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Abstract

This thesis reports from a study of three teachers’ first ever use of a par-
ticular computer software tool, Cabri, in teaching at two lower secondary
schools in Norway. The thesis gives a characterisation of teachers’ pro-
gression through a development process in which they implemented and
orchestrated Cabri-use in their teaching. The study was situated within
two developmental projects run by didacticians at the University of Ag-
der. The teachers in the study participated in these projects together with
a group of didacticians including the author of this thesis. Data were col-
lected in sessions within this frame which included workshops at the
University, visits to classrooms and computer labs at schools and differ-
ent kinds of conversations with the teachers. Activity theory and the in-
strumental approach were used to conceptualise activity and analyse
data.

Teachers’ motives and goals for implementation of Cabri are ana-
lysed by utilising activity theory, building on the work of Leont’ev and
Engestrom. During the implementation process, the teachers worked in
teams with other teachers and didacticians and raised many issues. A dif-
ference was evident in the kinds of issues considered and addressed by
the teachers. The teachers at one of the school had a focus on institu-
tional school related issues while the teacher at the other school had a
focus on personal issues. From an activity theory perspective, the kinds
of issues and teachers’ ways of coping with them are seen to illuminate
teachers’ motives and indicate their goals for implementation of Cabri.
Although issues raised in the study were particular to these teachers, the
issues are argued to be relevant to teachers and educators more widely.

Analysis of teachers’ orchestration of students’ work with Cabri is
also guided by the instrumental approach introduced by Trouche. In the
instrumental approach, the term ‘instrumental orchestration’ accounts for
the role of the teacher when computer software tools are used in mathe-
matics teaching. In the thesis, teachers’ emphases and ways of accom-
plishing their Cabri-teaching as well as how they arranged these lessons
are considered as being part of teachers’ orchestration of Cabri-use. Two
kinds of orchestration are illuminated and their consequences for stu-
dents’ work and achievements with Cabri are discussed.

Overall, the thesis provides a contribution to research in mathematics
teaching, and suggests implications for mathematics teachers considering
implementation and orchestration of computer software tool-use in
teaching. The thesis suggests that the established and evolving collabora-
tion among mathematics teachers in schools influences to a great extent
teachers’ implementation of new tools and the sustainability of develop-
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ment in mathematics teaching. Conclusions are presented indicating that
implementation of a new computer software tool can offer teachers a
medium to develop new styles of mathematics teaching. Implications are
also suggested concerning future developmental projects aiming to sup-
port teachers’ development in mathematics teaching.
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Sammendrag

Avhandlingen rapporterer fra en studie av tre lerere pa to ungdomssko-
ler 1 Norge som tok i bruk et dataverktey, Cabri, for forste gang 1 mate-
matikkundervisningen. Det gis en beskrivelse av karakteristiske trekk
ved laerernes utvikling fra de ble introdusert til Cabri og begynte & vurde-
re bruk av Cabri 1 undervisning til de implementerte og startet & bruke
Cabri 1 matematikkundervisningen. Studiet av laererne var knyttet til to
utviklings- og forskningsprosjekt som ble ledet av didaktikere ved Uni-
versitetet i Agder. Laererne i studiet deltok i utviklings- og forskningsar-
beid sammen med didaktikere, inkludert forfatteren av avhandlingen.
Data ble samlet inn innenfor denne rammen som inkluderte verksteder
pa universitetet, observasjon av undervisning i klasserom og datalab
samt ulike typer samtaler med lererne. To teoretiske perspektiv, activity
theory og the instrumental approach ble benyttet til a teoretisere og ana-
lysere data.

Lerernes motiv og mél for implementering av Cabri analyseres med
stette av activity theory og bygger pa arbeid av Leont’ev og Engestrom. [
implementeringsfasen jobbet l&rerne 1 team sammen med andre laerere
og didaktikere og diskuterte problemstillinger for verktoyet kunne tas i
bruk i undervisningen. Avhandlingen dokumenterer et skille 1 hva slags
type problemstillinger lererne trakk fram og jobbet med 1 implemente-
ringsfasen: Pa den ene skolen hadde lererne fokus pé institusjonelle
problemstillinger, mens lareren pa den andre skolen hadde fokus pé mer
personlige problemstillinger. Med stette i activity theory argumenteres
det for at typen problemstillinger og leerernes méter 4 handtere disse pa,
belyser lerernes motiv og indikerer deres mél for implementering og
bruk av Cabri 1 undervisningen. Selv om problemstillingene gjaldt for
disse tre lererne og arbeidssitasjonen deres, argumenteres det i avhand-
lingen for at problemstillingene ogsa mer generelt er relevante for lerere,
forskere og andre med ansvar for utdanning.

Analysen av lerernes tilrettelegging og stette til elevene 1 arbeidet
med Cabri gjeres ved bruk the instrumental approach, introdusert av
Trouche. I dette teoretiske perspektivet introduseres termen ‘instrumen-
tal orchestration’ for a belyse lererens rolle nar dataverktoy brukes i ma-
tematikkundervisning. I avhandlingen argumenteres det for at det lerer-
ne la vekt pd i undervisningen, maten de gjennomferte undervisningen
pa samt hvilke grep som ble gjort for 4 organisere undervisningen, er
inkludert 1 deres ‘instrumental orchestration’ for elevene. P4 bakgrunn av
studiet presenteres og diskuteres to typer ‘instrumental orchestration’ og
deres konsekvenser for elevers arbeid og prestasjoner med Cabri

Mer overordnet gir avhandlingen et bidrag til forskning pa matema-
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tikkundervisning, og det presenteres implikasjoner for didaktikere, ut-
danningsmyndigheter samt matematikklerere som vurderer & implemen-
tere og ta 1 bruk et dataverktay for ferste gang. Avhandlingen peker pa at
varige endringer av matematikkundervisning pé en skole stottes, dersom
lerere jobber sammen for & utvikle matematikkundervisningen. Det
konkluderes med at implementering av et nytt dataverktey kan vere et
medium for 4 utvikle nye undervisningsformer for leerere. Videre presen-
teres implikasjoner for framtidige utviklingsprosjekt som har mal om &
stotte lereres utvikling av matematikkundervisning.
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1 Setting the scene for the research study

1.1 Personal motives for the research study

As a student in lower secondary school in 1985/1986, I attended an op-
tional electronic computer course. This was the first time ever this school
offered use of electronic computer as a school subject. Together with
approximately 20 other students we were placed in groups of 4 to 5 stu-
dents around small Sinclair ZX Spectrum machines using Basic as pro-
gramming language. This was my first meeting point with a computer in
an educational setting. Although I remember to have experienced the
course as boring, my curiosity for the electronic computer was born. The
following year I attended a new electronic computer course, and together
with friends spent time with programming and games using Commodore
64 personal computers at home. Later during my university education
programme early in 1990s, I studied informatics for one year. I accom-
plished courses in informatics both related to construction of electronic
computers, courses focusing on ability to use different kinds of software
and courses emphasising the programming language Pascal. As part of
my education programme in mathematics and later the master pro-
gramme in mathematics didactics, use of computers was included both in
numerical mathematics and through use of mathematical software.
Hence, in my education I was introduced to, taught, practiced and ac-
complished courses related to use of electronic computers both in gen-
eral and in particular related to mathematics.

My teaching practice is mainly from University of Agder' (UiA) as a
lecturer in the teacher educational programme in mathematics. Most of
my teaching duties at UiA have been in the intersection between mathe-
matics and use of computer software. In addition I have taught several
years in an optional one year study programme named ICT for teachers.
This optional programme consists of two semi-annual full time parts, and
is designed as an optional choice for students in their General Teacher
Education® programme and for teachers who go through a further educa-
tion. ICT for teachers emphasises educational use of computer software
in different subjects in school, programming, Internet and several other
themes. I have a limited experience as a mathematics teacher at lower
and upper secondary schools. I had some school teaching practice as part
of a one year pedagogical programme at UiA and from provisional posi-

" Ahead of the st of September 2007, University of Agder was not accredited as a university
and had the name Agder University College, a name it got after a merging of several educa-
tional departments in 1994. To simplify, I will refer to University of Agder’s official abbre-
viation UiA in the rest of the thesis.

? The General Teacher Education in Norway approves for teaching at Grade 1-10 in Norway.
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tions alongside my studies at UiA where I used calculators in some les-
sons but never any computer software tools.

In my teaching practice at UiA I have used a number of computer
software tools and experienced how students in the teacher education
programme and teachers in schools consider use of computer software
tools. I have also been in contact with many teachers both in primary and
secondary schools, particularly teachers who were appointed as practice
teachers for students in the General Teacher Education programme. Both
I and the students often observed what I interpret as a lack of integrating
ICT in mathematics teaching and other school subjects despite require-
ments for such kinds of use in the National Curriculum in Norway from
1997. 1 have even heard comments like: “It is nice to have students from
UiA who can take the responsibility for the ICT part”. Except for the
comment in the previous sentence, | find confirmation of a similar mod-
erate use of ICT when studying national surveys in Norway (see
Klevstad and Kristiansen (2004), Erstad, Klgvstad, Kristiansen, and
Sebye (2005) and Arnseth, Hatlevik, Klovstad, Kristiansen, and Ottestad
(2007)). These surveys are considered in Section 2.2.1 and together with
my personal experience stimulated questions such as: Why do we ob-
serve such slow progress in utilising computer software in mathematics
teaching? Why are some teachers negative to the use of computer soft-
ware in mathematics? What kinds of obstacles prevent teachers from im-
plementing and using computer software in mathematics teaching? And
if teachers use computer software in mathematics teaching: How and
with what motives and goals do they use it? These are some of the ques-
tions which stimulated my desire to apply for the position as Ph.D. stu-
dent in the KUL>-ICTML* developmental research project. I wanted to
study how teachers were able to implement and use computer software in
their teaching despite experienced obstacles.

In the following section I describe some characteristics and aims of
the ICTML project and also refer to the KUL-LCM? project in which
many of the same teachers and didacticians participated. We refer to the
university educators and Ph.D. students as didactician’ having the re-
sponsibility for theorising learning and teaching and considering rela-
tionships between theory and practice. The projects were run by didacti-
cians at UiA for 4 years, from January 2004 to December 2007, and with

3 KUL is an abbreviation for “Kunnskap, Utdanning and Leering” (Knowledge, Education
and Learning)

*ICTML is an abbreviation for ICT and Mathematics Learning. The KUL-ICTML project is
supported by the Norwegian research council (NFR no. 161955/S20). In the rest of the thesis
I refer to this project as the ICTML project

> LCM is an abbreviation for Learning Communities in Mathematics. The KUL-LCM project
is supported by the Norwegian research council (NFR no. 157949/S20). In the rest of the
thesis I refer to this project as the LCM project.
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participation from teachers from August 2004 till June 2007. It is within
these two developmental projects that my research in mathematics teach-
ing with computer software has been located. I continue the chapter by
formulating aims and research questions for my personal research study
with the ICTML project. I end the chapter by presenting an overall struc-
ture of the thesis.

1.2 A research study as part of developmental projects
The ICTML-project emphasises students’ learning and development in
mathematics within an ICT environment, teachers’ competence in using
ICT in their teaching and how use of ICT influences their teaching where

the latter is my main focus:
We will study the teachers’ development of their own competence both in using
the software themselves and in utilizing software in their teaching with students
in an experimental and challenging way (Fuglestad, 2004a, p. 1)

The ICTML project was organised in collaboration with the bigger LCM
project and shared similar theoretical grounding and goals as the LCM
project. An intention from the didacticians point of view in the projects
and in the design of particularly the LCM project, was to develop a
community of inquiry (Jaworski, 2005; Wells, 1999). The inquiry com-
munities included teachers in eight schools and didacticians at UiA in-
cluding myself, all considered as learners. Didacticians in the projects
aimed to create opportunities for teachers to develop and change their
practice, based on a general aim of improved learning and development
of mathematics teaching. This aim of the LCM project has been de-

scribed in the following way:
Learning Communities in Mathematics (KUL/LCM) is a project which aims to
design and study mathematics teaching development for the improved learning

of mathematics through inquiry communities between teachers and didacticians
(Jaworski, 2004b, p. 33).

What this quotation emphasises is that the development of inquiry com-
munities with teachers and didacticians was a proposed aid for design,
study and in fact to promote development in mathematics teaching. In
contributions discussing the LCM project, like in Jaworski (2007), the
collaboration between teachers and didacticians has been described with

references to Wagner’s description of co-learning agreement:
In a co-learning agreement, researchers and practitioners are both participants in
processes of education and systems of schooling. Both are engaged in action and
reflection. By working together, each might learn something about the world of
the other. Of equal importance, however, each may learn something more about
his or her own world and its connections to institutions and schooling (Wagner,
1997, p. 16).

In the projects, didacticians and teachers have been used as terms instead

of Wagner’s “researchers and practitioners”, where use of the term di-

dacticians has been very deliberate to recognise that both groups can en-
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gage in research. In the LCM and ICTML projects it has been acknowl-
edged and emphasised that teachers and didacticians bring different ex-
pertise and engage in inquiry together to inform and develop their differ-
ent practices. For the ICTML project, implementation of computer soft-
ware in mathematics teaching was a proposed outcome of the co-
learning between teachers and didacticians in the projects. The projects
have emphasised three levels of learning communities:

¢ in learning mathematics;

¢ in teaching mathematics;

¢ in researching mathematics teaching and learning.

Alongside these three levels, three layers of inquiry have been defined:

e Inquiry in learning mathematics where teachers and didacticians
explore mathematics together in tasks and problems in work-
shops, and eventually pupils in schools learn mathematics through
exploration in tasks and problems in classrooms.

e Inquiry in mathematics teaching where teachers’, in association
with didacticians, use inquiry in design and implementation of
tasks, problems and mathematical activities in classrooms.

e Inquiry in developing the teaching of mathematics, by research-
Ing the processes of using inquiry in mathematics, in teaching and
in learning mathematics.

The projects were organised with workshops at UiA where teachers and
didacticians participated. In the workshops, there was a focus on inquiry
and collaboration processes often by grouping teachers together with di-
dacticians in group sessions. Workshops in the ICTML project empha-
sised implementation and use of ICT in mathematics teaching. The
workshops also included contributions from didacticians and teachers in
plenaries where teachers typically presented experiences from teaching.
School teams with participating teachers and at least one didactician,
were another important level of collaboration. In these teams, the teach-
ers were supposed to share ideas, plan and design lessons and consider
lessons carried out. When the teachers carried out teaching in classrooms
and computer labs, they were sometimes observed by didacticians and
other teachers in the school team. Whenever it was found suitable and
possible for both parts, the teaching sessions were followed by a meeting
where the teacher(s) and didacticians(s) talked about the lessons and
sometimes started to plan coming lessons. Workshops, school team
meetings, conversations before and after observing lessons are examples
of sessions where didacticians and teachers met and built learning com-
munities.

The first workshops in the ICTML project focused on use of spread-

sheets (Microsoft Excel) and dynamic geometry software (Cabri Geome-
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try II Plus®). Later, also use of graph plotting software and Internet re-
sources in mathematics were discussed in the workshops. In addition to
the software listed above, the project intended to focus on other kinds of
ICT tools such as computer algebra systems. When none of the invited
upper secondary schools signed contracts for participation in the ICTML
project, computer algebra systems were dropped. The decision to have a
main focus on use of spreadsheet and dynamic geometry software was
made based on considerations of software which would provide opportu-
nity for explorations and inquiry in teaching and learning at the level of
schools in the project. The decision was also based on requirements for
use of spreadsheet in the National Curriculum and examinations in Nor-
way. In the south western part of Norway, from where the projects were
run and the teachers worked, more lately also dynamic geometry soft-
ware, often Cabri, had gained some popularity. The decision to pay a
main attention to these two computer software tools was also based on
experience from a minor three year developmental project at UiA. This
earlier project involved mathematics teachers from the same area of
Norway working within ICT rich environment (Fuglestad, 2004b; 2007).

1.3 Aim of study and research questions

In my research I have studied the development of mathematics teaching
emphasising the role of ICT with teachers attending the LCM and/or the
ICTML project. More specifically, I have studied teachers’ implementa-
tion and orchestration of Cabri-use in mathematics teaching. I use com-
puter software as a term throughout my study. I also pay attention to
how other artefacts were used to support the teachers’ teaching with
computer software tools. Such supporting artefacts both include teaching
packages and compasses which were used by teachers alongside use of
Cabri.

Before and in an early phase of the collection of data in my research
study, I had an aim to contribute to an understanding of teachers’ use of
computer software in mathematics at Grade 8-10 in Norwegian lower
secondary school. Gradually I reformulated my aim and phrased two re-
search questions based on an elaboration of a theoretical framework and
pre analysis of collected data including maps of data, critical reductions
of data, transcriptions and coding. The collected data provided evidence
for a case which emphasised how three teachers at two schools gradually
implemented the dynamic geometry software package Cabri in their
mathematics teaching for the first time ever in their teaching career. The
research questions which eventually guided my research are:

6 Later in the thesis I will use the short term “Cabri” when considering “Cabri Géométre II
Plus” as an example of dynamic geometry software

Teachers’ implementation and orchestration of Cabri-use in mathematics teaching 23



1) With what motives and goals do teachers at Grade 8 implement

and orchestrate Cabri-use in mathematics teaching?

2) What characterises teachers’ initial orchestrations of Cabri-use in

mathematics teaching at Grade 8?
The questions relate to teachers’ perspectives on implementation and use
of Cabri in mathematics teaching. However, students’ role and use of
Cabri are crucial in a study of teaching, and concerns for students’
achievements were addressed by the teachers both during planning of
teaching and when teachers talked about their teaching. The term ‘or-
chestrate’, which is included in both research questions, are discussed in
Chapter 2 and 3, while use of the terms ‘goals’ and ‘motives’ are dis-
cussed in Chapter 3.

The thesis is built around a case with Cabri and teachers who never
had used Cabri in teaching. However I argue that my study is not just
giving contribution and implications about implementation and use of
Cabri as a computer software tool. The case 1s about how teachers
through a developmental process implement and use a new tool in
mathematics teaching at their schools.

1.4 The structure of the monograph

In this chapter I have presented a background and the two research ques-
tions guiding my research of mathematics teaching situated within two
developmental projects, the ICTML and LCM project.

Alongside a literature review in Chapter 2, a number of terms related
to my research concerning computer software use in mathematics teach-
ing will be discussed. I indicate the status quo for use of computer soft-
ware in teaching, and the external influence on use of computer software
through National Curricula and developmental plans are outlined as a
background for the research study.

Chapter 3 is devoted to the theoretical framework of my research
study based on two theoretical learning perspectives. The activity theory
perspective is elaborated by particularly emphasising contributions by
Vygotsky, Leont’ev, Kaptelinin and Engestrom. The ‘instrumental ap-
proach to mathematics learning’ is the second theoretical perspective |
utilise in this thesis. The instrumental approach was proposed by
Trouche based on what I denote as the general theory of instrumentation
by Rabardel. In the thesis I propose that the two perspectives are com-
plementary to each other. The instrumental approach to mathematics
learning accounts for the role of computer software use in teaching and
learning mathematics, while activity theory accounts for the institutional
frame in which implementation of computer software in teaching takes
part.

In Chapter 4, the methodology and research design for the research
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study is elaborated by emphasising the nature of the research within two
developmental projects. The chapter emphasises the evolution of a case
with three teachers in the project and their initial implementation and
orchestration of Cabri-use in mathematics teaching, methods of data col-
lection and analysis.

In Chapter 5 I analyse teachers’ ‘motives’ for implementation of
Cabri utilising the activity theory perspective. I emphasise Leont’ev’s
distinction between collective activity and individual actions, and the
role of ‘activity systems’ when analysing teachers’ implementation of
Cabri as development in their teaching. In Chapter 6, teachers’ manage-
ment of Cabri-use in teaching are characterised by utilising the instru-
mental approach with an emphasis on teachers’ ‘instrumental orchestra-
tion’ of students’ work with Cabri. Both of the theoretical perspectives
contribute to the analysis of teachers’ goals which link teachers’ motives
for implementation of Cabri and operations in their teaching with Cabri.

Chapter 7 contains conclusions and implications for mathematics
teachers, didacticians and policy makers. Contributions to research of
mathematics teaching are presented considering personal and institu-
tional issues concerning implementation of Cabri and characteristics of
teachers’ orchestration of Cabri-use in teaching. The role of develop-
mental projects for development in mathematics teaching in schools is
discussed.
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2 Implementation and use of computer
software in teaching

In Chapter 1 I presented what I intended to achieve in my research study
situated within two developmental projects. As indicated in the title of
the thesis and this chapter, ‘implementation’ and ‘use’ are two signifi-
cant terms in this thesis. I study implementation and teachers’ orchestra-
tion of Cabri- use where Cabri is a computer software tool which the
teachers in my study had never before used in their mathematics teach-
ing.

I consider a teacher’s implementation of Cabri as a developmental
process. I analyse the process of development in teaching from teachers’
first introduction to Cabri in workshops at UiA where they started to dis-
cuss possible use and what they wanted to achieve with use of Cabri in
teaching. In follow up workshops and in school team meetings, the
teachers started to address issues they needed to overcome in order to
have a successful use of Cabri in teaching. Thus, implementation of
Cabri was a process leading up to the three teachers’ orchestration of
Cabri-use in mathematics teaching, but implementation and use do in-
deed also overlap. Teachers might start to use Cabri despite having faced
issues in the implementation process. One such example is the issue of
students’ lack of access to Cabri at home raised by one of the teachers in
my study (discussed in Chapter 5).

When I refer to use, or to be more precise teachers’ orchestration of
Cabri-use in teaching, it is the practice in classrooms and computer labs
which is at stake. Through teachers implementation process decisions to
use Cabri and adaptations to their school settings were made. However, |
consider teachers’ arrangements for use of Cabri such as organisation of
students and use of teaching packages as being part of their orchestration
of Cabri-use. When the teachers talk about their teaching, both imple-
mentation and use of Cabri are considered which is evident in the analy-
sis in Chapters 5 and 6. Later, in the introduction to the analysis chapters
in Section 4.5, I consider my sources of data in respect to the difference
between ‘implementation’ and ‘use’ which are emphasised in respec-
tively Chapters 5 and 6.

This chapter is divided into three main sections. In Section 2.1 I re-
late my study of teachers’ perspectives when implementing and using
computer software in mathematics teaching to requirements in the Na-
tional Curricula in Norway. I refer to curricula for primary and lower
secondary school from 1987 and 1997, curriculum for upper secondary
school from 1994 with revisions from 1999 and 2000, and a new curricu-
lum for primary and the whole secondary school from 2006. Since the
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main part of the data in my research study was collected during the
school year 2005/2006, the teachers at lower secondary school in my
study were guided by the requirements in the curriculum from 1997.

In Section 2.2 I indicate status quo for use of computer software and
ICT in general in mathematics teaching in Norway and internationally.
The main part of Section 2.2 contains a review of research literature con-
sidered to be related to implementation and use of computer software in
mathematics teaching. Section 2.3 1s devoted to an introduction to eight
terms applied throughout the thesis in relation to my study.

2.1 External guiding of computer software use in school
The Norwegian Department of Education has for two decades tried to
stimulate use of ICT in schools through requirements in National Curric-
ula and national developmental plans for ICT use. Below, in Table 2.1, I
list the National Curricula and plans in Norway quoted in this thesis:

Table 2.1: List of quoted National Curricula and developmental plans for ICT use

Description Reference | Official Translations in
abbreviation | the thesis

The National Curriculum 1987 KUD M87 By the author

(primary and lower secondary (1988)

school)

The National Curriculum 1997 KUF L97 Official English

(primary and lower secondary (1997) version, Hag-

school) ness and Veite-

berg (1999)

The 1999 and 2000 revisions of | KUF By the author

the 1994 National Curriculum (1999;

(upper secondary school) 2000)

The 2004 Programme for Digital | UFD By the author

Competence 2004-2008 (2004)

The 2006 National Curriculum KD (2006) | LK06 Official English

in mathematics (primary, lower version, avail-

and upper secondary school) able on web’

Throughout the two latest decades, a number of terms such as ICT®, IT,
technology, data machines and electronic data processing machine’ have
been introduced in education. In the new National Curriculum in Norway
which was effective from August 2006, LK06 (KD, 2006), digital tools
is the official term.

7 Official English version of the Mathematics Subject Curriculum in LKO06 is available on:
http://www.udir.no/upload/larerplaner/Fastsatte lareplaner for Kunnskapsloeftet/english/M
athematics_subject_curriculum.rtf

¥ ICT is in the Norwegian language named IKT based on the Norwegian spelling of commu-
nication (kommunikasjon)

? Abbreviated EDB in Norway
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In M87 (KUD, 1988), learning to use “data” was included in the plan
for mathematics. The next national curriculum for primary and lower
secondary school, L97 (Hagness & Veiteberg, 1999; KUF, 1997), fo-
cused on integrated use of ICT in mathematics. ICT was not to be seen
as a separate subject in the curriculum; instead ICT was supposed to be
used as a suitable aid and tool in other school subjects. The term ICT
included both use of different kinds of calculators, various kinds of elec-
tronic computer software tools such as spreadsheets and Internet as a re-
source in all subjects. L97 also included statements concerning use of a
particular kind of software in mathematics. In the section on subject-
related objectives for the lower secondary stages (Grade 8-10,) related to
the topic “handling data”, use of spreadsheets is mentioned:

English version Norwegian version

Pupils should be acquainted with various Elevene skal kjenne til ulik bruk av
uses of statistics. They should be able to statistikk. De skal kunne skaffe fram,
find, interpret, evaluate and present infor- | tolke, vurdere og presentere informa-
mation and data. They should be able to sjoner og data. De skal kunne nytte
use databases and spreadsheets and other databaser, regneark og andre datapro-
computer software. On the basis of their grammer. Elevene skal med utgangs-
practical experience, pupils will acquire punkt i praktiske erfaringer tilegne seg
concepts relating to probability begreper om sannsynlighet

(Hagness & Veiteberg, 1999, p. 178). (KUF, 1997, p. 166).

Figure 2.1: Statement in the National Curriculum L97

The national curriculum for upper secondary school from 1994 presents
statements about use of IT in the teaching. In the revisions of the curricu-
lum, KUF (1999; 2000), use of what they denote as ‘technological tools’
was located in two main subject elements named, "Modelling, experi-
menting and investigation” and ”Culture, language and communication”.
The emphasis was mainly on use of technological tools in investigations
and problem solving. Below is an example from the descriptive text and
the underlying key point 2¢) of the main subject element: “Modelling,
experimenting and investigation” at Grade 12. The statements are part of
the mathematics course called 2MZ, where the word they refers to the
students:

English version (own translation) Norwegian version

They are supposed to be able to use tech- | De skal kunne bruke teknologiske verk-
nological tools in an appropriate way in toy pé en hensiktsmessig mate i model-
modelling, investigation and problem lering, utforsking og problemlosing
solving: 2¢) kunne bruke teknologiske verktey 1
2¢) be able to use technological tools in utforsking og problemlosing
investigation and problem solving

Figure 2.2: Statement in KUF (2000, p. 18)

For more than twenty years, the Department of Education in Norway has
designed national developmental plans for I'T/ICT use in Norwegian
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schools. Below is an example from the 2004 plan. This plan (see Table
2.1) defines ‘digital competence’ as term in national plans in Norway:

English version (own translation) Norwegian version

The Department defines digital compe- | Departementet definerer digital kompe-
tence as the competence which bridges | tanse som den kompetansen som bygger
skills such as reading, writing and calcu- | bro mellom ferdigheter som & lese, skrive

lation and the competences which are og regne og den kompetansen som kre-
needed to be able to use digital tools and | ves for & ta i bruk nye digitale verktey og
medias in a creative and critical way medier pa en kreativ og kritisk méte

Figure 2.3: Statement in UFD (2004, p. 5)

The same document refers to ICT as a “learning tool to strengthen the
quality of education, create good learning strategies and strengthen the
learning outcome ” (UFD, 2004, p. 15).

In the LKO06 (KD, 2006) national curriculum for primary and the
whole secondary school in Norway, ability to use ‘digital tools”’ is re-
ferred to as one of five basic skills in all school subjects. The other four
basic skills are ability to express oneself orally, read, calculate and ex-
press oneself in writing. In mathematics, ability to use digital tools is de-
fined in the following way:

English version Norwegian version

Being able to use digital tools in the A kunne bruke digitale verktgy i mate-
mathematics subject involves using these | matikk handlar om 4 bruke slike verk-
tools for games, exploration, visualisation | tey til spel, utforsking, visualisering og
and publication, and also involves learn- | publisering. Det handlar 0g om & kjenne
ing how to use and assess digital aids for | til, bruke og vurdere digitale hjelpe-

problem solving, simulation and model- | middel til problemloysing, simulering
ling. It is also important to find informa- | og modellering. I tillegg er det viktig &
tion, analyse, process and present data finne informasjon, analysere, behandle
with appropriate aids, and to be critical of | og presentere data med hevelege hjel-
sources, analyses and results(p. 4 in the pemiddel, og vere kritisk til kjelder,
English version available on web’). analysar og resultat (KD, 2006, p. 4-5).

Figure 2.4: Statement in the mathematics part of LK06

LKO06 contains aims referring to competences where use of digital tools
typically is mentioned in combination with competences in using non-
digital tools. As an example, the expected competence after Grade 10 in
the topic "Number and algebra” is:

English version Norwegian version

- use, with and without digital aids, num- | - bruke, med og utan digitale hjelpe-
bers and variables in exploration, ex- middel, tal og variablar i utforsking,
perimentation, practical and theoretical eksperimentering, praktisk og teoretisk
problem solving....(p. 6 in the English problemlgysing...(KD, 2006, p. 9)
version available on web’)

Figure 2.5: Statement in the mathematics part of LK06

The statement concerning use of ICT in an investigative way or similar
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expressions is common for the quoted curricula from 1997, 1999, 2000
and 2006. Requirements concerning use of ICT in the new curriculum,
LKO06 seem tightened. In LK 06, “digital tool” and “digital aids” are used
together with a number of explorative terms such as investigations and
experimentation exemplified in the quotation above. The quotations
above from LKO06 indicate that the term ‘digital tools’ in LK06 mainly is
a reference to different types of equipment such as computers, computer
software and calculators and technical equipment like smart board and
video projector. This is close to Fuglestad (2006)’s interpretation of
‘digital tools’ in LKO06: “digital tools mean computers, calculators and
digital equipment” (Fuglestad, 2006, p. 121). LK06’s use of the term
‘tool” seems to be a characterisation of different types of equipment
while research literature often uses the term tool when considering users’
use of for example computer software or calculator.

In UFD (2004), ‘digital competence’ is described as the competence
which bridges skills in using digital tools and other basic skills. The term
‘competence’ is not used explicitly in this manner in LKO06. I believe that
the definition presented in UFD (2004) refers to an important compe-
tence for students but I find it a bit confusing to interpret the competence
as being a digital one? In my view, abilities to combine different skills
could rather be denoted as a multi skill competence, not restricted to be a
digital related skill.

In the rest of the thesis I will refer neither to digital tool nor digital
competence as terms since they are fairly new in Norwegian schools. |
will neither use ICT nor technology except when referring to research
applying these as terms. In my study, I restrict myself to have a main fo-
cus on Cabri as an example of computer software tool in mathematics
teaching. Thus, computer software applied as a term in my study covers
only part of the term ICT used in L97 and the terms digital tool and digi-
tal aids used in LK06.

My main collection of data was during the school year 2005/2006.
Thus, when the teachers in my study refer to the curriculum they talk
about L97 since LK06 was effective from the school year 2006/2007.

2.2 Computer software implementation and use in

teaching
In a survey on research literature concerning use of ICT in mathematics
education, Lagrange, Artigue, Laborde, and Trouche (2001) argue for
increased emphasis on the teacher in research in this area. They argue
that many studies have been concerned with students’ mathematical
learning mediated by ICT, but fewer studies have focused on teachers’
roles and practices. Five years earlier, Noss and Hoyles (1996) in a simi-
lar way referred to a limited emphasis on the teacher perspective within
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research of mathematics teaching in classrooms. When considering stud-
ies emphasising technology and the teacher, Monaghan (2004) argues
that these “have largely focused on teachers’ beliefs and forms of teacher
knowledge” (p. 330), and he refers to a limitations with such studies that
they “by design, miss the wholeness of teachers’ practices” (p. 330).

My case study, described in Chapter 4, was situated within two de-
velopmental projects and emphasises three teachers’ implementations
and orchestration of Cabri-use for the first time in their teaching career.
What kinds of obstacles and issues did the teachers experience when
making efforts to implement computer software guided by statements in
the curriculum? What did the three teachers want to achieve? These are
just two of many questions which can be raised concerning implementa-
tion and use of computer software in mathematics teaching.

This section includes a literature review in the area related to teach-
ers’ implementation and use of computer software in teaching which the
quotes above indicate need attention in research. In particular, I consider
implementation and use of dynamic geometry software, in the rest of the
thesis abbreviated as DGS, into mathematics teaching. How can and
have these studies contributed to my own design of research and to ap-
proach the later analysis? What kinds of critical issues have been empha-
sised in earlier research into this area? What are crucial elements for a
successful implementation of computer software in mathematics teach-
ing? Later, when presenting findings from my study I hope to contribute
to the field, both in supporting earlier findings and by offering some new
ones.

2.2.1 The position for computer software use in teaching

In national surveys in Norway, planned to be accomplished every second
year starting in 2003, status quo concerning use of computer software in
Norwegian schools is reported (Arnseth, Hatlevik, Klevstad, Kristiansen,
& Ottestad, 2007; Erstad, Klovstad, Kristiansen, & Sebye, 2005;
Klevstad & Kristiansen, 2004). The surveys are based on questionnaires
involving what Klegvstad and Kristiansen (2004) denote as a “representa-
tive sample” of students and teachers at Grade 7, 9 and 11, principals,
parents and ICT resource people at schools.

In Section 2.1, I referred to what I consider as quite extensive state-
ments concerning use of computer software and other kinds of ICT tools
in the National Curricula and other official documents for schools in
Norway. However, the surveys quoted above report on a slow develop-
ment in the use of ICT in different school subjects. Erstad et al. (2005)
present findings which still indicate limited use and influence of digital
tools on learning in school subjects. Such a slow progress is also evident
for mathematics, despite developmental plans for ICT/IT use in Norwe-
gian Education, and the Government’s design of National Curricula
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which for more than ten years have contained requirements concerning
use of ICT in mathematics teaching. Thus, the efforts from the Govern-
ment to include use of computer software in mathematics teaching have
not yet led to the proposed development and changes.

The Norwegian Directorate for Education and Training'® is the ex-
ecutive agency for the Ministry of Education and Research in Nor-
way and responsible for the development of primary and secondary edu-
cation. The Directorate has made efforts to stimulate use of computer
software in the final school examination in mathematics at Grade 10.
The examination in mathematics is composed of two parts: one oral and
one written. Schools and students have had the possibility to choose
whether or not they want to use a spreadsheet in part of the written ex-
amination.

Schools in Norway have also been asked to design their own ICT
plan, meant to comprise important steering documents for schools,
teachers’ development and improved learning for students. But have they
really been helpful documents for development of teaching and im-
proved learning in mathematics? Experiences from other countries indi-
cate that such plans often have failed to be successful. According to
Thomas (2006), one reason for this is the typical general form of the
plans. Thomas argues that statements like: “Technology should be used
wherever possible as an aid to learning” and “All teachers are expected
to integrate ICT into their teaching and learning practice” (Thomas,
2006, p. 271) rarely have the effect they aimed to have. Thomas (2006)
argues that the ICT plans rarely point to professional development of
teachers or priority on particular software which he argues to be more
useful. Without going into an analysis of ICT plans made by Norwegian
schools, at least the statements in L97 concerning integrated use of ICT
whenever suitable has such a rather general form.

Klgvstad and Kristiansen (2004) report of an increased access to
computers in Norwegian schools over many years (an average of 7 stu-
dents per computer at Grade 9 in 2003), and that most principals in Nor-
wegian schools emphasise priority on ICT use in schools. However, de-
spite increased access to hardware and software applications and con-
tinually expressed expectations from governments and school leaders,
Erstad et al. (2005) report a lack of regularity in utilising ICT in mathe-
matics teaching. These findings from Norway are also supported by stud-
ies in countries outside Norway. In fact, Lagrange, Artigue, Laborde, and
Trouche (2001) refer to a similar slow evolution in most countries.
Trouche (2005b) refers to a lack of frequent use of ICT even among

' The Norwegian Directorate for Education and Training was established in June 2004 and
is the official translation of what in Norway is called Utdanningsdirektoratet.
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teachers in France who chose to take part in a developmental programme
concerning ICT use in mathematics. Considering development over time,
Thomas, Tyrell, and Bulloch (1996) and Thomas (2006) report from
comparison surveys revealing how teachers’ use of computers in mathe-
matics teaching has developed over ten years (1995 to 2005) in New
Zealand. Although gradually more and more teachers spend time on us-
ing computer software, and new possibilities have been given by the in-
troduction of for example interactive whiteboards and video projectors,
the teaching with and without computer software or other ICT tools look
almost unchanged. Such reproduction of teaching is also expressed be-

low in the quotation from a study in United Kingdom:
Classroom teachers are simply using the technology to do what they have always

done, although in fact they often claim to have changed their practice (Hennessy,
Ruthven, & Brindley, 2005, p. 156-157).

Hennessy et al. report that many teachers are aware of and do reflect
over new forms of activity, resources, and strategies for mediating ICT-
supported subject learning in their classrooms. However, at an overall
level few changes in teachers’ practice were observed. They report of an
apprehension among a number of teachers that students’ use of ICT will
weaken theirs “basis knowledge” in mathematics. More positively, they
do also report some progress in respect to the ways teachers utilise, or at
least consider to utilise ICT tools in their teaching.

Hence, even recent studies present findings indicating that teachers’
use of technology such as computer software is developing slowly, per-
haps more slowly than some teachers themselves believe as argued in the
quotation above. This supports my initial comments in Section 1.1 based
on experience from contact with teachers through teacher education pro-
grammes at UiA. My experience based on contact with at least 50
mathematics teachers at lower secondary school over the five latest
years, is that the main and often the only computer software used in
mathematics teaching at lower secondary schools in Norway is spread-
sheet software, for example Microsoft Excel. The teaching was often or-
ganised as a course to learn to use the tool as such, emphasising the
menu system and what Excel affords. The observed lack of development
in utilising computer software in mathematics teaching indicates that it is
worthwhile with research focusing on the teachers. After all, it is the
teachers who are expected to take responsibility and carry out use of ICT
in mathematics teaching according to statements in the National Curricu-
lum.

2.2.2 External statements offering a double challenge

Why is the implementation and impact of computer software in teaching
progressing so slowly, or at least more slowly than proposed by the
school authority? In Section 2.1, I referred to statements in the National
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Curricula in Norway from 1987, 1994, 1997, 2000 and 2006. Typically,
the statements concerning use of computer software are closely associ-
ated with an explorative and investigative approach to mathematics, and
to integrate use of computer software in different school subjects as pro-
posed in L97. In LKO6 the first aspect is explicitly emphasised, as illus-
trated in Figure 2.4 and 2.5 in Section 2.1, with reference to terms like
investigation, visualising, problem solving, simulation, modelling and
experimentations. Hence, teachers’ are asked to undertake what I denote
as a double innovation:

e To implement computer software which for many teachers are
fairly new tools in mathematics teaching compared to for example
use of ruler, compasses and textbooks.

e To apply the computer software with a particular approach like in-
vestigation, visualising etc listed above. Such an approach could,
for many teachers, be experienced as new in teaching and also dif-
ferent from how they themselves have been taught.

Barzel (2007) has a similar concern referring to “new teaching methods
and integrating computers” (p. 77) as two challenges teachers are facing.
In Norway, use of software like Excel has often been taught in the

form of a general course'' not particularly mathematics related. These
courses were originally designed for secretaries and other employees in
trades, aiming to develop humans’ formal competence in using Excel
(and similar competences in word processing, internet use and so on).
These or similar courses emphasise skills in using the software per se
and not with a particular mathematical purpose. It also relates to the is-
sue of applying software like Excel, not originally designed with the aim
of being used in teaching.

Hence the statements in the National Curricula and other official
documents for use of computer software in particular ways, open up
situations which are difficult to control for teachers. The suggested ap-
proach could lead to many questions from students, especially if the ap-
proach to teaching with computer software provokes working conditions
unfamiliar for them.

The teachers in my study participated in the LCM and ICTML devel-
opmental projects. The ICTML project emphasised use of computer
software in mathematics teaching, and shared with the LCM project an
emphasis on inquiry approach to teaching and learning of mathematics
(Fuglestad, 2008). Thus, similar as the proposed double innovation in the
Curriculum, teachers who participated in the ICTML project were of-
fered a double innovation expectation: Use of computer software with
Inquiry approach.

! These courses are in Norway named the Data card, “Datakortet”
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2.2.3 A lack of emphasis on pedagogical implications

In the previous section, I argued that teachers in Norway have been
given requirements in the National Curricula about ways of using com-
puter software in mathematics teaching which many teachers experience
as unfamiliar. Indeed, a number of research papers emphasise that peda-
gogical implications of technology for mathematics teaching has been
underestimated. Goos, Galbraith, Renshaw, and Geiger (2003) phrase
such lack of considerations concerning the complex demands offered
teachers and students when challenged to implement computer software

in mathematics teaching:
The introduction of technology resources into mathematics classrooms promises
to create opportunities for enhancing students’ learning through active engage-
ment with mathematical ideas; however, little consideration has been given to
the pedagogical implication of technology as a mediator for mathematics learn-
ing (Goos, Galbraith, Renshaw, & Geiger, 2003, p. 73).

One implication of this statement is awareness that mathematics changes

and is represented differently with computer software. This is a view
emphasised by Dorfler (1993):

In general, substituting one tool for another one causes a change of the objects to
be worked with and upon. Therefore not only the structure and form of the activ-
ity but its content are changed by introducing new tools (Dorfler, 1993, p. 163).

What these quotations highlight seem to be in accordance with concerns
claimed by Vygotsky who emphasises that the tool used in mathematics
transform the ways of working and reasoning (Vygotsky, 1978). Hence
this could explain the suggested approach with computer software pro-
posed in the curriculum (see Section 2.2.2). However, how helpful are
such statements and their suggested approaches for the teachers? The
claim by Goos et al. might indicate that it becomes too difficult a task for
many teachers to use computer software in the proposed way as a long as
the proposed way is so unclear. What does it mean to use, for example, a
spreadsheet package like Excel in an investigative way? What kinds of
tasks would be appropriate to use, and how can teachers manage to assist
all the students during the lessons?

In a study of mathematics teachers’ use of digital technologies in
their mathematics lessons, Monaghan (2004) presents findings indicating
that teachers are unprepared, for what he denotes as the transformation
of mathematics when computer software are used. The study reported in
his paper was situated within a project in the United Kingdom consisting
of researchers and thirteen mathematics teachers implementing technol-
ogy like computer software in their mathematics teaching. One of the
software package used was spreadsheet (Excel), and the paper points to
how the teachers experienced problems with transformation of calcula-
tions in mathematics to formulas and formats to apply in Excel. Mona-
ghan describes teachers’ design of worksheets which, particularly in an
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early phase, typically emphasised students’ management of the computer
software per se. Later, as a next step, the teachers had more focus on
how to do mathematics with the software. Based on this Monaghan ar-
gues:

There is a sense in which this is quite a natural development: if you want to do

mathematics on a computer package, you first have to learn how to use the pack-

age (Monaghan, 2004, p. 342).

One way to stimulate this first phase is to apply a structured teaching
package in their teaching with computer software. This also corresponds
to how teachers often have worked with the tool in an initial phase them-
selves. In Norway such a structured teaching package, supposed to be
worthwhile to use in mathematics teaching with spreadsheet at lower
secondary school, was designed in 2003. The package (see Grongstad
and Tveito (2003)) was made by two teachers based on a request by a
forerunner'” to the Norwegian Directorate for Education and Training.
The package is available on the webpage'® of the Directorate and on the
webpage for the biggest labor union for teachers in Norway. An issue
related to emphasise “to learn how to use package”, as it is phrased by
Monaghan in the quotation above, is to which extent it helps to prepare
students for doing mathematics with the software and whether teachers
find time for the latter.

As commented in Section 2.2.2, both the National Curriculum in
Norway and the ICTML project suggested that teachers used computer
software tools in ways described with terms such as investigative, ex-
plorative and inquiry. I considered this as a double innovation suggestion
since it involved what would be two new or rather new elements in their
teaching. Monaghan (2001) is critical to policy makers and researchers
claiming for the uniqueness of ICT technologies in proposing changes in

mathematics teaching saying:
Researchers and policy makers should be looking at how the curriculum and

school structures might allow for new roles for teacher-student interaction — with
and without ICT (Monaghan, 2001, p. 390).

Mumtaz (2000) pays attention to how teachers could be supported in
their take-up of ICT. She argues that the school as an institution typically
gives too little time and support for teachers’ development of ICT-use in
teaching. Such concerns illustrate a potential need for developmental
projects like the ICTML project. Firstly, to support pedagogical devel-
opment of computer software use and use of other ICT tools in mathe-
matics teaching as required by the Government in national curricula.
Secondly, top have more attention in research on the developmental

'2 This was one of the forerunners to the Norwegian Directorate for Education and Training
is known by the name ”Learingssenteret”
" http://www.utdanningsdirektoratet.no
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phase of teaching with computer software. The latter refers to an area in
the research of mathematics teaching, teacher change and development
of teaching, which according to the Handbook of International Research
in Mathematics Education from 2002 (English, Jones, Lesh, Tirosh, &
Bussi, 2002) has a short history. A number of typical small scale case
studies have been made with increased emphasis on professional devel-
opmental programs to study the developmental process as phrased in
Chapter 30 in the quoted Handbook. The ICTML and LCM projects are
examples of such developmental programs or projects, where my study
particularly relates to the ICTML projects and teachers’ development
concerning implementation and orchestration of computer software use
in mathematics teaching.

Already in 1992, Kaput (1992) emphasised that research concerning
implementation of technology at that time lacked emphasis on pedagogi-
cal implications. In this section (2.2.3), the complex tasks given teachers
within schools concerning pedagogical implications of computer soft-
ware tools have been considered. Quoted research literature has ques-
tioned the statements presented in the curriculum and the speciality of
ICT emphasised by policy makers and many researchers. In the next sec-
tion I refer to research literature emphasising what potentially prevents
teachers from implementing and using computer software successfully,
particularly the influence of the school as an institution.

2.2.4 Issues related to computer software implementation

With reference to a number of research papers, Goos (2005) points to a
list of potential issues influencing implementation of technology. Most
of the issues refer to what Lagrange, Artigue, Laborde, and Trouche
(2003) classify as the institutional dimension. The issues emphasise the
critical role of the school institutions and context when researching im-

plementation of technology in mathematics teaching:
skill and previous experience in using technology; time and opportunities to
learn (pre-service education, guidance during practicum and beginning teaching,
professional development); access to hardware (computers and calculators),
software, and computer laboratories; availability of appropriate teaching materi-
als; technical support; support from colleagues and school administration; cur-
riculum and assessment requirements and how teachers interpret these for stu-
dents perceived to have different mathematical abilities; knowledge of how
to integrate technology into mathematics teaching; and beliefs about
mathematics and how it is learned (Goos, 2005, p. 38-39).
In her paper, Goos calls attention to how such issues, which according to
Artigue (1998) serve as obstacles for integration of technology, can be
studied and analysed applying a socio-cultural perspective. Goos argues
that such kinds of studies should occur within a context where the re-
searcher has the possibility to study teachers’ development over time, in
her situation a four year project with pre-service and beginning teachers.
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Based on a study of some teachers integration of Cabri, Assude
(2005) discusses time as a key issue in teachers integration of ICT not
been given sufficient emphasis in research. In her analysis, she distin-
guishes between three main kinds of time:

e The didactic time as the scheduling of time related to mathemati-

cal topics in the curriculum.

e The time capital as the total available time for mathematics for

example in a school year.

e The pace as the rate of didactic time relative to the portion of the

time capital used.
She discusses how teachers critically consider how time is spent effi-

ciently giving the following example:
Management of this time capital by the teacher takes into account the estimated
temporal cost of each activity and the global time of all activities put together.
For example, a teacher may deem a particular problem-solving activity a waste
of time, since the temporal cost of implementing it is very high compared to all
situations put together. Another activity may be seen as time saving, since it does
not require spending too much of the time capital (Assude, 2005, p. 185).

In discussing the use of ICT tools such as Cabri, Assude also refers to
the tool time as being part of the time capital. The tool time is the time

needed for students to be used to the tool and to be able to use the tool.
How does the teacher manage these different times in the classroom? We pro-
pose that the teacher views the time he has available indeed as a certain capital,
which can be used (invested) in different ways. He makes decisions based on his
assessment of the costs of relations such as the relation between tool time and
didactic time, ... , in view of saving as much time capital as possible, whilst
promoting didactic time and pupils’ learning time (Assude, 2005, p. 186).

Assude argues that the management and control of the didactic time is a
great challenge for teachers, in particular when using a new powerful
tool like Cabri for the first time in teaching. In her study, she found that
the teachers’ ability to control the didactic time increased when using
Cabri for the second time the year after. Then teachers were able to make
time saving actions based on experience the first year. One of the time
saving action observed, was to “familiarize pupils with mathematical
objects that appeared problematic for students in the first year, prior to
the lessons with Cabri” (Assude, 2005, p. 195). Assude exemplifies with
diagonals which had provoked problems the first year. Many students
had not remembered what a diagonal was which generated many ques-
tion when using Cabri and much time was spent. The second year teach-
ers made time saving actions repeating the term diagonals ahead of util-
ising diagonals with Cabri.

With reference to a developmental project with teachers in France,
Laborde (2001) reports findings emphasising a lengthy process for
teachers to integrate DGS in their mathematics teaching. She discusses
the role of tasks in mathematics teaching with DGS emphasising how
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hard it is for teachers to go beyond textbook tasks. Use of new tools in
teaching, such as a computer software tool, presupposes a need to de-
velop new kinds of tasks. Laborde (1993) emphasises this when arguing
that the change of tools led to a need for different performance of tasks.
Consequently teachers’ are given a great challenge in order to organise
the use of a powerful computer software tool like Cabri.

Monaghan (2004) argues that 11 out of 13 high school mathematics
teachers in his study were able to put away their textbooks in their tech-
nology based lessons. Students’ work with technology was based on
tasks in worksheets which “emphasised students’ management of the
computer software per se” as [ phrased it in the previous section (see p.

37). Monaghan also describes a typical pattern of work observed:
short introduction to the task, worksheets which directed student activity, teacher
circulating around the class ensuring the students were working and attending to
mathematical or technical issues (Monaghan, 2004, p. 336).

In Laborde (2001), the role of tasks is exemplified by referring to inte-
gration of DGS similar to my study with implementation of Cabri. She
refers to development in tasks applied on a scale from almost traditional
geometry tasks, to tasks which could only be approached in a dynamic
geometry environment. By traditional geometry tasks she refers to tasks
typically applied in a paper-and-pencil environment often supported by a
textbook and by applying available tools such as compasses and ruler.
To use Cabri on such tasks basically only changes the drawing facilities.
Teachers’ emphasis of links between tasks in textbooks and tasks used in
computer software or with other kinds of ICT tools is also evident in
Graham and Thomas (1997).

Assude (2005) reports that the teachers typically worked with com-
passes first and then with Cabri, trying to integrate use of compasses and
Cabri without “any major changes with regard to the broad types of
tasks: construction, description and property identification” (p. 192).
Ruthven (2007) describes different approaches applied by teachers when
managing students’ work with the software. His findings indicate that
teachers’ ways of orchestrating students’ work with DGS vary; from try-
ing to minimise difficulties of the software and emphasising the similari-
ties with static pencil-and-paper geometry, to teachers who optimise dif-
ficulties and possibilities with the software. Analytical findings pre-
sented later in this thesis indicate that for two of the teachers in my study
similarity in tasks and emphasis in lessons with Cabri and compasses
was a desired choice. This indicates efforts to minimise students’ diffi-
culties with Cabri.

It is well-known that development in teaching takes time partly be-
cause of the institutional dimension emphasised earlier in this section
(2.2.4). Kerr emphasises the extra challenges concerning development
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related to technology because of the speciality of technology:
But our experience to date suggests that technology is qualitatively and quantita-
tively different from other kinds of classroom innovations, that it requires a radi-
cal shift in both teaching style and the teacher’s vision of what classroom life is
all about (Kerr, 1996, p. 24).

What Kerr says is that technology requires different teaching style and
views of “what classroom life is all about”. However in her Ph.D. Thesis
from 2001, Margaret Kendal argues that individual teachers’ use of tech-
nology in mathematics lessons usually is consistent with their teaching
practices in non technology lessons. Findings indicating a similar ten-
dency are presented in Cuban, Kirkpatrick, and Peck (2001), Kendal and
Stacey (2001), and in Monaghan (2001) quoted in the previous section.
In a study emphasising two teachers, Kendal and Stacey (2001) conclude
that the two teachers’ ways of utilising technology in mathematics teach-
ing, in their study of Computer Algebra Systems (CAS), was consistent
with each of the two teachers usual approaches to mathematics teaching
in non technology lessons. Although they used the same curriculum ma-
terial in technology lessons, their approaches with the material differed

in accordance with their usual approaches to mathematics teaching:
Both teachers intended to teach the same curriculum material in the same way
but they made different pedagogical choices from the range of options. They had
fundamentally different conceptions of mathematics with associated teaching ap-
proaches and innate privileging which influenced their particular choices while
using technology, about what to emphasize, and how to incorporate the graphical

and symbolic algebra capabilities of the calculator into their lessons (Kendal &
Stacey, 2001, p. 162).

Thus, while Kerr argues for a necessary change in teaching style when
introducing technology in mathematics teaching, Kendal and Stacey
rather argue that criteria for such changes are rooted within a teacher’s
more general style of mathematics teaching.

Concerning teaching style, teachers’ goals and how technology use
affect social interaction in teaching, Monaghan (2004) found that when
teachers used technology in mathematics lessons, they spent more time
speaking to two students or small groups of students and less time speak-
ing in plenary to all of the students. An earlier presented quotation from
Monaghan’s paper (see Section 2.2.3, p. 37) emphasised teachers’ focus
on students’ learning of “how to use the package” in an initial phase of
work with a piece of computer software package. In his analysis, he in-
terprets the observed practice of the teachers to indicate that an “emer-
gent goal” energising their teaching was “to ensure that technical diffi-
culties did not prevent students attending to the task.” (p. 344). Findings
from the quoted studies in the last paragraphs indicate that a personal
issue for development in teaching is a teacher’s teaching style.

In United Kingdom, Crisan, Lerman and Winbourne (2007) have
conducted a case study involving seven mathematics teachers where they

Teachers’ implementation and orchestration of Cabri-use in mathematics teaching 41



studied factors influencing implementation of ICT in mathematics teach-
ing. In the case study, they applied lesson observations, interview and
other kinds of conversations. They argue that the majority of studies
considering implementation and integration of ICT into mathematics
teaching have been situated within classrooms with rich technology use.
To complement this noted imbalance, Crisan et al. instead followed prac-
tising mathematics teachers in some secondary schools which they do
not describe as working within technology-rich classrooms. Another im-
portant point for the researchers was the relationship between teaching

with and without ICT:
Most importantly, we intended to treat the teaching of mathematics and ICT use
as interwoven aspects of a teacher’s practice, which we identified as a deficit of
the studies reviewed (Crisan et al., 2007, p. 23).

Above I have quoted a number of research papers supporting similar
statements as this by Crisan et al. such as Kendal and Stacey (2001).
Kendal and Stacey conclude that teachers’ ways of utilising technology
in mathematics teaching was consistent with their approaches to mathe-
matics teaching in non technology lessons.

I started this section (2.2.4) by quoting Goos (2005) who points to a
list of potential issues influencing implementation of technology which
was argued to be dominated by institutional and contextual issues. Crisan
et al. (2007) have also identified a number of issues influencing imple-
mentation of ICT in mathematics teaching which they classify as contex-
tual and personal factors. They list altogether eight different kinds of
contextual factors evident from their analysis of teachers’ practices with
ICT in mathematics teaching:

e The school context

e The mathematics departments: availability of and accessibility to ICT facili-
ties
The mathematics departments: availability to ICT resources
Departmental ICT ethos
Key persons promoting ICT within the department
Teachers’ ICT skills
Teachers’ ICT professional development
ICT within the mathematics scheme of work
The same authors list five kinds of personal factors influencing teachers’
implementation process of ICT in mathematics teaching:

ICT content conceptions

ICT curricular conceptions

Conceptions of mathematics

Pedagogical conceptions of mathematics

Teachers’ own learning experiences with the ICT applications

The earlier references to issues and above to factors involved in imple-
mentation of computer software tools both emphasise critical elements
involved when teachers struggle to implement a new computer software
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tool in their teaching. In her Ph.D. thesis, Engstrom (2006) analyse three
teachers use of Cabri in mathematics teaching, two from Sweden and
one from Switzerland. Engstrom (2006) argues that a crucial point for
teachers is to dare to use Cabri and other kinds of computer software
tools investigatively. Thus, in her study the main emphasis is on what
Crisan et al. (2007) consider as the personal factors influencing teachers’
implementation process of Cabri and not the contextual factors.

Finally I want to add on “Teachers’ own learning experiences with
the ICT applications” and “Teachers’ ICT skills”, respectively one of the
personal and one of the contextual factors set out by Crisan et al. (2007).
When teachers’ express low level of confidence in using computer soft-
ware in mathematics teaching, researchers sometimes explain such a
finding with reference to teachers’ computer anxiety (Russell & Bradley,
1997). Based on analysis of a questionnaire of 350 Australian teachers,
Russell and Bradley found that one third of the teachers experienced the
computer as a source of anxiety. Among several factors, the anxiety was
related to an experienced low level of own computer competence with
tasks involved in using computers, and embarrassment associated with
inappropriate use of computers. So when teachers express lack of ICT
skills and faith in own capability to develop their ICT skills, it could be
an indication of computer anxiety as I later argue in my analysis in
Chapter 6.

2.2.5 Implementation of new tools in mathematics teaching

In Section 2.2.3 I quoted Monaghan (2001) who is critical of policy
makers and researchers who claim for uniqueness of ICT technologies in
proposing changes in mathematics teaching. An implication of Mona-
ghan’s statement is to consider more broadly teachers’ implementation
of new tools in their teaching where the computer software tool Cabri is
the example considered in my study.

Berry, Graham, Honey, and Headlam (2007) consider issues arising
when teachers for the first time adopt a tool in their teaching. They re-
port from a study of teachers who were introduced to graphical calcula-
tors and supposed to utilise them in their teaching within their depart-
ment. Thus, for these teachers graphical calculators were a new tool
which they never had used before in their mathematics teaching. Berry et
al. list seven kinds of recommendations to other schools who considered
introducing graphical calculators. The recommendations are in the ab-

stract of the paper summarised with three points:
These recommendations were (i) that the department should have an action plan
which describes where and why the calculators are to be used (ii) both initial and
on-going training is necessary (iii) appropriate support in the form of both teach-
ing resources and hardware should be readily available (Berry et al., 2007, p.
159).
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In a review of literature concerning teachers’ use of ICT, Mumtaz (2000)
refers to “three interlocking factors that affect teachers’ take-up of ICT”
(p. 335): institution, resources and the teacher. The recommendations
suggested by Berry et al. seem closely related to these three factors.

2.2.6 Teachers commenting their computer software teaching

In several recent studies concerned with computer software implementa-
tion and use in mathematics teaching, research has been designed to in-
clude an emphasis on teachers’ talking about their experience from
teaching with computer software, like the already quoted Goos (2005)
and Crisan et al. (2007). Ruthven (2007) also asks for more account to be
taken of teachers’ ideas concerning integration of computer based tools
in mathematics, in a study exemplified with dynamic geometry.

Both Hennessy et al. (2005) and Engstrom (2006) ask for attention in
research to examples from teachers’ successful implementation and use
of computer software. In the already mentioned study by Engstrom (see
Section 2.2.5, p. 43), the examples were restricted to use of Cabri.
Hennessy et al. focus more broadly on teachers’ implementation and use
of ICT in teaching of school subjects like mathematics, English and sci-
ence. My reading of Hennessy et al. (2005) contributed with ideas for
my own study of teaching and teachers. This includes use of terms such
as ‘affordances’ and ‘constraints’ (see Section 2.3.3), the outlining of
aims for my research study, research questions and to have an emphasis
on what teachers’ considered as successful use of computer software.

2.2.7 Teachers’ orchestration of computer software use

In recent years a number of French researchers, with Trouche as a key
person but also with contributions from researchers outside France, have
developed and utilised what Trouche (2005a) denotes as the instrumental
approach to mathematics learning. This theoretical perspective empha-
sises the role of artefacts, such as computer software, in students’ learn-
ing process with mathematics and particularly pays attention to the role
of the teachers within the same learning process. Trouche and other re-
searchers’ contributions adopting this approach, like Drijvers, Gravemei-
jer, Haspekian, Monaghan and Ruthven, will be discussed as part of the
elaboration of my theoretical framework in Chapter 3.

2.2.8 Teachers’ use of dynamic geometry software (DGS)
Throughout the literature review in this chapter, I have referred to re-
search papers considering teachers’ implementation and use of:

e DGS such as Cabri;

e other kinds of ICT tools such as spreadsheets and calculators;

e new tools more in general
In this subsection I refer to some further contributions concerning DGS
which emphasise teachers’ use of DGS in mathematics teaching. In par-
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ticular, I refer to discussions of DGS in two literature reviews in the area
of DGS use in mathematics teaching, Hoyles and Noss (2003) and La-
borde, Kynigos, Hollebrands, and Strdsser (2006). Both overviews em-
phasise that there have been a large number of publications related to
how students experience work with DGS. There has also been focus on
the role of geometry represented in DGS. The difference between draw-
ings and constructions with DGS, the role of the dynamic dragging-
function to check conjectures and to justify and investigate a construction
and the difficulties students’ experience when working with a tool with
unfamiliar ‘constraints’ are some of the things being emphasised in stud-
ies.

In a case study, situated within a two year research project in the
United Kingdom, Holzl (2001) makes a distinction in accordance with
the two kinds of use of the dragging-function mentioned in the previous
paragraph:

A) drag mode as a test mode;

B) drag mode as a search mode.

In the first case, a construction is checked as to whether it has the desired

properties; in the second case, new properties are recognised (Holzl, 2001, p.

83).

Laborde (1993) points out how students usually do not consider geomet-
rical properties of a figure, but emphasise production of a material draw-
ing looking visually correct. This becomes a challenge for the teacher.
She exemplifies with tangent line saying: “for the teacher the problem is
not the production of the drawing of the tangent line but the determina-
tion of the point of tangency by means of geometrical relations” (p. 53).
Ruthven, Hennessy, and Deaney (2005) argue that the typical use of
DGS proposed by teachers in England is to let students work with geo-
metrical properties utilising the dynamic dragging-function; further that
many teachers in their teaching tried to control and constrain students’
work in order to avoid students spending too much time on the explora-
tory affordances in the DGS. The time issue concerning implementation
of DGS, is particularly addressed in the quoted paper by Assude (2005)
in Section 2.2.4. The quoted papers in this paragraph all pay attention to
teachers’ vital role when DGS is used in teaching. This is also exempli-
fied by Hoyles and Noss (2003) when they comment on the role of “ap-
propriate teacher intervention” (p. 334) to support distinction between
drawings and constructions with DGS. The term ‘intervention’ related to
computer software teaching and the role of ‘teachers interventions’ are
considered in Section 2.3.2.

I end this subsection by referring to a paper by Arcavi and Hadas
(2000) where they list benefits of DGS, and also address the role of the
teachers as guiding students’ work with DGS in teaching. Arcavi and
Hadas pay attention to the importance of teachers’ role in utilising state-
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ments proposed in curricula, like the described requirements in the Nor-
wegian curriculum in Section 2.1. They exemplify teachers’ guiding role

in teaching by listing four numbered points marked as (a) — (d):

For example, the teacher

(a) requests predictions which encourage students to take a stance on the prob-
lem and serve as a background against which to deal with unexpected re-
sults (e.g. “Predict when the area reaches its maximum”, “Predict the form
of the graph”);

(b) requests students to be explicit about the why (or why not) of what they see
(e.g. “Why did the graph turn out to be not symmetrical”);

(c) helps to make explicit and to deal with intuitions or knowledge which may
underlie an ‘incorrect’ prediction (e.g. “What would it mean for the graph to
be symmetrical? Where would its maximum be?”),

(d) leads the discussion, poses new questions, and promotes the coordination
between different representations (Arcavi & Hadas, 2000, p. 42-43).

In Section 2.3, a number of terms are discussed describing the role of
computer software in teaching and the role of teacher when computer
software and in particular DGS are being used in teaching.

2.2.9 Summary of the literature review

Literature points to a lack or limited use of ICT tools in mathematics
teaching compared to suggested demands from society and policy mak-
ers, such as are expressed in the Norwegian National Curricula L97 and
LKO06. The teacher is emphasised as having a crucial and difficult task,
since implementation of ICT influences how mathematical objects are
represented and handled, and challenges roles of students, teacher and
the teachers’ style of teaching. This provides a rationale for my research
study emphasising the role of the teachers in implementation and orches-
tration of computer software use in teaching. I have emphasised how re-
search literature has considered obstacles or issues for teachers’ imple-
mentation of computer software in mathematics teaching. I have also
referred to research emphasising a research design in which teachers talk
about their teaching, and in particular their successful implementation
and use of computer software such as DGS in mathematics teaching.

2.3 Terms applied in research with computer software
This section introduces a number of terms which are used throughout the
thesis to describe the role of computer software in teaching. This section
is a continuation of the literature review in Section 2.2 since I include
references to literature applying the terms. Some of the terms, ‘artefact’,
‘tool’, ‘signs’ and ‘orchestration’ will be discussed further in Chapter 3
since they are key terms in my theoretical framework.

2.3.1 Artefacts, tools and signs

Fingers, sand, paper, ruler, compasses, abacus, calculator and computer
software tools such as Cabri are examples of “things” that potentially can
be helpful in learning and teaching of mathematics. I will use the term
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‘artefact’ when I refer to such things, while I use the term ‘tool” when I
refer to students’ and teachers’ use of such artefacts. This way of distin-

guishing between a tool and an artefact is supported by Trouche (2004):

When speaking of a tool before considering its users and its uses, I will speak of
an artifact (Trouche, 2004, p. 282).

Looking historically, the whole existence and development of artefacts
are closely linked to their development into and utilisation as helpful
tools for their users; most artefacts have been developed based on hu-
mans needs for them as tools. In this sense the development of an arte-
fact and its use as a tool goes alongside each other and cannot be sepa-
rated. According to the Vygotskian tradition evolving from Marx and
labour, a tool implies specific human activity; it is something you use
and 1s designed to achieve something special. A concrete example is the
hammer designed to serve as a tool for humans in activities. This view is

supported by Sélj6 (2001) when he presents characteristics of an artefact:
By artefacts we here consider measuring tools (weight, ruler), comb, computers,
bicycle etc. Artefacts have been made to function as a tool for people when they
solve problems, adapt information etc (Siljo, 2001, p. 31)."

Ongoing uses of artefacts have stimulated further development of the
artefacts and how they are used by humans. Such development character-

istics is emphasised by Leont'ev (1981a):
Every object made by man — from a hand tool to the modern electronic computer
— embodies mankind’s historical experience and at the same time also embodies
the mental aptitudes moulded in this experience (Leont'ev, 1981a, p. 421).

Now I consider the development of artefacts used as tools in mathemat-
ics teaching. Many artefacts used in mathematics teaching, for example
compasses, were not originally made to serve as tools to support stu-
dents’ learning of mathematics but as a tool to use in practical activities.
The same applies for many computer software tools, for example spread-
sheets. Such tools have later been adapted for use in mathematics teach-
ing. As a distinction, CAS and DGS (for example Cabri) were designed
to serve as a tool to support students’ work with mathematics. Thus:
a) some artefacts have been adopted and developed further for use in
mathematics teaching
b) some artefacts have been designed with the purpose of being used
in teaching and to support learning
Research literature uses of the terms ‘artefacts’ and ‘tools’ are not dis-
tinct. In my own study I will restrict use of the term artefact and tool in
accordance with the distinction pointed in the quotation by Trouche
(2004) above. Monaghan (2007) makes a similar distinction and also ar-

gues that artefacts are material:
An artefact is material. In the case of the calculator this is obvious — we can
touch it. But, less obviously, algorithms that are created and used in mathematics

' The quotation from Silj6 (2001) is translated to English by the author of the thesis
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are material artefacts (Monaghan, 2007, p. 64).
Monaghan refers to the calculator as a material artefact, and in fact ar-
gues that algorithms are material too. He continues supplementing his

argument above:
The materiality of an algorithm is less immediate than the materiality of a calcu-
lator but it nevertheless exists in the materiality of its spoken or written form
(without a sign form an algorithm cannot exist). The fact that any algorithm can
be programmed into a computer attests to its materiality. To me, a tool is an arte-
fact whose purpose is to perform a task or set of tasks; as an artefact, a tool is
material (Monaghan, 2007, p. 64).

In the quotation above, Monaghan refers to the sign form of the artefact
when being used, emphasising the written and spoken form of an algo-
rithm. Similar to Monaghan’s reference to calculator as a material arte-
fact, I will refer to computer software, in particular Cabri, as a material
artefact. Cabri serves as a material tool for its users, usually guided by
some written handout as tasks and teaching packages concerning how to
use Cabri and supported further by oral communication. Hence, oral and
written forms of communication are examples of the sign forms which
Monaghan refers to above. Vygotsky (1978) includes ‘tools’ besides
‘signs’ as being fundamental within cognition. More precisely, he argues
that tools and signs mediate, with different orientation, between the per-
son and the object of the activity. Mediation by the material artefact is
considered as an external tool for its users, while mediation by for ex-
ample language, writing and number system is what Vygotsky denotes as
internal oriented signs working as psychological tools for human action.

This difference is described in the quotation below:
A most essential difference between sign and tool, and the basis for the real di-
vergence of the two lines, is the different ways that they orient human behavior.
The tool’s function is to serve as the conductor of human influence on the object
of activity; it is externally oriented; it must lead to changes in objects. It is a
means by which human external activity is aimed at mastering, and triumphing
over, nature. The sign, on the other hand, changes nothing in the object of a psy-
chological operation. It is a means of internal activity aimed at mastering one-
self; the sign is internally oriented (Vygotsky, 1978, p. 55).

The role of the object in activity and its relationship to the personal goals

by its users is extensively discussed in Section 3.1. Schematically, based

on Trouche (2004)’s distinction between artefact and tool, Vygotsky’s

tool and signs and the contribution by Monaghan, a relationship between

these three terms may then be presented as in Figure 2.6:

Material use .| Material tool| Signs
artefact users | (external) (internal)

Figure 2.6: An artefact turns into a tool and involves signs for its users when using the arte-
fact
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However, the notion of signs is not only an internal matter, it also brings
in a perspective on the relationship between the internal and external,
between the “private” and the social and cultural impact signs have on
tools and meanings. In other words, alongside the use of one or several
material artefacts used as tools in the classroom, actions are mediated
psychologically by their users through systems of signs' like oral and
written words. Systems of signs, such as language or number systems, do
not operate in a vacuum. Languages and number systems have been de-
veloped in order to have a communicative role in society; in teaching to
influence others. Such considerations will be discussed in Chapter 3 as
part of the elaboration of the theoretical framework.

2.3.2 Support, orchestration, teaching operation and intervention
Throughout the thesis I use the terms ‘support’ and ‘orchestration’. Or-
chestration is also included in the title of the thesis and the research
questions (see Section 1.3, p. 24). Support is in the thesis mainly used in
four circumstances:

e Teachers (and sometimes students) supporting students’ in their

use of Cabri.

e Tasks and teaching packages supporting students’ use of Cabri.

¢ Didacticians supporting teachers participating in the developmen-

tal projects.

e My analytical findings and claims often supported by findings in

quoted research papers.
The three first kinds of circumstances refer to pedagogical support which
I consider as empowerment or at least aimed to empower respectively
students in their work with Cabri and teachers’ implementation of Cabri.
The two first circumstances refer to support which I in the thesis relate to
teachers’ orchestration of Cabri-use in mathematics teaching. Elabora-
tion of the term ‘orchestration’ is in this thesis particularly inspired by
two researchers, Kennewell and Trouche.

To simplify, when Kennewell (2001) talks about teachers’ orchestra-
tion he includes pedagogical choices made by the teachers during the
planning of lessons and decisions made during lessons and how they are
accomplished in teaching. To use a teaching package guiding the work
with computer software could be an example of a pedagogical choice
made ahead of the teaching. Teachers’ pointing with fingers on students’
screens, and repeating and rephrasing of students’ contributions in a ple-
nary are examples of how teachers’ orchestrations are accomplished in
teaching with what I denote as teaching operations. Kennewell includes

" To indicate that signs often operate in a system, such as language, the term sign systems
are often used instead of signs. But since signs is the term proposed in Vygotsky (1978, p.
55), I rather use signs throughout the thesis.
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the different aspects of teachers’ orchestrations in what he denotes as
‘supporting features’:

The teacher’s role is to orchestrate the supporting features — the visual cues, the

prompts, the questions, the instructions, the demonstrations, the collaborations,

the tools, the information sources available, and so forth... (Kennewell, 2001, p.

106)

This 1s similar to concerns suggested by Deaney, Ruthven, and Hennessy
(2006) who argue for teachers’ strategic role in orchestrating “fruitful
learning opportunities, and support the development of effective data
handling skills and techniques™ (p. 16).

In my study with Cabri I am able to observe teaching operations and
what teachers emphasise in their teaching through their instructions and
questions, but also, indirectly, to observe choices made in their planning,
such as use of textbooks and teaching packages, supporting the use of
Cabri in teaching. Teachers’ teaching operations relate to aids developed
by the teachers to orchestrate students’ learning. Such use of the term
teaching operation, related to the teacher in teaching, seem to be in-
cluded in what Fennema and Franke (1992) refer to as teacher’s peda-
gogical knowledge. They argue that a teacher’s pedagogical knowledge
consists of knowledge and planning of teaching procedures, behaviour
management and motivational techniques. The role of teaching opera-
tions will be considered further in Chapter 3 and in the analysis of teach-
ers’ orchestrations of Cabri-use in Chapter 6.

During teaching teachers might orchestrate when they interpret stu-
dents’ work with mathematics as seeming too easy or difficult. In my
study, the scenario could be that a teacher orchestrates in a particular
manner because the students did not succeed with their work with Cabri
according to the teacher’s expectations. In literature such kinds of or-
chestrations, where teachers somehow interrupts students’ work, is often
described by use of the term intervention, typically energised by a desire
to make a change. Several researchers have analysed how teachers inter-
vene when students use computer software, the nature of these interven-
tions and how students experience these interventions.

Goos et al. (2003) suggest four kinds of emphases in teachers’ inter-
ventions when orchestrating students’ work in technology environments
which I summarise below:

e Directing students to explore the tasks.

e Emphasising use of technology to discuss the solutions of a task.

e Holding back information and stimulating collaboration among

students.

e Emphasising plenary presentations from groups of students fol-

lowed by critical discussions.
I have already quoted Arcavi and Hadas (2000) who suggest a list with
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four points to describe teachers’ guiding of students through their work
with computer software in teaching (see Section 2.2.8, p. 46). I find this
much related to the list by Goos et al. with a particular emphasis on the
role of the teacher in posing questions during students’ work. Goos et al.
(2003) also discuss their four kinds of interventions according to how

technology is experienced by the teacher:
1. Technology as master
2. Technology as servant
3. Technology as a partner
4. Technology as an extension of self.
(Goos et al., 2003, p. 77-80)

According to Goos et al., a teacher who emphasises directing students
initiates a transition of students from technology as a master to technol-
ogy as an efficient servant. I would like to add that the nature of the in-
terventions seems to be crucial: How explicitly does a teacher intervene
into students’ work if he/she aims to stimulate students to use Cabri as a
construction tool and observes students’ use of Cabri as a drawing tool?
Thus, a teacher’s intervention has to do with the kinds of changes in-
tended by the teacher. Haspekian (2005) considers whether an interven-
tion from a teacher has a positive, negative or negligible influence on
students’ learning. In the analysis in Chapter 6, I consider teachers’ in-
terventions related to their style of teaching and emphases in teaching
where I utilise the terms ‘affordances’ and ‘constraints’. These two terms
are introduced in the next section.

The term orchestration is also included as a key term as part of ‘in-
strumental orchestration’ in the ‘instrumental approach to mathematics
learning’ proposed by Trouche and constituting one of the theoretical
perspectives outlined in Chapter 3. Trouche uses the term more specifi-
cally than for example Kennewell, emphasising instrumental orchestra-
tion as didactical management of the artefact in a given environment.
For my study of teaching, the teacher has a crucial role in the didactical
management where Cabri is the main artefact. The environment is the
classrooms and computer labs with computer software and other equip-
ment at schools in which teachers and students work. In my elaboration
of framework in Chapter 3, I also consider the environment as being
something bigger: the school and school system as part of Norwegian
educational society. Trouche proposes specific processes involved when
using artefacts such as Cabri in teaching and the instrumental orchestra-
tion of the use of this artefact. These processes and the suggested role of
orchestration will be treated extensively in Chapter 3.

2.3.3 Constraints and affordances
In the previous section I quoted Kennewell who links teachers’ orches-
trations to supporting features. Orchestration of the ‘affordances’ and
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‘constraints’ is according to Kennewell another key task for the teacher
and Kerr (1996) points to how affordances and constraints can be identi-
fied with various software used in schools. But how are affordances and
constraints related to my study of teachers’ orchestration of students’
work with Cabri? Gibson is an originator of the term affordances. In

Gibson (1977) he defines affordances in the following way:
I suggest that the affordance of anything is a specific combination of the proper-
ties of its substance and its surface taken with reference to an animal (Gibson,
1977, p. 67).

Gibson argues that affordances are closely connected to the environment
and its nature. For example a stone that may have a surface that affords
sitting on and the strawberry a substance that affords eating, while the
toadstool has negative affordances on humans because it is poisonous.
Although affordances usually are closely connected to the environment,
it does not stop humans from influencing and elaborating affordances as
argued by Gibson:

The richest and most elaborate affordances of the environment are provided by
other animals and, for us, other people (Gibson, 1977, p. 75).

This phrase from Gibson highlights the importance of human influence
on environment. For my study this could be interpreted as teachers’ ways
to emphasise affordances in Cabri. A key affordance given its users by
Cabri is the dynamic dragging-function which affords its users the possi-
bilities to investigate geometrical properties. However, this affordance
only works well if the users have developed abilities to use the “Pointer”
option in Cabri. This is a constraint of Cabri which students have to han-
dle in order to utilise the dynamic dragging- function in their geometrical
work such as to verify whether a construction has been successful. An-
other example of a constraint in Cabri is the following: If a circle is sup-
posed to pass through a point in Cabri, the users need to move the mouse
pointer close to the point until a text appears such as “Through this
point”. This is a constraint in Cabri which students have to handle in or-
der to make constructions in Cabri, and whether a student has been suc-
cessful with the construction can be verified with the dynamic dragging-
function.

Consequently, constraints in software such as Cabri could restrain or
destroy students’ utilisation of affordances in the software and therefore
students’ learning. This is a point where the role of teachers’ orchestra-

tions could serve as crucial phrased in the following way by Kennewell:
The role of the teacher is to orchestrate the affordances and constraints in the set-
ting in order to maintain a gap between existing abilities and those needed to
achieve the task outcome, a learning gap which is appropriate to the develop-
ment of intended abilities (Kennewell, 2001, p. 107).

If students’ abilities to use Cabri prevent them from utilising affordances

offered by the tool, the teacher might orchestrate the actions by an inter-
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vention constraining the use of software by showing in plenary how to
use and utilise the affordances in software. Kennewell argues that teach-
ers through their orchestrations can offer structure for action through
constraining students’ work with an affordance which only offers poten-
tial for action. Through constraining students’ work with Cabri, the out-
come could be that most students succeeded in handling the suggested
tool use as a condition for utilisation of affordances in Cabri. Teachers’
constraining of students’ Cabri-use could for example be by decreasing
or increasing the number of menu-choices students are allowed to use in
Cabri, or by using a teaching package with a description of construction
of 60 degree angles in Cabri.

Greeno (1994) argues that affordances can be interpreted as condi-
tions in the environment which influence interaction and work as pre-
conditions for activity. Moreover, he extends the discussion of affor-
dances by arguing that affordances and abilities are closely connected

and can be characterised as conditions for constraints:
Affordances and abilities can be thought of as conditions in which the constraints
of successful performance hold (Greeno, 1994, p.339).

Greeno also refers to attunement to constraints as a kind of experienced
way of handling constraints, referring to an example with attunement of
the steering wheel in order to handle the constraints of steering a car. A
teacher might, in a given lesson, choose to orchestrate by constraining
students actions to emphasise the attunement and develop abilities to
handle the affordances. One way teacher might constrain could be to let
the students utilise the dynamic dragging-function in Cabri by working
with a pre-constructed figure in Cabri.

In this section (2.3.3) I have considered the terms ‘affordances’ and
‘constraints’ by looking back to key sources in the area (Gibson, 1977;
Greeno, 1994), and how the terms can be used to analyse teachers’ or-
chestrations in teaching (Kennewell, 2001). I argue that a careful analy-
sis of teachers’ handling of and emphases on affordances and constraints
in computer software offers a way to characterise teachers’ orchestra-
tions of students’ use of Cabri which I will utilise in analysis in this the-
sis.

2.4 Summary

The aim of this chapter has been to locate my research study of teachers’
implementation and use of Cabri as a computer software tool in mathe-
matics teaching within the educational context of Norwegian lower sec-
ondary schools. In Section 2.1 I referred to external requirements for use
of ICT both in National Curricula and in developmental plans in Nor-
way. This was followed up in Sections 2.2.1 and 2.2.2 where I indicated
status quo for use of computer software in mathematics teaching in Nor-
way seen in respect to these external requirements and the role of teach-
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ers’ participation in a developmental project suggesting use of computer
software. The literature review in Section 2.2 was by no means meant to
cover the full variety of research concerning computer software in teach-
ing. The literature review emphasises contributions from studies related
to issues expressed and addressed by teachers in the implementation
process and teachers’ orchestration of, for them, a new tool which in my
study was the computer software tool, Cabri.

When, in Section 2.3, I introduced some of the terms used in my the-
sis related to use of computer software, I included references to literature
applying these terms. Hence summarised: Section 2.2 has a focus on lit-
erature which considers the three aspects to the left in Figure 2.7, while
Section 2.3 sets out a list of terms to be used in the research (to the right
in Figure 2.7):

Teachers’ implementation and
orchestration of DGS use in
mathematics teaching

Teachers’ implementation and Key terms in research of computer
orchestration of computer software implementation and use in
software use in teaching teaching

Teachers’ implementation and
orchestration of new tools

Figure 2.7: Four main aspects in the literature review in this chapter

A key point in this chapter is that it is not the computer software itself,
the material artefact, which is my area of interest. Rather the focus is
what characterises teachers’ implementation and orchestration of com-
puter software use and why. I have argued, supported by Trouche (2004)
that from the moment we start to consider the users and use of an artefact
in a teaching situation, it is helpful to make a distinction between the ma-
terial artefact and the use of the material artefact as a tool for the user. In
Section 2.3.1 also started to consider how use of material tools, like
computer software, involves what Vygotsky refers to as psychological
tools or ‘signs’. In Chapter 3 I discuss how my two main theoretical per-
spectives address tools and signs. The term orchestration was in Section
2.3.2 elaborated as a broad term referring to teachers’ planning and man-
agement in their teaching. In Section 3.2, I elaborate a different but
complementing use of the expression teachers’ orchestration.
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In Sections 2.2.3 and 2.2.4 of the literature review I quoted Mona-
ghan (2004). In the paper he utilises a model and approach by Saxe
(1991) which Monaghan considers as “an activity theoretic approach” (p.
350) which share “commonalities with French work on instrumentation”
(p.351). An activity theory approach is also used by Fitzsimons (2005)
aiming to give contribution concerning considerations addressed in de-
veloping mathematics education with technology use. I apply activity
theory and the instrumental approach as my two theoretical perspectives
elaborated in the next chapter, sharing characteristics with the two-edged
approach applied by Monaghan but not using the model by Saxe.
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3 Theoretical framework and key notions

In Chapter 1, I introduced the setting of my research study within two
developmental projects with didacticians and teachers, presented my
aims for the research study and stated two research questions. In Chapter
2, I related the mathematical content in my study to requirements in Na-
tional Curricula and plans in Norway concerning use of ICT tools in
mathematics teaching. I indicated status quo for use of ICT tools in
mathematics teaching and gave a review of research in my area of study.
Nine terms: ‘artefact’, ‘tool’, ‘sign’, ‘support’, ‘orchestration’, ‘teaching
operation’, ‘intervention’, ‘affordances’ and ‘constraints’ were intro-
duced and related to my research study. This chapter will have a contin-
ued focus on these terms and others in relation to the theoretical perspec-
tives I use later in my analysis of a case study emphasising three teach-
ers’ initial implementation and orchestration of Cabri-use in mathematics
teaching.

In the introduction to Chapter 2, I considered two of the main terms
and concepts in my research, implementation and use. These two con-
cepts are central in the analysis in Chapters 5 and 6. In Chapter 5 I ana-
lyse teachers’ implementation process of Cabri while Chapter 6 consid-
ers teachers’ orchestrations of Cabri use in teaching. These two different
focuses, implementation and use in teaching, stimulated my decision to
use two theoretical perspectives in my framework. In Section 3.1, |
elaborate use of activity theory as a first theoretical perspective, while
the instrumental approach to mathematics learning is elaborated as my
second theoretical perspective in Section 3.2.

Activity theory is a socio-cultural perspective which emphasises the
social and contextual character of learning. I utilise activity theory in the
analysis of teachers’ implementation of Cabri, a new tool for the teachers
and their students. I elaborate terms describing the process in which
Cabri gradually was implemented and used in teaching. In the analysis in
Chapter 6, the latter is considered as Cabri evolving into a "cultural tool’
for students and teachers through being used in teaching. My main use of
activity theory is in the analysis in Chapter 5 where "activity systems’
has a crucial role. I argue that a classroom with students and teachers
within a school can be seen as an activity system. In addition, I see
teachers and didacticians as members of an activity system designed as
part of the collaboration in the developmental projects. I will emphasise
how different activity systems influence development of teaching and I
introduce ‘intersecting activity systems’ (Engestrém, 2001) in the analy-
sis. | also utilise Leont’ev’s distinction between collective activity and
individual actions in my analysis. I interpret Leont’ev’s contribution to
pay attention to the role of teachers’ motives, goals and operations when
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implementing and orchestrating Cabri-use in teaching.

The instrumental approach to mathematics learning emphasises how
users of artefacts develop personal learning constructs in the environ-
ment where the use occurs. The theory offers the term ‘instrumental or-
chestrations’ which includes attention to teachers’ orchestrations of stu-
dents’ work with computer software in teaching, in my study Cabri. This
theoretical perspective is utilised in the analysis of teachers’ orchestra-
tion of Cabri-use in Chapter 6.

In Section 3.3 I discuss concepts and how learning is accounted for
within the two theoretical perspectives. I end the chapter with Section
3.4 where I consider possible epistemological controversies when utilis-
ing perspectives rooted within socio cultural and cognitive theories. In
particular, I discuss how I see the two theoretical perspectives to sup-
plement each other, and offer me as researcher different lenses to address
my research questions. To simplify, [ make the following distinctions
regarding the two theoretical perspectives which I elaborate in this chap-
ter and utilise in the analysis in Chapters 5 and 6:

e Activity theory guides the analysis of teachers’ motives for imple-

mentation of Cabri.

e The analysis of teachers’ operations, as part of their orchestra-
tions of Cabri-use in teaching, is guided by utilising the instru-
mental approach.

e [ argue that both perspectives contribute to the analysis of teach-
ers’ goals for use of Cabri in teaching.

3.1 Activity theory perspective on development

Section 3.1.1 includes a brief introduction to activity theory as a socio-
cultural perspective emphasising ‘cultural tool” as an important term in
my study of three teachers’ Cabri-use in mathematics teaching. Within
that section I also introduce ‘subject’, ‘object’ and ‘mediating artefact’
which are used as terms throughout this chapter. In Section 3.1.1 and
throughout this section (3.1) I describe how activity theory contributes to
analysis of teachers’ implementation of Cabri. In Section 3.1.2, [ empha-
sise contributions of Leont’ev (Leont'ev, 1978, 1981b) distinguishing
between collective "activity' and individual "actions’. Leont’ev argues
that in order to interpret humans’ actions, we need to see them in relation
to a social context of shared work activity. In Sections 3.1.3 - 3.1.6, |
discuss what activity and activity system could mean in my research re-
ferring to the ‘extended model of an activity system’ (Engestrom, 1999),
‘intersecting activity systems’ and the role of ‘tensions’ and ‘contradic-
tions’ for development and changes in teaching (Engestrom, 2001).
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3.1.1 Development of cultural tools

In this section I briefly present characteristics of socio-cultural theories
and give reasons why socio-cultural theories could be used in a study of
teaching. I give an elaboration of ‘cultural tool” where I indicate how a
cultural tool gradually develops within a culture referring to my study of
teachers’ orchestration of Cabri-use in teaching.

I have earlier mentioned the mediating role of tools and signs on the
users of artefacts in teaching (see Figure 2.6, p. 48) giving the example
with Cabri as a tool and teachers’ communication as a sign indicating
this two-way relationship involved in mediation. Figure 3.1 visualises
the dynamic process of initially bringing in a new mediating artefact,
such as Cabri, and starting to use it in teaching. In Figure 3.1 and later in
Figure 5.2, the role of the mediating artefact is illustrated linking the
‘subjects’ and ‘objects’. In my study of teaching, the users of the mediat-
ing artefacts are both teachers and students; teachers are referred to as
the subjects of the activity while I consider students’ learning of topics in
curriculum as objects in teaching. The artefacts allow the subjects to
achieve the objects and thus the term mediating artefact has evolved:

Mediating artefact

Subjects € - ” Tool Signs  [___.___. » | Objects

Figure 3.1: A “new” artefact is used initially in teaching

Lerman (2000) points to how material artefacts, when being used within
a culture, mediate human actions. He uses the term ‘physical tool” which
I believe can be used interchangeably with Monaghan’s use of ‘material

tool” (see Section 2.3.1, p. 47). Lerman also suggests that a physical tool

by being used in a culture becomes a cultural tool:
The world and what things mean are mediated for us by others. Meanings sig-
nify, therefore, they are not identical with the empirical object, but are known
only through language. By analogy with physical tools, cultural tools transform
us internally because they form and transform the world and enable us to see and
to act differently (Lerman, 2000, p. 57).

Consequently, ongoing use of an artefact in teaching impacts and gradu-
ally develops the culture and how things are experienced by students and
teachers. The introduction of a DGS'® package in teaching potentially
stimulates changes in teaching. Use of the DGS artefact Cabri compared
to use of compasses affects and changes the representations of geometri-
cal objects and ways of operating on them, such as the affordances of-
fered by the dynamic dragging-function in Cabri. Thus, I argue that stu-
dents and teachers gradually develop a more established but still dy-

' DGS as an abbreviation for a dynamic geometry software package such as Cabri was in-
troduced on page 32
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namic way of using Cabri as a cultural tool illustrated in Figure 3.2:

Mediating Iartefact

Subjects use | Tool << Signs |, Objects
< — Cultural tool h

A 4

Figure 3.2: The evolution of a cultural tool

Compasses have developed as a cultural tool in mathematics teaching
through their use over time. For teachers and students who have not met
Cabri in teaching, Cabri is not yet such a cultural tool.

Compared to Figure 3.1, I have drawn a stippled line in Figure 3.2
between the tool and signs and unbroken arrows between the mediating
artefact and objects. The users’ cultural tool incorporates both the mate-
rial tool and signs when using a mediating artefact representing objects
within a culture. Although, according to Vygotsky, tools and signs are
oriented differently, they mediate together when being used. Accompa-
nying use of Cabri, teachers utilise other tools such as textbooks and dif-
ferent kinds of signs alongside the tools in teaching as already outlined
(see Section 2.3.1, p. 48). Signs are observable in the way teachers speak
and assist students during their work. I suggest that the development of
Cabri as a cultural tool led to more transparent representations of
mathematical concepts for the users indicated with the unbroken arrows
on the right in Figure 3.2 compared to the stippled connection lines in
Figure 3.1.

Since use of Cabri in teaching occurs within the school as an institu-
tion and culture, the term "cultural tool” which evolved as a term in
socio-cultural theories is also relevant for my study. Activity theory em-
phasises mediation of tool and systems of signs as crucial. This is high-

lighted in the quotation below:
Activity theory proposes a strong notion of mediation — all human experience is
shaped by the tools and sign systems we use (Nardi, 1996, p. 10).

Thus, to consider cultural tools is relevant for my research of Cabri-use
in teaching where I utilise activity theory as a socio-cultural perspective.
In the coming subsections I elaborate my activity theory perspective
on teachers’ implementation of Cabri. I emphasise ‘activity systems’ as
an aid to illuminate isSsues in teachers’ implementation process which
eventually led teachers to their Cabri-use in teaching. The role of sub-
jects and objects within activity, which have been commented in this
section (3.1.1), are considered more in depth in Sections 3.1.2 and 3.1.3.

3.1.2 Collective activity and individual actions

Vygotsky, Luria and Leont’ev are regarded as being pioneers in the early
development of cultural-historical activity theory (Vygotsky, 1978;
1986) but with roots back to Marx and labour. Cultural historical activity
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theory, abbreviated activity theory, is a socio-cultural perspective. Cog-
nition is explained in interpersonal and contextual dimensions as social

activity emphasising the influential role the cultural, historical and insti-
tutional settings have on mind and thinking.

Although the contribution of Vygotsky was influential and regarded
as the first generation of activity theory (Engestrom, 2001), Leont’ev is
often regarded as the “inventor” of activity theory (Silj6, 2001). How-
ever, Engestrom (2001) refers to Leont’ev’s contribution to activity the-
ory as the second generation of activity theory, Vygotsky offering the
first. What Leont’ev (1978, 1981b) did was to account for “the societal
and collaborative nature” of actions (Engestrom, 1999, p. 30) by consid-
ering the relationship between individual action and collective activity
within the social and cultural context (Engestrém, 2001). Thus, in order
to interpret human action, one needs to see them in relation to a social
context of shared work activity. Leont’ev argues that activity typically
satisfies a need while actions are the processes by which activities are
accomplished by humans. Consequently in my research, teaching is stud-
ied as actions by teachers and students within the activity in the systemic
educational institution of school. In Section 3.1.4, this 1s considered as
an activity system. I also argue that the developmental projects could be
considered to have established an activity system consisting of didacti-
cians and teachers in a co-learning (see Section 1.2, p. 21) partnership.

Leont’ev suggests different levels to account for activity. Below I re-
fer to Kaptelinin (1996) who, like many other researchers, has described

a three level model based on the contributions by Leont’ev:
Activities are oriented to motives, that is, the objects that are impelling by them-
selves. Each motive is an object, material or ideal, that satisfies a need. Actions
are the processes functionally subordinated to activities; they are directed at spe-
cific conscious goals. According to activity theory, the dissociation between ob-
jects that motivate human activity and the goals to which this activity is immedi-
ately directed is of fundamental significance. Actions are realized through opera-
tions that are determined by the actual conditions of activity (Kaptelinin, 1996, p.
108).

According to Jaworski and Goodchild (2006) the three levels can be

summarised as:

activity <> motive; actions <> goals; operations <> conditions (Jaworski &
Goodchild, 2006, p. 355).

I find the distinction in three levels helpful to illuminate teachers’ mo-
tives for implementing Cabri and their goals energising their orchestra-
tion of Cabri-use in teaching. Motives and goals are included as terms in
my Research Question 1 (see Section 1.3, p. 24). The operation-level is
in my study about teachers’ emphases in teaching such as on students’
utilisation of affordances in Cabri. It also highlights how teachers ac-
complish their orchestrations of students’ work in computer labs or in
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classrooms. Since teachers’ operations are related to teaching, I use the
term ‘teaching operation’ (introduced in Section 2.3.2, p. 49). Analysis
of teachers’ emphases in teaching and their teaching operations contrib-
ute to the illumination of characteristics in their orchestration of Cabri-
use in teaching which are emphasised in Research Question 2.

I interpret the activity as superior to respectively actions and opera-
tions. From now on I will refer to the three levels, summarised with ref-
erence to Leont’ev, as the upper level, second level and third level.

The objects are, as emphasised by Kaptelinin in the quotation above,
made by humans based on motives and embedded into an activity system
as a driving force for the collective activity. In my frame, objects relate
to activity in schools. The Norwegian society’s requirements for teach-
ing in schools provide the motives influencing the development of ob-
jects for teaching. Schools and teachers have been given responsibility to
carry out and prepare students for their future “career” in society based
on these official requirements. These requirements are in Norway pri-
marily offered in the National Curriculum for different school subjects,
such as mathematics, science, mother-language, each with different top-
ics and themes to be handled in teaching. The role of collective objects
are considered more in the coming section where I also emphasise that
objects are personalised by students and teachers as goals in teaching. To
summarise:

e The objects in mathematical teaching typically refer to students’
work with mathematical topics represented in the mediating arte-
fact such as students’ work with geometrical constructions repre-
sented in Cabri.

e When considering Cabri in my research, the objects are about
teachers’ implementation, orchestration of Cabri-use in teaching
with students’ learning of geometry related to requirements in the
National Curriculum in Norway.

e Accompanying the use of Cabri, teachers usually have some spe-
cific goals related to what they want their students to achieve
when using Cabri in their work with geometry.

I consider Leont’ev’s upper level to be central when I consider teachers’
implementation of computer software, especially when analysing re-
quirements brought through the National Curricula in Norway, L97'” and
LKO06. Both curricula emphasise investigative and explorative use of
computer software in mathematics teaching whenever appropriate and
LKO06 presents requirements for ‘digital skills’. I now present an example
from my study to exemplify why I consider this level being helpful in my
analysis. I give an example from the mathematics part in the National

'7 The abbreviations L97 and LK06 were introduced in Table 2.1 on page 28
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Curriculum at Grade 8 in Norway, where one of the main mathematics
subject elements is as illustrated in Figure 3.3:

English version Norwegian version

Pupils should have the opportunity to | opplaeringen skal elevene

- examine, make, draw and construct fig- | - undersoke lage, tegne og konstruere
ures using various tools and classify the | figurer med varierte redskaper og klas-
figures according to their properties sifisere figurer etter deres egenskaper
(Hagness & Veiteberg, 1999, p. 179) (KUF, 1997, p. 167)

Figure 3.3: Statement in the National Curriculum L97

Based on such statements, having the role as motives for activity in
schools, teachers, at least indirectly, formulate objects for teaching. The
objects are also influenced by and influencing teachers’ choice of medi-
ating artefacts in teaching such as tasks and computer software tools, two
kinds of mediating artefacts. In Section 2.2.2, I denoted statements in the
National Curriculum as well as the requirements from the development
projects as two kinds of external motives imposing double innovation on
the teachers. The schools’ and teachers’ ways of handling and interpret-
ing these external requirements, which I denote as external motives, for
teaching in schools are considered in depth in the analysis of my study.
In Sections 3.1.4, 3.1.5 and 3.1.6, I introduce and discuss how I utilise
‘activity systems’ in the analysis of teachers’ motives for implementation
of the computer software tool Cabri.

So far in this section I have explained that Leont’ev’s upper level is
evident during teachers’ implementation of Cabri. In Table 3.1, I sum-
marise this upper level and indicate how the second and third levels can
be interpreted in respect to my research study. Later, in Chapters 5 and 6,
I utilise these three levels in my analysis as evident from the bullet points
in the introduction to this chapter (see page 58). In Section 4.7.4, 1 give
an introduction to the analysis outlining how the different sources of data
from my study contributed to the analysis in Chapters 5 and 6.
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Table 3.1: Leont’ev’s levels exemplified in my research study

Upper The Norwegian society’s requirements for teaching in the National
level: Ac- | Curriculum provide motives influencing the development of collec-
tivity and | tive objects for teaching. Schools and didacticians in developmental

motives projects also contribute with motives for activity in schools.

Second A teacher’s action could preparation of mathematical problems sup-
level: posed to be solved by students. Teacher’s orchestration of students’

Actions work is energised by his/her suggested goals in respect to the collec-

and goals | tive objects. I give an example from my study to pinpoint the differ-
ence between object and goal:
- the object is about implementation and orchestration of Cabri-use
in teaching with students’ learning of geometry
- the goals are what the teachers wanted to achieve with this object
such as students’ successful ‘techniques’ in Cabri (see Chapter 6)
Thus, the objects related to motives based on requirements in the Na-
tional Curricula are personalised by teachers (and students) as goals
energising their actions in their teaching.

Third The teacher orchestrates Cabri-use for example by utilising a teaching
level: package and having particular emphases in teaching. The operations
Operations | during teaching are visible in teachers’ style of teaching and by util-
and ised teaching operations for example by pointing to the screen and

conditions | taking possession of the computer mouse when the students try to
utilise affordances in Cabri such as the dynamic dragging-function.
Teaching occurs within conditions in schools, such as classrooms and
computer labs, and influenced of decisions like grouping of students.

3.1.3 Key elements in activity systems

Activity theory proposes what I denote as elements in an activity system.
Earlier in this chapter I have discussed the role of ‘subject’, ‘object’ and
‘mediating artefact’ in activity. [ have referred to teaching within the
educational institution of school as one example of an activity system
(see p. 61). Motivated by their desires for the learning of their students,
teachers utilise Cabri as a mediating artefact in mathematics teaching. In
accordance with my claims in Section 3.1.1, teachers take the role of be-
ing subject in this activity system while students are part of the object in
this activity system as exemplified in the bullet points on page 62. A
well known model of actions in an activity system is presented in Figure
3.4 where subject, mediating artefact, object and ‘outcomes’ are included
like in Engestrom (1999, p. 30):

MEDIATING ARTEFACTS

i N

SUBJECTS OBJECTS |:> OUTCOMES

Figure 3.4: Based on Vygotsky’s model of a complex mediated act
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Outcomes are related to the whole activity system but particularly to the
objects which they are achieved from. Outcomes of teaching and stu-
dents’ efforts are typically observed during lessons and formally evalu-
ated in different kinds of tests. I argue that although outcomes cannot be
made, teachers’ desired outcomes during their implementation phase
with Cabri energise teachers’ efforts to expand motives into collective
objects in an activity system and indicate their goals with this implemen-
tation. As an example, the desired outcomes teachers later wanted to ob-
serve and evaluate could be students’ successful ability to construct per-
pendiculars, 60° and 90° angles. Teachers’ goals also need to be seen in
respect to actions and operations in teaching and achieved outcomes
from teaching. The latter is considered in the analysis in Chapter 6 where
I utilise the instrumental approach.

It is worth noticing that Vygotsky considered the triangular model, il-
lustrated in Figure 3.4, to be a simple model of human action mediated
by tools and signs (Vygotsky, 1978). The model did not distinguish be-
tween activity and action considered in Section 3.1.2. Engestrom (2001)
argues that the second generation of activity theory, building on contri-
butions by Leont’ev (see Section 3.1.2), gives such an account of what
influences mediation of actions. However, for Leont’ev the subject is an
individual while Engestrom refers to the subject as a group. Engestrom
has proposed an extended representation of activity systems building on
the triangular model illustrated in Figure 3.4. In the extended representa-
tion, the three elements "Division of labour’, ‘Rules” and "Community
have been incorporated:

MEDIATING
ARTEFACTS
A
SUBJECTS _ < > OBJECTS |::>OUTCOMES
- \V s N
RULES COMMUNITY DIVISION OF LABOUR

Figure 3.5: Model of Activity system based on Engestrom (1999, p. 31) ’complex model of
an activity system’

According to Cole, ““the community refers to those who share the same
general object” (Cole, 1996, p. 140-141). This is in teaching typically a
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teacher and the students although one could also add parents and politi-
cians to the community. I suggest that difference in degrees of involve-
ment and how general the objects are influence whether objects are
shared or might be shared. I argue that to ensure a mathematically liter-
ate population is a general object for mathematics teachers while the ear-
lier highlighted object related to Cabri:

teachers’ implementation, orchestration of Cabri-use in teaching with students’
learning of geometry related to requirements in the curriculum in Norway

is a more explicit but initially not shared object since it originally was
proposed by a few teachers involved in the developmental projects.
Community is linked to subject and object respectively by ‘rules’ and
"division of labour’. Curriculum, textbook, constraints of time and com-
mon tests at each grade are examples of rules for the ‘school activity sys-
tem’ and ‘teaching activity systems’. Division of labour is typically or-
ganised in schools with school leaders, teachers and students in a power
order.

3.1.4 Activity systems when considering implementation

In this section I argue why I utilise an extended representation of activity
system (such as Figure 3.5). I elaborate three main activity systems
which I consider in my research and consequences for development in
teaching related to the teachers’ involvement in more than one activity
system. The three kinds of activity systems I consider are:

e The KUL activity system with teachers and didacticians in the two

developmental projects.

e School activity system at each of the two schools in my study.

e Teachers’ teaching activity systems with a main focus on three

teachers at the two schools in my study.
[ am aware that other activity systems and subjects could have been con-
sidered in a study of teaching, such as the role of parents, but this has not
been the focus in my study and research questions.

When I observe teaching, for example in a computer lab, I enter into
what I denote as a teaching activity system in Norway usually managed
by one or sometimes two teachers with approximately 25 students. As
indicated with the arrows in Figure 3.5, the teacher as the subject in this
activity system could be seen to operate at every corner of the represen-
tation. The teachers decide both the objects and mediating artefacts for
teaching but influenced by requirements in the Curriculum, school lead-
ers and other teachers. Thus, both students’ and the teacher’s work are
guided by the same collective object, but the object is addressed differ-
ently because of students and teacher’s typically dissimilar goals related
to their roles and interests in teaching sessions. Because of the responsi-
bility given to teachers for teaching, both rules and division of labour are
steered by the teacher in the teaching activity system but within the rules
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of the ‘collective school activity system’. If the teacher changes the rules
for working, ultimately the division of labour will change to support
these “new” rules. Obviously students’ rules are affected by youth cul-
ture, but in my study of teachers’ role in teaching it is teachers’ rules that
dominate. Consequently, since the teacher “is there” for students and is
in charge, I have defined students learning as part of teachers’ objects in
the teaching activity system.

The participating teachers from each school are considered as being
part of a collective school activity system where the community could be
on the range from all the teachers and leaders at the school, all the teach-
ers working at a grade, all the mathematics teachers at the school or at a
grade, or only the few mathematics teachers participating in the devel-
opmental projects. The general staff meetings, in the staff room at the
school, are examples of collective events in schools.

My third example of an activity system is the subgroup of teachers at
schools who together with didacticians participated in the developmental
projects guided by a number of objects and different goals. In this activ-
ity system, which I denote as the KUL activity system, I consider the
teachers as the subjects who together with didacticians constitute the
community. In Section 1.2 I pointed that the ICTML project was organ-
ised in collaboration with the bigger LCM project and shared similar
theoretical grounding and goals as the LCM project. Some teachers (and
didacticians) participated in both the projects while some only partici-
pated in one. Since these projects were so interwoven, I do not distin-
guish between an ICTML and LCM activity system, but rather consider
this as one activity system, the KUL activity system.

The KUL activity system provoked intended actions for teachers in
respectively the school activity system and each teacher’s teaching activ-
ity system. In each of these activity systems, the teachers are the subject
and part of the community but potentially with different objects, rules,
division of labour, mediating artefacts influencing teachers’ motives.

I end this section by sketching how activity systems is utilised in the
analysis in my own study of implementation of Cabri. Implementation of
Cabri and other kinds of computer software tools in mathematics teach-
ing had been suggested by didacticians in the KUL activity system.
However, implementation by the participating subgroup of teachers at a
school potentially generated issues for teachers for example if a school
wanted similar teaching in classes as evident with Austpark School in the
analysis in Chapter 5. Such similar teaching indicates an established rule
for shared objects within the collective school activity system at the
school, and is evident as a ‘tension’ for the development of new shared
objects which included implementation of Cabri.
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3.1.5 Development of teaching through expansion
Engestrom (2001) argues that activity theory could be summarised with
reference to five principles. One of these principles emphasises the role
of ‘contradictions’ and ‘tensions’ within and between activity systems
potentially energising changes and development for human within and
between activity systems:
The fourth principle is the central role of contradictions as sources of change and
development. Contradictions are not the same as problems or conflicts. Contra-
dictions are historically accumulating structural tensions within and between ac-
tivity systems (Engestrom, 2001, p. 137).
Throughout the thesis, I use ‘issue’ as a term when describing potential
problems and obstacles for teachers when they considered implementa-
tion of computer software in teaching, such as Cabri in my study. The
reason why these problems or obstacles served as issues for the teachers
was that they provoked a need for change or development in order to be
solved. Engestrom’s use of ‘tension’ seems quite close to how I interpret
this process which could be described as overt pulling in two directions.
The tensions were related to teachers’ desire to implement Cabri which
made them consider a number of issues related to their and their col-
leagues more typical practice. When I later in the analysis discuss issues
being raised by teachers, I consider potential tensions experienced by the
teachers and relate the tensions to their role within and between activity
systems. The emphasis on contradictions as “historically accumulating
structural tensions” indicates that contradictions could be seen as pro-
voked by repeatedly expressed tensions in activity systems. Contradic-
tions in activity systems do not happen “over night” and are result of ten-
sions typically experienced and brought up many times where teachers at
last manage to change or develop their teaching. This strength of contra-
dictions is expressed when Engestrom refers to contradictions as a driv-
ing force for change and development when considering the processes

they generate:
...contradictions generate disturbances and conflicts, but also innovative at-
tempts to change the activity (Engestrom, 2001, p. 137).

At Austpark, mathematics teachers at the same grade had established
rules to have similar mathematics teaching and to use the same tests at
the same time. This is considered in depth in Chapter 5 where I refer to
these as rules within their school activity system. At Austpark, some of
the mathematics teachers at a grade wanted to implement Cabri which I
consider as part of an object for their teaching activity system. In Chap-
ter 5 I argue that these teachers’ wanted implementation of Cabri gener-
ated a tension for the school activity system because of the rules with
similar teaching and same tests. It became a tension since initially not all
the mathematics teachers at the grade shared this object of implementing
and later orchestration of students’ learning of Cabri in teaching. If the
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teachers worked for a long time in order to achieve implementation of
Cabri and convince colleagues to prioritise Cabri, these efforts could
support and result in a contradiction energising development of this as a
collective object in the school activity system and for each teacher’s
teaching activity system at the grade. The development could include
design and use of Cabri-tests and similar approach to use of Cabri in ac-
cordance with their rules. The contradiction could also provoke changes
in these rules, for example not to include testing of the outcome of
Cabri-teaching. I suggest that teachers’ efforts to address issues in order
to overcome tensions indicate how important they consider the object
and thus whether the tensions generate contradictions, changes and de-
velopment in teaching.

Engestrom (1987) explains use of the term ‘expansion’ when consid-
ering development for an activity system. He describes the development
of an object, originally shared by a few persons in a community, which
through a contradiction energises an expansion into a shared object in an
activity system. Thus, use of the term expansion in activity systems re-
fers to extended possibilities provided by peoples’ efforts in the commu-
nity. Later, in Section 3.3.2, consequences of extended possibilities
through expansions are considered as learning for humans in activity
systems.

Referring to the example considered above, the object concerning
implementation of Cabri, originally only shared by a subgroup of
mathematics teachers at a grade, developed into a shared object in every
teacher’s teaching activity system at the grade. This expansion of the ob-
ject was made possible when the teachers considered issues and as indi-
cated rules within their school activity system. Such consequences of
expansions for the activity systems are highlighted by Hasu (2000):

The expansion of the object eventually requires expansion in the rules, tools and
division of labor — in the entire activity system (Hasu, 2000, p. 9).

I argue that tensions might be externally rooted, in my study related to
the Government’s statements concerning implementation of computer
software in teaching. These statements work as a force for change in
practice and development of new approaches to teaching. When some of
the teachers at a school start to address tensions related to their more
normal practice, which might not involve much use of ICT, new internal
tensions could be brought up since the new object only is shared by some
of the teachers in an activity system at a school.

Examples in this section highlight how a tension for an object of an
activity system, embedded through motive in the National Curriculum,
could lead to a contradiction generating development and changes in
teaching. The object develops into a collective shared object in the
school activity system through some teachers’ efforts. In my analysis in
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Chapter 5, interrelationships between activity systems will be described
through use of ‘intersecting activity system’ representations with related
comments (such as Figure 3.6, p. 71).

3.1.6 Iluminating tensions in intersecting activity systems

Earlier in the chapter I have referred to Engestrom (2001) who discusses
three generations of activity systems where Vygotsky and Leont’ev initi-
ated respectively the first and second generation. Engestrom proposes
two intersecting activity systems as a minimal model for the third gen-
eration of activity system.

Why bother to introduce such a complex representation of activity
systems? A benefit with the extended representation of an activity sys-
tem (see Figure 3.5) is to emphasise the influence community, rules and
division of labor have in activity systems. The teachers in my study
gradually, as a subgroup of teachers at their schools, decided to imple-
ment Cabri for the first time in their teaching career. In order to be able
to implement Cabri, teachers had to cope with tensions and address is-
sues. Implementation of Cabri involved introduction of an artefact which
they had not used before in teaching. In many classrooms in Norway,
textbooks have evolved as a cultural tool with roles and aims in teach-
ing, while implementation and use of Cabri provoked questions and is-
sues related to the roles of students and teacher and how to proceed with
the tool. Hence, I suggest that both rules and division of labour are more
continually considered by teachers when a new tool is introduced than
with more usual tools such as textbooks.

Engestrom (2001, p. 136) illustrates two intersecting activity systems
by placing two extended representations of activity systems (see Figure
3.5) next to each other. He omits outcome and introduce several objects
at the intersection point between the two representations. In my analysis,
I apply an elaborated version (see Figure 3.6) of Engestrom’s representa-
tion of two intersecting activity systems to highlight different rules,
communities, division of labour, mediating artefacts and outcomes as
well as different objects which is most visible in Engestrom’s representa-
tion. I try to highlight how the KUL activity system proposed actions for
the teaching activity systems but then indirectly for the school activity
system because of the teaching activity systems’ relation to school activ-
ity systems. In Figure 3.6, I present an example concerning proposed
implementation of computer software in teacher’s teaching activity sys-
tems. In the figure, the text in red, placed above each of the seven ele-
ments (subject, rules etc) in the activity system representation, points to
the KUL activity system. The blue text, placed below each of the ele-
ment, points to how didacticians proposed activity and actions for each
teacher’s teaching activity system based on aims in the developmental
projects.
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RULES COMMUNITY DIVISION OF LABOUR
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projects, expected im-  in KUL school team of teachers planning
plementation of computer teams, all the teaching, students the main
software in teaching in a teachers or sub- learners, leaders overall
particular way supported groups at the responsibility.

by didacticians, working school, students,

in school teams leaders, parents

Figure 3.6: The KUL activity system and proposed actions for teaching- and school activity
systems

In the analysis in Chapter 5, I argue that didacticians in the developmen-
tal projects supported teachers’ development of objects by proposing
motives for the activity in schools such as students’ learning of geometry
utilising Cabri and inquiry. The analysis in Chapter 5 also indicates that
didacticians’ and teachers’ desired outcomes (introduced in Section
3.1.3, p. 65) influenced the objects and other elements in the activity sys-
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tems, and explains why the arrow between objects and outcomes is two-
edged and not one-edged as illustrated in Figure 3.5. I want to highlight
that this support from didacticians served as a tension for teachers since
outcomes in an activity system happen and are achieved from objects;
outcomes cannot be made. This is commented further in Chapter 5. In
Chapter 5, I present similar representations (see Figures 5.1 — 5.3) as
Figure 3.6 based on analysis of teachers’ implementation of Cabri. Issues
within each element are indicated with bold text in the figures.

I argued in the previous paragraph that the KUL activity system indi-
rectly proposed actions for teachers in school activity systems because of
the teaching activity systems relation to school activity systems. This
was also highlighted in Section 3.1.5 concerning rules for teaching as a
shared object at one school in my study. When didacticians supported
teachers’ implementation of computer software in teaching, several of
the teachers in the projects needed to convince colleagues to do the same
because of the rule with similar teaching in their school activity system.
Thus, if a teacher in the projects wanted to implement a computer soft-
ware tool in teaching, it might generate tensions within his/her school
activity system and issues needed to be addressed.

In this chapter I have so far considered potentials offered by activity
theory as a socio cultural perspective on teaching, in particular teachers’
implementation of something “new” in teaching. I have considered the
role and development of cultural tools that mediate human actions
within activity. I have paid attention to the contribution of Leont’ev as
vital for the development of activity theory and a three level distinction
which have been made based on his contributions (see Section 3.1.2, p.
61). Furthermore, [ have discussed elements in the extended model of
activity systems (Engestrom, 1999) and in particular intersecting activity
systems (Engestrom, 2001). In the analysis in Chapter 5, I utilise inter-
secting activity systems when considering the role of issues, tensions and
contradictions for change and development of teaching (Engestrom,
2001). Thus, the unit of analysis in my research of teachers’ implementa-
tion of Cabri, needs to account for the role of teaching within activity or

the activity systems:
The solution offered by activity theory is that a minimal meaningful context for
individual actions must be included in the basic unit of analysis. This unit is
called an activity (Kuuti, 1996, p. 26).

This quotation from Kuuti highlights the importance of analysing an in-
dividual’s actions as part of the different occurring communities which is
exactly what I do in Chapter 5. In Section 3.2, I will argue that the
"instrumental approach” also contributes to the unit of analysis when
analysing teachers’ orchestration of Cabri-use in teaching.
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3.2 The instrumental approach perspective on teaching
The instrumental approach to mathematics learning (Trouche, 2003;
2005a) is a theoretical perspective which after this is referred to as the
instrumental approach and utilised together with activity theory as my
theoretical perspectives. The instrumental approach is a transposition to
mathematics of what I denote as the general theory of instrumentation.
This general theory is elaborated in contributions by Rabardel such as
Vérillon and Rabardel (1995) and Rabardel (2002) suggesting that hu-
mans’ develop ‘instruments’ when using artefacts. Trouche has adapted
the general theory to mathematics and gives special attention to teachers’
orchestrations of students’ development of instruments denoted ‘instru-
mental orchestration’ (Trouche, 2004).

This section (3.2) is composed of three subsections. Section 3.2.1
contains elaboration of the term instrument and two suggested processes
involved in humans’ development of instruments. In Sections 3.2.2 and
3.2.3, teachers’ orchestrations of students’ development of instruments,
teachers’ instrumental orchestrations, are considered and related to my
research. In this chapter I argue that the instrumental approach is helpful
when analysing mathematics teaching with computer software, and is
later utilised in the analysis of teachers’ orchestration of Cabri-use in
teaching (see Chapter 6).

3.2.1 The term instrument and development of instruments

The term ‘instrument’ has a specific signification in the instrumental ap-
proach (and the general theory of instrumentation). An instrument is de-
fined by Vérillon and Rabardel (1995) as a personal ‘psychological con-
struct’(see Section 3.3.1) which a human, the subject, develops when
he/she uses an artefact. The development of instruments is illustrated in
Figure 3.7:
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Figure 3.7: Based on Trouche (2005a, p. 144) “From artifact to instrument”
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The development of an instrument is denoted instrumental genesis and
as illustrated above composed of two dialectically related processes, ‘in-
strumentation’ and ‘instrumentalisation’. These two processes are char-
acterised in the following way by Haspekian (2005) referring to respec-
tively instrumentalisation and instrumentation:

Thus, the idea of instrumental genesis reflects the fact that using a tool is not a

one-way process, there is dialectic between the subject acting on his/her personal

instrument and instrument acting on the subject’s thinking (Haspekian, 2005, p.

118).

These two processes are elaborated further in Section 3.2.3 when I con-
sider how teachers’ orchestration of Cabri-use in teaching can be related
to support of these processes. Simplified, in relation to my study, I inter-
pret instrumentation (illustrated in Figure 3.7) to be about getting to
know what Cabri affords, how Cabri represents mathematical concepts
and properties and development of abilities to use the tool. Instrumen-
talisation is about utilising and investigating in different ways the affor-
dances offered by Cabri. I consider my interpretation of the processes to
be similar to Kaptelinin (2003, p. 834) who refers to instrumentation as
“developing an ability to apply the tool in order to carry out meaningful
tasks”, and instrumentalisation as “development and modification of a
tool by users themselves”.

In Figure 3.4 (see p. 64), I illustrated what is known as Vygotsky’s
model of a complex mediated act including subject, mediating artefact
and object. In the different activity systems related to my research con-
sidered in Section 3.1, I interpreted teachers to be the subjects and Cabri
being the main mediating artefact. Implementation and use of Cabri in
teaching and students’ learning of Cabri and geometry were argued to be
the objects of this activity. In this section I have introduced the instru-
mental approach and subjects’ development of instruments when using
artefacts, such as Cabri, in teaching illustrated with Figure 3.7. Com-
pared to activity theory and related to my research study, when utilising
the instrumental approach Cabri is still the main artefact while I consider
students to be the subjects not the teachers although I am considering
teaching and teachers’ role. Teachers’ role is instead seen as an orches-
trator of students’ development of instruments (see Section 3.2.2).

Object is used with a different meaning in the instrumental approach
compared to its role in activity theory described above. An artefact such
as Cabri affords representation of geometrical concepts and properties
which by researchers utilising the instrumental approach and the general
theory of instrumentation are referred to as objects. Haspekian (2005)
exemplifies by references to cell-variables and cell-formulas in spread-
sheets. A spreadsheet formula such as =A5*2 is by Haspekian denoted as
an example of an algebraic object afforded in spreadsheets.

Below, in Table 3.2, I summarise how I consider the two theoretical
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perspectives’ use of the terms subject, mediating artefact and object, and
how teachers’ role is addressed.

Table 3.2: Terms utilised within the two theoretical perspectives

Activity theory The instrumental approach
Subject Teachers Students
Mediating artefact | Cabri Cabri

Object

The object is collective
and the “driving force” for
the community in an activ-
ity system. In my study:
Implementation and use of
Cabri in teaching and stu-
dents’ learning of Cabri
and geometry

Object is used more “loosely”
than in activity theory. Re-
lated to my research, object is
used when referring to repre-
sentations of geometrical
concepts and properties af-
forded by Cabri.

Key terms related
to use of artefacts

Tools, signs and cultural
tools

Tools, signs and instruments

Teachers’ role

The subject in activity
systems related to teaching

Orchestrating students’ de-
velopment of instruments
(instrumental genesis) when
using artefacts in mathemat-
ics teaching

The existence of artefacts and tools are obvious because of their materi-
ality, and signs such as language because of its communication impor-
tance, while instruments and cultural tools are more compound con-
structs. In Section 3.3 I offer a comparison between cultural tools and
instruments, proposed as concepts in the two theoretical perspectives,
and how they contribute as theoretical terms in my analysis.

Although I consider both the teachers and their students experiencing
instrumental genesis when using artefacts, my main focus is on teachers’
orchestration of students’ instrumental genesis. In the final two subsec-
tions of this section (3.2), I consider how the term ‘instrumental orches-
tration’ is used to account for the role of the teacher in assisting students’
instrumental genesis which was illustrated in Figure 3.7. In Section
3.2.2, I outline the term ‘instrumental orchestration’ and what I include
when I later analyse teachers’ orchestrations of Cabri-use. Section 3.2.3
contains classifications of teachers’ instrumental orchestration and how
the orchestration relates to instrumental genesis.

3.2.2 Instrumental orchestration
Teachers’ vital role in supporting students’ instrumental genesis is in
Trouche (2003) characterised by introducing the term ‘instrumental or-
chestration’:

We will call instrumental orchestrations the various devices that a teacher organ-

izes, with an aim of assisting the instrumental geneses of students (Trouche,
2003, p. 792).
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By ‘devices’ Trouche refers to design of technical solutions supporting
orchestration of teaching, like a projector screen affording possibility to
present use of software and support students’ instrumental genesis at a
computer lab. Trouche relates instrumental orchestrations to teachers’
ways of supporting their students in the accomplishment of tasks, and
organising the learning environment when computer software is used in
teaching. Organising learning environment is about working conditions
in teaching such as grouping of students and use of supporting teaching
packages.

In Section 2.3.2, I elaborated the term ‘orchestration’ with references
to a contribution by Kennewell. Both Trouche and Kennewell use the
term orchestration related to teachers. The main point of difference is
that Trouche theoretically relates these orchestrations to students’ in-
strumental genesis. Below I briefly indicate how this “double use” of the
expression ‘teachers’ orchestration’ is coped with in the analysis chapter.

In Sections 6.1 and 6.2, I argue that teachers’ arrangements, empha-
ses and the nature of teachers’ orchestrations, where I emphasise the role
of teaching operations and their style of teaching in Cabri-lessons, are
part of teachers’ orchestration of Cabri-use. There I also argue that
teachers’ orchestrations, together with their expressed comments to the
teaching, are influenced by teachers’ goals for Cabri-teaching. In Section
6.3, I utilise the instrumental approach to analyse teachers’ orchestra-
tions of students’ instrumental genesis related to the instrumentation and
instrumentalisation processes (see Figure 3.7). In my writings, I use the
expression teachers’ instrumental orchestration in Section 6.3 to distin-
guish teachers’ orchestration of students’ instrumental genesis from the
broader use of teachers’ orchestration discussed in Sections 6.1 and 6.2.

3.2.3 Classifying teachers’ instrumental orchestration

In this section I elaborate further teachers’ instrumental orchestration of
Cabri-use in teaching. First I introduce ‘technique’ as a term when con-
sidering teachers’ orchestrations and I comment on my use of ‘teaching
operations’ introduced in Section 2.3 and used in my description above.
The main part of this section is a revisit of the instrumentation and in-
strumentalisation processes introduced in Section 3.2.1. In particular, I
relate and characterise teachers’ orchestration of Cabri-use to these two
processes building on contributions by Trouche. I also consider objec-
tives and levels of instrumental orchestrations. I end this section (3.2.3)
with a summary where I raise some critical considerations on the term
instrumental orchestration.
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Techniques and teaching operations
Throughout the thesis, I use the term ‘teaching operation’ to describe
teachers’ behaviour when assisting students’ with their use of Cabri. In
Section 2.3.2 (see p. 49) I gave the following examples of teaching op-
erations:

Teachers’ pointing with fingers on students’ screens, and repeating and rephras-

ing of students’ contributions in a plenary are examples of how teachers’ orches-
trations are accomplished in teaching with what I denote as teaching operations.

Trouche refers to ‘gestures’ which he elaborates as observable behav-
iours and relates to ‘schemes’. Scheme as a term within the instrumental
approach is considered in Section 3.3.1. Here I briefly refer to Touche’s
elaboration of gestures:

We shall call gesture a student’s elementary behavior that may be observed,
component of a scheme (Trouche, 2003, p. 789).

I consider teaching operations to be one kind of observable gesture util-
ised by teachers in teaching. In my analysis of teachers’ orchestration of
Cabri-use (see Chapter 6), I characterise teachers’ emphasis in teaching
on how to succeed with the tool, such as drawing of a circle with centre
on a line and the circumference through a given point, as emphasis on
successful technique with Cabri. Analytical findings in Chapter 6 indi-
cate that two of the teachers in my study several times talked about accu-
rate use of Cabri. This emphasis is considered to be concern for stu-
dents’ successful techniques with Cabri. Such visible techniques related
to use of an artefact like Cabri, are by Drijvers and Gravemeijer (2005)
denoted ‘instrumented techniques’ with reference to Lagrange. In fact,
such instrumented techniques are argued to be “the gateway to the analy-
sis of instrumental genesis” (Drijvers & Gravemeijer, 2005, p. 169).

When commenting on Trouche’s use of the term ‘gestures’, Mona-
ghan (2007) describes instruments as “sets of gestures realized in the
execution of a task on an instrument” (p. 65). Thus, I argue that my use
of both techniques and teaching operations relate to Trouche’s use of
gestures when considering teachers’ instrumental orchestrations. How-
ever, since gestures have a much broader use and explicitly are related to
schemes, [ will not use the term gestures in my research.

Orchestrations of the instrumentation and instrumentalisation processes
As illustrated in Figure 3.7 (see p. 73), the instrumentation process is
directed from the artefact towards the users. For my study this means
that the world of Cabri is offered the students. With DGS such as Cabri,
geometrical figures, constructions and the system of relations between
them are in focus. The dynamic dragging-function in Cabri affords its
users the possibility to investigate the point of intersection of angle bi-
sectors for different kinds of triangles and other polygons. In the next
paragraph, I consider utilisation of this and other affordances in Cabri as
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related to the instrumentalisation process. However, students’ utilisations
of affordances are also affected by their instrumentation process. In or-
der to utilise affordances, students have to be aware of the dragging-
function’s existence and developed techniques to use the mouse pointer
in Cabri successfully which I consider being related to the instrumenta-
tion process. Measuring and calculating are other kinds of affordances
offered in Cabri beside many others including more advanced affor-
dances like animations and macros. Two constraints (see Section 2.3.3)
in Cabri that users have to deal with are the menu system and develop-
ment of techniques in Cabri in order to be able to utilise affordances in
Cabri.

A teacher might in the teaching stimulate students’ instrumentation
processes by using a teaching package that puts attention to techniques,
affordances and constraints offered by the software as well as by his/her
emphases in teaching. The instrumentalisation process is directed from
the users toward the artefact: Users of Cabri take control of the tool. I
consider teachers’ emphasis on supporting students’ investigative and
collaborative efforts with the tool and to emphasise students’ utilisation
for example the dragging-function in Cabri to check and verify construc-
tions made as orchestration of the instrumentalisation process.

Trouche (2005a) argues for instrumentalisation as a process with
stages, and he exemplifies in a setting where the artefact is a symbolic

calculator. He identifies three stages in the instrumentalisation process:
The instrumentalization process, directed by the subject, involves several stages:
a stage of discovery and selection of the relevant keys, a stage of personalization
(one fits the tool to one’s hand) and a stage of transformation of the tool, some-
times in directions unplanned by the designer... (Trouche, 2005a, p. 148)

Below I briefly outline each of the stages and suggest how teachers’
could orchestrate students at each of the stages. In the later analysis in
Chapter 6, I consider to which extent teachers’ orchestrations of Cabri-
use in my research study could be related to these three suggested stages
in the instrumentalisation process.

I relate Trouche’s “discovery and selection”-stage to students’ utilisa-
tion of affordances with some basis in awareness of affordances’ exis-
tence, such as the dragging-function, and developed techniques. This
stage of the instrumentalisation process could be supported by teachers
in their orchestrations when they emphasise utilisation of Cabri to check
and verify constructions made. Trouche’s “personalisation of the tool”-
stage is evident when students utilise Cabri with personal adopted tech-
niques. A teacher who challenges the students to investigate Cabri and
share their achievements with each other potentially supports students’
development of such personalised techniques. One example of such a
technique could be students’ marking of angles in Cabri in a triangle
based on three points not all being the three corners which is the conven-
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tional technique with triangles in Cabri. I consider Trouche’s “transfor-
mation of the tool”-stage to be related to modification and enrichment of
Cabri when students work investigatively and openly. Teachers’ orches-
trations of this stage could be to let students work freely with the tool
and to challenge them to try using the tool in different ways.

Trouche (2004) also introduces the term ‘objectives’ of teachers’ in-
strumental orchestrations and distinguishes between teachers’ main and
secondary objectives of such orchestrations. The main objective origi-
nates “from the necessity of orchestration itself” (Trouche, 2004, p. 296),
for example, when several students have problems in accomplishing as
task with Cabri. The secondary objectives relate more to what the
teacher wants to achieve with the orchestrations, for example in favour-
ing debates and making explicit procedures as exemplified in (Trouche,
2004, p. 300).

To summarise, within this section (3.2) I have emphasised how the
instrumental approach offers concepts for analysis of mathematics teach-
ing with computer software. I have argued that attention to teachers’ in-
strumental orchestration gives the researcher tools to analyse teachers’
role during students’ use of Cabri in mathematics teaching. In the in-
strumental approach, the latter is seen as support of students’ instrumen-
tal genesis with Cabri composed of instrumentation and instrumentalisa-
tion processes. As explicitly claimed by Haspekian (see the quotation
presented in Section 3.2.1, p. 74) and indicated with the arrows in Figure
3.7, the dialectic between the processes is crucial and exemplified in the
previous subsections with affordances and utilisation of affordances.

3.3 A framework with two theoretical perspectives
This section of the theory chapter discusses how the two theoretical per-
spectives, activity theory and the instrumental approach, support me as a
researcher with analytical tools to analyse three teachers’ implementa-
tion and orchestration of Cabri-use in mathematics teaching. In Chapter
2, I outlined that this thesis considers implementation of Cabri as a de-
velopmental process where teachers’ orchestration of Cabri-use in teach-
ing 1s the endpoint of teachers’ initial implementation of Cabri (see p.
27):
I analyse the process of development in teaching from teachers’ first introduction
to Cabri in workshops at UiA where they started to discuss possible use and what
they wanted to achieve with use of Cabri in teaching. In follow up workshops
and in school team meetings, the teachers started to address issues they needed to
overcome in order to have a successful use of Cabri in teaching. Thus, imple-
mentation of Cabri was a process leading up to the three teachers’ orchestration

of Cabri-use in mathematics teaching, but implementation and use do indeed also
overlap.

In particular, I emphasise how the two theoretical perspectives supple-
ment each other contributing with different focuses to analysis guided by
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the two research questions (see Section 1.3, p. 24). In the introduction to
this chapter I gave the following simplified distinction (see p. 58):

e Activity theory guides the analysis of teachers’ motives for implementation of
Cabri.

e The analysis of teachers’ operations, as part of their orchestrations of Cabri-
use in teaching, is guided by utilising the instrumental approach.

e [ argue that both perspectives contribute to the analysis of teachers’ goals for
use of Cabri in teaching.

In Section 3.2.1, I argued that the focuses on the teacher and on mathe-
matics teaching with Cabri are addressed differently within the two theo-
retical perspectives which was summarised in Table 3.2 (see p. 75). This
section (3.3) contains two subsections. In Section 3.3.1, I consider possi-
ble relationships or not between instruments and cultural tools as terms
within the two theoretical perspectives. Section 3.3.2 discusses how
learning is considered within the two perspectives. Section 3.4 summa-
rises how the perspectives contribute to research of mathematics teach-
ing with computer software and possible controversies raised when util-
ising perspectives with different theoretical roots in a theoretical frame-
work.

3.3.1 Development of instruments versus cultural tools
Both of my theoretical perspectives claim to build on Vygotsky’s contri-
butions emphasising the mediating role of tools and signs when human
use artefacts. The interplay between tools and signs through ongoing use
of artefacts are outlined differently:
e Figure 3.2 (see p. 60) illustrates the evolution of cultural tools
proposed in socio-cultural theories including activity theory.
e Figure 3.7 (see p. 73) illustrates the development of instruments
proposed in the general theory of instrumentation and utilised in
the instrumental approach.

Activity theory emphasises the influence of the collective object on the
use of mediating artefacts as tools within activity systems. In my elabo-
ration of teaching activity systems (see Section 3.1.4, p. 66), I argued that
I consider the teacher as the subject whose actions are directed to the ob-
ject of students’ learning of mathematical topics in the National Curricu-
lum. In an activity system, an object is collective in the sense that it is
shared by the community which typically in teaching involves one or
several teacher(s) and students. However, teachers and students obvi-
ously have different kinds of goals according to different roles in teach-
ing. Uses of tools are influenced by the social and cultural use of signs,
such as language. This implies that new tools for a culture, such as Cabri
in my research, evolve as cultural tools (see Section 3.1.1) within the
culture. Use of a cultural tool also shapes its users’ social and psycho-
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logical processes, and it is therefore vital for learning that the users de-
velop appropriate cultural tools. Sdljo (2001) describes such a process
when suggesting that knowledge, which exists in interaction between
humans, gradually becomes part of each human’s actions and thinking
and is tied into artefacts in the culture evolving as cultural tools.

The instrumental approach describes how students through their use
of an artefact gradually develop the artefact into personal mediating in-
struments supported by the environment where the teacher has a vital
role. Instrumentalisation and instrumentation are the key processes in
this mediation; instrumentation operating from the artefact to the users,
and instrumentalisation in the opposite direction. Mediation is often as-
sociated with socio cultural theories, but it is evident from Rabardel’s
elaborations that mediation is also a key term in the general theory of
instrumentation. Rabardel claims that the instrument is a mediator be-
tween subject and object. In Section 3.2 I argued that students as users of
artefacts are the subjects within this theoretical perspective. Objects are
used differently than in activity theory as I have described in the follow-
ing way (see Section 3.2.1, p. 74):

An artefact such as Cabri affords representation of geometrical concepts and
properties which researchers utilising the instrumental approach and the general
theory of instrumentation refer to as objects.

Rabardel also distinguishes between epistemic mediation’ and ‘prag-
matic mediation’. Epistemic mediation works from object to subject
where the instrument is defined as “a means allowing knowledge of the
object”, while pragmatic mediation is from subject to object where the
instrument is defined as “a means of a transforming action (in a broad
sense including control and regulation) directed toward the object”
(Rabardel, 2002, p. 63). Actually, this description seems close to what
Wells (2002) argues when referring to work within activity theory. He
distinguishes between mediation offered by tools and signs according to
how mediation mainly is oriented and its nature: Subject-oriented inter-
action and object-oriented action.

Comments so far in this section indicate similarities for instruments
and cultural tools in that they address mediation of tools and signs as the
basis of human’ use of artefacts. An important distinction between the
two theoretical perspectives is how learning is accounted for and related
to instruments, cultural tools and expansions in activity systems.

3.3.2 Learning within the two theoretical perspectives
Learning theories mainly address learning. However, since the purpose
of teaching is to enable students’ learning and teachers are learners in a
developmental process (Jaworski, 2007), learning theories are certainly
relevant when researching development in teaching.

In activity theory, learning is related to development and changes in
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activity systems. The concept expansion is used to describe the process
in which objects become shared with consequences and new opportuni-
ties for the whole activity system as emphasised in Section 3.1.5. Roth
and Lee consider how activity theory accounts for the relationship be-

tween learning and development:
CHAT has much potential for educators, because it is thoroughly about devel-
opment and learning, encompassing the system as a whole and various subjects
and communities that constitute it (Roth & Lee, 2007, p. 204).

With references to a number of researchers Roth and Lee conclude that
activity theory addresses successfully the relationship between individual

and collective learning:
Two manifestations of expansive learning arise from this interplay between indi-
vidual and society. On one hand, learning is expansive when it contributes to an
enlarged room to maneuver for the individual whereby new learning possibilities
are formed. On the other hand, learning is also mediated by the division of labor
in collaboration, which inherently leads to learning outcomes and forms of socie-
tal activity (Roth & Lee, 2007, p. 205).

Thus, when analysis indicate tensions leading to contradictions and ex-
pansions for activity systems, learning takes place since humans within
the community are able to consider and benefit from new opportunities.
In socio-cultural theories, the distinction between social and individual
when considering learning are also accounted for when studying the role
of cultural tools. Evolution of cultural tools have been outlined earlier in
the chapter and discussed in the previous section with reference to learn-
ing. There I argued that cultural tools “shapes its users’ social and psy-
chological processes, and it is therefore vital for learning that the users
develop appropriate cultural tools™. The concept ‘appropriation’
(Leont'ev, 1981a) of cultural tools has been used in socio-cultural theo-
ries to account for individual learning. However, analysis in this thesis
does not utilise appropriation as a concept.

The instrumental approach accounts for learning both similarly and
differently from activity theory. As a similarity, mediation is linked to
the learning process which I will discuss in Section 3.4. However, the
instrumental approach proposes the term ‘utilisation scheme’ to describe
how learning takes place. I end this section with a brief elaboration of
the nature of utilisation schemes where I conclude why I do not consider
them beneficial to utilise in my analysis of teaching.

Rabardel argues that an instrument is a psychological construct con-
sisting of an artefact and one or more associated and mutually dependent
utilisation schemes developed for classes of tasks by its users. Rabardel’s
introduction of utilisation schemes, to account for how instruments are
represented in the mind of human, seems to build closely on Piaget’s no-
tion of mental schemes. However, different from Piaget, Rabardel also
includes the existence of social schemes. This expresses a view of
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scheme as the product of an assimilation activity where available arte-
facts and the environment with other people influence learning. Exempli-
fying with Cabri, over years ways of measuring and naming angles have
evolved supported by the help menu, manuals and different kinds of
teaching packages in Cabri. In Trouche’s elaboration of the instrumental
approach, he too refers to how users of artefacts develop utilisation
schemes which he particularly links to the instrumentation process.

Such an emphasis on mental schemes, and at the same time a focus
on social influence on learning indicate that the epistemological position
of the instrumental approach (and the general theory of instrumentation)
is a challenging one for a researcher elaborating a theoretical framework
to analysis development in mathematics teaching. The instrumental ap-
proach combines terms usually considered to belong to either a cognitive
or socio-cultural view on learning and hence needs careful elaboration.
Drijvers and Gravemeijer (2005) make a distinction when they consider
use of the instrumental approach in analysis of teaching. They argue that
utilisation schemes are individual, while the instrumental genesis usually
has a social nature which can be related to students and teaching within
schools: “... we should notice that, although the instrumental genesis is
often a social process, the utilization schemes are individual” (Drijvers &
Gravemeijer, 2005, p. 168). Since my research emphasises teachers and
development in mathematics teaching, not students and their learning, |
lean on the above distinction which has guided my elaboration and use
of the instrumental approach as a theoretical perspective. This is evident
in Section 3.2 which emphasised teachers’ orchestrations of students’
instrumental genesis of Cabri, not students’ and teachers’ personal de-
velopment of utilisation schemes. The nature and role of utilisations
schemes has also been questioned. In fact, Monaghan (2007) argues that
‘utilisation schemes’ need to be elaborated more in order to be a helpful
term in analysis of mathematics teaching.

In this section I have indicated how learning is treated within the two
theoretical perspectives elaborated in this chapter. I end this chapter with
a section (3.4) where I indicate how, despite these differences, I utilise
the two perspectives in the later analysis.

3.4 Crossing perspectives in research of teaching devel-

opment
Activity theory and the instrumental approach have roots back to the So-
viet cognitive psychologists, particularly Vygotsky. They share emphasis
on terms as indicated in the previous sections but there are differences
related to how learning is accounted for. Critically speaking should these
perspectives be used alongside each other and contribute in analysis of
development in mathematics teaching like I proposed in the bullet list in
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the introduction to this chapter (see p. 58)? As argued in Section 3.2, the
instrumental approach is a transition to mathematics learning of a gen-
eral theory known to be grounded in a cognitive theory, by Haspekian
(2005, p. 117) described as “a psychological and socio-cultural frame”.
Lerman (1996) argues that theories grounded in constructivist or cogni-
tive view are totally different from and incommensurable with any kind
of socio-cultural theories, activity theory included. Consequently, fol-
lowing the argumentation by Lerman, activity theory and the instrumen-
tal approach should not and cannot be merged. However, Rabardel and
Samurgay (2001) argue that both the role of action and activity and the
mediation of cultural artefacts fit well to the general theory of instrumen-
tation as well as to activity theory. Drijvers and Gravemeijer (2005) also
elaborate use of the socio-cultural term ‘appropriation’ when considering

the role of instruments:
The tool develops into an instrument through a process of appropriation, which
allows the tool to mediate the activity (Drijvers & Gravemeijer, 2005, p. 166).

Although arguments such as those above indicate rather close connec-
tions between activity theory and the instrumental approach, I still see
the perspectives as very different, rooted in different traditions and
needed to be utilised in respect to this. To conclude, in this thesis I argue
that the instrumental approach and activity theory contribute in supple-
mentary ways to analysis of respectively teachers’ implementation and
orchestration of Cabri-use in mathematics teaching. With reference to
Leont’ev’s three levels to account for actions within activity (see Section
3.1.2, p. 61), the two theoretical perspectives offered in this chapter con-
tribute to the framework in the follow