent concerns an operational theory of how the PD is assumed to work to 
influence teachers, students and practice. Such a theory should identify the 
inputs as well as the final and intermediate outcomes of the PD. Moreover, it 
should make out the different variables that mediate and moderate the PD’s 
effects. As the operational theory in her conceptual framework, Desimone 
(2009) presents a basic model as seen in Figure 1.   

 

Figure 1. A core conceptual framework for studying the effects of professional 
development on teachers and students (Desimone, 2009, p.185). 

Essentially, the model reflects that teachers’ experiences from PD (with 
certain core critical features), should results in changes of teachers’ 
knowledge and beliefs, which in turn should foster changes in their instruc-
tional practices that will finally contribute to increased student learning. All 
this further occurs within and is also influenced by the context, such as cur-
riculum materials, student characteristics and the policy environment. 

The model in Figure 1 rests on two theories (Desimone, 2009): a theory of 
teacher change and a theory of instruction. The theory of instruction de-
scribes the links between the specific kinds of instructional practices advo-
cated in the PD and the expected changes in students’ results, whereas the 
theory of teacher change can be defined as the PD’s theory about the features 
of the program that will support teachers learning and stimulate change in 
their knowledge and practice (Wayne et al., 2008). What is important to 
point out regarding the use of the word change is that it can be interpreted in 
many ways. Clarke and Hollingsworth (2002) describe six perspectives on 
teacher change, for example change as something that is done to teachers, or 
change as adoption to changed conditions. In line with their recommenda-
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tion, this thesis adopts a perspective of teacher change as growth. That is, in 
contrast to seeing teachers as passive learners who change is done to, teach-
ers are seen as “active learners shaping their professional growth through 
reflective participation in professional development programs and in prac-
tice” (Clarke & Hollingsworth, 2002, p. 948). 

Desimone´s (2009) use of the concepts theory of instruction and theory 
teacher change in many ways resembles what Kennedy (2016) calls the two 
features of a PD-program’s theory of action. The first feature concerns the 
actual content in the PD-program and is described as the main ideas the pro-
gram offers to teachers and the aspects of practice these ideas hope to im-
prove. It may, for instance, involve how to portray certain curriculum con-
tent to students, or how to contain student behavior. This feature can be 
compared to what Desimone describes as the PD-program’s theory of in-
struction. The second feature in Kennedy’s (2016) theory of action concerns 
how to help teachers enact the ideas advocated in the PD within their own 
ongoing system of practice. It may, for instance, be by prescribing teachers 
how to address a particular teaching problem, or by fostering new insights 
among teachers by raising provocative questions that force them to reex-
amine particular events and come to see them in a different way. This feature 
can be compared to what Desimone describes as the PD-program’s theory of 
teacher change. 

Whether current research on teacher PD rests on strong theories in rela-
tion to teacher change and to instruction is, however, a question on which 
there are different points of views. For example, Wayne et al. (2008) argue 
that, while there is a near consensus of the features of PD worth testing (see 
section 2.1. in this thesis) in relation to the theory of teacher change, the PD 
interventions in recent studies differ widely in relation to their theories of 
instruction. Kennedy (2016), on the other hand, state that though we have 
strong theories about student learning and powerful mathematics classrooms, 
we still do not know much about powerful sites for professional growth and 
how to help teachers incorporate new ideas in their ongoing practice. 

2.3 The role of curriculum materials within the 
framework 
The adopted framework acknowledges that context operates as an important 
mediator and moderator of the effects of the PD (Desimone, 2009).  As ar-
gued by Bryk et al. (2015), quality enactment of instructional practices de-
pends in large measure on local contexts, such as district specific curricula 
and pedagogies. Thus, instructional improvement on a large scale requires 
that the settings in which teachers work should be structured to support their 
enactments of the teaching practices advocated (Cobb & Jackson, 2011). For 
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example, current literature (Bryk et al., 2015; Cobb & Jackson, 2012; 
Timperley et al., 2007) suggests that teachers’ support from school leaders 
and principals in trying to make changes in their mathematics teaching is an 
important aspect to consider in instructional improvement efforts. Further-
more, considering the extensive use of curriculum materials in mathematics 
teaching, the support provided to teachers in these materials may be one of 
the most important factors to consider regarding the context. Some studies 
(DeBoer et al., 2004; Wilson et al., 2009) have even adapted a framework 
similar to Desimone’s (2009) with the difference that the first square con-
tains the PD-program and the curriculum materials teachers are using.  

The past decade, more research has been put on how curriculum materials 
can support teachers learning and enactment of instructional practices, in-
stead of merely pre-scripting instruction. Such materials have been referred 
to as educative (Davis & Krajcik, 2005) and several studies have suggested 
that well-designed curriculum materials may have the potential to support 
teachers in improving their mathematics teaching by providing guidance in, 
for example, anticipating student thinking and attend to the big mathematical 
ideas during lessons (e.g., Davis, Beyer, Forbes, & Stevens, 2011; Sherin & 
Drake, 2009; Stein & Kaufman, 2010; Stein & Kim, 2009). In the light of 
this, it is probably not surprising that several large-scale instructional im-
provement efforts combine teacher PD-programs with an implementation of 
a specific curriculum program to be used by the teachers and their students 
(e.g., Cobb & Jackson, 2012; Stein & Kaufman, 2010). Though, because of 
financial limitations or organizational aspects, this is not always possible. 
This does not, however, mean that PD-programs which do no prescribe 
teachers with a particular textbook and teacher guide can ignore the im-
portance of curriculum materials in instruction. For example, Wilson et al. 
(2009) showed that students whose teachers participated in same PD-
program demonstrated various improvements in results, which could be con-
nected to the support offered in the different curriculum materials the teach-
ers were using.  Because curriculum materials play such a big part in the 
mathematics instruction one must instead take into consideration the materi-
als that the teachers are already using. Brown (2009) even suggests that 
teacher PD-programs should pay special attention to support teachers in ex-
ploring which resources to use as well as how to use them. For example by 
helping teachers link their instructional goals to the specific affordances with 
the curriculum materials they are using and guide teachers in making the 
modifications required to achieve these goals. 

In the light of the arguments presented above, this thesis put a greater 
emphasis on curriculum materials than might be reflected in Desimone’s 
(2009) framework. How this is operationalized in the design and enactment 
of the PD-program in CoV is further described in section 3.2 in this thesis. 
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2.4 Limitations of the framework 
The type of model used in Desimone’s (2009) framework is, however, not 
without its critics. For example, Guskey (2002b) states that changes in 
teachers’ attitudes might come later and as a result of teachers experiencing 
changes in students’ learning outcomes. Others (Clarke & Hollingsworth, 
2002; Fishman et al., 2003) choose to propose cyclic models, arguing that 
teacher change is too complex to be captured in a simple linear model. In 
addition, the relationship between teachers and the resources they use (e.g., 
curriculum materials, PD resources) is complex (Remillard, 2005). Teachers 
bring previous experiences and knowledge into the PD-programs which in 
turn will affect how they interpret and make use of it. Hence, teachers are 
not to be seen as mere implementers of the teaching practices advocated in 
curriculum materials and PD-programs, but rather as active designers of the 
instruction. As argued in Bryk et al. (2015), educational systems are com-
plex systems involving several and densely connected interactions among 
the people engaged in it, the tools they use and the processes in which they 
come to work together. In such systems, it is hard to fully predict the out-
comes that may follow as a result from efforts to change them.  

Furthermore, though the studies on teacher PD-programs conducted dur-
ing the past years (including Desimone’s (2009)) have greatly contributed to 
the understanding of effective teacher PD, there still exists little evidence of 
the links for the whole chain, that is between PD-programs and changes in 
students’ results (Scher & O'Reilly, 2009). Additionally, the framework is 
mainly supported by small-scale studies, and there is still a need for more 
knowledge of PD-programs conducted on a larger scale (Cobb & Jackson, 
2011). 

All frameworks have their strengths and limitations, and though the limi-
tations of Desimone’s (2009) framework are recognized in this thesis, it is 
also acknowledged that without using a shared framework, it is hard for re-
searchers to establish a foundation on which to build a coherent knowledge 
base (Desimone, 2009). Or, in other words, a common language “is essential 
for coordinating improvement in complex systems” (Bryk et al., 2015, p. 
153). Therefore, in the light of the already discussed strengths of Desimone’s 
(2009) framework (see the beginning of section 2 of this thesis), it is argued 
that the framework serves as a useful support and foundation for the studies 
included in this thesis. However, just as in Desimone (2009), it is empha-
sized that the framework should not be seen as fixed and that the proposed 
pathways are interactive and do not prevent the addition of mediating ele-
ments and adaptions to local contexts. For example, in this thesis, the role of 
curriculum materials have a more prominent role than in the original frame-
work. The framework should therefore be seen as a simplified view of the 
reality which is not intended to describe it fully, but rather serve as a useful 
support for studies conducted in complex educational settings.  
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3 Methodology 

This chapter consists of five subsections. In the first section, the Swedish 
educational context in mathematics is described, especially with regard to 
curriculum materials and recent instructional improvement efforts. Secondly, 
the PD-program CoV, which is more or less involved in all of the papers 
included in the thesis, is characterized by using Desimone’s (2009) frame-
work. In the third section, the different methods used for data collection and 
analyses are described and argued for. The fourth section covers the ethical 
considerations made and, finally, the fifth section contains a discussion of 
the validity and reliability of the studies.       

3.1 The educational context in Sweden 
As argued by several scholars (e.g., Borko, 2004; Desimone, 2009; 
Goldsmith et al., 2013; Lloyd, Remillard, & Herbel-Eisenmann, 2009; 
Remillard, 2005; Timperley et al., 2007; Wayne et al., 2008), the role of 
context plays a major part in both mediating and moderating the effects of an 
intervention. Thus, the eventual effects of a PD-program must be understood 
in the light of the contextual factors surrounding it. Therefore, in order to 
interpret the results of the studies in this thesis, and discussing the findings 
in relation to other studies within the field, it becomes important to describe 
the educational context in which the studies were conducted. It is recognized 
that the educational context can be described in many ways including multi-
ple aspects. However, in this section, aspects that will later most probably be 
of particular relevance to the interpretations and discussions of the findings 
from the different studies included in the thesis will be emphasized. 

3.1.1 Mathematics teachers and their education 
The past 30 years, the Swedish educational system has undergone several 
reforms regarding, for example, new teacher education programs, demands 
on teacher certifications as well as new curriculum documents. In the light of 
the amount of reforms it is hard to describe what kind of mathematics educa-
tion a general Swedish elementary school teacher has received. What can be 
established is that teachers at the secondary level (grades 7-9) are usually 
subject specialist, which means that they only teach two to three subjects. 
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The primary level teachers are, in contrast, class teachers which means that 
they are expected to teach a majority of the subject covered in the syllabus. 
This is similar to many other countries in the world, as most primary school 
teachers are educated as generalists (Tatto, Lerman, & Novotná, 2009).   

3.1.2 The national curricula and curriculum reforms 
The past two curriculum reforms took place in 1994 and 2011, when new 
national standards were employed. Regarding the mathematical parts of the 
curriculum documents launched in 1994 by the Swedish National Agency 
for Education (2006), Skolverket in Swedish, they were heavily influenced 
by the NCTM standards (c.f. Boesen et al., 2014). The motives behind the 
reforms were to break with the dominating traditional approach to mathe-
matics teaching mainly focused on procedural knowledge. Instead, the aim 
was to communicate a richer view of what doing mathematics means by also 
emphasizing broader competency goals related to mathematical reasoning, 
communication and problem solving. However, several teachers considered 
these goals as vague and many had limited or non-existent knowledge of 
them (Boesen et al., 2014). Therefore, in the latest curriculum documents 
(Swedish National Agency for Education, 2011a) attempts were not made to 
change the mathematical orientation, but rather to increase the degree of 
concreteness (Swedish National Agency for Education, 2011b). In response 
to this objective, the curriculum documents (Swedish National Agency for 
Education, 2011a) aim to more clearly draw attention to the specific compe-
tencies which the mathematics teaching should give the students opportuni-
ties to develop. These five competencies are expected to permeate all the 
mathematical content and are related to: (1) the formulation and solving of 
mathematical problems, (2) the use and analyze of mathematical concepts, 
(3) the selection of mathematics methods and procedures to solve routine 
tasks, (4) the application of mathematical reasoning and (5) the use of math-
ematical forms of expressions to communicate about calculations and con-
clusions. However, even though the goal with the latest curriculum reform 
was to concretize the mathematical competencies, a recent text-analysis by 
Prytz (2015) suggests that the competency goals have not been clearly linked 
to the mathematical content to be addressed in instruction.  

3.1.3 Mathematics classroom instruction 
That the latest curriculum documents (Swedish National Agency for 
Education 2006, 2011a) places great emphasis on several mathematical 
competencies, such as problem solving and reasoning, does not seem to be 
reflected in actual classroom teaching. A recent study (Bergqvist et al., 2009; 
Boesen et al., 2014) including interviews, surveys and classroom observa-
tions with nearly 200 Swedish elementary grade teachers, shows that the 
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mathematics instruction in Sweden mainly resembles what has been called a 
traditional approach to teaching (see further section 3.2.2 in this thesis). Typ-
ically, teachers begin the lessons by demonstrating a solution to a mathemat-
ical task. Thereafter, students, individually or in small groups, spend the 
remaining parts of the lesson on solving similar procedural tasks derived 
from their textbooks. There are, however, differences to be found between 
different grade levels. In a more detailed analysis of the data-material, 
Bergqvist et al. (2009) showed that the students in grades 4-9 usually spend 
almost 90 % of the mathematical lessons on activities dedicated to procedur-
al competency. For grades 1-3, the corresponding figure is around 50%. 
Moreover, compared with the students in the upper levels, the primary level 
students receive more opportunities to develop additional mathematical 
competencies besides procedural fluency. For example, they spend less time 
on working individually in their textbooks, get more opportunities to develop 
their verbal mathematical communication and are more often asked to argue 
for their mathematical solutions. 

3.1.4 Instructional improvement efforts in mathematics 
In the light of the declining student performance in mathematics (c.f. Mullis 
et al., 2012; OECD, 2014), the Swedish government has, in recent years, 
invested considerable resources in trying to reverse the negative trend. For 
example, in the effort The Mathematics Initiative, municipalities and inde-
pendent schools had the opportunity to apply for financial support to 
strengthen their local development efforts in improving mathematics instruc-
tion. In total, the government assigned schools 42 million EUR during the 
period 2009-2011. The themes for the development projects that were most 
common to seek financial support for where laboratory material, infor-
mation- and communication technology, lessons studies and assessment. 
Although the participating teachers largely experienced increased compe-
tence and altered teaching during the course of the projects, a national evalu-
ation (Swedish National Agency for Education, 2012) shows that, in many 
cases, the changes were not permanent and after the projects the teaching 
went back to normal. What is more, in the evaluation possible explanations 
for the results are highlighted, for example that the projects, in many cases, 
did not strive to develop actual school systems. Instead focus was put on 
developing individual teachers' skills or to purchase teaching materials. 

The most recent improvement effort in mathematics, Boost for Mathemat-
ics, is probably still the most extensive one with a budget of 75 million EUR 
spread over four years. In short, Boost for Mathematics, is a national state-
coordinated PD that during 2012-2016 is provided to nearly all teachers 
teaching mathematics in primary through to upper secondary and adult edu-
cation. The project is run by the Swedish National Agency for Education 
who collaborated with the National Centre for Mathematics Education and 
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several universities in developing the content and a plan for implementation. 
The project includes training for both principals and advisors, but the main 
part is a year-long teacher PD-program. As elaborated on in Paper III, the 
PD-program includes, more or less, all of the five critical features of effec-
tive PD as described in Desimone (2009). To begin with, the program focus-
es on teachers’ PCK in mathematics (content focus) and attention is directed 
to the teaching of both the mathematical content and the mathematical com-
petencies stated in the national curriculum (Swedish National Agency for 
Education, 2011). The latter can also be seen as strengthening the coherence 
of the PD-program with school and state policies. Furthermore, all teachers 
in the participating schools are expected to participate in the PD-sessions 
(collective participation), which take place every week during a whole aca-
demic year (duration). Finally, through and between these sessions, the 
teachers are expected to engage in active learning activities by, for example, 
plan for and conduct mathematical lessons, read short articles and discuss 
around video clips of classroom situations. These discussions are further 
supported by teacher materials provided on a web-based learning platform as 
well as specially trained advisors. For a more thorough review of the PD-
program, see Paper III as well as Boesen, Helenius, and Johansson (2015). 

An extensive evaluation process to evaluate the project in terms of its (1) 
conditions and implementation, (2) impact on instruction and the educational 
and professional learning culture, and (3) impact on student achievement, 
has been initiated. These evaluations are, however, still in progress whereas 
only some reports of the results are currently available (e.g., Ramböll Man-
agement, 2014)4.  

3.1.5 The role of mathematics curriculum materials 
As in many other countries, also elementary grade teachers in Sweden use 
mathematics textbooks to a high extent in their mathematics instruction. The 
results from the countries participating in TIMSS 2011 (Mullis et al., 2012) 
show that, in average, three out of four teachers use the textbook as a base 
for the mathematics instruction, both in the 4th and the 8th grade. For Swe-
den, the corresponding numbers are 89% for teachers at the 4th grade and 
97% for teachers at the 8th grade. This is further supported by the results 
presented in Boesen et al. (2014) which show that the largest part of the in-
structional time in mathematics is dedicated to students’ individual work 
with tasks derived from their textbooks. 

Even though teachers use textbooks to a high extent they have, at least in 
previous years, been talked about in negative terms in both Sweden 

                                                      
4 The results from the teacher surveys in Ramböll Management (2014) are used to discuss the 
findings in paper III. For more information about the results, see paper III and section 4.3 of 
this thesis.  



 

29 
 

(Englund, 1999) and other countries (e.g., Ball & Cohen, 1996). Though, 
this view is perhaps about to change as research has begun to conceptualize 
curriculum materials in terms of their potential for teacher learning (Davis & 
Krajcik, 2005; Remillard et al., 2009). However, in Sweden, this kind of 
approach to curriculum materials seems not yet to have been gaining a 
strong ground in the real-world practice. Teachers’ use and dependence of 
textbooks are often talked about in negative terms (Ryve & Hemmi, 2016) 
and even though teachers use textbooks to a high extent in their mathematics 
instruction, the corresponding teacher-guides are seldom used (Jablonka & 
Johansson, 2010).   

Regarding the choice of curriculum materials, teachers in Sweden are free 
to choose which textbook they want to use in their mathematics instruction, 
or whether they do not want to use a textbook at all. Until 1991 the Swedish 
government analyzed and controlled all the curriculum materials on the mar-
ket with respect to, for example, national curricula, language and objectivity. 
Today, any person may publish materials intended to be used in education 
and the responsibility of examining the curriculum materials rests on the 
teachers and the principals that have decided to apply them in instruction. 
Recently, a number of research studies have shown that the most frequently 
used mathematics curriculum materials in Sweden are of varying quality. For 
example, Ahl’s (2014) analysis of two textbook series for grades 7-9 showed 
that they offer low support for the teaching and learning of proportion and 
proportional reasoning. Another study (Hoelgaard, 2015) focused on teacher 
guides from five commonly used mathematics textbooks for grades 1-3 and 
showed that they offer different and varying degrees of support to teachers: 
some supports instruction where students work individually in their text-
books and others provide teacher guidance in carrying out activities for 
whole-class discussions and reflection about the mathematical content. Fi-
nally, Remillard, van Steenbrugge, and Bergqvist (2014) analyzed common-
ly used teacher guides for grades 4-6 from Sweden, Flanders and the US. 
Their analysis showed that the two Swedish textbooks series differ between 
them regarding the balance of the directive, respectively educative guidance 
that are provided to the teachers.  

3.2 The professional development program 
CoV is a combined research and development project in cooperation be-
tween a large municipality in Sweden, Västerås, and Mälardalen University. 
In designing the project, researchers from the University cooperated with 
teachers, principals, politicians and other central actors within the municipal-
ity. The researchers involved in the project work together with about 10 000 
pupils, 450 teachers, heads of Mathematics and principals at 40 elementary 
schools, Mathematics developers as well as politicians. The overarching aim 
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of the project is to establish an effective mathematics education within the 
municipality where students have the opportunity to develop mathematical 
proficiency (c.f. National Research Council, 2001). To accomplish this goal, 
the project focuses on how teachers can be supported in the development and 
reorganization of mathematical classroom practices in line with the mathe-
matical competencies mentioned in the national mathematics curriculum 
(Swedish National Agency for Education, 2011a). In order to achieve this 
aim, the project focuses on multiple aspects at different levels of the educa-
tional system, from the district to teachers. For example, in efforts to institu-
tionalize the reorganizations of practices beyond the funding of the project, 
work has been done to establish both new positions (e.g., heads of Mathe-
matics at each school) and new routines (e.g., procedures to collect, compile 
and analyze student results on mathematical tests) (c.f. Ryve & Hemmi, 
2016). In this thesis, the focus is put on the teacher PD-program within the 
project. The PD-program was launched in the academic year of 2012/2013, 
starting with three pilot-schools. During each of the following academic 
years, nine schools have each taken part in the program and this procedure 
will continue until all public elementary schools in Västerås have participat-
ed. In the following sections the PD-program will be described in more de-
tail, both regarding its theory of teacher change and its theory of instruction. 

3.2.1 The professional development program’s theory of teacher 
change 
The theory of teacher change for the PD-program in CoV can be described 
using the core critical features of effective PD as previously defined in this 
thesis (see section 2.1). A summary of the description is provided in Table 1. 

Table 1. A description of the PD-program based on the five core critical features of 
effective PD 

Critical feature Operationalization within the PD-program 
 

Content focus 

Pedagogical content knowledge focused on: 
 Teaching for the mathematical competencies 
 Teaching mathematics through problem-solving 
 Formative assessment 
 Curriculum materials 

Active learning Teachers plan, conduct and discuss mathematics teaching 
practices 

Coherence 

Emphasize mathematics teaching in line with the national 
mathematics curriculum 
Lessons and annual plans in relation to curriculum materials 
and compulsory tests 

Duration One year with two-hour meetings every other week 
Collective participation All teachers teaching mathematics are expected to participate 
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In broad terms, the content focus of the PD-program emphasizes teachers’ 
PCK in mathematics. More specifically, attention is directed towards teach-
ing for the five mathematical competencies set out in the national curriculum 
(see further section 3.1.2 in this thesis). In order to advance towards this 
focus, two main tracks within the PD-program are formative assessment and 
teaching mathematics through problem solving. These main tracks are fur-
ther elaborated on in this thesis when the PD-program’s theory of instruction 
is described (see section 3.2.2). Moreover, considering (1) the previously 
mentioned importance of curriculum materials within mathematics teaching, 
(2) that teachers dependence of textbooks is often talked about in negative 
terms in Sweden and (3) that the teacher guides for the most commonly used 
curriculum materials in Västerås have shown varied and often poor support 
for teachers (Ahl, 2014; Hoelgaard, 2015; Remillard et al., 2014), teacher 
analysis and modification of the curriculum materials they mainly use during 
instruction became an important content focus of the PD. The approach was 
for teachers to analyze their curriculum materials in order for them to be-
come aware of to which extent the materials supported the pedagogical prac-
tices advocated in the PD-program and students’ development of the five 
mathematical competencies mentioned in the syllabus (Swedish National 
Agency for Education, 2011a). 

When it comes to active learning, during the PD-sessions, the teachers are 
mainly engaged in activities such as planning for mathematical lessons, ana-
lyzing curriculum materials, writing annual plans or discussing video-clips 
from their classrooms. Admittedly, some aspects of the sessions are also 
devoted to more passive learning experiences, for example listening to short 
lectures aimed to introduce the underlying ideas about mathematics through 
problem-solving. 

While the PD-program’s coherence with teachers’ knowledge and beliefs 
cannot be established, the choice of including the curriculum materials 
teachers are already using as important resources is one way to ground the 
PD-program into the teachers’ real-world practice. Ina addition, several ac-
tions have been taken in order to strive for a coherence between the PD and 
school and state policies. First of all, the PD-program focuses on teaching 
practices in line with the national mathematics curriculum (Swedish National 
Agency for Education, 2011a). Secondly, though not directly connected to 
the teacher PD-program, CoV also involved a joint PD-program for the prin-
cipals and heads of Mathematics at all public elementary school in Västerås. 
The content within these sessions was in part connected to the sessions in the 
teacher PD-program, for example one session focused on selecting and ana-
lyzing mathematics curriculum materials, whilst others aimed to support 
principals and heads of Mathematics in taking the lead at their respective 
schools regarding analyzing the results on compulsory mathematical tests in 
order to make informed decisions about the continuing mathematics instruc-
tion. Thirdly, the principals are encouraged to attend the sessions within the 
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teacher PD-program at their schools and some sessions are also mandatory 
for them to attend.  

Regarding duration, efforts have been made to make the PD-program both 
intensive (teachers meet for two hours every other week), and sustained over 
time (the meetings are spread over one year). This has resulted in a total of 
19 PD-sessions, where teachers in-between the sessions also conduct math-
ematical lessons for which they have planned during the meetings.    

Concerning the last critical feature, collective participation, the PD-
program in CoV is based on a design which emphasizes the collegial coop-
eration between teachers at each participating school. That is, all teachers 
teaching mathematics at the respective school are expected to take part in the 
PD-program and during the sessions, which take place at the individual 
schools, time is devoted for jointly discussions and planning of instruction. 
These discussions are further supported by one of three mathematics mentors 
who are involved in designing the PD-program and work as both doctoral 
students at the University and Mathematics developers for the municipality. 

3.2.2 The professional development program’s theory of 
instruction 
When deciding on the direction of the theory of instruction for the PD-
program in CoV, consideration was taken of the municipality’s needs,  re-
search literature on mathematics teaching and learning (e.g., Hiebert & 
Grouws, 2007; Stein, Engle, Smith, & Hughes, 2008; Wiliam, 2007), the 
Swedish national curriculum (Swedish National Agency for Education, 
2011a) and recently conducted studies on typical mathematics instruction in 
Sweden (Bergqvist et al., 2009; Boesen et al., 2014; Swedish Schools 
Inspectorate, 2009). As previously mentioned, the latter studies have shown 
that the mathematics instruction in the Swedish elementary grades mainly 
gives students opportunities to develop mathematical competencies related 
to procedural knowledge, while competencies such as problem-solving, rea-
soning and conceptual understanding are being overlooked. Since the over-
arching aim of CoV is to give students opportunities to develop all the math-
ematical competencies mentioned in the curriculum (Swedish National 
Agency for Education, 2011a), and thereby also develop mathematical profi-
ciency (c.f. National Research Council, 2001), decisions were made to focus 
the PD-program’s theory of instruction on conceptual instruction.  

In a conceptual mathematics instruction, relationships between mathemat-
ical facts, procedures and ideas are emphasized (Hiebert & Lefevre, 1986). 
This kind of teaching, also referred to as reform-based instruction, often 
includes real-world problem solving, mathematical classroom discussions, 
and students being expected to explain their methods and argue for their 
solutions (Boaler, 2002; Hiebert et al., 1996; Hiebert & Lefevre, 1986). In 
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contrast, a procedural or traditional kind of instruction puts emphasis on 
students’ familiarity with mathematical symbols, rules and procedures for 
solving mathematical tasks (Hiebert & Lefevre, 1986). Therefore, memoriza-
tion and the smooth execution of procedures in order to arrive at the right 
answers are stressed (Boaler, 2002; Hiebert et al., 1996). However, as men-
tioned by Hiebert and Lefevre (1986), the notions of conceptual and proce-
dural knowledge are not to be seen as an absolute dichotomy. Although the 
classification is useful for thinking about mathematics learning, not all 
knowledge can be fully described as either conceptual or procedural. Differ-
ent teaching methods may be effective for different learning goals and stud-
ies have demonstrated the benefits of both of the approaches to instruction 
(Hiebert & Grouws, 2007; National Mathematics Advisory Panel, 2008). 
The purpose of this study is not to argue for using a solely conceptual or 
procedural approach to instruction. Instead, the theory of instruction for CoV 
follows Hiebert and Lefevre’s (1986), as well as the National Mathematics 
Advisory Panel’s (2008) arguments, that both are required in the teaching of 
mathematics. However, considering the current mathematics instruction in 
Sweden (Bergqvist et al., 2009; Boesen et al., 2014; Swedish Schools 
Inspectorate, 2009), it makes sense to put a stronger emphasis on conceptual 
instruction in order to reach a balance in the mathematics teaching. 

According to Hiebert and Grouws (2007), two features of mathematics 
classroom instruction especially support students’ conceptual development: 
(a) students engaging in and struggling with important mathematics, and (b) 
explicit attention to connections between procedures, facts and ideas. Similar 
features are also proposed by Schoenfeld (2014) as indicators of powerful 
mathematics classrooms in which students get the opportunity to reach 
mathematical proficiency (c.f. National Research Council, 2001). Two of the 
five dimensions in his framework, Teaching for Robust Understanding of 
Mathematics [TRU-math], explicitly concerns (a) Cognitive Demand, that 
students are being productively and intellectually challenged, and (b) The 
Mathematics, that connections between procedures, concepts and contexts 
are addressed and explained. The remaining features of the framework are 
(c) Access to Mathematical Content, that all students are actively engaged in 
the mathematical activities within the classroom, (d) promoting students’ 
Agency, Authority and Identity, by for example providing students with op-
portunities to explain, argue for and build on one another’s ideas, and (e) 
Uses of Assessment, that teachers solicit evidence of students’ thinking and 
plan for future instruction accordingly. The kind of instruction that fulfils all 
of the five features in the TRU-math’s framework has been referred to as 
rich mathematics instruction (Schoenfeld, 2015). This term has also been 
adopted to describe CoV’s theory of instruction. To operationalize this theo-
ry, the PD-program in CoV focuses on two over-arching themes: mathemat-
ics through problem-solving and formative assessment. 
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Teaching actions that promote the kind of instruction described in both 
Hiebert and Grouws (2007) and Schoenfeld (2014; 2015) are suggested to be 
“posing problems that require making connections and then working out 
these problems in ways that make the connections visible for students 
(Hiebert & Grouws, 2007, p. 391). Teaching mathematics through problem 
solving, in which students are engaged, cognitively challenged and get the 
opportunity to make the connections between mathematical concepts, facts 
and procedures is, however, not a trivial task (Larsson, 2015; Stein et al., 
2008). Therefore, the PD-program in CoV makes use of Smith and Stein’s 
(2011) five-practice model designed to support teachers in carrying out such 
kind of instruction. In short, the model begins by laying the foundation, i.e. 
setting goals and selecting an appropriate task. Thereafter the five practices 
are as follows: (1) anticipating students’ solutions, both correct and incor-
rect, (2) monitoring students’ work and actual solutions while they work on 
the tasks in pairs or small groups, (3) selecting students to present their solu-
tions during the whole-class discussion, (4) sequencing the solutions to be 
presented in a specific order guided by the mathematical goal for the lesson, 
and (5) connecting students’ solutions to one another and to powerful math-
ematical ideas. The practices all build on one another, which means that 
connection-making, the ultimate goal, is supported by the work done in the 
four preceding practices. 

The second theme, formative assessment, has also been identified as a key 
to reach rich mathematics classroom instruction (Schoenfeld, 2014; 2015). 
However, as for teaching mathematics through problem solving, doing form-
ative assessment is hard as “it calls for a set of pedagogical habits of mind 
and pedagogical content knowledge that most teachers do not have and that 
are not simple to acquire” (Schoenfeld, 2014, p. 407). Therefore, the PD-
program in CoV makes use of a framework with five key strategies designed 
to support teachers in carrying out formative assessment in the classrooms 
(Wiliam, 2007, 2011). The five practices are: (a) clarifying and sharing 
learning intentions as criteria for success, (b) engineering effective class-
room discussions, questions and learning tasks that provide evidence of stu-
dents’ learning, (c) giving feedback that moves students forward, (d) activat-
ing students as instructional resources for one another, and (e) activating 
students as owners of their own learning. These five strategies are all con-
nected to one overarching idea, that evidence about students’ learning should 
be used to adjust the instruction to better meet students’ needs.   

What is important to note is that, even though the PD-program in CoV fo-
cuses on what happens in actual classrooms, the work that teachers do out-
side the classroom also plays a major role in the resulting instruction. This is 
also apparent in the feature (e) Uses of Assessment, of Schoenfeld’s (2014, 
2015) TRU-math framework. Therefore, the definition used in CoV to de-
scribe rich mathematics instruction do not only include what teachers do in 
the classrooms; it also involves how the teachers for example makes use of 
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and analyze the results of written exams and other assessments to plan for 
future instruction, both regarding individual lessons and on an annual basis. 
Important tools that can have the potential to support teachers in this plan-
ning are their mathematics curriculum materials. 

3.3 Data collection and analysis 
The description of the data collection and analysis for the thesis will begin 
with a report of how data on curriculum materials were retrieved and ana-
lyzed (Paper I and II). Thereafter the data collection and analysis for study-
ing teacher PD will be accounted for (Paper III and IV). A brief summary of 
the data collected for the papers in this thesis is provided in table 2. 

Table 2. Data collected for the papers in this thesis 
Method of 
data collec-
tion 

Used to collect 
data on 

Time for data 
collection 

Sample Data 
used in 
Paper 

Teacher 
survey (a) 

Teachers percep-
tions of curricu-
lum materials 
and their 
reported instruc-
tion 

In the beginning of 
CoV (2012)  

All teachers teaching 
mathematics in grades 
1-6 in the municipali-
ty (n = 329)  

I 

Curriculum 
analysis 

Support offered 
in commonly 
used curriculum 
materials 

Curriculum materi-
als analyzed during 
2014 and 2015 

A total of 18 teacher 
guides from six dif-
ferent curriculum 
materials and three 
different countries 

II 

Test on num-
ber sense 

Two PD-
programs impact 
on student 
achievement 

In the beginning of 
the autumn term 
2013 and 2014 

All students studying 
at a public elementary 
school within the 
municipality (n2013 = 
8882, n2014 = 8848)  

III 

Teacher pre- 
and post-
surveys (b) 

A PD-program’s 
impact on teach-
ers and their 
reported 
instruction 

The first week and 
one of the last 
weeks of the PD-
program in CoV 
2013/2014 and 
2014/2015 

All teachers partici-
pating in the PD-
program in CoV 
2013/2014 and 
2014/2015 (n = 135) 

IV 

 

3.3.1 Analyzing curriculum materials 
Paper I and II in this thesis emphasize curriculum materials as potential sup-
portive tools for mathematics teachers by taking two different perspectives. 
Guided by socio-cultural theory, as well as empirical findings (e.g.,  
Remillard & Bryans, 2004; Sherin & Drake, 2009), teachers and curriculum 
materials are seen as engaged in an particapatory relationship where the 
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resulting instruction dependens on both the characteristics of the teacher and 
the material (c.f. Remillard, 2005). While Paper I in the thesis takes the 
perspective of the teachers, Paper II takes the perspective of the curriculum 
materials. 

3.3.1.1 Data collection and analysis for Paper I 
In Paper I, responses to a teacher survey (see table 2) was used to examine 
the relationship between teachers’ perceived support of their curriculum 
materials and their mathematics instruction. In the beginning of CoV, all 
mathematics teachers in the municipal elementary schools attended a meet-
ing in which the survey was handed out and teachers were given time to 
answer the questions. Hence, almost all teachers in the municipality teaching 
mathematics in grades K–9 responded to the questionnaire. 

Many of the questions in the survey were retrieved from another large-
scale instructional improvement effort conducted in the US (Middle-school 
Mathematics and the Institutional Setting of Teaching, n.d.), but had been 
reformulated and piloted by the project group in order to suit the Swedish 
context. The questions regarded teachers’ perception of e.g., curriculum 
materials, collegial support, PD-programs they had participated in and their 
classroom instruction. Not all questions in the survey were analyzed for the 
study in Paper I, but focus was put on questions regarding curriculum mate-
rials and the teachers reported mathematics instruction. The first type of 
questions regarded teachers’ views on the support offered in their curriculum 
materials and, on a five-point scale ranging from strongly disagree to strong-
ly agree, they were asked to rate their agreement with certain statements. 
The other type of questions concerned the teachers’ reported mathematics 
instruction and mainly consisted of teachers stating, on a four-point scale, 
how often they conduct certain instructional activities in their classrooms. 
The scale ranged from Never or almost never to Almost every mathematics 
lesson. Furthermore, regarding instruction, there were also some questions 
which were to be answered by yes or no. 

For the statistical analyses, mainly the non-parametric Mann-Whitney U 
test was used to detect any statistically significant differences between the 
two groups of teachers using different curriculum materials. In the case of 
Paper I, the categorical variable was represented by the curriculum material 
teachers were using, and the ordinal variable was represented by their views 
of the materials or their reports on how often they conduct certain activities 
in their classrooms. One could, however, argue that the intervals between the 
data points on the Likert-scales are equal and therefore should be seen as 
interval scales. Therefore, also independent sample t-tests were run and they 
showed the same results. Finally, to detect possible differences between the 
two groups of teachers on survey questions that were to be answered by yes 
or no, the chi-square test of independence was used. 
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However, a statistical significance does not necessarily imply an educa-
tional significance. In contrast to a simple significance test, the effect size 
tells something about the size of the differences found (Cohen, Manion, & 
Morrison, 2011). Therefore, to also assess the strength of the differences as 
well as facilitate comparison between groups and between different PD-
programs, studies on PD are recommended to also report on the effect sizes 
(Blank & de las Alas, 2009; Clewell et al., 2005; Timperley et al., 2007). For 
the data used in Paper I, most effect sizes were calculated with Cohen’s d. 
For interpreting the results, the guidelines proposed by Cohen (1988) were 
used with .2 representing small effect, .5 representing moderate effect and .8 
representing large effect 

3.3.1.2 Data collection and analysis for Paper II 
Paper II is a textbook analysis of commonly used teacher guides from the 
US, Flanders (Belgium) and Sweden. A total of 36 lessons, evenly distribut-
ed between the curriculum programs (two from each country), grades 3-5, 
and the central content numbers and operations and fractions were analyzed. 
That is, for each of the six curriculum programs, two lessons were analyzed 
for each grade. 

The analysis was based on two of Brown’s (2009) design principles 
aimed at guiding the design of curriculum materials in finding a balance 
between being adequately open-ended to provide teachers with a flexible use 
and, at the same time, being sufficiently constrained to offer coherence with 
respect to the materials intended use. The first design principle, referred to as 
multiple points of access, state that curriculum materials should be easily 
accessible by different teachers, for example those with a long teaching ex-
perience and those who have recently graduated. Informed by Sherin and 
Drake (2009) and that different teacher read different parts of curriculum 
programs, the teacher guides’ provision of multiple points of access were 
described by analyzing how they (a) locate information, (b) use headings to 
mark specific sections and (c) represent student pages. Each selected lesson 
was analyzed in relation to the multiple point of access and afterwards dis-
cussed among the authors of the paper. The discussions focused on what the 
locations of information, use of heading and representations of students pag-
es in the teacher guides might signal to the teacher. 

The other design principle, referred to as resource-centric material de-
sign, is connected to the curriculum materials design transparency. This in-
cludes that curriculum materials should communicate about the designers’ 
intent of the lessons as well as the pedagogical affordances of the materials. 
These are aspects stressed in several other studies (e.g., Sherin & Drake, 
2009; Stein & Kim, 2009). The teacher guides’ resource-centric material 
designs were studied by analyzing how the materials communicate about the 
goals of the lessons and the intentions with specific activities, tasks and in-
structional approaches. This analysis made use of a previous study which 
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had identified units (sentences, figures, icons) communicating about design-
transparency (Remillard et al., 2014; Van Steenbrugge & Bergqvist, 2014). 
In the study reported in Paper II, these units were coded additionally by the 
first and second author of the paper to identify how the materials communi-
cated about design transparency. To begin with, the coders jointly coded and 
discussed six lessons (one from each program). Thereafter, each coder coded 
12 lessons individually and afterwards discussed their codings together until 
agreement was reached. Finally, the 18 remaining lessons were coded by 
each individual coder and thereafter discussed until reaching agreement. 
During the coding process, refinements were made to the initial coding 
scheme, for example the addition of a code capturing whether the units were 
communicating about the design and/or rationale of a task in the students’ 
textbook. 

3.3.2 Measuring professional development 
Though generic measures (e.g., surveys and tests in TIMSS and PISA) can 
suggests were improvements are needed, they are not constructed to the con-
text and design of specific improvement efforts and therefore rarely provides 
the detail needed to actually support teachers and schools to improve (Bryk 
et al., 2015). Therefore, in the creation of CoV, an evaluation design for the 
specific project was written in which attention was directed to which data to 
collect and why. The framework by Desimone (2009) worked as a basis in 
the creation of this design. 

By following Desimone’s (2009) framework, the evaluation design had to 
take into consideration the impact of the PD on teachers, the classroom prac-
tices, as well as student achievement. Measuring the links between each 
element in the model (see Figure 1) is important in analyzing and interpret-
ing the final effects of a PD. Also Wayne et al. (2008) stresses the im-
portance of attending to both the theory of teacher change and theory of in-
struction when drawing conclusions about the effects of a PD. For example, 
if no data on mediating variables are collected and the PD does not show an 
impact on student achievement, it is impossible to know for sure where the 
model broke down. Was the PD ineffective in changing teachers’ practices 
or did the changes teachers made fail in improving students’ achievement?  

In CoV, multiple types of data are gathered and Paper III and IV in this 
thesis makes use of the data collected from teacher surveys and students’ 
mathematical tests. The collection and analysis of data retrieved from these 
measurements will be described in more detail. 

3.3.2.1 Data collection and analysis for Paper III 
How a PD-program have affected students’ learning outcomes have been 
referred to as the bottom-line in measurements of PD (Guskey, 2002a). In 
order to measure eventual changes in students’ mathematics achievement 
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after their teachers had participated in one of two PD-programs, Paper III in 
this thesis made use of a collection of mathematical tests regarding number 
sense. However, in order to interpret the results and possible differences 
between the two PD-programs effects, they have to be considered in relation 
to the PD-programs design. Therefore, the first step in the study was to com-
pare the two PD-programs by characterizing their respective theories of in-
struction and theories of teacher change. This characterization was done 
using Desimone’s (2009) framework.  

Regarding the mathematical tests, they were all derived from McIntosh 
(2008) and the reasons for choosing these tests to measure students’ results 
were several. First of all, even before the PD-programs implementation, it 
was compulsory for all the elementary schools in Västerås to carry out the 
tests in the beginning of the autumn term each year. The tests were thereby 
familiar to the teachers and data from all students in the municipality could 
easily be gathered. Secondly, the tests could serve as a support for teachers 
in planning for the following instruction since they are accompanied by a 
comprehensive teacher guide offering information on possible reasons for 
the difficulties detected among students as well as suggestions on instruc-
tional activities. Thirdly, since the tests have been developed through several 
combinations of research and development projects as well as experiences of 
working together with teachers and students from Australia, Sweden, Taiwan 
and the United States (c.f. McIntosh, Reys, Reys, Bana, & Farrell, 1997; 
Reys et al., 1999) they have been thoroughly tested. Fourthly, in collabora-
tion with the Swedish National Centre for Mathematics Education, research-
ers, teachers and students, the tests have been adjusted to the Swedish na-
tional context (c.f. Emanuelsson, Johansson, Reys, & Reys, 1996). Fifthly, 
the items in the tests are framed in non-routine environments focusing on 
students’ conceptual understanding, as opposed to procedural competencies 
such as memorizing formulas or smoothly performing long calculations 
(Emanuelsson et al., 1996; Reys et al., 1999). This emphasis on conceptual 
understanding is in line with the theory of instruction for the PD-program in 
CoV. For example, developers of the tests (Emanuelsson et al., 1996) argue 
that the teacher’s role in students’ development of number sense includes 
encouraging students to reflect upon their solutions and justify their answers, 
engage students in reinventing mathematical concepts from different per-
spectives and promote students’ reflection on their own learning. Similar 
reasoning on ”good” instruction is also brought forward by scholars arguing 
for formative assessment (e.g., Wiliam, 2011) and teaching mathematics 
through problem solving (e.g., Smith & Stein, 2011), key elements in the 
theory of instruction for CoV. 

Regarding the designs of the tests, each grade (1-9) has its own test and, 
naturally, the items are not exactly the same since the degree of difficulty 
increases with the age of the students. However, there are a number of an-
chor items that reoccur over several grades. Examples of test items includes 
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a multiple-choice item where students are being asked to estimate how many 
days they have lived, as well as an item where students are asked to give 
examples of and specify the amount of numbers between two decimals (e.g., 
3.9 and 4.0) or two fractions (e.g., 2/5 and 3/5). For further examples of 
items, see McIntosh et al. (1997) or McIntosh (2008). 

 After the students in the municipality have taken the tests and their 
teachers have corrected them, the head of mathematics at each school sends 
in a report protocol regarding their results. Thus, data on students’ results on 
each item as well as which grade and school they attend were collected each 
year. Paper III makes use of the results collected in 2013 and 2014. 

The statistical analyses began by producing descriptive statistics, such as 
averages for students’ results for each grade and year. Thereafter, more ad-
vanced methods of analysis were conducted. First of all, two-way ANOVAs 
were employed for each grade. In this first analysis, we sought to determine 
if there was a significant interaction effect between the two categorical vari-
ables (year and intervention) on the continuous variable (students’ test-
results). Since significant interaction effects were found for some grades, we 
continued the analysis by using independent sample t-test. These tests were 
conducted for each grade and for each group of schools in order to get a 
more comprehensive view of the different projects effects. The results em-
phasized were, however, the ones where a significant interaction effect was 
found. Furthermore, as in Paper I, the effect sizes were calculated in terms of 
Cohen’s d and the guidelines proposed by Cohen (1988) were used to inter-
pret these results. Though, what is important to note is that when it comes to 
the effects of PD-programs on student results, the benchmarks for estimating 
the strength of effect sizes are debated. For example, Timperley et al. (2007) 
state that studies using pre- and posttests do not take expected gains into 
account and therefore studies using control/comparisons groups typically 
produces smaller effect sizes. In addition, smaller studies usually produce 
larger effect sizes than those which involve numerous students. This can be 
explained by the greater variability often found within larger populations, 
but also the fact that large interventions usually also include non-volunteers. 
The study in Paper III makes use of comparison groups and includes large 
populations of students, whereas smaller effect sizes should probably be 
expected. In fact, a recent review on the effects of PD-programs on student 
achievement (Kennedy, 2016) suggests that if guidelines proposing effects in 
the area of .2 or .3 as small are used as a standard, almost all teacher PD-
programs will be judged as having small effects. In the light of this, Kennedy 
(2016) suggests that in studies of PD-programs, an effect sizes around .2 
could actually be considered as rather large (Kennedy, 2016).   

Finally, after conducting the statistical analyses, the results from these 
were interpreted in relation to the differences found in the characterization of 
the PD-programs as well as the Swedish educational context. 
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3.3.2.2 Data collection and analysis for Paper IV 
In Paper IV, data was retrieved from teacher pre- and post-surveys (b) (see 
table 2) written by teachers participating in the PD-program in CoV 
2013/2014 or 2014/2015. Both surveys contained questions about teachers’ 
perception of e.g., curriculum materials, collegial support and their class-
room instruction. In addition, the post-survey also included questions about 
the teachers’ perceptions of the PD-program. The questions in the surveys 
where piloted by members of the project-group and/or retrieved from other 
teacher surveys used to studying large-scale reforms of instructional practice 
(Hamilton et al., 2003; Malzahn, 2002; Middle-school Mathematics and the 
Institutional Setting of Teaching, n.d.) Some of the questions were open-
ended (e.g., Please, give one or two examples of support you as a teacher 
would have want to receive from CoV, but did not obtain), but most of the 
items were closed and used Likert-scales. For the study reported on in Paper 
IV, focus was primarily on questions regarding teachers’ reported instruction 
and they were asked to estimate how often they conduct certain activities in 
their mathematics classrooms. Additionally, some questions regarding the 
teachers’ views of the PD-program and its implementation were also ana-
lyzed. For example, on a four-point scale, teachers were asked to state if they 
had experienced any difficulties (e.g., inadequate classroom resources) in 
trying to make changes in their mathematics instruction based on their expe-
riences from the PD. 

Regarding the statistical analyses, paired sample t-tests were conducted to 
assess if the PD-program had any impact on the teachers’ reported instruc-
tion. The categorical variable was represented by the time the teachers took 
they survey (pre or post), and the continuous variable was represented by the 
teachers’ reported instruction. Furthermore, to compare the primary and 
secondary level teachers’ perceptions of the PD (i.e. two different groups of 
teachers) independent sample t-tests were employed. Though, one could 
argue that the Likert-scales should be seen as ordinal instead of continuous. 
Therefore, also the non-parametric alternatives (Wilcoxon Signed Rank Test 
and Mann-Whitney U Test) were run, but they showed similar results as the 
previous tests. Finally, as in Paper I and III, the effect sizes were calculated 
in terms of Cohen’s d and the guidelines proposed in Cohen (1988) were 
used to interpret these results.  

3.4 Ethical considerations 
The studies included in this thesis were guided by the legislation, ethical 
requirements and ethical recommendations discussed in Swedish Research 
Council (2011). In this report, one can read that ethics within the research 
community involves two aspects. The first aspect, research ethics, mainly 
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concerns ethical questions which apply to those participating in the research 
as subjects or informants. The second aspect, professional ethics, mainly 
concerns the craft itself and the researcher’s responsibility towards both re-
search and the research community.   

3.4.1 Research ethics 
In this thesis, the research ethical considerations that have been made will be 
discussed in relation to four aspects: (a) informed consent, (b) confidentiali-
ty, (c) utilization and (d) consequences. 

Regarding aspect (a), informed consent, and the studies involving teacher 
surveys (Paper I and IV), all participating teachers had, before the distribu-
tion of the surveys, attended meetings where they were given information 
about the purpose of the project, the research studies included, how they 
would get involved in these studies and how the results would be utilized 
and to what end. This information was also summarized on the covert sheets 
of the surveys. Moreover, before the surveys were distributed, the teachers 
were informed that the choice to fill in the questionnaires was optional an. A 
few teachers (less than 1%) also chose not to take the surveys. In the light of 
the information given to the teachers, the response and handing in of the 
surveys can be seen as a provided consent. Concerning data on student 
achievement (Paper III), this was administrated by the municipality and 
would have been gathered independent of the research study. Thus, the situa-
tion for the teachers and the students did not differ from other municipality 
evaluations and, therefore, no request of consent was asked from the students 
in relation to the tests. 

 Concerning aspect (b), confidentiality, several actions have been taken in 
order to provide for the confidentiality of the teachers and the students par-
ticipating in the studies in Paper I, III and IV. To begin with, information 
that could reveal students’ identities were removed before data on their 
achievement was transferred from the municipality’s database. Moreover, 
teachers participating in the studies in Paper I and IV were asked not to state 
their names on the surveys. However, for Paper IV, data on which teacher 
who wrote each survey was needed in order to follow the progression from 
pre- to post-surveys. Therefore, code keys were used. There is, however, no 
possibility to connect the codes with the names of the respective teachers 
since only the teachers themselves know their codes. Complete anonymity 
is, however, rare and may not even be possible in statistical studies (Moore, 
McCabe, & Craig, 2009; Singer, 2008). Considering the era of advanced 
technology and all information stored in different databases “a clever com-
puter search of several data bases might be able, by combining information, 
to identify you and learn a great deal about you even if your name and other 
identification have been removed from the data available for search” (Moore 
et al., 2009, p. 228). Still, by keeping the written surveys in locked cabins 



 

43 
 

and using codes instead of names, together with the large amount of partici-
pants and that the schools are not named in the studies, the possibility for an 
unauthorized individual to identify individual teachers or students is seen as 
minimal. 

Aspect (c), utilization, concerns the use of the results and that it should be 
restricted to the objectives of which it was gathered, as well as prohibited for 
commercial use or decisions that may affect the individuals. The data gath-
ered for the studies in this thesis was, and will, only be used for research 
purposes and evaluation of the PD-program within the municipality. Moreo-
ver, as described in relation to aspect (b), several actions have been taken to 
prevent the possibility to connect the information to particular individuals. 

Finally, in relation to aspect (d), it is important for the researcher to con-
sider the consequences of the study for the participants. This is something 
that has been regularly discussed in the project group for CoV and may, for 
instance, concern how the results of the studies are presented and which 
conclusions that are drawn. For example, if data show that teachers do not 
carry out the type of instruction advocated in the PD, it may be easy to jump 
to conclusions that it depends on their lack of commitment and ability. How-
ever, as previously discussed in this thesis, conducting mathematical instruc-
tion where students receive the possibility to develop all the mathematical 
competencies is a major challenge which do not only depend on the compe-
tence of the individual teacher. Previous studies have, for example, shown 
the importance of also attending to the support and resources teachers re-
ceive from curriculum materials, the political context and their principal 
(Cobb & Jackson, 2011; Timperley et al., 2007). Throughout this thesis, I 
have tried to nuance the kinds of challenges met by teachers in carrying out 
the teaching practices advocated in the PD-program, and thereby do them 
justice.  

As Paper II is a textbook analysis, it does not include informants in the 
usual sense. Therefore, there are not many issues to discuss in relation to 
research ethics and the paper. What can be said is, however, that responsibil-
ity towards publishers and the writers of the curriculum programs has been 
taken by striving only to examine, and not evaluate or judge, the curriculum 
programs. 

3.4.2. Professional ethics 
In professional ethics, the researcher’s relation to the actual research task 
and research mission, including the relation to colleagues and funders, is 
emphasized (Swedish Research Council, 2011). First of all, it regards the 
scientific quality such as the validity and reliability of the research. This is 
further elaborated on in section 3.5 of this thesis. 

Secondly, professional ethics concerns making the research process as 
transparent as possible, and thus also open to critique. Throughout this the-
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sis, I have strived to clearly describe the research process, from the basic 
assumptions and theoretical framework adopted, to how the data collection 
and analysis were carried out. All the data material from the studies is kept 
in locked cabins, whereas it is possible to retrieve it to run the analyses 
again. Further, all the studies included in this thesis have gone through peer-
review processes and have been presented and discussed at, for example, 
research conferences. They have thereby also been open for critique.   

Thirdly, professional ethics concerns making the results of the research 
useful, not only for the scientific community, but also for practice. For in-
stance, as a researcher it is crucial to consider who will benefit from the re-
search and what those who participate in the studies will get in return (Sing-
er, 2008; Swedish Research Council, 2011). Since CoV, which all of the 
papers in this thesis are more or less connected to, is a combined research 
and development project, the data collected is not only used to generate re-
search papers, but also to constantly evaluate and improve the project. For 
example, each year, the project group gathers for several days to analyze the 
collected data in order to make informed decisions about the revision of the 
PD-program, so that it to a higher extent matches the needs of the teachers in 
Västerås. Among other things, the results from Paper III and IV in this thesis 
have contributed with valuable information on important aspects to consider 
in the planning and adjustment of the project for forthcoming years. Moreo-
ver, results from the curriculum studies at the University (e.g., Paper I and 
II) are regularly presented to the teachers in the municipality in order to sup-
port them in their use and selection of curriculum materials. 

3.5 Validity and reliability 
It is important to note that general definitions of the concepts of validity and 
reliability, for example that the validity of a study concerns the issue of 
whether an indicator actually measures what it is intended to measure, or that 
reliability refers to the repeatability and consistency of the findings, are very 
broad. In fact, there are many different types of validity and reliability, and 
which ones should be paid more careful attention to very much depends on 
the research tradition and the method the researcher is working in 
(Golafshani, 2003; Swedish Research Council, 2011; Wolming, 1998). 
Therefore, in this section, issues related to validity and reliability in three 
parts will be discussed depending on the methods for data collection and 
analysis used: (1) surveys, as in Paper I and IV, (2) tests, as in Paper III, and 
(3) textbook analysis, as in Paper II.  
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3.5.1. Validity and reliability in surveys 
Regarding validity and reliability in studies using surveys, these can be seen 
from two perspectives (Cohen et al., 2011): first, whether those who did not 
respond to the survey had given the same answers as those who did respond, 
and second, whether those who did respond did so accurately, honestly and 
correctly. To deal with these two perspectives in Paper I and IV, they were 
considered with respect to the types of errors that can occur in relation to the 
four cornerstones of survey research: Coverage, Sampling, Response and 
Measurement (Hox, de Leeuw, & Dillman, 2008).  

Errors regarding Coverage and Sampling occurs in connection with the 
selection process and the fact that the entire population does not write the 
survey (Hox et al., 2008). In Paper IV, this has not caused any problems 
since all the teachers participating in the PD-program were asked to take the 
surveys. In Paper I, however, one could argue that the findings may be bi-
ased because only teachers from a single municipality took the survey. 
Therefore, the results may not reflect the views of the rest of the teachers in 
Sweden. Nevertheless, no such conclusions are drawn in the study. Instead it 
is emphasized that the way that teachers use curriculum materials is probably 
affected by the context in which they work. Secondly, if factors such as the 
teacher-student ratio, student performance, students’ socio-economic back-
ground and teachers’ educational levels are considered, the municipality of 
Västerås does not deviate significantly from the average Swedish munici-
pality.  

Errors in relation to Response can occur when a teacher refuses to take the 
survey (unit nonresponse), or when a teacher decides to skip a question in 
the survey (item nonresponse) (Hox et al., 2008). For the studies reported on 
in Paper I and IV, this has not been a problem. More than 99% of the teach-
ers who attended the meetings where the surveys where distributed chose to 
take them. The unit nonresponse was thereby very small. Further, the item 
nonresponse for the items analyzed for the papers was, at the most, only a 
few percent. 

Errors associated with Measurement arise when the survey questions are 
(a) inappropriately formulated, or (b) if the respondents, more or less delib-
erately, state false information (Hox et al., 2008). In order to prevent these 
kinds of errors it is important to pose clear questions, and Campanelli (2008) 
recommends researchers to pilot their questionnaires in order to refine, for 
instance, their contents, wordings, as appropriate for the targeted sample. 
Regarding the surveys used in Paper I and IV, several of the items had pre-
viously been used in studies with similar objectives (Hamilton et al., 2003; 
Malzahn, 2002; Middle-school Mathematics and the Institutional Setting of 
Teaching, n.d.; Stein & Kaufman, 2010). This is a relatively common proce-
dure within the scientific community, simply because the items have been 
shown to be useful (Harkness, 2008). However, as noted by Harkness 



 

46 
 

(2008), survey items taken from other studies must be adapted to the specific 
context in which the current study is conducted. This was also done for the 
surveys used in Paper I and IV and they were, several times, discussed and 
refined in the project group as well as piloted with teachers in the schools. 
The field tests were, however, not conducted according to all the recommen-
dations given in the literature (Campanelli, 2008). However, as mentioned 
by Campanelli (2008), these kinds of extensive field tests are, in many cases, 
impossible to conduct because of insufficient resources in terms of both time 
and money. In such cases, she recommends that the researchers at least test 
the surveys themselves, and thereafter conduct a small field test with an as-
sociated briefing report together with the respondents. These actions have all 
been taken in the development of the surveys used in the studies presented in 
Paper I and IV.  

Finally, measurement errors in relation to (b) can, in addition to misinter-
pretation of the question, occur because the teacher deliberately states false 
information. This is a particular large risk when it comes to items that may 
be considered sensitive. It has, however, been shown that the use of self-
administered questionnaires, similar to those used in Paper I and IV, mini-
mizes this risk since respondents often experience these as more secure re-
garding confidentiality as compared to interviews (Schwarz, Knäuper, 
Oyserman, & Stich, 2008). Furthermore, when the surveys were distributed, 
it was stressed that the results would not be traceable to individual teachers 
and that the teachers themselves would benefit from the surveys since the 
results were to be used to improve the project.  

3.5.2 Validity and reliability in tests 
In relation to reliability in tests, Cohen et al., (2011) discuss threats with 
respect to several aspects, such as examiners and markers as well as stu-
dents’ motivation and previous knowledge. To assure reliability in Paper III 
in relation to examiners and markers, all teachers were given the same writ-
ten instructions on how to mark the tests. Furthermore, since most of the test 
items are either multiple-choice or short answer questions, they are consid-
ered as relatively easy to correct. 

With reference to aspects such as students’ previous knowledge and mo-
tivation to take the test, this was not a large issue in the study presented in 
Paper III. This is because the purpose of using the tests was not to measure 
students’ mathematics abilities per se, but rather the effects of the PD-
programs on students’ achievement. For example, there is no reason to sus-
pect that the motivation of the students taking the test in 2013 would be any 
different from those taking it in 2014. 

As for the validity of the tests, this concerns whether the test items are ac-
tually measuring what they are intended to measure. In the case of Paper III, 
this regards the question about whether the tests used actually measure stu-
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dents' number sense. Given the amount of research and field tests (c.f. 
Emanuelsson et al., 1996; McIntosh et al., 1997; Reys et al., 1999) that have 
been undertaken to develop the tests in McIntosh (2008), it is argued that 
they are valid. 

Finally, in relation to the discussion of the reliability and validity of the 
study reported on in Paper III, it is also important to consider whether one 
could claim that it is the PD-program that has contributed to the differences 
seen in students’ results. As mentioned by Cohen et al. (2011), there may be 
other confounding variables that can affect the results of an experiment. 
Therefore, to increase the validity and reliability in the study in Paper III, a 
control group was included (schools not participating in a PD-program) in 
the study and controlled for interaction effects between year and intervention 
with ANOVAs. 

3.5.3 Validity and reliability in textbook analyses 
The textbook analysis reported on in Paper II can be classified as a – 

mainly – qualitative content analysis. Weber (1990) describes three types of 
notions mainly associated with reliability in such studies: stability, reproduc-
ibility, and accuracy. In Paper II, the reliability of the study has been assured 
by the notion of both stability and reproducibility, in which the latter is 
sometimes also referred to as inter-coder reliability. In practice, this meant 
that all of the coded lessons were first coded individually by the first and the 
second author of the paper. Thereafter, the authors coded the lessons again, 
which assured stability. This coding was further done together with the other 
coding author and differences in the coding were discussed until agreement 
was reached, thereby assuring reproducibility. 

Validity in relation to qualitative research (Cohen et al., 2011), and espe-
cially content analysis (Weber, 1990), can be clarified using two distinc-
tions: (1) internal validity, which refers to the correspondence between two 
set of things, such as concepts and data, and (2) external validity, which re-
fers to the generalizability of the results. 

The fact that the coding scheme presented in Paper II is well grounded in 
established definitions and frameworks, and has been developed in year-long 
collaborations between researchers in the field, it is argued to strengthen the 
internal validity of the study. Additionally, the process of coding and re-
coding, as already discussed in relation to the study’s reliability, is also ar-
gued to strengthen the internal validity of the study.  

As for external validity in qualitative research, this can be interpreted in 
the terms of the comparability and transferability of the findings (Cohen et 
al., 2011). Aspects that can be considered to strengthen the external validity 
of the study in Paper II are the inclusions of curriculum programs from sev-
eral contexts and that the curriculum programs analyzed are the most com-
monly used ones in the selected countries. In addition, we have aimed at 
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providing the reader with detailed descriptions of the analysis process as 
well as the national contexts in which the curriculum programs are used. 
Such thick descriptions are considered to strengthen the external validity of 
qualitative studies (Cohen, et al., 2011).    
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4 Summary of the papers 

In this chapter, a summary of the four papers included in this thesis is pro-
vided. As both theory and methodology have been elaborated on in previous 
chapters, the summary is mainly focused on the results and the conclusions 
of the studies. These results will later be used to discuss on possible elabora-
tions of Desimone’s (2009) framework. 

4.1 Summary of Paper I 
The study in Paper I focuses on the potential supportive role of curriculum 
materials in mathematics instruction. In line with Brown (2009) and Remil-
lard (2005), teachers’ use of curriculum materials are seen as a participatory 
relationship where the resulting instruction is dependent on the teachers’ 
skills, goals and beliefs as well as the affordances and constraints of the arte-
facts that they use. In Paper I, the perspective of the teachers is taken and the 
aim is to examine the relationship between the teachers’ perceived support 
from the curriculum materials and their mathematics classroom practices. 

The study makes use of data retrieved from a survey distributed at the be-
ginning of CoV to all teachers teaching mathematics at a public elementary 
school (c.f. section 3.3.2.1 in this thesis). To delimit the study, a decision 
was made to concentrate the data analysis to the two most commonly used 
mathematics textbooks and teacher guides in the municipality. At the mo-
ment, these were Matte Eldorado [ME] and Matte Direkt [MD] and in the 
continuing analysis focus was put on examining and compare how the two 
groups of teachers (nME = 48, nMD = 131) perceived the support they receive 
from the curriculum materials and how they reported that they organize their 
mathematics instruction. 

The analysis showed that the teachers who use ME experienced more 
support from their curriculum materials than did the teachers who use MD. 
All the differences were statistically significant with the effect size being 
considered as large. Moreover, significant differences were found on the 
subject of the materials’ consistency with teachers’ beliefs about effective 
mathematics teaching. Compared with the teachers using ME, teachers using 
MD to a lesser extent found that the material was consistent with their per-
sonal beliefs as well as the teaching approach advocated in the syllabus. 
Finally, significant differences were found regarding the amount of time the 
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teachers reported that they let students’ work individually in their textbooks. 
Teachers using MD, in contrast to those using ME, reported that they more 
often let students work individually in their textbooks.  

To summarize, the findings from the study showed that there are major 
differences associated with the curriculum materials the teachers use and the 
level of support they feel that they receive from them as well as how they 
report that they organize their mathematics instruction. Furthermore, even if 
the study cannot provide an answer to if the differences found are due to the 
curriculum materials themselves, initiating analyses of teacher guides done 
by Hemmi, Koljonen, Hoelgaard, Ahl, and Ryve (2013) point at the same 
direction. For example, these analyzes showed that the teacher guide for MD 
represents material that is very much dependent on the students’ textbook 
and that the teacher guide for ME offers more support on aspects such as 
encountering students’ ideas in a productive manner than does the teacher 
guide for MD. 

4.2 Summary of Paper II 
As the previous paper, Paper II also focuses on the potential supportive role 
of curriculum materials in mathematics instruction and the interplay between 
the teacher and the curriculum is seen as a participatory relationship (c.f. 
Brown, 2009; Remillard, 2005). However, in contrast to Paper I, this study 
takes the perspective of the curriculum materials by analyzing the provision 
of multiple point of access and the adoption of a resource-centric material 
design (see further section 3.4.1.2 in this thesis) in teacher guides from two 
curriculum programs each from Flanders, the US, respectively Sweden. The 
three contexts serve as useful cases to contribute to the aim of better under-
standing how mathematics curriculum programs can be designed to be sup-
portive for a range of teachers. 

The study revealed that: (a) curriculum programs can provide multiple 
points of access through specific locations of information, use of headings, 
and representation of, for example, student pages, and (b) can adopt a re-
source-centric design by communicating about the goals of the lesson and 
the intents of activities and tasks to the teacher. Moreover, interesting differ-
ences were found between the curriculum programs from the different con-
texts. For example, compared to the programs from Flanders and the US, the 
introductory sections in the Swedish programs (ME and MD) were very 
short and only contained about two to four sentences describing the goals or 
the mathematics in the student book. Furthermore, some of the lessons in the 
Swedish programs did not communicate about the goals for the lesson, 
whereas all of the lessons in the Flanders and US programs did so. Finally, 
in contrary to the US and Flanders programs, the Swedish programs fre-
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quently communicated about the design of the tasks in the students’ text-
books. 

However, differences were also found between programs from the same 
context. As for the Swedish programs, ME made use of standard headings 
such as Observe and Challenge, which can serve as an additional support to 
teachers in regard to the provision of what to expect, compared to nearly not 
providing headings at all as in MD. Moreover, whereas ME in a majority of 
the lessons communicated about the goals that students should attain at the 
end of the lesson, this was not present in any of the coded lessons for MD. 
However, a few of the coded lessons in MD contained goals that speak to the 
teacher and refer to the overarching goal of the lesson. These kinds of goals 
were not present in ME. 

To conclude, the results from the study enabled us to identify how curric-
ulum programs can be designed to be supportive toward differences in 
teachers’ use, including how different teachers read (Sherin & Drake, 2009) 
and make adaptations (Brown, 2009) to the materials. Considering that dif-
ferences in curriculum programs have been showed to be mirrored in teach-
ers’ instruction (Pepin, Gueudet, & Trouche, 2013), studies such as this are 
important to pursue.   

4.3 Summary of Paper III 
Paper III reports on the two professional development programs (CoV and 
Boost for Mathematics) carried out in Västerås and their effects on student 
achievement after their first year of implementation. In the study, the two 
PD-programs’ design are described and compared in the light of Desimone’s 
(2009) framework. This description showed that, regarding the five core 
critical features, the programs are very similar. The largest difference lies in 
their respective content. However, despite their similarities, the results sug-
gest that there are differences in their impact on student achievement. Dif-
ferences can also be seen for the same PD-program, but within different 
grade levels. 

Data on students’ results on a mathematical test in 2013 (n = 8882) and 
2014 (n = 8848) were analyzed and a significant interaction effect between 
year and intervention was found for grades 2, 8 and 9. When examining the 
descriptive statistics, the mean changes in students’ test score for grades 2-5 
pointed at a slight improvement for students whose teacher participated in 
CoV and a small deterioration for students whose teacher participated in 
Boost for mathematics. In contrast, the changes in mean scores for students 
in grades 7-9 mainly indicated a declining trend for CoV, while the same 
results for Boost for Mathematics pointed at improvements. Considering that 
both of the programs were implemented within the same context and are 
very similar when it comes to several of the critical features of professional 
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development, as identified in the research literature, these variances in re-
sults are noteworthy. 

In discussing possible explanations for the variations found, account was 
primarily taken to the difference between the programs content focus, the 
Swedish educational context as well as results from teacher surveys. For 
example, in the light of how the current mathematics teaching in Sweden is 
being conducted (Bergqvist et al., 2009; Boesen et al., 2014) as well as re-
sults from the teacher surveys (Ramböll Management, 2014; Paper IV), it is 
suggested that CoV puts higher demands regarding change on the secondary 
level teachers and students participating in CoV, compared with those partic-
ipating in Boost for Mathematics. As teachers and students in the primary 
levels were more familiar to the teaching practices advocated in CoV, such 
as teaching mathematics through problem-solving (c.f. Stein et al., 2008), it 
may be that these requirements were too high. Boost for Mathematics, on the 
other hand, focuses on both the mathematical content and the competencies, 
whereas it does not put equally high demands regarding changes in instruc-
tion for the secondary levels. The additional focus on the mathematical con-
tent may also help explaining the declining results for Boost for Mathematics 
and grade 2. Previous studies (e.g., Britt et al., 2001) have indicated that 
teachers’ mathematics knowledge may relate to how they benefit from PD 
and primary level teachers in Sweden have typically studied relatively little 
mathematics. In addition, a closer examination of the descripitive statistics 
from the teacher surveys used to evaluate Boost for Mathematics (Ramböll 
Management,  2014) suggests that the teachers at the primary level 
experience less support, such as with the diposal of time, in going through 
with the PD program as compared to the teachers at the secondary level. 

Based on the results from the study, and the discussion of possible expla-
nations for the differences found, it is suggested that the content of PD prob-
ably has to be adjusted in order to fit the specific needs of teachers and stu-
dents at each grade level. Further, instead of just stating that teacher PD-
programs in mathematics should focus on PCK, future studies are encour-
aged to look into what kind of PCK in PD-programs for mathematics teach-
ers that have the strongest impact on student achievement. 

4.4 Summary of Paper IV 
In the light of the results from Paper III and the differences found between 
the grade levels in CoV’s impact on student achievement, the aim of Paper 
IV was to examine and compare how the PD-program had affected the par-
ticipating primary (n = 104) respectively secondary teachers’ (n = 31) re-
ported mathematics instruction. To achieve this aim, data from the teacher 
pre- and post-surveys (c.f. section 3.3.2.2 in this thesis) were analyzed. 
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Compared to the primary levels, the results demonstrate that the second-
ary level teachers reported that they have made larger changes in their math-
ematics instruction. For example, statistically significant differences could 
be seen for both the primary and secondary level teachers on statements on 
how common whole-class discussions and individual work in the textbook 
are during instruction. However, while the changes made by the primary 
level teacher are all considered to be small as measured by the effect size, 
the changes made by the secondary level teachers are mainly moderate and 
large. The same also applies to questions regarding how much emphasis the 
teachers report that they put on different mathematical competencies in their 
mathematics instruction. Furthermore, compared to the primary level teach-
ers, the teachers in the secondary level to a higher extent expressed that they 
had difficulties (e.g., insufficient time or classroom resources) in conducting 
changes in their mathematics instruction based on their experiences from the 
PD-program. 

Based on the results of the study it is suggested that the coherence be-
tween the content focus of the PD and teachers initial practice, instead of 
just teachers’ knowledge and beliefs, is important to consider in the design 
of PD. As the content focus of the PD-program in CoV seems to be less co-
herent with the secondary level teachers’ initial practice, and thereby also 
more challenging, it may be even more important to consider how to support 
these teachers. 
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5 Conclusions and discussion 

In this final section of the kappa, conclusions from the results of the papers 
I-IV, as well as previous research, are discussed in relation to possible elabo-
ration of selected parts of Desimone’s (2009) framework. This is further 
followed by a critical reflection of the methodology and, finally, suggestions 
for future research are made. 

5.1 Elaborating on Desimone’s framework 
This thesis set out to contribute to the knowledge of how to support instruc-
tional improvement at scale by focusing on the possible support that curricu-
lum materials and teacher PD-programs can offer teachers in carrying out 
rich mathematics instruction. The papers in this thesis have contributed to 
that knowledge by comparing teachers using different curriculum materials 
and their views of the support offered in these materials as well as their re-
ported mathematics instruction (Paper I), analyzing how some commonly 
used curriculum materials communicate about, for example, the goals of 
lessons and thereby accommodate a flexible use by a range of teachers (Pa-
per II), characterizing two large-scale PD-programs for teachers and compar-
ing their respective impacts on student achievement (Paper III) and examin-
ing and comparing primary and secondary level teachers’ views respectively 
of a large-scale PD-program as well as its impact on their reported mathe-
matics instruction (Paper IV). 

In a belief that research is a cumulative process and that a greater under-
standing of a phenomenon is facilitated by a shared language, the thesis has 
adopted a widely used conceptual framework for studying teacher PD and its 
impact on teachers, instruction and students (Desimone, 2009). This frame-
work includes a list of five critical features for effective PD. However, 
though such lists of features can be helpful in designing good PD-programs, 
they are also vague and many terms used in the literature on PD for mathe-
matics teachers have been interpreted in different ways (Sztajn et al., 2009). 
Thus, even though research on teacher PD is gaining ground, there are still 
many people who argue that the existing research has only limited capacity 
to support practice (Blank & de las Alas, 2009; Bryk et al., 2015; Wayne et 
al., 2008). For example, in comparing different PD-programs, Kennedy 
(2016) showed that programs designed according to similar features, such as 
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relying on professional learning communities or providing coaches, differed 
largely in their effects on student achievement since how the coaches acted 
or what was discussed in the learning communities differed between the 
programs. Even Desimone (2009) herself suggest that her framework is basic 
and encourages future research on additional components or closer examina-
tion of when and how elements of the framework are effective. In fact, in a 
most recent article (Desimone & Garet, 2015, p. 253) she states that “it is not 
clear how to translate the five general features into effective practice”. 
Therefore, in one endeavor to contribute to this translation, this section of 
the thesis contains a discussion of possible elaborations, or perhaps specifi-
cations, of two of the five features of effective teacher PD presented in Des-
imone (2009). This discussion will be based on the results of the papers, as 
well as the literature review and relevant research. The two features that will 
be discussed are content focus and coherence, since they are the ones that are 
most related to the results of the papers. For example, in Paper III, the big-
gest difference between the two compared PD-programs lies in their respec-
tive content focus. Moreover, since all the teachers in Paper IV participated 
in the same PD-program, the differences found between teachers from vari-
ous grade levels should be related to the PD-programs’ coherence with their 
knowledge and beliefs as well as school and state policies.   

5.1.1 Elaborating on content focus 
Content focus seems to be one of the most influential critical features when 
it comes to research on teacher PD (Desimone, 2009; Kennedy, 1998; 
Timperley et al., 2007). In particular programs that address teachers’ PCK, 
i.e. both the subject-specific content and the pedagogy, have gained much 
support in the literature (e.g., Clewell et al., 2005; Kennedy, 1998; Salinas, 
2010; Scher & O'Reilly, 2009; Slavin & Lake, 2008). In the light of this, the 
results from Paper III in this thesis are quite striking. Here, two PD-
programs, despite their similarities in Desimone’s (2009) five critical fea-
tures and the fact that both address teachers’ PCK specifically for mathemat-
ics, demonstrate very different impact on student results and sometimes, 
even a decline. Even within the programs, the impact on student perfor-
mance (Paper III) and teachers’ reported instruction (Paper IV) differs be-
tween the various grade levels. Thus, just stating that PD should be focused 
around teachers’ PCK may be an all too broad definition to actually support 
practical design decisions of a particular PD-program. This issue has also 
been brought up by other researchers within the field. Three examples of that 
are given below. 

Firstly, scholars have argued against seeing teachers’ PCK as something 
static and absolute. For example, Salinas (2010) claims that in the literature 
on PCK, although implicit, the conception of PCK is assumed to apply 
equally to all teachers of all students and does not necessarily discuss that 
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what constitutes students’ misconceptions and valuable activities may vary 
depending on the student population. Similarly, in referring to various over-
views, Van Driel and Berry (2012) claim that the nature of teachers’ PCK is 
highly topic, person and situation specific. 

Secondly, the above reasoning is also supported by a few empirical stud-
ies. For example, a larger study with 70 teachers teaching science (McNeill 
& Knight, 2013) indicate that teachers from different grade levels experience 
unique challenges although they participate in the same PD-program. The 
same also seems to hold for mathematics teachers. For example, similar con-
clusions are drawn in a small-scale study with 18 mathematics teachers (Britt 
et al., 2001). This is further strengthened by the results from Paper IV in this 
thesis which shows the same results, though with a much larger sample of 
mathematics teachers. Moreover, the results from Paper III indicate that the 
differences between the grade-levels are also evident in student achievement.    

Thirdly, in a recent article (Desimone & Garet, 2015), even Desimone 
herself states that, since teachers come to PD-sessions with various experi-
ences and content knowledge, the PD-programs probably have to be differ-
entiated to the individual teacher’s needs, for example by offering differenti-
ated content. At the same time, providing teachers with a differentiated con-
tent appropriate for each individual teacher may collide with the critical fea-
ture of collective participation. Thus, a pressing challenge for the design of 
future PD-programs is “how to successfully merge the idea of collective 
participation with differentiated PD” (Desimone & Garet, 2015, p. 255).  

So, teachers’ needs of the content in PD-programs will probably differ, 
both between teachers, but also for the same teacher depending on the time 
and circumstances for when she receives it. This, in turn, provides major 
challenges to the designers of PD, especially when it comes to PD-programs 
offered on a larger scale. To design specific programs for each individual 
teacher is probably not possible and, as already mentioned, will also hamper 
the opportunities for collective participation. Perhaps a possible solution to 
this dilemma is designing PD-programs with a content focus that is more 
adaptive, or, to use the words of Desimone and Stuckey (2014, p. 475): “the 
key to sustainable professional development might not be putting stable 
practices in place but rather helping teachers become adaptive planners ca-
pable of making good decisions over time”. This is further supported by 
Kennedy’s (2016) review which suggest that PD-programs that prescribe 
predefined practices for teachers are less effective in improving student 
achievement than PD-programs which provide teachers with a choice of 
strategies or rely on teachers gaining new insights through study groups and 
discussions. Thus, instead of focusing on a set of stable teaching practices 
which teachers are to implement with fidelity, designers of PD-programs 
could strive to develop PD-programs in which teachers are supported to 
adapt the content to their own settings and needs. For example, considering 
the central role of curriculum materials in mathematics instruction as well as 
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the variation of support offered in in them (c.f. Paper I and II), PD-programs 
could be designed to help teachers make wise decisions about how to use 
and make adaptions to their curriculum materials in instruction. In fact, Ball 
et al.s’ (2008) description of teacher PCK also includes curricular 
knowledge, which, among others, involves ways of using curriculum materi-
als, such as textbooks, to organize the instruction. Further, Brown (2009) as 
well argues for the importance of adhering to teachers’ pedagogical design 
capacity in teacher PD. She concludes that besides focusing on the subject 
and how to teach the content, teachers should also be supported in exploring 
and adapting their curriculum materials to their specific needs. As a matter 
of fact, there exists empirical evidence (Stein & Kaufman, 2010) which sug-
gests that teachers’ use of and interaction with curriculum materials may 
hold a stronger explanatory power to their implementation of high-quality 
mathematics instruction than factors such as teachers’ educational levels, 
experience and knowledge.   

5.1.2 Elaborating on coherence 

5.1.2.1 Coherence with instructional practice 
Though Desimone (2009) suggests that the PD’s coherence with teachers’ 
knowledge and beliefs is an important aspect to consider when designing 
PD-programs, the coherence between what is taught in the PD and teachers’ 
actual practice is not mentioned. Paper IV in this thesis suggests that teach-
ers at the secondary level have made larger changes in their mathematical 
instruction compared to the teachers at the primary level, which may be due 
to the fact that the primary level teachers started with instructional practices 
more in line with those advocated in the PD-program in CoV. At the same 
time, the results from Paper III indicate that it is the achievement of the stu-
dents at the secondary level that has declined. As discussed in Paper IV, it is 
clear that the PD-program places higher demands regarding instructional 
changes among the secondary level teachers and it could be that these re-
quirements are too high, especially since these teachers, compared with 
those at the primary level, also experience less support from contextual fac-
tors such as insufficient time for planning. 

The above reasoning could be linked to coherence with practice in rela-
tion to the theory of teacher change. However, coherence with practice could 
also be discussed in relation to the PD-programs theory of instruction and 
the instructional practices students are used to. As discussed in Paper III, the 
PD-program in CoV does not only put higher demands on instructional 
change on the teachers at the secondary level, but the same also applies for 
their students. One reason for the declining results of the secondary grade 
students could therefore be that the requirements of change are too high. For 
example, the descriptive statistics from the teacher surveys used in Paper IV 
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suggest that, compared with the teachers in the primary grades, the second-
ary level teachers experience less support from their students as well as the 
students’ parents in trying to make changes in their instruction based on their 
experiences from the PD. 

However, in arguing for attending to coherence with the instructional 
practices advocated in a PD-program and the practices actually occurring in 
the classroom, it is important to point out that this does not imply that they 
should be as uniform as possible. Rather, it is an argument that this type of 
coherence is an important aspect to consider when designing teacher PD-
programs in relation to what kind of support one is able to provide. For ex-
ample, from their meta-analysis, Timperley et al. (2007) conclude that effec-
tive contexts for promoting professional learning opportunities in teacher 
PD-programs include challenging teacher’s prevailing discourses when they 
are problematic. Similarly, when investigating a mathematics reform in the 
US, very similar to the current reforms in Sweden with increased focus on 
conceptual knowledge, Spillane (1999) states that for teachers to get to the 
core reform ideas, they will probably have to question much of their current 
understanding of teaching and learning. He further concludes that if teachers 
are to successfully change their practice in line with the reform initiatives, 
this is not only dependent on their personal resources (e.g., subject matter 
and pedagogical content knowledge), but also on the support they receive 
from colleagues, external experts and material resources which support the 
enactments of the reform ideas. As argued by several scholars (Bryk et al., 
2015; Cobb & Jackson, 2011; Penuel et al., 2007; Schoenfeld, 2015), in-
structional improvement at scale is not just a question of teacher learning, 
but also on how to support teachers in making the instructional changes re-
quired. Thus, the less coherent the teaching practices advocated in a PD-
programs are to the current instruction, the more important it is to look at the 
level of resources one is able to invest in in order to support the reforms.  

In addition, it is probably not enough to look at how big the changes a 
PD-program requires of the teachers are, but also at the nature of these 
changes. As mentioned in Desimone and Garet (2015), some changes are 
probably easier to elicit, such as teachers’ procedures, while others, such as 
teachers’ skill with reflective practice, are harder to come by. For example, 
as suggested in Schneider and Plasman (2011) rewiew of science teachers’ 
PCK development, specific features of inquiry-based instruction are easier to 
learn whilst others, which require teachers to do more rethinking, provide a 
greater challenge. Paper IV strengthen this argument by providing empirical 
results and from a different subject: Mathematics. The results from Paper IV 
show that the secondary level teachers participating in CoV, and who are 
usually novices to teaching mathematics through problem solving, report on 
putting more emphasis on students’ problem-solving competencies during 
instruction, but at the same time less often appear to let students present their 
solutions to mathematical problems for the whole class. As argued by both 
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Larsson and Ryve (2012) and Stein et al. (2008), in teaching mathematics 
through problem solving, the part including supporting students’ reasoning 
and problem-solving skills through a thoughtful orchestration of mathemati-
cal discussions based on students’ solutions to the problem is a particularly 
huge challenge, which also increases with the complexity of the mathematics 
being dealt with. Thus, to get teachers to do more procedural tasks, such as 
posing more questions or letting students work with mathematical problems, 
may not be that hard to accomplish in the course of a PD-program. The most 
important issue should, however, concern the quality of the questions and 
problems used during instruction. Hence, if PD-programs are aiming for 
more inquiry-based instruction in the classrooms, it is probably not enough 
to focus on teachers’ procedures (e.g., time spent on problem-solving activi-
ties), but also on the quality in which they are performed. Such changes are, 
however, certainly more challenging to accomplish than increasing the time 
spent on specific behaviors (Desimone & Garet, 2015). This is not, however, 
an argument that PD-programs should not aim to accomplish more ambitious 
teaching practices. Rather it is an argument that one has to consider the level 
of support provided to the teachers in relation to the demands of the changes 
asked. As suggested by Santagata (2009), more superficial changes focusing 
on procedures may be a first necessary step in order to reach towards more 
transformative changes.  

5.1.2.2 Coherence with curriculum materials 
Regarding coherence with factors not directly tied to teachers’ beliefs and 
knowledge, Desimone (2009) highlights the importance of adhering to the 
consistency between the content of the PD and the reforms and policies of 
schools, districts and states. However, the coherence with curriculum mate-
rials, which functions as a base for mathematics instruction for teachers in 
many countries (Mullis et al., 2012), is not brought to the fore.  

Several small-scale studies (c.f. Fan et al., 2013) suggest that the curricu-
lum materials teachers use highly affect their resulting instruction. This is 
also evident in the results from the large-scale study reported on in Paper I. 
Moreover, Paper II shows that the materials teachers use offer them different 
kinds of support. For example, the analysis demonstrates that both of the 
Swedish curriculum programs communicate about the tasks in the students’ 
textbooks, though MD does this more often than ME. On the other hand, ME 
more often communicates about the goals of the lessons. These differences 
are noteworthy in relation to the results of Paper I, which suggest that, com-
pared with teachers using ME, teachers using MD more frequently let stu-
dents work individually in their textbooks and view their curriculum materi-
als as being less consistent with the teaching practices advocated in the na-
tional curricula (Swedish National Agency for Education, 2011a).     

What is more, the results from the teacher surveys used in Paper IV indi-
cate that the secondary level teachers participating in the PD-program in 
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CoV experience less support from their curriculum materials than those 
teaching at the primary level. For example, statistically significant differ-
ences between the two groups of teachers could be found for the statement 
that “The curriculum material offers mathematical problems that are relevant 
to the mathematical level of my students”. This result is worth noting in rela-
tion to the results from Paper III and the secondary level students’ declining 
achievement. Moreover, other studies within the field have shown interesting 
correlations between the effects of improvement efforts and the curriculum 
materials that teachers are using. For example, Wilson et al. (2009) found a 
correlation between the support offered in different curriculum materials and 
a PD-program’s effect on student achievement. Also the results presented in 
Spillane (1999) suggest that if teachers are supported by a curriculum mate-
rial that is consistent with the mathematics reform initiatives, this facilitates 
their enactment of the teaching practices advocated as well as enabling con-
versations about mathematics instruction by providing teachers with a com-
mon point of reference.  

Building on the results from the papers in this thesis, as well as the other 
studies mentioned, it is argued that attending to the coherence between the 
practices advocated in a PD-program and the curriculum materials is an im-
portant aspect to think carefully about when designing the programs. 

5.2 Discussion of the methodology 
In this section, some possible limitations of the studies included in this thesis 
will be discussed. More precisely, this will be discussed in relation to three 
themes: (1) frictions between measuring for research and for practice, (2) 
limitations of surveys to measure classroom instruction, and (3) limitations 
of the mathematical tests used to measure student achievement.  

First of all, since CoV is both a development and a research project, the 
evaluation design had to take into consideration several frictions. The first 
friction regards “the generality that is valued in academic research and the 
specificity that is needed to guide practice improvement” (Bryk et al., 2015, 
p. 99). While academic research values long and detailed measures in an
effort to measure each construct with high reliability, improvement research 
demands practical measurements where data collection needs to fit in to 
teachers’ often limited time frames and be collected on a regular basis. The 
second friction regards the timing of measurements. Just as McKenna and 
Walpole (2010) mention, it is not always possible to provide fast answers in 
large-scale development projects, at least not answers that are reliable. 
Changes among mathematics teachers, instruction and students is not an 
event, but rather a process whereby scholars (Bryk et al., 2015; Desimone, 
2009; Kennedy, 2016; Sowder, 2007) have argued that collecting results too 
close to the time of implementation may be misleading in assessing a PD-
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program’s ultimate effects. In this thesis, Paper III and IV are based on data 
collected at the beginning and at the end of the implementation of the year-
long PD-programs. This could be argued as being too soon. At the same 
time, it is important to consider that financial supporters, such as politicians 
and governments, often require fast responses (Sowder, 2007). In addition, 
in developing PD-programs for teachers, changes in the project are mostly 
preferred to be done during the course of the programs instead of after their 
completion. In this sense, the results of Paper III and IV are not to be seen as 
determining the final outcomes of the PD-programs, but rather as leading 
outcome measures, measures that are available on a more immediate basis 
and can predict where the programs are heading and point to future direc-
tions (Bryk et al., 2015).   

Secondly, though surveys, interviews as well as classroom observations 
are frequently used to measure instructional practices, survey research seems 
to receive the most criticism in educational research (c.f. Desimone, 2009). 
In fact, researchers are often seen making excuses for the use of this method 
of data collection (e.g., Fishman et al., 2003; Hamilton et al., 2003). At the 
same time, using interviews and observations to collect data is considerably 
more expensive and therefore not always appropriate for large-scale studies 
(Hamilton et al., 2003). What is more, the bias towards survey research to 
measure instruction might not be entirely just. For example, some studies 
(e.g., Swan, 2006) have shown satisfactory consistency between classroom 
observations and teacher surveys. In fact, Desimone (2009) argues that the 
bias towards surveys is often based on early studies of which many, by cur-
rent standards, would be considered to contain fatal flaws. She concludes 
that if survey questions ask teachers about what they did in their classrooms 
and how often, in contrast to how well they did it, observations and surveys 
have been shown to produce much the same information. Thus, though sur-
veys may not yield depth do the data collected, they have been used to iden-
tify broad patterns of impact when exploring differences in practice among 
teachers and schools (e.g., Stecher & Borko, 2002). 

The third possible limitation concerns the choice of using McIntosh’s 
(2008) tests to measure student achievement. One criticism of the tests could 
be that they put sole emphasis on number sense and thereby neglect other 
important core content areas, such as Geometry or Probability. However, a 
test designed to measure all the mathematical competencies and content in 
the syllabus (Swedish National Agency for Education, 2011a) would take a 
long time to carry out and, as mentioned by Bryk, et al. (2015), time is a 
highly limited resource for teachers and students. Therefore, it is most likely 
that large-scale evaluations will have to continue to use tests that are not 
completely adequate for their purposes (Hamilton et al., 2003). Furthermore, 
though number sense does not cover all the mathematical content in the syl-
labus (Swedish National Agency for Education, 2011a), it has been argued 
that it is a central foundation for further mathematical studies, and research 
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in the learning of concepts associated with numbers has been more thorough-
ly investigated than other content areas (National Research Council, 2001). 
Several of these areas are also highly intertwined with number concepts. 
Finally, the teaching of numbers should not be seen as solely concentrating 
on computation. It also involves other aspects, such as communication and 
understanding of central mathematical concepts (National Research Council, 
2001; Reys et al., 1999), an approach that can also be increasingly detected 
throughout the history of the Swedish national curriculum (Prytz, 2015). 

5.3 Contributions 
The contributions of this thesis are both empirical and theoretical. To begin 
with, the studies included in the thesis contain important contributions re-
garding recent calls for more empirical studies in relation to both teachers’ 
perceptions and the use of curriculum materials (Fan et al., 2013; Lloyd et 
al., 2009; Stein & Kaufman, 2010), as well as the impact of PD-programs on 
teachers, instruction, and student achievement (Goldsmith et al., 2013; 
Guskey & Yoon, 2009; Marrongelle et al., 2013; Scher & O'Reilly, 2009), 
especially on a large scale and in different contexts than the US. The results 
should be interesting, particularly in the Swedish context, for all those in-
volved in decisions regarding both the choice of mathematics curriculum 
materials and which kinds of professional development initiatives to invest 
in. The same also holds for those responsible for the design and further de-
velopment of mathematics curriculum materials and teacher PD-programs. 
In an international perspective, the thesis can be seen as a comprehensive 
case study which could support the discussion and knowledge base regarding 
how to support teachers in carrying out rich mathematics instruction. 

In regard to the overall theoretical contribution, the thesis shows that Des-
imone’s (2009) framework is useful for characterizing teacher PD-programs, 
supports the design of studies aiming at investigating the particular effects of 
PD-programs, and also aids the interpretation of the results. However, as 
discussed in this thesis, as well as noted by Kennedy (2016) and Desimone 
herself (Desimone & Garet, 2015), the framework is very broad. For exam-
ple, the results from this thesis illustrate that the framework is not always 
helpful in detecting finer points of details between different PD-programs 
and explaining why the same program may have a different impact on dif-
ferent teachers and in various contexts. Guided by the results from the pa-
pers, as well as previous research, this thesis has discussed and suggested 
development of parts of Desimone’s (2009) framework for studying teacher 
PD and has thereby contributed to the ongoing efforts and discussions (c.f. 
Desimone & Garet, 2015; Kennedy, 2016; Schoenfeld, 2015; Sztajn et al., 
2009) of developing a more refined framework which can better support 
both practice and future research.     
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5.4 Future research 
The results from the studies included in this thesis have provided some an-
swers, but perhaps even more questions that would be worth studying fur-
ther. First of all, the results suggest that even PD with all the critical features 
described in Desimone (2009) does not always yield instructional improve-
ments and enhanced student achievement. This has also been discussed in 
section 5.1 of the thesis and it is suggested to be an important topic for fur-
ther studies. One way to dig deeper into this issue is to examine the core 
features in more detail. For example, future research could design new stud-
ies of PD-programs, as well as taking a deeper look at already conducted 
studies, and strive to describe the programs in more detail in relation to the 
core critical features and thereafter examine their impact on teachers, in-
struction and students. Based on these studies, researchers could look for 
differences between programs and their effects and relate that to how they 
incorporate all, or some, of the critical features in practice. Moreover, re-
searchers could examine differences in impact within single PD-programs 
and look for effects between, for example, various grade-levels or teachers 
using different curriculum materials. For which groups of teacher is the PD 
effective? Why do certain groups of teachers have higher implementation 
than others? How can we expand the range in which the PD is working?   

Finally, if one wants to determine the full effects of a PD-program it is 
probably not enough to do a single follow up after one year (Desimone, 
2009; Wayne et al., 2008). As a matter of fact, several studies have found 
empirical evidence which indicates that the effects of PD-programs on stu-
dents’ results are more positive some years after the teachers’ participation 
in the programs. For example, Harris and Sass (2011) found that, for high-
school math, PD attainment in the current year has a negative effect on stu-
dent results, while the effect becomes positive after two, three and four 
years. In addition, Kennedy (2016) noticed that in most studies on PD in-
cluding a follow-up year, student achievement was higher at the end of that 
year than at the end of the program year. Descriptive statistics of newly col-
lected data on student achievement for the two programs studied in Paper III 
suggest that the PD-programs’ effects on student achievement after two 
years sometimes differ from the effects detected after one year. These lag-
ging effects also seem to vary between the programs. In the light of this, an 
interesting following step would be to take a closer look at these data in or-
der to study how the secondary and primary level students’ results, as well as 
the teachers and the instruction, have been affected by the different PD-
programs in the longer terms. 
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Sammanfattning på svenska 

För närvarande ser vi ett stigande intresse för matematikundervisning, fram-
manad av dels en ökad oro för elevers sjunkande resultat, men också av för-
ändrade uppfattningar om vilken matematik elever bör behärska. I ljuset av 
detta har alltfler initiativ börjat dyka upp vilka försöker att förändra under-
visningspraktikerna från traditionella till mer undersökande. Trots att flerta-
let mindre studier har bidragit mycket till vår förståelse kring hur vi kan 
stödja lärare i detta arbete behövs det fortfarande mer forskning genomförd i 
stor skala. Syftet med denna uppsats är således att bidra till vår kunskap 
kring hur vi, i stor skala, kan stödja arbetet med utveckling av undervisning. 
Detta görs genom att fokusera på två vanliga strategier för att stödja mate-
matiklärares utveckling av mer undersökande undervisningspraktiker: läro-
medel och kompetensutvecklingsprogram [KP] för lärare. Uppsatsen bygger 
på fyra artiklar vilka alla är knutna till ett kombinerat utvecklings- och forsk-
ningsprojekt som syftar till att utveckla matematikundervisningen i en stor, 
svensk kommun. Projektet inbegriper ett KP för nästan 400 grundskolelärare 
och de läromedel som lärarna använder i matematikundervisningen har en 
central betydelse i projektet. De två första artiklarna fokuserar på mate-
matikläromedel genom att antingen nyttja enkäter för att jämföra lärares syn 
på det stöd som erbjuds i dessa och deras rapporterade undervisning, eller 
analysera några vanligt förekommande läromedel för att karaktärisera hur de 
kommunicerar med lärarna om, till exempel, mål med lektioner. Resultaten 
visar att lärare som använder olika läromedel upplever olika grad av stöd 
ifrån dessa och det finns också variationer i deras rapporterade undervisning. 
Dessa skillnader återspeglas också i läromedelsanalyserna som visar att läro-
medlen erbjuder olika typer av stöd, till exempel i relation till kommunika-
tion kring mål. De två sista artiklarna fokuserar på KP för lärare genom att 
antingen jämföra två olika programs påverkan på elevers matematikresultat, 
eller i en enkätstudie undersöka lärares syn på ett av programmen och dess 
inverkan på deras rapporterade undervisning. Resultaten visar på att de två 
KP:en påverkat elevernas prestationer på olika sätt och demonstrerar både 
nedgångar och förbättringar. Även inom programmen kan skillnader ses 
mellan elever från lägre (åk 1-6) och högre (åk 7-9) åldrar. Dessa variationer 
påträffas också i enkäterna där resultaten visar på en skillnad mellan lärare 
som undervisar i lägre och högre åldrar. Med stöd i resultaten från artiklarna 
och tidigare forskning avslutas uppsatsen med en diskussion kring möjliga 
utvecklingar av ett vida använt ramverk för att studera KP för lärare.  
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