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Summary

This study reports on the teachersod per ¢
tasks, and changes teachers make in their everyday clasgtesearch within
mathematics education is a complex field with many different factors, and there
has been a huge effort by researchers to develop and improve teaching in
mathematics. Still, it turns out that this is not easily transferred to the classrooms
(Artigue, 2008; Breiteig & Goodchild, 2010). Past experiences also reveal that
new curriculums are not implemented as intended (Breiteig & Goodchild, 2010).
There is a perceived disconnection between practice and research which has
vexed education for a yelong time (Silver & Lunsford, 2017). To address these
issueand under st and t h,éwotesearchlyeestisnéwepeer spect
formulated:

1. What <characterizes teachersd descri |

want to use in their classroom?
2. What rdionales do teachers express when they initiate changes to
mathematical tasks during the collaboration?
The research is designed as a multiple case study (Stake, 2006), where the
phenomenon to be studied is the teacher ¢
they want to use in their classrooms, and the cases are four teachers in the
context of their classes and the schools they work at. Each case consists of a task
design process, which include designing tasks, refining them, implementing, and
evaluating theéasks.
| have used techniques from grounded theory in the analysis process, and
conducted open coding based on the ideas from GlasStrausg1967).
Through the inductive analysis process, | have identified three different
dimensions of how the teaaisedescribe mathematical taskxtcome of tasks
Characteristics of taskandSt udent s 0 r eThedatawas farthéro t as ks
analyzed with respect to the change sequences for each design process conducted
with the teachers, using the Interconnectexti®l of Professional Growth
developed by Clarke and Hollingsworth (2002).
The answers to the two research questions are clearly intertwined, because

the teachersodé descriptions of mathemat i c
initiating changes. Aamrding to the findings in this research project, teachers
describe mathematical tasks mostly by the desired outcome of the tasks. These
desired outcomes of tasks are related to their students and the need to resolve
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three types of classroom issuesrk, motivation andunderstandingHowever,

there were also some aspects the teachers might struggle with that could hinder

certain types of mathematical tasks. These w&lactics communicationand
mathematicsThe teachers describe mathematical tasks that might help them

resolve and change issues in their classrooms. They want mathematical tasks that

will help them get their students to work, to be more motivated or to gain a better
understanding. These arate her s r ati onales for initize
some of the teachers are also making changes to improve one or more of the

teacher aspects they might struggle with. This is evident when analyzing the

change processes through the Interconnected Moddadte and Hollingsworth

(2002).This research projetias shown that the Interconnected Model of Clarke

and Hollingsworth (2002) also can be useful for analyzing change processes from

the teachersodé perspective i n ttflge cl assr
mathematical tasks. However, | argue that such an analysis requires an expansion

of the Interconnected Model, to include the student domain.
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1l ntroducti on

This dissertation focuses on the teacher
mathematical taskbiey use taffer studentsan opportunity to leatrand

changedo those taskieachers makfor their everydayse in theicclassroom.

Four teachersiorking in upper secondary school participated in the research

project and the results are based on an analysis ofgeane&ollaboration

between each of the teachers and one researcher. | will, in this introductory

chapter, provide a rationaleforatops on t he t e aSehtierrlsd)) per sp
present the research questioBsdtion 1.2), give a description of the research

setting and the methods us&e¢tion 1.3) and finally round off the chapter by

presenting the structure of tdessertation $ection 1.4).

1.1 Understanding the Teacher and Teaching

When conducting research, implementation and use of the results are, of course,
important to the researcher, but it is not always easy to accomplish this to the
extent one might want.d8earch within mathematics education is a complex

field with many different factor@ndthere has been a huge effort by researchers
to develop and improve teaching in mathematics. Still, it turns outhtisas not

easily transferred to the classroofAstigue, 2008; Breiteig & Goodchild, 2010)
Past experiences alsevealthat new curriculums are not implemented as
intended(Breiteig & Goodchild, 2010)There is a perceived disconnection

between practice and research which has vexed education for langtime

(Silver & Lunsford, 2017)

This challenge of implementation of research in mathematics education is
part of what sparked my interest when setting up my own research design. How
could | conduct research which | felt both mattered and was ingolEd? What
could be the reasons behind difficulties with implementation? One of my
concerns was a lack of understanding of how teachers might impact
implementation. Could it be that a greater knowledge and understanding of
teachers might improve implematibn of research in mathematics education?
Even i f both researchers and teachers he
has a lot more practical obstacles to take into consideration, and this might not
always be evident for the researcffRuthven &Goodchild, 2008)In addition,
teachers experience the constraints of institutional expectations, but teachers are
also continuously developing their knowledge on teaching by cases from their
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classroomgHundeland, 2011 Ruthven and Goodchild (2008)ivacate
researchers to acknowledge the craft knowledge of teachers, and this is
something | want to contrilbeito with my research.

During the past decades, there has been an increasing interest in the
research community to better understand teachers artdrigeSfard (2005)
reports on a decisive shift in research focus towards more articles on teachers and
teacher practice around the millennium st8kott, Mosvold, and Sakonidis
(2018)examine twenty years of research by the European Society for Research
in Mathematics Education (ERME), and comment on how this shift of research
focus towards teachers and teaching has gained even further momentum during
the last years, not least in Europde firstCongres®f the European Society for
Research in Mathematics Educati@ERME) in 1998, had only one thematic
wor king group on the topic: OFrom a st uc
Teacher Educationd. Thi weraothers,pndinas now I
CERME 9 and 10 there have been three different thematic working groups
dedicated to teachers and teacher pra¢8kett et al., 2018)Even though there
has been a distinctive increase in research on teachers and teaching practice,
there are many unresolved issues. The tension between research and practice has
both been recognized in the mathematics education community, and it has given
rise to much discussion. This persistent attention to the topic, even in the face of
little evidencethat the relationship has improved over time, suggests a deeply
rooted, resilient belief and hope among scholars in mathematics education that it
is both feasible and valuable to create a productive interface between research
and practice in the fiel(Silver & Lunsford, 2017)

With this research project, my aim is that through a greater understanding
of the teachersd perspective, there is &
productive interface between research and practice, which can help to reduce the
researckpr acti ce gap. A combination of more
perspective and what changes they are likely to nakeathematical tasksvill
be an important contribution to the research field.

1.2 The Research Questions

With the aimofunderstadi ng t he teachersd perspecti
research questions which guide the research presented in this dissertation.
1. What characterizes teacherso6 descrip
want to use in their classroom?
2



2. What rationales do teaets express when they initiate chantges
mathematical taskduring the collaboration?

| choose to focus on mathematical tasks in my collaboration with the teachers,
since findings from the TIMSS advanced 2008 st{Mullis, Martin, Robitaille,

& Foy, 2009), show that the most dominating activity in Norwegian classrooms
is by far solving mathematical tasks. This is also a predominant classroom
activity in other countries than NorwéWlullis, Martin, Robitaille, & Foy,

2009. In addition to explore howeachers descr@dmathematical tasks they want
to use | want to use the opportunity to also analyzesbiéinitiated changes
teachers make when designing and implementing mathematicglaaskihie
rationales they express for this

1.3 The Research Sahg, and Methods Adopted

Four teachergeaching mathematids vocational classes at upper secondary
school, volunteered to participate in this research project. They were offered help
to design mathematical tasks they would want to use in their classrooms, and in
return, | as a researcher, would in the process labout what thelpokedfor in

tasks. My intentions were not to change the teachers, but to help the teachers
make changes to their teaching which they might not otherwise have the time or
resources to do.

The research is designed as a multiple casly $6take, 200§)where the
phenomenon to be studied is the teacher s
they want to use in their classrograad the cases are four teachers in the
context of their classes and the schools they work at. Each case coinsitisk
design process, which include designing tasks, refining tmeplementingand
evaluating the tasks. By using such a design, | get access not onlichaashs
the teachers claim they want to use, but also to their reflections when
implementng and refining the tasksthus connecting theory and practice.

All conversations with the teachers were recorded and analyzed. Since my
aim was to describe the teachersdo per spe
to use in their classroom, | needediaductive approach to analyze the data. |
have therefore used techniques from grounded theory, and conducted open
coding based on the ideas fr@aser and Straus&967) | elaborate on the
details of this work in the methodology chapter. Through the inductive analysis



process, | have identifighree different dimensions of how the teachers describe
mathematical tasks, and these are present€tapter 7.

Given a reseaah design which is not aimed at changing the teachers or
setting guidelines for how the teaching should be changed, this data material
gives an opportunity to analyze the teaeinérated change processes in the
classroom. | have therefore analyzed thenge sequences for each design
process conducted with the teachers, using the Interconnected Model of
Professional Growth developed 6Yarke and Hollingsworth (2002)

1.4 The Structure of the Dissertation

Following this introductory chapter, | presen¢ thorwegian school system as

the context of the research study. This is followed by Chapter 3, where relevant
theoretical perspectives goeesentedand | position the research theoretically. |

start this chapter by i nivregtdamgdatwmat tfeqa
teaching can be considered as, from the
by a theoretical presentation of tasks and task design dilemmas, set in an

international context. The theory section is rounded off by addressing teacher

change and presenting a theoretical framework for investigating teacher change.
Chapter 4 sets out the methodology of this study and presents the methods used,

but also places the research within a research paradigm and argues for how this
guides the choicawmade. The cases are presented in the same chapter, and
trustworthiness and ethical considerations are discussed. The four cases are
presented one by one in Chapter 5 and the tasks which were designed are

presented ilChapter 6 Analysis with respect to reearch question 1 is described

in Section7.1, and analysis with respect to research question 2 is presented in
Section7.2. A discussion of both these analyses is then articulated in Chapter 8.
Chapter 9 summarizes the findings and includes a discudsstrengths and

limitations of the research. In addition, pedagogical implications and needs for

further researchrediscussed.



2The Norwegian School System

A case cannot be fully understood without context, and | will therefore elaborate
on thecontextthe teachers in this research project work within, which is the
Norwegian school systensetting teachers to collaborate closely with a
researcher for a long period of time is not necessarily easy, given that time is a
recurrent issue for many tdears and time pressure is a real-ttagay

classroom experience with which teachersstlive (Assude, 2005; Jordfald,

Nyen, & Seip, 2009; Leong & Chick, 201However, the Norwegian school
system might be one of the reasons such a research depimmible to condugct
andwhereteacherarewilling to collaborate and spend time sach goroject. |

will in this chapter elaborate on the Norwegian school system to provide context
for the research, but also on how the system might encourage teacheesto in
their time in such a research project. At the end of this chapter, | will in addition
discusshow some of the issues evident in the Norwegian school system also
apply to teachers from other countries and therefande viewed as

internationally relgant issues.

2.1 General Overview

In Norway there are 10 years of compulsory education. The children start school
the year they turn six years old and have ten years of schooling before they leave
at the end of lower secondary school. Mathematics is awsony subject
throughout all these school years. After the childperduatdower secondary

school, they can choose to continue their schooliagapper secondary school.

All people between the ages of 16 and 19 have a statutory right to upper
secondey education and training, and today almost everyone continues into
upper secondary schooling because it is becoming more and more difficult to get
a job without it. In Figure 2.Xhere isa sketch of the Norwegian school system

and the possibilities th&udents havéor continung schooling after each

completed level. The Norwegian terms of each level are written in the brackets,
and the arrows represent possible movement between the various types of
educatiom. While most of the educationptograms in Figure 2.1. are possible to
attend as an adult, | have marked them with the most common age of those
attending.



Post Vocational Education
(fagskole)
1-2 years

University/University College
(universitet/hayskole)

Work General subjects to get the general
EXpEFiEﬂCE‘ university admissions certificate

L — (1 year)

Upper Secondary School (videregiende skole)

Vocational Education Program (age 16-20) I :
Three possible alternatives: program for General Studies

3 years in school (age 16-19)

4 years in company 3 years at school, with general university
2 years at school and 2 years as apprentices in company salTiEsaTe T e

Lower Secondary School

(ungdomsskole)
Grades 8-10, age 13-16

Primary School
{barneskole)
Grades 1-7, age 6-13

Figure2.1: An overview of the Norwegian school system

The green boxes at the bottom of Figure 2.1 represent the compulsorgfyears
school. Having completed the compulsory years, the students may choose to
apply for upper secondary school, which is represented by the dark blue boxes.
When applying for upper secondary school, the students can make a choice
between general studies\arcational educational programs. By choosing general
studies, the students will attaargeneral university admissions certificate. If they
choose a vocational education, they will after two years of schooling and two
years of apprenticeship achieve alg&ertificate they can also achieve this by
four years in a company dinreeyears in school). If these students change their
mindsand want to continue to higher educatitrey can take another year of
general subjects to gageneral university adnsgon certificate (the light blue

box in Figure 2.1). There is also a possibility to take further vocational
education, either directly after upper secondary school or after some work
experience. This is called post vocational education and is represetitedyrey
box in Figure 2.1



During the two years of schooling in the vocational education and
training, the students have both common core subjects and program subjects in
addition to some hours set aside to project work. The distribution of these
teading hours per year, can be seeifable2.1 Mathematics i®ne ofthe
common core subjectBuring the first year of upper secondary school the
students have general subjects and introductory courses to different crafts and
trades within theiprogram, before they choose specialization the second year.

Table 5.3.2: distribution of subjects in curricula at the various levels of upper secondary IVET. teaching hours
per year

Subject
Common core according to
336 252 collective agreements
subjects -
on working hours
Programme subjects 477 477
In-depth study project | 168 253

Table2.1: Distribution of subjects at the various levels of upper secondary vocational education
and training[ReferNet Norway, 2010)

2.2 The Classes and Schools in this Project

Two of theteachers in this research project, Hanna and Sven, are working at an

upper secondary vocational school, andrteidents are in their first year. That

is the year they have mathematics as one of the compulsory common core

subjects. The government has egsed that mathematics should be related to
employment in these mathematics courses; however, there are challenges related

to how to achieve this. The textbook has some vocationally related tasks, but it is
limited. Also, the curriculum is general, andsithe same for all vocational

programs so the teachers would have to adapt and adjust the curriculum and

make tasks which are relevant for the specific vocation their students are training

for. However, most teachers who are teaching mathematics diiovatachools

are mathematics educators and have limited knowledge about the vocation the
students are being educated for. In addition, the mathematics teachers often teach
many different vocational classes which can range from Building and
ConstructionRestaurant and Food Processing to Design and Cratft, all within the

same school year. This makes it challenging for the mathematics teachers to
achieve enough knowledge about the stude
relevant vocational mathematical taskaother challenge is that the

mathematics courds placed inthe studends f i r st y eaducatoff v ocat.i
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and most of the students do not have any previous knowledge of the vocation
they are about to learn through schoolidgncei|it is difficult to create
mathematics tasks relevant to a vocation the students do not know themselves yet
and do not have many references to.

The other two teachers in the research project, Roger and Thomasnwork
a different part of the vocational exhtion sectarRoger teaabsin thepost
vocational education, where the students have already achieved a trade certificate
some years ago, but they are now blacKurther education. The classes Roger
teaches in this research projecteakpreparatory mthematics course before they
canstart on an engineering degree at a university. Roger has therefore a group of
students who are older than the typical upper secondary school student. Thomas
is teaching the same course as Roger, but his group of stiglarii# different
since a trade certificate is not required to get admitted into the course. Most of
his students are about twenty years old but did not take the mathematics and
physicscoursegluringsecondary school needixt engineering progragata
university. The mathematics content in this preparatory course is not vocationally
oriented towards engineering but is more a general course to giaghamatical
foundation before university studies.

In addition to the differences between the schootieasribed above,
there are some political principles which is a significant part of the context the
teachers work in. | will therefore shortly describe some of the political ideals
when it comes to education in Norway.

2.3 Comprehensive School and Politial Ideals

Education for all and equality are important concepts in the Norwegian
educational policy across political party lines, with a goal to reduce social
inequality(Markussen, Frgseth, & Sandberg, 20T1)e Norwegian Directorate
for Education and Training has written this explanation for the &gty in
education in Norway:

Equity means to provide equal opportunities in education regardless of

abilities and aptitudes, age, gender, skin colour, $exientation, social

background, religious or ethnic background, place of residence, family

education or family finance&quity in Education must therefore be

understood on the system level, using a matiperspective based on

overriding legislation,egulations and syllabuses, and on an individual level,
8



adapting the education to individual abilities and aptituleensure Equity

in Education for all, positive discrimination is required, not equal treatment.
Equity in Education is a national goal ahe overriding principle that applies
to all areas of educatiqifhe Norwegian Directorate for Education and
Training, 2008)

As a result of this focus on equality of opportunity in education, the Norwegian
educational system ha® Ashancompoehansiy
ideal (Department of Education and Training, 2€8@)7) There are very few

special needs schools in Norway, and every student is entitled to be in a regular
classroom. As a result, a typical class in Norway mwdludehigh and low

achieverschildren havingifferent physical and psychologiadibgnosesand

special needs. The Education At998)s peci f i e s : AEducation s
to the abilities and aptitudes of the individual student, apprentice and training
candidaté (3§ All students are entitled by law to experience education
adapted according to their abilities
Norwegian Directorate for Education and Training has elaborated on what is
meant by adapted education:

) ar

- the school owner (the local or county authority), and the administration and

staff at the educational institution must undertake to provide satisfactory and
adequate teaching based on the individ:i
education involves @osing teaching material, methods and structures to

ensure that each individual develops the basic skills and satisfies the

competence objectives. This means that the teaching must be adapted on the
individual and group level#®idapted education does noean that all teaching

is individualized but that all aspects of the learning environntaké the

variations among the students and apprentices into consideration (The

Norwegian Directorate for Education and Training, 2008).

The political concept of the comprehensive sclo®orwayhas influenced

upper secondargducationand since 1994 every teenager has a statutory right of
secondary schooling regardless of abilities and academic r&snftsequently
almost every teenag now stad upper secondary school in Norway and many of
the low achieving students apply for the vocational progi@wepartment of

Education and Training, 20a807) The Education Act also applies to upper
9



seconday school, and adapted teaching igguirement for all the courses in the
vocational programs. As a result, many teachers take it personally when their
students fail subjects or quit secondary school. They have a goal to give adapted
teaching to all their students, but the classes are divansl the pace of a course
can be viewed quite different from student to student.

So, while Hanna and Sven work with a diverse group of students both
when it comes to knowledge and motivation, Roger and Thomas are in a
different position. Their classeseamore homogeneous, andithetudents are
motivated to pass the course so they can start their university studies. In addition,
there are no requirements by law for adapted teaching in the classes of Roger and
Thomas. Roger even expresses in our firaivecsation about tasks how it is a
good thing if some of the students drop out in the beginning of the schodfl year
this is because they are not motivated to work

My students are motivated for mathematics. This year, more students than

what has beensuu a | have dropped out of the cou
The students who thought this was going to be easy and were not interested in
putting in the effort are gone, and nodmlleft with a rather mature group.

The students | have now work really @&first conversation about tasks,

Roge).

So, the four teachers in this research prdgath inrelatively differentcontexts

This diversity was not intentional in the research design, but a result of practical
adjustments which is furthexplained in the methodology chapter. | will

complete this section about the Norwegian educational system by referring to
accountability and how teachers are accountable in the Norwegian school system.

2.4 Teacher Accountability

Norway is a country where accountability systems have never been approved for

use in the education sector, even if there are some accountability devices in local

quality-assurance systenGhristophersen, Elstad, & Turmo, 2018jill, the

Norwegian PriméMi ni st er said in a speech in 200

clear responsibility f(Christophemanetsalt, udent s |

2010, p. 2)It has not beeaxplidtly statedclear how a Norwegian teacher can

be made accountable for studénts | e aandChristaphersen et al. (2010)

argue that this is not possible. The Pri
10



political shift when it comes to accountability in the future, but as of 2012/2013
when the data were collected, foeusin Norwegan schools was still on
adapted teaching and not on the student ¢
This is further reinforced by what the teachers in this research project
focus upon in the conversations. None of the teachers express that they are
worried about the examnd Hanna hardly mentions the final exam at all. The
person who mentions the exam most often is Roger, and tbanciérnsvhether
a task is relevant with respect to the exam or not. He might reject tasks based on
them not being relevant enough for therax&lowever, none of the teachers are
talking about consequences of their students doing well or badly on the final
exam, but they are often expressing worries aboutlhot the students
understanding the mathematics. From this, | assume the teachmtsfdel their
work is solely being judged by exams or national tests, and that they might even
feel more accountable towards their students than towards the government.

2.5 Summary

The Norwegian school system provides context for the teachers in thastproj
and this contextaries. While Hanna and Sven teach heterogeneous mathematics
classes for vocational students where the students differ in motivation and
academic abilities, Roger and Thomas have more homogeneous mathematics
classes with hard working students who aim girezering studies at
university. While this group of students must succeed on their exam to get
admitted into the University, Handfea nd Svends students have
to attend school, and some of them might just be there because they do not see
other options. The comprehensive school as a political ideal lays the foundation
for the teachers to focus on adapted teaching and how to motivate and include all
student s. It is the teacherdés responsi bi
abilities.h t he ot her hand, teachers are not
results and accountability systems have not been approved for use.

The Norwegian system provides @pportunity to study teachers coping
with diverse mathematics classes and adapteditggehithout a sole focus on
teaching for the exam. At the same time, the issues these teachers deal with are
universal and thus relevant for the international community.

Having presented the context the teachers work in, | will in the next
chapter presdrheoretical perspectivgsoviding knowledge of what is already
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known through previous resear¢husguiding the analysis of the data generated
through the collaborations in this research project.
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3Theoretical Perspectives

| will in this chapter preant relevant theoretical perspectives for investigating my
two research questions, which are

1. Whhat characterizes teachersdé descript
to use in their classroom?

2. What rationales do teachers express when they initiate ebtang
mathematical taskduring the collaboration?

Because ontological and epistemological assumptions will influence the

collaboration with the teachers, | start this chapter by theoretically positioning

myself and the research projectSection 3.1. This is followed by presenting

theories on teachers the classroom and their impact on learnineation 3.2.
Thenextsecti on (3.3) presents research on 06
perspective. This gives me the opportunity to discuss and compare my findings

with research that also focusontheth er s 6 p &ectop &4l presene . | n
theories on tasks, which gives me a theoretical frame to discuss the findings in

research question 1. The last section is 3.5, which presents theories on teacher

change an&ubSection 3.5.2resentshe framewrk | use intheanalysis

3.1 Theoretical Positioning of this Research Project

This is a research project where the researcher has an important role in
i nterpreting the teach e rasdaesigresqggeastionss f or
for tasks based omése requests. | will therefore present the underlying
theoretical perspectives guiding this research projectler@searcher, so the
reader might herself determine the possible impact it might have on the results.
The grand theoretical assumptions of the researcher and this research project
builds upon a sociatonstructivist perspective. One of the leading contributors to
constructivism iyon Glasersfeld (19872988, who is seen as representing
radicalconstructivism. This theory is based on two tenets:
1 Knowledge is not passively received but actively built up by the cognizing
subject;
1 The function of cognition is adaptive and serves the organization of the
experiential world, not the discovery of ontgical reality(von
Glasersfeld, 1988, p. 162)
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The first tenet rejects the notiof knowledgeasbeingtransferable andlaims

that knowledge is something each individual actively constructs. The second

tenet displays an ontological view of knowledge @isdp subjective. It is the

| earnerdés interpretations of the worl d t
learner has the principal role in the learning process.

This point of view has been criticize
emphasizes its individuait its separateness, and its primarily cognitive
represent at i o n(Ernestf2010,tp.s4l)reoxher vords,ehe warld
exists only through personal interpretations, and how can we then explain
interpersonal communication? This critique togethith the entry of
Vygot skyds wor k i-h9803, leads ® wHat Lerinah dasanibes h e mi

as fAthe social tur nléermam200Fhelfearmsomé ¢ s e d uc
guestions that are difficult to answer within a radical constructivist viegt as:
AWhy do school mat hemati cs and the curri

peoples i n numer o@@wampre&Engish,010, p.R& wor | d ?
Constructivism viewed through its interaction with the theories of

Vygotsky, leads to theotion of social constructivisnBauersfeld (1995 one

of the main contributors to this directi

d oes n o t(Badessfeld,|199%, p. 138n this perspective, there is a shift

of focus from the sole individu#&b the classroom as a cultural and a social

environment that is important for learning. It is still based on the epistemological

view that it is the individual that interprets and constructs knowledge based on

experiences in the social context, so thistizef learning might be viewed as a

combination of radical constructivism and a sewidtural perspective

(Goodchild, 2001)

3.2 The Teacher in the Classroom

A perspective of wanting more research on teachers and how they might
influence students has been a national focus in Norway as well as an international
focus. The Norwegian Ministry of Education announced in 2007 that they
wanted research on the connectimetween tangible teacher competencies and
studentsd | earning, and this resulted ir
2008(Nordenbo, Larsen, Tiftikci, Wendt, & Dstergaard, 2008)e Norwegian
Government recognized how research studies point te#ober being the
single most influential factor ota studer
befurtherexplored
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The report byNordenbo et ali2008)states that it is not possible to do a
systematic synthesizing in the form of mataalysis beguse there has not been
conducted randomized, controlled experiments on the topic for the last ten years,
so they have instead used a procedure which is described as narrative synthesis in
systematic research reviews. One of the purposes of the repatatetas:
AWhich di mensions of the pedagogical st e
school can, through effect studies, be detected to contribttie learning of
children and young peoge(My translation, Nordenbo et al., 2008, p. 18)
However, tle authors of the report realized quite early that a purpose expressed
this way, builds uponatheoryf how teachersd competenci
learningwhich can be illustrated &gure 3.1 below

The pedagogical staff’s Pupils’
competences I:> learning

Context

Figure3.1: How teachers' competenciefluencestudents' learningNordenbo et al., 2008, p.
46).

According toNordenbo et al. (2008)he illustration in Figure 3.1 models how
teachersdé6 competencies influence student
However,even if this illustration takes context into account when examining the
influence teachersé competencies have or
the complexity of the pedagogical reality in a typical school class, which is
something the authors tfe report acknowledged rather early. They point to
how all individuals in a class, both teachers and students, influence each other
and how a classroom is built upon a complex system of social interactions and
relationships, which the model above omiBased on thidNordenbo et al.
(2008)chose to use a more complex model which they found in the work of
Muijs and Reynolds (2002vh en r evi ewi ng t he research
on students learning. This model digilshedo et ween a t ditgcher 6s p
teacher beliefs, teacher behaviors, teacher subject and student achievement. In
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addition, the arrows go both back and forth, indiggd mutual influence and not
just an effect in one direction (see Figure 3.2):

Teacher
beliefs

Teacher Teacher Student
personality behaviors achievement

A 4

Teacher
subject

Figure3.2 Complex model of how teachers' influence students' leatNiagienbo et al., 2008,
p. 47)

The model in Figure 3.2 can be viewed as a more detailed representation of the
previous model presented Byprdenbo et al. (2008however this model is still

not taking into account social interactions and relatiorssiniphe classroom.
Nevertheless, the model above is trying
arecomplex, which might again influence student achievement.

Several researchers haaddressetdd he compl exi ty of teactl
competencies and how this might affect ¢
of Shulman (1987)who described how teachers need specific types of
knowledge when teachinBall, Thames, andhlps (2008laborated on what
these types of teacher knowledge are when it comes to mathematics teaching.

Although, the work of Ball et a(2008)has been widely cited, Ball is now
advocating a perspective where we need t
knowledge and beliefs and instead look at what is actually going on in

classrooms. During her plenary speech at the 13th International Congress on
Mathematical Education in Hamburg 2016, her focus was that we now need to

move on and more closely examine thiork teachers do in the classroom and try

to capture the complexity of th{Ball, 2017). The past focus on tea
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competencies and knowledge can impact what is going on in the classrooms;
however, there is more to it.
The range of various learning theories indicates that we cannot agree upon
how learning happens and exactly what it is. Giving solid evidence ofrigami
challenging and giving solid evidence of how a certain way of teaching will lead
to learning is even more challenging. So, the question is to what degree a teacher
can be held accountable for the student s
issue whichChristophersen et al. (201@)vestigated. The aim of their study is
expressed this way:

The principal purpose of this study is to estimate the effect of the quality of
the teaching (as assessed by the students) on the learning outcomes of the
students (measured by their grades in science after term 1 in the first year of
high school). We also estimate the effect of student motivation, engagement,
and seldiscipline on learning outcomes as well as their possible
interrelationships with teacher ality (Christophersen et al., 2010, p. 414)

Christophersenetal. (201@)ef i ne qual ity teaching as t
enable the student to perform better than the student would have done without the
teachets influence. The main finding of thisusly is that the direct influence of
teachers nthe learning outcomes of d@arolds is limited(Christophersen et

al., 2010) They make a point that given the age of the student,khewledge is

the product of 10,5 years of cumulative science teggisim the high school

teacher in their research has only contributed to roughly 5 % of this. However,

this raises the question of how accountable a teacher davidder their

st ud e ntgwhich isoaea ohtherpoints made by Christophersen et al. i

their article. Despite of their resuld$ no significant correlatiobetween

teaching and learning, they find that quality teaching can have substantial impact
on student motivation, engagement, and-dafipline:

If the statistical associationsbesve n adol escent studentso
classoom engagement, quality of teaching and responses to their teacher, and

their own achievements in science represent causal relationships, our main

finding is that holding the high school science teadectly accountable for
student | earning outcomes iIs highly prc«

on student motivation, engagement, and-daipline is substantial after only
17



teaching the students for half a school year. Once again, thesesaspect

influence student learning outcomes to a large extent, and carry a rather
optimistic message: the teacher can al
science significantly in a relatively short period of ti(firistophersen et al.,
2010, p. 422)

Even if this research is situated in the teaching of science, the results might also
be applicable to the mathematics classroom since the focus is on how to estimate
the effect of quality teaching on students learning. HoweMatistophersen et

al. (2010)make a point that there are grounds to hypothesize that the more
logicalsequential the structure of the subject is, the greater the influence of
guality teaching might be. The reason they give for this, is that knowledge might
be easier for the studeritsachieve on their own in subjects like history, while

the students are more dependent on a teacher to explain difficult tasks and
methods in mathematics. Having said all of this, it is also important to notice that
the authors of thisresearch artiel o r ess t hat At heir hypothe
nature and the results should be interpreted very cautiously. Theseaigmal

nature of the data collection precluded
(Christophersen et al., 2010, p. 423y even if they haveot managed to prove
a causal l ink between quality teaching e

it does not exist.

All teachers in this research project work with students who have more
than ten years of schooling in mathematics behind themtHerefore not fair to
hold them accountable for the total level of mathematical understanding their
students have. However, it is important to notice the impact they can have on
motivating their students, which can be an important factor in vocational
secondary schools which struggle with high dag numbers and only 62 %
completing within five yeargStatistics Norway, 2019)

3.3 6Goodd6 Teaching from the Teacher s

Just as the aim of this research project is to better understand thege@cher
perspective on mathematical tasBspwn and Mcintyre (1993imed at
understanding what good teaching is fror
Mclntyre (1993)point to research which suggests that what teachers do depends
alotontheirthinking, Wi ch makes access to teachers¢
aspect for researchers. However, this can be a challengingtaskt (1989)
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argues how a teacherods beliefs are not
philosophies. In additiorBerliner (198) has researched the differences between
novice and expeteachersand he found that expert teachers tend to focus on
atypical situations. The normal is something they take for granted, so the teachers
are more likely to report their thinking on atygdiséuations. These are issues
which are i mportant to consider when tr)
perspectives. As researchers, we are interested onhoditypical situations, but
also the evemyay thoughts and decisions teachers makes ifigians we need to
pay attention not only to what teachers say, but also to what they are not talking
about. While the experienced teachers might be more inclined to talk about
special situations, what they are not focusing on in the collaboration, @n giv
information on what they view as normal and taken for granted.
Brown and Mcintyre (1993rgue how research which is grounded in the
teacher8practice is needed

€, since it seems impossible to have di
teaching, it 1s I mportant that theoret.i
thinking should be grounded in teacher :

particular things they do arathieve in their teachin@rown & Mcintyre,
1993, p. 12)

This focus on the teachersd perspective
Mclntyreds research. Their aim was to 1ioc
professional craft knowledge teachers usecdise of this focus on the teachers,

Brown and Mclntyre had to disregard t hec
is, because this would be a sort of judgment by researchers and not necessarily

the same perspective as the teachers. Likewise, they wouldok at the

teaching as a sort of procga®duct research, where the product of the teaching

is used as a measure of the quality of the teaching. Exam results are often used

this way. Al in al |, I t wateachimhmdicht e ac her
Brown and Mcintyre were seekiriBrown & Mcintyre, 1993) However, this

meant they had to think differently than many other research projects when

finding the expert teachers they wanted to work wiithis issue wasesolved by

asking the students identify teachers, who were in their opinion, conducting

good teaching and to explain what it was in their teaching the students considered
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as good. This way, studentsd motivation
results were considered when selegtihe teachers.

Brown and Mcintyre were not interested in the exceptional cases of
teaching but wanted a deeper -todagger standi
issues and what made these teachers good at hasdtihgssuesTherefore,
they used several criteria for dyEing and constructing their framework to avoid
being misled by the out of routine events. These criteria were: 1. Any
generalization must be directly supported by evidence. 2. Any generalization
mustrelate to what is normal practice. 3.Where generaizgjoes beyond one
teacher and one occasion, this must be supported by evidence from each teacher
and each occasion. 4. The relationship between generalizable isolated elements
must be supported by evidence. 5. The framework should not discount any part
oo the teachersd account s. 6. Any theore
teachers think, has to be recognized and accepted as a balanced account by the
teachers themselvéBrown & Mcintyre, 1993) The f ocus on t he t «
perspective is evidentinalfo Br own and Mclntyredbds crite
and building their framework. On every level of the framework, the results must
be empirically supported and relate to the normal practice of the teacher. In
addition, their theoretical framework must in tmeldoth be recognizable and
accepted by the teachers and not just by the research community.

These are thoughts and criteria which are important in my research project
as well, except for criterion numberi#&cause my aim is not to describe normal
practce. The focus of my research is to determine what the teachers want to do
differently and is thus deviating from their normal practice. This difference
underpins how my research is compl ement e
Both research projectsfocs on t he teachersd perspectdi
identifying and describing normal, good teaching, while my aim is to identify
and describe what the teachers arecootentwith and want to change.

Brown and Mcintyre identified what they namiddrmal Desirable State of

Student Activity (NDS) as the most obvious common feature of the different
teachersd accounts. When the teachers we
response wreamost always about what their students were doing. The teachers

would evaluate the lessons with respect to whether the students were acting in the

ways the teacher would see as routinely desirable. These NDSs would vary from

teacher to teacher and could also change quite markedly from one stage of the

lesson to anotheaxs the lesson progressétbwever, NDSs the dominant
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generalizableonceptused by teachers evaluating their own teachir{rown
& Mcintyre, 1993)

Brown and Mcintyre noticed through their research, that the teachers were
describing some sort of aadmes instead of characteristics of what they were
being asked about, which was good teaching. Brown and Mclintyre described in
detail numerous examples of what teachers saw as normal and desirable patterns
of classroom activity, because they recognized timamaintenance of NDS was
important to the teachers. This raised at the same time the question whether the
teachers were concerned about the studégdming, since this was not
expressed through NDS. Brown and Mclntyre partly argued how this is due to
the type of data they were collecting. The focus of their research was on how the
teachers construed their classroom teaching, and thus the focus was on the
activity. Brown and Mclntyre assumed t he
would have focusethore on what they wanted their students to learn. This is
where my research project provides additional data to the work of Brown and
Mclntyre. Where Brown and Mclintyre focused on the act of teaching, this
research project focuses on mathematical tastactexistics and the data
material is collected from the design proc@sglementationand evaluation.

So, the data in this research project includes the phases of prior planning, where
Brown and Mcintyre assumed more focus from the teachers on whahttud
should learn.

3.4 Tasks

Tasks are an intertwined part of teaching and the mathematics classroom. | am in
the following relating tasks to the broad definition which can be found in Oxford
dictionary:fA piece of work to be done or undertakéfiTasko, 1998) Hence a
mathematical task will be a piece of work to be done that is related to
mathematics. Even though one could assume many years of research in
mathematics education already had given us the mostndghematicsasks,
there has instead been a growth of research activity and publications on the topic.
According toWatson and Ohtani (2015byho are editors of the book Task
Design in Mathematics Education an ICMI study 22, this incddae work of
task designersasks and task adaptation in the classroom and comparisons of
textbooks. Also, they point out how task design is a core issue in research about
learning, and tasks have a major influence on assumed findings about student
capability(Watson & Ohtani, 2015b)
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Il n the Norwegian mathematics cl assroo
tasks has a predominant role, and the students spend a lot of time solving
textbook taskgBergem, Kaarstein, & Nilsen, 2016; Nordahl, 2012pwever,
there is relatively little emphasbn introductions and summaries, and not much
time is spent on cognitively challenging tasks and problem sof{ietggem et
al.,2016) Wi th more than 60 % of the Norwegi
individually working on task§Bergem et al., 2016jasks a& unquestionably an
important aspect of mathematics teaching to investigate. This is further
emphasized by how the four teachers in this research project responded when
they were asked how they think students learn. All of them responded that the
studentnly learn when they solve tasks, and that they need to have-dands
experience.

The study of mathematical tasks is a comprehensive area of research. |
have chosen to organize this section using the focus areas presented in the book
Task Design in Mathmeatics Education and ICMI study P®/atson & Ohtani,
2015a) This book ighe outcome of a process aimg to produce an upo-date
summary of relevant research about task dgdatson & Ohtani, 2015bJrom
reviewing research, the international prograomunmittee, identified five themes
and called for papeffsr the conference on Task Design in Mathematics
Education which was held in Oxford in 2013. In the aftermath of the conference,
thesefive themes were altered to more closely represent the scholanity w
undertaken at the conference and subsequently. The five themes are: Frameworks
and principles for task design, The relationship between task design, anticipated
pedagogies, and student learning, Accounting for student perspectives in task
design, Desig issues related to tekbsed tasksand Designing mathematics
tasks: The role of tools. | have choseridcus onthe first two themes in ih
thesis Although the last three themes are highly relevant for task design in
general, they are investigatingtdiled aspects which are not relevantiyr
research.

3.4.1Frameworks and Principles for Task Design

Design of mathematical tasks ip@ority for many researchers, and there are

several research designs with task design in focus, among others lokesgin

research, developmental reseasoid didactical engineering. However, there are

differences in the role theory has in various types of rekedieran, Doorman,

and Ohtani (201 5articulate this distinction as design as intention and design as
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implementationConcerningdesign as intention, theory and design principles
play an important role in designing tasks that are tested and furthdéomkxle
through implementation. The role of theoretical tools is thus important in the
initial design ands emphaized On the other hand, there are research projects
where the design and implementation of tasks are used to further develop local
instructiontheories thereby beingeferred to as design as implementation. While
these research projects might have a theoretical starting point, which could
qualify them as design as intention, the main aim is to develop theory through
implementation. This distirion between types of research on mathematical
tasks, resonates with hd¥vediger, Gravemeijer, and Confrey (20t&m there

are two arch types of design research:

use, and one that primarily aims at genegatireory on teaching learning
processeso (p. 880). The same authors
used both prospectively and reflectively, that is to inform the design, but is also
further developed in retrospective reflectigRsediger et al.2015)

Since theory can have various purposes when used in research on task
design, one helpful way of presenting theoretical perspectives is by the level of
the theories used, more specifically distinguishing between grand theories,
intermediate theoeis and domain specific/local instruction theories. Behind all
mathematical task designs lies a theory about how students learn mathematics,
whether it is explicitf or implicitly expressed. This could be cognitive theories,
sociatconstructivism, socieultural learning theories and so on. All of them
provide an overarching frame for how students learn. However, the challenge is
that a theory about learning does not automatically transfer into a theory of
instruction or how to design a task. It is therefaften necessary to use
intermediate theories which have a more specific focus, when designing
mathematical tasks. Some examples of intermediate theories which are used for
task design are Realistic Mathematics Educgfioaffers, 1987)the Theory of
Didactical SituationgBrousseau, 1997The Anthropological Theory of
Didactics(Chevallard, 1992, CulturatSemioticsTheory(Radford, 2003)
Commognitive TheorySfard, 2008 and many more. While all intermediate
theories are developed within the tenets of a grand theory, the intermediate
theories include explicit heuristics and design principles. Consequestigs
based research using a framework from an intermediateytheoften
categoizedasdesign as intention.
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The use of theories and frameworks in the research project presented
heren, differs from most research where task design is an important element of
the research design. The focus is neither on designeastiort nor design as
implementation; the design of tasks is merely used as a tool to gain access to the
teachersd6 descriptions of tasks they war
the teachers,tty to understand and interpret their wishes arttiholdmy own
preferences. Still, the resulting tasks are likely to be designed in a mix of my own
sociailconstructivist perspective and my 1int
combined with my knowledge of intermediate theories and their design
principles.

3.4.2The Relationship Between Task Design, Anticipated Pedagogies, and
Student Learning

Teachers make task design choices based on their mathematical and patagogic
knowledge, but also in anticipation of how students will respond to tasks.
Sullivan, Knott, and Yang (201%oint to researchers who have developed
frameworks to investigate and understand these procésBeBall, and

Schilling (2008)describe two types of knowledge relevant to converting tasks to
use in the classroom: subject makeowledge and pedagogical content
knowledge. Subject matter knowledge includes common content knowledge,
specialized content knowledge, and knowledge of the mathematical horizon. On
the other hand, pedagogical content knowledge includes knowledge eftcont

and teaching, knowledge of content and students, and knowledge of curriculum.
The sum of these types of knowledge i nfc
classroom. A teacher might have strong knowledge of the mathematical content
itself buthave weak knowledge of how students learn the cqrdentce versa

(Hill et al., 2008) Gueudet, Pepin, and Trouche (20&@hsider the complexity

of implementing tasks and describe documentational genesis as thaywo
process of which tasks are naotlpinterpreted by the teacher, but also influence
the decisions teachers make.

When designing tasks there are several pedagogical dilemmas which need
to be consideredarbosa and de Oliveira (203)esented five dilemmas
associated with mathematicaskadesign in a group of researchers and teachers.
These dilemmas are not only design considerations, but can be used as ways of
evaluating adequacy of tasf@arbosa & de Oliveira, 2013)
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1. Context as a Dilemma

A task can on one hand be purely matheragtand on the other hand be set in a

realistic context. While a realistic context might foster student engagement, it can

also detract from the potential of the task to achieve the intended learning

(Sullivan et al., 2015)In the Norwegian curriculum fanathematics in the

vocational education programsaicondary school, there is an explicit emphasis

on relating the mathematics to real life. One of the headings in the curriculum

ar e: ANumbers and algebra in practiceo,
compeé ence goal : Ai nterpret -@daylifeiarde f or mu |l
wo r ki n(ghe Narwegiain Directorate for Education afrdining, 2006)

However, it is relevant to note that the use of conteay causehallengess

well. Some studies havehn that not all students perform better with

contextualized mathematical problems, and this might be related to the
socioeconomical status of the studésullivan et al., 2015)it is therefore not

given that designing aontextspecificmathematical task, will ensuits

accessilhity for all students. There is also a potential for the context to limit the
potential for students to generalize soluti¢Bsllivan et al., 2015)

School mathematics has three standard aims, accordirgést (2015)
6functional numer atpdeddédpnawl edagle, awdr k|
Gdvancd specialized knowled@eSince the research presented in this report is
conducted in vocational classes, | would expect the teachers to have more of a
practcal perspective on the nature of mathematics in the tasks they ask for.

However, there is not always a clear line between mathenaaliressg a
practical perspective and specialized mathematical gbadd.is, leing good at
problem solvingmaybe viewed as an important skill from both perspectives.

2. Language as a Dilemma

The language in a task serves at least two purposes. On one hand, mathematical
precision is desirable; on the other hand, students need clarity to support learning
(Sullivan et al. 2015) These are not necessauyntradicory, but both need to

be considered when designing tasKsis is especially relevant when considering
student groups including students who do not have Norwegian as their first
language.

3. Structure as a Dilemma
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Structure as dilemma refers to the degree of openness in tasks. This might refer
to openness in various ways. It could be the task formulation which is open
(described as opestart) it could be openness with respect to a variéty o
approaches (described as opeiadle), and those that have a range of solutions
(operrended). WhileBarbosa and de Oliveira (201@¢scribe the dilemma as
structure Sullivan et al. (2015argue that the dilemma can be considered as
much a function of th task outcome as it is the structure.

In this dilemma, the consideration is that spedjfiestions can be posed
which, on one hand, scaffold student engagement with antaskore
prescribed way and, on the other hand, allow students greater apycxu
make strategic decisions on pathways and destinations for themselves
(Sullivan et al., 2015, p. 93)

Tasks with a high degree of openness are often referred to as rigltataskg

other characteristig$-oster & Inglis, 2017)The Norwegian Diretorate for

Education and Trainin(R015)describe rich tasks as problem solving tasks

offering opportunities to discuss solution strategies and mathematical concepts
with peers. They have listed seven bullet points and claim that a rich task should:

1 introduce important ideas or solution strategies
1 be easy to understand and everyone should beabéd started and have
possibilities to work with it (low threshold).
1 be perceived as a challenge, regeiffert, and be allowed to take time to
solve.
1 be solved in several different ways, with different strategies and
representations.
1 be able to initite an academic discussitbratdemonstrates different
strategies, representatioasid ideas.
1 be able to function as a bridge builder between different academic areas.
1 Dbe able to lead students and teachers to formulggeesting new
probl ems ?( What iisf dt so thateé?)
(The Norwegian Directorate for Education and Train2@l5, p. 2Translated
by me)
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They do not give any examples of riigtsks butlaim that rich tasks are self
differentiating because of the low threshold and possibilitiespgarekthe task
(The Norwegian Directorate for Education and Training, 2015)

4. Distribution as a Dilemma

Distribution as a dilemma refers to what is expected to be taught in a task; what
content should be selected and focuse(Bambosa & de Oliveira, 20137 his
distribution is according tBarbosa and de Oliveira (2018¥unction of the
cognitive demandfaasks anatan be related to the Mathematical Task
Frameworkdeveloped bystein, Smith, Henningsen, and Silver (2Q0he
framework can be used to analyze the cognitive demand of mathematical tasks
and whether the cognitive demand is being maintainedi¢iirimplementation

in the classroom. The framework can be helpful to distinguish between tasks of
lower cognitive demand and tasks that are more cognitively challenging. The
former are taskthatrequire the student to recall what has been memgrzédad
perform a procedure without any connections, while the latter has no clear
solution path obvious for the student. Tasks characterized as problem solving in
the literature are of high cognitive demand. They require the student to be
creative in figuring at a way to solve the task. However, it is worth noting that a
task cannot be analyzed with respect to cognitive demand without coitald.
multiplying 12 and 5 should be a routine task of low cognitive demandiar a
yearold, the same task could bélagh cognitive demand for ayearold.

Analyzing mathematics tasks in textbooks and the tasks students are working on
in the classroom, reveals that many of the tasks are of lower cognitive demand
(Brandstrom, 2005; Hiebert & Stigler, 2000; D. L. Jo&eBarr, 2007) An

analysis of mathematics textbooks from lower secondary school in Norway,
concluesthat between 83 % and 94 % of the tasks are of lower cognitive
demandJohnsen & Storaas, 20190, if the teachers mostly rely on tasks from
the textbook, it seems that the students will mostly work on tasks of lower
cognitive demand.

5. Levels of Interactions as a Dilemma

By levels of interactiondBarbosa and de Oliveira (201&fer to interactions
between teacher and students. They argue that wblidssed task is often viewed

as something students should solve on their own, more open tasks require more

involvement from the teacher, due to less scaffolding in the task Bsdlizan et
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al. (20155 ma ke an additional <c¢claim that #Athis
task does not exist by itself, but its implementation is influenced by the nature of

the intended or anticipated interactions between the teacher and students when

they are engaged wwih  t h @ullivaa st kl.9 2015, pp. 924).

Il n addition to the five design dil emn
adapting a task developed by others or by taking part in the design process, will
influence the design and implementation of taskbénclassroomégSullivan et
al., 2015) There is substantial evidence that when teachers implement tasks, they
mi ght subvert the aims of the tasko6s des:s
demand of the task, as before mentioméghningsen and Stein (1997ave
shown how tasks categorized as high cognitive demand, can be reduced to
routine tasks through implementatidfar example when students get frustrated
over challenging tasks, ask the teacher for help, and in the paddeslping the
students, théeacher reduces the cognitive demand of the task. Likekiaeke
et al. (2009)oint out that teachers have difficulties following up on student
ideas. Even when teachers are positive and want to ask students about their
mathematical thinking and to undéand their perspective, they struggle with the
follow up.

However, it also seems that involving the teachers in considerations of
design issues, can affect the potential of the task. Ther&uollejan et al. (2015)
argue that nr atehcker adaptatooms maydiraitrthe pogential lofa t
the task, as is assumed by some designers, involving teachers as far as possible in
the intentions of the designer can enhar
(Sullivan et al., 2015, p. 103Jeachers will als take classroom culture into
consideration when designing and implementing tasks in their classrooms. The
prevailing classroom culture can have a significant impact on implementation of
tasks, since student practices and expectations in the classroamd degbe
establishment of social and sociomathematical n¢8uBivan et al., 2015)

These norms take time both to develop and to change. In the research project
reported in this thesis, the mathematics classes are newly put together and most
of the stuénts do not know each other or the teacher from before. Nevertheless,
all students bring with them at least ten years of experience of being a student in
a mathematics classroom and enter the new class with corresponding
expectations.
Therefore, it is nosufficienttod e si gn 6 gooddé t asks, w e

about how we can help teachers implement tasks as intended. While tasks of low
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cognitive demand are easy to implement, the challenges of implementing rich
tasks and tasks with high cognitive demanel much greater. Through the
research project reported here, we gain insight into what teachers might look for
in tasks they want to use. This knowledge wilturn provideunderstanthg of

how to implement more tasks of higher cognitive demand inl#ssoom. |
assunedthe teachers wuld ask for something different than just tasks of low
cognitive demand. The textbooks already provide those type of tsgghere

is no need fome to design more tasks of the same type.

3.5 Teachersdé Change

In this research project, the aim was not to change the teachers, but to provide
help designing tasks they were missing and wanting to use in their mathematics
classroomtherebylearingmor e about the teachersoé per
these were the aimof the research, it would beina to assume that a close
collaboration over a school year would not entail some type of changes. Because
| do not aimto change the teachers, thantedchanges they express implies a
genuine wish for change.

In this sectn | will discuss various perspectives on teacher change and
present some of the challenges and possibilities we know of. | have chosen to use
t he word O mdtaon gbeebc,0o mmee adni f f er ent . Wi th re
change, | would distinguish betweereacher changing and a teacher who is
changing their practice. It is in my opinion not given that a teacher changing
practice results in the teacher changing hereelice versa. For instance, | am
not assuming that a teacher who starts using the sef@@oGebra in her
classroom simultaneously changes her belief about technology as a tool to learn
mat hemati cs. Change in practice might |
but not necessayil Teacher change as a term is being used interchangeably
about both teacher change and teacher changing their practice. However, the
distinction between the two is important in this research project. The aim was not
to change the teachers, but to help them design preferable mathematical tasks
they would want to se in their classrooms. So, the assumption of my research
design is that the teachersd practice I
knowledge and beliefs about how they would want to teach mathematics. This is
not to say that the teachers did not charigdl éhroughout our collaboration, it
was just not the initial aim of the research design. Therefore, | want to be explicit
about the nuance between changing a tea
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|l have chosen to use tbdormeeseholarsdwha@d c hange
prefer the terms teacher learning or professional gr{@itorke &
Hollingsworth, 2002; Goldsmith, Doerr, & Lewis, 201#usethe word change
tobeabld o di scuss observable or stated tral
and/orknowledge, without interpreting beyond what is initially observable. In a
review article on teacher chang&yldsmith et al. (2014)refer to use the word
teacher learning which is to be broadly considered as incliidirgh anges i n
knowledge, beliefs, arar practice (including both practice within the classroom
and in related settings, such as planning or reflecting on practice outside of the
classroom) (Goldsmith et al., 2014, p. 6ven though | agree with the
importance of examining changeinabread pect of a teacherds
want to avoid using the wotdarning. This is to avoid misunderstandings with
respect to learning theoriesncerningearning as a term. | want to be able to
describe change as it is expressed or acted out, before going into epistemological
and ontological discussions beyond the change. | view change as a more neutral
word, and this is therefore my choice of wording.

To summarize, in this research project | am investigating change as to
become different, but without making claims about how long lasting these
changes ar e. I am distinguishing betweer
teachers changing themselves.

3.5.1Teadher Changei What We Know

Understanding teacher change has been an aim of researchers in mathematics
education for many years. There is a perceived resg@aachice gagSilver &

Lunsford, 2017and efforts are made to understand why teachers are nwtgnak
moreresearckbasedchanges. Although | prefer to use the words teacher change,

| need to relate my research to relevant literature, and then teacher learning is
often used as a concept. I n the review ¢
Goldsmih et al. (2014)the authors reviewed 106 articles which were written

between 1985 and 2008. Based on this, they suggest three main points which
capture what we know abou®oldemath ehad. . mat i cs t
2014) The first of these points ithat learning tends to occur incrementally and

iteratively. Research supports that teacher learning is a complex process, and that

ichanges in teacherso6 mathemati cal knowl
opportunities to learn from colleagues often ognwequential increments, with
small advances in any of the(@olddneithbendi ng
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et al., 2014, p. 20While this conclusion is not nevoldsmith et al. (2014)
want to emphasize this aspect since none of the interventioesthdy
reviewed prospectively laid out an iterative, multidomain theory of action for the
intervention.
The second main point according@oldsmith et al. (20149f what we
know about mathematics teachersoé6 | earnir
across indivi d(®aldsmith et al.d20let,0n200¢nhike tmesd
approaches to professional learning are effective in some circumstances, they are
also ineffective in others. Teachers respond in diverse ways to professional
learning opportunitie. However, several researchers have identified

characteristics of professional l ear ni ng
reports of learning, and how systemic factors might imras{Goldsmith et al.,
2014)

The third main point of what we knoavb o ut mat hemati cs t ea
|l earning, is that HAexisting research ter

t han on t e aGoldsmish&tal.,, 2044, m 21Pogniost intervention
studies treat teacher so pradessiomal ng as an i
development program has been effective, and not as the primary object of

i nquiry. Wi thout a focus on the mechani ¢
there is little knowledge on how teachers develop knowledge, beliefs, or

instructional pacticegGoldsmith et al., 2014)

Based on these results f r@oldsmithee r evi e
al. (2014suggest the following implications
standards for descriptions of professional development programs, develop shared
conceptual frameworks, constructs and measures, and support varied types of
s t u d(Goddsnith et al., 2014p. 2324). The last point about supporting
varied types of studies, is a recognition of the complexity of the fieldhend
need for a deeper understargliRor instance, they point out how a challenge of
large scale studies which mostly rely on sedpat data of teachers making

changes, i s that the teachersd perceptic
mathematics education research@&@sldsmith et al., 2014 Building knowledge
about teachersodé | earning thus metheui r es &

research reported in this thesis contributes with a methodology giving insights
i nt o t he -inikateddnangestd matheratical tasks and classroom
practice.
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3.5.2A Framework for Teacher Change

After examining many years of researchteacher changandbasedon

empirical data from three large professional development sti@imse and

Hollingsworth (2002h ave devel oped a model to under
Having noted the clear ineffectiveness of teacher change when viewed as

sang hi ng being done to teachers where the
shiftedfocus to change as a complex process which involves learning and the

aim to model this in a useful and fruitful wé@larke & Hollingsworth, 2002)

According toFullan (2001) many professional development programs have

focusedon changing teachdibeliefs and attitudes, with an expectation that this

would lead to a change in classroom practice. On the other hand, some

researchers such @aiskey (2002)arguethe si gni fi cant changes
beliefs and attitudes are only likely to take place after expeangmoproved

student learning outcomes. While these perspectives differ in the sequencing of

change, the perspectives are both linear in femth mean®ne change leads to

another change in a specific ordéru s k €§08)model of teacher change is

represented in Figure3 where hgresentthe process of change starting with

some kind of professional devel opment , I
classroom practices, malg the teacher experience firsthand a change in student

learning outcomes. Thimay inturnt ead t o a change i n teach
attitudes.

Change in Change in Change in
TEACHERS' STUDENT TEACHERS'

PROFESSIONAL

DEVELOPMENT

CLASSROOM LEARNING BELIEFS &
FRACTICES CUTCOMES ATTITUDES

Figure3.3 Guskey's model of teacher charfGaiskey, 2002)

Clarke andHollingsworth (2002)grgue that a linear model of teacher change

does not capture the complexity of these processes, and they have developed an
alternaive model named the Interconnected Model of Professional Growth

(IMPG). This model (Figure.8) includesfour distinct domains which
encompasses the teacherdos worl d, and CI ¢
change in one domain might lead to change in any of the other doiGéanise
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& Hollingsworth, 2002) The four major domains are the Personal Domain
(teacler knowledgebeliefs,and attitudes), the External Domain (sources of
information,stimulus,or support), the Domain of Practice (professional
experimentation) anthe Domain of Consequence (salient outcomes).

The Change External
Environment Domain

External Source
of Information
or Stimulus

Domain of

Practice
Personal Domain \
-’
”
a /

Knowledge
Beliefs
And
Attitude

”
-
Professional
4@----=-----=--- Experimentation

Salient
Outcomes

— Enactment
- =P Reflection

Domain of
Consequence

Figure3.4 The change environme(tlarke& Hollingsworth, 2002)

There are two types of domains represented in the model. While three of the
domains are part of the t e&terhabdomain per sor
is not included in the personal world and is therefitwstrated with a square in

the model. The external domain represents all kind of external sources of

information or stimulussuch agxams, curriculums, professional development

programs, textbookgndschool culture. In this research project, the aedger

and everything presented by her, is part of the external domain for the teachers

when collaborating. However, the researcher is not the only external input. The

teachers also relate to the mathematics textbookntbed to take the curriculum

and he exam into consideration and many other aspects. Since the external

domain canncludevarious sorts of stimulus, it is not given that one is able to

detect all of them and how they iIinfl uenc
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When it comes to the three domainswhaich e part of t he t eac
personal world of practice, one of them is namedydreonaldomain. This
domain includes various aspects of personal attributes of the teacher, such as
knowledge, beliefs, and attitudes. Theoretical frameworks which focusson th
domain, are for instanc® h u | n{BEB7dcenceptualization of pedagogical
content knowl edge an @00BamatHematichlh a mes and |
knowledge for teachingClarke and Hollingsworth (200200 not distinguish
between the different aspects of fle¥sonal domain, and do not make any
claims as to certain attributes being more important than offiasis, hey just
recognizthat they are various aspects of the personal domain. As previously
stated, | have in this research study nottried taiieflince or change t he
personal domains. However, the personal domain can still be influenced by the
t eac her s &froemoy eltaboeation grocess.

Anot her domain which i1 s part of the t
in Clarke and Holling w o r (RO02Z)rsodel, is thedlomain ofpractice. This
domain represents a teacherds professior
versions of this modeClarke and Peter (1998gscribe the domain of practice
as the enactment of teactk@owledge and beliefs, and where the classroom
situation is perceived as problematidoecomes classroom experimentation.
They assert this experimentation is always present to some degree, and that
teaches continuouslywork to improve their practicéClarke & Peter, 1993)
However, they also point out that Ait me
expertise or the knowledge of possible alternatives required to engage in
ef fecti ve e {Claked& Peatern®9s,p.ilolfhe domain of
practice isvhere | have challenged the teachers through this research project, and
my hope is tassisthem in designing changes in classroom praetao®rding to
their wishesBy encouraging them to ask for help to design mathematical tasks
they want to use in ghclassroom, they are making changes to their practice. So,
this is the domain where the teachers are challenged in this project, however,
they decide to what degree they want to make changes in practice. | am designing
tasks for them, but it is not giveéhat they will make any changes to their
teaching and how they present the tasks. It is important to point out that Clarke
and Hollingsworth are explicit about this domain not being limited to just
classroom experimentation, but to all forms of professierperimentation
(Clarke & Hollingsworth, 2002)l will thereforeanalyzeboth the
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implementation of tasks in the classroom and the design process of the tasks as
professional experimentation.

The third domairClarke and Hollingsworth (2002&fer to as art of the
teacher 6s per s on aldomaioaofcondequence. phisalamain c e, i S
includes what the teacher views as salient outcomes. Learning is an example of
this, but the domain of consequences includes many more aspects which a
teacher want® achieve. It could be teacher control, student motivation,
engaging classroom discussions and so on. Accordi@tat&e and
Hollingsworth (2002) t he fisi gni f i c salient®u tod o mehsed dleisd
in the need to acknowledge that individuaésafthers) value and consequently
attend to different things (they consi de
this is not an objective evaluation of important aspects of students learning
mat hematics, this i s the teucontegareds per sc
salient to her.

While the four domains of this model are analogous to aspects of other
models on teacher change, it differs in how it identifies multiple growth
pathways between the domains. Accordin@larke and Hollingsworth (2002)
animportant aspect of the Interconnected Model of Professional Growth, is the
nonlinear nature and how it recognizes the complexity of professional growth as
an iterative and continuing process of learning. The model also includes arrows
representing the naeating processes of reflection and enactment as the
mechanisms by which change in one domain leads to change in another domain
(Clarke & Hollingsworth, 2002)So, when change occurs in one domain, the
teacher might reflect on this change, which might lead to change in another
domain. However, changes in one domain might also lead to change in another
domain through enactment. Clarke and Hollingsworth haveechib® word
enactment to distinguish it from acting, because the teacher is acting on
something she knowbglievesor has experienced. Both reflection and
enactment are to be viewed as active processes by the teacher.

The four domains in the Intercontied Model are all encompassed in the
change environment. Teachers are part of a school community, they have
colleagues, various opportunities for professional developmedtmany
aspects of their work lifehatinfluence changes they are making. Thiwlst
Clarke and Hollingsworth (2002gfer to as the change environment. The
environment teachers work in can acfaoilitate or constrain teacher growth.
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Theoretically Clarke and Hollingsworth argtmatthe Interconnected
Model can be interpreted as consistent with both a cognitive and a situative
perspective on learning. Instead of adopting a specific perspective on learning,
they claimthatthis model can represent cognitive learning theory if teacher
growth is viewed as development of knowledge. On the other hand, the model
can also represent a situative perspective if teacher growth is viewed as
development of practice. Clarke and Hollingsworth ascribe the consistency of the
model with both theoretit@erspectives as illustrating the complementarity of
the two perspectiveas much as the conformity of the model to a coherent
theory of learnindClarke & Hollingsworth, 2002)

The Interconnected Model of Professional Growth has been developed
over timeby Clarke and Hollingsworth (2002hirst providing empirical grounds
for the domains and mediating processes, but then looking more closely into the
order in which change occurred. As a result, Clarke and Hollingsworth are
proposing a distinction betweehange sequences and growth networks. They
define a change sequence as ficonsisting
the reflective or enactive links connecting these domains, where empirical data
supports both the occurrence of change in one domdithair causal
c o n n e (arke&Hbllingsworth, 2002, p. 958lt is not given that change
in one domain leads to change in another domain, so there nmashke order
to use the term change sequence. However, even if a change sequence is
identified, this might be a single instance of experimentation which does not
provide long lasting changes. Three examples of what change sequences might
look like are given byClarke and Hollingsworth (2002) Figure3.5.

E E E

® ‘0 -® ® ©

® ® ®

Figure3.5 Three examples a@hange sequences (E = external domP = professional
experimeration; S = salient outcomes; K = knowledge beliefs and attitii@laske &
Hollingsworth, 2002, p. 959)
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These three diagrams indicate that a change in the external domain can lead to a
charge in the domain of practice through enactment. In the first diagram nothing
more happens. In the second diagram the change in the domain of practice leads
to a change in the personal domain through reflection. The last diagram shows
how change in the dormaof practice leads to a change in the domain of
consequences through reflection. So, change sequences can be identified as
change in one analytical domain leading to change in another domain through
enactment or reflection, but there is no evidencetheste changes continue

beyond one or two changes.

Clarke and Hollingsworth want to identify more than just change
sequences, and they use the term 6growt:t
underpins the notion of growth as beinggming changes. To identifyrowth,
they require that the data must demonstrate the occurrence of change that is more
than momentary and thus can be viewed as more lasting change. If the data can
provide evidence of lontasting change in a change sequence, this can be termed
as a gowth network. Three examples of what growth networks might look like
are given byClarke and Hollingsworth (2002) Figure3.6. They are all
representing various el ements of a teact

E E E
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Figure3.6. Three examples of growth networks#£tEexternal dorain; P = professional
experimetation; S = salient outcomes; K = knowledge beliefs and attit{@laske &
Hollingsworth, 2002, p. 959)

The first diagram in Figur8.6is an example of a teacher who is doing ongoing
refinement of practice. Changes are made in the domain of practice through
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enactment, and this again leads to change in the personal domain through
reflection. This is an egoing process the teacher is wiokon(Clarke &
Hollingsworth, 2002) The second diagram in Figu3esillustrates how the same
teacher continuously seeks new strategies. Changes in the personal domain leads
to changes in the external domain through enactment, which again leads to
changps in the domain of practice and changes in the personal domain through
reflection that is acontinuous process of developing new strategies (Clarke &
Hollingsworth, 2002). The last diagram illustrates a ttgrgn change to
knowledge and beliefs of tharme teacher. Experimentation in the domain of
practice leads to changes in what the teacher views as salient outcomesnwhich
turnleads to changes in the teadsedmowledge, beliefs and attitudes through
reflection. Again, this was an ongoing proceSk(ke & Hollingsworth, 2002)

| have chosen to use the Interconnected Model of Professional Growth
developed by Clarke and Hollingsworth (2002atalyzethe change processes
throughout the collaboration between the teachers and me. This provides a
framework to investigate and answer my second research question which is:
What rationales do teachers express when they initiate chengedhematical
tasksduring the collaboration? The inteonnected model allows me to
investigate not only the changes whare made, but also how these might be
linked togetherThus,providing me with an understanding of which changes
might foster or restrain other changes, which fuittherallow me to discuss the
teachersod rational es f daboratiami ti ati ng <char

3.6 Summary

This chapter has provided theoretical aspects on the teacher in the classroom and

how she can i mpact studentsodé | earning. I
focusing on the teachersd6 pthiswapusedt i ve hae
to i dentify what the teachers consider ec

mathematical tasksavepresented before | rounded off by presenting theoretical
perspectives on teacher change and a theoretical framework for analyzing teacher
change. | will in the next chapter present the methodology of this research
including the methods useshdthe theoretical underpinnings for these methods.

38



4Met hodol ogy

The aim of this research is to understar
research questions guide the research presented in this dissertation.

1. Whhat characterizes teachersdé descript
to use in their classroom?

2. What rationales do teachers express when they initiate chiznges
mathematical taskduring the collaboration?

This research is conducted within an interpretive research paradigm, based on a
constructivist epistemology and a subtle realist ontology. The research strategies
applied are both an abductive research strategy and a reivedesearch

strategy. | will inSectiors 4.1 and 4.2resentand elaborate otheresearch

paradigm and researskrategiesn this research projecthis is followed by an
overview of thegeneratediata inSection 4.3, before an introduction of the four
cases irBection 4.4. | present iSection 4.5 how techniques frognounded

theory were used, before | reflect on trustworthiness of the research design in
Section 4.6 and ethical considerations $ection 47

4.1 Interpretive Research Paradigm

All research is conducted within a research paradigm, whether the researchers are
explicit on the matter or not. A research paradigm is here defined as the
undelying theoretical and methodological perspectives througich the
research is approach@slaikie, 2007) A research paradigm overarches the aim
of the research, formulation of research questions, selection of research
strategiesand the kind of research outcomes which can be achieved based on
ontological anapistemological assumptions. The research presented in this
dissertation is conducted within an interpretive research paradigm. A
fundamental tenet of the interpretive research paradigm is that there is a
difference between the natural and social scie(Bkskie, 2007) While a
natur al scientist can study nature from
social sciences from an interpretive perspective. According to interpretivism, the
study of social phenomena requires an understanding of the wocidlthat
people have constructed and which they reproduce through their continuing
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activities. However, people are constantly involved in interpreting and

reinterpreting theirworld s oci al si tuations, other peoj
actions, and natal and humanly created objects. They develop meanings for

their activities together, and they have ideas about what is relevant for making

sense of these activities. In short, social worlds are already interpreted before

social scientists arriv@Blaikie, 2007, p. 124)

So, when studying the social world, we are studying an already interpreted
reality and thisGrealitydis what we need to make sense of. This view on reality
calls for a further explanation on the ontological and epistemological
underpinnings of such a research paradigm. | have positioned this research within
a constructivist epistemology and a subtleist¢@intology. On an imagined
continuum, there are two extremes in social research when it comes to
ontological positionsOn the one hand there is the realist position, which
assumes there exists a realhtgt can be studigddependent of human activisie
On the other hand, there is the idealist position which assumes that the external
world is just appearances and has no independent existence apart from our
thoughts. While an interpretive paradigm is closer to the idealist ontology, there
are nuances s within an interpretivist paradigm. This research is based on the
assumption that there exist some kind of independent, knowable phenomena, but
this is not something we have direct asdes We must always rely on cultural
assumptions to study them. $hontological perspective is referred to as subtle
realism, and recognizes that all knowledge is a human construction, but also
acknowledges that there exist independent and knowable phen(iBeikee,

2007)

A constructivist epistemology is often contextwith an idealist
ontologicalpositionbutcan also encompass subtle realism. Regardless of
ontological nuances, research based on constructivism seeks to examine how
social actors construct their knowledge and how they view the world. This will
not bepossible solely by outside observation but requires methods to gain further
insights into the social actors thinking and reasoning.

To summarize, this research is set within an interpretive paradigm based
on a constructivist epistemology aadubtle reakt ontology. This sets the
ground for the research strategies adopted in this study, which is elabortied
next section
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4.2 Research Strategies

There are two research questions guiding this research, and they are investigated
by adopting two differet research strategiean abductive and a retroductive
research strategyespectively The first research question is: What characterizes
teachersdé descriptions of mathematical t
This research question does natjset out to investigate types of mathematical
tasks buts specifiedo what teachers want to use in their classroom. Such a
formulation resonates with the interpretive paradigm, emphasizing how various
actors might not look for the same characteristiaeathematical tasks. Such a
research question is also in line with using an abductive research strategy
(Blaikie, 2007) According toBlaikie (2007) an abductive research strategy
Aéinvolves constructing theboreé thaguart
meanings and accounts in the context of everyday activ{{ie89). For this
research, the context of everyday activiteethe mathematics classropand the
social actors are the teachers. So, to answer the research questioripl need
design a way to generate data which gives insight into not only what teachers
might say they want, but sounderstand their wishe&®ncerningheir
classrooms and their everyday life. To accomplish this, | have used a
combination of interviews andbtaborative task design processes. By offering to
design mathematical tasks the teachers want to use in their classroom, and be part
of the i mplementation and evaluation prc
perspectives set in their everyday context.
One of the challenges when conducting abductive research, is that much
of the activity in social life is routin@ndthus conducted in a takeor-granted,
unreflective manngiBlaikie, 2007) This might also be a challenge in this
research project,givemow busy a teachero6és workday i
tasks must be routinely done. To encourage the teachers to participate in this
study in a reflective manner, the process started with an interview designed for
the teachers to reflect on their practickedd st udent sdé | earning. ¢/
the research design which calls for reflection, is that the teachers must explain to
the researcher what type of mathematical tasks they want and what changes they
want to make when they are refined. Because thepairdesigning the tasks
themselves, they are forced to articulate what they want, but also what they do
not want when presented for a task or a design idea.
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With an abductive research strategy,
everyday concepts amdeanings. Therefore, | cannot use already developed
characteristics from the literature on mathematical tasks to analyze and
categorize what the teachers are asking for. | need to examine what the teachers
expressn their own words. To accomplish thishave used various techniques
from grounded theory and a process of open coding (further elabor&edtion
4.5).Due to his procesd could present a descriptive answer to the first research
guestion: What <charact er imateatasksaleex her s 6 ¢
want to use in their classroom? These descriptive results are further analyzed
across cases and discussed with respect to theory, to gain a deeper understanding
of the teachersdéd descriptions of mat heme

Having conducted abdtiee research, it is not uncommon to use the
results and look further into explanatory mechanisms using retroductive
strategiegBlaikie, 2007) whichis what | have chosen to do in this research
project. Although the initial research focus was on theattaristics of
mathematical tasks, thehoice of methoded to a collection of research data
which can inform about teachanitiated change processes. Given this
possibility, the second research question was formutatawestigate the
possible reasonsehind the characteristics of tasks the teachers were describing:

What rationales do teachers express when they initiate chengedhematical
tasksduring the collaboration? | am not only looking at the characteristics of the
tasks themselves, but to the whole process of change initiated by the teacher. To
accomplish this, a model for teacher chang€layke and Hollingsworth (2002)

was used to angite the dynamics around the tasks the teachers were asking for.
This resonates with a retroductive research strategyn@imdiscover

underlying mechanisms to explain observed regulaiBé&skie, 2007)

4.3 An Overview of the Generated Data

A collabaation was initiated with four teachers working with students at upper
secondary school in vocational mathematics classes. The four teachers were
offered that I, as a researcher, would help designing any types of mathematics
tasks they would like to use iheir classrooms and which they did not already
have. The benefit for the teachers would thus be tasks they would want to use,
while the researcher would gain information about what the teachers were
looking for. Note that consequently, it is not giveattthe mathematical tasks
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developed in this project are examples of best practice, but they are examples of
my interpretation of what some teachers expressed a wish for.

The task design process went through several stages with each of the
teachers, which can be summarized in the following points:

Ask the teacher what kind of mathematical tasks she wants.
Design a first draft of the task.

Present and discuss the task with the teacher.

Refine the task

Observe implementation ofdhask in the classroom.
Evaluate the implementation together with the teacher.

To To To Do Do I

Because of practical considerations, tasks we had developed through these
stages, were seldom further developed through repeated implementation and
redesign. However,l, & r esear cher, |l earned from
evaluations when designing the next task. This led to a development in our
collaboration throughout the schoa@ar.

In addition to the task design process, | conducteeha structured
interview with the teachers. Both interviews and the various stages of the design
process were vide@r soundrecorded, along with the observed implementations
in the classroom. An overview of how many recorded hours and minutes there is
of each type of data, is presented in Table 4.1

Semi-struc- Task design Recordings in Recordings of Total

tured interview | process the classroom discussions recordings
Roger 1 h and 32 min 2-05 0 min 4hand42min | 6hand 14 min
Thomas 48 min 1.5 59 min 2 h and 03 min 3 h and 50 min
Hanna 44 min 4 6h 8 h and 46 min 15 h and 30 min
Sven 25 min 2 1 hand 12 min 3 h and 25 min 5 h and 2 min

Table4.1: Overview of the generated data

To the very left in Table 4.1, are the pseudonyms | have given the fobetgac

in this research project, and on the top of the table are descriptions of differen
types of data which have been collected. The first column gives the length of the
semistructured interview with each of the teach@&ise interview with Sven is

short compared to the othes#nice wealready had a first talk about what kind of
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tasks hevould like. During this talk, Sven answered and addressed many of the
issues | asked about later in the interviews. The interview with Roger stands out
as especially long compared to the othedsichcan be explained by more small
talk and digressions. Ehsecond column in Table 4.1 indicates how many times |
completed the several stages of the task design process together with the
teachers. In the case of both Roger and Thomas there are half nusshers

only completed the first stages of the task desgigpcess, and | do not know how
the implementation went and there was no joint post evaluation. The third and
fourth columrs give information about how many hours and mintitedhave
been recorded of c¢classroombds e¢aohprl ement at
outside the classrogmespectively The fifth column contains the total length of
sound and videerecordings of the collaboration with the given teacher. With

this quick overview of what type of dat@athas been collected, | will in the next
secion elaborate on the theoretical reasons behind these choidgsesent the
cases

4.4The Cases

As stated before, the aim of this research project is to gain an understanding of
how teachers describe mathematical tasks they want to use iol#éssiooms.

This is the phenomenon to be studied, or the quih(8iake, 2006)To study

this quintain, | have investigated four cases. The cases consist of teachers
working at upper secondary schools and teaching mathematics courses for
students who artaking vocational education. This context was chosen because it
is a part of the Norwegian school system with many challenges and higbwtrop
rates(Statistics Norway, 2019and | therefore assumed there would be teachers
wanting to make changes teethteaching. To get a broad understanding of the
guintain, | wanted to also investigate cases which | assumed would have another
perspective. | therefore contacted teachers who were looking to make changes to
their teaching, but also teachers who werdaarwith their teaching and was

not looking to makeignificantchanges. Contact with all four teachers were

made through an acquaintance with a broad network who knew many teachers in
the area.

! Stake argues that the word representing the collective target of the case studies needs to be generic, and
is therefore using the woduintairb(Stake, 2006)
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Even if the cases are chosarcombinationto providea greater
understanding of the quintaithe cases are interesting and have value in
themselvess well Each teacher (case) has her own stwwhych should be

understood in the context she works. | have used interviews and collaborative
he teacher so

design processestoigm i nsi ght into t

to use in their classrooms. However, the findings from investigating these cases
cannot be understood without the context in which each of the teachers work.
Each of the teachers are therefdmertly presented here, explaining the context

in which they work. The teachers are numbered but have also been assigned
pseudonyms. Following each presentation of a teacher, | have made a schematic
overview of the type of dageneratedvith respect to tls teacherandthe

durationof the recordings. | have also listed a column with a reference to which
section in chapter six the tasks can be found. After the four cases have been
presented irSectiors 4.4.1 to 4.4.4, | elaborate on how the sstnictured

interviews were conducted Bub-Section 4.4.5.

4.4.1Teacher 1, Roger

Rogeris an experienced teacher who has taught mathematics and science for

many years. He describes himself as a tradititeadher anavasthe first peson
| contactedThis year he onlyaughtone class in mathematics.dtlass is a
group of relatively maitre students (about 30 years mean age), who have a

vocational education but have decided to go back to school to qualify for an

engineering degree course. The course is optional, but contains the mathematics

required from secondary schdolstart on an egineering degree. The students

seem motivatetly how they all pay attention and take notes when the teacher is

talking. It is the first time this teacher is teaching this specific course. When

looking through the textbook, he does not immediately see asksnts
different because he does not see what kind of tasks would better prepare them

for the examHowever, e still says has open for suggestiondn overview of

the data generated in the case of Roger are presented in Table 4.2.

Date General Section | Length
31.11.12 | Semi structured interview (sound) 1:31:40
08.10.12 | First conversation about tasks, part 1 (video) 8:58
08.10.12 | First conversation about tasks, part 2 (video) 43:01
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12.10.12 | Handwritten field notes from clasdservation
07.11.12 | Mail discussion about teaching and learning
mathematics in media

29.01.13 | Mail discussion about him as a teacher

Integration tasks 6.8
09.01.13 | Discussion of integration tasks (sound) 39:28
22.01.13 || present integral tasks (sound) 2:03:43

23.01.13 | Integral tasks with my comments on how the
teacher reacted

Logarithm tasks 6.6
26.02.13 || present logarithm tasks (sound) 1:07:18

Logarithm tasks
Table 42: Data generated in the caseRufger

4.4 2Teacher 2, Thomas

Thomasis a colleague dRoget and they work at the same school. He teaches
physics and mathematics, and this year he only has one class in mathematics. It is
the same type of course Reger but the students are youngereVhave just

finished their vocational schooling and hdige work experiencéefore takng

this optional course in mathematics. Their aim i&kethe mathematics they

need to start on an engineering degree. The teacher has taught this course many
years and is familiar with the curriculum and the textbook. He is rather busy but
has agreed to help me in my research. However, he stated rather early that he
thought for instance five design processes would be too much, but three might be
a possibility. Wien it comes to tasks he would like to change, he points out some
tasks that are in @eabcontext, but he feels they are constructed andood

He would like some tasks that are matewn to eartbh An overview of the data
generatedn the case of Thomas is presented in Table 4.3.

Date General Section | Length
16.11.12| Semistructured interview (sound) 47:49
08.11.12| Field notes of informal conversation

18.01.13] Handwritten field notes frorolassroom
observation

Logarithm tasks 6.6
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09.01.13

Discussion of logarithm tasks (sound)

44:30

05.02.13

| present logarithm tasks (sound)

43:58

08.03.13

Implementing logarithm tasks (video) Short
evaluation of the tasks in the end

59:35

Logarithm tasks

Trigonometry tasks

6.7

10.04.13

Mail whereThomasdescribes what he wants iy
trigonometry tasks

18.04.13

| present trigonometry tasks (sound)

37:01

Trigonometry tasks

24.04.13

Mail whereThomaspostpones implementation

due to the exams

Table 43: Data generated in the case of Thomas

4.4 .3Teacher 3, Hanna

Hannais a female teacher who works in another school than the first two. She
teaches a compulsory course in mathematics for students who are becoming
carpenters and the same course for students who are planning to be chefs. She
especially wants help with therpentes 6lass.Early in our conversations, she

states that she iaterested irthis projectbecause she wants help to change and

to teach better. In the previous year she and some colleagues designed some tasks
studentso

where theytriedto make themmorerelenaa t o t h

did not feel they were successful in increasing the motivation of the students. She
wants to change her teaching and her main aim is to increase the motivation of
the studentddannalooks for tasks that can functicas an introduction to a new

topic, so that the students can start to discover instead of her just telling them.

e

The data generated in the case of Hanna is presented in Table 4.4.

Date General Section | Length

01.11.12 | Semistructured interviewsound) 43:57

08.10.12 | First conversation about tasks 52:37
A4-task 6.1

15.11.12 | Refining A4task (sound) 1:16:17

20.12.12 | Implementing A4task part 1 (video) 38:38

20.12.12 | Implementing A4task part2 (video) 42:45
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Task A4format

(sound)

20.12.12 | Evaluating A4task (sound) 1:04:56
Rope and Area task

27.11.12 | | present rope and area task (sound) 1:09:08
Rope task 6.4

30.11.12 | Implementing rope task part(tideo) 48:37

30.11.12 | Implementing rope task patt(video) 00:24

30.11.12 | Implementing rope task padt(video) 32:35

30.11.12 | Teacher comments implementing rope tag 09:09
(sound)
Area task 6.2

07.12.12 | Implementing area task part 1 (video) 43:39

07.12.12 | Implementing area task part 2 (video) 38:09

07.12.12 | Teacher comments implementing area tas 12:19
part 1 (sound)

07.12.12 | Teacher comments implementing area tas 01:06
part 2 (sound)

11.12.12 | Evaluating rope and area task part 1 1:00:17

11.12.12 | Evaluating rope and area task part 2 20:03
Index task 6.5

23.04.13 | | present index task (sound) 1:06:10
Index task

22.05.13 | Implementing index task part 1 (video) 36:35

22.05.13 | Evaluating implementation of index task 25:48
part 1 (sound)

24.05.13 | Implementing index task part(2ideo) 40:01

24.05.13 | Implementing index task part 3 (video) 37:57

24.05.13 | Teacher comments implementing index ta 12:30
part 2 Sound)

24.05.13 | Evaluating implementing index task part 2 55:45

Table 44: Data generated in the caseH#nna
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4.4 4Teacher 4, Sven

Svenis a male colleague défanna and he is teaching a compulsory mathematics
course for students who want to become hairdressers or something else within
design and crafts. His motivation for participating intégearch is to get tasks

he is happier to use in the classroom. He does not like the textbodie taals
histime is limitedfor makingchanges himselHe wants tasks that are more
relevant for the students, but also tasks pinavidea more conceptlia
understanding of the topid®ata generated in thease of Sven is presented in
Table 4.5.

Date General Section Length
27.11.12| Semtstructured interviewsound) 24:32
11.10.12| 1st conversation about tasks (sound) 26:13
27.11.12| Talk aboutfuture collaboration (sound 08:45
16.11.12| Reflections around teacher and class
dynamics
A4-task 6.1
31.10.12| Discussion of proportion task (sound) 20:06
07.11.12| Refining A4task partl (sound) 36:52
07.11.12| Refining A4task par (sound 13:31
Task A4format
09.11.12| Reflections around designing the Aakk
13.11.12| Evaluating Adtask (sound) 37:30
Area task 6.2 and 6.3
20.11.12] | present area task (sound) 45:07
Web page with animated areas
Area task 1lstersion
22.11.12| Implementing area task pdrt(video) 37:39
22.11.12| Implementing area task p&t(video) 34:44
22.11.12| Reflections fronvisiting supervisoafter
implementation of area task
27.11.12| Evaluating area task (sound) 17:25
Area task revised
07.12.12| Comments about revising the area task

Table 45: Data generated itné case of Sven
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4.4 5The SemiStructured Interviews

Given my research aims to understand how teachers describe mathematical
tasks they want to use indlin classrooms, | wanted to acquire research
knowledge on characteristics of tasks before | cormdiggmistructured
interviews This is whatKvale and Brinkmann (2009, p. 10@fer to as subject
matte knowledge. Therefore, | spent time/i@wving the issuegrior to desigring
the interview guidendconducing the interviews. To have subject matter
knowledge is even more important when conducting stractured interviews,
because one needs to be able to react and follow relevant commentsvegrd ans
on the spot during the interview. Rewing characteristics of mathematical tasks
made me aware that it would not be possible to use concepts from the research
literature, because the wording and formulations are so far from the focus and
everyday laguage of the teachers. This metat | needdto listen to the
teachers and be aware of their wording, but at the same time keep the concepts
from the research literature in the back of my mind.

The format of the senstructured interview should be openough to
allow the teachers to speak rather freely and the researcher to follow up on
answers without keepirgjrictly to the interview guide, but at the same time it
shouldprovidee nough structure to be able to co
and ¢t feedbackeingrelevant to my research questigBsyman, 2008)|
conducted a type of interview thiévale and Brinkmann (2009¥fer to as
conceptual interview,e.,an interview with the purpose of conceptual
clarification. This is the type of intelew which has been conducted in this
research study, and the questions in the interview guide have all been designed to
clarify the teadigeorndd®d andclemigstamg wioaf what
kind of mathematical tasks can help fuifity this. will, in the following, set out
the questions sequentially as they were presented to the teachers with comments
on what they were designed to accomplish. It is worth noting that the initial
research design had mor e f ognizableimn t eache
how the questions were formulated.

What is your background? (Education and experience)

This question is posed to learn about where the teacher is coming from. It might
give me more insight into beliefs they have and choices they make in the
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classroom. What type of teaching they have been used to themselves in their own
education and what tgpof knowledge and experience they have.

For how many years have you taught mathemadigscational students?
This question is asked to ensure that | know the amount of experience the
teaches have in vocational schools, since this might be diffefeatn other
school experiences.

Which textbook do you use, and how satisfied are you with it?

This question is asked to get an understanding of how they are working today,
but also a sense of how much tlveguld like to change. Through this question |
getto know to what degree they are using the textband if they are happy

with how they are using it today.

What does dtypicaldlesson in mathematics look like when you are responsible

for it?

This question is asked because it is not given that what one would like to do in

the classroom is what enactedWith this question, | might learn more about a

possi ble discrepancy between the teacher
and whathappasin the classroom. This might also give me some insight into

external constraints the teacher is experiencing.

How do you think students learn mathematics best?

This is a question related to the teache
Hopefully, she does not feel obliged to express the exact same as whlaeshe

in the classroom. Hendhbis questionfollowing the question about what a typical

lesson in mathematics looks like.

How important do you think the teaching is as opposed to the taaks in
mathematics lesson?

This question wasicludedto give an impressioaf how linkedtheteachergelt
thatteaching and tasks were in the mathematics classroom. For instance, does the
type of tasks they have access to constrain how they teach? Or deciie

tasks are not so important, because of how they teach?

What are your strengths as a teacher?
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This question is to get a feeling of what thieink they succeed at. It gives me
knowledge of whom they are as persons, but also on whatitiggynportant.

What are your challenges as a teacher?

This gives me some of the same information as the question above, but more
detailed information about whatey find difficult, but still important. This might
be the point where they are the most willing to change

Do you have an example of a task you like? Why?
This is to get some information which might help me in the design process, but
also to get dnandson example of a@esiredtask.

Anything else you would like to add?
This is to give the teacher the opportunity to bring up issues or worries she might
have come across during the intervigvale & Brinkmann, 2009)

4.5Techniques from Grounded Theory

While grounded theory is a complete research methodology, | am notgreaky
claims of adapting the whole methodology. However, my research focus and
research questions made it apparent that | needed to use a grounded approach
when analyzingmydata f | wanted to capture the
initially intendedto analyze my data using well established categories from the
research literature on mathematical tasks, however | quickly realized how this
would be problematic. When talking to the teachers, their vocabulary is different
than the theoretical terms, $d would use previously theoretically developed
categories it would implpnalysisand interpretation even at the very beginning

of coding my data material. | therefore decided to abandon the plan of using
categories from the research literature on maétesal tasks, and instead use
techniques inspired by grounded theory. | will in the following section explain
how | use the work oElaser and Strauss (196%hpw | interpret the techniques

and how | practically have employed them on my data. | have basidapted

many of the methods described in Corhbi

Qualitative Researcf2008) but | have not adapted the whole methodology and |
will explain how my approach might differ from theirs.
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4.5.1Designing the Study

Whenconducting grounded theory, there is a set of essential methibd®ne
beingtheoretical samplingTeppo, 2015) In addition,Teppo (2015argues that

a crucial aspect gfrounded theoryesearch is the concurrent and continuous
nature of data generati and analysis. Since the goal in grounded theory is to
develop theory based on empirical data, analysis of data needs to guide further
data collection. So, one starts by collecting data which one believes might be
interesting and relevant for the resdarapic, and then analyzing this data should
guidefurtherdata collection. This is what is referred to as theoretical sampling
by Corbin and Strauss (2008ased on the concepts developed from the
analysis, one decides on what kind of data one would togfeidther develop and
understand this concept. For instance plainnedmy research based on

grounded theory, | mightartcollaboraing with one teachedesign tasks and
analyze our collaboratigibefore decithg on how to continue the data collexti

My analysis of the first collaboration might have led me to a focus on
vocationaly oriented tasks, and | might have decided to collaborate with a
teacher working in general studies to see if this was a unique characteristic from
a vocat i opeaspectiveea i€theee miyls be more nuances.

Given that | had planned to initiate a collaboration with all four teachers at
the same time, | cannot claim that my research design is grounded theory.
Ideally, | should have used the first collaboratiométermine what type of
further data | would need and which teachers to collaborate with. Instead, |
carefully selected different teachers with whom | had an extensive collaboration
with over a school year, assuming it would provide me with both breadth a
depth to my data without having to go back and collect nitoeever,l would
saythere wasan alternativeheoretical sampling in the design processes of tasks
where a task might be viewed as a samfihe new tasks were designed based
on theoutcomef the previous taskandthusfurther developedn addition |
have to a certain degree done theoretical sampling when analyzing my data,
which | will describein the next sectian

4.5.2Description of my Process of Analysis

The initial focus of my arlgtical process was to answer the first research
guestion: What characterizes teachersodo ¢
want to use in their classroom? | have already elaborated on what type lof data

collected and the reasons to answer this rebBegurestion. In addition, | have
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explained the need of an open coding process when examining these data. | will
now explain how this was practically done, while the details of which type of
categories thawveredeveloped and why, aexplainedn Chapter 7

All conversations with the teachers were audio recorded and the
implementations in the classrooms were video recorded. While video recordings
would have given more information about gestures during the design process
with the teachers, it would also takmre time to set up and felt more intrusive
than audio recoidgs The semistructured interviews were video recorded, but
in the further collaboration | chosmly to record audio. However, since there are
many more participanturingimplemenationin the classroom and much
happeningl video recorded all implementations of the tasks. phosideda
possibility to watch parts of a video of the implementation together with the
teacher to discuss, although this was not done.

Both audio and video recdrdjs were imported into NVivoand data
reduced concurrently with data generation. Data reduction was done by listening
to the recordings while keeping my research focus in mifwttHersplit the
recordings into parfsnosty between two and seven minutes long, depending on
the conént. For instance, one part could be the teacher talking about how a
student asked him a question about a task, and then | would mark a new part if
the teacher started talking more generally about students who struggle. So, | tried
to break dowmmy data io partsof amore manageabkize and closely related
in topic. In addition, | wrote down what was happening and what was being
talked about in every partition. The data reductions are detailed facilitating
retrieval of relevant data material at a latemp, but they are also the first phase
of analyzirg, serving as a guide, focus and help when collaborating with the
teachersAs | wastheonly researchercollaborating with four teachers at the
time, | realized it was not possible to transcribe alrdm®rdings while | was
generating data. The data reductions were less time demahding full
transcript but at the same time a way of organizing the data material.

At first, | intended to transcribe the data mateag&tr, and then analyze
the transdpt, butl startedgraduallyto questiorthis decision There arenany
waysof transcribing, from discourse analysis where intonation is included
(Linell, 1998) to transcripts includhg nonverbal communication like gestures
(Radford, 2003)However, no matter how detailed the transaspsomething is

2 NVivo is computer software designed for qualitative analysis.
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lost when communication is written down in transcriptence | decided to
analyzethe original audio recordingfirectly, instead ofusingtranscrips. | used

the data reductions to navigate in the data material to find relevant parts for the
analysis. All the data had been imported into NVivo, which allows a close
connection between data reduction and the original audio recordiraygd| c

click on a segment in the data reduction and immediately get to the
corresponding audio recordings.

Doing data reduction helped me organize the data in such a way that |
could easily retrieve important elements, but it also helped me to recall what
happened in the discussions with the teaglard thus guided méo some
extent in the furthercollaboration Great amounts of data were collegted
including the tasks, oral and written communications with the teachers, videos of
implementing the tasksd interviewswith theteacherslt was not possible to
analyze in detail more than 30 hours of video and audio recordmgsome
choices had to be made. | started a process of open coding combined with writing
memos(Corbin & Strauss,2008) The codes were made as
everyday language as possible, while | used the memos to write down thoughts
on possible conections | might notiger themes which | thought might emerge.
| started the coding process with the interviews of the teachers, assuming | would
get the richest dafaom the descriptions of mathematical tasks they would prefer
to use in their classrows, since they could express themselves in general during
the interviews. Having analydé¢hese interviews, my memos guided me to which
parts of the data to analyze nexbtataina greater understanding of the concepts.
So even if my research was not dgsd strictly as a grounded theory
methodology, | used the principles of theoretical sampling within the data | had
collected. In addition, | had the possibility to contact the teachers | had
collaborated with for further data or comments if needed

Whenanalyzing my data, | used several techniques from grounded theory.
In addition to a certain level of theoretical sampling with my body of collected
data, | did open coding, used the constant comparative method, axial coding and
writing memos as part of th@ocess of generating theory from my data. To help
me in this process, | used NVivo software to organize my data and analysis. The
gualitative software provided some affordances in the analytical process
especially when it came to the constant compagatiethod. Given my data
reduction, which has previously been described, | could easily move back and

forth in my data and get direct access to the original recordings from
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conversations with the teachefar illustration,when | wrote a memo on hoav
teaher i s commenting on the studentsd act
he is with increaskactivity. Using a constant comparative method, | now
wanted to go to the other parts of the data to see what this teacher had expressed
about st udandwhatdtheateachers mighyhave said on the topic.
With the help of the dateductions] could easily find the relevant passages
whichin turnwere linked to the auditecordings. So, the NVivo software
program helped me organize my data in sualay that constant comparison
became manageable across the whole data set.
In the process of open coding, | triey bestto use in vivo codes
meaningouset he teachersodé6 own wording in the
to Iimit my own perception on the codes
instead. Even ibeingconscious of this, | still struggletbing sofrom time to
time. An example would be howuked the code learning and tried to fit this in
with the other codes through axial coding. | found this difficult and at some
point, | realized that the teachers never used the word learning. They might use
words like understandinghamoments and so obut they did not say learning.
Having discovered this, | went back to my data even more cautious about letting
the teachersd6 words be heard and not my
ongoing process for a long timehere | switched between open codingnstant
comparison, writing memos and axial coding; working to make it all fit together
and to represent the teachers in the project. The details of this process are
elaborated on isubSectiors 7.1.1 and 7.1.2

4.5.3Theoretical Sensitivity and Theoreticd Integration

Grounded theory has often been misunderstood as researchers having to enter the
field of study as tabula rasa, not knowing anything about the theories relevant to
the field of study, however this is neither likely nor necesgeeppo, 2015;

Vollstedt, 2015) The idea is to not start your research with an extensive literature
review, not only because it might affect and limit how you view your data, but

also because a grounded approach might take you in a whole different direction
where your mitial literature review might not even be relevanymore This

was, to some degree, what happened in my research, where | had absimed
teachersod bel i ef s, andthusspeént@meaéadimguponh e out cc
t heori es about weverahe datardis Bot soppdrtisueh asfacus,H o
and this was not as relevant to my research as | inipidiyned
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Even if a researcher conducting grounded theory does not start the
research by doing an extensive literature review on the topic, theatesestill
brings with her knowledge and experiences which might influence the research

and analysis. This is part (Wdlstetdthe r esear
2015) and should not be ignored when reporting the research. Despite the goal of
grounded theoryogenertnew t heory from the data its

knowledge and background will to a certain degree influence hovwatsegthe

data and which things that might spark an interest to look closer at. In my own
research, | have a background as a teachethanchight lead me to notice
elements in the data which might not be as noticeable if the researcher had a
background as a mathematician instead. In the first books about grounded theory,
theoretical issues like ontology and epistemology were not opesdyssed or
expressedGlaser & Strauss, 1967; Strauss & Corbin, 198@wever, in the

later editions and books published by the next generation of grounded theorists,
there is a stronger focus on theoretical underpinnings, and thes& epppn
(2015)describes how the interpretive frameworks include pragmatism, symbolic
interactionism, constructivist grounded theory and situational analysis. It
therefore seem®asonablé¢o claimthat there is not one specific interpretative
theoretical frameworkhatmust underpirthe analysiswhenusing techniques

from grounded theory. However, it does make evident the importance of the
researcher stating her own ontological and epistemological point of view when
conducting such an analysis.

The interpretive theoretita f r amewor k i s part of the
theoretical sensitivity when analyzing the data, but it could also influence the
choices made at the point of theoretical integration. At the point where the
researcher haonstructedodes, categories and axial ooyl the next natural
step is to seek theoretical sampling in the research litefagimgrelevant to the
findings. What type of research literature the researcher turns to, can be
influenced by the researchers ontological and epistemological belieiefdie
| started the methodology chapter by accounting for the research paradigm
underpinning the research reported in this dissertation.

4.6 Trustworthiness

This research was conducted within an interpretive paradigm, and this influence

the perceptionfowvhat can be agreed upon and known. As elaborated on in the

introductionto the methodology chapter, this research is designed within a belief
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that all knowledge is human constructievhich in turnbears consequences to

what can be known. According Blaikie (2007)b ased on constructi @
only criteria available are those that can be agreed upon, through negotiation and
argument, by a community of scientists at a certain time, in a celéai®, gand

under certain conditionso (p. 23). Al bei
position as a subtle realist, | still emphasize communication of the research

process to the reader. To make this process open and trustworthy, is part of th

research rigor.

When conducting research that is dependertoth process and context,
trackability becomes an important aspect of trustworthiness. Trackability refers
to the research being reported so scrupulously and candidly that it can be
retraced, or wtually replicated by other researché¢@ravemeijer & Cobb,

2006) This means reporting both on failures and successes on the procedures
followed, and the reasons for choices being made. It is also important to be
explicit about the criteria and type @fidence used when analyzi(@obb,

Confrey, diSessa, Lehrer, & Schauble, 2003)oughout the research | keep a
research journal where | make notes of thoughts, ideas andebelp me
document the whole process together with andvdeo recording®f
conversations with the teachers and classroom implementation. In addition, |
strive to report on the methods and techniques for analyzing as thoroughly as
possible, so that the reader can make up her own mind if my conclusions might
make sense.

Triangulation is another important aspect of achieving trustworthiness.
Researchers deal with a lot of impressions, and they need some way of assuring
their interpretation of the meaning. The process of gaining these assurances is
called triangulatior{Stake 2006, p. 33)By using multiple sources for data
collection, | can triangulate when analyzing the data. That is why | collect data
from interviews, collaboration processaad implementation in the classrooms.

Since | work so closely with the teachergmber checking is a natural
mears for me to use foassessingrustworthiness. By member checking, | refer
to the teachers reading my interpretations and analyses of the situations they have
been part of. It might be that we understand situations diffgrdmit member
checking provides an opportunity to discuss and agree upon the written
exposition. All the teachers get the opportunity to read, comment, adjust or
contradict what is written in this text.

58



When working on single cases that are related to t@ttext and process,
generalizability is a challeng@&hereforgetheory is such an important part of the
research design. By placing the design and analysis in a broad theoretical
context, it is possible to generalize by showing how the study is a paradigmatic
case of the phenomenon under investigagiimvelson, PHips, Towne, &

Feuer, 2003)

4.6.1Interrater Reliability

Another aspect of trustworthiness is whether another coder would agree on how
the datavere coded, in other words how good the interrater reliability is. The
dimensions and categories which | haveated from the open coding process
previously described, are meant as a help to understand and answer my research
guestion about what characterizes teache
they want to use in their classroom. An overview of the dino@ssand

categories can be found $ub Section 7.1.2. The categories and dimensions are

not meant as an interpretation of what the teachers express, but a way of
organizing their response and utterances about mathematical tasks to make an
analysis of whatheir focus is. All the data in this research projestetizeen

collected andnalyzedy the author, however | wanted to test the categories |
developedvith helpfrom a research colleague. My aim with this testing, was to

see if another researcher wouksign the categories to the same type of

statements as | would, and even more impostaiitthe other researcher felt the
categories were sufficient twganizethe descriptioaof mathematical tasks the
teachers expresd The three dimensionscanwaks a f r amewor k f or
perspectives on mathematical tasks, howedwam not claiming that there might

not be a need for other types of categanesdditionto the ones | have

presented. If one changes the group of students or the teachers,igierneena

need for more categories than those | have presented, in the same way as some of
my categories would be superfluous. An example of this could be the

subcategory vocational, which is an important category for teachers teaching
vocational classroms but might not be relevant for a teacher teaching a group of
sevenyearolds So, when | am doing a test on the interrater reliability on the
categories | have created, | am not trying to make any claims of these categories
being exhaustive. | am insté testing whether another researcher who aesaly

some of my data material the same way as | did, will agree upon how to use the
categories | have created.
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The first phase of this process was to train the other researcher in my
categories. To do this, tagted by stating my research question and explaining
how sheshouldlisten for statements made by the teaclkerserning
mathematical tasks. | explained how she would need to not only identify positive
comments, but also negative or neutral comments. Even if my research question
addresses what type of tasks the teachers want to use, identifying what they do
not want is helful in identifying the borderlines of what the teachers are looking
for. Having explained the research question and what types of statements to look
for in the data material, | followed this by elaborating on my own coding process
and how this had resultédl the categories and dimensions | had created. After
talking my colleague through this, | gave her the written explanation of the codes
and categories, which is presente®irx>Sectiors 7.1.1. and 7.1.2. Finally, |
gave her a screen shot of the dimensiand categories from my work in NVivo,
to provide her with an orderly overview of the categories and where they belong.
When choosing sections of the data material for my colleague to code, | decided
to choose one excerpt from each of the teachergt&inoa certain width in type
of data material. My own process of open coding was done several months
earlier, so | could not remember details from this coding process. However, |
used the previous coding as a guide to find parts of the data materiad for m
colleague to code, looking for sections containing many codes ensuring she
would listen to relevardata for coding. In total, | chose four segments of data
for my colleague, ranging in time frofour minutes and 20 secondsdeven
minutes and 12 secosdin total, my colleague had 24 minutes and 29 seconds of
data to code, with parts from all the four teachansl with different type of data
sources like the senstructured interview, discussions of what type of tasks the
teachers wanand refining taks. My colleague was asked to do the coding in the
same way as | had, which meant listening to the recording of the conversations
with the teachers and assigning coding to the sound, but technically marking it in
the data reduction text, tefer to it mae easily All of this was done in NVivo,
and | listened and reoded the same parts to make it easier to compare and
discuss.

After bothme and my colleagugad conducted the first coding, we
realized there had been some misunderstandings when we cdropdes. The
screenshot made of my categories and dimensions in NVivo, contained the
Norwegian naming | had used in the process of coding; however, | had made

some clarifying changes to the wording when translating it to English. For
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instance, | had usetlé wording: wanted outcome of tasks in amalysis
process. Realizing how the teachers were not only expressing what they wanted
but could evaluate the outcome of tasks as both posigative or neutral, |
changed the wording to outcome of tasks mttxt. However, my colleague
who coded using my categories, saw the wording wanted outcome of tasks, so
she did not assign any codes in this dimension if the teachers did not talk about
an outcome they wanted. As a result, our coding deviated on sdhe of
categories used, but at the same time we discovered that we were not disagreeing
on what to code and not even the coding when we discussed it. The only thing we
needed tdook more closely intowas the difference between the two
dimensions: outcomeédfas ks and studentsd reactions
different and how to distinguish them? These discussions helped me to
reformulate some of the descriptions of the categories and dimensions to clarify
them.

Since | now had clarified the description of the categories, we decided to
code another small data segment, just to assusgveedvhen interpreting the
data. | chose a section from a source which contained an evaluation of
implementing a task, since $hivas a type of source we had not previously
analyzed in this interrater reliability process. The section lasted for three minutes
and 28 seconds, and we agreed on all the categories we assigned to the data. We
even discussed a statement which we botholeath uncertain about how to code
but had endd making the same choice.

This process with my colleague helped me clarify some of the descriptions
of the categories | had created, but also reassured me that another researcher can
use these categoriesdnalyzethis type of data material.

4.7 Ethical Considerations

The Universtly of Agder has made a commitment to notify and get approval for
all our research containing sensitive data from the Data Protection Official for
Research (NSD). This office has a mandate to ensure the personal protection of
people involved in resear¢NSD, 2012) and are thus ensuring a certain level of
ethical considerations from researchers. The ethical considerations that NSD
demandsto approve research are similar, but even more stringent than those
stated by the British Educational Research AssiociédBERA, 2011)

Even if NSD approvemy research and | follow their guidelines, there are
many difficult ethical issues that might arise throughout my research. There is no
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way of safeguarding all ethical challenges, but | qiwsteg (2004)on this
ma ter: fARight action, in complex mor al
di s p o s(p.t150pGoad@lanning and careful considerations of possible
challenges might help to make the right choices when ethical problems arise.

Anonymity of the researgparticipants is an ethical consideration that is
often emphasized, and there are many guidelines about how this can be
accomplishedBERA, 2011; NSD, 2012; Pring, 20043iven the research
design, | propose this is still a difficult issue even if | follalvthe guidelines,
because | work with a small number of teachers. Even if | use pseudonyms in my
written work, colleagues and people in the area will be able to identify the
teacherssince there are only four of them. The teachers will be a great cesour
and it is important to me that | value their time and contribution and show them
respect in my work also when publishing.

| know from my own time as a teacher, that we all have good and bad
days. We also continue to develop throughout our working,li@ed our
opinions and thoughts might change. So, what do | do if | encounter a situation
where | know reporting what happened might place the teacher in a bad light, but
at the same time it is important for the trustworthiness of the research? This is a
dilemma that is likely to happen and is therefore important to consider in
advance.

Acknowledgingthe ethical dilemmas | mighatethroughout my research
with respect to anonymity, | have used the opportunity to discuss and address
theseissues with colleagues at my university, but also with fellow researchers at
summer schooland conferencedNone of us have a clear answer on how to best
address thseissues, but we have tried to suggest several possible actions.

One of them is to work with nme teachers than | actual report data from.
This way,it might be more difficult toidentify the actual teachers | work with.
Even if this might be helpful in some research designs, | am not sure it will be
very hel pful I n my d ehwiceg about téachomdgkandh g i nt o
learning is quite personal, and | believe this will make it relatively easy to
recognize the teachers even if | only publish the work of three out of five. At the
same time, my research design is demanding when it comes wotatsion, so
| believe too much time will be spent on work | will not publigh solve the
dilemma this way.

Another solution we have discussegithat | implement the designed tasks

in the classroom myself and use the teacher as a critical figimydhe process.
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This way, my own mistakes in the classrooms will be reponsdad othe
teacher6s. One chal |l engebtamvetyliffetehti s s ol ut
data if | am doing the implementation myself instead of the teacher. Another

passible solution is to divide the implementation of the tasks among researcher

and teachemaking it more difficult to identify who igdoingthe

implementation.

The last solution that has been discussed, and the one | chose to follow, is
to keep the reseeh designbut to inform the teacheabout the challenges of
anonymityanddiscusscontinuouslyhow to solve dilemmas as they come along.

In addition, my focus in the analysis is on the conversations with the tesacher
hencethe implementation in the classroom serves only as a reference point. | will
in the next section addrese#thical dilemmaand the possible solutions with
regards to ethical theory.

4.7.1My Ethical Dilemmas in Light of Ethical Domains and Assessment

There are many ways of handling ethical dilemmas, and the choices one makes

can be seen in light of different ethical domains for assessing. According to

Pojman (1997) her e are four domains of ethical
of action, consequences ¢ har act e(p. 16 Thdse fow domains éan

be seen as two different types of etharioustypes of actions and

consequences are princigdased theories (normative ethics), while the last two

are virtuebased theoriedBeach, 1996) will in the following discuss my ethical

dilemmas with respect to these four domains.

One way of dealing with ethical dilemmas is to consider different types of
actions, and a simple way of categorizing thesecording to what is right and
wrong. Theorieshiat emphasize the nature of the act are catledtologicad
and these theories hold that there is something inherently good or bad in different
acts(Pojman, 1997)One example of such a perspective is the Ten
Commandments in the Bible. These commandmeirie against actions which
are viewed as bad and something one should neyasdeell as exhort other

actions as something one should do, || i ke
mother and father. There might still be an issue to determinemaightbe seen
as right or wrong. Kantdéds solution to tt

AAct only on that maxim whereby you can
become a uiPojmanrl89%,lp.18)a®oe, by Kantds per spg
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actions should follow the guidelines of whether this action is something one also
would want everyone else to do.

If I look at the ethical dilemmas in my research from this perspective,
there are some decisions that are made only with the perspectihatiswight

or wrong. One example of this, is the re
any given moment without having to give any explanation. Another example is
the participantsdé voluntary and i nfor mec

studentor teacher without having a signature of consent. These examples are so
strongly embedded in how | ségoddresearch that | do not even consider them
dilemmas. The only way | am considering these issues, bgdryngin mind that
| should always treat ynresearch participants fairly and with respect, so that they
do not feel the need to withdraw from the research, whialld obviously
impactmy worknegatively However,l have accepted that this might happen
regardless of my actions, andithoughto be consideed

Another domain of ethical assessment is to solve ethical dilemmas by
considering different consequences. The most famous of these theories is
Utilitarianism, frontng that decisions should be based oranalysis of what
action will produce the greatest happiness for the greatest nigdysran,
1997) An example of the difference in choice between a dentological and
utilitarian perspectiveould beif a person is give the choice of stealing food
from a rich person and giving it to many people who are statwvisgve their
lives. From a dentological perspective, you might say that stealing is among the
wrongs one should never do, but from a utilitarian perspectwetdtd be worth
stealing because of the gain of saving

| feel that | balance these two perspectives in some of the edsuaH
facein my research. Anonymity of the research participantgisn&iplethat
should never beanpromised unless the participants themselves waive the right.
At the same time, | have described above that this is extremely difficult to fully
accomplish in my research, because of the small number of teachers | work with.
If I shoulddecideon this based on a dentological perspective, the consequence
would be that my research is not possible to conduct. So, by deciding to follow
through with my research, | have brought the dilemma into the dimension of
considering consequences. | would stilim that it is not a purely utilitarian
approach, because | hold the possible negative impact on the teachers at a greater
concern than my own research. Thus, | will claim that my decisions are based on

considering consequences with a dentological eetsfe. After many thoughts
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and considerations, | decided to be open with the teachers about the challenge of
anonymity and discuss this issue with them. | tried to help the situation by
allowing the teachers to read the report befaublishing, and suggst changes to
the text, but this is also a matter of trust. All in all, the teachers are aware of the
risk and problems with anonymity but are still willing to participate in the
research. | believe this resltom me setting up the research desigbenefit
the teacherssombinedwith a matter of trust, which brings me over to the next
domain for ethical assessment.

Ari stotl eds et hics eemalihgthatweocarontyhar act e
ensure habitual right actiomhenhaving good peopléPojman,1997) This is an
ethical domairthat! find difficult to claimthat | have used to solve an ethical
dilemma, but I believe it is still in the back of my head when making decisions. |
considerit important not only to be a researcher, but a researchecavhbe
proud and confident in all elements of my work. To me, this is related to
Ari stotl eds et hi c alirugandlewulslsagthisisof char act
implicitly involved in all ethical decisions | make in my research. This is also a
dimension whth | believe is especially important when doing the type of
research | am doing. The risklack of anonymity is something the research
participants are willing to takeyhich | assume islue tothe trust in my character
or virtue.That is, hey believe that | will treat them fairly and respectfully when
dilemmas arise.

The last domain of ethical assessment B@iman (1997)efers to is
motive. | have already argued above that many of theadttiimensions are
intertwining each other, but motive is a domain which it is difficult to leave out
of any ethical decision. This is also something that Pogoasidersand she
claims that: Aln a full mor al intdescriptic
considerati on @ejmaa, 1998, p.49) laavetstatédangt or 0
research motive clearly in a project description, and this has also been
communicated to the teachers. One of my aims is to understand the teacher, but |
am not trying to chage her. This has turned out to be a challenge when one of
the teachers has stated that she has a motive of getting help and to further
develop herself as a teacher. So, our motives are to some point contradictory, and
this is an ethical challenge. Thisnet a dilemma that is solved by one discussion
and decision, but something | see as an ongoing process where weulsoth
make some compromises. | am not trying to dictate e lggv readymade tasks
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and solutions, but at the same time | am open for ssons about teaching and
learning. This way, | am trying to fulfill both our motives to some extent.

4.8 Summary

| have in this chapter presented the research paradigm and research strategies
have been used to answer the research questions. THsllwagd by an
overview ofthedata collected and a presentation of the cases in the study. The
analysis procedsirtherdescribedincludinghow techniques from grounded
theory has been used. The last parts of the methodology chapter dealt with
asped of trustworthiness and ethical consideratioglated tahe research
design.

| will in the next chapter present each teacher and describe the
collaboration process on designing tasks. The cases are presented as a general
presentation of the teaehprior a description of each design process of tasks we
went through together.
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5Presentation of t he Cases

| will in this chapter present a summary of the collaboration with each of the four
teachers who are participating in this research prdgageris presented in

Section 5.1,Thomasn Section 5.2 Hanna in Section 5.3, and Svertection

5.4,

Each of these sections dutherdivided into subsections where the
teachers are first presented with a general overview of their background and their
thoughts about teaching and learning of mathematics. This is followed by a
presentation and description of our collaboration on designing the different tasks
before the collaboration in general is summarized. | have chosen to present all
the taskghatwere designeadh collaboration with the teachers @hapter 6.

Several of the tasks have been used with more than one teacher, so to avoid
repeating the tasks, they are gathered in a separate ¢lyaptefered towhen |
present the cases.

5.1Teacher 1: Roger

5.1.1Background and Context

Roger is a teacher in his sixties and has extensive experience as a teacher in
mathematics, chemistrgnd physics. In addition to the theoretical subjdats
has also taught Electrical Engineering, Machirfekills, and more practical
courses. He has several university courses in both mathematics and science and
a degree ofand.real. in chemistry. Candeal. is an old Norwegian degree in
mathematics or science of very high standard and quality which eshud
dissertation as well as coursescad.re al . degree is compar ab
degree today but was even more demanding. Most students used seven to eight
years to meet the standards abad.real. degree. After Roger completed his
education, hevorked both as a research assistant and as a researcher in a private
research department. However, a period in the industry with limited work, made
him obtainfurther education in pedagogics and start working as a teacher at the
vocational technical collegwhere he still works todagnd has been working for
more than thirty years.

Roger refers to himself as a traditional teached most of his lessons are
based on expositions and examples presented from the front of the room. A
typical lesson for himyould be to spend 45 to 90 minutes explaining and giving

examples on how to work and solve mathematical tdskswed by the students
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working on tasks. Roger is only teaching one class in mathematics this year. This
class is a group of relatively matwstidents (about 30 years mean age), who

have a trade certificate and have been working for a while but have now decided
to go back to school to qualify for an engineering degree course. The
mathematics course Roger is teaching is optional, but containsathematics
required from secondary schdolstart on an engineering degree. It is the first

time Roger is teaching this specific course.

| ask Roger if he is happy with the textbook they use, and he responds that
it is ok. It is not perfect, but he hast seen any other books for this course to
compare with. Roger says an important part of a textbook is to have many
relevant tasks the students can work on, but he questions how good the textbook
is to read to understand the mathematics. He assumesdeatstmight find the
textbook more useful as a sort of encyclopedia where they look up and check
things, rather than to read it to develop an understanding of the topics.

When | ask Roger about his strengths as a teacher, his first comment is
that heis almost always in a good mood and is enthusiastic for whade
Enthusiasm is a word he mentions several times throughout the interview, and he
emphasizes the importance of motivating the students. At the same time, he
expresses how he is very happyh having a group of adult students, and how
he does not really want to teach younger students if he can choose not to. He
explains this as having thabysibyounger students more, and he does not enjoy
that part of being a teacher. | ask him to elaborate on this difference in teaching
adult students as opposed tellByearolds, and he says you must vary the
teaching a lot more with the younger studentscetk their work more often,
like having regular assignments theaystsubmit. He prefers to teach more
mature students where he does not have to worry about them putting in the
requiredeffort or not. He refers to the students he has now as a hardwaridng
dedicated group. Those students who thought this would be an easy course and
were not willing to put in the work, have already dropped out at this point, which
Rogerconsidersaa good thing. When it comes to F
teacher, he admitsriting like a@igbandsometimedeang unstructured when
writing on the blackboard. He also says he can relatively easily be led into
digressions. However, he is not convintleatthese challenges are something he
wants to change, as he also sesmectionto the enthusiasm he has dimls
important.
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Il n Roger 6s opi niooybysolving tasks Sincellehass | ear

previously talked about how he can give double lessons with lectures, | ask him
to elaborate on this with respect t@ belief thatthe students only learn
mathematics when they solve tasks themselves. Roger responds by using a
metaphor of fixing the engine of a car. The only way to learn to fix a car, is to do
it yourself. However, it can be helpful to have someone point arfiaigd give
you some ideas on where to start. That is what his lecturéssarae help to get
started and pointing out the essential elements before the students do the job
themselves. It does not even have to be a teacher, it is possible to finddro$ kin
help in a book or on the Internet as well, but students need someone or something
to help them get started.

When | ask Roger if there are any tasks he would like to change or replace
in the course he is teaching, he cannot immediately think of ahie Vdoking
through the textbook, the topics, and the tasks, he comments on both the tasks
and what he thinks the students might struggle with. All the comments are related
to types of understanding Roger thinks the students need to have on different
topics. For instance, when it comes to logarithms, he refers to how the students
need to realize there are more than one logarithm aadehow logarithms are
theinverseof exponentials. However, even if Roger has a clear focus on students
understanding themathematics, he is also aware of the exam and what they
would need to perform well. An example would be when he comments on tasks
thatare logarithmic equations and where the students are supposed to use the
logarithmic rules to get an exact answer. E¥dRoger comments on how it can
be difficult to see the usefulness of these tasks and students are struggling with
them, he also says this is all part of the game and he does not see how those tasks
can be made O6fresherd.

Some of the tasks which Roger does like are tasks set out to be
realistig butstill are not. He gives an example from physics but cacmoe up
with an example from mathematics on the spot. In addition, he gives some
examples of tasks which Hfieds badly formulatedand he does not like tasks
providing several statements to evaluate the truthfulness of. There are also some
tasks in the textbooks on logarithms which he does not like, because they might
as wellbesolved on the calculator, but he just skips these taSkseven if there
are some tasks he does not like, he is not sure about what to replace them with or
what he would do differently. At the same time, he says there might be some
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tasks which would give the students better understanding of a topic, st he |
does not see it.

Roger does not have any specific requests for new tasks he would prefer to
use in the classroom, but at the same time he does not exclude that there might be
tasksthatprovidebetter understanding. Based on this, we agree that | will
present some examples of tasks on relevant togaickRoger will have a look
and decide if he wants to use them in the classroom.

5.1.2Integral Tasks

Integrals was a topic where Roger thought there might be room for better tasks,
even if hewasnot surewhat theycould be like. | decided to find a variety of
different tasks on the topic of integrat®png to come up witlsomething Roger
might find interesting to use in the classroom. | presented ten different ideas for
tasks on the topj@ll of them described inSection6 . 8 t oget her wi th
comments when | presented them. The tasks range from exploration in
GeoGebra, multiple representations based on the principtasart (2008)
exploratoy task, compose and decomp@Bdls, Bills, Mason, & Watson,

2004) a task which focuses on integrals as &#on, 1983)a practical task
where using integrals to calculate the construction of g dathseveral tasks

from the webpage of nrich.mathgydwhere the students can explore different
aspects of integrals.

Roger and | talked for almost two hours when | presented the different
tasks on integrals, and he listened carefully to everything | said and asked follow
up questions like: What should thee learning outcome of this? He also reflected
on how he plans to introduce and work on the integral topic. Still, in the end, he
did not want to use any of the tasks. He did not always give a reason, but here are
some of the reasons for not wanting thgks. One of the tasks uses implication
arrows which he has not taught his students. He did not see the task adding
enough value tbewilling to introduce implication arrows in his teaching. The
task of composing and decomposing meant the students hawddo work
together in pairs. Rogerb6s comment to
he has never put people together in pairs to work, so they would be surprised by
his change of pedagogics. They have never done this before, but he sees that the

31 am providing the name of thiask and a direct link as a reference when | present tasks fRIGH\
however they are not in the reference list, sih@@uld not provide any additional information.
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idea could be good. Roger does not want to use GeoGebra in his teaching. He
states that he will not use a computer to demonstrate stuff, even if he
acknowledges that could be somewhat useful. He is not used to GeoGebra and
computers in teaching, and the&zhen problems arise, he is unsure how to handle
them. Roger still acknowledges how GeoGebra can be useful when it comes to
visualizing certain things, and maybe especially the trigonometric functions. |
make an offer to make a macro for him in GeoGeimahe is still skeptical. He
will have to use a projector and connect the computer to it, and this makes him
hesitant. Roger questions if the extra time and burden will outweigh the gain.

There was a task which Roger liked, but it was not specific ogradse
The idea of the task is to set up two items on the floor a couple of meters apart,
and name therA andB. The students are then asked to draw a diagram where
thex-axis is the distance froly, and they-axis is the distance froB. One
person then alks straight lines between the two items, and the students draw the
graph. This becomes quickly very difficult, given how one needs to relate to the
two different variables at the same tirhpresented this taskecause drawing
the integral function ba&sl on the function is not easy and my aim was to
highlight, and herebynormalize this difficulty. Roger responded positively to
this task but commented how he did not see it relevant for integrals. However, he
said he might want to use it at another time

One of the tasks | presented, was an idea on how to use integrals to
calculate how to construct a dam. This would be a type of realistic and relevant
task, but Roger wadtill skeptical. Even though it istgatedin a realistic context,
Roger is not covinced this is how they work when constructing daansl thus
might be artificially realistic. He explains how his students have worked in
vocational professions ama betweerthem they have a lot of work experience in
differert professions. These studsnwill react if something is presented as
realistic when it is not how it is done in real life.

Roger did not comment on all the tasks or explain why he did not want to
use them, but none of them sparked his interest enfouglke himwvant to use
the task on the topic of integrals. Still, he was open to look at more tasks on other
topics, especially if his colleague Thomas (teacher 2) found some tasks he
wanted to use. He knows Thomas has been involved in designing exam tasks on
this ourse hencehe assumethattasksThomaswould want to use in his
mathematics classould also be relevant for the exam.
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5.1.3Logarithm Tasks

| presented the |l ogarithm tasks which we
(Section6.6) for Roger. This time, Rogaas more positive to the tasks than the

last time | presented tasks. When | presented the pHs k , Roger 6s firsi
was that this is a type of taikathe likes, but not in this curriculum. He@ains

this by pH or logarithmic scales not beingmhened in thecurriculum. The task

which Roger especially liked, was the tasklressingmedicines and different

calculations on half time. Still, he comments that he finds it difficult to use the

task with his class now, because of limited time befoeeettam. He reflects on

how this task might bsuitableto use as a group task where the students can

work on it without time restrictiong&ven if Roger cannot say exactly when he

will use the task, he seems positive te itisn the classroom.

One of theasks | presented was from the webpage nrich.maths.org and is called

Big, Bigger, Bigges{Retrieved fromhttps://nrich.maths.org/386The task asks

students to compare three numbers and decide which one is the biggest, and

which is the smallest dhe following numbers:

200020"2 200 12[)('1 200220’“0

This Iis a task where Rogerds first c¢comme
vocational classes, but for people with special interest. He says the task is nice
but too far from the real world for the vocational classes.
When it comes to the historical task with logarithms, Roger was not
negative but says this type of task is easy for him to make himself, so he does not
need the task | designed. He even comments how he has done this on the
blackboard on some occasions. Bogontinues to say that the saapplesfor
the pHtask.That is,he @uld createsuch aask himselfand he would have
changed subtask d) so that the volumes were the same, otherwise the students
might think the pH would be an average instead of arithgaic scale.

5.1.4Summary

Even though | presented many tasks for Rogred he even liked some of them,
we never got to the point of implementing them in the classroom together.
During one of our last talks, we were talking about clothing styles, and |
commented friendly with a smile, how he seemed more willing to change his
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clothing style than his teaching style. Roger replied with yes, because | am rather
confident that my teaching works for me, but | am more unsure about how |
dress.

5.2 Teacher 2: Tlomas

5.2.1Background and Context

Thomas is a teacher in his late forties with a cand.scient. degree in physics. He
did not plan to beomea teachewhen he first startelis studies, but it grew on
him, and he chose to take pedagogics after his degree to qualify for teaching.
Thomas tells aboutow 40 % of those with a cand.scient. degree in physics
became teachers when he studi ed, but t
in physics become teacheiihey work in the industry instead, which Thomas
views as problematic as he compares it to eating the seeds. He says we need
people with a high degree in physics teaching in school, to recruit new people to
the academic discipline. Thomas has been tegdbimalmost twenty years,
teaching mostly physics, but also mathematics. It is his fifth year teaching the
course he is teaching now. Thomas is teaching the same type of course as Roger,
but the students are younger. They have just finished their voalsicimoling
and gotten their trade certificate. These students litHeevork experience
before they take this optional course in mathematics. Their ainolgamthe
mathematics they neéd start on an engineering degree at the university.
Whenaked about a typical l esson in hi
response is that it is not chaotic at least. He further describes his lessons in
mathematics as very traditional where he introduces the topic of the day, gives a
lecture on it, shows some examplesich are then followed by the class working
on related tasks. The students do not ask a lot of questions, which concerns
Thomas since he finds it difficult to know if they understand the lectunetor
When the class is quiet, it is difficult to knowtlifey follow the mathematics
Still, Thomas does not see any other options than to let them work on tasks and
maybe issuethenwill surface. Thomas admits that he finds it difficult to
discover when students do not understand the mathematics, but hieng wa
around in the classroom looking at the students work and try his best to help
them understand.
Thomas views patience as his greatest strength as a teacher and says this is
something hdinds very important when it comes to teaching mathematiobe
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patient with the student. Also, he is careful not to make students feel
uncomfortable or ridiculed in the classroom, but to make them feel safe. Some
years ago, he got feedback from some students that he was too strict and too
sarcastic on some occassohle took his feedback seriously, and he has worked
on improving and changing how he acts and responds to the students.
Communication is what Thomas finds most difficult in the classroom, to get the
students to ask questions and communicate what thegtdmderstand. Even

this student groupvho are planning to take an engineering degrae ask why

they need to learn the mathematics, which surprises him. At the same time, they
do not always respond well if he gsthem more practical tasks. Since he has a
degree in physics, he has the knowledge to make the topics more realistic, but
this often means more complex and difficult tasks and the students do not really
like them.He has thémpression that the studentgedrappier getting tasks where
they can use a method they already know. So even if this group of students are
hardworkinghe finds it difficult to motivate them.

He is not altogether happy with the textbook, and comments that teachers
and textbooks nevexgree totallyTo illustratewhat he does not like, he
mentions how the book explains the unit circle and trigonometry, but only parts
of it, so it makes it difficult to fully understand the concept. In addition, he is not
always happy with the sequenciofjthe book and uses vectors as an example.
The book alternates between vectors in the plane and vectors in space. He would
have preferred to complete vectors in the plane before moving on to vectors in
space. When | ask him about tasks he does not kkegglies mathematical
models which have nothing to do with the real world, as he sees it.

When | ask Thomas about how he thinks students learn best, his first
response is how the students should be as prepared as possible before a lesson
and work on theéasksthathe gives them. He emphasizhs importance of
working on tasks, that is what mathematics is all about. While continuing to
reflect on the question, he also comments on how people might have different
learning strategies, but his class is @aeathomogenous group of students. He
says these are his thoughts, but it is not easy to knowthdaght thing isvhen
it comes tdearning. Thomas also mentions how many try to visualize
mathematics antty to see practical applicatiorend how this ould be a
motivator to learn more mathematics. In a more informal talk, Thomasldas t
about how he thinks it is easier to make mathematics alive and real at the lower
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levels, because the topics are easier to relate to the real world. At a higher level,
the topics are more abstract.

5.2.2Logarithm Tasks

They are almost done with logarithms as a topic, but the teacher comments on
how he does not like tasks on logarithms lily@x populatiody because he does
notfind them realistic. He prefers logarith@sks in the context of physics such
as, the measurement of sound (decibel), tides and so on. The next topic with his
class is vectors, but Thomas is happier with the tasks in the textbook on this
topic. He suggests | can design some tasks on logarithmegambmetric
functions which they can use for the
with how the book presents logarithms, is the lack of motivation for why we need
and use logarithms. It is presented just as playing with numbers. He would
therebre like to use tasks which are more practical, where this is possible. In
addition, he misses some historical perspective on logarithms, like how the tables
were used to calculate.

When | present my suggestions for tasks to Thomas, | stastdsgining
that | have not completed them fully or translated them if the original was in
English. The reason for not doing sis,to allow Thomasto provideinput, and to
save time if he does not like an idea. The first task | present is the one with the
historical aspect on logarithmSé€ction6.6). Thomas decides that instead of
making the students calculate by using the table, he will allow them to use the
calculators to find the logarithms. That way, the students can work on the idea,
but avoid the dficulties by learning to use the table. The other tasks | present to
Thomas are some tasks with a practical perspeativich are about acidity (pH
value) and haffife for both radioactive substances and medications. In addition,
| present a digital logéhmic scale where the aim is to hit the right spot, and a
task about finding the biggest number. Thomas is positive to all the tasks and
wants to use them. The tasks can be fourfskeiction6.6.

In the classroom, Thomas explains to the students how veedesigned
tasks for them, because we do not feel the tasks in the textbook are motivating
enough. Mostly the tasks go straight for calculations, and do not expose the
practical use you can have for logarithms. He emphasizes henieimce
logarithms arene of the most important tools we have. In addition, the tasks are
well within the curriculum.
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It is relatively quiet in the classroom while the students work on the tasks,
and it is difficult to hear any discussions on the solving process. After @, whil
Thomas goes through the task on radioactivity on the blackboard, asking them
guestions and trying to get some feedback and questions, but the student group
does not respond much. Thomas also gives the students a starting point on the
task about medicatn and haHife before he leaves them to work again. | ask
Thomas how he likes the tasksd if there is anything he would like to change,
but he says he likes the taskle continues by saying that the way the
implementation went, was no surprise to hiwhen a task gets practical and the
students must figure out themselves how to set it up before calculating, they
struggle. However, they also struggled with solving the equation after Thomas
helped them and set it up on the blackboard. So, the tas&lsadlenging for the
students, but Thomas is happy with the tasks.

5.2.3Trigonometric Tasks

Thomas asked for trigonometric tagkatwere relevant within

physics/technology, so | presented many different tasks for him, all related to
trigonometry Gection6.7). Two of the tasks were macros in GeoGeSrd(

Section 6.7.1). One with the aim of students exploring the trigonometric
functions, and the other designed so the students should adjust a sine function to
make it fit with tidal data. Thomas says this is something he can give his
students, but he comments how the sine function is based on a different formula
than the one in the tébaok. The formula | presented for the sine function in the
macro wasQw O0OEQw @ O but the textbook used the formula:

Qo O00EQ®m @& 'Q The formula collection the students use, also has
this other version of the formula, and this causes problems especially for the low
achievers. Thomas prefers the version of the formula in the textbook, and | offer
to change the macro in GeoGebra, soésube same type of formula.

In addition to the two tasks in GeoGebra, | presented tasks related to
music, a pulsating staand different weather phenomena. Thomas liked all of
them and wanted to use them without making changes. He said some of them
weresimilar to tasks in a task book they have, but he is still pleased with getting
more tasks of this type. | added a task where the students were asked to reflect on
solutions when adding a sine and a cosine function, and at first Thomas did not
like this ask. The task was formulated:
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How many solutions has the equati©ritol A 160 ¢ in the interval from 0O
to 87

He commented how this is not part of the curriculum, but then he realized that
the students should be able to reflect on it and conthatehere are no
solutions. So, he wanted to use this task as well.

We completed these tasks so late that the normal teaching period was
over, and the students were working towards their exams, and the first one
coming up was one in physics. | was therefnever part of any implementations
of thesetasks,and we did nohave the chand® evaluate them together.

5.2.4Summary

Thomas mostly wanted tasitsatwere connected to realistic problems in physics
and technology, but he was very clear on not wanting to use tasks which he
thought were artificially real. Even if he requested tasks connected to realistic
problems, he also problematized how students @tralways happy with these

tasks and find them more difficult. Still, it seenig@ he wanted these types of
tasks to motivate the students on the usefulness of mathematics. On the other
hand, Thomas also seemed to like the more theoretical taakshigh, which

forces students to reflect differently. He wanted to use all those tasks as well.
Two of the tasks | presented for him were macros in GeoGebra, and he wanted to
presenthem to his students even if | never saw hpply GeoGebra in the
classroomThomas commented on how he has been using Tl (Texas
Instruments), but he can see how GeoGebra is more applicable, elegant and the
curves look nicer. So, he is using an old technical tool which most other teachers
have left behind, but he calls himself@eservative type and for his use it works
well enough. At the same time, Thomas talks about how he feels computers and
technology have become more and more important in mathematics.

5.3 Teacher 3: Hanna

5.3.1Background and context

Hanna is in her fortieand was suggested to me as a possible research informant
by a colleague. She was presented as a proficient teacher who also wanted to
make changes in her teaching. Hanna has a M.®mlogy and has in addition
enough chemistry and mathematics to te&olse subjects at upper secondary
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school @t leastoneyear of university studies in a subjectrequiredo qualify

for teaching it at this leve). She has just achieved her formal teaching
competency in mathematics, even though she has been teaching it for several
years.

Hannahas been working as a teacher for more than 15 years and started
teaching science classes. However, it ditltake long before she also taught
mathematicseven if she did not have the official qualifications for it. She liked
teaching mathematics, so she had for many years wanted to get the courses she
needed tmbtainthe teaching qualification. She struggtecdomplete the courses
in addition toher job, but her leader helped hand she got admitted into a
further education program aotitainecher degree. Even if she now has the
formal competency to teach mathematics, she has on several occasions @xpresse
uncertainty of her own competency and does not really feel it is enough.

She works at a vocational secondary school and is teaching several
different classes and subjects there. The data imasearch projeads collected
from the firstyear classBuilding and Constructio dwhich she is teaching. The
students following this program can continue in many different directions, and
they may become craftsmen in as many as 18 different vocations. These include
among others: road construction, bricklayiogrpentry, metal working and
painting. During the first months of the school year all the different directions
attendthe same class, and they do not make any choices of specializaiim in
vocation until February. The first data collected from the collaboration with this
teacher is therefore from a mixed class of all vocational directions. The data
collected after February (The index taSkction6.5), is from a class with
studentsstudyirg to becarpenters or painters. Becoming a carpenter is rather
popular, so the general achievement level of the class is higher aftplitihe s
February.

Hanna describes her typical approach to mathematics classes as her
explaining on the blackboard @then the students work on tasks, but this is a
way of workingthatshe wants tehange This type of teaching works better in
the mathematics she teaches atHipplementary program for general
university and college admissions certificatioms theestudentsareolder and
more disciplined. When | ask her why so much of her teaching is like this when
she wants it to be different, she says it might be because she does not have a lot
of education in mathematicand feels she lacks knowledge and hasided

register. She also feels she lacks didactics in mathematics and has fewer tools
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than in science. She has a genuine wish to improve her mathematics teaching, but
asks: owhat do you do?60

Hanna expresses how it is important for her to be a friendlypatient
teacher who wants the students to feel secure around her and to come to her if
something is bothering them. That they feel it is ok to get help from her. Her aim
is to be a friendly teacher and have a classroom where she can make jokes and
have agood atmosphere with the students. If she has that, she also feels the
lesson flows better, both with respect to explanations and lesson plans, than if she
is a grumpy teacher. She does not worry about having classroom discussions and
walks around the ctsroom trying to prompt discussions with the students as she
goes along.

Hanna says she thinks students learn best by doing things themselves. She
is adjusting and specifying this claim when it comes to quality versus quantity. It
is not only about doinghany tasks; it also depends on what type of tasks you are
working on. Hanna has an opinion that if students can explore on their own and
reach conclusions on their own, then the understanding will be retained better
than if they just memorize without ung&nding why. She says that when it
comes to just passing the exam for low achievers, one might think that it works
with mechanical learning for a brief period, but the probability for them to forget
this relatively quickly is high. However, if one manageget them to do things
on their own, to explorghen they will remember it longer because they
understand. Thre has been a debamong the stafih the schoolconcerning
training procedures versus understanding, and the answer to this might differ
aaosssituatiors. If the aimis just to get someone to pass, procedures might be
better but then you more easily forget. In the end of our collaboration, Hanna
expressed surprise over how most of the tasks we had designed were not open
tasks, which she had assumed they waeld the students should explore on
their own.

Hanna says shegants an introductory task; an activity where the students
discover instead of her telling. She mentions several topics where this could be
relevant such as ard@ythagoras and similarities. Hanna talks about area as an
important concept for the carpergeand it has a lot of practical elements which
can be used with regards to their vocation as well. The teacher expresses that the
task should be motivating, something that keeps the students going throughout
the task. She also talks about a meaningfuvigtso they understand a concept.
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When | repeat the question of what kind of tasks she wants, she responds
introductory tasks. She wants a way to introduce a topic without her being at the
blackboard talking. The students should do an activity thensedvnel when they
are done with the activity, preferably many of them will understand the concept.
The teacher talks about what she has tried bdfkeefor instance tangrams
which is a dissection puzzle where the students need to put together themieces
form shapes, but she questions the transfer value. The students worked on the
tangrams, but they are easily bored and restless. The teacher sees this as a
challenge for herself as well, to not give the students too much help. Motivation
is difficult - to get the students to want to explore. This will also differ between
different classes.

5.3.2The A4-task (Proportion)

Hanna said clearly that area is the most important topic to her; however, the first
task is about similarities because this topic isvaate earlier in the school year.
When we met, | had planned to discuss several ways of making tasks she might
want to use, but | started off by showing her a task | had made together with her
colleague $ection6.1). She immediately liked it and wantedute it. | tried to
say we could make any changes she might want, but she is uncertain of what
those changes mightandcontinued by saying this is one of her limitatiene
see what might work or not. After some consideration, she chose to make a
change to question six and make a more visual version of the task. The new
formulation asks the students to place the different formats on top of each
ot her s, spossibldto setsatthey asewsianilat apd share the
diagonal. Hanna wanted to use this task right away in a clasgsh® lecturen
two hours, so we just sat down at@mpletedhe task together. | could not join
her in the first class, because | diok have written permissisifirom those
students to film, so | had to wait until she used it with the Building and
Construction class.

When we evaluated the task together,
she said too much or too little. She wants thidestts to discover on their own,
but she also wants to be sure they learn important concepts such as ratio,
similarity and so on. She finds it difficult to balance how much she should talk in
the introduction and for the summarizing. When it came to agtishe
commented that there are some students that almost never do anything, and she
hoped this task would get them to work more. It was still a struggle to get them
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to work, but they started on the task, which is an improvement. Hanna also had a
long andnicetalk with one of the students and tells that this has been difficult to
achieve before. So, this tafcilitateda conversation with this student and the
student seemed engaged with the task. The teacher felt she had many good
conversations throughibthe lesson but was unsure about the summarizing.
However,she commentthatit might not bewvorth worryingabout

In the first class where slmplementedhe task, there was a girl who
really blossomedwith the task and continued exploring on her o®he did not
get the same extreme response by anyone in the class | obstaxmedalsofelt
she spent most of the time on the three first tasks and did not really Qesicpas
We discussed if it might be helpful to summarize in between the tasks, but then
they need to be physically separated on different sheets of paper. She wants to
use the task again, and refer to it, but shenssire if she understands the task
well enough to get the students to wailkthe waythrough it.

5.3.3The Area and Rope Task

The next time | met with Hanna to present ideas for tasks, | wanted to have many
different options so | could get an impression of what she would prefer and go
for. | had recently designed an area task together with her colleSgetdn

6.2), but | deliberately waited to tell her about it because | did not wadttdbg
solution of justusinga task she would not haver&fineon her own.

One of the ideas | had ftaisks were abouhe Pythagoean theorenand
was related to practical issues for carpenters. She seemed somewhat positive, but
then we just kept talking about other tasks and she never brought it up again. The
next thing | presentkwas a rope task wher@® uses a rope which has the same
length as oneelf, to measure and create shapes v@#dt(ion6.4). This was a
task she immediately responded positively to and wanted to usé&asKis not
directly vocationally oriented, butig exploratory. After we had talked a while
around the detailsf this task, | also showed her the area task | had designed with
her colleague§ection6.2). As | suspected, she also wanted to use this task.

When it came to evaluatg the rope task, Hanna was both happy and not
happy with it. She thought some of the students worked well and used the
opportunity to discovemyhile others were wasting timdoing things they were
not supposed to. Hanna talked abibwt difficulty in getting the students veork
and to beaccurateandsaid she is unsure if investigative tasks in this class will
work. There are some students where she questions whether they have any
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curiosity on mathematical questions at all? Butemsiudents worked on this task
than normally, so it is an improvement.

When | presented the area task, Hanna was enthusiastic and said that these
are the kind of tasks she has been looking for. We did not make any changes
from the way it was presentear the other teacheHannawas still happy with
the area task when we were evaluating it and talked about some of the tasks
being illustrative making it easy to see that the area of the parallelogram equals
the calculation of a rectangl®hecommented thiamany students worked,
including some of the students who are difficult to activaémcethis wasthe
task shevas mosthapygy with so far.

One thing which surprised m&as when Hanna revealed how she had
hoped none of the students would get around to task five, because she was not
sure how to solve it herself. We had a closer look at the task together, and Hanna
now expressed how the solutiams actually very easy. & had just not hatthe
time to look closer into the task before the lesstanted butvasstill prepared to
use it in the classroom.

5.3.4The Index Tasks

When presenting my ideas for the last tasks for Hanna, | was really challenging
her. She had expresd that she wanted something on the topic price index,
because this is a concept which can be difficult to understand and which the
students have not related well to. | had some ideas and presented the web pages
of Statistics Norway, where one can fiaiousprices and how they have
developed over the years. | suggested using these pages and maybe relating it to
building expenses, which is relevant for students who are becoming carpenters.
At the same time, | said that this is something you would nelkavi® ownership
of yoursef, and nofjusta taskl can write dowrand hand it over to you. As a
teacher, you will need to decide what kind of discussions you would like to
initiate and how to use the web pages. Haaceeptedhe challenge, and even if
it took some time, shereatedhis set of tasks all by herself and jaskedme to
check if it seemed olSection6.5).

Hanna was not totally happy with the implementation, but shételt
class wagngagd. She expresseddhthe first lesson was a bit chaotic, because
even if she had written down poioy point what the students should do, they did
not read the informatiocarefully. Therefore, Be thinks they need even more
structure. She regretted asking the studentsitibaf house on the Internet,
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because too many of them spent too much time on this issue which was not
important. Next time, she would jusavegiven them a prospect of a house to
start with.

However, everthoughit became a bit noisy, she felt thmaany of the
students had some kind of understanding when she summarized on the
blackboard.

5.3.5Summary

Hanna is open to try new things and tasks in her classroom, and even hands out a
task to the students which she has not had the time to solve hehse#fxplains

how she is mostly teaching by giving lectures from the blackboard, but she wants
to make changes. However, she is not sure what to do and expresses uncertainty
when it comes to her own didactical knowledge in mathematics. Hanna asks for
introductory tasks for mathematical topics and wants tdsksvill get the

students working. She believes the students will learn mathematics by doing it,
and not just in a mechanical way but by making connections and developing a
deeper understandingtill yet, althoughHanna was talking about area being an
important concept for carpenters, she did not request changes to the atea task
make it more vocationally oriented. This was the task shelvaapieswith,

even if it was not vocationally oriented. So, it seems thatistiea task

activating the students moimportant than a clear vocational connection.

5.4 Teacher 4: Sven

5.4.1Background and context

Sven was asked to be a part of the resescs
expressed a need for someone to collaborate with and discuss with both during
theresearch project and afterwards, and Sven was a colleague she had been
working with for some years. Sven was positive to be part of the research project,
however he expressed this was something he did because he felt it would be
beneficial for him as a teler, and not because he had a heart of gold.

Sven is a man in his mithirties and highly educated wisieven to eight
years of higher education. He started taking university subjects in science and
continued with an education which included both s@eed mathematics. In
addition, he has a I8c. degree in mathematics education. Sven has worked for
three and a halfears at the secondary school where g employedandhas
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been teaching both science and mathematics mostly in vocatiassés.
Previously he has worked part time at another secondary school for adult
students who are earning their certificate in general studies. In addition to his
education and work background, Sven is part of the official gndugomakes the
local examdor vocational students. This year, Sven is teaching mathematics in a
vocational class of Design, Arts and Crafts, which mostly includes young girls
wanting to become hairdressers. This is the class where | am following the
implementations of the tasks wesign. He also teaeka theoretical
mathematics course for studeatg&endingGeneral Studies at the same school,
but | did not introduce myself to this class, due to positgmy research within
a vocational context.

When talking, Sven expresses hatfisvith certainty and gives an
impression of knowing what he wants and does not want. He often refers to the
official curriculum and how he interprets it and uses it in the classroom. None of
the other teachers refer to the curriculum at the same ddtailkddOne of the
reasons for Svends extra emphasis on
work in the grouplesigningexams, since they must make sure the curriculum is
well covered in the tasks. When we talk about the textbook they use in
mathemats at his school, Sven is not happy with it, and explains this partly by
how the book interprets the learning outcomes in the national curriculum
differently to himself. While the textbook focuses on formulas and rules, Sven
expresses how mathematics iegh courses should be more related to practical
and concrete cases. If the students have not learned how to solve equations by
using algorithms during ten years of schooling, he does not see why he should be
more successful this year. However, he saystilngents can figure out the
mathematics when presented for a situation which might be modelled by an
equation, and this is how he interprets the learning outcomes of equations for
vocational students.

Sven expresses how some of his strengths as a teaelhtbat he is
patient and accepts that not all students have to like mathematics. On the other
hand, he finds the diversity in the vocational classes a challenge. The high
achievers already know and understand the mathematics in this course, while the
low achievers are struggling both with the mathematics and to engage in work.

When it comes to characteristics of tasks he wants to use in the classroom,
he would like types of tasks where everyone can get started and where the task

both challenges the higithievers, while the low achievers cdtaim some
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understanding while working on the tasks. He wants the students to understand
and not just do the mathematics. As an example, he is frustrated about how many
of the students memogzhe area formulas itesad of realizing that if you

understand how to calculate the area of a triangle, you can calculate all other
shapes too.

When talking about what type of tasks he wants to use in the classroom,
he is not specific on the details, but describes them gmeadfyiow threshold
high ceiling tasks where the students will gain mathematical understanding while
working on them. On the other hand, when | ask Sven to give examples of tasks
in the textbook he does not like, he gives some specific examples of
charateristics in addition to more general descriptions. Overall, he is not happy
with the textbook being rather mechanical in how it presents mathematics and
tasks, and how the students are expected to learn a formula and then use it to
solve tasks. In additig he gives an example of a task he does nofdikenese
reasons: It is a very long task, lots of text, not much air between the words and a
long formula. Sven ighroughout our collaboratigspecific and clear when it
comes to what he does not believe in or does not think will work, and he has a
focus on details as well as the bigger ideas.

Sven would like us to design tasks within proportions as a topic. He says
this is a topic which yourid across most of the curriculum topics, even if the
students do not always see it that way. In addition to proportions, he mentions
how geometry is a big topic in the curriculum, however they have already
planned a collaboration with the vocational ceursaking gingerbread houses.

Still, he thinks calculating area might be a good topic, because he wants the
students to understand how to do the calculations and not just metheriz
formulas.

5.4.2The A4-task (Proportion)

The first topic where Sven askémt tasks, was proportions because it can relate
to soseverabparts of the curriculum. At this time, he wanted to link the tasks to
similarities and scale. He nestthe tasks already the following week, so we did
not have a lot of time to design theka$ut decided to make the most of it
within the time limit. One week later | presented thetAgk Section6.1) and
explained my thoughtsoncerninghow the students might explore on various
levels. At this point, | had not formulated specific questigrs, presented how
different formats of papers are proportionally related and how it could be
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explored by calculating lengths and areas, and even prove the proportions
between the sides usitige Pythagoean theorem

Sven listened and looked at the t@skd then expressed his concerns. He
thought the task was too difficult ftine students andommented that classroom
discussios are not possible in this class. Sven explained this by how the students
do not want to engage in classroom discussions, and how he has not prioritized
this in the brief time he has taught the class. In addition, he commented that
many possibilities in aask are nice, but it is important to have a starting point
thateveryone can master. At this point in the collaboration, | realized how
different it can be to design a mathematical task for another teacher than it would
have been to design for my own teag. Whereas | would have focused on
classroom discussions and getting the students to talk, this is something Sven had
chosen not to prioritize. He knew it would be benefjdiaweversincehe had
this clasdor about seven months ongnd they struggld withmathematics in
several wayshe had to make some choices and a focus on classroom discussions
wasnot prioritized

Even if Sven had some initial concerns about thaask, he expressed
that it could be a good starting point. However, he wantedaéeclearly
formulated withexplicit goals, otherwise he said it can be hard to get the students
to work. The students had not shown any willingness to explore, so they needed
clear and specific questigrend clear instructioon what is expecteflom them.
Otherwise, they will complain that it is too difficult and just give-igven the
high achievers. As a result, we started the task by making a table the students
weresupposed to fill out, with specific directiortaurther,a series of questions
was designed for the students to realize the relationship between lengths and
areas of the different paper formage(tion6.1).

The plan was that | should observe the implementation of the task, but |
was unfortunately not able to do this. However, Sven and | got the chance to talk
and evaluate the implementation of the-tdgk later that same day. He told how
the studentstartedworking straight away and that the group of students were
more active than usual. This was positive, and all the students could manage to
do something. However, he would have changed the wording in task 2 from
asking the students how much the area incseasédhow many times larger the
area is. This is because too many of the students misunderstood and wrote the
difference instead of multiplying. Another change Sven would like to make to the

task, is to start with the relationships between the sides thetdhe areas,
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because this is closer to how the curriculum is interpratedthuswhat they
might get on the exam.

Some of the students were using too many digits when calculating, which
gave them problems when trying to generalize what was happé&féamy. of the
students answered task 5 wrongly by suggesting four and then eight, when the
teacher questioned their first answer. This is a task where they easily could have
testedtheir answer®y placing A4papers on an APaper, and | asked Sven if
any d them attemptetb do so Sven respondedb andexplained how it is very
difficult to get the students to try things out. He has tried to show students how
they can use sketching and other methods as an aid in solving mathematics, but
heexperiencd thatthey seldom choose to do so, and even essikts way of
working. He thinks it might be related to this being an unfamiliar way of working
for the students during their schooling in mathematics.

Sven did not get the time to summarize the lesson, wieideés as
important when working on tasks like this, especially with respect to the
curriculum and the exam. He says this is something he will follow up the next
lesson, and his goal is that all the students should know how to use proportions to
calculateunknown sides.

5.4.3The Area Task

The next topic Sven wanted to focus on, was area and an understanding of how
one can use triangles to calculate other areas. Even if Sven is rather specific on
what he wants in the task, | present several idedsrfarso he has some choices.
One idea is to use a rope to explore circumference andii&kesthé task |
designedogether with Hanng&ection6.4). | also show him a webpage with
different animations of how we can calculate different areas, which s Iike
addition to this, I show him the tasks on parallelogram, trapezium and the four
identical triangles, which engp being part of the final taskéctiors 6.2 and

6.3). However, Sven wants an even lower threshold as the starting point for the
task andsuggests a rectangle. One of his goals with this first task with a
rectangle, is for all the students to be familiar with having to use different
measurements for area than for length.

When working together with Sven, he has just as much ownership of the
final task design as | have. He even comments at some point that he worries he is
taking too much control on how to formulate and what questions and tasks to use.
| tell him not to worry, because these tasks are his, and it is important that he is
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happy wth them. So, even if | present the first ideas, Sven adds sulatadks
formulations and seems confident in what he thinks might work and what he
wants. When it comes to the area task, he decides not to use GeoGebra to
explore, but comes up with the idefausing two triangles to calculate a
parallelogram as a subtashk addition, he wants every task on a separate piece
of paper. His reasons for thareboth so that he can pace how the students work
to make it easreto summarize together with the whole class, but also so he can
differentiate by giving high achievers different tasks in between. He is for
instance using the task with identical triangles for this purpose. When it comes to
the trapezium task, Sven wanis to write some more subquestions besides
asking them to calculate the area in as many ways as possible. He thinks this
wording might be too open and thus would leave the students not knowing what
to do. So, he suggests that we also ask them to measbfim@ all the lengths
they need to calculate the area.

| observed the implementation of this task in a vocational class, but he
also used the same task in a general mathematics class at the same school
However, this claskdid not observe because Hdiot have any confirmed
consents from treestudents. He thought the task worked very well in the
general mathematics class and well in the vocational class. Sven made some
changes to the task, and one of them was to give the students millimeter (graph)
paper when they were solving the first task with the rectangle. He also added
several subquestions to task 2 with the parallelog&ent{on6.3). Previously
whenhavingthis topic he had presented the formufasor giving the students
tasks Somestudentdinished the taskwithin five minutes, and then he spent the
rest of the timen group explanationsexplaining to thos who did not
understandHowever, with this task, almost everybody wentkand he got the
impression that some of the low aeers had someéhamoments indicating that
they gained new insights, and this is something they dexpariencenormally.
At the same time, there was also a girl who asked what she was supposed to do
even before she had had a proper look at the tash. d&seribes this girl as a
high achiever in mathematics, but not showing much interest in mathematics. She
is normally looking for a way to finish as quickly as possible and becomes
negative if the task is too open.
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5.4.4Summary

Sven liked both tasks waesignedand plans to continugsingthem in his

teaching. However, when asked to compare the two tasks, he preferred the area
tasks. His reason was that the-#4k is a bit more difficult for themvhen it

comesto generalimg their newfound understandistp textbook tasksSo, he

saw thearea task as having more impact when it came to the curriculum and
exam. However, both tasks had a low entry point where everyone could get
started, which is something firds valuable. Since he only taught the vocational
class until February, he did nieel the need for making more tasks after the area
task. He already felt he had good tasks when it came to personal ecovioay

was the last topic before the exams.

5.5 Summary of the Collaboration with the Teachers

The four teachers are teachwvegyy different classeseven if all classes are
vocationally oriented. Roger and Thomas are teaching an optional mathematics
course, but something the students neetbmpletaf they want to study to

become an engineer at a university. So, these groupsdehssuare highly
motivated, not only to pass this course, but tdsattendfurther mathematics
courses at the university. This contrasts the vocational classes Hanna and Sven
are teaching. Their students are ycerrand some of them are probably not
motivated neither for mathematics nor school in general. However, since it is
difficult to get a job without education, most youngsters start at upper secondary
school regardless of motivation. So, even though all the four classes are
vocational of some kindhey are quite different when it comes to how motivated
and committed the students are. This is also reflected in how diverse the classes

A

are. Rogerds and Thomasodé classes are

qu

Svends cl asses ar esesrinalitdé studentd who kavesdene T h e i

well in school, are hard workers and want to excel in their vocation, but also
students who have been struggling in school, who did not understand
mathematics at lower secondary school and are not interested in making any

effort. These classes are a | ot more
The difficulty | evel of the curricul
Thomasdé cl asses are integrating, cal
functionsamongothéropi cs, Hannads and Svenos

getting a repetition of what they already should have learned in mathematics at

lower secondary school.
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All the four teachers explain how they mostly teach by lecturing at the
front of the classroonipllowed by giving the students tasks to work on.
However, both Hanna and Sven express that they are not happy with this and
would like to change their teaching approach. This is also evident in the
mathematical tasks thegquestfor instance when Svexgresses how he would
like a task where he could pull more back as a teacher and Hanna talks about
wanting an introductory task instead of her presenting the new topic. Roger and
Thomas do not express any wish to change from the teaching style of lectures
given from the front of the room. However, all the teachers express that they
think students learn when working on tasks and doing things themselves. This is
something all the teachers view as important.

| have now given presentations of my collaboratagtn each of the four
teachersand | have also presented a summary of some of the similarities and
differences in the context the teachers work. The next chapter is a presentation of
the tasks | designed together with the teachers.
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6 The Tasks

| will in this chapter present the taskdesigned together with the teachers, but
also some of the ideas | presentegtwere never implemented. | present tasks
used in the collaboration with Hanna and SveSdatiors 6.1-6.5 (these have
been translated from Nwegian)and with Roger and Timoas inSectiors 6.6-6.8
(these werenostlyoriginally in Englishand were translated into Norwegjan
Here is a list over the tasks presented in this chapter:

6.1 A4task used by Sven and Hanna

6.2 Area task, first versiomised by Sven and Hanna
6.3 Area task, revised version by Sven

6.4 Rope taskused by Hanna

6.5 Indexesdesigned by Harm

6.6 Logarithm tasksused by Thomas

6.7 Trigonometric functionsised by Thomas

6.8 Ideas for integral tasksr Roger, not used
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6.1 A4-task, Used by Sven and Hanna

Task 1: Fill in the table below.

Length of Ratio between the Area

sides

Paper | Long side | Short side | Long side divided | Long side multiplied
Format by short side by short side

A0

Al

A2

A3

A4

A5

A6

Task 2: a) How much does the area increase from A4 to A3?
b) How much does the area increase from Al to A0?
c) Can you make a general statement on how the area increases?

Task 3: What is the ratio between the sides of a sheet?
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Task 4: a) What do you have to multiply the length of an A4 sheet by to get
the length of an A2 sheet?
b) What do you have to multiply the length of an A6 sheet by to get
the length of an A2 sheet?

Task 5: Both the length and the width of an AO sheet are fiougs as long
as the length and the width of an A4 sheet. How many A4 sheets do
you need to make AQ0?

Task 6: Do the following folding, both with an A4 sheet and an A5 sheet.
Fold the sheet so you get a square. That is, fold along the line BE as
shown inthe figure below.

Then fold so that corner C meets the point E.
E D

On the A4 sheet, the line BE will be 29.7 cm. Calculate how long the same
line will be on the A5 sheet.
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6.2 Area Task, First Version, Used by Sven and Hanna

Each of these taskgerepresented oseparate pieces of paper for the students,
but for practical reas@nl present thenwithout the same spacing in this report.

Task 1 Rectangle

lem

a) How many crifit into the figure?
b) What is the area of thectangle?
c) What is the area in mi®

d) 1cnf=__ mni

Task 2 Parallelogram

Draw a parallelogram and cut it out. Uspaar of scissos to makeonecut so
that you can assemble the two pieces into a rectangle.

Task 3 Triangles and parallelogram

Make two identical triangles and cut them out. Assemble so you get a
parallelogram.

a) Calculate the area of one of the triangles.
b) What is the formula for tharea of a triangle?
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Task 4 Trapezium

Measure and find the lengths you need to calculate the area of the figure.

There aremany wayf calculating the area. Find the area in as many ways as
possible.

Task 5 Area
These are four identical triangles.

24 cm

- 32 cm >

a) Calculate the area of one of them.

b) Calculate the area of the part of the figure that is not shaded.
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6.3 Area Task Revised Version y Sven

Task 1 Rectangle
a) Draw a somewhat big rectangle on the millimeter paper that has been
handed out. Draw along the thickest lines.

b) Use a ruler and be accurate when you draw.

c) Mark/draw asquareone of the corners of the rectangle you have drawn.
The area of the small square should be 1 cm

d) How many of these «square centimeters» () iminto the rectangle
you have drawn?

e) What is the area of the rectangle?
f) What is the area in mi#
g) 1an’=__ mm

Task 2 Parallelogram
a) Which measurements do you need to know to calculate the area of a

rectangle?

b) What is the formula for the area of a rectangle?

c) Draw a parallelogram and cut it out. Use a pair of scissors to omscit

so that you can assemble the two pieces into a rectangle.

d) Use exercise) to find the area of the parallelogram you drew.

e) In a parallelogram: which measurements do you nekddw in order to

calculate the area?
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f) What is the formula for the area of a parallelogram?

Task 3 Triangles and Parallelogram

Make two identical triangles and cut them out. Assemble so you get a
parallelogram.

a) Calculate the area of one of the triangles.
b) What is the formula for the area of a triangle?

Task 4: Trapezium

Measure and find the lengths you need to calculate the area of the figure.

There arenany way<f calculating the area. Find the area in as many ways as
possible.
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Task 5. Area

These are four identical triangles.

24 cm

-« 32 cm >

a) Calculate the area of one of them.

b) Calculate the area of the part of the figure that is not shaded.
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6.4 Rope task
Task 1: Cut apiece of stringso the length is the same length as your own height.
How long is it in

m? cm? mm?

Task 2: Use tte stringas the only aid to measure the length of
[Some students were measuring the length of the classroom, other students
measuredengths in the hallwgdy

Task 3:
a) Use thestringto make a figure which has the area 1208 cm
b) Use thestringto make a figure which has the area 106 cm
c) What is the minimum area you can make using gtimg?
d) What is the maximum area you can make using gourg?

Task 4: Pair up with another student and make two similar figatgsf your
strings. Explain why they are similar.

Task 5: Use pieces of tape to divide yatringinto twelve partshatare the
same size. Make a riglangled triangle, using thstringwhere all sides must
consist of «whole» parts.
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6.5 Indexes

Task 1 Building a house
a) Enter the webpages of Statistics Norway, and findCibestruction cost

index for residential buildinggttp://ssb.no/priser-og-
prisindekser/statistikker/bkibol

(Donotclosethet ab when you have found ité)
b) Then enter the webpageswaivw.Finn.no[biggest webpages for buying

and selling in Norway researchers commgnt
c) Go to new homes

(http://www.finn.no/finn/realestate/newbuildings/browsahd find a

house that you would like to live inin an area where you would like to

live.

d) How much does this readg-movein house cost today?

e) Go to theConstruction cost indexand usehe calculatoplacedon the
right side.

f) Use the calculator and explore:
Approximately how much would the house you have choseedthst
year you were born?

g) How much more expensive (in Norwegian kroner and in percentage) is
the house today?

h) Why do you think it is more expensive?

1) Explain the change as well as you can.

J) If you are to start your own companywhat do you have to consider
when you are calculating how much to charge your customers as the years
are passing?

k) According to the TenanycAct paragraph 4.2, one cannot increase the rent
more than CPI.
Find out what this means?
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Task 2: Calculating with Indexes

Goingthrougha calculating example on the blackboard.
The table below shows the price index for new detached houses in the period
from 2003 to 2008

Year

2003

2004

2005

2006

2007

2008

Price index

1201

1243

1346

1403

1526

1701

A patrticular type of detached house co80D000 in 2003. What would an
equivalent detached house cost in 2008?

The table below shows the consumer price index (CPI) from 1996 to 2008.

Year

1996

1997

1998

1999

2000

2001

2002

2003

2004

2005

2006

2007

2008

CPI

95.3

97.8

100

1023

1055

1087

1101

1128

1133

1151

1177

1186

1231

In the following tasks, you will need some of the consumer price indexes in the

table.

3.1.8

Eivind bought new skis in 2003 for4B0 kroner. How much does the
same skis cost in 2008, if the price of the skies followed the consumer
price index?

3.1.14

Miriam got 1000 kroner in pocket money in 2004. How much pocket

money should she get the ngedar if her purchasing power should remain
the same as in 20047
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6.6 Logarithm Tasks

6.6.1Historical

John Napier, baron of Murchiston (bo
155071 dead 4April 1617) was a
Scottish landlord and mathematician.
Napier is considered the inventor @
logarithms. During his work of
simplifying time-consuming
calculations in navigation and
trigonometry, he found that any numbe ﬁ\
could be written as a power, andttha o
for example multiplication can be
transformed into a sum of the

exponents of two powers with the sa
A _ Copyrightpicture National Galleries of
base. 4 A 16 = 64 Scotland, Scottish National Portrait Gallery

22 A 4 =225, and the calculating will

then be 2 + 4 = 6 with the following calculation 6f=264. Using this metid,
calculations at sethat wouldpreviously take an hour, would be reduced to
minutes.

Napier died before the work was completed, and it was completed by Henry
Briggs (15611630), Professor of geometry at Oxford. He further developed the
concept andnade tables with 10 as the base number. Therefore, logarithms with
base 10, are today called Briggsian logarithms. In 1624 he published the book
Arithmetica Logarithmica, which includes a table of the logarithms to numbers
from 1 to 20000.

Example of mutiplication by the help of logarithms.

If you are to calculate 537 842 & can be transformed into logarithms, and
then use the logarithms to calculatelvQo®g 1 1c® 1T ¢ ¢& o T UL

& ¢ p wo® L ¢ If we take the antilogarithm ta1%24, then we get 20
which is equal to 538 .B842.2

Example of finding roots by the help of logarithms.
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The logarithmic tables can also be used to simplify the calculations of roots and
exponentslike for instance the following expression:

PR XX BT
&, X

By the help of the calculation rules for Briggsian logarithms, this can be
simplified to:

Ilg x =-(Ig 60.27 + Ig 70347 Ig 0.27) =- (1.78011191 + B47202364 (-
0.5686362358) =.B9865017

By taking the antilogarithm of.29865017, wdurtherfind the solution to the
expression.
X =25.04091361.

By the help of logarithmic tables, it was possible to simplify rather complicated
calculations.

Use logarithms to solve the followirtgsks:
1.© A7236

8 08
8

3. X ® @08 X v

8 a4
8 )

4. (

6.6.2Mixing pH.
(Retrieved from NRichhttps://nrich.maths.org/6197

The pH of a solution is defined using logarithms as

pH = _]'Dglﬂ[H-l_:':

where H*] is the concentration dfi* ions in mol/l of the solution.
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Task 1:

a) Given that the pH of a beaker of pure water is 7, work out how fdany
ions there are in 1 litre of the water.

b) A strong acid has a pH of 2. If one litre of this acid is diluted wiitrd
of water, what is the pH of the resulting solution?

c) A strong acid has a pH of 1.3. If | have 1f0of this acid, how much
water needs to be added to create a solution of pH 2?

d) 400ml of an acid of pH 3 is added to 360 of an acid of pH 4. What is
the resulting pH?

6.6.3 Medicines and Halflife
(Retrieved from Nrichhttps://nrich.maths.org/6457

Drugsthatare to be taken regularly by patients (such asdaygressants) are

often described as having a hElé: a timerequiredfor the body to clear half of

the remaining levels of the initial dose of drug. For example, after onéfbalf

one half of thenitial dose of drug remains in the body; after two tials, one
guarter of the initial dose of drug remains in the body, and so on. As drugs are
taken on a regular basis the levels in the body build up until steady minimum and
maximum levels are reached

The effective haHife of the drug Venlafaxine is about 12 hours. Suppose that a
single dose of 100 mg of Venlafaxine is administered on Monday morning. On
which morning will the level of the drug first have dropped belovni®

Another tablet is give on Wednesday morning. What levels of the drug will be
left in the body on Friday morning?

To be effective, drugs need time to reach steady minimum levels within the

blood. If one of these tablets is given each morning, what will be the final steady
minimum level?
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If one of these tablets is given each morning and each evening, what will be the
final steady minimum level?

Determining the correct dosages of dstmy individuals can be a difficult
business, especially since it takes time for the drug levels in the body to reach
stable levelsThat is,changesn dose will onlyreachfull effect several days

later. In this second part, we look at the effects ob¥étine (otherwise known

as Prozacin the body.

Fluoxetine has a halife of between 4 and 6 days, depending on the individual.
What would be the stable, long term peak levehefrugfor a patient taking a
regular dose of 26hg of fluoxetine per d&

To match this peak level, what equivalent weekly dose would need to be taken?
In each case, what are the lowest and highesttienmg levels of drug in the
body?What issues migldrisefor the patient®ould missing a tabletause
problems?

6.6.4Radioactivity

The halflife of radioactive cobalt is.37 years. Assume that after a nuclear
accident, the level of cobalt radiation is 100 times as high as acceptable for
humans to live there. How long does it take before the area is livable?

6.6.5Big, Bigger, Biggest
(Retrieved from Nrichhttps://nrich.maths.org/336

Which is the biggest and whighthe smallest of these numbers?

20002 200%%1 20029

How do they compare in magnitude?
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6.6.6Interactive Task
(Retrieved from Nrichhttps://nrich.maths.org/61%9

Power Match

Age 16 to 18 *

Drag the flags onto the logarithmic scale fo match the target

Drog me

o (=] (=] o (=] (=] -* P P = P P = P
2 3 3 g e - ° "% % 3% %%
o o - = Q o = [
o - (=] (=] o (]
2 @ ° 2 2
= []
=]
Setup
esmoe | [ revess | 6886566.0
L]
Accuracy 1 mark - Show answer

6.7 Trigonometric Functions

1. The pulsating star Delta Cephei has a light intensity that swings between
the extremes 4 + 0.35 with a period of 5.4 d&ysdte the light intensity as
a function of time using a sine function.

2. Create a function with the best fit to the graph of average temperatures in
Kristiansand within a ongear period The students got links to webpages
with weather forecas}s

3. Use thenformation from this webpage to create a functiwet describes
the number of sun hours in Kristiansand throughout a year:
http://www.hvafor.no/ppslag/nater-soloppganepg
solnedgang?location=Kristiansand&year=20TBe link is to a webpage
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https://nrich.maths.org/6159
http://www.hvafor.no/oppslag/nar-er-soloppgang-og-solnedgang?location=Kristiansand&year=2013
http://www.hvafor.no/oppslag/nar-er-soloppgang-og-solnedgang?location=Kristiansand&year=2013

includingdata o sunsets and sunrises throughout the year in
Kristiansand.

4. How many solutions has the equation sin x + cos x = 2 in the interval from
0to8 " ?

Retrieved fromhttps://www.georgiastandards.org/Geof8imndards/Frameworks/Pre
CalculusUnit-5.pdf
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