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Det finns i skogen en oväntad glänta som bara kan hittas av den som gått vilse. 
 
Deep in the forest there is an unexpected clearing that can be reached only by someone 
who has lost her way. 
 
–Thomas Tranströmer 
 
 
 
 
 
 
 
Marie: Hur får man alla i gruppen att delta? 
Mohammed: Genom att fråga. Genom att verkligen lyssna, inte bara fråga… genom att verklig-
en fråga och försöka svara på ett bra sätt, eller på vilket sätt som helst, men verkligen visa att 
hon eller han har din uppmärksamhet. Så att han eller hon ska ändå känna att jo, jag är med i 
gruppen, de lyssnar på mig. Och verkligen visa dem vad jag tänker och gör. 
 
Marie: How do you make it so everyone in the group participates? 
Mohammed: Through asking. Through really listening and not just ask... through really asking 
and trying to answer in a good way or in any way, but really show that she or he has your at-
tention. So that he or she feels like, yes, I am part of the group, the others listen to me. And 
really show them what I think and do. 
 
Interview with Mohammed, one of the students in the study 

 
 
 
 

 



 



 

ABSTRACT 

This educational design research study contributes to 
understandings about the impact the complexity in multilingual 
upper secondary mathematics classrooms has on attempts to 
improve student-to-student interactions. The research study was 
carried out in a cyclic process in three cycles as an intervention to 
give all students the opportunity to develop their reasoning and 
communication abilities in mathematics. In the intervention, 
students in a first year class of the social science program in an 
upper secondary school were followed during one semester while 
they worked in small groups with various problem-solving tasks in 
mathematics. The intervention included three sets of open 
problem-solving tasks and three support means in the form of 
question lists, problem-solving support lists, and various 
communicative roles. The students’ interactions were recorded, and 
interviews were conducted in each cycle. Both the students’ 
interactions and perceptions about working with mathematics were 
then analysed. The research questions were: 

 
1. How did the students’ interactions and perceptions change 

over time as a result of an intervention to improve student-to-
student interactions? 

2. What contributed to the changes in the students’ interactions 
and perceptions when an intervention was provided to 
improve student-to-student interactions? 

3. What did working with an intervention on improving student-
to-student interactions indicate about the complexity in the 
multilingual upper secondary mathematics classroom? 



 

The results showed possibilities for changing student-to-student 
interactions through improving how students listened to each 
other, built onto each other’s interactions, worked with 
mathematical questions, and determined what they focused on in 
groupwork. The intervention was developed over the cycles by 
adapting the tasks and support means according to the results from 
the previous cycles. Tasks were formulated more openly, groups 
were arranged so that everyone had the opportunity to speak, and 
mathematical questions became an important part of student-to-
student interactions. 

In the study, two theoretical frameworks were used — Alrø and 
Skovsmose’s (2004) IC-model and Fuentes’ (2009) framework for 
analysing student communication. The frameworks were 
coordinated and then used to justify choices in the intervention and 
to analyse interactions. Interviews were used to learn more about 
students’ perceptions. 

Complexity in multilingual upper secondary mathematics 
classrooms was connected to three perspectives: teaching and 
learning, research, and school development. In the study, 
complexity from the teaching and learning perspective was 
discussed concerning how students were given equitable learning 
opportunities, how language affected attempts to improve the 
student-to-student interactions, and how the students’ interactions 
and perceptions affected groupwork in mathematics. It proved to 
be important not to see multilingual students as a homogenous 
group with special needs simply because they are multilingual, but 
rather, to be flexible in meeting the needs of the students. 

From a research perspective, complexity was discussed in 
relation to how educational design research and the two theoretical 
frameworks were used to promote improved student-to-student 
interactions in mathematics. 

Finally, from a school development perspective, complexity 
concerning generalizations was discussed. This study pointed out 
the difficulty of making generalizations about promoting improved 
interactions. Since many factors affected interactions between 
students, instead it was considered important to be flexible and 
study the interactions and students’ perceptions side-by-side to 
make changes. 
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PREFACE 

When writing this thesis, I had three places of work — research at 
Malmö University, school development at Pedagogisk Inspiration 
Malmö (former FoU Malmö-utbildning) and teaching at Malmö 
Borgarskola. The opportunity to have these jobs gave me three 
viewpoints with which to examine the relationship between 
research, teaching, and school development. Now, after writing 
this thesis, I see them as very closely interrelated. Good research 
should give something back to teachers in the classroom that can 
be used to develop their teaching. Furthermore, I think that school 
developers need to take research into consideration and connect it 
to what is happening in the classroom. Then teachers can use 
research and ways of thinking about school development to meet 
the needs of their students. In order for researchers and school 
developers to have this close relationship with what is happening in 
the classroom, the choice to conduct a study close to the classroom 
was not a difficult one for me to make. The teacher in me wanted 
to see how research could be used to change areas of teaching that 
could be improved and, by doing so, also contribute to school 
development. Therefore, I was inspired by Educational Design 
Research (EDR), which is a methodological approach that gives 
possibilities for both practical, as well as theoretical, results. This is 
precisely what many teachers look for and what is needed in school 
development projects. EDR can give feedback to researchers about 
what is happening in the classroom and a possibility to study the 
complexity of actions and responses in the classroom in reality, not 
just in theory. 
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Trying to change something can be done through either 
identifying what is bad and trying to fix that or through looking at 
what is good and trying to do more of that. In this study, I have 
chosen to do a little of both. Often in the media, the focus is on 
what is not good in Swedish schools, so in this study, it was 
important to start with a positive attitude toward the students and 
the teacher, and in return, I received a positive response from them.  

Therefore, the first people I would like to thank are the teacher 
and students in my study — without you opening your classroom 
to me and letting me cooperate with you, listen and talk to you, 
and ask a lot of questions, this study would not have been possible. 

I also would like to thank my supervisors, Tamsin Meaney and 
Maaike Hajer. You have helped me develop from “teacher Marie” 
to “researcher Marie”. I appreciate all our discussions, all your 
comments asking me to justify my thoughts, and that you never 
stopped believing in me. 

The experience of having three places of work, as well as doing 
school development projects at different schools in Malmö, has 
given me the opportunity to work with certain other individuals in 
Malmö, Pedagogisk Inspiration Malmö, and also at Malmö 
University. To Borgarskolan, who allowed me to carry through my 
licentiate studies, and to everyone who has encouraged me, 
supported me, discussed mathematics teaching or school 
development with me, read and commented on my text, or 
supported me when it was hard, I would like to say a big “thank 
you”! You have helped me with my thinking, and I appreciate the 
opportunity to have done this journey together with you.  

Finally, I would like to thank my friends and family: for listening 
to me talk about this study for four years, for always believing in 
me, and for giving me the time and opportunities to write even 
though it meant that I could not see you as much as I would have 
liked. To Peter, Erica, David, and Jennifer — without your love, 
patience, and ways of making me smile every day, this book would 
not have been written. 
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1. INTRODUCTION 

The situation in multilingual upper secondary mathematics 
classrooms in Sweden is complex. Complexity in this thesis refers 
to that there are many factors that affect what happens in the 
classroom, and these factors also affect the developing and 
researching of the teaching and learning. The factors may be 
dependent or independent of each other, which further complicates 
the situation. In this thesis, I aim to gain some understanding of the 
factors and the relationships between them while developing an 
intervention to support mathematical interactions between 
students. 

The complexity of a situation can be judged by the number of 
issues identified as needing improvement. In recent years, 
Skolinspektionen (the Swedish school inspection department), 
which reviews and supervises the quality of public and private 
schools in Sweden, has highlighted issues related to the teaching of 
mathematics. In regard to the previous first course in upper 
secondary school for students aged approximately 16–17 years old, 
Skolinspektionen (2010) stated that students did not gain enough 
prerequisite skills in areas such as problem solving or being able to 
express themselves orally and in writing. Individual work 
dominated lessons and discussions about mathematical phenomena 
were not given enough time. Instead students focused too much on 
getting correct answers and not enough on determining the 
reasonableness of their answers. Students themselves claimed that 
mathematics lessons were boring and without variation. Similarly, 
in lower secondary school, Hansson (2011) showed that there was 
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a “negative relationship between independent work and 
mathematics performance” (p. 136). 

In order to overcome these perceived difficulties, reasoning and 
communication were highlighted in the new Swedish mathematics 
syllabus (Skolverket, the Swedish National Agency for Education, 
2012a). This was done through the inclusion of seven abilities 
(förmågor) in the syllabus, which indicated what students should 
have the opportunities to develop: 

 
1. “Use and describe the meaning of mathematical concepts and 

their inter-relationships. 
2. Manage procedures and solve tasks of a standard nature with 

and without tools. 
3. Formulate, analyse and solve mathematical problems, and 

assess selected strategies, methods and results. 
4. Interpret a realistic situation and design a mathematical model, 

as well as use and assess a model’s properties and limitations. 
5. Follow, apply and assess mathematical reasoning. 
6. Communicate mathematical thinking orally, in writing, and in 

action. 
7. Relate mathematics to its importance and use in other subjects, 

in a professional, social and historical context.” 
(Skolverket, 2012a, p. 1-2) 

 
It can be seen that language is important in all seven abilities, 

although it is most clearly identifiable in numbers five and six 
concerning reasoning and communication. In the abilities, language 
in mathematics should be understood as more than simply words 
or a tool for communicating mathematical ideas; it is similar to 
Mercer’s (1995) definition that language should be considered as 
“means for people to think and learn together” (p. 4). Hence, 
improving students’ reasoning and communication abilities can be 
considered as contributing to their mathematics learning. 

Nonetheless, considering how language is used in mathematics 
learning is not a simple issue. When language is used as a tool for 
communication, it reflects what speakers do with language in a 
specific context. A communicator’s choice of words, formulations, 



 

 17 

and text types differ for different functions, and these 
characteristics can be described in terms of registers. For example, 
the mathematics register has been defined as: 

 
We can refer to a ‘mathematics register’, in the sense of the 
meanings that belong to the language of mathematics (the 
mathematical use of natural language that is: not mathematics 
itself), and that a language must express if it is being used for 
mathematical purposes (Halliday, 1978, p. 195) 

 
When students learn mathematics, they also need to learn the 

mathematics register (Chapman, 1993). 

Multilingual mathematics classrooms 
Skolverket’s (2012a) recognition that language development is an 
important component of learning mathematics does not, in itself, 
recognise the needs of second language learners who may also be 
learning conversational Swedish at the same time as they are 
learning how to use mathematical language. In Sweden, 29 percent 
of the students in upper secondary school have a foreign 
background1 (Skolverket, 2014). Consequently, almost all 
classrooms have students who do not have Swedish as their first 
language, although the percentage differs across schools. 
Therefore, another factor in the complexity is that many students 
have different dominant languages to the language of instruction. 

This contribution to the complexity becomes evident with 
Skolverket (2007) showing that students with foreign backgrounds 
perform worse and have lower grades in mathematics than native 
Swedish students. In regard to the previous curriculum, the 
proportion of students who did not gain a pass grade in the first 
mathematics course in upper secondary school was higher for 
students with foreign backgrounds (Skolverket, 2011a). 
Consequently, Broady, Börjesson, Dalberg, Krigh and Lidegran 
(2011) identified multilingual classrooms as an important research 
                                                   
1 In this research study, the term students with foreign backgrounds is used for students that either 
are born abroad or born in Sweden with both parents born abroad. 
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field, and a part of this research field includes research conducted 
in multilingual mathematics classrooms. 

My starting point for this study is with the acknowledgement 
that learners and classrooms are unique and varied, but that 
researchers, teachers, politicians, people working with school 
development, et cetera, should all have the goal of providing 
students with equitable opportunities to learn mathematics. In 
considering this issue, Esmonde’s (2009) concept of equity is used, 
which she defined as “a fair distribution of opportunities to learn 
or opportunities to participate” (p. 1010). 

Participation is important for learning mathematics. For 
instance, Cohen (1994b) claimed that students who participated 
less, learned less. Furthermore, Hansson (2011) showed in her 
dissertation that students in lower secondary school with a low 
socio-economic background often did not get the support they 
needed to actively participate during mathematics lessons and that 
it was more common for this group of students to work alone in 
their textbooks. This is in strong contrast to Hansson’s (2011) 
claim that in order for multilingual students to develop their 
language skills as well as mathematics skills, it is important that 
the teaching practice gives opportunities for conversations, social 
activities, and challenges. A teaching practice, or pedagogical 
practice, is defined as: 

 
a collection of different activities that are united in some com-
mon purpose, embody certain values and make each of the 
component activities intelligible. An educational practice is one 
where the set of activities is united in the purpose of getting 
people to learn. (Pring, 2004, p. 110) 

 
One activity in such a practice can be groupwork. Gibbons 

(2002) claimed that groupwork has many advantages for second 
language learners. When students work alone, they often only find 
one solution to a problem, but when working together, more than 
one solution can become visible. 

In striving towards the goal of equitable mathematics education 
for all students, the need for more communication seems 
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particularly relevant in multilingual classrooms. Van Eerde and 
Hajer (2009) claimed that “learning mathematics and second 
language appropriation cannot be separated” (p. 270). This means 
that it is not enough for students who are second language learners 
to simply listen in order to be able to learn new concepts, but that 
they “also need to actively use and produce new linguistic 
elements” (van Eerde, Hajer & Prenger, 2008, p. 34). However, 
Deen, Hajer, and Koole (2008) concluded that 

 
there exists an indisputable gap between the ideal of an interac-
tive lesson with active participation of many pupils and the ob-
served reality in multi-ethnic classes. (p. 293) 

 
This raises the question of whether or not it is possible to reduce 

this gap. Van Eerde, Hajer, and Prenger (2008) mentioned three 
conditions for language development: 

 
the availability of rich, challenging comprehensible oral and 
written language input… opportunities for language produc-
tion… feedback on their utterances. (p. 34) 

 
If students continue to work mainly in their textbooks as 

described by Skolinspektionen (2010), it is likely that these 
conditions are not met. This suggests that because mathematics 
learning and second language learning are connected, the need for 
giving students’ opportunities for interaction is important. As is 
discussed in the next chapter, groupwork could be one way for 
these students to use language both as a tool for thinking and 
solving mathematics problems, as well as improving their 
reasoning and communication abilities in the mathematics register. 

Being able to make a choice about what register to use in the 
mathematics classroom seems important. Domínguez (2011) 
claimed that multilingual students use both their first and second 
language in order to think mathematically and that using more 
than one language gives them opportunities to “express, share, and 
negotiate meanings and ideas in ways that more fully demonstrate 
their mathematical productivity” (p. 325). 
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However, the complexity of the situation means that 
implementing such an approach is not an automatic remedy for 
improving students’ performance and grades in mathematics 
(Banks & Banks, 1995). In this research study, the students’ 
interactions in an upper secondary multilingual mathematics 
classroom are investigated. As is discussed in the next chapter, 
previous research in this area is limited despite migration being 
common in many countries. Therefore, there is a need for more 
research starting with an understanding of the complexity of the 
situation. 

The problem area 
When choosing the topic of a research study, the starting point is 
to identify what needs to be investigated and what questions to 
ask. According to Wedege (2006), the mathematics education field 
is divided into several problematiques in which the theories and 
methods used decide what questions can be asked. Wedege (2006) 
mentioned the proverb “som man ropar i skogen får man svar” (as 
the question, so the answer) and claimed that the questions and 
answers in research are determined by aspects, dimensions, angles 
of attack, and also by the languages and concepts used. 

Recent understanding of the complexity of Swedish mathematics 
classrooms have contributed to a move away from deficit theories 
which place the problem of underachievement in the hands of the 
multilingual student who must be fixed by being provided with 
more Swedish. In earlier research, for example, the Swedish Agency 
for School Improvement (Myndigheten för skolutveckling) (2007) 
it was suggested that students with foreign backgrounds have more 
difficulties with implicit information in the tasks when they need to 
interpret and make conclusions from abstract relations. 
Myndigheten för skolutveckling (2007) also claimed that in a text 
which is written to ease the mathematical thinking for students 
who have Swedish as their main language, the students with 
foreign backgrounds may not be helped by the text because they 
are not completely fluent in the Swedish language. Consequently, it 
is considered that to improve students’ reading comprehension of 
mathematics texts and tasks, students are required to talk, read, 
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and write more mathematics and that this would be beneficial for 
all students regardless of their dominant language (Myndigheten 
för skolutveckling, 2007). This report can be interpreted by 
teachers as an acknowledgement that the students and their limited 
use of Swedish are the problems. The fairly simple solution is to 
have the students use more Swedish. However, work by other 
researchers in the field, including Svensson (2012), suggests that 
“fixing” students’ Swedish may not “fix” the situation. Therefore, 
when investigating how to give students opportunities for 
improving their use of language in the classroom, a broader 
understanding of the complexity of the situation is needed. The 
teaching and learning in multilingual mathematics classrooms 
cannot be reduced to “individual and professional conditions of 
the teacher and the student” (Civil & Planas, 2012, p. 74). Instead, 
Civil and Planas (2012) suggested: 

 
language policies, multilingual classroom practices, and stu-
dents’ language uses are part of broader social and political de-
bates that cannot be easily deconstructed. (p. 74) 

 
Although multilingualism gives another dimension to complexity 

in the classroom, multilingualism needs to be considered an asset in 
mathematics learning. Planas and Civil (2013) identified 
mainstream discourses about multilingual students as a serious 
obstacle when implementing pedagogies where language is seen as 
a resource. However, there are other examples where deficit 
explanations about multilingual students being a problem are not 
in focus. For example, Domínguez (2008) said: 

 
bilingualism and experience are cognitive resources because 
students’ performance of actions, by being different in each lan-
guage, give these learners an expanded repertoire of ways of 
achieving mathematization (p. 71) 

 
These resources can be used to improve reasoning and 

communication as suggested by the new syllabus (Skolverket, 
2012a) for all students. However, to recognise students’ 
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bilingualism as an asset and not as a deficit needing to be fixed 
requires more thought. Walshaw and Anthony (2008a) stated that 
effective practices have some key principles that hold for many 
different settings. One of them is “ethic of care”, which effective 
teachers show by working with student inclusiveness and student 
engagement, because the ethic of care has the ability to: 

 
enhance students’ capacity to think, reason, communicate, and 
critique others’ ideas. Such a practice allows all students to 
move forward in their mathematical thinking. (Walshaw & An-
thony, 2008a, p. 146) 

 
In my study, the complexity in a multilingual upper secondary 

mathematics classroom was investigated through an intervention to 
promote student-to-student interactions. Although the teacher was 
important for what happened in the classroom, a conscious choice 
to focus on student-to-student interaction was made. In 
mathematics education research, many studies focus on teacher–
learner relationships; however, I wanted to look more closely at 
student-to-student interactions. In teacher–student talk, the teacher 
is often dominant, and it might be hard to get an understanding of 
the students’ thinking and talking in those contexts, according to 
Deen, Hajer, and Koole (2008), who studied think-aloud tasks and 
groupwork in a multilingual class in lower secondary school. 
Timperley (2013) also concluded that it is the students and their 
learning which needs to be in the centre when developing teaching. 

To further the understanding of aspects of complexity that 
impact how students work together, it was considered important to 
include the students’ perceptions in the data to be analysed. In this 
thesis, perception is used to describe students’ experiences of 
interacting with other students concerning mathematics in the 
pedagogical practice of the classroom. 

Using Esmonde’s (2009) definition of equity about “a fair 
distribution of opportunities to learn or opportunities to 
participate” (p. 1010), this study was based on ideas on students’ 
inclusiveness and engagement. The problematique was that all 
students do not have adequate opportunities to reason and 
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communicate in the multilingual upper secondary mathematics 
classroom while, at the same time, these abilities are a specific 
goals in the mathematics syllabus (Skolverket, 2012a). 

Aim of the study and research questions 
The purpose of the intervention was to improve student-to-student 
interactions using an equity perspective so that all students were 
given opportunities to develop their reasoning and communication 
abilities. The aim of the research was to contribute to 
understandings of the impact the complexity in multilingual upper 
secondary mathematics classroom has on attempts to improve 
student-to-student interactions. Consequently, the following 
research questions were identified: 
 
1. How did students’ interactions and perceptions change over 

time as a result of an intervention to improve student-to-
student interactions? 

2. What contributed to the changes in students’ interactions and 
perceptions when an intervention was provided to improve 
student-to-student interactions? 

3. What did working with an intervention on improving student-
to-student interactions indicate about the complexity in the 
multilingual upper secondary mathematics classroom? 

Outline of the thesis 
In chapter two, a review of previous research is provided and in 
chapter three, two frameworks for analysing student-to-student 
interaction are coordinated in order to analyse the results of the 
intervention. In chapter four, the methodological approach, which 
builds onto educational design research, is described. The practical 
results of the intervention to improve the students’ interaction are 
discussed in chapter five and six, wherein chapter five is about the 
changes in students’ interactions and perceptions (research 
question 1) and chapter six is about what contributed to the 
changes (research question 2). Finally, in chapter seven, 
implications and discussions on complexity in upper secondary 
mathematics classroom (research question 3) are made. 
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2. RESEARCH REVIEW 

In chapter one, the situation in Sweden was described. Given that 
little research has been conducted in upper secondary school in 
Sweden on improving students’ reasoning and communication in 
mathematics classrooms, in this chapter, research from other parts 
of the world is reviewed. Relevant research conducted with 
younger students both in multilingual and monolingual settings has 
been included, along with definitions of key concepts. The review 
shows that it would be possible to study student interaction in 
groups through a cyclic research process that includes taking 
students’ perceptions into account. 

A socio-cultural approach to learning 
Many studies concerning learning in small groups claim to use a 
socio-cultural perspective, which implies that learning occurs 
during interactions with other human beings (see for instance, 
Donato, 2004; Dysthe, 1996; Goos, Galbraith & Renshaw, 2002; 
Hunter & Anthony, 2011). Säljö (2000) stated that learning is 
about “how individuals and groups acquire and use physical and 
cognitive resources” (p. 18, my translation) and that it is the 
“interaction between the collective and the individuals which are in 
focus” (p. 18, my translation). Given that the aim of the study is to 
contribute to understandings on the complexity concerning this 
interaction and how it can be promoted in the classroom, the 
socio-cultural approach also seems valuable here and was therefore 
chosen as an overarching perspective. In this section, some key 
concepts within the socio-cultural perspective are described. 
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One key concept within the socio-cultural perspective often 
mentioned in relationship to students’ learning is the zone of 
proximal development, which Vygotsky (1978) defined as: 

 
the distance between the actual developmental level as deter-
mined by independent problem solving and the level of poten-
tial development as determined through problem solving under 
adult guidance, or in collaboration with more capable peers.  
(p. 86) 

 
This concept seems to assume that someone in a conversation 

knows more than others, which may not be the case in groupwork. 
Students with higher levels of knowledge or grades in mathematics 
could be considered as more capable peers. However, it may not be 
their capabilities that direct the discussion or lead to learning. For 
example, it might be a question from a student with less formal 
knowledge that highlights what is important in the discussion and 
allows the group to go further in their thinking. 

Bibby (2008) critiqued the metaphor of the zone of proximal 
development as “a somewhat gentle, benevolent, rational process 
of drawing the less-knowing learner towards the more-knowing 
teacher” (p. 37). Bibby (2008) claimed that it is important to take 
into consideration difficulties and resistances when students, for 
instance, do not want to do what the teacher intends and also 
problematized what “more capable peers” could mean. 

Another concept within socio-cultural theory is scaffolding. 
Wood, Bruner, and Ross (1976) defined scaffolding as a process 
that “enables a child or novice to solve a problem, carry out a task 
or achieve a goal which would be beyond his unassisted efforts” (p. 
90). Scaffolding is often a focus of studies of teacher-student 
relationships. For example, Meaney, Fairhall, and Trinick (2007) 
wrote about which strategies teachers used to help multilingual 
students’ learning of mathematical language. They claimed that 
from a language perspective, scaffolding is “when a teacher 
provides significant support structures that enable a student to use 
new mathematical language” (Meaney et al., 2007, p. 200). For 
second language learners, this does not mean that teachers simplify 
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tasks in mathematics, but rather, that they focus on engaging 
students in authentic and cognitively challenging tasks in which the 
mathematics register is used. At the same time, teachers need to 
support and respond to special needs that students learning both 
mathematics and language might have (Gibbons, 2002). 

To be able to scaffold and support students, and for students to 
understand mathematics, language is an important mediating tool 
(Säljö, 2000; Vygotsky, 1978). Language is an example of an 
intellectual tool used to think, interpret, and relate to the world. 
Mercer (1995) stated that “we use language to transform 
experience into knowledge and understanding” (p. 67). Following 
these suggestions, the Swedish mathematics syllabus indicates that 
students need to use language to talk to each other, to develop 
their reasoning and communication abilities, and to understand 
instructions and tasks. 

When working with language in mathematics, students need to 
be supported and scaffolded. Nevertheless, Meaney, Fairhall, and 
Trinick (2011) claimed that there is limited advice on how teachers 
can scaffold students acquiring the mathematics register in regard 
to technical terms, diagrams, and grammatical constructions. Smit, 
van Eerde, and Bakker (2012) referred to other studies (Gibbons, 
2002) which stated that language scaffolding “is a fruitful way of 
promoting multilingual pupils’ development of subject-specific 
registers needed at school” (p. 818). Smit et al. (2012) argued that 
scaffolding in subject-specific languages is essential for the 
participation of students who are second language learners. 

Interaction, communication and the mathematics register 
In this study, the overarching concept of interaction is used. 
Interaction is everything that happens between the students when 
they work in their groups. This includes the unwritten rules about 
who talks when as well as communication patterns. As 
communication is one of the abilities in the mathematics syllabus 
(Skolverket, 2012a), the concept of interaction works better to 
avoid mix-ups. However, communication and interaction can be 
defined in many different ways, and many examples of literature 
about student interaction use the concept of communication. 
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Communication/interaction was previously described as a type 
of transmission of information from a sender to a receiver (see for 
example, Allwood, 2002). However, in his later work, Allwood 
(2008) said that this was insufficient and that communication 
should be seen as a sharing process instead of a transmitting 
process. In this way, communication is a two-way rather than a 
one-way concept. According to Jensen, (2012), interaction never 
happens in a vacuum – it is dependent on the physical, social, and 
cultural environment as well as on the intentions of the people 
interacting, as someone almost always wants to convey something. 
This is in line with Sfard and Kieran’s (2001) definition of 
communication as “the use and production of means intended to 
make an interlocutor act or feel in a certain way” (p. 47). 

Interaction can be carried out through words, body language, 
facial expressions, et cetera, and it can be both verbal and non-
verbal (Jensen, 2012). Interaction can also be carried out with the 
help of tools such as paper-based writings or with pictures/ 
technological help. 

Different ways of interacting add extra dimensions to the 
complexity in the classroom; for example, there may be different 
ways of talking about mathematics in different languages. Also, in 
mathematics lessons, students need to master several aspects of the 
mathematics register relating to the teaching activities the students 
are engaged in (Chapman, 1993). However, in some mathematical 
activities, the teacher is not available to help students develop their 
mathematics register. This indicates the need for further research 
on interaction between students when the teacher is not present. 

Student interactions in groups 
As mentioned in chapter one, in Sweden, when students work 
alone in mathematics, they often find the lessons boring which 
contributes to lower results in mathematics (Skolinspektionen, 
2010). This is not unique to Sweden, and one often-mentioned 
method for improving results in school suggests encouraging 
students to work together cooperatively in small groups (Slavin, 
2010). However, the research is not unanimous about the positive 
effects of groupwork. In the following sections, both the positive 



 

 28 

and negative aspects of groupwork are discussed. First, the concept 
of cooperative learning is examined. 

Cooperative learning 
Cooperative learning or collaborative learning is a family of 
methods wherein students learn together in small groups and take 
responsibility for each other’s learning (Brandell & Backlund, 
2011; Slavin, 1983; Slavin, 1995). Often, cooperative learning is 
more teacher-guided than collaborative learning (Brandell & 
Backlund, 2011), but the concepts are not used in a consistent way 
by different researchers. In this study, cooperative learning is used 
in learning activities where the teacher deliberately organised 
students in groups to work together on a task where cooperation 
and group talk was expected to contribute to the problem solving. 

The goals in cooperative learning are cognitive, metacognitive, 
and social according to Brandell and Backlund (2011). In one of 
their studies, students at university level and in upper secondary 
school worked with learning mathematics (cognitive goal) while, at 
the same time, reflected on their learning processes (metacognitive 
goal) and developed their skills for working together (social goal). 
The suggested goals may be relevant for students in upper 
secondary school as the age gap is not very wide. 

In cooperative learning, there are five common principles that 
are focused in the students’ interactions: positive interdependence, 
individual responsibility, productive interaction, social competence, 
and group processes (Brandell & Backlund, 2011). Positive 
interdependence means that students are dependent on each other 
and everyone needs to contribute with their part of the work for 
the group to succeed in the task. Slavin (2010) identified this 
individual accountability as important because it, together with the 
group goals, could “motivate students to give explanations and to 
take one another’s learning seriously” (p. 170). Positive 
interdependence was also seen by Cohen (1994b) as a condition for 
effective cooperation in a study that used cooperative learning to 
create equal opportunities for students in multilingual classrooms. 

Esmonde (2009) wrote about cooperative learning from an 
equity perspective and claimed that “cooperative learning is one 
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often-recommended technique to promote more equitable learning 
environments in mathematics” (p. 1009). However, she 
problematized this assumption by stating “too much of the 
research on cooperative learning seems to assume that all learners 
and all classrooms are created equal” (Esmonde, 2009, p. 1032). 
The complexity of multilingual classrooms means that adopting 
cooperative learning will need to be considered carefully if all 
students are to benefit. 

Another question that needs to be asked concerning cooperative 
learning is how much responsibility students should take for their 
learning. In Sweden, studies using cooperative learning techniques 
were described for students at universities with positive results; see 
Brandell and Backlund (2011) or Enghag (2006). It would be 
interesting to see if similar results are valid in upper secondary 
school. If students are not used to groupwork, but rely heavily on 
the teacher, the start-up period might be a hard conversion. 

Advantages and disadvantages of groupwork 
Much of the research on groupwork is unilaterally positive, and 
suggests that groupwork helps students’ learning; however, most of 
the studies concerning student-to-student interaction and 
groupwork were conducted in primary and lower secondary 
schools (Walshaw & Anthony, 2008b). Further, when studies were 
conducted in upper secondary school, they usually did not have a 
multilingual perspective. In this section, both the advantages and 
disadvantages concerning groupwork are discussed. 

Walshaw and Anthony (2008a) stated that many researchers 
(e.g. Slavin, 1995; Doyle, 1983; Cohen, 1994a) have shown that 
“small groupwork can provide the context for social and cognitive 
engagement” (p. 142) and that: 

 
advocates of grouping claim that this organisational practice 
provides every student the opportunity to articulate thinking 
and understanding without critical observation from the whole 
class. (Walshaw & Anthony, 2008a, p. 142) 
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Brandell and Backlund (2011) also claimed that many research 
studies showed that cooperative learning has “big potential for 
improved learning outcomes, positive attitudes and meta-cognitive 
development” (p. 144, my translation). However, Sfard and Kieran 
(2001) provided an example of an unsuccessful collaboration in 
lower secondary school and concluded that just because students 
spoke, it did not mean that they learnt. In another study, Goos et 
al. (2002) showed that students’ problem solving was often 
unsuccessful if they did not engage with each other’s thinking. 
Goos et al. (2002) claimed: 
 

There is learning potential in peer groups where students have 
incomplete but relatively equal expertise – each partner pos-
sessing some knowledge and skill but requiring the others’ con-
tribution in order to make progress. (p. 195) 

 
In this quote, the words “learning potential” indicate 

opportunities, but not assurances, for learning. Students might not 
be learning despite being seated in groups. 

Building onto these findings, it appears that groupwork may not 
always be beneficial. Another issue might be that not all students in 
a group participate. Esmonde (2009) claimed that although 
cooperative learning is often connected to ensure more equitable 
learning opportunities, she warned that “students may learn 
incorrect mathematical strategies and undesirable social 
interactional styles” (p. 1009). Also, Deen, and Zuidema (2008), 
who studied students in a multilingual lower secondary school 
working in groups of 3-4 students, found both advantages and 
disadvantages with groupwork. From a language perspective, 
students got more opportunities to talk in this constellation 
compared to whole-class discussions or working in dyads. 
However, Deen, and Zuidema (2008) further concluded that 
“group work proves to be not a sufficient condition for learning in 
interaction” (p. 171), as it may be that the students’ opportunities 
to speak might not necessarily include math or school language in 
the conversations. 
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Promoting student interactions 
In this section, research on promoting student interaction is 
reviewed. 

Product help and process help 
Supporting and scaffolding students to work together can be done 
in different ways. Dekker and Elshout-Mohr (2004) wrote about 
process help, which facilitated students’ interactions with each 
other and product help, which supported students in acquiring 
mathematical reasoning and products. Dekker and Elshout-Mohr 
(2004) connect the process help to scaffolding students to ask each 
other to show or explain their work or to criticise claims made by 
other students and the responses that these actions led to. Product 
help was more oriented on the mathematical content of the tasks. 
Dekker and Elshout-Mohr (2004) found that giving students 
process help was more effective than product help and that often 
process help addressed more than one student. When product help 
was given, this was often connected to one student’s question, 
which could “decrease the level of engagement of another” 
(Dekker & Elshout-Mohr, 2004, p. 63). In the study, 35 upper 
secondary students (divided into two groups) participated and were 
given either process help or product help. 

Being aware of how process help can scaffold the mathematics 
learning processes can be seen as a kind of metacognitive training, 
which according to Brandell and Backlund (2011) is one of the 
goals with cooperative learning techniques. Metacognitive training 
was also studied by Kramarski and Mevarech (2003). In a study 
with 384 students from grade eight, they found that meta-cognitive 
training, which makes students aware of their learning processes, 
produced better results than students who just worked from 
worked examples. It is plausible that the same is true for upper 
secondary students as the age gap between students in lower and 
upper secondary school is not wide. 

Whole-class discussions and small groupwork 
Forster and Taylor (2003) studied students’ abilities to express 
themselves in whole class situations in upper secondary 
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mathematics classrooms and problematized the practices that they 
saw as being antithetical to students’ interactions, like when the 
teacher spoke for the students or ignored answers. Also, all 
students did not voluntarily contribute to the class discussions 
leading Forster and Taylor (2003) to state: 

 
If verbal communicative competence is viewed as an important 
outcome of education, a challenge in teaching is to make oppor-
tunities for all students to hold the floor (p. 74). 

 
This point is also related to the question of equitable learning 

opportunities. Requiring all students to participate in discussions 
about mathematics might be easier in smaller groups; Jensen 
(2012) claimed that the bigger the group, the bigger the anxiety 
might be for speaking up. If, however, interaction occurs in smaller 
groups, there is a need for students to be helped in how to 
communicate in ways that support their learning of mathematics 
(Sfard & Kieran, 2001; Wiley & Jee, 2011). In a cooperative 
learning setting, students may need help with social, cognitive, or 
metacognitive goals (Brandell & Backlund, 2011). This means 
involving all students in discussions, as students who do not 
participate are at risk of learning less (Cohen, 1994b), or listening 
actively to each other in order to build onto each other’s 
interactions (Otten, Herbel-Eisenmann & Steele, 2011). Also, 
enabling students to become aware of their learning processes can 
help their mathematics learning (Kramarski & Mevarech, 2003). 

One way to support students’ interactions is to give them 
different roles in small groupwork situations. Roles can be used in 
the classroom for creating opportunities for equitable learning 
opportunities when they are constructed so that all students are 
positioned as “being competent and necessary for group success” 
(Esmonde, 2009, p. 1027). Gibbons (2002) suggested this was 
beneficial for making second language learners active 
communicators. However, Slavin (1983) claimed in a research 
review on cooperative learning for students in elementary and 
secondary schools that roles only had positive effects on 
groupwork if group rewards are provided. 
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Listening 
For small groupwork to produce cognitive effects, which according 
to Brandell and Backlund (2011) was one of the goals with 
cooperative learning techniques, students need to “attend to one 
another’s thinking for productive discourse to occur” (Otten et al., 
2011, p. 2). However, research conducted within this research area 
is limited (Otten et al., 2011; Kosko, 2014), and the studies which 
do exist are concentrated in the early years of school. 

When students are actively listening, they are listening for 
meaning (Kosko, 2014). Opportunities for building meaning 
together can result in ideas being cooperatively created (Hufferd-
Ackles, Fuson & Sherin, 2004). Otten et al. (2011) connected 
cooperative learning to students’ learning in their claim that when 
all participants are actively listening, “opportunities for productive 
learning within mathematical discussions are increased” (p. 4). 

However, studying listening is not easy. For instance, Artzt and 
Armour-Thomas (1992) concluded that although students often 
watch and listen to each other during groupwork “because there is 
no verbalization at these times, it is impossible to assign a cognitive 
level to this activity” (p. 168). Kosko (2014) investigated different 
forms of listening and categorised students as either active or 
passive listeners, which meant they were either taking part in the 
conversations or being quiet, respectively. Kosko (2014) concluded 
that “listening, in and of itself, is an unobservable action” (p. 216). 
Nevertheless, through letting 65 high school students answer open 
and closed interview questions about listening, Kosko (2014) 
examined students’ perceptions of how they engaged in 
mathematical thinking while listening to other students talk about 
mathematics. The engagement was categorised using five 
categories: doesn’t listen (students explicitly stated that they did 
not listen), nothing happens (students claimed that their thinking 
was the same), learning happens (students engaged in some kind of 
cognition), math happens (students discovered/learned new 
mathematical information) and reflection happens (students 
compared/contrasted their thinking to that of other students). The 
results varied in that “students may engage in a continuum from 
passive to active listening” (Kosko, 2014, p. 223). Hence, Kosko 
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(2014) suggested that more research was needed on “potential 
transitions along such a continuum and how such transitions might 
be facilitated” (p. 223). 

Ways of promoting group interactions 
Sfard and Kieran (2001) claimed that “the art of communicating 
has to be taught” (p. 71). Students need to be guided by the teacher 
so that the cooperative learning occurs. Also, Wiley and Jee (2011) 
claimed in an overview of cognitive research that: 

 
working with peers can be quite motivating and effective as a 
supplement to classroom instruction, but guidance for students 
on how to collaborate is critical (p. 8) 

 
Goos et al. (2002) claimed that critics of groupwork say that 

“students’ thinking can become confused without the teacher’s 
guidance” (p. 220). In whole class situations, it is possible for the 
teacher to scaffold and help the students so that the interaction 
works, but this is not always possible if students work in small 
groups as the teacher cannot be present all the time. In Goos et 
al.’s (2002) study, the teacher gave the students help in choosing 
strategies, identifying errors, and evaluating errors. This can be 
considered a type of process help (Dekker & Elshout-Mohr, 2004). 
In teacher interventions in cooperative learning mathematics 
classes, Ding, Li, Piccolo, and Kulm (2007) studied teachers who 
gave students individual working time before group discussions 
started. Ding et al. (2007) claimed this could provide groups with 
mathematical content for the discussions and that all students 
would be prepared for the interaction. 

Pijls and Dekker (2011) provided another example of process 
help (Dekker & Elshout-Mohr, 2004) by studying how three 
teachers tried to promote student-to-student interaction in various 
ways. One conclusion was that the teachers, who temporarily 
reduced their help to students, stimulated the students to discuss 
mathematics with each other. 

Nevertheless, what is true for one group of students might not be 
true for another. This is because, as stated earlier, physical, social, 
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and cultural environments influence the interaction (Jensen, 2012). 
Deen, Hajer, and Koole (2008) claimed that “theories on learning 
in interaction in the classroom underscore the value of mutual 
construction and negotiation of meaning” (p. 284). How to do this 
is, however, an area which needs further research, according to 
Esmonde (2009), who claimed that research studies on 
collaborative learning often “do not report how group work 
develops, treating snapshots of classroom activity as a 
representation of group work” (p. 1031). 

A methodological approach which makes it possible to study 
ways of promoting interactions in small groupwork and in which 
mutual construction and negotiation of meaning are possible to 
implement, is educational design research (EDR). In the next 
section, some examples of EDR studies connected to interaction 
are discussed. The studies include interventions about promoting 
students’ participation in mathematical discussions. Some of them 
were conducted in multilingual settings. 

Interventions to promote interactions 
In EDR studies, interventions are used to improve teaching 
practices in a cyclic process (McKenney & Reeves, 2012). The 
interventions build onto theories, and the theories can also be used 
for analysing the current situation in the classroom. The aim of 
EDR is often to find solutions to practical problems in teaching 
where theory seems to offer a specific solution, but it ought to be 
studied in its complex context. 

Hunter and Anthony (2011) used a design-based approach with 
the aim of engaging students (aged 11–12) in mathematical group 
practices. In the study, the intervention was about supporting 
teachers in scaffolding student participation. Through interviews, 
the researchers found that students described themselves as passive 
participants while learning mathematics and that when they got 
stuck on a problem, they asked the teacher for help (Hunter & 
Anthony, 2011). The interviews and the students’ perceptions 
therefore gave information about what process and product help 
(Dekker & Elshout-Mohr, 2004) students needed. 
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Another study, also focusing on the teacher using an intervention 
on mathematical problem solving to analyse content and 
participation in classroom discourse was made by Ryve, Larsson, 
and Nilsson (2013). The study was conducted in lower secondary 
school. The results showed that many aspects affected students’ 
opportunities for participating in whole-class discussions in the 
mathematics classroom. Ryve, Larsson, and Nilsson (2013) 
concluded that “we could not derive recipes of how to teach 
mathematics” (p. 112), but instead, suggested questions that could 
be important to consider when teachers discuss mathematics with 
students. This could be interpreted as a sign of high complexity 
when trying to promote student participation and interaction. 

Several EDR studies have been undertaken in multilingual 
settings, see for instance Brandt and Schütte (2010) or den Brok, 
van Eerde, and Hajer (2010). Van Eerde and Hajer (2009) used 
design research to promote language-sensitive mathematics 
teaching and claimed that there are only a few studies about the 
students’ development of language in a school subject because it is 
difficult to “gather data within the natural classroom setting that 
provide insight in individual students language use over time” (van 
Eerde & Hajer, 2009, p. 272). Their intervention was designed to 
make it possible for students to communicate more in 
mathematics. In the lessons, there was first a whole-class discussion 
concerning a mathematical problem-solving task in context and 
about solutions. Then, the students worked in small groups on 
similar problems before a whole-class discussion in which different 
solution strategies were discussed. In this case, students were given 
opportunities to communicate in mathematics and learn language 
at the same time. 

Perceptions in the mathematics classroom 
When promoting student-to-student interaction, many studies such 
as the EDR studies presented above, focus on what the teacher can 
do and how interventions can scaffold students in their learning; 
however, it is not only what the teacher does that is important. 
Hunter and Anthony (2011) stated that using students’ 
perspectives could be important to offer insight into their 
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mathematics learning. Some students’ activities, like constructing 
representation, making arguments, or explaining their thinking 
might be difficult for some students or make them feel 
uncomfortable (Hunter & Anthony, 2011). Hunter and Anthony 
(2011) claimed that it is important to “be aware of the relational 
aspects involved in participation” when they discussed how 11-12-
year olds took up or resisted opportunities to participate. 

Also, Wester (2014) claimed that students’ perspectives can give 
information about what is needed to successfully change teaching 
practices. Barnes (2005) stated that more focus should be on social 
aspects in the classroom because if students’ cooperation does not 
work for social or communicative reasons, it might result in a 
group that does not engage in the problem solving. Hence, it seems 
important to study how students perceive working together, and 
one important factor connected to social aspects in the classroom is 
how students perceive the classroom climate. Webb and Webb 
(2012) claimed that dialogue could be enhanced if the climate is 
non-threatening and students feel comfortable to speak without 
retribution or ridicule. Alrø and Skovsmose (2004) connected 
students’ perceptions to learning, claiming that “emotive aspects 
constitute an essential part of a learning process that bring certain 
qualities to learning” (p. 101), where examples of emotive aspects 
could be mutual respect, confidence, or responsibility. 

Students do not only have perceptions of what is happening in 
the classroom, but also about their own role in the classroom. Both 
their backgrounds and their foregrounds influence how students 
perceive themselves in relationship to what is happening in the 
classroom. In this sense, background means students’ previous 
experiences and foreground is according to Alrø, Skovsmose and 
Valero (2008): 

 
a person’s interpretation of his or her learning possibilities and 
‘life’ opportunities, in relation to what the socio-political con-
text seems to make acceptable for and available to the person. 
(p. 17) 
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Svensson (2014) problematized the weak foreground for learning 
mathematics which students in lower secondary school from 
segregated areas with low socioeconomic status often expressed. 
Another study connected to students’ foregrounds was made by 
Brown, Brown, and Bibby (2008), who studied the reasons why 
16-year olds did not continue studying mathematics. They found 
that perceived difficulty and lack of confidence were important 
factors, as well as dislike, boredom, and lack of relevance (Brown 
et al., 2008). This was similar to how many students in Sweden 
described mathematics lessons, as reported in chapter one 
(Skolinspektionen, 2010). 

Barnes (2005) studied what positions students had in group 
interactions in three senior classes. Positioning is done both by 
individuals, but also, for instance, by the opportunities the other 
members in a group give to talk and what expectations 
(perceptions) students have about other students. It is about “how 
to behave, constraints on what may be meaningfully said or done, 
and rights, such as the right to be heard” (Barnes, 2005, p. 59). In 
particular, Barnes (2005) studied the role of the Outsider, a student 
who either assumes a position outside the group or is assigned it 
when other students ignore or interrupt him/her. Barnes (2005) 
claimed that Outsiders seldom get a chance to “articulate, explain 
and justify their own ideas, or to question or challenge ideas and 
interpretations put forward by others” (p. 67). Barnes (2005) 
suggested that norms for collaborative work need to be negotiated 
within the class and that it is important that students show each 
other respect, listen to each other, and allow everyone to 
participate. 

Conclusion 
In chapter one, the complexity of the situation in the multilingual 
upper secondary mathematics classroom was discussed – a 
complexity starting in many areas in need of improvement, with 
many different languages and students with different needs and 
perceptions about mathematics. In this study, the aim was to 
contribute to an understanding of this complexity by documenting 
and analysing an intervention to improve student-to-student 
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interaction in small groups. The research review in this chapter 
suggested that using cooperative learning techniques for small 
groups is a common way to promote interaction which could also 
give possibilities for equitable learning opportunities. One possible 
way of implementing cooperative learning techniques in order to 
develop students’ reasoning and communication abilities could be 
through educational design research (EDR), which was found to be 
a flexible way to meet the needs of the students. This flexibility in 
the EDR cycles could include examining students’ perceptions. 

The literature review reflected that there is a limited amount of 
research within upper secondary multilingual mathematics 
classrooms. Instead, results from lower secondary school or from 
students without multilingual backgrounds were presented. It is 
plausible that many of the results from lower secondary schools 
can also be applied for older students. The age gap between the 
students is not so wide and therefore the reflections on groupwork 
could also be valid for upper secondary students. Factors such as 
equal opportunities for participation, the need to learn how to 
communicate, implementation of cooperative learning techniques 
with cognitive, metacognitive, and social goals, the need for 
process help and product help, or working with interventions to 
promote student interaction can be researched for students 
independently of their age and first language. As the age gap 
between students in the studies in the literature review is not very 
wide and both multilingual and monolingual students need to learn 
how to reason and communicate in mathematics, the conclusions 
in the literature review could be used as a base when making an 
intervention to improve student-to-student interactions. 

The methodology for the study is presented in chapter four. 
Firstly, however, in chapter three, two theories are presented from 
which choices made in the EDR cycles can be justified and data 
analysed. The theories are the inquiry co-operation model (the IC-
model) by Alrø and Skovsmose (2004) and Fuentes’ (2009) 
framework for analysing student communication. 
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3. THEORETICAL APPROACHES 

In this chapter, it is discussed how two theoretical frameworks, the 
inquiry co-operation model (the IC-model) (Alrø & Skovsmose, 
2004) and Fuentes’ (2009) framework for analysing student 
communication, can be connected to each other. The theoretical 
frameworks were used as analytical tools in this study, but were 
also used as theoretical foundation for designing the intervention. 

The role of theory in this study 
Choices made in educational design research (EDR) studies need to 
be theoretically justified (McKenney & Reeves, 2012). However, 
there are different interpretations of what theory is. In mathematics 
education research, theories have been called theoretical models, 
constructs, paradigms, frameworks, approaches, or perspectives. 
Mewborn (2005) stated “to some, these words have vastly distinct 
meanings, while to others they are separated by shades of grey” (p. 
1). In this thesis, the word “framework” is used when referring to 
Alrø and Skovsmose’s (2004) IC-model or Fuentes’ (2009) 
framework because, according to Mewborn (2005), frameworks 
can be used either as “a sort of binocular that allows one to 
narrow down the scope of the research site to focus on particular 
aspects” (p. 3) or to “compare and contrast what the data are 
saying with what the framework is saying” (p. 4). 

In this study, two frameworks were used. Although the IC-model 
is called a model, Alrø and Skovsmose (2004) also described it as a 
conceptual framework. In the IC-model, Alrø and Skovsmose 
(2004) suggested that the learning of mathematics in interaction 



 

 41 

can be divided into different dialogic acts in which the students 
engage. However, in this study, simply analysing and categorizing 
the type of interactions proved to be an insufficient tool for 
understanding classroom interaction. Therefore, an additional 
theoretical framework with a focus on mathematical questions was 
used for the analysis, namely Fuentes’ (2009) framework for 
analysing student interaction. In the analysis of data, the 
frameworks were used as Mewborn (2005) said, to focus on 
certain aspects of the interactions. 

 In the following text, the two theoretical frameworks are 
described and discussed, followed by a coordination of them 
(previously described in Sjöblom, 2014b). 

The IC-model 
The inquiry co-operation model (IC-model) involves eight different 
dialogic acts of communication, namely: getting-in-contact, 
locating, identifying, advocating, thinking aloud, reformulating, 
challenging, and evaluating (Alrø & Skovsmose, 2004). The IC-
model was originally developed to study how students can work 
together with a teacher to explore a landscape of investigation, 
which is an open setting in which students “formulate questions 
and plan different routes of investigation” (Alrø & Skovsmose, 
2004, p. 49). Alrø and Skovsmose (2004) also used the IC-model 
for studying dialogic acts in student-to-student interaction when no 
teacher was present. 

The following is a summary of the acts in the model as explained 
by Alrø and Skovsmose (2004, p. 101-109): 
 
1. Getting-in-contact is in regard to students listening to each 

other “in a relation of mutual respect, responsibility and con-
fidence”. 

2. Locating is in regard to finding out new things through inquir-
ing questions while “examining possibilities and trying things 
out”. 

3. Identifying is in regard to trying to “crystallise mathematical 
ideas, meaning being able to identify a mathematical principle 
or algorithm”. 
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4. Advocating is in regard to “stating what you think and at the 
same time being willing to examine your understandings and 
pre-understandings” and “a trying out of suggestions for prov-
ing”. 

5. Thinking aloud is in regard to “expressing one’s thoughts, ide-
as and feelings during the process of inquiry”. 

6. Reformulating is in regard to “repeating what has just been 
said”. 

7. Challenging is in regard to attempting to “push things in a 
new direction or to question already gained knowledge or 
fixed perspectives”. 

8. Evaluating is in regard to “correction of mistakes, negative cri-
tique, constructive critique, advice, unconditional support, 
praise or new examination”. 
 

In this study, there were several reasons for why the IC-model 
was chosen. Alrø and Skovsmose (2004) considered the IC-model 
to be their suggestion for how scaffolding could be done within the 
zone of proximal development. As this study was about improving 
student-to-student interactions and giving students opportunities to 
develop their reasoning and communication abilities through an 
intervention, the IC-model was one way to look at how scaffolding 
could be done. Through the different acts, possibilities were given 
to analyse what acts were present and what were missing and then 
draw conclusions about what to do in the next step in the 
intervention. Alrø and Skovsmose (2004) claimed that “the IC-
model not only represents qualities of communication, it also 
constitutes an important resource for learning” (p. 67) because it 
gives possibilities to study and work with communication in new 
ways. The IC-model was not only used for analysing students’ 
interactions, but also for designing the intervention and looking at 
what process help and product help students might need (Dekker 
& Elshout-Mohr, 2004). This is further discussed in chapter four. 
It was considered good quality and quantity in the interactions 
when many different dialogic acts from the IC-model could be 
identified in the student-to-student conversations. This could be 
connected to Alrø and Skovsmose’s (2004) statement that the acts 
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of the IC-model characterise qualities in communication which 
they found extra important and a resource for learning. To develop 
students’ reasoning and communication abilities in mathematics, 
for instance, to concentrate in the cycles on the dialogic act of 
advocating, was important because it required students to justify 
what they thought to others. In designing classroom activities to 
improve student-to-student interactions, all the dialogic acts 
needed to be included. 

Another contributing factor to why the IC-model was chosen as 
theoretical framework in this study was that mathematical 
questions could be focused in all the dialogic acts of the IC-model 
(Alrø & Skovsmose, 2004). For instance, tag questions, used at the 
end of students’ utterances to ensure that other student followed 
the reasoning, could be related to getting-in-contact. When 
students worked with locating and identifying, they could ask 
‘what-if questions’ to try out different perspectives and ‘why 
questions’ to understand the mathematics. When students gave 
suggestions on how to solve problems or asked “can we solve it 
like this?”, then locating and identifying became advocating. 
Reformulating could be connected to questions starting with “do 
you mean…” followed by students’ rewordings of what was 
already said, and challenging happened when students queried each 
other’s thinking. I considered that students asking each other 
questions was important in order to make the interaction work, to 
get the students to listen to each other, and for the students to be 
able to solve mathematical problem solving tasks. 

Finally, the fact that the IC-model could be used not only for 
teacher-student interaction, but also for student-to-student 
interaction, and that it was specifically designed for the subject of 
mathematics contributed to my decision to choose it as a 
framework. However, as with all frameworks, there are both 
advantages and disadvantages with the IC-model. From their 
analysis of Danish mathematics classrooms, Alrø and Skovsmose 
(2004) concluded that “only in a very few cases within the school 
mathematics tradition have we identified a fully developed IC-
model” (p. 65). This was because the elements in the IC-model 
sometimes “degenerated” and became something different to those 
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described in the model. For instance, challenging can become 
‘quizzing’ when an open dialogue turns into students trying to 
guess what the teacher thinks (Alrø & Skovsmose, 2004). Alrø and 
Skovsmose (2004) also claimed that the communicative acts in the 
IC-model “make demands on the students’ verbal abilities” (p. 67). 

Another critique of the IC-model for promoting student-to-
student interaction is that it only works when students want to 
participate. Also, Alrø and Skovsmose (2004) raised questions if 
whether working in an open landscape of investigation during 
mathematics lessons is too much of a challenge for the students. 
Further discussions about the complexity of using the IC-model in 
this study can be found in chapter seven. 

Fuentes’ framework for analysing student communication 
Fuentes (2009) conducted practitioner action research on students’ 
collaborative work with the purpose of studying how one teacher 
worked with interventions to make students work in collaboration. 
The intention was to improve students’ communicating, self-
regulating, and problem-solving skills through interventions and 
one of the research questions was similar to the research questions 
in this study, namely “how does student communication about 
mathematics while working in groups change over time?” (Fuentes, 
2009, p. 16). In order to study this, Fuentes (2009) extended a 
framework by Dekker and Elshout-Mohr (2004). To the initial 
four question/comment-response pairs, Fuentes (2009) added four 
more new ones. Fuentes (2009) then classified the student 
conversations with help from the following eight 
question/comment-response pairs. 

 
Table 3.1. Fuentes’ (2009) framework for analysing student 
communication. 
Question/Comment Response 
1. A asks B to show work 1. B shows own work 
2. A asks B to explain work 2. B explains own work 
3. A criticises B’s work 3. B justifies own work 
4. A rejects B’s justification 4. B reconstructs own work 
5. A asks B to evaluate work 5. B evaluates A’s work 
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6. A suggests a strategy to the 
group 

6. The group tries the 
strategy 

7. A asks B a content question 7. B answers A’s question 
8. A asks B a clarification  
question 

8. B answers A’s question 

 
The framework was used both for analysing and for promoting 

student-to-student discourse. Fuentes’ (2009) interventions were 
designed to make it possible for students to ask questions, work 
with sharing and comparing different strategies to solve problems, 
listen to each other’s explanations, and assess methods and 
solutions. Although her study was not conducted in a multilingual 
setting, the purposes of her interventions could be connected to 
students’ reasoning and communication abilities, which my 
intervention had the purpose to improve. Also, Fuentes’ (2009) 
goal that students should “realize that there are often multiple 
approaches to solving a particular problem” (p. 135) was similar 
to what students needed to learn in my study concerning 
mathematical problem solving. 

Fuentes (2013) claimed that it was important when students 
interacted that they evaluated each other’s reasoning. I connected 
this requirement to the dialogic acts evaluating and challenging in 
the IC-model. Fuentes (2013) identified three concerns that could 
prevent effective student interaction and these were: lack of 
communication between all students in a group, poor 
communication patterns, and norms that impede students’ 
learning. How these concerns affected my intervention is discussed 
in chapter four. 

In order to respond to my research questions, especially the first 
question about changes in students’ interactions over time, the 
questions in Fuentes’ (2009) framework were used to analyse 
quality and quantity in how students asked and answered 
questions within their groups. Also, the framework was used in 
designing the intervention, as it was considered important that 
students worked with different types of questions in the 
mathematical discussions; questions that could be connected to the 
dialogic acts in the IC-model (Alrø & Skovsmose, 2004). 
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Coordinating the IC-model with Fuentes’ framework 
In this section, the two frameworks described in the chapter are 
connected to each other. In chapter four, I further discuss how this 
coordination gives possibilities both for accounting for well-judged 
choices in the design/construction phases, but also for analysing the 
data in regard to my research questions from two different 
perspectives, and hence, triangulating the data (Bryman, 2008). 

Coordination of frameworks 
According to Prediger, Bikner-Ahsbahs, and Arzarello (2008), 
there can be several reasons for connecting theories which can 
contribute to “increasing explanatory, descriptive, or prescriptive 
power” (p. 169). Here Prediger et al. (2008) used the word 
“theory”, but in this thesis, the networking strategies are applied 
on “frameworks”. Principles used for combining “grand” theories 
seem to be equally applicable to combining frameworks. 

Prediger et al. (2008) studied different networking strategies for 
theories within mathematics education. In this study, the 
connection strategy of coordinating was chosen as it enables “a 
networked understanding of an empirical phenomenon or a piece 
of data” (Prediger et al., 2008, p. 10). Wedege (2010) explained: 

 
The term coordinating is used when a conceptual framework is 
built by well fitting elements from different theories; elements 
e.g. from the basic principles P, are chosen and put together in a 
more or less harmonious way to investigate a certain research 
problem. (p. 67) 

 
In this study, the two frameworks were put together to look at 

students’ interactions. The interactions could be studied both 
through the acts in the IC-model (Alrø & Skovsmose, 2004) and 
by the question/comment-response pairs in Fuentes’ (2009) 
framework. The coordination gave the possibility to look at the 
data from two different viewpoints. 

When coordinating theories, Wedege (2010) used Radford’s 
(2008) morphology of theories, in which theories are seen as 
triplets T = (P, M, Q), where P is a system of principles, M is a 
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methodology supported by P, and Q is a set of research questions. 
Wedege (2010) stated that when using Prediger et al.’s (2008) 
networking strategies, it was important to study how the triplets T 
of the theories were interrelated as well as the goal of the 
connection. In the next section, the P, M, and Q for the two 
frameworks are compared and discussed. 

 
System of principles, P 
The system of principles, P includes both implicit views as well as 
explicit statements that “delineate the frontier of what will be the 
universe of discourse and the adopted research perspective” 
(Radford, 2008, p. 320). There are at least four large similarities 
for the system of principles for the IC-model (Alrø & Skovsmose, 
2004) and Fuentes’ (2009) framework for analysing student 
communication. The first is that that both frameworks build on the 
socio-cultural views that learning mathematics is done while 
working together with others and that language is an important 
mediating tool. 

The second similarity concerns who is involved in the 
communication. Both frameworks can be applied to student-to-
student interaction, although initially designed for student-to-
teacher communication. Through looking at who is involved in the 
interaction and what dialogic acts or question/comment-response 
pairs occur in the interaction, it is possible through both 
frameworks to say something about the quantity and quality of the 
interaction. 

A third similarity concerns the view of a student as an active 
participant in the interaction. Even though it is a similarity, it is 
not unproblematic because it delimits the kind of interaction that 
can be analysed with the two frameworks. If students choose not 
to participate in the mathematical conversations, none of the 
frameworks can help in analysing the interaction. 

And finally, a fourth similarity is that mathematical questions 
are important parts of both frameworks. 
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Methodology, M 
Both the IC-model (Alrø & Skovsmose, 2004) as well as Fuentes’ 
(2009) framework have starting points in communication about 
mathematics between students. Both frameworks categorise the 
statements in the conversations to find answers to the research 
questions. In the IC-model, communication can be analysed with 
the help of the different dialogic acts and in Fuentes’ (2009) 
framework, communication can be analysed through the question/ 
comment-response pairs. The data needed for these analyses are 
the same and the data collection can be made in similar ways. 

In the two frameworks, there are some clear connections 
between dialogic acts and question/comment-response pairs. For 
instance, challenging questions can be seen as being related to 
question3/comment3; advocating might contain suggestions about 
how to solve a task, which is also done in question6/comment6 
and response6; and evaluating could be connected to question5/ 
comment5 and response5. Question7 and question8 seemed to be 
connected to the acts of getting-in-contact, locating or identifying. 

 
Set of research questions, Q 
The research questions Q that are possible to ask when working 
with Fuentes’ (2009) framework or the IC-model (Alrø & 
Skovsmose, 2004) are similar. It appears that both frameworks aim 
at addressing issues to deepen the understanding for students’ 
interactions. For instance, the research questions in this study can 
be answered with help of both frameworks. 

For both frameworks, questions can be asked concerning 
changes in students’ interaction over time when an intervention is 
introduced to improve the student-to-student interaction (research 
question one). Changes can be identified by looking at how 
students work with the IC-acts or the question/comment-response 
pairs. 

Both frameworks can also be used in the design of the 
intervention to promote improved student-to-student interaction. 
Looking at the results of the intervention can then be related to the 
second research question about what caused the changes. Finally, 
both frameworks can be used to try to understand the complexity 
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in multilingual students’ interactions, which can be related to the 
third research question. 

 
Possibilities for coordinating the frameworks 
From looking at the triplets T = (P, M, Q) for the IC-model (Alrø 
& Skovsmose, 2004) and Fuentes’ (2009) framework, many 
similarities in the structures for the frameworks were outlined in 
the sections above regarding all three parts P, M, and Q. The 
frameworks do not appear to contradict each other; therefore, it 
seems fruitful to coordinate them. 

Conclusion 
In this chapter, two frameworks for analysing student 
communication were presented, the IC-model (Alrø & Skovsmose, 
2004) and Fuentes’ (2009) framework for analysing student 
communication. 

The frameworks were coordinated to obtain opportunities for 
studying the quality and quantity of students’ interactions from 
two different viewpoints. As both frameworks focus on 
mathematical questions, this is an area that can be studied both at 
a general level in relation to what IC-act students were working 
with, but also at a specific level identifying the mathematical 
questions students asked with help of Fuentes’ (2009) framework. 

The frameworks were used in the study for two reasons — to 
analyse data and as a theoretical foundation for choices made in 
the intervention, which is further discussed in chapter four. 
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4. METHODOLOGY 

In this chapter, the methodology is described. Educational design 
research (EDR) is presented first followed by a description of the 
intervention and the context of the study. After that, the methods 
used for the data collection and the data analyses are discussed. 

Educational design research 
EDR is a rather new type of empirical educational research and the 
first papers related to it came in the early 1990s (McKenney & 
Reeves, 2012). Cobb and Gravemeijer (2008) defined EDR as “a 
family of methodological approaches in which instructional design 
and research are interdependent” (p. 68) and claimed that EDR 
gives possibilities to “investigate simultaneously both the process 
of learning and the means by which it is supported and organized” 
(p. 68). Similarly, McKenney and Reeves (2012) defined EDR as: 
 

a genre of research in which the iterative development of solu-
tions to practical and complex educational problems also pro-
vides the context for empirical investigation, which yields theo-
retical understanding that can inform the work of others. (p. 7) 

 
Although EDR can be conducted in a variety of ways, in summary, 
EDR allows for the production of theories, artifacts, and teaching 
practices from investigations of learning and teaching in real-life 
situations in the classroom (Barab & Squire, 2004; McKenney & 
Reeves, 2012). 
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In an EDR study, there are cycles consisting of three phases 
called the analysis/exploration phase, the design/construction 
phase, and the evaluation/reflection phase (McKenney & Reeves, 
2012). The process is iterative because results from one phase 
affect what happens in the next phase, and results from one cycle 
affect what happens in the next cycle. In short, the phases contain: 

 
• analysis/exploration: problem identification and diagnosis 
• design/construction: creation of solutions to problems 
• evaluation/reflection: evaluation of the intervention and re-

flection about practical/theoretical results 
(McKenney & Reeves, 2012) 

 
The first analysis/exploration phase is often the most extensive, 

because there is a need to have a starting point that can be 
compared with later results as part of the evaluation phases. 

The intervention in an EDR study often consists of the materials 
constructed in the design/construction phases, but can be all sorts 
of designed solutions to problems (McKenney & Reeves, 2012). 
Interventions in EDR studies are often designed collaboratively 
between a researcher or research team and a teacher or set of 
teachers. The interventions use theories to justify the choices made 
in the design/construction phases. 

Reasons for choosing educational design research in this 
study 
As EDR gives opportunities to try out strategies and tasks, it also 
has the potential to promote student-to-student interaction, 
something that requires specific attention to the classroom. The 
cyclic nature of EDR means that it is possible to study changes 
over time and adapt tasks and ways of supporting and promoting 
student-to-student interaction in the same classroom. 

The EDR cycles were expected to provide opportunities for 
meeting the needs of the students in this particular classroom by 
analysing the students’ interactions and perceptions in one cycle 
and then adapting actions made to promote interactions in the 
next. McKenney and Reeves (2012) wrote that EDR “is structured 
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to explore, rather than mute, the complex realities of teaching and 
learning contexts, and respond accordingly” (p. 15). 

The intervention 
The research questions presented in chapter one focused on the 
construction of an intervention that supported students to improve 
the quality of their mathematical interactions. The intervention 
used in the study to investigate these questions was based on EDR 
and was constructed collaboratively with the teacher with help of 
theories on student interaction. As described in chapter three, the 
two theories were the IC-model (Alrø & Skovsmose, 2004) and 
Fuentes’ (2009) framework for analysing student interaction. 

The design of the intervention was made during the 
design/construction phase. In this study, not only were the tasks 
part of the designing, but also all the decisions made during the 
cycles such as how to group students, what support to give them 
during groupwork, and why. Also, the planning/structure of the 
semester was part of the design process. 

 In the intervention, in order to scaffold students in their small 
groupwork, tasks connected to mathematical problem solving were 
developed in the cycles. Problem solving was chosen as it is an 
important part of the syllabus, as it is emphasised both as a goal 
with the mathematics teaching and as a means for students to 
develop other abilities (Skolverket, 2012a). In relationship to both 
language and mathematical problem solving, it is the responsibility 
of the school to ensure that each student can use their knowledge 
to, amongst other things, formulate, analyse, reflect or critically 
examine and value statements (Skolverket, 2012b). 

Fuentes (2013) identified three concerns that could prevent 
effective student communication, namely lack of communication 
between all students in a group, poor communication patterns, and 
norms that impede students’ learning. In the cycles, to avoid these 
problems, students were also given three support means that were 
developed and adapted in the design/construction phases. The 
concept of support mean is used in this thesis for support strategies 
that can be used both as product help as well as process help 
(Dekker & Elshout-Mohr, 2004) to help the students interact with 
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each other. The first support mean consisted of different 
communicative roles created to promote the students’ use of 
language in different ways. The second support mean was the 
provision of question lists created to promote the students to ask 
each other questions and be more aware of the mathematical 
questions asked and answered during student-to-student 
conversations. Finally, the third support mean was a problem-
solving support list to help students with the problem-solving 
process. These support means can be seen as design principles that 
followed the students through all three cycles, although the content 
and form of them were adapted. 

The justifications and adaptations of tasks and support means, 
as well as the result of the EDR process are discussed in the next 
two chapters. However, as the intervention itself was part of the 
method used to promote improved student-to-student interaction, 
the tasks and support means are now briefly described. 

The tasks 
The mathematical focus which went across all three cycles was 
mathematical problem solving1. It was considered to give 
possibilities for developing the different kinds of mathematical 
abilities identified in the syllabus (Skolverket, 2012a), including 
reasoning and communication abilities. The mathematical content 
of the tasks was chosen in cooperation with the teacher before the 
semester started to fit in with the teacher’s planning. The set of 
tasks in each cycle consisted of one, two, or three mathematical 
problem-solving tasks constructed to fit in with the mathematical 
content that students currently were working on and to be done 
during one or two lessons temporally close to each other. The 
complexity of the tasks should engage students in talking about 
them and helping each other to solve them. 
 
Cycle 1 
In the first cycle, there were two problem-solving tasks. The first 
one – The Fence – concerned fractions. The second task – The 
                                                   
1 For original tasks (in Swedish), see Appendix A. 
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Chocolate Wheel – was on probability reasoning in the setting of a 
Tivoli. Both tasks were constructed to facilitate the students talking 
to each other and discussing strategies on how to solve the 
problems. 

 
The Fence: Marie and Johannes need to paint a fence. If Ma-
rie does the painting herself, it will take four hours. If Johannes 
does it, it will only take two hours, since he has a broader 
brush. They need ten litres of paint for the fence. How long will 
it take to paint the fence if they cooperate and paint the fence 
together? 

 
The Chocolate Wheel: Two dice are thrown. Guess the sum 
of the dots on the dice to win the game. 

 
Cycle 2 
In the second cycle, one task was divided into two sub-tasks, 
namely, The TV and The Loan. The TV was openly formulated 
with many different answers in order to make students start talking 
about loans with each other. Why it was formulated so open is 
further discussed in chapter six. The Loan concerned percentages 
and problem solving. It also had many solutions in order to avoid 
students focusing solely on finding the correct answer. However, 
even if they could try different numbers to find a range of 
solutions, we wanted them to find a pattern and general strategy 
for how to solve the problem. The tasks were formulated like this: 

 
The TV: You want to buy a TV. It costs 8000 kronor. Right 
now you do not have any money and need to borrow the entire 
sum. The loan is to be paid back in three months. What do you 
do? 

 
The Loan: Marie and Johannes have one loan each. Marie’s 
loan has an interest of 3% and Johannes’s loan has an interest 
of 6%. Each month, they pay the same amount on their loans. 
How much money could they have borrowed? 
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Cycle 3 
In the third cycle, there was one larger task — The Pattern — 
consisting of three mathematical subtasks that were carried out in 
cooperation with a teacher in the subject Digital Art (Digital bild). 
The mathematical content concerned problem solving and patterns, 
and the idea was to make students formulate general formulas for 
patterns they found in real life. Initially, the students were given a 
homework task and a task to work with in Digital Art: 

 
The Pattern: Take a photograph of a pattern. Extract a piece 
of the picture and call it Figure 1. Think about what a pattern 
with Figure 1, Figure 2, and Figure 3 might look like. 
In Digital Art: Create the three first pictures of your pattern. 
In Mathematics: Find the formulas describing the pattern. 

 
After the students had worked with these tasks, I constructed the 
following patterns originating in the students’ photographs in 
cooperation with the mathematics teacher. In the question, 
formulas were written in the plural form, because there was not 
only one solution and we wanted to allow the students to give 
different responses. 

 
Pattern 1: Here is Figure 1, Figure 2, and Figure 3. Think of 
what Figure n might look like. Find mathematical formulas to 
describe Figure n. 
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Pattern 2: Here is Figure 1, Figure 2, and Figure 3. Think of 
what Figure n might look like. Find mathematical formulas to 
describe Figure n. 

 
 

 
 

Pattern 3: Here is Figure 4. Draw Figure 1, Figure 2, and Fig-
ure 3. Think of what Figure n might look like. Find mathemati-
cal formulas to describe Figure n. 

 
 
 

The roles 
In the study, we wanted all the students to participate in solving 
the tasks. Therefore, as process help during the groupwork, 



 

 57 

students were given communicative roles1. The choices of and 
details about the roles are discussed in further detail in chapter six; 
however, the roles are briefly summarised in the following sections: 

 
Cycle 1 
In the first cycle, there was a chairperson (ordförande) who 
decided who talked when, a summariser (sammanfattare) who 
wrote down the conclusions, a thinker (tänkare) who was to think 
aloud, and an accountant (redovisare) who was to present the 
groups’ conclusions on the board. All of the students also had the 
role of questioners, in that they were to ask each other questions. 
 
Cycle 2 
In the second cycle, the roles included responsibilities for one of 
four areas: groupwork (making sure everyone participates), written 
summary, questions, and oral presentation (grupparbetsansvarig, 
sammanfattningsansvarig, frågeansvarig och redovisningsansvarig). 
Cycle 3 
The roles in the third cycle were the same as in cycle 2, but with 
shorter and more specified descriptions. 

The problem-solving support lists 
In each cycle, the students were given process help (Dekker & 
Elshout-Mohr, 2004) to work with problem-solving tasks. The 
reason for giving the students problem-solving support lists and 
how they were adapted in the cycles are justified in chapter six, as 
for the purpose now, the lists are only briefly described: 

 
Cycle 1 
In the first cycle, the students were reminded about an information 
box in their textbook about problem-solving strategies (Alfredsson, 
Bråting, Erixson & Heikne, 2011). The information box built onto 
Polya’s four stages of problem solving (Polya, 2014): Understand, 
Plan, Carry Out, and Review2. 

 
                                                   
1 For original formulation of the roles (in Swedish), see Appendix B. 
2 For the original problem-solving support lists (in Swedish), see Appendix C. 
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Cycle 2 
In the second cycle, the problem-solving support list was extended 
to also include some questions, namely: 

 
Table 4.1. Problem-solving support list in cycle 2.  

 
Cycle 3 
In the third cycle, the problem-solving support list was combined 
with a question list, see below. 

The question lists 
In each cycle, one focus area of the interaction was about 
mathematical questions. While working with the tasks, in each 
cycle, the students were given help about how to work with 
mathematical questions in form of question lists. The reason for 
giving the students question lists and how they were adapted in the 
cycles are justified in chapter six, but the question lists are now 
briefly described: 

 
Cycle 1 and Cycle 2 
In the first and second cycle, the question list was a blank list with 
numbered lines on which the students were to write down 
important mathematical questions that they asked each other. 
 

1. Understand 
the problem 

What information is given in the task? What 
do we need to know and why? 

2. Plan for 
what strategy 
to use 

How can we solve the task? Why do we choose 
this strategy? 

3. Use the 
strategy 

Questions about calculations: What? How? 
When? Why? 

4. Look back at 
the problem 

Is it possible to understand the solution? Are 
there any more solutions? Is the answer 
reasonable? 
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Cycle 3 
In the third cycle, the students were to identify on the provided list 
which questions they had worked with. They also had the 
opportunity to write their own questions. 

 
Table 4.2. Combined problem-solving support list and question 
list. 
1. 
Understand 
the problem 

What information is given in the task? What do 
we know? What are we to answer in the task? 
What do we need to find out? 

2. Plan for 
what 
strategy to 
use 

How can we solve the task? In what way is this 
task similar to other tasks we have solved? Why 
do we choose to solve the task like this? Are there 
more ways to solve the task? What do we need to 
calculate? How can we structure our solution? 

3. Use the 
strategy 

When working with the problem it is good to ask 
questions starting with: Why are we doing this? 
What happens if…? How do we calculate this? 
What is…? In what order do we do this? How are 
you thinking…? What do you mean by…? How 
do we know that…? When do we…? What 
formulas? 

4. Look 
back at the 
problem 

Have we answered the question? Is the answer 
reasonable? Are there any more solutions? Can we 
solve the task in another way? Can we check if we 
have thought correctly? Is it possible to 
understand the solution? 

Context of the study 
In order to respond to the research questions set out in chapter 
one, it was important to have a class which included students with 
Swedish as second language. Therefore, the study was undertaken 
in a first year upper secondary multilingual classroom where 
students attended the social science program (samhälls-
programmet). The social science program was chosen because 
those students read the course Mathematics 1b, which is the 
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mathematics course that most students in Sweden attend 
(Skolverket, 2014). 

In the class, there were between 20–24 students, although this 
number changed during the first few months, as many students 
changed schools. Twelve students completed consent forms 
wherein they agreed to participate in the study, of which nine 
remained in the class throughout the whole study. 

Johannes, a 32-year old male, was the teacher in the study. He 
wished to participate in the study in order to develop his teaching 
and find new ways to reach out to his students and understand 
more about their interactions. He had already used a variety of 
pedagogical practices; for example, the students worked with 
group discussions and flipped classroom-techniques (Fulton, 2012) 
when they watched the lectures at home before the lessons and 
then had time to interact and ask questions in school. 

Almost all the students in the classroom had another first 
language than Swedish. In the class, there were at least nine 
different languages. Nevertheless, the students were used to 
working in groups, and for all mathematics and social science 
lessons (which this teacher also taught), the students were seated 
together in groups of four. When forming the groups, the students’ 
first languages or former mathematics knowledge were not taken 
into consideration; instead, the teacher wanted groups that could 
work collaboratively and help each other. 

The teacher and I had different roles in the study; the teacher 
was in charge in the classroom and responsible for the teaching 
and the students, whereas I was responsible for the research parts 
of the study. Together, we planned the lessons that were part of the 
study and constructed the materials students worked with. 

Collection of data 
Different methods were used to collect data, analyse it and 
triangulate it (Bryman, 2008). The focus was both on the quality 
and quantity of interactions and perceptions. Table 4.3 gives an 
overview of the planning of EDR cycles (analysis/exploration=A/E, 
design/construction=D/C, and evaluation/reflection=E/R). The 
students with italic names were followed in all three cycles. 
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Table 4.3. Planning of EDR cycles. 
Week Action Phase Groups 
34-35 Observation A/E  
36 Observation A/E, D/C  
37 Observation 

Cycle1, task1 
D/C, E/R (Azad, Carlos, 

Mohammed, Mustafa),  
(Amal, Aisha, Mariam, 
Nour) + one more group 
not transcribed 

38 Observation 
Cycle1, 
task2, 
interviews 

D/C, E/R 
A/E 

(Azad, Carlos, 
Mohammed, Mustafa), 
(Amal, Amir, Louis, 
Nour),  
(Aisha, Kalila, Mariam, 
Rabi) 

39 Observation E/R, A/E  
40 -  A/E, D/C  
41 Observation A/E, D/C  
42 Homework 

movie,Cycle2 
D/C, E/R (Amal, Azad, Mohammed, 

Nour),  
(Aisha, Carlos, Mariam) 

43 Cycle2, 
interviews 

E/R  

44-46 - E/R, A/E  
47 Observation A/E, D/C  
48 Observation 

Test support 
means 

A/E, D/C  

49 Cycle3, task, 
Cycle3, 
interviews 

D/C, E/R (Amal, Azad, Mohammed, 
Nour),  
(Aisha, Carlos, Mariam) 

50 - E/R  
51 Final 

interviews 
E/R  
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In the interviews, sometimes the groups were divided in two halves 
to give each student time to talk. 

It was possible to conduct three cycles within the time limits of 
the study. In the cycles, sometimes the evaluation/reflection phase 
of one cycle coincided with the analysis/exploration phase of the 
next cycle. This was done as the preliminary analysis and decisions 
for the next cycle were performed at the same time as the 
interviews. Fuentes (2009) also had to work with and modify her 
interventions at the same time. Across the semester, the data 
summarised in Table 4.4 was collected: 
 
Table 4.4. Data collected in the study. 
Cycle  Data collected 
1,2,3 25 lesson observations, in total 32 hours. 
1 Audio recordings, 12 students in 3 groups, 111 min, 

task1 
1 Audio recordings, 12 students in 3 groups, 120 min, 

task 2 
1 Interviews, 9 students in 4 groups, 59 min 
2 Audio recordings, 11 students in 3 groups, 144 min 
2 Interviews, 9 students in 4 groups, 39 min 
3 Audio/video recordings, 7 students in 2 groups, 155 min 
3 Interviews, 5 students in 2 groups, 28 min 
Final Interviews, 6 students in 2 groups, 95 min 

 
This type of data collection is common in research. Domínguez 
(2011) began his study with classroom observations in order to 
describe the language context in a multilingual classroom. Forster 
and Taylor’s (2003) study on communicative competencies in 
upper secondary school also started with observation-participation 
and a research journal to obtain “records of early impressions and 
maturing perceptions of the classroom practices” (p. 58). At the 
beginning of the semester, as part of the first analysis/exploration 
phase, the lessons were observed and observation notes written. 

The students’ interactions when working with the tasks were 
audio recorded in the first two cycles. In the third cycle, video 
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recordings were also made, although they were not used for more 
than getting an overview. Audio and video recording for studying 
groupwork have previously been used by for example, den Brok, 
van Eerde, and Hajer (2010), Hunter and Anthony (2011), Pijls 
and Dekker (2011), and Goos et al. (2002). 

Extracts from students working with tasks are given with (Cycle 
number: Names of students, Starting-time for the extract). 
Similarly, extracts from interviews are given with (Interview cycle 
number: Names of students, Starting time for the quote). The final 
interview in the group with Amal, Azad, and Mohammed was 
labelled as part 1 and part 2, because of a battery change that 
caused a pause in the recordings. The first cycle contained two 
tasks that were completed in different lessons, so these references 
include the task names. All students’ names were pseudonyms. 

Audio-recorded, semi-structured interviews1 were used to 
understand the students’ perceptions. Bryman (2008) stated that 
semi-structured interviews are used when the interviewer wants to 
address specific topics. In this study, semi-structured interviews 
were also used because if students only had experienced 
“traditional” teaching or a few interactive teaching practices, they 
could have difficulties answering questions about other approaches 
adopted in the intervention. Also, as it was hard to predict what 
students would say regarding their perceptions about mathematics, 
semi-structured interviews allowed for more open discussions in 
which students could build onto each other’s answers. 

After the three cycles, a final interview was conducted wherein 
the students were asked to reflect over the entire intervention. All 
the interviews were conducted with the groups that the students 
worked in during the mathematics lessons. Bryman (2008) claimed 
that group interviews are less artificial than other methods because 
group interaction occurs continuously in society. 

There were some disadvantages with group interviews, such as 
large amounts of data and complexity of transcribing when more 
than one person spoke at a time (Bryman, 2008). Also, “group 
effects” might be problematic, such as some persons talking more 
                                                   
1 For interview guide (in Swedish), see Appendix D. 
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than others and that students’ answers might be different when 
interviewed in a group compared to individual interviews (Bryman, 
2008). Although it might be the case that in a group discussion the 
students influence each other, they may also be reminded of what 
happened in the groupwork and complement each other’s views. 

In the semi-structured interviews, the students were asked 
questions about groupwork, tasks, group interaction, working with 
mathematical questions, learning in mathematics, and working 
with support means. Also, questions connected to what the 
students said in earlier interviews, as well as clarifying questions 
about what had happened when the students worked together and 
how they perceived different parts of the groupwork were asked. 

Ethical considerations during the data collection 
The students, guardians, and the teacher were given contracts1 
before the study began. Given that upper secondary students are 
almost of age, they could understand the purpose of the study and 
what their roles in the study were meant to be. Although all the 
students worked with the mathematical tasks and support means, 
only those with signed contracts were recorded. Participants could 
withdraw at any time, and the students who did not participate 
were not recorded and the video camera was not directed at them. 
If the recordings included the voices of non-participating students 
by accident, their comments were not included in the transcripts. 

The students in the study, although not having Swedish as their 
main language, had passed the Swedish requirements in lower 
secondary school and were, therefore, sufficiently fluent to 
understand what the study was about. However, their bilingualism 
was recognised as likely to have an impact on their mathematics 
learning, therefore, this was the starting point for the study. 

Analysis of data 
During the cycles, I prepared for the analysis by listening to the 
audio and video recordings several times and then discussed my 
initial impressions with the teacher. Together, we did a preliminary 
analysis in order to decide what to do in the coming cycles. 
                                                   
1 See Appendix E, F and G. 
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Transcribing was completed after the third cycle due to time 
considerations. All audio recordings were transcribed literally with 
some tidying up of, for example, repetitions. In the transcripts 
“…” indicates a pause. When students changed and spoke other 
languages than Swedish this was marked with the name of the 
language they spoke, most often it was Arabic. However, due to 
time limitations, the Arabic parts were not translated in the study. 
In the thesis, the English translations of the quotes have been made 
grammatically correct, despite the original Swedish possibly not 
having been. This is a conscious choice in order to allow the reader 
to focus on the meaning of what students said and not the 
linguistic expressions. The Swedish words are always included. 

The interviews were first transcribed in dot points or short 
sentences. Only the parts that were included as quotes in the thesis 
were literally transcribed. 

The analysis of transcripts from the groupwork was done with 
help of categorizations using IC-acts in the IC-model (Alrø & 
Skovsmose, 2004) and question/comment-response pairs from 
Fuentes’ (2009) framework. The results from the analysis of 
transcripts and interviews are discussed in relationship to the 
research questions in chapters five, six, and seven. In this section, 
the actual work with categorizing data is discussed. 

In the cycles, different parts of the IC-model (Alrø & Skovsmose, 
2004) were in focus in the intervention, but all transcripts were 
coded in the same way to make possible changes visible. In chapter 
three, the different acts and question/comment-response pairs were 
described. In the transcripts, each act in the IC-model was given a 
certain colour. For example, all parts that were categorised as 
advocating were marked with red, so that it was possible to 
determine quantitatively how much advocating was done. By 
looking at the content in the red sections, as well as on what 
questions were asked, it was possible to draw conclusions about 
the quality of the interactions. It was considered to be interaction 
of high quality if the students used many acts in the IC-model and 
asked and followed up on each other’s mathematical questions. 

The question/comment-response pairs were coded in the 
transcript as questionX, commentX or responseX, where X was 
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connected to line X in Table 3.1. For instance, when a student 
suggested a strategy about how to solve a problem, it was coded as 
comment6 and when or if the other students followed up on the 
suggestion, it was coded as response6. See example in Table 4.5. 

However, as also discussed by Alrø and Skovsmose (2004), it 
was sometimes problematic to use the frameworks to analyse data. 
As the analysis had a starting point in what students said and not 
what they thought, it was difficult to say what dialogic acts or 
question/comment-response pairs they were working with — thus, 
several interpretations were possible. Although a statement might 
be categorised as a certain act, it might also be that the students 
were working with more than one act at the time. Also, the way 
the students expressed what they were thinking, how they looked 
at each other, and everything else concerning the interaction that 
was not only words, were also part of the interpretation process. 
Sometimes it was difficult to determine whether the acts were 
dialogic or transmissive. In the analysis, the approach adopted to 
meet this problematique was to start with the acts that were easier 
to code. For instance, it was easy to see when students tried to get 
the other’s attention (getting-in-contact) or rephrased each other’s 
words (reformulating). Evaluating occurred when students looked 
back at the problem or asked each other to evaluate a solution. 
When students were thinking aloud, this could often be heard 
while they were doing calculations. Challenging could be seen 
when students asked each other questions or disagreed with each 
other. What was harder to distinguish was when students worked 
with locating, identifying, or advocating. Also, Alrø and 
Skovsmose (2004) claimed that “the notions of the IC-model 
cannot be seen as isolated or well-defined units. They rather occur 
in different clusters and combinations” (p. 101). Hence, when 
students worked with locating, identifying, or advocating, this was 
often done in longer sections, where other acts sometimes popped 
up. To distinguish between locating and identifying, as students 
sometimes did both acts at the same time, identifying was coded 
when the statements had more mathematical content. Advocating 
was coded when students tried out different strategies in a way that 
showed that they did not know the answer or just tried to persuade 



 

 67 

others to think in their own way. Often, when students worked 
with question6–response6, this was linked to advocating. An 
example of a transcript coding is shown in Table 4.5. 

Comparisons between the cycles involved considering the 
proportions of each of the IC-acts and question/comment-response 
pairs. In chapters five and six, a conclusion made, for example, 
about an improvement in students’ advocating, would be based on 
there being a higher proportion of advocating in the transcripts in 
the third cycle compared to the first cycle. Global comparisons of 
the proportions were used to identify what parts of the transcripts 
were interesting enough to warrant extra attention to find out how 
the quality in students’ interactions changed. 

The global comparisons gave, at best, an imprecise measure of 
improvement. This was because there were a number of changing 
factors such as the mathematical tasks and content areas which 
could have affected the kind of interaction students engaged in. For 
example, students seemed more engaged with the tasks in the third 
cycle. Although it would seem that changes to the tasks and 
support means were likely to have contributed to the improvement 
in the quality and quantity of the interaction, it was not possible to 
rule out the influence of the tasks being about mathematical 
patterns rather than fences and fractions. Also, other factors such 
as which students worked together in the groups or the fact that 
the students knew each other better in the third cycle could have 
influenced the interactions. Therefore, the quantitative analysis was 
used to identify the parts of the interactions that needed more 
investigation to qualitatively understand the changes. 

Fuentes’ (2009) framework was not introduced in the study until 
the second cycle, where a need to focus on mathematical questions 
was found and the IC-model was considered to not give enough 
details about how students worked with mathematical questions. 
All the transcripts of the groupwork were coded with Fuentes’ 
(2009) framework, as well as those from the first cycle. Some of 
the question/comment-response pairs were easier to code than 
others; for example, when students asked each other to evaluate or 
suggested a strategy to the group, this was easily coded. With only 
audio recordings to draw upon, question/comment-response pair 1 
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about showing your work was hard, as students sometimes did this 
without speaking. Table 4.5 contains an example of how coding 
with help of Fuentes’ (2009) frameworks was done. 

Example1 of coordinating the frameworks in a transcript 
An example of a transcript (Cycle2: Amal, Azad, Mohammed, 
Nour, 18:15) is provided to show how the two frameworks were 
used to analyse the student interactions. In the transcript, four 
students worked together with The Loan in the second cycle. 

In the right column in Table 4.5, coding from Fuentes’ (2009) 
framework is suggested. The colours for the different IC-acts are as 
follows: getting-in-contact, locating, identifying, advocating, 
thinking aloud, reformulating, challenging, and evaluating. 

 
Table 4.5. Transcript of interaction between Amal, Nour, 
Mohammed, and Azad. 

Mohammed: (To Amal and 
Nour) Have you 
understood the task? 
Johannes has borrowed 
twice as much as Marie. 

Mohammed: (Till Amal och 
Nour) Har ni fattat den? 
Johannes har lånat dubbelt 
så mycket som Marie 

comment
6 

Azad: Wait, let’s start like 
this: Which questions do we 
need to ask to solve the 
task? 

Azad: Vänta, låt oss börja 
såhär: Vilka frågor ska vi 
ställa oss själva för att lösa 
denna uppgiften? 

comment
6 

Nour: (To Mohammed) But 
that will not be as much. If 
I kind of take an example: 
fifty Swedish kronor and 
one hundred Swedish 
kronor. But then she will 
pay five… what was it? 

Nour: (Till Mohammed) 
Nej, det är samtidigt inte 
lika mycket. För att, om typ 
jag tog exempel: femtio 
kronor och hundra kronor. 
Men sedan, om hon betalar 
fem… vad var det? 

comment
6, 
response
6 
comment
3 
question
8 

Amal: She pays three 
percent. 

Amal: Hon betalar tre 
procent. 

response
8 

                                                   
1 This example was previously described in Sjöblom (2014b). 
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Nour: Three percent. Nour: Tre procent  
Amal: … but still just as 
much, but he pays six 
percent. 

Amal: … men ändå lika 
mycket som han fast han 
betalar sex procent ränta. 

 

Nour: Yes, and that will 
be… 

Nour: Ja, och det blir…  

Amal: So, it is she who has 
borrowed more, I think… 

Amal: Så det är hon som 
har lånat mer tror jag… 

comment
6 

Azad: If they pay the same 
amount, then she must pay 
more than him, twice the 
amount, but I am not sure. 
Although… 

Azad: Om de betalar lika 
mycket så måste hon andra 
hon, betala mer än honom 
för att det ska jämna ut sig. 
Men jag är inte säker. 
Fast… 

response
6 

Mohammed: Yes, yes, that 
is right. 

Mohammed: Jo, jo, det är 
så ju.  

 

(Not included here: 18:54-
20:35) 

… … 

Nour: Wait a little; is it not 
Marie that pays more? 

Nour: Vänta, är det inte 
Marie som betalar mer? 

question
2 

Azad: Yes, Marie pays more 
since her percentage is less. 

Azad: Jo. Marie betalar mer 
för hon har mindre procent.  

response
2 

Amal: But still… she pays 
the same amount as him? 

Amal: Ja… och hon betalar 
ändå lika mycket som han? 

question
3 

Azad: Yes, she must pay 
more so that it can balance. 
Johannes pays more. No. 
They pay the same amount. 

Azad: Ja, hon måste betala 
mer om de ska jämna ut sig. 
Johannes betalar mer. Eller. 
Nej. De betalar lika mycket.  

response
3 

Amal: But her loan is bigger 
or, I don’t know. 

Amal: Fast hon har lånat 
mer, eller jag vet inte. 

 

Azad: She has lower 
interest, but she has loaned 
more money. That’s it. 
What do you think 
Mohammed? 

Azad: Hon har lägre ränta, 
fast hon har lånat mer 
pengar. Så är det. Vad tror 
du, Mohammed? 

response
3, 
comment
6 
question
5 
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In the transcript, the first comment made by Mohammed is so 
that he and Azad, who had started thinking about the task, could 
involve Amal and Nour in the discussion. Mohammed suggested a 
solution, which was coded as reformulating as he was rephrasing 
what Azad just had said. When Nour entered the discussion, she 
challenged the boys’ solution and suggested the strategy to make 
an example (comment6). She also followed up on her own strategy 
(response6). While doing this, she did not remember all the 
information in the task, so she was thinking aloud and asking a 
content question (question8), which Amal answered (response8). 
Then, the students began advocating about the problem. A typical 
sign of advocating was when Azad said “but I am not sure”, 
showing his openness to other possibilities. When Mohammed, 
said “yes, yes, that is right”, he was evaluating Azad’s suggestion. 

In this transcript, examples were given of how the acts from the 
IC-model (Alrø & Skovsmose, 2004), as well as Fuentes’ (2009) 
framework, were coded. Neither the IC-acts nor the question/ 
comment-response pairs appeared in linear order and even though 
a response6 often followed a comment6, this was not always the 
case. This suggested that while students were advocating, they 
proposed more strategies than they chose to carry out and that 
comment6 sometimes was a guess about what to do, not a real 
plan they attempted to follow up on. 

Coordinating the frameworks gave an opportunity to look at the 
conversation from two different complementing perspectives. 
Fuentes’ (2009) framework showed that the students used 
questions and comments to structure the conversation. The 
questions could help in understanding, for instance, what kind of 
advocating that was going on and the quality of the advocating. 

It was also possible to start with the IC-model (Alrø & 
Skovsmose, 2004) and identify what dialogic acts the students were 
working with. This gave a general understanding of the context in 
the mathematical discussion and the underlying reasons for why 
different questions were asked. From this perspective, adding 
Fuentes’ (2009) framework gave details about the type of 
question/comment-response pairs that the students were using in 
the various dialogic acts. 
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Limitations 
One limitation to the study was that, across the cycles, it was not 
possible to keep the groups constant. In the first cycle, due to 
students changing schools and also problems with student 
cooperation, as part of the design/construction phase for the 
second cycle, groups were rearranged. However, from the second 
cycle, the groups were kept constant. The rearrangement made it 
harder to follow changes in interactions and perceptions and to 
draw conclusions about what caused the changes. In the study, 
although it would have been convenient to keep the groups 
consistent, this was not considered a solution for ethical reasons, as 
it would have hindered the students from developing their 
reasoning and communication abilities and, hence, their learning of 
mathematics. In the analysis, the groups in themselves were 
therefore not compared, but instead, the interaction and 
perceptions for all participating students were compared over time. 

This study was a small-scale design study in which the student’s 
perceptions and interactions affected the choices made in the 
cycles. If the study would have been conducted in another group, 
the students in that group would probably have had other needs, 
making it impossible to repeat the study as a whole and achieve the 
same results. The nature of this study was not about 
generalizations, but to deepen the understandings of the complex 
situation in the multilingual upper secondary mathematics 
classroom. Pring (2004) mentioned difficulties with generalizability 
in interpretative research; every classroom is unique and, therefore, 
this study focused on describing the interactions and perceptions of 
the persons in the study. Furthermore, McKenney and Reeves 
(2012) claimed that “it is the consumer who must make the 
transfer to other specific contexts” (p. 21). 
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5. CHANGES IN INTERACTIONS 
AND PERCEPTIONS 

This chapter, as part of the practical result of the EDR study, 
focuses on changes in students’ interactions and perceptions as a 
result of the intervention1. In particular, it focuses on the first 
research question: How did students’ interactions and perceptions 
change over time as a result of an intervention to improve student-
to-student interactions? Positive examples of interactions that were 
supportive of participation and collaboration are described. In the 
chapter, four areas in which changes were found are discussed, 
namely changes concerning how students listened to each other, 
how they built onto each other’s interactions, how they asked each 
other questions, and how they treated each other’s suggestions 
about problem-solving strategies. Within these areas, other aspects 
are also discussed such as students focusing on finding the correct 
answers and feelings about being stupid in mathematics, which did 
not seem to have contributed to an improvement in quality and 
quantity of the interactions. 

Changes in students’ listening  
The first area in which changes over time were found as a result of 
the intervention to improve student-to-student interactions was 
with the students’ listening. In student-to-student interaction, it is 
not only important that students talk, but also that they listen to 
each other. In the final interviews, students in both groups claimed 
                                                   
1 Some of the results from the first cycle were previously described in Sjöblom (2014a). 
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that during lower secondary school, they mostly worked 
individually or in pairs during mathematics lessons, which 
suggested that listening to others was not something that students 
would consider as being part of mathematics learning. When they 
requested help, it was usually from the teacher. In the first 
analysis/exploration phase, observations of how students interacted 
in the groups validated the students’ perceptions. Although seated 
in groups, the students worked individually in their books or 
cooperated only with the student sitting closest to them. When the 
teacher gave them tasks, they tried to solve them individually, with 
only little talking and listening within the groups.  

Consequently, in the first cycle, it was decided by me and the 
teacher to focus on supporting students to listen and talk to each 
other by introducing the support means described in chapter four. 
However, analysis of the group interactions suggested that the 
students continued to work mostly individually and did not pay 
much attention to each other’s utterances. For example, in one 
group, Carlos did not make so many utterances during the 
interaction in which they tried to solve The Fence task. At the same 
time, two other members of his group tried to dominate the 
conversation. This can be seen in the following extract from the 
first cycle (Cycle1, task The Fence: Azad, Carlos, Mohammed, 
Mustafa, 23:45): 

 
Mustafa: Listen. Look. Do not in-
terrupt me. Do not interrupt me. 
Do not… 

Mustafa: Lyssna. Kolla. Avbryt 
inte mig nu. Avbryt inte mig nu. 
Avbryt… 

Azad: Let me talk now. Let me ex-
plain. Look. For I know I am right. 
Let me explain. Look. 

Azad: Låt mig snacka nu. Jag får 
förklara. Titta. För jag vet att jag 
har rätt. Låt mig förklara. Titta. 

 
Another example was when Azad suggested a strategy, but was 

not listened to. Although the idea was not useful at this stage of 
working on the problem, no attempt was made to verify its 
mathematical usefulness by the other students. (Cycle1, task The 
Chocolate Wheel: Azad, Carlos, Mohammed, Mustafa, 25:48): 
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Azad: Do you know why I think 
you can get the eight and ten most? 
Because they are even numbers. 

Azad: Vet du varför jag tror att 
man kan få åttan och tian mest, för 
att det är jämna tal. 

Carlos: I do not think so. But we 
are going with the ten. 

Carlos: Jag tror det inte. Men vi 
tar tian. 

 
In both of these transcripts, the students are not really listening. 

As the students also claimed in the final interviews that it was 
chaos, using Kosko’s (2014) categories on listening from chapter 
two, the examples could be linked to doesn’t listen or nothing 
happens, as nothing in the interaction or interviews showed that 
the students’ thinking changed because of listening to each other. 

The other two groups that were the focus of my analysis also did 
not work well together in the first cycle. Lesson observation notes 
of the groups indicated that some students played with cell phones 
or material provided for the tasks. Also, the audio recordings did 
not provide evidence that the students were listening to what other 
group members discussed. In the interviews, the students claimed 
that these ways of behaving were not good for the groupwork. For 
instance, Amal and Nour talked about how quiet the two boys 
(Louis and Amir) in their group were, but how they wanted to hear 
what they had to say (Interview cycle1: Amal, Nour, 9:56): 

 
Amal: Everyone must be active to 
show what they know. It is hard to 
tell what they know when they are 
quiet all the time. Maybe the oth-
ers are wrong, but they still are 
quiet and do not want to say any-
thing. 

Amal: Alla måste delta för att visa 
vad de kan. Det är svårt att veta 
vad de kan när de sitter tysta hela 
tiden. Kanske, de andra har fel, så 
sitter man ändå tyst och vill inte 
säga någonting. 
 

Nour: Two of us cannot answer. 
You do not know what the others 
think. You never know what is 
right or wrong. So you want to 
hear their opinion and what they 
are thinking so you can know 
what is right or wrong. 

Nour: Två stycken kan inte svara. 
Man vet inte vad de andra tycker. 
Man vet aldrig vad som är rätt och 
fel. Så man vill höra deras åsikt 
och hur de tänker så att man kan 
veta vad som är rätt och fel. 
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In this exchange, it can be seen that the students perceived the 
need for discussion as necessary for finding the right answer. This 
focus seemed to interfere with the purpose of the tasks for the first 
cycle, which was to communicate and reason together about 
mathematics. Mathematical reasoning did not seem to be valued by 
the students as a process that would contribute to them finding a 
correct answer. 

From the second cycle, the groups were rearranged by the 
teacher to promote the likelihood that more talking and listening 
would occur. The analysis of the audio-recordings of the 
groupwork indicated that the students divided the work between 
each other and worked in pairs. At times, there were interactions 
between the pairs. For example, one pair could ask the other pair 
“what have you done?” and “have you understood this?” The 
responding students did not simply say what they thought, but also 
followed up a little on the other’s utterances. This suggested that 
the students’ listening skills were improving. 

Analysis of the interactions in the third cycle indicated that the 
students were talking more to all group members and listening to 
each other. Rather than ignoring suggestions by others, as had 
happened in the first cycle, the students listened to a strategy 
suggested by one of the group members and then tried it out. In the 
first cycle, 32 percent of the question6/comment6 about the 
students suggesting strategies to the group were followed by a 
response6, that is, the students following up on the suggestion. In 
the second cycle, 37 percent, and in the third cycle, 60 percent of 
the question6/comment6 was followed by a response6. Although it 
is problematic to compare numbers like this, considering that the 
mathematical content and how well the students knew each other 
had changed, the numbers suggested an improvement in how the 
students listened to each other’s suggestions. One example in the 
third cycle was when a group tried to find a formula for the 
mathematical sequence 5, 8, 11, 14, 17… In the discussions, Aisha 
suggested that the formula was 3n+2. As can be seen in the 
transcript extract, all three group members contributed to the 
discussion (Cycle3: Aisha, Carlos, Mariam, 30:26): 
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Aisha: Three “n” plus two. One 
times three. 

Aisha: Tre “n” plus två. Ett gånger 
tre. 

Mariam: One times three plus two, 
that is five. Here, it is, what is it? 

Mariam: Ett gånger tre plus två, 
det blir fem. Här, det blir, vad var 
det? 

Carlos: Eight. Carlos: Åtta. 
Mariam: Eight. And here it is elev-
en. 

Mariam: Åtta. Och här det blir el-
va. 

Carlos: Yes. Carlos: Ja. 
Aisha: What is a figure? Aisha: Vad är figur? 
Mariam: That is the number you 
want to have. 

Mariam: Alltså vilket nummer du 
vill ha. 

Carlos: But what is three? I 
mean… “n” three, what is that? 

Carlos: Men vad är trean? Alltså 
…”n” tre, vad blir det? 

Mariam: Three. It increases with 
three. 

Mariam: Tre. Det ökar med tre. 

Carlos: All that? Carlos: Alltså hela den? 
Mariam: All, all that. It increases 
with three. 

Mariam: Hela, hela den. Det hela 
ökar med tre. 

Carlos: And add two? That is? Carlos: Och plus två? Det är? 
Mariam: Two. We had from the 
beginning; we had only two, be-
cause it increases with three. 

Mariam: Två. Vi hade från början, 
vi hade bara två, för det ökar med 
tre. 

 
In this transcript, when someone asked a question, it was 

followed up. For example, when Aisha asked, “what is a figure?” 
Mariam responded by giving a definition, indicating that she was 
following up on Aisha’s question. Carlos’ follow-up question 
showed that he not only understood Aisha’s question, but also her 
reason for asking the question by reformulating the question by 
asking a more specific question about “n”. Although this suggested 
that perhaps Carlos had misinterpreted Aisha’s question, he was 
able to indicate his uncertainty and have Mariam provide further 
details about her thinking. 

In the interviews, the students were asked questions about how 
they listened to each other. In the first cycle, there were several 
claims about groupwork being good when students listened to each 
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other, and not so good when they did not. Some students also 
identified a change in listening, for instance, when Azad looked 
back at the entire intervention in the final interview, he claimed: 
“Nu lyssnar alla på varandra. Där lyssnade inte någon på någon.” 
(Now everyone listens to each other. In the other group no one 
listened to anyone.) (Final interview, part1: Amal, Azad, 
Mohammed, 18.10). This can be seen as an example of meta-level 
understanding about how interactions work connected to the meta-
cognitive goal in cooperative learning identified by Brandell and 
Backlund (2011). After Azad had experienced working in the two 
different groups, he could compare them and then changed his 
statements about how the group worked in the first arrangement. 

It seemed like the amount of listening affected the students’ 
perceptions of the usefulness of groupwork for their learning in 
mathematics. For instance, this reason for why it was important to 
listen to everyone was suggested by Amal in the interview after the 
third task (Interview cycle3: Amal, Azad, Mohammed, 3:25): 

 
Amal: Because we realised that it 
was better if you listened to every-
one’s opinions, since then you 
could find the answer easier, I do 
not know, it might be like that. 

Amal: För att vi upptäckte det var 
bättre om man lyssnade på allas 
åsikter, för då hittade man svaret 
lättare, jag vet inte, det kan vara 
så. 

 
As the transcript showed, Amal suggested that listening to 

everyone implicated that it was easier to find the answer. However, 
she was not sure that it was like that, which the last part of the 
statement indicated. Still, using Kosko’s (2014) categories 
described in chapter two, this could be categorised as learning 
happens or math happens, showing a transition from the more 
passive listening (or no listening) in the first cycle, to more active 
listening in the third. 

Although Kosko (2014) claimed that “listening, in and of itself, 
is an unobservable action” (p. 216), the results of my study pointed 
to the idea that looking at students’ interactions before and after 
they suggested a strategy, could be one way of actually deepening 
understandings of students’ listening. Using Fuentes’ (2009) 
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framework to look at, for instance, how the students worked with 
suggesting strategies and then responded to them, showed an 
improvement in how students listened to each other’s suggestions. 

When students listened to each other, it seemed helpful for their 
problem solving. Amal’s claim that listening could help in finding 
the answer was a sign of this. Otten et al. (2011) suggested in a 
study conducted in middle school, that when students attended to 
each other’s thinking, possibilities for productive discourse were 
created. The results of my study suggested that this could be valid 
also for older students as when students’ listening improved, then 
they built onto each other’s interactions more, which is further 
discussed in the next section. 

Changes about how students built onto each other’s 
interactions 
The second area in which changes in students’ interactions and 
perceptions were found concerned how students built onto each 
other’s interactions. Therefore, in this section changes within three 
subareas that the teacher and I continuously discussed when 
looking at the interactions are examined, namely, what was the 
focus of the discussions, who was involved in the discussions, and 
how were the different dialogic acts used. In this section, these 
subareas are used to structure and discuss the analysis of the 
changes as a result of the intervention to improve student-to-
student interactions. 

Problem solving as the focus of the interactions 
The link across all three cycles to what the students discussed was 
mathematical problem solving. However, as was noted in the 
previous section in the first cycle, the groups focused on finding the 
correct answer, suggesting that they felt that this was the most 
important part of doing mathematics. Fuentes (2009) also had 
similar outcomes in her study as her students rushed to complete 
the tasks and Cohen (1994a) found in her study that “getting it 
done” was the main reason why the students were doing the task. 
Therefore, when studying changes over time, it seemed interesting 
to look at what the students concentrated on in the interactions. 
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Focusing on the correct answer is in line with what 
Skolinspektionen (2010) found in regard to students focusing on 
getting correct answers and not on determining the reasonableness 
of their answers. Skolinspektionen (2010) considered this focus to 
be linked to students working individually. In problem solving, the 
answer should not be directly apparent; instead, students need to 
think about the problem and decide what strategy to use to solve it 
(Möllehed, 2001). In the first cycle, the transcripts indicated that 
when the students did not find the correct answer, they got stuck 
because they focused more on answers than solving strategies. 

Many of the students considered themselves to be stupid when 
they could not find the right solution, and this may have had 
consequences in the students’ willingness to participate in problem 
solving. In the interview after the first cycle, Amal said that she felt 
stupid “när jag inte förstår och lösningen är jättelätt” (when I do 
not understand and the solution is very simple) (Interview cycle1: 
Amal, Nour, 13:08). 

The students’ perceptions about the importance of finding the 
correct answer or feeling stupid were unexpected as they were not 
identified in the first analysis/exploration phase. From the first 
cycle, it became important in the adaptation of tasks and support 
means in the intervention to discover if the “hunt for the right 
answer” and perceptions about being stupid could be changed. 

In the first cycle, two tasks were undertaken, namely The Fence 
and The Chocolate Wheel (see chapter four). The group that 
included Aisha and Mariam guessed on answers and then tried to 
find solution paths that fitted with those answers. Throughout 
their conversations, they kept going back to their original guesses. 
The guessing of answers suggested that the students had few ideas 
about how to tackle the problem-solving tasks. The students had a 
written problem-solving support list from their textbook 
(Alfredsson et al., 2011) building onto Polya’s (2014) problem-
solving strategies, but they did not use it. At the end of the lesson, 
when they were given the answer, Mariam exclaimed “Oh my god, 
så lätt den var… (paus)… men vi visste inte, vi bara gissade.” (Oh, 
my god, it was so easy… (pause)… but we did not know, we just 
guessed.) (Cycle1, task The Fence: Aisha, Amal, Mariam, Nour, 
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35:20), which can be interpreted as some awareness that their 
strategy for solving the problem was to guess. In the interview after 
the first cycle (Interview cycle1: Amal, Nour, 9:49), Mariam said: 
“Den var lätt. Vi tyckte att vi var dumma för att vi kunde inte.” (It 
was easy. We thought that we were stupid since we could not 
figure it out.). Again, there was a connection between not solving 
the task and feeling stupid. 

In the third cycle, an analysis of the group interactions suggested 
that Aisha and Mariam no longer focused solely on finding the 
correct answers, but instead, discussed the strategies for finding the 
answers. In the tasks in this cycle, they tried different strategies and 
also looked back at what they had done, determining for 
themselves whether or not it was reasonable. They also used the 
questions written on the problem-solving sheet, so it seems that 
this group changed from focusing on the answer to focusing on the 
problem-solving processes. However, one aspect that did not seem 
to change was that, at times, some of the students felt stupid; this 
remained an issue across all three cycles. In the final interview, 
Amal said (Final interview, part 2: Amal, Azad, Mohammed, 
12:58): “Jag tror att man alltid någon gång kommer att känna sig 
dum även om… man kan inte göra något åt det.” (I think that you 
will always feel stupid sometimes even if… there is nothing you can 
do about it.) Also, Mariam talked about being stupid when she 
repeatedly had to ask the teacher for help (Final interview: Aisha, 
Carlos, Mariam). However, in these statements, the connection to 
finding the correct answer did not seem obvious. If there would 
have been time for more cycles, this could have been an interesting 
perception to continue to follow. In the reviewed literature in 
chapter two on cooperative learning, the focus seemed to be mainly 
on groupwork and students’ learning in mathematics. Brandell and 
Backlund (2011) set up cognitive, metacognitive, and social goals 
for the cooperative learning situations. In this study, the subject of 
students’ perceptions was found to be something that should be 
added to these goals. For instance, the perceptions concerning 
finding the correct answers or feeling stupid while working with 
mathematics seemed to have an impact on the students’ 
possibilities for learning mathematics. 
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Making everyone involved in the interactions 
In order to improve the intervention so that it supported all the 
students’ opportunities for developing their reasoning and 
communication abilities, it was important to study who was 
involved in the mathematical discussions. As already mentioned 
when describing changes in students’ listening, the composition of 
groups was changed after the first cycle to promote more 
participation. In the group with Azad, Carlos, Mohammed, and 
Mustafa, competition arose over talking time, which Azad, looking 
back at the groupwork in the final interview, described (Final 
interview, part1: Amal, Azad, Mohammed, 19:55): 

 
Azad: I think that when we were in 
the first group, we played around 
and did not take it seriously. I 
wanted to finish it, so I started. Af-
ter some time, Mustafa wanted to 
start, and then there was chaos 
again. I had started and then he al-
so wanted to start, so it was chaos. 

Azad: Jag tror att när vi var i 
första gruppen så folk tramsade 
och tog det inte seriöst. Jag ville bli 
klar med den, så jag började. Efter 
en tid ville Mustafa börja, sen blev 
det kaos igen. Jag hade börjat och 
sedan ville han också börja, så blev 
det kaos. 

 
The so-called chaos was one reason for rearranging the groups. 

Another was that one of the boys in the group, Carlos, was partly 
positioned as the Outsider (Barnes, 2005). This was shown in the 
transcripts from the first cycle in that the other students did not 
pay much attention to him and often did not respond to what he 
said. For instance, when Carlos suggested twice that they should 
solve the problem using an equation (question6) (Cycle1, task The 
Fence: Azad, Carlos, Mohammed, Mustafa, 25:20), no one picked 
up on that idea (no response6). The first time this was mentioned, 
Azad said that he did not know and asked Carlos if he had 
understood one of Azad’s ideas. The second time, no one 
responded at all. 

The situations in the groups changed in the second cycle due to 
the rearrangement of the group members. In the new group (with 
Amal, Mohammed, and Nour), Azad seemed less competitive 
about who would talk or whose ideas were to be discussed. In the 
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third cycle, from Azad’s perspective, everyone was allowed to 
contribute to the discussions. In the final interview (Final 
interview, part1: Amal, Azad, Mohammed, 20:28), Azad stated: 
“Här är vi mer lugna och låter varandra snacka. Där fick ingen 
snacka i lugn och ro. Alla avbröt varandra.” (Here, we are more 
calm and let each other talk. There, no one could talk in peace and 
quiet. Everyone interrupted.) 

Students reflected in the final interview about what contributed 
to them being a group in which they could talk about mathematics. 
They claimed that it was important that everyone was participating 
in the discussions. The students’ perception that it was not okay to 
be too quiet when working in groups was a good foundation in 
relationship to previous research presented in chapter two stating 
that all students need to “actively use and produce new linguistic 
elements” (van Eerde, Hajer & Prenger, 2008, p. 34). 

In the final interview, when the students were asked about how 
to ensure everyone in a group reached the goals in mathematics, 
Amal’s answer could be connected to giving all students’ equitable 
learning opportunities (Final interview, part2: Amal, Azad, 
Mohammed, 16:10): 

 
Amal: I think that, in a group, you 
can try to include that person in 
the discussion, let her feel a little 
smarter, not think ‘she is stupid, 
we do not care about her, we do 
not talk to her’, but try more to in-
clude her in the discussion. 

Amal: Jag tror att i en grupp så 
kan man försöka få med den per-
sonen i diskussionen, låta den 
känna sig lite smartare, inte tänka, 
hon är dum, vi skiter i, vi pratar 
inte med henne, utan försöka mer 
få med henne i diskussionen. 

 
In this quote, once again a connection can be made to the 

Outsider (Barnes, 2005). What Amal expressed can be seen as a 
student’s view on how to avoid positioning some students as 
Outsiders. 

In the group with Aisha, Carlos, and Mariam, the students 
reflected about what made them function as a group in relationship 
to how much they talked (Final interview: Aisha, Carlos, Mariam, 
12:35): 
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Mariam: We are serious. We really 
want to develop in mathematics. 

Mariam: Vi är allvarliga. Vi vill 
verkligen utvecklas i matte. 

Carlos: We talk as much as the 
others. Maybe in the other group, 
there was someone who talked all 
the time, who thought he knew 
everything. 

Carlos: Vi pratar lika mycket. 
Kanske i den andra gruppen var 
det någon som snackade hela 
tiden, som trodde att han kunde 
allt. 

Aisha: I think it is the level too. At 
what level we are on. 

Aisha: Jag tror att det är nivån 
också. På vilken nivå vi ligger. 

Mariam: Maybe we are on the 
same level. 

Mariam: Kanske vi ligger på sam-
ma nivå. 

Aisha: So we are all talking just as 
much. Some know a lot, some 
know a little, so. 

Aisha: Så att vi snackar lika myck-
et. Vissa kan mycket, vissa kan 
lite, så. 

Marie: So you think that you are 
on about the same level in maths? 

Marie: Så ni tycker att ni är på 
ungefär samma nivå i matte? 

Aisha: I and Mariam, no. Aisha: Jag och Mariam, nej 
Mariam: Yes, we are. I mean, I 
think so, we three. 

Mariam: Jo, det är vi väl. Alltså jag 
tror det, vi tre. 

Carlos: I am better. Carlos: Jag är bättre. 
 
In this extract, the students suggested that it was important for 

everyone to talk as much as the other, but also that it was 
important that they were on the same level mathematically. The 
recommendation of putting students in heterogeneous groups made 
by, for instance, Cohen (1994b) therefore seemed not to be 
something these students saw the benefit of. 

At the beginning of this transcript, there was a repeated claim 
that “everyone must talk”. They also discussed how good they 
were at mathematics and how this affected how much they talked. 
However, this was something they were not consistent with in the 
interviews. For example, several times during interviews, Aisha 
claimed that she was not good at mathematics and that the others 
were better than her. Nevertheless, she still said during several 
interviews that everyone talked as much as the others in the group. 
In the transcripts, Aisha seemed to have contributed to the 
discussions to the same degree as the others, although 
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proportionally, Mariam spoke on more occasions than Aisha. 
Several factors may have affected how many statements they made 
in the cycles and all of these were not related to the groupwork. In 
the third cycle, for instance, according to the lesson observation 
notes, Aisha seemed nervous because of the video camera, and she 
was also worried about a test that she had just taken. Other 
factors, such as level of interest in mathematics, what subject the 
tasks covered, or which students were grouped together could also 
have influenced the interactions. 

In both tasks in the first cycle, the transcripts showed that some 
students spoke much more than the others (Azad and Mustafa) or 
limited their participation in the discussions to a minimum (Louis 
and Amir). Although everyone participated to some degree in the 
groupwork in the first cycle, the students perceived in the interview 
after the third cycle that the amount of talking was more equally 
distributed. Another change was that no students were left out of 
the conversation in the third cycle, and the suggestions from all 
students were more often followed up in that students cooperated 
more around the mathematical dialogic acts and the mathematical 
questions. This is further discussed in the next section. 

Changes in the use of dialogic acts 
The theoretical frameworks, the IC-model (Alrø & Skovsmose, 
2004) and Fuentes’ (2009) framework were used to analyse 
changes over time in students’ interactions as a result of the 
intervention. This was done by studying changes in how students 
worked with dialogic acts and question/comment-response pairs. 

Across the cycles, the goals about what dialogic acts the students 
should use from the IC-model expanded as a consequence of what 
the teacher and I found in the analysis/exploration phases to be the 
most important acts to focus on in the students’ interactions. In the 
first cycle, the focus was on the students’ getting-in-contact with 
each other and also how they worked with locating and identifying 
the mathematics within the tasks. In their discussions, we wanted 
students to work with advocating in order to develop their 
reasoning and communication abilities. Little focus in the first 
cycle was placed on supporting students’ evaluating or challenging, 
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as it was considered something the teacher could help students 
with while visiting the groups as well as in the final whole-class 
discussion. However, it proved to be difficult for the teacher to do 
the challenging, as he could only hear parts of the conversations 
when he came to the groups. 

In later cycles, we wanted the students to use all the acts in the 
IC-model. By making students work with a variety of IC-acts, we 
considered that the quality of reasoning and communication in 
mathematics would improve. In the following sections, I give 
examples from the transcripts of the interactions concerning how 
students developed their use of getting-in-contact, locating and 
identifying and advocating during the three cycles, and how this 
contributed to students building onto each other’s utterances. 
These acts were the acts that were most focused on during the 
study, and also the ones that most attention was paid to in the 
intervention because they seemed to have the best possibilities for 
improving the students’ interaction. Also, students worked with the 
other acts, but the changes concerning them were less visible. 

 
Getting-in-contact 
Across all cycles, I focused on encouraging students to work with 
getting-in-contact, which had to do with students listening to each 
other and preparing for groupwork (Alrø & Skovsmose, 2004). 
Lesson observation notes from the first analysis/exploration phase 
indicated that the students often worked individually or in pairs; 
therefore, getting-in-contact was identified as a good step towards 
more cooperative working methods. An indication of students 
trying to getting-in-contact with each other was often shown by 
students saying “vänta” (wait) in order for the others to stop and 
listen to each other. Other words such as “titta” (look), “lyssna” 
(listen), and “kolla” (check it out) were used as well. 

An example of students trying to getting-in-contact from the 
transcripts in the third cycle was when Mohammed tried to get the 
others’ attention about his way of thinking about the different 
figures in the pattern. He said (Cycle3: Amal, Azad, Mohammed, 
Nour, 22:58): 
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Mohammed: Wait, wait a little, it 
increases, look. Look at this figure 
here, right? In the figure there are 
four. Here, you know, it increases. 
It increases with this one, do you 
get it? 

Mohammed: Vänta, vänta lite, det 
ökar, kolla. Kolla på den här fig-
uren här, eller hur? Där finns det 
fyra. Här, vet du, det ökar. Det ba-
ra ökar med den här, fattar du? 
 

 
In the transcript the word “wait” was used for making the 

others stop with what they did and listen. “Look” was used for 
making the others focus on what he wanted to tell them. “right? is 
a tag question in Swedish used to make sure the others were with 
him. Finally, Mohammed’s last question was asked to determine if 
the others understood his thinking. These types of questions that 
Mohammed asked are typical of getting-in-contact according to 
Alrø and Skovsmose (2004), who gave as examples of getting-in-
contact when students worked with “inquiring questions, tag 
questions, mutual confirmation and support” (p. 13). 

Sometimes getting-in-contact was difficult, like when the other 
students did not want to listen. An example from the first cycle 
was when Mohammed said “vänta, jag tänker såhär, kolla, men 
lyssna, men lyssna, vi säger, lyssna grabbar, lyssna här, om det tar 
för honom en timme här…” (wait, I am thinking like this, check it 
out, but listen, but listen, let us say, listen guys, listen, if it takes 
him one hour…) (Cycle1, task The Fence: Azad, Carlos, 
Mohammed, Mustafa, 20:05). 

The getting-in-contact was a dialogic act from the IC-model 
(Alrø & Skovsmose, 2004) which was already present in 
transcripts from all the groups starting from the first cycle. In all 
the cycles, the students started groupwork by asking each other 
what the task was about and used their skills for involving each 
other in conversations right from the start. However, as the 
students became better at listening to each other, the examples of 
getting-in-contact seemed to diminish in the later cycle and turned 
into what Alrø and Skovsmose (2004) called staying-in-contact. 
When everyone participated in the discussion and focused on the 
mathematics together, there seemed less need to assure themselves 
that everyone was following the discussions. 
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Locating and identifying 
The acts in the IC-model of locating and identifying were closely 
connected in the students’ interactions, as the students were often 
involved in both acts at the same time. As described in chapter 
three, locating is about “examining possibilities and trying things 
out” (Alrø & Skovsmose, 2004, p. 102) and identifying is to 
“crystallise mathematical ideas” (Alrø & Skovsmose, 2004, p. 
104). Sometimes, students started with locating the problem and 
then continued with identifying the mathematics in the problem, 
which was expected, as Alrø and Skovsmose (2004) stated that 
identifying can emerge from a mutual locating process. 

In the first cycle, the categorizations of transcripts with help of 
the acts in the IC-model pointed to students seemingly having 
fewer strategies for locating and identifying compared to the later 
cycles. For example, in the analysis of the audio recordings from 
the first cycle, it appeared that students did not know that they 
should try a new strategy when they got stuck, so they clung on to 
the first strategy they found. The group with Mariam and Aisha 
guessed an answer, which meant that they skipped the locating and 
focused on identifying the mathematics needed to reach that 
answer. In the group with Azad, Carlos, Mohammed, and 
Mustafa, no real cooperation around locating and identifying 
occurred. Instead, everyone wanted to go in his or her own 
direction. This can be seen in the following transcript (Cycle1, task 
The Fence: Azad, Carlos, Mohammed, Mustafa, 11:55): 
 

Azad: Listen, listen, listen, listen, 
listen. Wait. If he paints the fence 
himself, it takes four hours. If she, 
she…’ 

Azad: Lyssna, lyssna, lyssna, 
lyssna, lyssna. Vänta. Om han 
målar staketet själv tar det fyra 
timmar. Om hon, hon… 

Carlos: But we say that… Carlos: Men vi säger att… 
Azad: If he, for him, it takes two 
hours. 

Azad: Om han, för han tar det två 
timmar. 

Mustafa: Ahaaaaaaa! Mustafa: Ahaaaaaaa! 
Several voices: It is three. Flera röster: Det blir tre. 
Carlos: But if we divide it. Carlos: Men om vi delar upp det. 
Azad: No, no. Listen now. If she Azad: Nej, nej. Lyssna nu. Om hon 
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paints the fence in four hours, then 
he must paint it in half that time, 
that is two hours. So if they coop-
erate, one hour and a half. 

målar staketet på fyra timmar, så 
måste han måla det på hälften, det 
blir två timmar. Så om de samar-
betar, en och en halv timme. 

Mohammed: It is three. Mohammed: Det blir tre. 
Azad: No. Azad: Nej. 
Mustafa: It is less than two any-
way. 

Mustafa: Det blir mindre än två i 
alla fall. 

Carlos: Three hours. Since, if we 
say that they split it in halves, he 
takes half of it first, then it takes 
one hour. 

Carlos: Tre timmar. För om vi sä-
ger att de delar halva, han tar hal-
va först, då tar det en timme. 

 
In this transcript, it can be seen that students did not justify their 

claims, nor did they follow up on each other’s suggestions by 
asking questions. Instead, they appeared to be working individually 
and competing to have their opinion accepted as the most 
appropriate. This was particularly the case when both Azad and 
Mustafa tried to persuade the others to think like they did. Similar 
incidences occurred in the transcripts of the other groups but were 
not as prominent as they were in this group. For instance, when 
Aisha said “Jag hänger inte med” (I am not following you), she got 
the answer from Amal, who continued with her calculations: 
“Vänta, vänta… jag ska bara försöka… ett komma fem…” (Wait, 
wait…I am only going to try this… one point five…) (Cycle1, task 
The Fence: Aisha, Amal, Mariam, Nour, 11:12). 

In the second and third cycles, the teacher and I redesigned the 
tasks (see chapter six) in order to promote that students worked 
with locating and identifying. Fuentes’ (2009) framework also gave 
the opportunity to look at the questions the students used when 
working with locating and identifying. In later cycles, the students 
answered each other’s questions as best as they could, as well as 
followed up on each other’s suggestions for strategies about how to 
solve the tasks. Given that, in the first cycle, students worked alone 
with locating and identifying and then tried to tell the others about 
their thinking, this indicated that the students had improved their 
locating and identifying skills by the third cycle. 
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Advocating 
Advocating is in regard to “stating what you think and at the same 
time being willing to examine your understandings and pre-
understandings” and “a trying out of suggestions for proving” 
(Alrø & Skovsmose, 2004, p. 106). In the first cycle, the 
categorization of acts in the transcripts with help of the IC-model 
(Alrø & Skovsmose, 2004), indicated that there was little 
advocating about mathematical ideas, which can be related to 
students not listening to each other’s ideas. In the analysis, it was 
found that the parts of the discussions identified as advocating 
were short. In one of the first examples in this chapter, Azad 
advocated about which number was easiest to get when rolling two 
dice. Carlos did not follow up on Azad’s suggestion, but instead, 
decided on what he thought was the correct answer. 

The students continued their discussion, but it was not about the 
mathematics behind their thinking, rather, it was a comparison of 
ideas without justifications. Even though Carlos tried to work out 
how to combine the two dice to get the number ten, Azad was still 
thinking about what the correct answer might be in this transcript 
(Cycle1, task The Chocolate Wheel: Azad, Carlos, Mohammed, 
Mustafa, 25:56): 

 
Azad: I do not know if I am right 
or I am talking… 

Azad: Jag vet inte om jag har rätt 
eller jag snackar… 

Carlos: But I think it is the ten, 
check it out. You can have five and 
five. 

Carlos: Men jag tror att det är 
tian, för kolla här. Man kan ha 
fem och fem. 

Azad: The ten and the eight. The 
ten and the eight. 

Azad: Tian och åttan. Tian och åt-
tan. 

Carlos: You can have four and six. 
You can… 

Carlos: Man kan ha fyra och sex. 
Man kan… 

Azad: But look here. Figure out 
too how many times you can get 
the eight. Because I think that you 
can get it as many. 

Azad: Men titta här. Räkna ut 
också hur många gånger du kan få 
åttan. För jag tror att du kan få li-
ka många. 
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By the third cycle, the students in this group mostly asked 
questions to understand each other’s thinking, and this affected the 
way they were advocating. Questions about explaining their work 
(question2) were asked and followed up (response2) more often. 
One example was when Nour claimed that the formula for a 
pattern should be “fyra n plus n i kvadrat”(four n plus n squared), 
Mohammed asked her “hur fick du det?” (how did you get that?) 
and then Nour explained how she thought (Cycle3: Amal, Azad, 
Nour, Mohammed, 33:05). Also, when someone suggested a 
strategy to the group (question/comment6), it was more often 
followed up (response6) through a type of joint advocating in 
which all the students in the group discussed an idea together. 

In the group with Aisha, Carlos, and Mariam, more joint 
advocating occurred in the third cycle. In the following example, 
they were trying to find the formula for a mathematical pattern. 
They discussed what the letter n stood for and, in the beginning, 
Mariam was challenging Carlos’ thoughts about what the letter n 
might mean (Cycle3: Aisha, Carlos, Mariam, 24:08): 

 
Carlos: Do we have another name 
for the others, for n is the square, 
but the others, what do we call 
them? 

Carlos: Ska vi ha ett annat namn 
för de andra, för n heter 
kvadraten, men de andra, vad ska 
de heta? 

Mariam: I think that n is the whole 
figure. 

Mariam: Jag tror, alltså n är hela 
figuren. 

Carlos: Is the whole figure, n? Yes. 
Ok. 

Carlos: Är det hela figuren, n? Ja. 
Ok. 

Aisha: Look, I think that this is 
one, one times four, the first, then 
the second, two times six, the 
third… 

Aisha: Kolla här, jag tror att det är 
en, en gånger fyra, den första, sen 
den andra, två gånger sex, den tre-
dje… 

Mariam: What do you mean? Mariam: Vad menar du? 
Aisha: One times four Aisha: En gånger fyra 
Mariam: Do you mean that it is 
“n” four? 

Mariam: Att det blir ”n” fyra, 
menar du? 

Aisha: One times four Aisha: En gånger fyra 
Mariam: Yes “n” four. Mariam: Ja ”n” fyra. 
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Aisha: One, one, one, one times 
four. 

Aisha: En, en, en, ett gånger fyra. 

Mariam: One times four. (Arabic?) 
What is “n”? 

Mariam: Ett gånger fyra. (Ar-
abiska?) Vad är ”n”? 

 
In the transcript, the question “Vad menar du?” (What do you 

mean?) seemed to allow Mariam to take on the advocating process. 
Over the cycles, when students worked with the different problem-
solving tasks, the episodes of advocating in the transcripts became 
longer, and it was more common for all students to become 
engaged in joint advocating. According to Taflin (2007), one of the 
most important aspects of problem solving is to train mathematical 
reasoning; hence, with more advocating, it was possible that the 
students’ problem-solving ability also developed. 

 
Summary of changes concerning the acts 
In this study, it was easier to help students develop some of the 
dialogic acts compared to others. For instance getting-in-contact 
was an act that students already had the skills to do and so they 
did that spontaneously. After three cycles, the students worked 
proportionally more with acts such as advocating. In contrast, the 
students’ use of challenging and evaluating had not changed much, 
perhaps because there had not been enough time to affect the use 
of these acts. With more cycles, it seems plausible that changes 
could have been made to the use of all IC-acts.  

The fact that all acts were not used so often was not surprising, 
as Alrø and Skovsmose (2004) pointed out in their research that 
fully developed IC-models were rarely found in classrooms, 
suggesting that dialogic acts take time and effort to develop. 

Alrø and Skovsmose (2004) problematized that working with 
very open problems could be too challenging for students. My 
study showed that, as the students were not used to open 
questions, it was indeed a challenge. However, with support in 
developing their communication skills, as stressed by Sfard and 
Kieran (2001) as important for groupwork, it was possible to 
change the way students worked with the acts and help students 
meet the challenges they encounter in mathematical interactions. 
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Changes to students’ use of mathematical questions 
Students asking each other questions is an important part of 
student-to-student interaction, both in the IC-model (Alrø & 
Skovsmose, 2004) and in Fuentes’ (2009) framework. In this 
section, changes in how students used mathematical questions 
while working with the intervention to improve student-to-student 
interactions are in focus. This is the third example area wherein 
changes over time were found in the study. 

In the first cycle, because of a lack of listening skills and a 
limited use of advocating, mathematical questions were not very 
visible in the transcripts. Sometimes, when students asked 
questions, they stated them without really dealing with them or 
just gave short answers without justifications. In the following 
example from the first task in the first cycle, the students discussed 
which arithmetic operation to use without following up on each 
other’s suggestions (Cycle1, task The Fence: Azad, Carlos, 
Mohammed, Mustafa, 15:38): 

 
Mustafa: Is it division or times? Mustafa: Är det division eller 

gånger? 
Carlos: What are you saying? Carlos: Vad snackar du om? 
Mohammed: It is 12 divided by 4. Mohammed: Det är 12 delat på 4. 
Mustafa: Wait, wait, what is this? 
Is it division or times or what? 

Mustafa: Vänta, vänta, vad är det-
ta? Är det division eller gånger 
eller vad? 

Azad: It is division. I did not do 
the homework, so I do not know… 

Azad: Det är delat på. Jag gjorde 
inte läxan, så jag kan inte… 

Mustafa: Is it division… is it? Mustafa: Är det delat… är det? 

Azad: No. Azad: Nej. 
Carlos: Is it times? Is it times? Carlos: Är det gånger? Är det 

gånger? 
Mohammed: No, it is plus. Mohammed: Nej, det är plus. 

Azad: Three quarters… What is 
three quarters of a quarter? It is 
division. 

Azad: Tre fjärdedelar… Vad är tre 
fjärdedelar av en fjärdedel? Det är 
delat på. 

Mustafa: So it is division? Mustafa: Alltså är det division? 
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In the first cycle, students seemed uncertain about why they 
should be asking mathematical questions. For example, Azad and 
Mohammed were asked how they worked with questions in the 
first cycle so that everyone could participate in the discussions and 
they answered (Interview cycle1: Azad, Mohammed, 3:42): 

 
Azad: There was no need… every-
one was active anyway. 

Azad: Behövdes inte… alla var 
ändå aktiva. 

Mohammed: Everyone knew the 
questions. Everyone. 

Mohammed: Alla kunde frågorna. 
Vi alla. 

Azad: All are active people. Azad: Alla är aktiva som personer 
Mohammed: We did not need to 
ask each other questions. 

Mohammed: Vi behövde inte ställa 
frågor till varandra. 

Azad: There were new suggestions 
all the time. 

Azad: Det kom nya förslag hela 
tiden. 

 
In this interview, students did not recognise questions as a 

contributor in the problem-solving process. Questions were more 
often followed up in later cycles, as the question/comments were 
more often followed by responses. 

As suggested in the earlier sections, questions are an important 
part of advocating. When the students were trying out different 
ideas while being open to the answers, this gave opportunities for 
them to focus on joint advocating while considering and arguing 
different strategies. Then, students could work together to reach 
the solution, instead of trying to convince the others that they were 
right (Alrø & Skovsmose, 2004). When more advocating between 
the students occurred, more questions were used, and the students’ 
perceptions of the importance of the questions changed. One 
example from the second cycle was when Aisha, Carlos and 
Mariam were discussing how to calculate a three-month period of 
interest in Swedish kronor (Cycle2: Aisha, Carlos, Mariam, 6:28): 
 

Aisha: Should we divide it by 
twelve months? Then we have fif-
ty-five. One month. 

Aisha: Ska vi dela den med tolv 
månader? Då har vi femtiofem. En 
månad. 

Mariam: Fifty-five what? Mariam: Femtiofem vad? 
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Aisha: Fifty-six kronor a month. Aisha: Femtiosex kronor per 
månad. 

Mariam: Fifty-six kronor a month? 
Is it just the interest you calculate? 

Mariam: Femtiosex kronor per 
månad? Är det bara ränta du 
räknar? 

Carlos: Why don’t you divide by 
four instead?  

Carlos: Varför delar du inte med 
fyra istället? 

Mariam: Yes, but you can do it 
like this. That is, we divide the in-
terest by twelve and then you get 
per month. Then we multiply by 
three. 

Mariam: Ja, men man kan göra 
såhär. Alltså vi delar räntan med 
tolv sen man får per månad. Sen 
gångar vi med tre. 

Aisha: What is the difference? Aisha: Vad är skillnaden? 
Carlos: What is the difference? It is 
faster to divide by four. 

Carlos: Vad är skillnaden? Det går 
snabbare att dela med fyra 

Aisha: Yes, divide by four. Aisha: Ja, dela med fyra. 
Mariam: Aha, yes, divide by four, 
that is three months. 

Mariam: Aha, visst dela med fyra, 
det blir tre månader. 

 
In this example, Aisha appeared to be asking herself a question 

(thinking aloud). Then, Aisha asked Mariam clarifying questions 
(question8/comment8) and Carlos questioned (challenging) the 
method that Mariam was using (question3/comment3). Mariam 
listened to what the others suggested, and then the group agreed on 
another strategy of how to calculate the three-month period 
interest. In the example, students used questions to understand 
each other’s thinking and to calculate the interest together. 

In the interviews in the third cycle, the students claimed that they 
were better at asking questions (Interview cycle3: Amal, 
Mohammed, Nour). This was verified by the transcripts of the 
groupwork in which some of the mathematical questions students 
asked each other seemed to help them move forward in their 
discussions. Examples of questions that students asked which were 
either inspired by the question list which was part of the task 
material or by themselves were (Cycle3: Amal, Azad, Mohammed, 
Nour) or (Cycle3: Aisha, Carlos, Mariam): 
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Mohammed (21:09): Nour, are 
there more ways to solve the 
task?... What do we need to solve 
it?... Nour, how are you thinking? 

Mohammed (21:00): Nour, finns 
det fler sätt att lösa uppgiften?... 
Vad behöver vi för att räkna ut 
det?... Nour, hur tänker du? 

Amal (31:42): But how did you 
conclude this? How did you do it? 
How did you think? 

Amal (31:30): Men hur kom du 
fram till detta alltså? Hur gjorde 
du? Hur tänkte du? 

Azad (47:30): What do we need to 
do to solve this task? 

Azad (47:30): Vad ska vi göra för 
att kunna lösa denna uppgift? 

Aisha (22:02): What information 
can we find in the task? 

Aisha (21:00): Vilken information 
finns det i uppgiften? 

Mariam (50:10): Is the answer rea-
sonable?... Are there more solu-
tions? 

Mariam (50:00): Är svaret rim-
ligt?... Finns det fler lösningar? 

 
The other students’ reactions to these questions varied. Since 

they recognised the questions as something from the question list, 
sometimes they told the person asking them to be quiet, but at 
other times, they answered them. When they took the questions 
seriously, this seemed to function as support for the mathematical 
discussions. 

Changes about strategies in problem solving 
In this section, the focus is on changes in the students’ interactions 
and perceptions concerning strategies for problem solving, as the 
focus of the mathematics tasks in the intervention was problem 
solving. This is the fourth area in which changes over time were 
found in the study. 

In previous sections, it was shown that the students in the first 
cycle focused more on reaching the right answer than the 
mathematical process and the groupwork. In the third cycle, 
mathematical questions were more visible both in the transcripts 
and in the interviews. In the interviews, when the students 
responded to questions about changes in their views on 
mathematical questions, they claimed (Final interview, part2: 
Amal, Azad, Mohammed, 7:05): 
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Mohammed: Yes, from the start, 
when I and Azad had not been in 
the same group for so long, we al-
ways did, we did not think that we 
were going to make it, we were go-
ing to do it, but now we think, or I 
do, how are we going to do it and 
in what way, so I have started 
learning to ask in a mathematical 
way. 

Mohammed: Ja, från början, när 
jag och Azad inte varit så länge i 
en grupp, så har vi alltid gjort så, 
vi har inte tänkt vi ska klara det, vi 
ska göra det, fast nu tänker vi, 
eller jag tänker, hur ska vi göra det 
och på vilket sätt ska vi göra det, 
så jag har ändå börjat lära mig 
fråga på matematiskt sätt. 

Azad: Use mathematics. I agree 
with Mohammed. 

Azad: Använda matematik. Jag 
håller med Mohammed. 

Mohammed: Before all we thought 
about was to make it, in any way 
possible. 

Mohammed: Typ det enda vi 
tänkte på innan var att klara det, 
hur som helst. 

Azad: Yes, it was just running 
straight forward. 

Azad: Ja, det var bara springa rakt 
på sak. 

Marie: So, before, was there more 
focus on the answer or? 

Marie: Så innan var det mer fokus 
på svaret eller? 

Azad: Yes. Azad: Ja 

Mohammed: It was like that, to get 
the right answer, in what way did 
not matter as long as it was the 
right answer, but now it is more 
like how to do it, in what way you 
do it, that we choose the easy way. 

Mohammed: Det var så, att få det 
rätta svaret, det beror inte på, på 
vilket sätt du får det, så länge det 
är rätt svar, men nu är det mer så, 
hur ska man göra det, på vilket 
sätt man gör det, att vi tar det 
enkla sättet. 

 
In this transcript, some of the ideas about problem solving from 

Polya (2014) seem to be visible, for instance, about planning for 
what strategy to use during the problem-solving process. 

Generally, in the final interview, most students from both groups 
stated that questions could help their problem-solving processes. 
However, not everyone thought that the support means were 
helpful. During all three cycles, Aisha claimed that she did not see 
the point in using question lists or problem-solving support lists. In 
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the interview after the third cycle (Interview cycle3: Aisha, Carlos, 
Mariam, 12:07), she responded to my questions negatively: 

 
Marie: If you get a problem-
solving task, in what way do you 
think that questions can help you 
solve it? 

Marie: Om ni får en problem-
lösningsuppgift, på vilket sätt tror 
ni att frågor kan hjälpa er att lösa 
den? 

Aisha: I do not think that ques-
tions can help me solve the prob-
lem solving. Not me anyway. 

Aisha: Jag tror inte att frågorna 
kan hjälpa mig att lösa problem-
lösningen. Inte jag i alla fall. 

Carlos: It might not help to solve 
it, but maybe you start to think a 
little. What to do. Maybe an equa-
tion or so. 

Carlos: Den hjälper inte att lösa, 
men kanske börjar man tänka lite. 
Vad man ska göra. Kanske en 
ekvation eller så. 

Aisha: But not always. Aisha: Men inte alltid. 
Mariam: No. Sometimes you can 
think, for example, what infor-
mation there is in the task. 

Mariam: Nej. Ibland man kan 
tänka, till exempel, vilken infor-
mation det finns i uppgiften. 

 
The other students tried to advocate for why the questions could 

be helpful. Although students had different perceptions about this, 
some of them saw the questions as something helpful in the 
problem-solving process. Even though there were different 
opinions about the use of the support means, the analysis of the 
group interactions suggested that all students moved away from 
guessing answers to trying out different ways to solve the tasks. 
Taflin (2007) identified the problem-solving strategy “guess and 
try” as one way to solve the problem, but in my study, it was 
important that students did not only stay with that, but also found 
other strategies for solving the problems. 

Conclusion 
In this chapter, I described changes in the interactions in the groups 
that occurred during the intervention to improve student-to-
student interaction. Given that the students appeared to have 
improved their ability to listen to and build onto each other’s ideas, 
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it would seem that the intervention did result in improvements to 
the quality and quantity of student interactions. 

Nevertheless, making change in a classroom is an ongoing 
process (Timperley, 2013). The focus for the intervention was that 
all students would get opportunities to develop their reasoning and 
communication abilities. Hence, for the intervention, I worked on 
providing opportunities for students to use the dialogic acts of 
getting-in-contact, locating, identifying and advocating from the 
IC-model (Alrø & Skovsmose, 2004). The students were also 
encouraged to work with the other acts; however, it was more 
difficult to see changes within these acts. One key explanation for 
this was that, due to time limitations, not everything in the 
intervention could be adapted and not everything could be 
reflected upon or analysed between the cycles. 

Changes occurred not only in the students’ interactions, but also 
in their perceptions. For example, the students claimed that they 
were more aware of the benefits of groupwork and saw the point 
of working with problem-solving strategies and mathematical 
questions in the later cycles. However, conducting three cycles in a 
classroom is not enough to change all of the students’ perceptions. 
For instance, Aisha never saw questions as a support in the 
problem-solving process. Perceptions connected to the students’ 
feelings about being stupid in mathematics or the students’ 
attitudes towards groupwork were not easy to change. All students 
had different perceptions and unique ways of perceiving teaching 
and learning in mathematics. In chapter seven, these perceptions 
are connected to the complexity in the upper secondary classroom. 
First, however, in chapter six, I discuss what was implemented to 
promote changes.  
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6. CONTRIBUTIONS TO WHAT 
CAUSED THE CHANGES 

In this chapter, as part of the practical result of the EDR study, I 
describe the factors that contributed to the changes discussed in 
chapter five. The intervention consisting of tasks and support 
means was briefly presented in chapter four. In this chapter, the 
adaptations and development of tasks and support means are 
discussed in relation to the second research question: What 
contributed to the changes in students’ interactions and perceptions 
when an intervention was provided to improve student-to-student 
interactions? 

To answer this research question, both what was done to 
contribute to the changes and why it was done is considered. The 
discussion of the ‘what’ and ‘why’ questions is made in relation to 
the changes identified in chapter five concerning student’s listening, 
building onto each others interactions, usage of mathematical 
questions, and problem-solving strategies. 

Actions that contributed to the changes 
To contribute to changes, both the students’ interactions while 
working with the tasks and their perceptions expressed in the 
interviews were used to develop the intervention that was provided 
to improve the student-to-student interactions. 

Adaptations were made to tasks and support means as we 
progressed through the cycles based on what was learnt in the 
analyses. Table 6.1 provides an overview of the changes that were 
made in relationship to the three cycles. 
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Table 6.1. Overview of the aims for and adaptations of the 
intervention. 
 Cycle 1 Cycle 2 Cycle 3 
Tasks *Focus on 

getting-in-
contact, 
locating and 
identifying to 
encourage 
students to 
talk to each 
other. 

*Open questions 
to avoid students 
focusing on the 
correct answer.  
*Focus on 
getting-in-
contact, locating, 
identifying and 
advocating. 

*Open questions 
with increasing 
level of difficulty 
to avoid students 
focusing on the 
correct answer 
or feeling stupid. 
*Focus on all IC-
acts. 

Roles *Encouraging 
students to 
talk and 
contribute to 
mathematical 
discussions. 

*Giving students 
specified roles 
with a focus on 
making students 
listen to each 
other and involve 
everyone in the 
conversations.  

*Shortening the 
descriptions of 
the roles from 
cycle2. The same 
goal as in cycle2. 

Question 
list 

*Making 
students 
aware of how 
they use 
mathematical 
questions. 

*Making 
students use 
questions to 
involve everyone 
in mathematical 
discussions. 
*Whole-class 
discussions about 
mathematical 
questions. 

*Making 
students follow 
up on other’s 
questions. 
*Making 
students ask 
questions with 
help of the 
problem-solving 
support list. 

Problem 
solving  
support 
list 

*Making 
students 
aware of 
Polya’s (2014) 
problem-
solving 
strategies. 

*Adding 
questions to the 
problem-solving 
support list in 
cycle1. 

*Combining the 
problem-solving 
support list with 
the question list. 



 

 101 

Other 
actions 

*Arranging 
groups. 

*Making a 
homework movie 
on groupwork, 
problem solving 
and mathematical 
questions. 
*Rearranging 
groups. 
*Introducing 
individual 
thinking time. 

*Introducing 
individual 
thinking time 
between lessons. 
*Helping 
students to try 
out the support 
means actively 
before the task 
was carried out. 

 
In chapter five, the changes over time that was found as a result 

of the intervention was discussed. Now, the different actions 
summarised in Table 6.1 are connected to these changes. 

Using tasks and support means to promote interaction 
The interactions were analysed using the IC-model (Alrø & 
Skovsmose, 2004) and Fuentes’ (2009) framework. The results 
were used to determine what should be improved in the next cycle. 
The tasks and support means were adapted in each cycle after 
analysing the groupwork interactions and the students’ interviews 
in order to meet the developing needs of the students. 

In the initial classroom observations in the first analysis/ 
exploration phase, it was clear that the students were not talking to 
each other about mathematics tasks in the book that they worked 
with. Therefore, communicative roles were part of the intervention 
introduced in the first cycle. Esmonde (2009) claimed that roles 
could give all students opportunities to contribute to the 
groupwork and prevent certain students from dominating the 
interaction. Similarly, Gibbons (2002) viewed roles as beneficial 
for enabling multilingual students to become active 
communicators, especially when group rewards were provided 
(Slavin, 1983). In Brandell and Backlund’s (2011) research, giving 
students different roles improved the conditions for cooperative 
learning as students became positively interdependent. The roles 
indicated who should do what work and showed the students that 
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there were positive group effects from cooperating because it 
meant they did not need to do all the work themselves. 

The roles were also connected to the theoretical frameworks. 
Fuentes’ (2009) framework gave inspiration to developing 
questions for the Questioner. The other roles were constructed to 
support the students in making use of the different acts from the 
IC-model (Alrø & Skovsmose, 2004). For instance, the roles of the 
summariser and accountant were formulated so that students 
would work with reformulating and also evaluating when choosing 
what parts of the discussions should be in the presentation of the 
tasks. There were also tasks within the roles to promote student 
participation (getting-in-contact) so that all the students could be 
included in the discussions, for instance, by asking quiet group 
members questions. These actions were similar to what Fuentes 
(2009) did to enable students’ participation when she worked with 
interventions where students were required to explain what was 
done in the groupwork, reformulate in their own words or answer 
other students’ questions. 

The roles were chosen in cooperation with the teacher, who 
considered what roles he thought was needed in the groups which, 
at the same time, allowed students to work with their reasoning 
and communication abilities. 

Analysing student communication in the first cycle showed that 
following up on each other’s questions was something that 
students needed to work more on in order to improve the quality 
of their mathematics conversations. Thus, the second support mean 
was the question list, which was designed to encourage students to 
ask more mathematical questions. This was primarily done to 
support students in communicating with each other. Mercer (1995) 
suggested that when students asked questions, they had a chance to 
check, refine, and elaborate around mathematics. A second reason 
was to help the students with their problem-solving ability by 
giving them process help with which types of questions might be 
good to ask when working with mathematical problem solving, for 
instance, in connection to Polya’s (2014) problem solving 
strategies. Brandt and Schütte (2010) claimed that it was important 
for students to ask each other questions, as that questions gave 
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opportunities for explaining, reasoning and justifying, which are 
important features when developing students’ reasoning and 
communication abilities. When students compare ideas and 
interpretations, they have a chance to see their own learning 
(Mercer, 1995) and develop understandings for mathematical 
concepts (Esmonde, 2009). As questions can be connected to all 
IC-acts (Alrø & Skovsmose, 2004), encouraging students to use 
questions was considered valuable for developing the quality and 
quantity of their interactions around problems. 

In the first cycle, it was therefore decided to introduce students 
to using the question lists. To support the students in 
understanding the value of mathematical questions, a whole-class 
discussion was made concerning how and why mathematical 
questions can be an asset while working with problem solving. 

It was found during the first analysis/exploration phase that 
students did not have many strategies for solving mathematical 
problems. The third support mean was the problem-solving 
support list, building onto Polya’s (2014) problem solving 
strategies. Just as in Hunter and Anthony’s study (2011), many 
students asked the teacher what to do whenever they encountered a 
problem they could not solve immediately. Occasionally, they 
asked the student sitting next to them. The teacher and I 
considered that students needed to learn how to tackle problems in 
order to develop their reasoning ability in mathematics. The 
problem-solving support list was meant to be combined with 
discussions on how to work with problem-solving tasks as well as 
a homework movie that I made on groupwork and problem 
solving. In previous research, Kramarski, Mevarech and Arami 
(2002) used a problem-solving strategy for lower secondary 
students. Their strategy involved four steps, namely 
comprehension, connection, strategy selection, and reflection and 
these proved to have positive effects for the students’ mathematical 
achievements. 

Supporting the students to listen to each other 
One of the changes in the student-to-student interaction identified 
in chapter five was the improvement in how students listened to 
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each other. Arranging the groups was an important component in 
supporting the students to develop their listening skills. During the 
first design cycle and based on the research reviewed in chapter 
two (see Brandell & Backlund, 2011; Slavin, 1983), the teacher 
and I decided to have students work in heterogeneous groups of 
four. Cohen (1994a) found that four or five students per group 
was optimal and that low-achieving students could especially 
benefit from heterogeneous groups (Cohen, 1994b). Before the 
problem-solving tasks in the first cycle, the students could choose 
which group they wanted to work with. However, students tended 
to choose to be with their friends rather than with persons with 
whom they could cooperate about mathematics. Esmonde (2009) 
concluded that studies of friendship are inconclusive of whether 
working with friends is optimal or not. However, in the first 
analysis/exploration phase, the lesson observation notes showed 
that students often chose to talk to their friends about non-
mathematical matters. 

When forming the groups for the first cycle, the expectations 
were that the students would try getting-in-contact with each 
other. The students were also given different communicative roles 
to encourage them to talk and take responsibility for contributing 
to the mathematical discussions. Deciding to have one person as 
the Chairperson, who could decide who talks when, was done to 
support the students in listening to each other. It was also expected 
that when the Summariser talked, the others needed to listen. The 
Thinker was supposed to listen to the other students’ utterances 
and comment on them and the Accountant needed to listen to 
everyone in the group in order to be able to present the solution of 
the group. As described in chapter five, in the first cycle, these 
expectations were not met, as students did not always listen to 
each other or did not want to participate in the mathematical 
discussions. The students did not seem to care about the roles, so 
they had limited impact on the students’ actions. 

Nevertheless, the students considered some roles easier. For 
example, Carlos thought it was easier to talk as the Chairman 
(Interview cycle1: Carlos, Mustafa). However, studying the 
conversations did not show this, but rather, it showed that the 
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natural leaders in the groups (those who usually dominated the 
discussions) led the discussions and the students did not always 
value the Chairperson’s input. For instance, Mohammed listened a 
lot to what Azad said, independently of what role Azad had. 
(Interview cycle1: Azad, Mohammed, 9:46): 

 
Mohammed: It felt like he [Azad] 
was the king… or the leader. It is 
always good to have a leader, I 
think… If you do not have a leader 
you do not know what to do... He 
shows us... It was good that he 
was the leader. 

Mohammed: Det kändes som att 
det var han [Azad] som var 
kungen… eller ledare. Det är alltid 
bra att ha en ledare tycker jag... 
Om man inte har en ledare vet 
man inte vad man ska göra… Han 
visar oss… Bra att han var ledare. 

  
The students that usually spoke a lot kept doing so and the quiet 

students did not say so much. Although Mohammed saw positive 
effects from one student who dominated the conversations, Mercer 
(1995) warned that this might hinder, rather than help, those who 
underachieve in mathematics. 

The students did not engage in the roles unless they had a 
specific task, such as the one connected to the Summariser and the 
Accountant roles in the first cycle. Consequently, the roles were 
specified more in the second and third cycles. The specified roles 
still focused on enabling the students to listen to each other and 
include everyone in the conversations. From trying to make the 
roles more specified, the descriptions of them in the second cycle 
became too long. This resulted in some students deciding that they 
knew what the roles were, and therefore did not read the 
descriptions. On the other hand, other students claimed that the 
new descriptions made it easier to understand what to do, while 
others saw no point in having them. The third version of the role 
descriptions in the last cycle, which was short and specified, 
appeared to work best. For instance, during the final interview, the 
students claimed (Final interview, part2: Amal, Azad, Mohammed, 
2:54): 

 



 

 106 

Mohammed: It is a little easier. Mohammed: Det har blivit lite 
enklare. 

Azad: We do not waste as much 
time... 

Azad: Slösar inte lika mycket tid... 

Amal: Easier to understand at the 
end than in the beginning. 

Amal: Lättare att förstå på slutet 
än i början. 

 
It was difficult to work out the exact cause and effect 

relationship at play here. For example, the improvement in valuing 
the benefits of the roles might have been caused by the students 
becoming more used to the roles. 

Another move to enable the students to listen more to each other 
was that, in the second and third cycle, individual thinking time 
was introduced (in the task in cycle 2 and between tasks in cycle 
3). This was previously tried by Ding et al. (2007). In this case, the 
intention was that everyone would be better prepared to interact. 
Individual thinking time was also something students suggested as 
likely to help them. For instance, Mariam and Aisha suggested it 
after the second task (Interview cycle2: Aisha, Carlos, Mariam). 
This showed that they were not aware that this had been part of 
the task, perhaps because they did not read that part of the 
instructions. That may also have been the reason why that strategy 
did not work in the second cycle. For the third cycle, for a 
homework assignment, the students had to prepare a photograph 
with a mathematical pattern. However, not all of the students 
chose to do the homework. The problematique here was that 
although the students wanted individual thinking time, they were 
not aware of it, or did not use it when it was provided. 

Although the roles and individual thinking time seemed to have 
limited effects in themselves, their introduction might have 
supported students to think more about how to treated each other. 
In the second cycle, the groups were rearranged, and the students 
expressed that in the new groups, listening was easier. They also 
seemed more aware of how to help each other while working in 
groups. For instance Mohammed said in last interview (Final 
interview, part1: Amal, Azad, Mohammed, 21.15) when he was 
asked about how to facilitate everyone’s participation that: 
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Mohammed: Through asking. 
Through really listening and not 
just ask... through really asking 
and trying to answer in a good 
way or in any way, but really show 
that she or he has your attention. 
So that he or she feels like, yes, I 
am part of the group, the others 
listen to me. And really show them 
what I think and do. 

Mohammed: Genom att fråga. Ge-
nom att verkligen lyssna, inte bara 
fråga… genom att verkligen fråga 
och försöka svara på ett bra sätt 
eller på vilket sätt som helst, men 
verkligen visa att hon eller han har 
din uppmärksamhet. Så att han 
eller hon ska ändå känna att jo, jag 
är med i gruppen, de lyssnar på 
mig. Och verkligen visa dem vad 
jag tänker och gör. 

 
Mohammed’s statements suggested that, for him, both asking 

and listening were important in promoting equitable learning 
opportunities. 

In order for listening to be effective in the groupwork, the results 
of this study suggested that it was important to consider how to 
group students and make them aware about what needs to be done 
before the interaction began. It was not enough to simply focus on 
the talking, but in order for the talking to be effective, good 
listening skills needed to be activated. 

Making students build onto each other’s interactions 
In chapter five, several changes concerning how the students built 
onto each other’s interactions were identified. These were 
connected to what was discussed, who was involved in the 
discussions, and what dialogic acts were used. Across all three 
cycles, the students focused mainly on mathematics in the 
interactions. However, the way they did it and the amount of 
cooperation they had while they worked together changed. What 
supported these contributions is discussed in the next sections. 

Actions concerning problem solving as the focus of the 
interactions 
Since students focused too much on finding the correct answer in 
the first cycle, the tasks were opened up in the later cycles so that 
they had more than one answer or could be solved in a variety of 
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ways (Taflin, 2007). Whole-class discussions and a homework 
movie highlighting different ways to solve the tasks were made so 
that students could focus on the process of working together as a 
group. By allowing many possible solutions, it was anticipated that 
open tasks would avoid the risks for the students feeling stupid 
when they could not find the correct answer. When completing the 
tasks, it was considered important that the complexity of the task 
would engage students in talking about it and helping each other 
solve it. Too easy a task would not need any discussion, while a 
task too complex could lead to discussions without a solution. 

The analysis of the interactions around the tasks suggested that 
the question lists, especially in the third cycle, combined with the 
problem-solving support list, helped students ask each other more 
questions. This seemed to keep the focus on the mathematical 
discussions and the tasks. The decisions about what questions to 
include in the question list were guided by the questions in Fuentes’ 
(2009) framework and Polya’s (2014) problem-solving strategies. 

Although the implementation of having students take on 
individual roles in the second and third cycle might have made 
them focus more on the task, an analysis of the interactions 
suggested that they also caused that students discussed who should 
do what, rather than the mathematics. For example, in the third 
cycle, the students were required to switch roles each time they 
discussed a new pattern. In this way, the students were expected to 
divide the work between themselves and, as a result, get the 
opportunity to work with different types of communication, such 
as writing a summary, asking questions, supporting everyone to be 
involved and talking about their conclusions. Although they did 
divide the work, they spent a considerable amount of time 
discussing the roles. This part of the intervention did not work. 

Actions concerning making everyone involved in the 
interactions 
When the students started listening to each other actively, the 
possibility for them to build onto each other’s interactions, as 
discussed in chapter five, improved. This was evident in the 
transcripts and was also raised by the students in the interviews. 
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Groups were rearranged in the second cycle to encourage 
everyone’s involvement in the discussions. Initially, the students did 
not always treat each other respectfully, an issue also discussed in 
Esmonde’s (2009) research where she warned about cooperative 
groupwork causing “undesirable social interactional styles” (p. 
1009). After the groups were redesigned in the second cycle, all the 
students expressed that the new groups worked better. However, 
the reasons they gave for why this was the case differed. 
Mohammed said that the students were more active and 
communicated better, while Amal said that it was better because 
everyone talked (Interview cycle2: Amal, Mohammed, Nour). 

Although the composition of the groups could have had an 
impact, the support means might also have contributed to the 
better distribution of talking time between students. The roles were 
changed because the students expressed in the interviews that it 
was important that everyone participated, listened, and did not 
interrupt. In the second and third cycles, the roles were more 
focused on dividing the work between students than had been the 
case in the first cycle. The students were to ask non-participating 
group members questions and to include everyone’s thoughts in the 
summaries and oral conclusions. Thus, the roles were intended to 
contribute to everyone recognising the importance for all the 
students to finish the tasks therefore developing the students’ 
positive interdependence (Brandell & Backlund, 2011). 

Furthermore, individual thinking time was introduced in the 
second and third cycles with the expectation that students would 
more easily be able to contribute to the discussions with 
suggestions of how to solve the task or ask questions about aspects 
they had not understood. However, the students resisted making 
use of the individual thinking time, suggesting that this approach 
did not contribute to improving the quality and quantity of the 
students’ mathematical interactions. 

Actions concerning changes in the use of dialogic acts 
With improved listening and the students building onto each 
other’s interactions, the dialogic acts used by the students changed. 
As described in chapter five, the focus was first on getting-in-
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contact, so that students thereafter could work with locating and 
identifying to get started with the mathematics and then, with 
improved interaction, also advocating. In the third cycle, this 
changed to include all of the dialogic acts in the IC-model (Alrø & 
Skovsmose, 2004), although with not as much focus on challenging 
and evaluating for time limitation reasons. 

When the students listened to each other more, questioning was 
more productive in supporting the students’ development of their 
reasoning and communication abilities because students actually 
waited for responses and continued their reasoning from the other 
students’ points. Questions/comments categorised with help of 
Fuentes’ (2009) framework were followed by the expected 
responses. As described in chapter five, especially the 
question/comment-response pair 6 about suggesting strategies was 
better followed-up; a change from what was seen in the first cycle. 
Thus, it was not only the quantity of the questions and dialogic 
acts from the IC-model that changed, but also the quality. 

One contributing factor to this could have been the roles. 
However, from the interviews, it seemed that the students did not 
always value the roles as contributing to them developing their 
reasoning and communication abilities. For instance, Aisha, who 
had the role of summariser in the second cycle which included the 
possibility to work with, amongst other things, reformulating, 
claimed: “Det var inte mycket för mig… jag tycker inte om att 
skriva… vi behöver inte skriva tycker jag” (It was not much for 
me… I do not like writing… we do not need to write I think.) 
(Interview cycle2: Aisha, Carlos, Mariam, 3:50). In the third cycle, 
students had the opportunity to read the description of the roles 
and try them before the actual task. Azad claimed in the final 
interview (Final interview, part2: Amal, Azad, Mohammed, 1:38): 
 

Azad: These papers might work, to 
have different roles, but you need 
to be familiar with them first. You 
need to know them. If I wake you 
in your sleep, you should be able 
to explain them, what role is what. 

Azad: Dessa papper kan fungera, 
dela in i roller, fast man måste vara 
välbekant med dem först. Man 
måste kunna dem. Om jag väcker 
dig i sömnen ska du kunna 
förklara vad de är, vilken roll som 
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I think they can work. Because 
then you know how to use them. 
Then you do not waste as much 
time. 

är vad. Jag tror att de kan fungera. 
För då vet man hur man använder 
dem. Då slösar man inte så mycket 
tid. 
 

The role of the Questioner seemed to make the biggest difference 
to the interaction, as students needed help with learning how to 
ask questions and how to include everyone into the discussions. 
However, giving them the tools was insufficient to ensure that they 
would learn how to do it; they also needed help with how to use 
the tools. This is consistent with Sfard and Kieran’s (2001) and 
Wiley and Jee’s (2011) conclusions regarding students needing help 
with how to communicate. Furthermore, in order for the students 
to learn to ask questions, they needed time. Fuentes (2009) also 
found this to be the case when she did her interventions to promote 
changes. She concluded that ”quality communication will not 
occur immediately, especially if the students are not accustomed to 
working in groups” and that “it is something that needs to be 
cultivated over time” (Fuentes, 2009, p. 180). 

Supporting students to work with mathematical questions 
Through the choice of theories used in the cycles, possibilities for 
detecting changes in how the students worked with mathematical 
questions were created. In chapter five, I described how the 
students across the three cycles developed their awareness of how 
to use and follow up on each other’s mathematical questions. To 
contribute to these changes, several of the actions already 
described, such as the communicative role of the questioner and 
the question lists, were important. 

The students did not pay much attention to the question lists 
until the third cycle. This indicated that simply giving them lists to 
write down their questions, without them understanding the 
reasons why, was not effective. Although the teacher introduced 
the students to the lists and told them why they should use them, 
many of the students did not see them as useful. In the last two 
cycles, the teacher had whole-class discussions about the questions 
that were asked during groupwork. Every group needed to 
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contribute with their examples. Nevertheless, in the second cycle, 
when Nour was asked a question about the thoughts behind the 
question list, she answered: “Ingen aning. Kanske typ lära sig om 
problemlösning” (No idea, maybe learn about problem solving) 
(Interview cycle2: Amal, Mohammed, Nour, 7:33). Her comment 
showed that even after the whole class discussion in the second 
cycle, the point of the question lists had been lost on her. 

However, the situation seemed to have changed by the end of the 
third cycle. For example, in the final interview, when asked about 
whether mathematical questions were important for learning 
mathematics, Amal said: “Ja, jag tror det, för när man kollar på 
matematiska frågor tänker man mer att ja, vi försökte göra det på 
det sättet.” (Yes, I think so, because when you look at the 
mathematical questions you think more like, yes, we tried to do it 
like that.) (Final interview, part2: Amal, Azad, Mohammed, 6:28). 
In this case, the question lists helped her with decisions about what 
to do in the groupwork. The question lists therefore can be 
regarded as having contributed to the students asking more 
mathematical questions. 

Another factor that might have influenced the students’ usage of 
mathematical questions was that during the interviews, they were 
asked several times how they worked with questions. These 
discussions about mathematical questions might have affected 
students’ perceptions about using mathematical questions. In the 
first cycle, Azad and Mohammed were asked how they thought 
about mathematical questions while working together in their 
group, and they claimed that they did not need to ask each other 
questions since they were active anyway (Interview cycle1: Azad, 
Mohammed, 3:42). However, this changed, and in the final 
interview, Mohammed claimed that they started to learn how to 
ask questions in a mathematical way about how to solve tasks 
(Final interview, part2: Amal, Azad, Mohammed, 7:05). It could 
be the case that my obvious interest, as well as that of the teacher 
in regard to mathematical questions, may have contributed to the 
students paying more attention to them and feeling more obligated 
to try them out than if they had not been interviewed after each 
cycle. 
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In the third cycle, the students’ questions gave opportunities for 
more whole-group advocating about how to solve the problems. In 
the interviews after the third cycle, students in both groups claimed 
that the third variant of the question list was easier to work with. 
When adapting the question lists, as well as adapting the roles, 
Fuentes’ (2009) framework was important. Special attention was 
paid to the question/comment-response pair 6, in which students 
suggested strategies. As described in chapter five, it was more 
common in the third cycle for students to follow up and work with 
each other’s strategies. The questions in Fuentes’ (2009) 
framework was not only used for finding this change, but also as a 
source of inspiration for the question list, in that some of the 
questions were formulated so that students had the opportunity to 
work with the different question/comment-response pairs. For 
instance, questions looking back at the problem could be 
connected to question/comment-response pair 5 about evaluating, 
and the question “How do you think?” could be connected to 
question/comment-response pair 2 about explaining your work. 
Depending on the responses, this gave opportunities for evaluating 
or advocating. 

Enabling students to work with problem-solving strategies 
In chapter five, it was suggested that, over time, the students 
focused less on finding the correct answer and more on using 
mathematical questions to help the mathematical problem-solving 
process forward. What contributed to these changes? One answer 
is a combination of the tasks and support means. For example, 
Mohammed said in the final interview: “Desto mer du gör, alltså 
själva matteuppgifterna och du övar mer på det, desto bättre blir 
du, det är automatiskt.” (The more you do, that is, the tasks and 
working more with them, the better you get. It is automatically like 
this.) (Final interview, part1: Amal, Azad, Mohammed, 6:54). 

The changes in how the students tackled the mathematical 
problems described in chapter five might have been difficult to 
detect if problem solving had not been kept a constant factor in all 
the cycles. The tasks seemed to have been challenging for the 
students, for instance, Azad claimed: “Alla var lika kluriga från 
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första gången när man såg dem ju.” (All were equally puzzling the 
first time you saw them.) (Final interview, part1: Amal, Azad, 
Mohammed, 4:20). However, Mohammed claimed that the tasks 
were “luddiga” (fuzzy) (Final interview, part1: Amal, Azad, 
Mohammed, 5:28). This might be because they were not 
formulated the way tasks usually were in their textbooks, as they 
were more open. The students should not be able to see the 
solution straight away, but instead, needed to discuss different 
strategies with each other. 

To overcome the focus on finding the correct answer and feeling 
stupid when they could not find it, later tasks were even more 
open, as they could be solved in more than one way and had 
several possible correct answers. In the third cycle, the teacher and 
I constructed tasks so that they became increasingly more difficult. 
The intention was that all groups would succeed with the first 
parts, which could contribute to students not feeling stupid. 

The support means were chosen after the first analysis/ 
exploration phase when it was discovered that students often did 
not seem to have a plan for how to tackle problem-solving tasks, 
beyond asking the teacher for help. Scaffolding students into using 
problem-solving strategies contributed to students talking to each 
other instead of just asking the teacher. In the final interview, 
students from both groups expressed that they more often asked 
their peers for help. For example, Mariam claimed (Final interview: 
Aisha, Carlos, Mariam, 36:01): 

 
Mariam: I have not worked in 
groups before. This is the first 
time. I think it is good. I can ask 
them instead of asking the teacher. 
It is not always that you dare to 
ask the teacher about everything. It 
feels a little bit stupid to put your 
hand up all the time. 

Mariam: Jag har inte jobbat i 
grupp förr. Det är första gången. 
Jag tycker det är bra. Jag kan fråga 
dem, istället för att fråga läraren. 
Det är inte alltid man vågar fråga 
läraren om allting. Det känns lite 
dumt att hela tiden räcka upp 
handen. 

 
In this extract, it was possible to see that for Mariam, working 

in groups also contributed to her not feeling worried about feeling 
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stupid. Similarly, Carlos claimed “Jag tycker att det är bra för att 
man kan få… om man inte fattar hur läraren förklarar, så kan de 
förklara bättre.” (I think that it is good because you can get… if 
you do not understand the explanation from the teacher, they can 
explain better.) (Final interview: Aisha, Carlos, Mariam, 16:21) 
and Mariam continued “Ibland man förstår inte vad läraren säger, 
även om han förklarar på ett bra sätt.” (Sometimes you do not 
understand the teacher, even though he is explaining in a good 
way) (Final interview: Aisha, Carlos, Mariam, 16:31). 

In the first two cycles, the students were given a problem-solving 
support list connected to Polya’s (2014) four steps. However, most 
of the students did not use the strategies. By the third cycle, when 
students had learnt to listen and follow up on each other’s 
interactions better, some students used the problem-solving 
support list that was combined with the question list. One of the 
questions on the combined question list and problem-solving 
support list that several students claimed had impact on the group 
interaction was: “hur tänker ni” (how do you think?): 

 
Mariam: If it is in the group. I 
think that you learn to say/ask 
how do you think? How can we 
solve the task? I think that it has 
helped in that way. 

Mariam: Om det är i gruppen. Jag 
tror att man lär man sig säga/fråga 
hur tänker ni? Hur ska vi lösa 
uppgiften? Jag tror att det hjälpt 
på det sättet. 

 
In this example, Mariam specifically mentioned this question 

(Final interview: Aisha, Carlos, Mariam, 29:32). Amal also 
expressed this in her interview (Interview cycle3: Amal, Nour). 

Conclusion 
In this chapter, I discussed what contributed to the changes in 
students’ perceptions and interactions when an intervention was 
introduced to improve student-to-student interactions. However, 
these contributions to change were generally discussed individually. 
In the complex multilingual upper secondary mathematics 
classroom, there were many factors that might have had an impact 
on any changes: the tasks and support means, the students’ 
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perceptions, their mathematical knowledge, how they were affected 
by the aim of the research study, the attention they received, or 
simply time passing by and the students growing older. This 
complexity is discussed in more detail in the next chapter. 

The results of both the changes and what caused the changes, 
can be seen as the practical results of the EDR study. Looking back 
at what happened in the classroom, some of the actions taken 
seemed more important than others, since if these actions were not 
present, the other actions would have been difficult to implement. 
One important methodological action was to analyse both 
students’ perceptions and interactions at the same time. This gave a 
rich picture about the success of the intervention at the end of each 
cycle. Further, this allowed for a broad understanding of what 
should be changed and what approaches for that change might be 
best. 

One important adaptation in the intervention was to work with 
open tasks. Open questions provide opportunities to compare 
problem-solving strategies (Taflin, 2007) and to engage students in 
groupwork (Esmonde, 2009). Therefore, in this study, open tasks 
were not simply used to encourage students to be engaged in the 
groupwork. Also, when there was not just one correct answer, then 
students did not need to feel stupid when they could not find it. 
The tasks were chosen to meet the needs of the students in this 
particular classroom. 

Another important adaptation was about how to arrange the 
groups. The students claimed that what made their groups 
successful was the attitude and atmosphere regarding the students 
wanting to learn mathematics, taking the tasks seriously, and 
supporting everyone in the group to speak (Final interview: Aisha, 
Carlos, Mariam). For example, Mohammed said “genom att må 
bra och ge den tiden, kanske den i gruppen behöver och verkligen 
visa uppmärksamhet till den” (by feeling good and giving it time, 
maybe he/she in the group needs and really show attention to 
him/her) (Final interview, part1: Amal, Azad, Mohammed, 29:05). 

In the next chapter, the complexity in the multilingual upper 
secondary mathematics classroom is discussed in relation to what 
was found when improving the student-to-student interaction. 
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7. IMPLICATIONS AND 
DISCUSSIONS ON COMPLEXITY 

The aim of this study was to contribute to understandings about 
the impact the complexity in multilingual upper secondary 
mathematics classroom has on attempts to improve student-to-
student interaction. In chapter one, complexity was described as 
the many factors that affect what happens in classrooms, as well as 
the researching and developing of the teaching and learning. In this 
chapter, the complexity is discussed with the starting point being 
the third research question: What did working with an intervention 
on improving student-to-student interactions indicate about the 
complexity in the multilingual upper secondary mathematics 
classroom? 

In this chapter, complexity is discussed from three viewpoints: 
complexity in the classroom, complexity and EDR studies and 
complexity and school development. Boaler (2003) claimed: 

 
Our field needs to puzzle over the ways that research 
knowledge may be transformed into student learning (Wilson & 
Berne, 1999) and it is my belief that greater attention to the 
complexity of teaching practices may serve this transformation. 
(Boaler, 2003, p. 15) 

 
 Through discussing complexity from all three viewpoints, my 

intention is to highlight some of the factors that can be relevant for 
teachers, researchers and school developers when trying to 
promote changes in mathematics classrooms. The starting point for 
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the discussion is the complexity in the classroom. Thereafter, 
complexity is discussed from the perspective of making an EDR 
study and working with school development. 

Together with the coordination of theories in chapter three, the 
discussion about complexity can be seen as the theoretical 
contributions of the EDR study (McKenney & Reeves, 2012; 
Collins, Joseph & Bielaczyc, 2004). The practical contributions of 
the EDR study are the results discussed in chapters five and six. 

Many complex factors affected the intervention designed to 
develop students’ reasoning and communication abilities. In the 
interactions between students, relevant factors were, for instance: 
the talking climate of the groups, the students’ perceptions 
affecting interactions in mathematics, multilingualism, the 
students’ use of mathematical questions, listening, the students’ 
previous experiences of working with mathematics, and the 
students’ use of problem-solving strategies. 

Some of these factors were brought along, that is, factors that 
were present in the classroom before the study started, for instance, 
the students’ language background, their previous experiences of 
working with mathematics, and the curriculum. Other factors were 
brought about, that is, something that happened in the interaction 
and in the classroom as the study was carried through, for 
instance, when students argued over talking time or felt stupid 
when they could not find the correct answers. The idea of seeing 
factors as brought along or brought about is taken from Hajer and 
Koole (2008), who studied brought along or brought about 
differences in the classroom. 

Some of the factors, both brought along and brought about, 
were identified during the EDR cycles. Together, the factors 
contributed to the results discussed in chapter five and six. All the 
factors were part of a complex situation that teachers, researchers, 
and school developers need to take into account when studying 
complexity in the classroom. Teachers need to understand and deal 
with the related factors in order to meet the needs of their students. 
Researchers within mathematics education need to take the factors 
into consideration when trying to understand teaching practices or 
possibilities for students’ learning. Moreover, school developers 
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need to deal with the factors when trying to find ways to change 
opportunities for students to learn mathematics. 

Complexity in the classroom 
In this section, complexity is discussed from the viewpoint of the 
classroom. I have chosen to discuss four areas that were 
highlighted in previous research (see chapter one and two), which I 
learnt something about from undertaking the study, and that I 
found interesting in regard to the complexity. These four areas are 
to do with equitable learning opportunities, mathematics and 
language, working in groups, and students’ perceptions. 

Previous research indicated that these areas are connected to 
complexity in the classroom. Chapter one described a situation in 
many classrooms where students work alone in their textbooks 
without enough opportunities for all students to develop their 
reasoning and communication abilities (Skolinspektionen, 2010). 
In previous research, this was identified as problematic, especially 
for multilingual students, as it seemed especially important for 
them to talk about mathematics (Hansson, 2011; van Eerde & 
Hajer, 2009). With the new syllabus (Skolverket, 2012a), teachers 
need to help students develop their reasoning and communication 
abilities. In chapter two, some suggested ways of doing this were 
groupwork and cooperative learning (Brandell & Backlund, 2011; 
Esmonde, 2009), as well as using students’ perceptions (Alrø & 
Skovsmose, 2004; Hunter & Anthony, 2011; Wester, 2014). 

Complexity and equitable learning opportunities 
The purpose of the intervention was to improve the student-to-
student interaction from an equity perspective, meaning that all 
students should have opportunities to develop their reasoning and 
communication abilities. Given that the curriculum indicates that 
everyone who works in school should “provide support and 
stimulation for all students so that they develop as far as possible” 
(Skolverket, 2013, p. 9), it can be argued that this should be the 
goal in all classrooms. However, previous research by Hansson 
(2011) showed that multilingual students with low socioeconomic 
backgrounds in particular, do not get the support they need to 



 

 120 

actively participate during mathematics lessons. Further, Svensson 
(2014) claimed that students with similar backgrounds often 
expressed weak foregrounds for learning mathematics. Although 
these studies were conducted in lower secondary school, it is likely 
that the same issues are apparent in upper secondary school, as the 
age gap between the students is not very wide. 

The results described in chapters five and six, showed that it was 
possible to promote changes in a classroom with students who had 
similar characteristics as those in Hansson’s (2011) and Svensson’s 
(2014) studies. In the cycles, it was possible to improve the 
students’ interactions and create opportunities for the students to 
develop their reasoning and communication abilities. The question 
that this success raises is why similar attempts to improve 
interactions have not been implemented in more Swedish 
classrooms. One possible reason may have to do with expectations 
about multilingual students. For example, Planas and Civil (2013) 
identified mainstream discourses about multilingual students as a 
serious obstacle for implementing pedagogies where language is 
seen as a resource. 

Although change was achieved, many factors needed to be taken 
into consideration. Generally, the students willingly engaged in 
talking about mathematics and solving tasks together. Instead of 
seeing problems with different languages, they saw possibilities 
with talking to each other in groups. In the final interview, when 
asked about comparing working in groups to working individually, 
Azad said (Final interview, part1: Amal, Azad, Mohammed, 8:15): 

 
Azad: The benefit of working 
alone is that you work in a more 
concentrated way in the textbook. 
The benefit with groups is that you 
can get thoughts and viewpoints 
from the others, but you work 
more slowly as everyone must say 
their part. So you don’t get as 
much done. 

Azad: Fördel med att sitta ensam 
är att man jobbar mer rakt och 
koncentrerat på matteboken. För-
del med grupp är att man kan få 
andras tankar och synpunkter, fast 
man jobbar lite söligare för alla 
måste få säga sitt. Så man får inte 
lika mycket gjort. 
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In this quote, Azad expressed that everyone needed to speak, but 
he also identified both the advantages and disadvantages of 
groupwork. His statement was typical for students in the study. In 
the final interview, students in both groups expressed that they 
wanted time to work alone as well as time for groupwork. The 
students’ valuing of individual work time could have arisen 
because most of the students had not worked together in 
mathematics in earlier grades. 

Regardless of the reasons for it, one of the brought about factors 
that contributed to the complexity of designing an intervention to 
promote interaction was the need to provide a balance between 
groupwork and individual work so that all students could 
participate in the activities. 

Based on the research by Esmonde (2009), in my study, in order 
to give everyone possibilities to develop their reasoning and 
communication abilities, it was considered important that all the 
students participated. To do this, students needed to “actively use 
and produce new linguistic elements” (van Eerde, Hajer & Prenger, 
2008, p. 34) and it was considered a risk that they might not learn 
as much if they did not participate (Cohen, 1994b). 

It seemed that when all the students started listening to each 
other and building onto each other’s interactions, the possibilities 
for equitable learning opportunities improved. However, questions 
can be raised about what to do when students do not want to 
cooperate. For instance, Aisha expressed during several of the 
interviews that she did not want to do certain parts of the 
groupwork, like presenting at the board (Final interview: Aisha, 
Carlos, Mariam, 24:20) or writing the conclusions (Interview, 
cycle2: Aisha, Carlos, Mariam, 5:18). 

The situation was complex because Aisha did participate in the 
discussions and claimed in the interviews that everyone in the 
group talked as much as the others. Nevertheless, she avoided 
communication in front of the class and anything involving writing 
on the board. This situation is similar to the one formulated by 
Forster and Taylor (2003) about making opportunities for all 
students to hold the floor. 
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When there is resistance, independently of what reason, the 
complexity in promoting change becomes evident. Simply creating 
opportunities is not sufficient for making students want to take 
part in whole-class mathematical discussions. This raised the 
question of how Aisha’s resistance affected the groupwork. 
Another question was about what could be done to support Aisha 
in talking about mathematics in front of the class. These questions 
became evident in the research, but could not be worked on in the 
time available for this study. 

Aisha’s resistance in communicating in whole-class interactions 
highlighted that the students were not a homogenous group which 
simply needed more language, for example, in order to have 
equitable learning opportunities. Meeting the needs of the students 
meant understanding what their individual needs were. Deen, 
Hajer and Koole (2008) claimed that “equal participation of all 
pupils cannot be attained by treating them in the same manner” (p. 
288). In this study, other ways might have been needed to reach 
students like Aisha, which could take into consideration both the 
brought along and brought about factors. 

Complexity, mathematics and language 
The class chosen for the study was a class in which almost all 
students spoke other languages than Swedish. Hence, the 
expectations were that factors concerning the use of the students’ 
first languages in the interactions would arise and need to be 
considered in relation to how they contributed to the interactions. 
For example, Domínguez (2011) considered that it was important 
for multilingual students’ learning to have possibilities to code-
switch and use both first and second languages when discussing 
mathematics. 

Together, in the classroom, the students spoke at least nine 
languages, in which they had varying knowledge of the 
mathematics register. They also had varying fluency in Swedish as 
some had spent all their school time in Swedish schools, while 
others had arrived in Sweden having first attended schools in their 
home countries. This is in line with Gibbons (2002) who claimed 
that students are ”as varied in terms of their background, 
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experiences, language, expectations, values, culture, and 
socioeconomic status” as every other student group (p. 13). 

The groups could not be arranged so that all students could be 
with someone speaking the same mother tongue language as 
themselves. Still, the interactions during the intervention involved 
some code-switching and, at times, the different language 
backgrounds of students seemed to contribute to some 
misunderstandings. For example, in one group, there was a 
discussion about the letter n and the word for 1 in Swedish, which 
both can be pronounced “n”, see transcript in chapter five. 

Nevertheless, it seemed that out of concern for the students who 
could not speak their first languages, the groups worked in 
Swedish or translated certain short interactions into Swedish. In 
the final interview, Mariam described this (Final interview: Aisha, 
Carlos, Mariam, 19:55): “Ibland om jag inte förstår, så säger jag 
det till Aisha. Sen vi förklarar för Carlos.” (Sometimes, if I do not 
understand, I’ll say it to Aisha. Then we’ll explain to Carlos). 

 However, mostly the students claimed that having Swedish as 
the language of instruction was not something that they were 
concerned about. For example, in the final interview, the students 
made the following claims (Final interview, part1: Amal, Azad, 
Mohammed, 25:55): 

 
Marie: Is it sometimes hard to un-
derstand the text? 
Azad: I think you mean them. I am 
born and raised in Sweden. 
Mohammed: Not for me. It is only 
about the instructions. It is no 
problem for me. 
Amal: No problem. When we 
speak Arabic, I don’t think we no-
tice that we switch language. We 
understand both languages. It just 
happens. 

Marie: Händer det att det är svårt 
att förstå texten? 
Azad: Jag tror du menar till dem. 
Jag är uppväxt och född i Sverige. 
Mohammed: Inte för mig. Det är 
bara hur instruktionerna är. Det är 
inga problem för mig. 
Amal: Inga problem. När vi pratar 
på arabiska, jag tror inte att vi 
märker att vi byter språk. Vi 
förstår båda språken. Det bara 
händer. 
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 Also, in the other group, when Aisha was asked how 
groupwork was affected by the fact that everyone in the group did 
not have Swedish as their first language (Final interview: Aisha, 
Carlos, Mariam, 19:50) she said “tror inte det påverkar” (don’t 
think that affects [our work]). 

Therefore, having Swedish as the language of instruction 
appeared to be less of an issue than expected. However, if students 
had never experienced learning mathematics with help of their first 
language in Sweden, then they may not be able to see a need for it. 
Many students did not have much experiences of working orally 
either in their first or in their second language during mathematics 
lessons. Therefore, it may be that when asked questions in the 
interviews about using their first languages in mathematics lessons, 
they did not have any suggestions other than speaking Swedish. 

Multilingualism was a brought along factor, because this was a 
classroom with students who spoke many different languages. 
Although in this classroom, the students did not see the role of 
multilingualism as important, previous research suggested that the 
situation might be more complex than considerations around the 
language of instruction. Svensson (2014) interviewed multilingual 
students in lower secondary school in Sweden about the role of 
language in mathematics. In her interview, most students did not 
see language and mathematics as integrated and did not think that 
more knowledge in the language of teaching would increase their 
possibilities for learning mathematics. Instead, they considered that 
opportunities to improve their possibilities for learning 
mathematics were hindered by their immigrant status. Svensson 
(2014) claimed that the way the students in her study reasoned 
about this was different to how many mathematics teachers reason 
and also differed to discourses in society about the importance of 
the language of teaching. 

In my study, deciding not to start with deficit theories, assuming 
that the students had “language needs”, opened up possibilities to 
see what issues needed to be dealt with. As Esmonde (2009) 
warned about the risks in assuming that all learners and 
classrooms are equal in research on cooperative learning, I suggest 
that a similar warning could be made for multilingual classrooms. 
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In chapter two, many studies had a starting point in language 
scaffolding and what was considered good for multilingual 
students. For instance, Gibbons (2002) claimed that groupwork 
has advantages for second language learners. Van Eerde and Hajer 
(2009) showed that “learning mathematics and second language 
appropriation cannot be separated” (p. 270). Myndigheten för 
skolutveckling (2007) claimed that students with foreign 
backgrounds have more difficulties with implicit information in 
mathematics tasks when they need to interpret and make 
conclusions from abstract relations. However, the presumption 
that language issues are central to students’ understandings of their 
mathematics classroom might need to be put in relation to the 
complexity in the classroom. My study suggested that scaffolding 
students’ language needs might not be the first priority when 
scaffolding their mathematics learning. Focusing on mathematical 
reasoning and communication opened up the possibilities for a 
wider range of important issues to become evident. 

Planas and Setati-Phakeng (2014) found difficulties with 
scaffolding language and mathematics at the same time. They 
studied teachers wanting to improve participation in multilingual 
classrooms and concluded that integrating both mathematics and 
language in interventions for students in year four and seven had 
not always been successful. Generally, it was the mathematics 
learning that suffered. In my study, I tried to avoid this by 
analysing the students’ needs instead of assuming that their first 
needs were language-needs. The focus was on mathematical 
problem solving and students’ reasoning and communication 
abilities. In the first analysis/exploration phase, the most urgent 
issues to deal with in order to promote interaction seemed not to 
be about how the students used language or how the mathematical 
discussions could be scaffolded linguistically; rather, it was about 
other factors, like enabling the students to talk together at all, 
listening to each other, participating actively and overcoming 
perceptions about the need to find the correct answers. 

However, this should not be interpreted as language not being 
an important factor; instead, I am suggesting that there is a need to 
complement the research starting from a language perspective with 
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more research beginning with a mathematics perspective. Since the 
group of multilingual students is not homogenous, I think that 
different perspectives are needed and can complement each other 
when trying to research complexity in multilingual classrooms. 

Complexity and groupwork 
Although many positive effects may come out of groupwork, such 
as possibilities for articulating thinking in a safe atmosphere in a 
small group (Walshaw & Anthony, 2008a) or possibilities for 
improved learning outcomes (Brandell & Backlund, 2011), 
groupwork itself is not enough for ensuring positive effects (Deen 
& Zuidema, 2008; Goos et al., 2002; Sfard & Kieran, 2001). In 
this study, putting the students together in groups did not result in 
them interacting, but rather, in the first analysis/exploration phase, 
it was found that the students needed help with interacting. 

Help was given to the students in the form of tasks and support 
means and these were adapted in the study as a result of evaluation 
in each cycle. However, during the intervention, many actions 
occurred at the same time, and this made it difficult to make 
conclusions about what factors affected the interactions. One 
example of this was with the results connected to mathematical 
questions. Changes to the students’ use and perceptions of 
questions (presented in chapter five) could be related to the 
following factors (discussed in chapter six): 

 
• Students worked with mathematical questions on the 

question lists and problem-solving support lists. 
• The role of the questioner seemed important to make the 

group became aware of how mathematical questions affec-
ted the interactions. 

• The teacher gave the students opportunities for meta-
discussions and comparisons of mathematical questions. 

• Students were given questions in the interviews about how 
they worked with questions in their groupwork. 

• During the entire semester, students were exposed to quest-
ions in relation to problem solving, which made these parts 
of mathematics learning visible. 
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These factors were brought about as a result of the intervention, 
but other factors were brought along, such as the students’ use of 
mathematical questions in their previous schooling. Overall, the 
impact of the different factors was likely to vary for the different 
students. 

Another challenge was how to arrange students in groups so that 
all had similar opportunities to develop their reasoning and 
communication abilities. It was clear that social relations between 
the students, such as the students not treating each other 
respectfully or not listening to each other, or else arguing about 
who should do what had major impact on whether the groupwork 
contributed to improved student-to-student interactions. 

Before the study began, the focus was on enabling the students 
to talk more about mathematics in order to develop their reasoning 
and communication abilities. However, in the cycles, it became 
apparent that listening was just as important as talking if student-
to-student interactions were to be improved. When students started 
listening to each other, they built onto each other’s interactions 
and, hence, got the chance to develop their reasoning and 
communication abilities. Understanding the impact of students’ 
listening skills was illustrative of the complexity of ensuring that 
conversations in small groupwork contributed to students’ learning 
in mathematics. The cyclic nature of EDR studies was used to try 
out different alternatives in the intervention in a flexible way in 
order to meet the needs of the students and, at the same time, 
trying to understand the complexity of the learning situation. 

Complexity caused by perceptions in the classroom 
Some of the factors connected to complexity concerned the 
students’ perceptions. These factors could be both brought along as 
well as brought about. For example, Skolinspektionen (2010) 
recognised that students often focused too much on getting the 
correct answers and not enough on determining the reasonableness 
of their answers. However, it was unexpected when in the first 
cycle of this study, the students did not engage in problem solving, 
but instead, focused on finding the correct answer. This had not 
been identified as problematic by the teacher and was not seen in 
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the first analysis/exploration phase. However, once recognised, the 
perception about answers as very important in problem solving 
was something that had an impact on the coming cycles. As well as 
hindering the problem-solving process, a focus on finding the 
correct answer seemed to contribute to students feeling stupid. 
Finding correct answers and feeling stupid were two factors that 
together contributed to higher complexity developing the 
intervention to promote student-to-student interaction. 

In chapter six, one of the important actions to promote change 
was to simultaneously analyse both students’ interactions as well as 
perceptions. However, this did not always produce a straight-
forward picture, such as when students’ interactions and 
perceptions contradicted each other. For example, some students 
claimed in the first cycle that they worked well together (Interview, 
cycle1: Carlos, Mustafa) and that everyone was active (Interview, 
cycle1: Azad, Mohammed), but analysing the interaction showed 
that not all students actively participated in the conversations, that 
there was competition over talking time, and that there was too 
much focus on finding the correct answer. Hence, a difference in 
what the transcripts showed compared to the students’ perceptions 
of the groupwork became apparent. Yet, in the final cycle, when 
students discussed this earlier groupwork, some changed their 
statements. In the final interview, Azad claimed that in the first 
cycle it was chaos in the group (Final interview, part1: Amal, Azad, 
Mohammed, 19:55). This could be interpreted as a change in his 
perceptions. On the other hand, it may be that after being in a 
group where the interactions were more productive for solving the 
problems, Azad was better able to reflect on the groupwork in the 
first cycle. 

Understanding that this might be the case indicates that making 
use of the cyclic nature of the intervention to improve student-to-
student interactions is more complex than was recognised at the 
beginning of the study. 

Students in this study had different perceptions. Also, the 
changes found and presented in chapter five were not all 
homogenous for the entire group and they occurred at different 
points in time for the students. For instance, some of the students 
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saw more equally divided talking time as important already in the 
first cycle, while others needed to be in new groups and reflect 
more about groupwork before saying that listening or 
mathematical questions affected the groupwork and what learning 
opportunities students had. 

Complexity and EDR studies 
The complexity in the classroom also affects researching teaching 
and learning in the classroom. In this section, complexity is 
discussed from the viewpoint of carrying out an EDR study. 

One important basis in EDR studies is theory. The choice of 
theoretical frameworks used in the EDR study not only affected 
what parts of the interaction could be made visible, but also what 
complex factors could be studied. A foundation in all three cycles 
was the IC-model (Alrø & Skovsmose, 2004). However, this 
framework was not perfect. It was originally developed for looking 
at teacher-student interaction. Although Alrø and Skovsmose 
(2004) also used it to categorise dialogic acts when the teacher was 
not present; some of the dialogic acts, like challenging and 
evaluating were often not very visible in my analysis when the 
teacher was not present. Using the IC-model as a basis in the 
intervention to enable the students to work with challenging and 
evaluating was therefore hard, as the students did not engage much 
in these dialogic acts. 

Also, as the model assumed that the students were active in the 
discussions, one complex factor to take into consideration was that 
it could not be used if the students did not want to participate. As 
the study had the goal of making all students active participants in 
the conversations, this was not considered a big problem. 
However, choosing theoretical frameworks that fitted with the 
problematique of the study was important. It also limited what 
parts of the complexity could be studied. 

Using the two frameworks in the analysis of data highlighted 
different aspects of the student-to-student interaction. The IC-
model (Alrø & Skovsmose, 2004) gave information at a more 
general level concerning what the students’ conversations were 
about through categorizing different dialogic acts. The 
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categorizations made it possible to identify what parts of the 
interactions students needed support with in order to develop their 
reasoning and communication abilities. For instance, in the first 
cycle, many students simply guessed the correct answer, so the 
adaptations of the intervention in the second cycle focused on 
making students ask questions about the mathematical content 
(locating and identifying) to involve everyone (getting-in-contact) 
and, together, enable them to look at different strategies to solve 
the tasks (advocating). The details about the mathematical 
discussions and mathematical questions in particular were 
identified with the help of Fuentes’ (2009) framework, giving 
indications of the adaptations which could be made to the question 
lists and problem-solving support lists. 

This indicates that in order to understand the complexity 
concerning the students’ interactions, it was valuable to use 
different theoretical approaches and triangulate (Bryman, 2008). 
For instance, while the IC-model (Alrø & Skovsmose, 2004) 
identified in the first cycle that there was little advocating going on, 
Fuentes’ (2009) framework pointed to the problem with students 
not following up on each other’s questions or suggestions on 
strategies (question/comment-response pair 6). 

However, even though the two theoretical frameworks were 
used to deepen the understanding of the complexity of what 
happened in the student-to-student interaction, they also added to 
some of the factors affecting complexity when conducting this type 
of research. In the analysis, an interpretation of the interactions 
was made and several understandings were possible concerning 
what act in the IC-model (Alrø & Skovsmose, 2004) or what 
question/comment-response pair in Fuentes’ (2009) framework 
students worked with. In the interaction, only the words from the 
students were taken into consideration, not how they expressed 
them, why they were spoken, or what gestures were made 
simultaneously. Also, not all students’ utterances or all questions 
could be categorised within the frameworks. This happened when 
students talked about the support means, practical questions 
concerning, for instance, who should write or issues not at all 
relevant for understanding the interactions around problem 
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solving, such as what the students were to do on the break. Also, 
parts of the conversations which affected the results seemed not to 
be connected to dialogic acts or mathematical questions at all, but 
rather to other factors in the interactions. For instance, parts of the 
conversations connected to the students’ perceptions could not be 
analysed with help of the theoretical frameworks, like when 
students said that they were stupid (Cycle1, task The Chocolate 
Wheel: Aisha, Kalila, Mariam, Rabi, 37:52). Instead, students were 
asked questions about these episodes in the interviews. 

Another challenge with using EDR connected to the complexity 
in the classroom was to know what to expect in the cycles. It 
proved to be very difficult to predict what would happen and the 
actions taken to support students were not always received as 
expected. In Swedish, there is a saying “det är lätt att vara 
efterklok” (it is easy to be after-wise) which often was 
representative of the evaluation/reflection phase. After three cycles, 
it was easy to ask “why did we not let students work with the 
support means more before the tasks?”, “why did we not think of 
making the roles short and specified from the beginning?” or “why 
did we not group the students better from the start?”. The answer 
to all these questions had to do with the complexity and that 
everything was not possible to predict. 

One example of a finding that was hard to predict was the 
complexity related to the students’ listening. As discussed in 
chapter two, Kosko (2014) suggested that more research was 
needed on how students can transition from passive listening to 
active listening. The results in my study suggested that using EDR 
and studying how students’ listening changed across the cycles can 
be one possible way of researching this kind of transition. 
However, this was a finding that I could not expect as, when the 
study began, the focus was more on talking than on listening. 

Another example of a finding that was hard to predict was how 
important mathematical questions proved to be in the study. 
Although mathematical questions were important in both the IC-
model (Alrø & Skovsmose, 2004) and Fuentes’ (2009) framework, 
it was only after three cycles that it was apparent that 
mathematical questions were present in all parts of the intervention 
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for all three cycles. Mathematical questions needed to be taken into 
consideration when trying to understand the complexity in the 
multilingual upper secondary mathematics classroom. 

Complexity and school development 
Now complexity has been discussed both from a classroom 
perspective and from a research perspective. In this section, 
complexity is discussed from the viewpoint of school development. 

EDR studies have both theoretical and practical contributions 
(McKenney & Reeves, 2012; Collins et al., 2004) and, therefore, 
they can be used in school development from two different 
perspectives. This falls in line with the curriculum which states that 
“education should be based on scientific grounds and proven 
experience” (Skolverket, 2013, p. 4). 

This study could influence school development projects 
concerning changing pedagogical practices. This is particularly 
relevant when changes in teaching are required as a result of 
changes to the curriculum such as with the new mathematics 
syllabus for upper secondary school implemented in 2011 
(Skolverket, 2012a), which implied that students need to work 
more with their reasoning and communication abilities. The 
complexity that is found in the classroom affects possibilities for 
changing pedagogical practices as well as ways to support students 
and teachers. 

One issue that needs to be discussed in relationship to school 
development and complexity is generalizations. Just as in Ryve, 
Larsson, and Nilsson’s (2013) study about students’ participation 
in interaction, in my study, it was not possible to find a recipe that 
could be valid in all classrooms on how to teach mathematics. My 
study, rather, suggested that generalizing the conditions that are 
most likely to support students’ learning of mathematics in small 
groups is difficult. All choices made during the design/construction 
phases were made in relation to what happened in the students’ 
interactions and perceptions in the previous cycles. When this 
study began, Wedege’s (2006) thoughts about the proverb “som 
man ropar i skogen får man svar” (as the question, so the answer) 
were relevant in many ways. She claimed that the questions and 
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answers in research are determined by aspects, dimensions, angles 
of attack and by the languages and concepts used. However, in 
some cases, unexpected factors appeared such as the focus on 
finding the correct answer. This indicates that teachers, school 
developers, and researchers need to listen carefully to participants 
and ask open-ended questions which allow participants to indicate 
what is of concern to them. 

In chapter six, some conclusions were made about parts of the 
intervention that were particularly important in this study, namely, 
combining perceptions and interactions to analyse the data, using 
open tasks and thinking carefully about how to group students 
together. However, the complexity of the interaction of the 
different factors meant that it was not possible to make 
generalizations which might be relevant for this class or any other 
class. Although the students’ interactions changed across the cycles, 
new factors, such as some students not wanting to present 
solutions on the board, became visible. This indicates that there is 
a need to work with school development projects over a long 
period of time if changes are to be achieved (Timperley, 2013). 

Further research 
In this study, several questions could not be answered, although 
they were identified as interesting. Hence, in this section, some 
possibilities for how to continue this study are discussed. 

When conducting this study, the focus was on what happened in 
the student-to-student interaction. One important factor that was 
not discussed was the role of the teacher. Meaney et al. (2011) 
claimed that there has been limited advice on how teachers can 
scaffold students acquiring the mathematics register. To have more 
focus on the teacher and connect the teacher’s interactions and 
perceptions to what is happening in the groupwork would be 
interesting, as it would add another perspective to understanding 
how to best promote interaction. 

Another possibility is to follow up more closely on questions 
concerning multilingualism. In this study, the transcripts were not 
translated when students code-switched and, hence, parts of the 
conversations were not analysed. As suggested earlier in this 
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chapter, I see a need to complement research in multilingual 
classrooms starting from a language perspective and with research 
starting from a mathematics perspective. Although students in this 
classroom expressed that the language they spoke did not matter, it 
could be interesting to focus on interventions concerning students’ 
mathematics learning which also take linguistic matters into 
account. In this study, mathematical questions proved to be an 
important issue that could be related to mathematics, but also to 
language and interaction. Moreover, it could be interesting to start 
with multilingual students’ mathematical discussions and, 
thereafter, determine what language issues are important and what 
kind of scaffolding students need in terms of mathematics as well 
as linguistics. 

The IC-model (Alrø & Skovsmose, 2004) and Fuentes’ (2009) 
framework for analysing student communication did not give 
answers to everything that happened in the student-to-student 
interaction. A third suggestion is to use another analysis method in 
combination with the frameworks. This could give possibilities to 
look at the mathematics in the conversations and the mathematical 
questions from a new perspective. For instance, conversation 
analysis (Mehan, 1998) or discourse analysis (Gee, 2011) could be 
used to look at other areas of students’ interactions and determine 
what other aspects, besides dialogic acts or mathematical 
questions, affect the student-to-student interaction. 

Conclusion 
In this chapter, different aspects of the complex multilingual upper 
secondary mathematics classroom were highlighted as a result of 
working with an intervention to improve the student-to-student 
interactions. Several factors were discussed which may be 
interesting for teachers, researchers, and school developers to 
continue working with. Andersson (2011) identified the need for 
“understanding the complexity of students’ reality” (p. 216), which 
was something she realised that “teachers grapple with every day 
in their working life” (Andersson, 2011, p. 216). Working with the 
intervention in this study led to the identification of some of the 
factors that could be connected to equitable learning opportunities, 
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mathematics and language, groupwork, and students’ perceptions 
in the classroom. Both the brought along and brought about 
factors opened up possibilities for researchers and school 
developers to support teachers with their “grappling”. In doing so, 
choices about methodological and theoretical approaches and how 
results are generalised are important considerations. 

Boaler (2003) wrote that researchers within mathematics 
education need to “capture the practices of classrooms in order to 
cross divides between research and practice” (p. 15). In this study, 
I have tried to do this. Practice and theory have inspired and 
complemented each other. In this final chapter, I have looked at 
the complexity in the multilingual classroom from three different 
perspectives – the classroom, research, and school development. I 
see these three perspectives as a unit and studying complexity in 
relation to them could be one way to bring them together in order 
to reach the joint goal of creating and studying the possibilities for 
all students to learn as much mathematics as possible. 
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SAMMANFATTNING 

I den svenska läroplanen och ämnesplanen för matematik finns mål 
angående elevers resonemangs- och kommunikationsförmåga. 
Elever ska kunna ”föra, följa och bedöma matematiska 
resonemang” och ”kommunicera matematiska tankegångar 
muntligt, skriftligt och i handling” (Skolverket, 2011b, s. 90-91). 
Detta ställer krav på undervisningen och klassrumsinteraktionen så 
att elever får möjlighet att utveckla dessa förmågor. Tidigare 
forskning visar att detta är speciellt utmanande i flerspråkiga 
klassrum eftersom undervisningsspråket inte är det enda språk 
eleverna talar. 

I denna uppsats beskrivs en design-studie som bygger på 
Educational Design Research (EDR). Målet med studien var att 
bidra till en ökad förståelse av hur komplexiteten i flerspråkiga 
gymnasiematematikklassrum påverkar försök att förbättra elev-
elev-interaktionen i matematik. Detta gjordes i en cyklisk process 
med tre cykler genom en intervention med syftet att förbättra elev-
elev-interaktionen för att ge alla elever möjlighet att träna sin 
resonemangs- och kommunikationsförmåga i matematik. I 
interventionen gavs eleverna i en klass i årkurs ett på 
samhällsprogrammet olika problemlösningsuppgifter att lösa 
tillsammans i grupp vid tre olika tillfällen under en termin. I 
interventionen fick eleverna också tre olika hjälpmedel för att 
underlätta och stödja interaktionen i gruppen i form av en 
problemlösningsstrategi, en frågelista och olika kommunikativa 
roller. Elevinteraktionen spelades in och eleverna intervjuades i 
varje cykel. Både hur eleverna interagerade med varandra i 
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grupparbetet och deras uppfattningar om att arbeta med 
matematik undersöktes. Följande forskningsfrågor ställdes: 

 
1. Hur förändrades elevernas interaktion och uppfattningar över 

tid som resultat av en intervention för att förbättra elev-elev-
interaktionen? 

2. Vad bidrog till förändringarna i elevernas interaktion och upp-
fattningar när en intervention genomfördes för att förbättra 
elev-elev-interaktionen? 

3. Vilka slutsatser kunde dras om komplexiteten i det flersprå-
kiga gymnasiematematikklassrummet genom arbetet med in-
terventionen för att förbättra elev-elev-interaktionen? 

 
Resultaten visade på möjligheter att förändra elevernas 

interaktion. Detta gjordes genom att arbeta med hur eleverna 
lyssnade på varandra, hur de byggde vidare på varandras 
påståenden, hur de arbetade med matematiska frågor och vad de 
fokuserade på i grupparbetet. Elev-elev-interaktionen analyserades 
och eleverna intervjuades kring uppfattningar om att arbeta 
tillsammans med matematik. De behov som då upptäcktes 
påverkade kommande cykler. Intervjuerna gav möjlighet att förstå 
aspekter kring interaktionen som inte var synliga enbart genom att 
analysera vad eleverna gjorde i grupparbetena. Elevers känsla av 
att vara dumma och elevers sökande efter rätt svar utan att bry sig 
om vägen till det rätta svaret är två exempel på uppfattningar som 
genom intervjuerna kunde mötas i den cykliska EDR-processen. 

I studien användes två teoretiska ramverk, nämligen Alrø och 
Skovsmoses (2004) IC-modell och Fuentes (2009) ramverk för att 
analysera elevkommunikation. Dessa ramverk användes dels för att 
motivera val i interventionen, men också för analysen av data i 
ljud- och videoinspelningar när eleverna arbetade tillsammans. 
Detta ledde till att uppgifterna formulerades mer öppet så att 
eleverna inte skulle fokusera för mycket på att hitta rätt svar. 
Gruppsammansättningarna ändrades för att grupperna skulle 
fungera bra socialt. Matematiska frågor valdes som fokusområde i 
alla tre cyklerna eftersom det identifierades i första cykeln som ett 
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område där elev-elev-interaktionen kunde förbättras. Hjälpmedlen 
anpassades i cyklerna till att bli mer konkreta och tydliga. 

Angående komplexiteten i flerspråkiga matematikklassrum på 
gymnasiet, så identifierades viktiga faktorer för lärare, forskare och 
personer som jobbar med skolutveckling. I uppsatsen diskuteras 
komplexiteten ur ett klassrumsperspektiv kring hur eleverna kan 
ges likvärdiga möjligheter för lärande i matematik, hur språk 
påverkar försök att förbättra elev-elev-interaktion och hur elevers 
uppfattningar och interaktion kring matematik påverkar 
grupparbetet. I studien visade det sig vara viktigt att inte utgå från 
ett tänkande om flerspråkiga elever som en homogen grupp med 
speciella egenskaper hos eleverna just för att de är flerspråkiga, 
utan istället flexibelt utgå från elevernas behov. 

Från ett forskningsperspektiv diskuterades komplexiteten kring 
vilka möjligheter EDR och de två ramverken IC-modellen (Alrø & 
Skovsmose, 2004) och Fuentes (2009) ramverk för att analysera 
elevkommunikation gav i arbetet med att förbättra elev-elev-
interaktionen i matematik. 

Slutligen, från ett skolutvecklingsperspektiv, diskuterades 
komplexiteten kring generaliseringar. Denna studie pekar på att 
det är svårt att ta fram generella lösningar på hur elev-elev-
interaktion kan förbättras. Eftersom det är så många faktorer som 
påverkar samspelet mellan eleverna ses istället flexibilitet och att 
titta på kombinationen av vad som händer i interaktionen och med 
elevers uppfattningar som viktiga för att åstadkomma 
förändringar. 
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APPENDIX A: TASKS 

In this appendix, the various tasks are presented in their original 
version (in Swedish). The tasks are: 

• Cycle 1: The Fence 
• Cycle 1: The Chocolate Wheel 
• Cycle 2: The TV and the Loan 
• Cycle 3: The Pattern 

 

The Fence - Staketet 

Uppgift 
Marie och Johannes ska måla ett staket. Maries pensel är inte lika 
bred som Johannes, så om hon målar staketet själv tar det fyra 
timmar. Johannes behöver bara två. Det behövs tio liter färg till 
hela staketet. Hur lång tid tar det om Marie och Johannes 
samarbetar och målar staketet tillsammans?  
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Lösning 
I den här uppgiften vill vi att ni använder problemlösningsstrategin 
som finns på sidan 67 i läroboken1. Ingen får hitta på egna 
lösningar till uppgiften inledningsvis, utan gå igenom frågorna i 
problemlösningsstrategin tillsammans som en grupp. Alla ska vara 
med hela tiden! 

 
 
 
 
 

 
 
 

 

Redovisning 
Uppgiften ska sedan redovisas i klassen. Vi vill veta hur många 
olika sätt det finns att lösa den här uppgiften på. Ni får gärna i 
gruppen försöka komma på mer än en lösning. 

 
                                                   
1 Alfredsson, L., Bråting, K., Erixon, P., & Heikne, H. (2011). Matematik 
5000. 1b. Stockholm: Natur och Kultur. 

Problemlösningsstrategi 
1. Förstå 

Vad ska lösas eller räknas ut? 
Var finns de tal som krävs? 
Kan svaret uppskattas? 

2. Planera 
Rita en figur och skriv upp de tal du vet. 
Vilka beräkningar kan du göra? 

3. Genomföra 
Gör beräkningarna och få fram ett resultat. 
Avrunda svaret och välj lämplig enhet. 
Presentera en lösning som är lätt att följa. 

4. Värdera 
Är svaret rimligt? 
Finns det andra sätt att lösa problemet? 
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The Chocolate Wheel - Chokladhjulet 

Material 
12 plastmuggar, 1 frågelista, 1 ask tändstickor, 2 tärningar. 

Tivoli 
På Tivoli kan man spela olika spel. Ett vanligt spel är 
chokladhjulet, där man snurrar ett hjul och om det nummer man 
satsat på kommer upp så vinner man choklad. Om ni får satsa på 
ett nummer, hur stor är chansen att ni vinner choklad? 

Tärningsspel 
Vi kan också spela ett spel med tärningar. När ni gör den här 
uppgiften vill vi att ni är uppmärksamma på de matematiska frågor 
som ni ställer. Sammanfattaren skriver ner dem på frågelistan. 
 
Välj sedan en mugg var. Ordföranden slår två tärningar och räknar 
ut summan av prickarna som tärningarna visar. Den som har 
muggen med summan på vinner en tändsticka som läggs i burken. 
Spela spelet många gånger. Vem får flest tändstickor? 
 
Hur ska man göra för att ha störst chans att vinna i spelet? Hur 
tänker ni? Förklara. (Här är det viktigt att tänkaren tänker högt.) 

Ett eget spel (extrauppgift) 
Om ni hade haft ett tivoli, kan ni hitta på ett spel där besökarna 
ofta vinner choklad? Eller ett spel där det är svårt att vinna? 
 
Skriv ner på ett papper hur spelet går till. Tänk på att förklara 
tydligt så att den som läser om spelet förstår spelreglerna. 

Redovisning 
I redovisningen tävlar alla grupperna mot varandra i 
tärningsspelet. Sedan vill vi också att ni är redo att läsa upp några 
matematiska frågor från frågelistan. 
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The TV and the Loan – Att låna pengar 
När ni arbetar med den här uppgiften har ni olika roller. Rollerna 
är hemliga och ni ska inte visa dem för varandra. Det är inte 
samma roller som förra gången. Berätta inte för de andra i gruppen 
vilken roll du har, utan låt de själva upptäcka detta. Det är 
viktigt att alla i  gruppen är aktiva under arbetet med 
uppgiften och att ni försöker låta alla prata ungefär l ika 
mycket. 

Olika typer av lån 
Ni vill köpa en TV. Den kostar 8000 kronor. Just nu har ni inga 
pengar, utan behöver låna hela summan. Lånet ska betalas tillbaka 
på 3 månader. Hur gör ni? 
 
I er lösning vill vi att ni jämför olika alternativ och tittar på vad de 
skulle kosta er. 
Följande ord ska ingå i lösningen som lämnas in: 

• banklån (med ränta 8,35 %) 
• SMS-lån (titta t.ex. på www.easycredit.se) 

 
Börja med att tänka tysta själva först i två minuter. 
 
Tänk på att inte lämna ut era personuppgifter någonstans på nätet!  
Denna uppgift har ni totalt 10 minuter på er att lösa. Hjälps åt i 
gruppen! 

Problemlösningsuppgift 
Titta nu på följande påståenden: 
 

• Marie och Johannes har var sitt lån med olika räntor. 
• Maries lån har en ränta på 3 %. 
• Johannes lån har en ränta på 6 %. 
• Varje månad betalar de tillbaka lika mycket på lånet. 

 
Hur mycket kan Marie och Johannes ha lånat? Det finns flera 
lösningar på denna uppgift. Kan ni hitta något generellt mönster? 
Förklara! 
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Gruppdiskussion 
Rollerna ska vara hemliga under hela arbetet med uppgiften. I 
slutet av lektionen, när Johannes säger till, så ska ni få diskutera 
vem som hade vilken roll i gruppen. 

The Pattern – Mönstret 

Uppgift om mönster 
• Fotografera en bild som är Figur1 i ett mönster. 
• Fundera på hur du vill att Figur2 och Figur3 ska se ut i din 

monster. 
• Digitalt skapande: Gör det första tre bilderna i ditt möns-

ter. 
• Matematik: Vi kommer att leta efter matematiska former i 

mönstren. 

Uppgift om formler 
Elev X’s mönster 
Här ser ni figur1, figur2 och figur3. Tänk på figur n. Hitta 
matematiska formler för att beskriva figur n. 
 

 
En fortsättning på mönstret 
Här ser ni figur1, figur2 och figur3. Tänk på figur n. Hitta 
matematiska formler för att beskriva figur n. 
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Azads mönster 
Det här är figur 4. Diskutera först i gruppen vad som är figur1, 
figur2, figur 3. Hitta matematiska formler för att beskriva figur n. 
 
Om ni nu ska räkna ut hur många människor det finns i figur n, 
vilka frågor är då viktiga att ställa? 
 
Hitta en generell formel för hur många människor det finns i figur 
n. 
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APPENDIX B: ROLES 

In this appendix, the communicative roles given to the students as 
a support mean is given in Swedish. 

Cycle 1 
In the first cycle, the roles were: 

• Ordförande: Den som är ordförande i gruppen har som 
uppgift att bestämma i vilken ordning de andra pratar så 
att alla inte pratar samtidigt. Det är viktigt att alla får säga 
hur de tänker. 

• Sammanfattare: Den som är sammanfattare i gruppen har 
som uppgift att vid flera tillfällen sammanfatta vad grup-
pen kommit fram till så att alla förstår. När gruppen disku-
terar ett matematikproblem är det bra att sammanfatta vad 
man kommit fram till efter varje deluppgift eller efter man 
kommit fram till en lösning. 

• Tänkare: Den som är tänkare i gruppen ska säga högt vad 
han eller hon tänker på. Den som är ordförande behöver 
låta tänkaren prata ofta. Tänkaren ställer mycket frågor 
och formulerar också om det andra säger med nya ord. 

• Redovisare: Den som är redovisare är ansvarig för att re-
dovisa gruppens lösning inför de andra eleverna, eller inför 
läraren. 

• Frågare: Samtidigt som ni har de andra olika rollerna 
kommer ni alla att vara frågare. För att lösa ett matema-
tiskt problem behöver man kunna ställa frågor som till ex-
empel: 



 

 146 

• Vad behöver vi veta för att lösa talet? 
• Vilken metod kan vi använda oss av? 
• Hur tänker de andra medlemmarna i gruppen? 
• Är alla med i diskussionen eller ska vi fråga någon av de 

tysta hur de tänker? 
• Vad är nästa steg? 
• Behöver vi mer hjälp från läraren? 
• Finns det något liknande problem som vi löst tidigare och 

hur gjorde vi då? 
• Är lösningen rätt och svaret rimligt? 
• Kan vi lösa det här på fler sätt? Finns det något smartare 

sätt? 
Att ställa frågor för gruppens arbete framåt, så ställ många 
frågor, glöm inte at lyssna på svaren och hjälp varandra! 

Cycle 2 
In the second cycle, the roles were: 

• Grupparbetsansvarig. Du är ansvarig för att tänka kring 
hur grupparbetet fungerar och att se till att alla är med i 
diskussionen. Ställ gärna frågor till de som är tysta! Säg till 
om någon gör något annat att alla måste vara med i dis-
kussionen. 

• Frågeansvarig. Du är ansvarig för att skriva upp viktiga 
matematiska frågor på frågelistan. Alla i gruppen ska ställa 
frågor och du måste skriva minst en fråga från varje per-
son. Uppmuntra de som är tysta att ställa frågor! Du får 
också söka svar på frågor på nätet. 

• Sammanfattningsansvarig. Du är ansvarig för den skriftliga 
redovisningen av uppgiften. Den ska lämnas in och hela 
gruppens slutsatser ska finnas med. Det är viktigt att det 
finns påståenden från alla i gruppen. Uppmuntra gärna de 
som är tysta att säga vad de tänker. 

• Redovisare. Du är ansvarig för att berätta om gruppens 
slutsatser inför klassen. Redovisning kommer att göras i 
slutet av lektionen på tavlan. Det är viktigt att hela grup-
pens slutsatser redovisas. Lyssna därför noga på vad alla 
säger! 
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Cycle 3 
In the third cycle, the roles were: 

• Grupparbetsansvarig. Du är ansvarig för att tänka kring 
hur grupparbetet fungerar och att se till att alla är med i 
diskussionen. Ställ frågor till de som är tysta! 

• Frågeansvarig. Du är ansvarig för att kryssa för vilka ma-
tematiska frågor på frågelistan ni använt. Ställ frågor från 
listan till de andra. 

• Sammanfattningsansvarig. Du är ansvarig för att lämna in 
Figur 1, Figur 2, Figur 3 för mönstret ni valde, samt uträk-
ningar för hur ni tänkt kring formeln för Figur n. 

• Redovisare. Du är ansvarig för att berätta om gruppens 
slutsatser inför klassen. 
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APPENDIX C: PROBLEM-SOLVING 
SUPPORT LISTS 

In this appendix, the problem-solving support lists given to the 
students as a support mean are given in Swedish. 

Cycle 1 
In the first cycle, the problem-solving support list was: 
 
1. Förstå 

• Vad ska lösas eller räknas ut? 
• Var finns jag de tal som krävs? 
• Kan svaret uppskattas? 

2. Planera 
• Rita en figur och skriv upp de tal du vet. 
• Vilka beräkningar kan du göra? 

3. Genomföra 
• Gör beräkningarna och få fram ett resultat. 
• Avrunda svaret och välj lämplig enhet. 
• Presentera en lösning som är lätt att följa. 

4. Värdera 
• Är svaret rimligt? 
• Finns det andra sätt att lösa problemet? 
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Cycle 2 
In the second cycle, the problem-solving support list was: 
 
1. Förstå problemet 

• Vilken info finns i uppgiften? 
• Vad behöver vi veta och varför? 

2. Planera för vilken strategi som ska användas 
• Hur kan vi lösa uppgiften? 
• Varför väljer vi denna strategi? 

3. Använd strategin 
• Frågor kring beräkningar: Vad? Hur? När? Varför? 

4. Se tillbaka på problemet 
• Går det att förstå redovisningen? 
• Finns det fler lösningar 
• Är svaret rimligt? 

 

Cycle 3 
In the third cycle, the problem-solving support list (in combination 
with the question list) was: 

 
1. Förstå problemet 

• Vilken information finns i uppgiften? Vad vet vi? 
• Vad är det vi ska svara på i uppgiften? Vad vill vi ta reda 

på? 
2. Planera för vilken strategi som ska användas 

• Hur kan vi lösa uppgiften? 
• På vilket sätt liknar uppgiften andra uppgifter som vi löst 

tidigare? 
• Varför väljer vi att lösa uppgiften på detta sätt? 
• Finns det fler sätt att lösa uppgiften på 
• Vad är det vi behöver räkna ut? 
• Hur kan vi strukturera lösningen? 
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3. Använda strategin 
När ni arbetar med uppgiften är det bra att ställa frågor som t.ex.  

• Varför gör vi såhär? 
• Vad händer om…? 
• Hur beräknar vi detta? 
• Vad blir…? 
• I vilken ordning ska vi göra detta? 
• Hur tänker du…? 
• Vad menar du med…? 
• Hur vet vi…? 
• När ska vi…? 
• Vilka formler…? 

4. Se tillbaka på problemet 
• Har vi svarat på frågan? 
• Är svaret rimligt? 
• Finns det fler lösningar? 
• Kan vi lösa uppgiften på något mer sätt? 
• Kan vi kontrollera om vi tänkt rätt? 
• Går det att förstå redovisningen? 
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APPENDIX D: INTERVIEW GUIDES 

In this appendix, the questions from the semi-structured interviews 
are given in Swedish. The following topics were discussed during 
the interviews (in all cycles). At the end of the list, there are some 
questions only given in the final interview. 

 
• Diskussion kring interventionen: roller, frågelista, 

problemlösningsstrategi, uppgifter. 
• Frågor kring sådant som hände under grupparbetet – 

förtydliganden, förklaringar om uppfattningar. 
• Hur har arbetet fungerat i gruppen? 

o Har alla deltagit i diskussionerna? Lika mycket? 
o Vad gör ni när någon inte är aktiv i 

diskussionerna? 
o Hur fungerar det nu jämfört med tidigare? 

• Vad var målet med uppgifterna? 
o Är det viktigt att komma fram till rätt svar? 
o Diskussion om ”att känna sig dum”. 

• Diskussion kring matematiska frågor och hur de kan 
användas vid problemlösning. 

• Lärande i matematik. 
o Hur lär ni er matematik? 
o Hur påverkar det ert lärande att jobba i grupp? 

• Finns det något som kan göras annorlunda i 
klassrummet för att underlätta för grupparbetet? 

• Hur använder ni läraren i grupparbetet? 
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• (Slutintervju): Vilka förändringar ser ni i grupparbetet? 
• (Slutintervju): Varför fungerar just er grupp bra? 
• (Slutintervju): Är det viktigt att kunna ”prata 

matematik”? 
• (Slutintervju): Hur påverkar språk vad som händer i 

grupparbetet? 
• (Slutintervju): Har er inställning till matematik ändrats 

under terminen? 
• (Slutintervju): Hur gör man i en grupp för att alla ska nå 

sina mål? 
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APPENDIX E: CONTRACT FOR THE 
STUDENTS 

This text was in the written letter for the students: 
 

Till  dig som är elev i (klass) på (skolans namn) 
Matematik är inte bara siffor och tal som ska räknas ut. Det 
handlar också om logiskt tänkande och om att kunna förklara hur 
man gör när man räknar. Er matematiklärare XXX tänker att ni 
ska arbeta mycket i grupp på matematiklektionerna för att ni ska 
få en chans att tala matematik med varandra och hjälpas åt med 
uppgifter. I ämnesplanen för matematik står det om sju förmågor, 
där två handlar om att prata matematik, nämligen 
kommunikationsförmåga och resonemangsförmåga. Det finns även 
med en muntlig del på det nationella provet. 

Jag heter Marie Sjöblom och går en forskarutbildning vid 
Malmö Högskola. Jag är intresserad av hur elever diskuterar 
matematik med varandra. Under det närmaste året kommer jag 
därför att vara med på vissa av XXXs matematiklektioner och vi 
kommer tillsammans att utveckla olika metoder för att hjälpa 
elever att utveckla kommunikations- och resonemangsförmågor i 
matematik. 

För att kunna analysera vad som händer i klassrummet skulle jag 
vid några tillfällen vilja spela in några gruppsamtal där elever talar 
om matematik. Det kommer att ske genom att jag spelar in 
rösterna när ni jobbar med matematikuppgifter. Ni behöver inte 
göra något speciellt, utan bara prata som vanligt. Jag skulle också 
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vilja ställa några frågor till er som handlar om hur ni upplever att 
det är att jobba i grupp och prata kring matematik. 

Deltagande i studien är frivilligt och ni kan när som helst välja 
att avbryta ert deltagande. All information som samlas in kommer 
endast att användas för forskningsändamål. Ert deltagande är helt 
anonymt och det kommer inte att framgå vilka elever som deltar 
eller vilken skola eleverna går på. 

Jag hoppas att ni vill vara med i detta forskningsprojekt. För att 
jag ska kunna genomföra det här projektet behöver jag nu få ditt 
godkännande som elev. Om du är under 18 år behöver jag också få 
godkännande av din förälder/vårdnadshavare. Om ni har frågor får 
ni gärna kontakta mig. 
 
Vänliga hälsningar, 
Marie Sjöblom (Forskarstuderande, Malmö Högskola) 
E-post: marie.sjoblom@mah.se 
Tel: XXXX-XX XX XX 

 
…………………………………………………………………………… 
Vänligen sätt ett kryss i någon av rutorna och skriv under. Lämna 
sedan lappen till XXX. Stort tack! 
☐ JA, jag vill delta i projektet. 
☐ NEJ, jag vill inte delta i projektet. 
……………………………………..…………………………..………… 
 

 
Underskrift Elev …………………………………….
     
Namnförtydligande ……………………………………. 
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APPENDIX F: CONTRACT FOR THE 
GUARDIANS 

This text was in the written letter for the students’ guardians: 
 

Till  er som är föräldrar/vårdnadshavare för elever i  
(klass) på (skolans namn) 
Matematik är inte bara siffor och tal som ska räknas ut. Det 
handlar också om logiskt tänkande och om att kunna förklara hur 
man gör när man räknar. Matematikläraren i (klass), XXX, tänker 
att eleverna ska arbeta mycket i grupp på matematiklektionerna 
för att de ska få en chans att tala matematik med varandra och 
hjälpas åt med uppgifter. I ämnesplanen för matematik står det om 
sju förmågor, där två handlar om att prata matematik, nämligen 
kommunikationsförmåga och resonemangsförmåga. Det finns även 
med en muntlig del på det nationella provet. 

Jag heter Marie Sjöblom och går en forskarutbildning vid 
Malmö Högskola. Jag är intresserad av hur elever diskuterar 
matematik med varandra. Under det närmaste året kommer jag 
därför att vara med på vissa av XXXs matematiklektioner och vi 
kommer tillsammans att utveckla olika metoder för att hjälpa 
elever att utveckla kommunikations- och resonemangsförmågor i 
matematik. 

För att kunna analysera vad som händer i klassrummet skulle jag 
vid några tillfällen vilja spela in några gruppsamtal där elever talar 
om matematik. Det kommer att ske genom att jag spelar in 
rösterna när de jobbar med matematikuppgifter. De behöver inte 
göra något speciellt, utan bara prata som vanligt. Jag skulle också 
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vilja ställa några frågor till eleverna som handlar om hur de 
upplever att det är att jobba i grupp och prata kring matematik. 

Deltagande i studien är frivilligt och eleverna kan när som helst 
välja att avbryta sitt deltagande. All information som samlas in 
kommer endast att användas för forskningsändamål. Elevernas 
deltagande är helt anonymt och det kommer inte att framgå vilka 
som deltar eller vilken skola de går på. 

Jag hoppas att ni vill låta er son/dotter delta i forskningsstudien. 
Om ni fyller i nedanstående talong kan sedan er son/dotter lämna 
den till XXX. Om ni har frågor får ni gärna kontakta mig. 

  
Vänliga hälsningar, 
Marie Sjöblom (Forskarstuderande, Malmö Högskola) 
E-post: marie.sjoblom@mah.se 
Tel: XXXX-XX XX XX 

 
…………………………………………………………………………… 
Vänligen sätt ett kryss i någon av rutorna och skriv under. Stort 
tack! 

☐ JA, jag godkänner att min son/dotter deltar i projektet. 

☐ NEJ, jag vill inte att min son/dotter deltar i projektet. 

……………………………………..…………………………..………… 
 

 
Underskrift Vårdnadshavare …………………………………….  
 
Namnförtydligande ……………………………………. 
 

 
Underskrift Vårdnadshavare …………………………………….  
 
Namnförtydligande ……………………………………. 
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APPENDIX G: CONTRACT FOR THE 
TEACHER 

This text was in the written letter for the teacher: 
 

Till  XXX, lärare i (klass) på (skolans namn) 
Jag heter Marie Sjöblom och arbetar som forskarstuderande vid 
Malmö Högskola. Jag kommer att genomföra en forskningsstudie 
kring elevers lärande i matematik. Jag är intresserad av elevers 
kommunikations- och resonemangsförmåga i matematik. Att 
kunna uttrycka sig muntligt är en viktig del av 
matematikundervisningen och det finns även en muntlig del på 
nationella prov i matematik, så att kommunicera är något alla 
elever behöver utveckla i matematikämnet. Tanken är att det här 
projektet kan bidra med kunskap kring kommunikation mellan 
elever i klassrum där vissa elever talar mer än ett språk. 

I studien kommer jag att vara med och planera utvalda moment 
tillsammans med dig, observera/videofilma delar av undervisningen 
och gruppsamtal mellan elever. Jag skulle också vilja göra 
intervjuer kring elevers och lärarens upplevelser av 
matematikundervisningen. 

Deltagande i studien är frivilligt och lärare/elever kan när som 
helst välja att avbryta sitt deltagande. All information som samlas 
in kommer att behandlas enligt de riktlinjer som finns för studier 
av detta slag gällande deltagarnas anonymitet. Det kommer inte att 
framgå vilka elever/lärare som deltar eller vilken skola studien 
genomförs på. Deltagande i studien kommer inte att påverka 
elevernas betyg negativt. All information som samlas in kommer 
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endast att användas för forskningsändamål. Inspelningarna 
kommer alltså INTE att spridas på något sätt och om jag skriver 
eller talar om lektioner kommer jag ALDRIG att nämna 
ditt/elevernas namn eller skolans namn. Uppgifterna blir helt 
anonymiserade och används bara för min vetenskapliga forskning. 

Jag hoppas att du vill delta i forskningsstudien. För att jag ska 
kunna genomföra den här studien behöver jag nu få ditt 
godkännande. Om du har frågor får du gärna kontakta mig. 
 
Vänliga hälsningar, 
 
Marie Sjöblom 
Forskarstuderande, Malmö Högskola 
E-post: marie.sjoblom@mah.se 
Tel: XXXX-XX XX XX 
 
…………………………………………………………………………… 
Vänligen sätt ett kryss i någon av rutorna och skriv under. Stort 
tack! 
☐ JA, jag vill delta i studien. 
☐ NEJ, jag vill inte delta i studien. 
……………………………………..…………………………..………… 
 

 
Underskrift Lärare …………………………………….
     
Namnförtydligande ……………………………………. 
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How can we promote students to work together with mathematics?

In this intervention study, groups of students in a multilingual upper 

secondary mathematics classroom were promoted to work together 

to solve mathematical problems instead of doing individual work 

in textbooks. Different tools were developed in a cyclic process to 

help students develop their reasoning and communication abilities in 

mathematics.

In the study, focus was on the changes that occurred in the student-to-

student interactions, what caused the changes and what conclusions 

could be drawn about the complexity concerning interactions in 

multilingual mathematics classrooms.
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