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Abstract

In the Swedish context teaching at primary and secondary school is combined
with collaborative exercises in a variety of subjects. These collaborative moments
can be in the form of mini projects that groups of students are supposed to present
to the classmates when fulfilled. A collaborative moment may also be an exercise
that the students solve together. The main idea is thus that the students learn
together.

One method for students’ learning together is Supplemental instruction or SI. SI is
a complement to regular teaching where students are provided peer collaborative
learning exercises. The method is being used at university level in many countries,
e.g. Canada, USA, Australia and Great Britain. To strengthen students’
knowledge in mathematics, a couple of schools in Sweden have introduced SI.
Such an extra effort with problem solving and mathematics communication is in
line with the new Swedish mathematics curriculum.

Collaborative exercises in school may lead to enhanced learning among the
students, but collaborative work may also lead in the opposite direction. As
collaboration is widely used in schools in Sweden it is important to investigate
what conditions in the classroom can lead to learning during collaborative work.
Thus, this study examined five SI-groups at two Swedish upper secondary schools.
The groups were observed and videotaped repeatedly. The analyses of the
observations aimed at identifying conditions leading to observable learning
outcome at students’ mathematics discussions.

In order to achieve this an analysis strategy was needed which led to a second aim,
i.e. formulating a useful analysis strategy that built on existing theoretical
frameworks. Two well tested frameworks were used: the SOLO-taxonomy
(Structure of the Observed Learning Outcome) and the ATD-praxeology
(Anthropological Theory of Didactics).

The analysis showed that learning outcomes in the discussions were indeed
facilitated by the Sl-leaders’ guidance. In addition the results indicate that



carefully chosen exercises, as well as careful organisation of the Sl-sessions, can
lead to a higher level learning outcome. The study also showed that the chosen
analysis strategy with well tested frameworks was successful. The findings can be
used both for future research and for development of collaborative learning.

KEY WORDS

Supplemental instruction, learning conditions, upper secondary school, ATD:
Anthropological Theory of Didactics, SOLO: Structure of the Observed Learning
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Introduction

The teacher and the teacher’s choice of education methods are considered to have
a high influence on what students learn (Hattie, 2009). Education research has
shown to add to a better understanding of the prospects of successful teaching.
Both quantitative and qualitative methodologies have been used for several
decades to explore these prospects (Good and Grouws, 1979, Hattie, 2009,
Hiebert and Grouws, 2007).

In spite of all previous education research, however, it is not easy to draw firm
conclusions about if one method has advantages over the other. There is no clear
answer to the question whether whole-class teaching is to be preferred or if
"dialogue-teaching" is more successful. Ryve et al. (2013) conclude that countries
whose students are performing well in international tests such as TIMSS (Trends
in International Mathematics and Science Study, (Skolverket, 2011)) exhibit large
differences in teaching methods.

To strengthen the findings researchers have argued that there is a need for more
systematic connection between various education research theories (Prediger et
al., 2008), and that there is a need for more sophisticated research methods
(Jakobsson et al., 2009). According to Jakobsson et al. better research methods
are needed as written tests just give limited information about students’
knowledge. They base their statement on research regarding students’ results in
written science tests. The results were compared with results from group
discussions, and they conclude that if a researcher wants to know what students
are actually learning, more is needed than just individually written answered
questions.

Several researchers in various parts of the world have shown interest in students’
group processes. Some have a special interest in the particular family of education
methods called cooperative / collaborative learning. (Boaler, 2008, Brandell and
Backlund, 2011, Cohen, 1994, Johnson and Johnson, 1999, Malm et al., 2011a,
Ryve et al., 2013). As the name indicates these methods all are based on the view
that students learn well if learning together.
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In the Swedish context teaching at primary and secondary school is combined
with collaborative exercises in a variety of subjects. These collaborative moments
can be in the form of mini projects that groups of students are supposed to present
to the classmates when fulfilled. On the other hand a collaborative moment may
be an exercise or a problem that the students shall solve together. The main idea
is thus that the students learn together.

Schools also practice various types of guidance of independently working
students. On the one hand a teacher can control the whole process and decide
exactly what is to be done, e.g in a laboratory session. On the other hand students
may collaborate without getting any help at all. Several schools also provide
individual help and guidance with homework particularly in mathematics. Like
in education research as a whole there is no consensus about what advantages one
form of teacher guidance has over others or under which circumstances
collaborative work leads to learning.

The diversity in education research findings have inspired the new Swedish
curriculum for upper secondary school which was introduced 2011 (Skolverket,
2011). The new mathematics curriculum does not point out any specific teaching
method. Instead it includes explicit competencies that students are expected to
obtain. Two of these skills are problem solving and communication.

To strengthen students’ knowledge in mathematics, a number of schools in
Sweden have introduced the so-called Supplemental instruction or SI, a method
where students are provided peer collaborative learning exercises (Hurley et al.,
2006). SI is used as a complement to regular teaching. Such an extra effort with
problem solving and mathematics communication is in line with the new Swedish
mathematics curriculum. Collaborative exercises in school may lead to enhanced
learning among the students. However, as have been mentioned, collaboration
may imply various education methods, and even the word communication can
have different meanings. The Swedish curriculum may demand training in
communication skills while SI ofters mathematics communication aiming at training
mathematics.

The new concept of SI at some Swedish secondary schools has not been
thoroughly studied yet. Therefore this thesis presents a study focusing on
Supplemental instruction with collaboration and communication at upper
secondary schools in Sweden. Collaboration is defined as exercises that students
solve and learn from together. Communication is defined as mathematics
communication.
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The study aimed at identifying specific conditions that lead to learning at the
student collaborative moments. In order to achieve this an analysis strategy was
needed which lead to a second aim, i.e. formulating a useful analysis strategy that
built on existing theoretical frameworks. Thus this thesis has been carried out in
two steps: first defining an analysis strategy and thus being an attempt to
contribute to the systematic links between existing frameworks and then the
analysis of how a specific education method can influence students’ learning.

When the aim and research questions of the study have been specified, the first
section of this thesis deals with the concept learning together in general and
Supplemental instruction in particular. The frameworks on which this study was
based are then described as well as the observations and the development of an
analysis strategy. Finally the findings are presented with a discussion about
possible implementations in school. The very last chapter is in Swedish aiming at
giving the Swedish reader a brief summary of the thesis and its potential
implications.

Aim

The focus of this study was the analysis of SI-meetings in upper secondary school.
The aim was to gain more insights into conditions that made learning possible at
these meetings. In order to achieve this a second aim was formulated. This aim
was to choose a combination of established frameworks that could contribute to

deepen the analysis of the students' discussions. The definition of students
includes both SI-leaders and SI-participants.

Thus the study aimed at answering two research questions:

RQ 1. Which specific favourable SI-leaders actions can be identified at SI-sessions
in Swedish upper secondary school, which lead to developed student
mathematical activities and/or lead to higher quality of their learning outcome?

Developed mathematical activities is defined in terms of praxeologies
(Anthropological Theory of Didactics, ATD) (Chevallard, 2012, Winslew,
2010). Learning outcome quality is defined relative to the SOLO-taxonomy
(Structure of the Observed Learning Outcome) (Biggs and Collis, 1982).

RQ 2. To what extent is a combination of SOLO and ATD a suitable strategy for

analysing SI-sessions? Are these two frameworks compatible and complementary?
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Research on learning together

Collaborativelcooperative learning is a family of educational methods based on a
philosophy claiming that students learn better if learning together in small groups.
Group learning can also aid in the development of social skills (Brandell and
Backlund, 2011, Johnson and Johnson, 1999, McWhaw et al., 2007, Slavin,
1995).

Different forms of cooperative learning have been the focus of various research
studies (Dunkels, 1996, McWhaw et al., 2007, Slavin, 1995). What the various
forms have in common is that the lessons / sessions are led and organised in detail
by a teacher.

Collaborative learning on the other hand is less structured. It is more of group
learning that students may organise themselves without a present teacher
(McWhaw et al., 2007). Collaboration can also include that knowledge — not only
the process to reach knowledge — is constructed in dialogue between students and
teacher, and that the teacher hands over more responsibility for the outcome to

the students (Brandell and Backlund, 2011).

Cooperative learning

According to Johnson and Johnson (1999, p. 11) teaching and learning can be
structured in mainly three ways: competitively, individualistically and
cooperatively. Each structure has its place but competitive and individualistic
structures have, the authors argue, dominated the classrooms for many years, and
therefore there is a need for focusing on and defining cooperative learning.

The “Johnson-&-Johnson-definition” says: “Cooperative learning is the
instructional use of small groups so that students work together to maximise their
own and each other’s learning.” The definition contains five so-called basic
elements (table 1), which all have to be implemented if grouping can be called
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cooperative, and the teachers’ role is to implement these basic elements (Johnson

and Johnson, 1999, p. 5).

Table 1. Basic elements of cooperative learning (Johnson and Johnson, 1999)

Five basic elements Explanation according to Johnson & Johnson | Key words
(1999)
1. Positive The students have a mutual set of goals. They | “Swim or sink together”,
interdependence jointly celebrate their success. common goals
2. Personal Each member contributes and takes personal “No free ride”,
responsibility responsibility for own effort, helping others everyone contributes
and for accomplishing the group’s goal.
3. Promotive Students work together, exchange information | Feedback, exchange
interaction and feedback. They promote each other’s information
success.
4. Interpersonal and Students must be taught the social skills Trust, communicate
small groups skills required. Everybody listens and communicates accurately, support each
so that everybody understands. other, resolve conflicts
constructively.
5. Group processing Everybody follows the group rules. The group Groups reflect on group
has periodic evaluations of the group process rules

and of how well the group is functioning.

Cooperative learning will be further discussed in the method section. However,
this thesis focuses on the analysis of mathematics discussions, thus the following
section will discuss a selection of researchers’ view on how to learn mathematics.
It will then be discussed why collaborative moments in mathematics are needed
and how they can be completed.

Learning mathematics e learning mathematics together

From van Hiele to Ryve

Already in the 1950s Mr and Mrs van Hiele stated that one of the crucial
challenges within mathematics teaching is differences in the use of mathematical
language. Van Hiele formulated the five levels of thought (Fuys, 1984). The theory
connected research about students’ thinking with the practice of teaching
mathematics. Van Hiele’s work concerned geometry and they stated that children
learn geometry in stages or levels.

18



The van Hiele five levels of thought point out the difficulties a child may have in
understanding geometry and the teacher’s use of language and concepts. Children
at different “levels” may have different languages. Van Hiele even states that these
different languages sometimes use the same linguistic symbols but with different
meaning, and that this may be the fundamental problem of didactics (Fuys,
1984).

Five levels of thoughts built on the idea that concepts implicitly understood by a
child at one level will become explicitly understood at next level. The levels are
hierarchical and they represent qualitative different levels of thinking. The levels
have been modified since the start, but the core is still the same. Table 2 shows
the original levels (Fuys, 1984).

Table 2. The van Hiele levels of thought (Fuys, 1984)

Van Hiele levels of thoughts Explanaitions according to van Hiele (Fuys, 1984)
Base level Learners judge figures by their appearance.
First level Learners do not understand how the properties of

shapes are related. Figures are bearers of their

properties.

Second level Learners can order properties, and they can see, e.g.
that all squares are rectangles.

Third level Learners’ thinking is concerned with deduction an
axioms.

Fourth level Van Hiele write about a “fifth phase” of the

learner’s process, where the learner has a “system of
relations which are related to the whole of the

domain explored.”

The five levels of thought have been widely used and have served as a theoretical
backbone for education research in e.g. students with special needs (Clements,

2004).

In the 1970s Skemp (1976) combined the questions “what to learn” with “how
to learn”. He also discussed the meaning of concepts as wunderstanding and
knowledge. Skemp states that differences in using those words can be so different
that they can be regarded as related to different kinds of mathematics.

Skemp compared what he called “instrumental mathematics” and “relational
mathematics”, and he stated that “relational understanding” is what many of us
think of when saying “understanding”, while “instrumental understanding” for
many of us is more like lack of understanding. Skemp however mentioned the
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problem that “rules without reason”, i.e. just the possession of a rule and the
ability to use it, for many pupils and their teachers can be seen as “understanding”.
Skemp discussed whether it matters which approach a teacher has, instrumental
or relational, and whether one approach is better than the other. Even if Skemp
argued for the use of relational mathematics he stated that the issue was not as
simple as it may appear.

The mathematics education researcher Lithner has developed a special theoretical
framework for characterising mathematics exercises and student reasoning types.
The framework aims at explaining origins and consequences of mathematical
reasoning types. The characterisation is based on cognitive psychology perspective
(Lithner, 2008, pp. 255-256). Lithner argues that his framework is not a
theoretical framework for formal research theory. Instead it is a conceptual
“... aims at both increased fundamental
understanding and at contributing to develop teaching.”

framework for research that

Lithner’s framework describes two types of student mathematical reasoning:
creative reasoning and imitative reasoning. Creative mathematical reasoning is
defined by three criteria: (1) the reasoning sequence is created by the student; (2)
there are arguments saying the strategy and / or the conclusions are acceptable and
(3) the arguments build on mathematical properties.

Imitative reasoning does not fit the three criteria of creative reasoning, and the
“path” for solving tasks in mathematics is laid from the start. There are two
different types of imitative reasoning: (1) memorised reasoning (just recalling an
answer) and (2) algorithmic reasoning (use an algorithm that is either chosen by
the student or given to the student).

Two recent studies also focus on mathematical content and the way this content
is made understood in the class-room (Nilsson and Ryve, 2010, Ryve etal., 2013).
The authors argue that educational research needs instruments for the analysis of
students learning mathematics:

/...I there still are many complicated relations between students’ engagement in
the classroom, the teacher’s way of orchestrating whole-class interaction, and how
content is made explicit in the interaction. (Ryve et al., 2013, p. 102)

The following sections will deal with research on collaborative school work. After
one researcher’s arguments for collaboration two specific methods of learning
mathematics together will be presented. The first one is based on the presence of
a teacher while the other one is a form of collaborative learning led by a student.

20



Arguments for collaborative mathematics

One way to argue for the need of talking mathematics and of collaborative
moments within mathematics education is claiming the so-called social
constructivism. The mathematics education researcher Bjorkqvist (1993) argues
for social constructivism by saying that knowledge is built in social contexts and
that what is called objective knowledge can be the knowledge that a collective has
agreed about at a certain time.

According to Bjorkqvist (1993) students learning mathematics should be given
the opportunity to interact. He also stresses the importance of showing students
that mathematics is useful. Giving students the opportunity to use mathematics
in multiple ways minimises the risk that the students see mathematics merely as a
way to figure out an answer. He states that the students shall develop their ability
to reflect, and that one important question is: what would happen if we did not
accept a particular way of thinking?

Bjorkqvist is supported by Sriraman and Haverhals (2010, p. 36) who state that
within social constructivism the basis for mathematical knowledge is formed by
conversation, rules and linguistics, that interpersonal communication is needed to
turn individual subjective knowledge into accepted objective knowledge and that
objectivity is social.

Complex instruction

Learning together within high school mathematics was studied in the United
States in a long-term project (Boaler, 2006, Boaler, 2008). Three schools were
observed during four years and students were videotaped, interviewed and asked
to fill in enquiries. One school practiced so-called complex instruction (Cohen,
1994). Boaler (2006) describes complex instruction and seven important practices
that were part of her study. These important practices (table 3) resemble the basic
elements of cooperative learning. However, complex instruction is a method that
helps teachers make group work function, while cooperative learning are
instructions both for teacher and students.
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Table 3. Seven of the practices of complex instruction (Boaler, 2006, pp. 42-45)

Complex instruction Explanation

Multidimensionality A set of tasks that value different abilities makes it possible for more
students to be successful. (e.g. tasks that allow multiple representations
and have several possible solutions paths.

Roles When students are given particular group roles everybody is important.
(e.g. roles as facilitator, team captain, reporter, resource manager)

Assigning competence When the teacher raises students with low status in the group and when
giving public feed-back that is specific and relevant to the task, the group
learns about the broad dimensions that are valued.

Student responsibility The teacher expects students to be responsible for each other’s learning.
(e.g. the teacher asks one group member to give an answer, and it is the
group members’ responsibility to help this student to learn to answer the
question independently)

High expectations Teachers leave groups to work with the understanding of “high-level
questions”.

Effort over ability Teachers give frequent and strong messages that high achievement is a
product of hard work.

Learning practices Teachers describe how to work when learning mathematics. (e.g. the

teacher tells a student, who needs help, to formulate a specific question,
and this helps the student to continue the thinking.)

The long-term study conclusions were based on observations and tests. The
researchers argue that the method with small groups worked. The students learnt
both mathematics and a respectful manner to solve exercises together. It was stated
that the higher attaining students probably were the best served by the method as
their learning accelerated more than other students. Boaler also argued that the
teachers were a key factor. During the lessons the teachers kept teaching one group
after the other both about mathematics and about group processes. Boaler stated
that a major part of the results was ... the serious way in which students were
taught to be responsible for each other.” (Boaler, 2008, p. 178)

Supplemental instruction

The present study focused on the examination of a special form of collaborative
mathematics learning, i.e. Supplemental instruction or SI. SI is an educational
method, used in various school subjects, where students are asked to discuss and
solve problems together in groups of 2—4 students. SI is a complement to regular
teaching, and no teacher is present at the meetings. (Malm et al., 2010, Malm et
al., 2011a, Malm et al., 2011b, Malm et al., 2012a, McCarthy et al., 1997, Ogden
et al., 2003) The groups are instead guided by an older student, who is supposed
to provide peer collaborative learning exercises (Hurley et al., 2006). SI is used as
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a complement to teaching at universities in many countries, e.g. in Sweden (Malm
et al., 2010, Malm et al., 2011b). Malm et al. explain that the idea behind SI is
that learning a subject is enhanced by exchange of thoughts. The researchers
describe how a senior student guides the SI-sessions where students solve problems
together. This senior student is called the SI-leader and is supposed to take the
role of a facilitator. An Sl-leader aids by initiating work in small groups and by
asking questions instead of giving the whole answers (Malm et al., 2012a).

Supplemental instruction was developed in the early 1970s at the university of
Missouri, Kansas City USA, to increase the achievement of students in so-called
high-risk classes (Hurley et al., 2000). In this early version of SI the students (the
participants) attended the SI-sessions on a voluntary basis and the senior students
(the SI-leaders) were supposed to attend all regular class lessons to be able to guide
the younger students correctly (Hurley et al., 20006).

SI has lately been introduced in some upper secondary schools in Sweden. First
year students solve mathematical problems together in small groups, and second
and third year students serve as SI-leaders. The process is supported by responsible
teachers (mentors) who train the SI-leaders before the term starts. The mentors
then visit a number of SI-meetings to ensure that the leaders do not give ready-
made answers, but allow participants to discuss their way to the methods and
solutions. SI is a compulsory complement to regular teaching. It is this “SI-
concept” that this thesis presents and discusses, i.e. SI as a compulsory supplement
to regular teaching in mathematics at some Swedish upper secondary schools.

Several studies have evaluated SI in universities in various countries. One of these
studies is a short- and long-term impact study in political science done at a
university in the southern part of USA. So-called “conditional students” (i.e.
students in learning support programs and/or with English as a second language)
participating in SI had significantly better results compared to conditional non-
SI participants (Ogden et al., 2003). Other studies claim that SI is efficient when
supporting “weak” students in mathematics (Hutley et al., 2006, Malm et al,,
2011a).

Few studies have been made at lower levels (Malm et al., 2012b, p. 32). One
Swedish study, however, evaluated SI in a Swedish upper secondary school and
aimed at looking at how SI was used to bridge the transition from secondary to
tertiary education (Malm et al., 2012b). The evaluation focused on several areas
to obtain an indication of how the SI program is working (Malm et al., 2012b).
These areas covered parameters concerning student attendance, students view on
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mathematics and science development, study strategies development and
leadership development. Malm et al. conclude that the major benefit of SI is not
only a distinct improvement in leadership ability among the senior students (the
SI-leaders), but also new study strategies among the SI-participants and general
skills like teamwork (Malm et al., 2012b).

Learning together in this study

To shed more light upon the effects of SI on students’ learning, studies are needed
that focus on few and distinct parameters in addition to wusing empirical data from
observations in the classroom. Hence the present study aimed at studying specific
favourable conditions that influence learning during mathematics discussions at
SI-meetings in two upper secondary schools in Sweden (RQ 1).

In this study the theory of cooperative learning has been used as a theoretical
framework for students solving problems and learning mathematics together
(Johnson and Johnson, 1999). An Sl-session is led by an Sl-leader and SI is
therefore not defined as cooperative learning. Still the theory behind cooperative
learning gives a structure and an explanation of what learning together can look
like. This will be further clarified in the method chapter. But first the two
frameworks will be presented that were the “back-bone” of the analysis strategy of

this study (RQ 2).
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The need of analyse tools

All research projects need theoretical frameworks. This has been stated by more
than one education researcher. Lester (2005, p. 458) argued that a theoretical
framework provides a structure when designing research studies, and that it helps
us to transcend common sense when analysing data and drawing conclusions. The
mathematics education researcher Pegg (2010) stated that even teacher practices
must rest on theoretical bases that guide the thinking and teaching actions.
Lithner (2008, p. 274) has argued analogically:

Without a framework we have to rely only on intuition, experience and common
sense. This can take us far, and indeed it often does. But without a framework
guiding our constructions or focusing our evaluation, we will never really know
exactly what we are doing and why it failed, or why it worked so well.

Lithner points at the need of a framework that provides structure. With a
framework it is possible to make sense of data. A framework helps to think further
than common sense, and thus for the present study an analysis strategy was
needed. The frameworks should be useful when observing classroom discussions
and should help answering the first research question, i.e. help to identify learning
conditions at mathematics discussions. An analysis strategy was tested and
developed that was based on a combination of the SOLO-taxonomy (Biggs and
Collis, 1982) and the ATD-praxeology (Chevallard, 2012, Winslow, 2010).

This chapter discusses the frameworks that have been important for the study.
First, the SOLO-taxonomy is presented as it is a frameworks for evaluating
learning outcomes. Then follows a section about the ATD-praxeology, which is a
framework developing teaching situations and mathematics education. Finally the
possibilities and challenges with combining frameworks is discussed.

25



A framework for learning outcome

In the early 1980s Biggs and Collis (1982) developed the SOLO-taxonomy for
evaluating learning outcomes among students at tertiary level. SOLO, i.e.
Structure of the Observed Learning Outcome, names and distinguishes five different
levels according to the cognitive processes required to obtain them.

The authors argued that SOLO is useful when categorizing test results in closed
situations with formulated expectations. They used four dimensions when
categorizing student responses (Biggs and Collis, 1982, pp. 24 —31 & 182). Thus,
these four dimensions can be seen as a way to define the five SOLO-levels and
consequently the four dimensions define learning outcome according to Biggs and

Collis (table 4).
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Table 4. SOLO-levels and defining dimensions, shortened version. (Biggs and Collis, 1982, pp. 24-29).
Capacity: ability to think about more things at once, Relating operation: The way in which the cue and the
response interrelate, Consistency & closure: Two opposing needs: (1) come to a conclusion and (2) consistent
conclusions with no contradictions, Response structure: Links between cue (i.e. the question) and response,
X=irrelevant data, *=related and given data in display, O= related and hypothetical data, not given in display.
In the present text the word related is understood as related to cue and relevant in context.

SOLO-level Capacity Relating Consistency & Response
operation closure structure
SOLO 5 Relevant data, Generalize to No felt need to Cue
Extended abstract | . situations not give closed —)
interrealtions & expected decisions, allow ** 000 (data
hYPOthCSCS logically possible interrelated)
alternatives —)
Alternative
responses
SOLO 4 Relevant data & Answering with Closure and Cue
Relational interrealtions overall concept consistency =)
but sticks within within given ¥ (data
given data system interrelated)
ol
Response
SOLO 3 Isolated relevant Answering with A feeling for Cue
Multistructural data few (or several) consistency, closes | ===
but independent too soon on basis | *** (data not
aspects of isolated data interrelated)
—)
Response
SOLO 2 One relevant data | Answering with No felt need for Cue
Unistructural one aspect consistency, —
jumps to *
conclusion on one | ===
aspect Response
SOLO 1 Cue and response | 1.Denial: / do not | No felt need for Cue
Prestructural confused kenow consistency, closes | ===
2.Tautology: without even X
Simply restates secing the —
the question problem Response
3.Transduction:
Avoids answering
the question

Biggs and Collis argued that the SOLO-taxonomy filled a gap. Their reasoning
built on a research project where they tried (but later left the idea) to use the
Piagetian “stage theory” (table 5). When Piaget once formulated this theory the
intention was to illustrate a child’s intellectual development, i.e. the child’s ability
to construct knowledge (Piaget and Inhelder, 1971). One central focus within this
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constructivism was what a student had to 4o to learn, or had to do to create
knowledge (Biggs, 2003, p. 11). Knowing was actively and not passively received
(Ernest, 2010, pp.39-40).

Table 5 The Piagetian stage theory (Piaget and Inhelder, 1971)

Stage age Explanaiton

Sensorimotor stage up to 2 The child constructs knowledge by physical interactions
with the environment.

Pre-operational stage 2-7 The child constructs knowledge by playing and
pretending. The child does not understand logic.

Concrete operational 7-12 The child is able to construct knowledge by use of logic.

stage

Formal operational from 12 The child is able to construct knowledge by logic and

stage abstract and hypothetical thinking.

The project run by Biggs and Collis, as well as the whole book about SOLO,
focused on achievement and measuring quality of learning in several subjects in
closed situations with specific contents to be learned. The authors did admit that
the stage theory has developed since it first was invented, but still they concluded
that the assumption of stage theory did not hold. Biggs’ and Collis” conclusion
was a consequence of the analysis of student achievements:

/...I we found that a middle concrete answer response in mathematics might be
followed by a series of concrete generalization responses in geography. ... Further,
formal responses in mathematics given by a particular student one week might be
followed by middle concrete responses the following week. (Biggs and Collis,
1982, pp. 17 & 21-23)

Biggs and Collis did not explain the results by saying that students shift from one
developmental stage to another. Instead they stated that a student’s ultimate
attainment depends on more than just her/his developmental stage. They argued
that important factors also are intentions, motivation, learning strategies and the
teacher’s instructions. For this reason Biggs and Collis (1982) suggested the
SOLO levels that correspond to test results and thus shift from labelling the
student to labelling the student’s response to a particular task. This distinction is
considered to be the same as the distinction between ability and attainment.

The SOLO-taxonomy has developed since 1982, and a table of active verbs that
clarifies the SOLO-levels has been published (Biggs, 2003, Biggs and Tang,
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2011). The SOLO-taxonomy and the active verbs have been widely used and have
been used in different ways. In Denmark Brabrand and Dahl (2009) used the
SOLO taxonomy to analyse all the course curricula (in total 632) from the
faculties of science at University of Aarhus and University of Southern Denmark.
They described SOLO as a hierarchy where each partial construction [level]
becomes a foundation on which further learning is built (Brabrand and Dahl,
2009, p. 536), and the intention was to find out whether the curricula gave
information about competence progression. By comparing the intended learning
outcomes with the table of active verbs (table 6) the authors stated it was possible
to understand on which level of knowledge the text was.

Table 6. SOLO-levels and examples of active verbs (Biggs, 2003, Brabrand and Dahl, 2009).

SOLO 2 SOLO 3 SOLO 4 SOLO 5
uni-structural multi-structural relational extended abstract
paraphrase combine analyze theorize

define classify compare generalize
identify structure contrast hypothesize
count describe integrate predict

name enumerate relate judge

recite list explain causes reflect

follow (simple) do algorithm apply theory transfer theory
instructions apply method (to its domain) (to new domain)

Brabrand and Dahl (2009) discussed whether the SOLO-taxonomy is applicable
when analysing progression in competencies in university curricula. They
concluded that SOLO could be used when analysing science curricula but they
questioned whether SOLO was a relevant tool when analysing mathematics
curricula. According to the authors a reason could be that SOLO-progression and
active verbs not always reflect progression in mathematics difficulty and:

/... for mathematics it is usually not until the Ph.D. level that the students reach
SOLO 5 and to some extent also SOLO 4. The main reason is that to be able to
give a qualified critique of mathematics requires a counter proof or counter
example as well as a large overview over mathematics which the students usually

do not have before Ph.D. level. (Brabrand and Dahl, 2009, p. 543-544).
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Other researchers however have claimed that SOLO is useful in various contexts
including mathematics. Lucas and Mladenovic (2009) did a qualitative study that
aimed at developing a theoretical approach to the identification of variation in
students’ understanding. By using the SOLO-taxonomy they analysed students’
discussions in an accounting course. They stated that SOLO is useful and that it
was possible to estimate students’ knowledge by analysing what they say.

Pegg and Tall (2005, pp. 468—469) described different theoretical frameworks
with the purpose of going beyond a detailed comparison and instead identifying
themes concerning learning mathematics. They argued that SOLO interprets the
structure and quality of student responses across a variety of subjects and learning
environments. Pegg (2010, pp. 35-36) described three studies where SOLO was
used to analyse primary and secondary students learning mathematics. Student
exercise solutions were analysed by SOLO and teacher instructions were planned

to help students develop according to SOLO.

Hattie and Brown (2004) have described SOLO as a useful tool when dealing
with education in mathematics. They used a strategy where mathematics exercises
were formulated by using SOLO, and they claimed it was possible to use SOLO
when analysing children’s mathematics knowledge and when describing the
processes involved in asking and answering a question on a scale of increasing
difficulty or complexity. Hattie and Brown give examples concerning inter alia
elementary mathematics (table 7 & 8).

Table 7. Matchstick houses, pattern in number, see table 4 for formulated questions. After Hattie
and Brown (2004).

n - Fig No 1 2 3
x - Number of matches 5 9 ?
Fig
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Table 8. Suggested use of the SOLO-levels (Hattie and Brown, 2004)

SOLO-level to be
tested

Questions

(Hattie & Brown,
2004, pp. 12-13)
Examples based on
intended learning

Answers

(Hattie & Brown,
2004, pp. 12-13)
Examples of observed
learning outcome

Definitions in short
(Hattie & Brown,
2004, p. 5)

Multistructural

needed for each of these
three houses?”

given pattern for
separate parts of the
task.

outcome
SOLO 2 “How many sticks are The student simply One aspect is picked
Unistructural needed for 3 houses?” counts. up, obtained directly
from the problem.
SOLO 3 “How many sticks are The student can use a Two or more aspects

are picked up, used
separately or in two or
more steps with no
integration of ideas.

SOLO 4 “If 52 houses require The student finds a Two or several aspects

Relational 209 sticks, how many relationship within the are integrated. An
sticks do you need to be | material. organising pattern on
able to make 53 the given material.
houses?”

SOLO 5 “Make up a rule to The student formulates | The whole is

Extended abstract count how many sticks | a general rule. generalised to a higher

are needed for any level of abstraction.

number of houses.”

Biggs and Collis (1982, p. 23) claim that SOLO is developed primarily for
analysing test results. Brabrand and Dahl (2009) use the SOLO-taxonomy when
analysing university curricula. Pegg (2010) uses the SOLO-taxonomy when
analysing students’ learning in mathematics, and according to Hattie and Brown
(2004, pp. 3, 5 & 13) it is possible to use the SOLO-taxonomy when describing
the processes involved in asking and answering a question on a scale of increasing

difficulty or complexity.

A framework for developing mathematics

ATD is a theoretical framework for analysing and for developing education, e.g.
mathematics education. ATD offers a wide range of tools (Bosch, 2012,
Chevallard, 2006, Winslew, 2010).

Chevallard (2012, p. 10), who first developed the theory of ATD, has defined the
overall principle paradigm of questioning the world. Within this paradigm a
curriculum must be defined in terms of questions. Chevallard also states that
inquiry-based teaching can end up in some form of fake inquiries, and he says that
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this most often is because the generating question of such an inquiry is but a naive
trick to get students to study what the teacher has determined in advance.
Chevallard (2012, p. 3) compares the paradigm of questioning the world with
what he calls epistemological monumentalism which he argues is the traditional way
of teaching mathematics. Students are there asked to visit monuments, i.e.
knowledge that comes in chunks and bits without time for background or deeper
understanding.

The mathematics education researcher Winslow (2010) has argued that it is
necessary to consider the impact on didactics of curricula, regulations and policies.
He wrote: “It is easier said than done to include the more ‘general’ levels in the
research perspective in a way that is relevant to didactic research...” (Winslew,
2010, p. 131). He claimed that ATD can help to uncover the shortcomings or
even paradoxes of didactic practices. Winslew has also stated that ATD is useful
when proposing ambitious ways to transform education (Winslew, 2010, p. 135).
Also Bosch and Gascén (2006, p. 59) have argued that ATD has the tools to
analyse the so called institutional didactic process.

Within ATD the didactic transposition is the adaption of knowledge from
institutions outside school into knowledge used in the classroom, i.e. at the
teaching situation (Winslew, 2010). There are tools for the analysis of the various
stages in this process. One tool for the analysis of the last stage, the teaching
situation, is the ATD-praxeology.

The praxeology is described as a four-tuple (T, T, 8, ©) consisting of: a type of
task (T), a technique (T), a technology (0) and a theory (®) (Winslew, 2010, p.
124). The four — if fully understood and used — can help to construct better
education. Task and technique are called the “practice block” or the “know how”,
and technology and theory are called the “theory block™ or the “know why”
(Mortensen, 2011, pp. 519-520). A technique is used to solve a special task. A
technology justifies the technique and a theory gives a broader understanding of
the field. The four are to be seen as four dimensions that are all needed when
teaching. The praxeology can be used for pre-classification of didactic work — the
so-called intended praxeology (Mortensen, 2011, p. 523). It can be used as a tool
when analysing advanced mathematics teaching and learning (Winslow, 2000),
and for the analysis of school mathematics activities (Billington, 2009).

Barbé et al. (2005) also argue that ATD is useful when studying classroom
activities at upper secondary school. They describe another tool: the didactic
praxeology, and explain that mathematical and teaching practices can be analysed by
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the so called six moments (table 9). These six moments can appear in different
order in a learning situation in a classroom. Thus, they do not necessarily start
with the first one. These moments can be used when analysing what happens in a
classroom.

Table 9. Didactic praxeology (or didactic organisation) (Barbé et al., 2005, p. 238)

Moment Definitions in short

1. Moment of first encounter A task (T) is presented to the students

2. Exploratory moment Exploration of the type of task (T) and elaboration
of a technique (1)

3. Technological-theoretical moment Creating the technological (8) and theoretical (0)
environment

4. Technical moment Improving the technique

5. Institutionalisation moment Identifying the mathematical organisation (i.e. the

mathematical environment as a whole)

6. Evaluation moment Examination of the value of what is done

All together ATD is a theory and a research program that is said to analyse and
show the shortcomings or even paradoxes of didactic (Barbé et al., 2005,
Chevallard, 2012). Winslew (2010, p. 135) states that ATD is useful when
proposing ambitious ways to develop education. Bosch and Gascén (2006, p. 59)
argue that ATD also has the tools to analyse the didactic processes at institutions
outside school.

Connecting frameworks

Theories in mathematics education research have evolved differently in various
regions of the world. According to Prediger et al. (2008) there are two reasons for
these differences: (1) mathematics education is a complex research environment,
and (2) various research cultures prioritise different components of this complex

field.

Since mathematics learning and teaching is a multi-faceted phenomenon which
cannot be described, understood or explained by one monolithic theoretical
approach alone, a variety of theoretical perspectives and approaches is necessary to
give justice to the complexity of the field. (Prediger et al., 2008)

No theory can deal with everything. Different theories and methods have different
perspectives and can provide different kinds of knowledge. These different
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theories and perspectives can connect in different ways. Thus Prediger et al. state
that there is a need for connecting theories in a more systematic way. This field
of different strategies for connecting theories is called nezworking. Networking of
theories in mathematics education can be done in a wide range of different ways,
from ignoring other theories (i.e. no connection at all), through understanding
others, making understandable, contrasting, comparing, combining, coordinating,

synthesizing, integrating locally and finally unifying globally (Prediger et al., 2008).

Kilpatrick (1995) has long been involved in mathematics education research and
already in the 1990s he argued for interconnection between professions:

There is a necessary interconnection between the two aspects of mathematics
education. The scientific side cannot develop very far unless it is somehow applied
to professional practice, and professional development requires the specialized
knowledge that only scientific inquiry can provide. (Kilpatrick, 1995, p. 33)

Lester (2005) goes even further. He argues that methods are never right or wrong,.
They are more or less appropriate for a particular purpose. And in addition to the
necessary discussions among researchers Lester (2005, pp. 462—464) states that
“... prolonged dialogue with various groups, among them teachers, school
administrators, parents, and students” is mandatory if research questions are to be
properly answered.

This study contributes to mathematics education research and networking by
combining a handful of frameworks. The strategy of combining frameworks was
chosen as it is considered fruitful when the purpose is to understand empirical
data. Looking at the same data from different perspectives can give deeper insights
(Prediger et al., 2008).

The frameworks combined within the study were the SOLO-taxonomy (Biggs
and Collis, 1982) and the ATD-praxeology (Chevallard, 2012, Winslew, 2010).
The two have partly different perspectives:

SOLO is primarily designed to assess the quality of student achievement (Biggs
and Collis, 1982). It has its roots in the constructivism and the Piagetian stage
theory (Piaget and Inhelder, 1971).

ATD-praxeology is a framework designed to analyse education, and is primarily
designed to evaluate and develop teaching situations. The following chapters
describe how this combining strategy was completed (Chevallard, 2012, Winslow,
2010).
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Method and design

The aims of this qualitative study were (1) to gain more insights into potential
learning conditions at SI-sessions at Swedish upper secondary school and (2) to
choose a combination of established frameworks to be used as an analysis strategy.
The study based its statements on class-room observations. It did not deal with
any comparison between teaching methods. Every school lesson is unique.

The phenomenon being studied was students’ discussions of mathematics. The
context was small groups in upper secondary school (Robson, 2011, p. 136). The
design was flexible as the method was developed step-by-step as the study
continued (Robson, 2011, p. 132). Both inductive (Charmaz, 2006, Miles et al.,
2013) and deductive (Miles et al., 2013, p. 81) analyses were used. The deductive
analysis related back to theoretical frameworks (table 10), while the inductive
analysis was used to find out whether the chosen frameworks fit the study. As the
frameworks have not been used in this specific context before, this inductive “test”
was fruitful. It was an opportunity to find out whether there was a need for other
frameworks and/or parameters.

As the research design was flexible the work with answering the two research
questions was run parallel. In order to identify favourable learning conditions (RQ
1) a method for analysis (RQ 2) was needed, and the analyses of students’
discussions (RQ 1) was necessary when analysis frameworks (RQ 2) were to be
tested.

Classroom observations

SI-meetings at upper secondary schools in the southern and western region of
Sweden were observed. The groups (16-17 years old students) were led by older
students (18-19 years old and in one group a university student). At one school
the groups consisted of 5-12 students and at the other school the groups had 10-
16 participants. There were groups from the humanist, technology and natural
science programs. The groups were asked to solve problems that their SI-leaders
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had chosen, and the meetings lasted 40—60 minutes. The SI-meetings were a
compulsory complement to regular lessons in mathematics, and the groups met
every week from September to May. N.B. that participating at SI-sessions usually
is optional at universities. Compulsory sessions makes SI at upper secondary
schools a special form of SI.

One observed school had experience of close cooperation with SI-mentors at a
university, while the other one had very little contact with university mentors.
The main criteria for choosing schools was that they should have different
experiences of help from the university. Another difference between the two
schools was the implementation of SI. Both schools had an introductory course
for the Sl-leaders. At one school the teachers (SI-mentors) arranged this course
and the mentors also visited the SI-meetings quite often during the term in order
to coach the leaders. At the other school the university was responsible for most
of the SI-leader training.

The criteria for choosing Sl-groups to observe was availability. Not all groups
wanted to be observed. Some Sl-leaders refused to let the observer visit the
meetings, while other SI-leaders cancelled already booked observations. Every
participant in groups that finally were visited signed an agreement that allowed
observation and videotaping. The groups’ mathematics teachers and the
headmasters signed the same type of agreement.

Alrogether five SI-groups and 18 meetings were observed over a period of one
year. On two occasions the SI-leaders were asked not to participate. The reason
for this will be further clarified. In total, 14 meetings were videotaped. Three
meetings out of these 14 were taped using two cameras, which makes 17 films all
together. Notes were taken at all observations.

SI-mentors, i.e. teachers guiding the students being SI-leaders, were interviewed
at all observed schools, and semi structured interviews were used (Robson, 2011,
p. 286). The Sl-leaders were interviewed and asked to fill in a questionnaire.
Interviews, questionnaires, observations, notes, transcriptions, analyses and
reports were all done by the same person. To ensure research quality two senior
researchers participated when analysing part of the data (see acknowledgements).
Two reliability-tests were done. The first one aimed at testing whether the
researcher was consistent when using closed coding. Two observation protocols
were analysed twice by the same person. The second reliability test aimed at
checking whether the coding was thoroughly defined, and one video was analysed
by two persons.
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The purpose of interviews and questionnaires was (a) to find answers to the
research question about identifying learning conditions and (b) to find out to
what extent the SI-concept was used and to what extent the schools instead had
developed other concepts of cooperative / collaborative learning. The whole study,
including repetitive observations and analysis of group discussions, was aiming at
(RQ 1) defining, observing and analysing mathematics discussions at SI-sessions
as well as (RQ 2) testing a combination of SOLO and ATD.

Video analysis

It is important to note that the purpose of the analysis was not to define the perfect
SI-meeting. Neither was the purpose to judge if SI is better than other methods
for learning together. Instead the purpose was to find examples of learning
outcomes in the classroom that, in the next step, can lead to understanding which
conditions lead to learning. In order to do so, an analysis strategy was tested.

A hand full of methods were tried for documenting and organising the analyses.
Seven films were entirely or partly coded by three frameworks and one new list of
criteria (see results below and figure 1). Some videos were transcribed word by
word and some were partly transcribed. Remaining ten films were looked through
at least two times each.

The software NVivo was used when transcribing films. NVivo was also tried as a
tool for organising and to documenting video-analyses. Initially, two observation
protocols and two protocols from video analyses were also coded and documented
in NVivo. Finally, all video-analysis-documents were typed, saved and compared.

Both open coding line by line and closed coding were used in the initial analyses.
The line by line coding was followed by focused coding, i.e. an inductive method,
that allows unexpected aspects to emerge (Charmaz, 2006, pp. 42 & 59) (Miles
et al., 2013, p. 81). Then the documents were coded by closed coding, i.c. a
deductive analysis with codes from theoretical frameworks (Miles et al., 2013, p.
81) (table 10).

The open and focused coding (inductive method) was compared with the closed
coding (deductive method). The reason for this comparison was to see whether
the different strategies ended up in similar codes or if different strategies could
give different views of the material. The closed coding often failed in coding
negative occasions. When an SI-leader did not lead a group in a desired way there
was seldom any code to point this out. Open coding ended up in a huge amount
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of codes. It was therefore important to construct open codes that really illustrated
what the material said, but also were short and consistent enough to fit data
sources from the whole study. The combination of inductive analysis, a deductive
analysis and the support of computer software made it possible to organise the
analysis of the empirical data and to document motivations of the codes.

The frameworks used when constructing the closed codes are shown in table 10.
The intention was to compare learning outcome (parameters 1 & 2) with SI-

leader activity (3 & 4).

Table 10. An overview of the discussed frameworks used in closed coding.

Exercise type

SlI-leader activity

Participant activity

Learning outcome

1. ATD Mathematics
praxeology
(Winslew, 2011)

3. SI criteria
(Hurley et al. 2006)

3. SI criteria
(Hurley et al. 2006)

1. ATD
Mathematics
praxeology
(Winslew, 2011)

2. SOLO-taxonomy
(Biggs & Collis, 1982

4. Cooperative learning
criteria

(Johnson & Johnson,
1999)

4. Cooperative learning
criteria

(Johnson & Johnson,
1999)

2. SOLO-taxonomy
(Biggs & Collis,
1982)

The intention was also to compare learning outcome (1 & 2) with participant
activity (3 & 4), and finally to compare learning outcome (1 & 2) with exercise
type (1 & 2). How these initial analysis intentions were developed will be clarified
in the next section.

ATD didactic praxeology and the paradigm of questioning the world are two
important concepts within the ATD research program. In this particular study
however it has not been possible to use all tools that ATD provides.

Gy-marc criteria (in Swedish betygskriterier) and Gy-11 competencies (in Swedish
formdgor) (Skolverket, 2011) have not been used as they are partly politically
grounded and not entirely scientifically grounded. They are therefore more to be
seen as a field where this research can be implemented than to be seen as a research
model. However as the Gy-11 marc criteria try to measure learning, and as Gy-
11 competencies deal with problem solving and communication, Gy-11 has had
an important influence on the choice of focus in the present study.
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Analysis process and strategy development

The first challenge within this study was to decide an analysis strategy, and during
the whole study this strategy was developed and revised. Altogether 18 SI-
meetings were observed. 16 of these were ordinary Sl-sessions with a present SI-
leader. The first groups, however, were two separate SI-groups that were asked to
discuss an exercise without help from an Sl-leader. This was a first test if the
combination of SOLO and the ATD-praxeology was a suitable analysis strategy,
and a test if the frameworks were compatible and/or complementary (RQ 2).

One exercise was classified by SOLO and the ATD-praxeology. The intention
was (1) to test if it was possible to do this classification in advance before giving
the exercise to the students (table 11). The intention was also (2) to decide
whether the two frameworks were a suitable choice when it came to analysing
student learning outcome, and finally (3) if it was possible to correlate every
SOLO-level to a specific dimension of the ATD-praxeology.

The exercise was part of a former national test, which in 2010 had been intended
for all students in the first grade of Swedish upper secondary school (Skolverket,
2011). The students were not told anything about the SOLO- and ATD-

classification of the exercise.

39



Table 11. An exercise was classified by SOLO-taxonomy and the ATD-praxeology. This initial
method for classification of exercises gave important information but was found to be insufficient
for the purpose of the study. See the result section.

SOLO-level Exercise: A roll of paper Praxeology

A rectangular sheet of paper can
be rolled to make a tube
(cylinder) ...

Such a tube is made by rolling a
square piece of paper with side
length 10 cm.

*The diameter of the tube will be

SOLO 2 (later changed to about 3.2 cm. Find the volume Technique
SOLO 3) of this tube  (cylinder).

SOLO 2/3 (later changed to *Show that the diameter of the Technique
SOLO 3) tube will be about 3.2 cm if the

side length of  the sheet of paper
used is 10 cm

If the length and width of the
paper are different, you can make
two different tubes (cylinders)
depending on how you roll the
paper.

SOLO 3 *Starting with rectangular sheets | Technique
of paper with dimensions 10 cm
x 20 cm, two different tubes are
made. Find the volumes of the
two tubes (cylinders).

SOLO 4 *Compare these two volumes Technique
and calculate the ratio between
them.

SOLO 4 *Investigate the ratio between Technology

the cylinder volumes using sheets
of paper with other dimensions.
What affects the volume ratio
between the tall and the short
cylinder?

SOLO 5 *Show that your conclusion is Technology

true for all rectangular papers.
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The SOLO-taxonomy

Three different ways of using SOLO were found in the literature (table 6, 7, 8 &
12), and initially all three of them were used when classifying the exercise. One of
the three methods of using SOLO was part of the original method defined by
Biggs and Collis in the 1980s (Biggs and Collis, 1982). In their book they gave
instructions for how to use the taxonomy when analysing student achievements
in elementary mathematics. The authors recommended that the children’s
solutions were to be analysed by deciding inter alia whether the child can handle
several data at the same time and whether the child shows the ability to “hold off
actual closures while decisions are made” (table 12).

A second method was described by Hattie and Brown (2004) (table 7, 8 & 12).
They grouped the exercises in advance, so that if a student answered a certain
question the student was considered to reach a certain SOLO-level.

Finally Brabrand and Dahl (2009) used the SOLO-taxonomy by the active verbs
once formulated by Biggs (2003) (table 6 & 12) and compared university
curricula with the table of verbs. Certain verbs were considered to point at certain
“intended learning outcomes” in the curricula. Notice that the verb “calculate”

and “do simple procedure” are added to SOLO 2. These verbs are mentioned in
Brabrand and Dahl (2009) and in Biggs and Tang (2011, p. 91).
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Table 12. An overview of three SOLO strategies.

Extended abstract

or more than one answer...”
(p- 63)

“ ... can hold back from
drawing a final conclusion
until they have considered

is generalised to a
higher level of

abstraction.

SOLO-level 1. Initial instructions for 2. Integration and 3. Active verbs
(Biggs and Collis, elementary mathematics number of aspects (Biggs, 2003)
1982) (Biggs and Collis, 1982) (Hattie and Brown, (Brabrand and Dahl,
2004) 2009)
(Biggs and Tang,
2011)
SOLO 5 “ ... consider the possibility The coherent whole | Theorise, generalise,

hypothesise, predict,
judge, reflect,

transfer theory (to new
domain)

Multi-structural

successively in the working

memory ...” (p. 62)

aspects of a task are
picked up or
understood serially,
but are not
interrelated.

various possibilities ... “ (p.
68)
SOLO 4 “ ... not represented by the Several aspects are Analyse, compare,
Relational need to close, in sequence, integrated so that contrast, integrate,
operation by operation ...” the whole has a relate, explain causes,
(p. 63) coherent structure apply theory (to its
“ ... showing the ability to and meaning. domain)
hold off actual closures
while decisions are made
regarding the
interrelationships within the
given statement.” (p. 63)
SOLO 3 “Several data are handled Two or more Combine, classify,

structure, describe,
enumerate, list,

do algorithm, apply
method...

SOLO 2

Uni-structural

“.. arithmetical items that
involve making one closure
even when this requires
making comparison with a
given result.” (p. 62)

One aspect of a task
is picked up or
understood serially,
and there is no
realtionship of facts

Paraphrase, define,
identify, count, name,
recite,

follow (simple)
instructions...,

or ideas. calculate, do simple
procedure
SOLO 1 ”Closes without even seeing No aspect is picked Uses irrelevant
Pre-structural the problem” (p. 25) up information / misses

the point / can’t see the
problem
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In the result section you will find that not all the three were suitable for this kind
of study, and that the work resulted in an analysis strategy that was considered to
suite mathematics education (RQ 2).

The SOLO-taxonomy is widely used and it is used in different ways. Brabrand
and Dahl (2009) however conclude that SOLO may not be suitable for analyses
of mathematics. It was therefore decided that a complementary framework was
needed for this study, which was specifically designed for mathematics education.

Another reason for choosing to combine SOLO with a second framework was
that the work done by Biggs and Collis (1982) was based on closed situations and
not based on open-ended questions or open situations. One of the main ideas of
SIis open situations. Even if Biggs and Collis did not write about open situations,

they invited other researchers to fill this niche (Biggs and Collis, 1982, p. 182).

Anthropological Theory of Didactics

ATD is widely used especially within the French, Spanish and Latin-American
mathematics education research traditions (Chevallard, 2012, Bosch and Gascén,
2000). It is developed to fit mathematics education research and it is a framework
and a research program that calls for more open situations and open questions at
school in general and in school mathematics in particular (Chevallard, 2012).
Thus, it was within the present study found interesting to combine the SOLO-
taxonomy with the ATD-praxeology, SOLO with its focus on student learning
outcome and ATD with its interest in open situations in mathematics education.

Initially every SOLO-level was correlated to a specific dimension of ATD-
praxeology. In the result section it will be clarified why this structure was
abandoned.

Cooperative learning

While analysing the videos of students discussing mathematics it was realised that
a framework was needed, not only for analysing the learning outcome in
mathematics, but also for analysing the group processes. Cooperative learning
(Johnson & Johnson, 1999) is a well-documented method for students learning
together and it has been used and thoroughly studied in the Swedish context
(Brandell and Backlund, 2011). Therefore cooperative learning was the first
framework to be used when studying in what way the students solved mathematics
exercises. Initially the framework was also used for the analysis of the SI-leaders’
actions. The analyses will be described in the result section.
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Results

The analysis of students’ mathematics discussions aimed at answering two
research questions. The first section below deals with the analysis strategy, and
whether the SOLO-taxonomy and the ATD-praxeology are compatible and
complementary (RQ 2). The second section deals with frameworks for analysing
group processes. In the third section important learning conditions are specified

(RQ 1).

Analysis strategy

SOLO - analysing quality

The initial exercise about the volume of a cylinder was coded before it was given
to the students (table 11). The SOLO-coding was based on the three methods
found in literature (table 12). First of all the “Hattie-Brown-method” was used,
as it appeared to be near to practice (table 7, 8 & 12). It seemed to be easy to
decide whether one or two aspects were involved in the question. However when
it came to higher SOLO-levels it appeared to be more difficult to judge whether
the aspects were “integrated”. The “Biggs-Brabrand-Dahl-method” then helped a
lot as it gave more alternative verbs than “integrate” (table 6 & 12). It was for
example quite easy to see if the students were supposed to “compare” or “analyse”.

An example of this is the sub-task where students first should calculate two
volumes and then compare these two volumes (table 11):

“Starting with rectangular sheets of paper with dimensions 10 cm x 20 cm, two
different tubes are made. Find the volumes of the two tubes (cylinders).”

“Compare these two volumes and calculate the ratio between them.”

In both sub-exercises several aspects are involved. A volume is calculated by
multiple parameters. But the active verbs separate the two sub-tasks, as the first
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requires only an algorithm, while the second requires that the student goes one
step further and makes a comparison.

Finally it was important to compare the coding with the “Biggs-Collis-method”
as Biggs and Collis had formulated the original recommendations for how to use
SOLO (table 4 & 12). The book gave a detailed and useful background to the
taxonomy. The mathematics examples, however, were fetched from elementary
mathematics, and it was not obvious how to apply the method in the present
study. The same quotes as above can illustrate that it is not obvious that one sub-
task demands more than the other concerning the student’s ability to hold off
actual closures.

So far the active verbs were found to be the most appropriate method when
dealing with mathematics exercises. SOLO can be considered drawing a
borderline between the active verbs “do algorithm” (SOLO 3) and “explain
causes” (SOLO 4), and the active verbs made it possible to identify these structural
differences between exercises.

A framework was needed that was specifically developed to analyse learning
outcome. Still, it was found fruitful to compare the active verbs to the framework
defined by Lithner (2008). Lithner makes a distinction between creative reasoning
and imitative reasoning, and imitative reasoning is thoroughly defined. The
framework created by Lithner helped when it came to clarify “do algorithm”.

As the active verbs both were found to be useful wen analysing mathematics
exercises and were found to be in line with the Lithner framework it was decided
to use the active verbs for analyses within this study.

ATD - analysing didactic situations

The initial exercise about the volume of a cylinder was also coded by the ATD-
praxeology (table 11). This coding was based on the work done by Mortensen
(2011), who has coded museum exhibition exercises — the so-called intended
praxeology.

The four dimensions of the ATD-praxeology are: a type of task T, a technique T
(the “know how”), a technology 0 and a theory © (the “know why”), and each
sentence of the exercise about the cylinder was coded. It was for example decided
whether the students were supposed to deal with “know how” to solve a problem
or if they were supposed to deal with “know why” a special technique was to be
used.
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Correlations between SOLO and ATD

In the first initial exercise of the present study (table 11) SOLO and ATD-
praxeology were laid side by side. The exercise was coded both by SOLO and
ATD-praxeology. However, this turned out to be somewhat problematic. ATD-
praxeology and SOLO evaluate different dimensions. SOLO is a tool for
evaluating the quality of students’ achievements. The praxeology on the other
hand is made for developing mathematics education and focuses on the teaching
situation, i.e. what is going on in the classroom.

The strategy to try to correlate every SOLO-level to a specific dimension of ATD-
praxeology was abandoned at this early stage in the study. During the rest of the
study it was discovered that the two frameworks often did not correlate.

Thus, part of research question 2 was answered: the SOLO-taxonomy and the ATD-

praxeology were complementary. It was also concluded that if this had not been the
case, the outcome would probably have been that one framework would suffice for the
analysis in this study.

From now on the two frameworks were used for what they were constructed for:
SOLO to analyse student learning outcomes and ATD-praxeology to analyse
teaching situations (or in the case with SI the didactic situations) in the classroom.
The remaining part of research question 2 was now to be answered: is the
combination of SOLO and ATD a suitable strategy and are the two frameworks
compatible, i.e. is it possible to use them in the same study?

The next step of the study was to code the group discussions about the cylinder.
The sentences of the discussions were coded by the active verbs and by the
praxeology. Table 13 shows part of one discussion. The students did not
remember the formula and therefore they tried different strategies. Initially
student (a) discussed with student (e). Finally student (d) joined the discussion
and then remembered the formula. The group managed to solve this first exercise.
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Table 13. Quotes from this group discussion (without an SI-leader) are analysed by SOLO and by

ATD-praxeology. Quotes are translated from Swedish and commented by the observer.

(d) Is not the radius times
the radius times pi?

takes the command
and finds the

technique

Quotes SOLO- ATD- Comments Researcher's
taxo- praxeo-logy justifications of the
nomy codes

(a) A square paper. It is 10. Task Two groups discuss

Ok then it is rolled up. So it the exercise. Student

will be about 3.2 cm. (a) and (e) start.

(e) I just want to say that SOLO 1 Student (e) SOLO: uses

you ... draw a little bit more misunderstands the irrelevant

so it becomes rectangular relation between information

not square. Or, it is a “square” and

rectangle. “rectangular”.

(a) No. Itis ... (reads the

task) A pipe is made from a

square paper.

(e) They write this in the

beginning ... (reads the task)

A rectangular paper can ...

(a) D-m I've forgotten how Student (a) and (e)

to do this. try to find a relevant

(e) It is the diameter times SOLO 1 technique. SOLO: uses

the length or height ... irrelevant

(a) Is that so? information

(e) I think so.

(a) But no. It does not

become square ...

(a) It is supposed to be

CM3. It just gets CM2. It SOLO Tech-nique/ | Student (a) notices SOLO: do

does not work. 3/4 Techno-logy | that their technique algorithm / analyse

does not work. ATD: to know how
/ to know why

d) How do you count ... SOLO 3 | Technique A parallel discussion | SOLO: do

We were supposed to have goes on between algorithm

the area of the circle. student (d) and ATD: to know how

(b) Wait what are we student (b). Student

supposed to figure out? (d) comments what

(reading task) (a) just said.

(d) Volume ... then we need

the area of the base

(b) What?

(a) Yes exactly The two groups start

(b) The area of the base? SOLO 3 Technique to discuss with one SOLO: do

. an other. Student (d) | algorithm

ATD: to know how
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According to this first analysis SOLO showed to be useful when coding students’
mathematics discussions. The active verbs (table 6) clarified the SOLO-levels.
ATD-praxeology made it possible to identify the various dimensions of the
didactic situations. N.B. as mentioned above ATD deals with partly other aspects
than SOLO does. Another difference is that SOLO focuses on what students do
and on mathematical learning outcome, while ATD-praxeology focuses on the
nature of the mathematical zeaching situation. And remember that the praxeology
has no dimension that corresponds to SOLO 1.

One example from this first analysis is a student who used an algorithm and
reached SOLO 3. The ATD-dimension technigue expects the student to deal with

knowing how to solve a problem. See the last row of table 13:

(b) The area of the base? SOLO 3 Technique SOLO: do algorithm
ATD: to know how
(d) Is not the radius times the
radius times pi?

To reach the ATD-dimension technology the students are expected to deal with 70
know why a technique is being used and SOLO 4 expects the student to either
explain or analyse what they are doing. Something close to this happened in the
discussion in table 13. The students tried to find out how to calculate the volume
of a cylinder. They did not immediately find the algorithm and they did not
exactly show they knew why the method they were trying did not work (SOLO
1), but one student went a bit further than the others (SOLO 3/4).

(e) It is the diameter SOLO 1 SOLO: uses irrelevant
times the length or height information

(...) SOLO 3/4 Technique / SOLO: do algorithm
(a) It is supposed to be Technology / analyse

CM3. It just gets CM2. ATD: to know how /
It does not work. to know why

Apparently students discussed on level SOLO 3/4 even if the exercise was pre-
coded as SOLO 2 or 3.

Thus, a second part of research question 2 was answered: the strategy with pre-
classification of exercises did not hold. More parameters than the type of task decides
how far a student discussion can reach.
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Even if SOLO and ATD-praxeology are constructed for separate purposes, there
were still occasions when SOLO and ATD did correlate. Citations that were
classified as SOLO 2 or SOLO 3 were almost entirely classified as the ATD-
praxeology dimension “technique”. When a quote had been classified as SOLO 2
it was often motivated by the verb “calculate” and sometimes by the verb “follow
simple instructions”. SOLO 3 was motivated by the verbs “do algorithm” or
“apply method”. The ATD-praxeology dimension “technique” is described by
Mortensen (2011) as a teaching situation when the students concentrate on the
question “to know how”. Therefore the main motivation for classifying quotes by
“technique”, was: “the students try to find how to solve the task” or “the students
know how to solve the task” (table 14, quote no. 1).

There were however occasions when the discussion (the didactic situation) dealt
with “knowing why” but when the students did not reach further than to use an
algorithm. These situations then were classified as SOLO 3 and ATD-technology
(table 14, quote no. 2)

Quotes that were classified as SOLO 4 were sometimes classified as the ATD-
praxeology dimension “technique” and sometimes as “technology”. Quotes that
were classified as SOLO 4 were often motivated by the verbs “analyse”,
“compare”, “explain causes” or “apply theory to its domain”. The ATD-
praxeology dimension “technology” is described by Mortensen (2011) as a
teaching situation when the students concentrate on the question “to know why”.
Therefore the main motivations for classifying quotes by “technology”, was: “the
students try to find why a specific algorithm or method works or does not work”
or “the students know why a specific algorithm of method works or does not
work” (table 14, quote no. 4).

There was a difference between quotes that were classified as SOLO 4 + technique
and the quotes that were classified as SOLO 4 + technology. If the classification
was motivated by “analyse” or “compare” it was often also coded as “technique”.
The mathematics discussions could in those cases be dealing with how to use an
algorithm to compare different solutions or to analyse a result (table 14, quote no.
3). If the classification was motivated by “explain causes” or “apply theory to its
domain” it was often also coded as “technology”. The mathematics discussions
could in those cases be dealing with why a specific algorithm or method worked
or did not work (table 15, quote no. 4).
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Table 14. Quotes from group discussions are analysed by SOLO and by ATD-praxeology. Quotes

are translated from Swedish and commented by the observer.

different temperature
than its surroundings,
the object's
temperature can at a
given time be
calculated by a specific
formula where

Tm = the ambient
temperature, which is
assumed to be constant
To = the original object
temperature

t = the time

k = a constant

The students were
supposed to calculate k
under specific
circumstances.

Student: Yes, but we want to
redo. Now we redo because we
should use the unit that we
found.

Student: We were going to test
it.

Quote number and Quotes SOLO- | ATD- Comments
exercise in brief Taxo- Praxeo-
nomy logy
1 SI-leader: Shall we look at it SOLO | Techni | SOLO: do algorithm
The students are with ... sign? We derive this. 3 que ATD: the students
supposed to draw a This is the black one. (SI points know how to solve
graph that represents at 1 / x) Now we have it ... Now the task
the derivative of a we'll take the red one here. If we
graph. They find out derive this (points) We intended
that it is the graph of to write this as ... Was there
f(x)=1/x anyone who had thought ...
They conclude that Student: x raised to ...
(%)= 1/x! Student: minus one.
fox) =1/x2 SI-leader: And then we derive it.
What do you get?
Student: Minus one, x raised to
minus two.
2 SI-leader: And which sign does SOLO | Techno | SOLO: do algorithm
The same exercises as 1 this have if x is less than one .. or | 3 logy ATD: the student (in
less than zero. this case the SI-
Student: minus. leader) try to lead the
Sl-leader: And if x is greater than students of the group
zero. to discuss why a
Student: positive specific algorithm
Sl-leaders: Right. That's why it works.
jumps like this.
3 Sl-leader: But are you not SOLO | Techni | SOLO: compare
When an object has a satisfied with the result you get? 4 que ATD: the students

know how to solve
the task.
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4 SI-leader: If we were to derive it | SOLO | Techno | SOLO: apply theory

The same exercises as 1 | again, which sign would it get 4 logy to its domain
then? ATD: The students
Student: It would jump back try to find why a
again. specific method
SI-leader: It would jump back works.
again. The SI-leader leads

the students into a
discussion without
calculating and asks
the students to draw
conclusions about
what will happen in

the next step.

One conclusion drawn from this analysis is that a didactic situation classified as
ATD-technology probably involves a discussion where the students question the
relevance of suggested methods. The student discussion however can be classified
as SOLO 4 even if the discussion just deals with comparing task solutions.

A conclusion drawn from the whole study is that ATD seems to demand more
from the teaching (didactic) situation than SOLO does. According to Mortensen
(2011, pp. 519-520) a technique is used to solve a special task. A technology justifies
the technique and a #heory gives a broader understanding of the field. No
situations were found that were classified as A7D-theory. The students did not
reach SOLO 5 either. However students were near to begin to generalise.

The two groups solving the pre-classified exercise managed both to reach SOLO
4 but none reached ATD-theory. It even seemed as if the groups reached SOLO
4 because they did not know the formula. They had to discuss the background of

the exercise to find out how to solve it (table 13).

In total the study also shows that in the present context SOLO and ATD are
compatible frameworks.

Table 15 shows a final example of the similarities, the differences and the
borderlines between SOLO and ATD. It is an Sl-session where an SI-leader was
present, and the students discussed an exercise from a former Swedish national
test (Skolverket, 2011). One student seemed to reach a high SOLO-level without
anyone noticing what happened. Everyone was searching for the answer and thus
missed interesting reasoning. What at first glans looks like low level may hide
interesting dimensions. The exercise is translated from Swedish by the researcher.
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The summer 1998, many complained about the weather. In Luled it rained 35

days during the summer months, while 57 days were without rain. If it rained one

day, it rained even the following day at 40% of the time. Pelle booked well in

advance a two-day visit in Luled. What was the probability that he got rain on both

days?

Table 15. Quotes from an Sl-session that are translated from Swedish and commented by the

observer. Comments concern differentiation between codes.

(f): Are you going to draw the 90
days?!
(f): Oh come on!

Content SOLO ATD Researcher's justifications of
Learning Teaching the codes
outcome situation
(Student (a) takes the calculator SOLO 2 Technique SOLO: calculate
and calculates the answer.) ATD: to know how
(a): 0,38. 0,38!
(.2
SOLO: apply method
(0): Take zero, comma ... can’t you . {X.lthough .this'is an algorithm it
get ... don’t you take 0.38 times 0.4 SOLO 3 Technique is calculation in one step.
to get both or something like that? ATD: to know how, because
they do not yet reason about
why they do the calculations
they make.
(e): Thus it is 38% when you get SOLO 3 Technique SOLO: do algorithm but still
there. And then it's 40% ... calculation in a step.
(0): The day after if it has rained. SOLO: apply method
And it is thus 0.38 times 0.4, I think. | SOLO 3 Technique
(d): Or you calculate how many days | SOLO 4 Technique SOLO: analyses, probabilities
... what's it called ... that's 35 days of rainy days. More than just
and so you calculate 40% of 35. the algorithm.
Take 35 times 0.4. Thinks outside the algorithm,
((d) takes the calculator) but does not analyse why the
technology works. ATD: to
(...) know how
(d): 14, and then 14 must be the ... ATD: to know how
hm ... the days afterward. SOLO: Student wish to
Or if you draw like this ... or will it concretise and start to analyse.
be too much ... 90 days so. And so ... | SOLO 4 Technique This reasoning could have gone

further to what the probability
stands for and how you can test
out to understand why a tree
diagram works.
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In total this study so far showed that SOLO and ATD-praxeology can be

combined in the following ways:

e Ifstudents followed instructions how to solve a problem the situation was
coded as SOLO 2 & Technique.

If students knew how to use an algorithm the situation was coded as

SOLO 3 & Technique.

If students explained why a method worked the situation was coded as

SOLO 4 & Technology.

If the situation dealt with knowing why an algorithm worked but
students just used the algorithm without discussion why, the situation
was coded as SOLO 3 & Technology.

If the situation dealt with knowing how to solve a problem by using an
algorithm and students compare different solutions the situation was

coded as SOLO 4 & Technique.

Thus as an answer to research question 2 the findings of this study state:

o The SOLO-taxonomy and the ATD-praxeology have shown to be
complementary. They analyse different dimensions of student activities.

o In total the study also shows that in the present context SOLO and ATD are
compatible frameworks.

o The strategy with pre-classification of exercises did not hold.

o The combination of the SOLO-taxonomy and the ATD-praxeology was a
good enough strategy to be used when analysing students’ mathematics
discussions and thus for answering research question 1. In the following
process the strategy was further tested and finally it was concluded that the
strategy indeed was suitable for the purpose.

Identifying cooperative processes

As the aim of the study was identifying learning conditions at mathematics
discussions at SI-meetings in upper secondary school, it was necessary (1) to find
out whether the observed meetings really were Sl-sessions, (2) to observe
participant processes and (3) to observe the SI-leaders’ guidance.
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(1) Interviews and questionnaires with the Sl-leaders and mentors (i.e. teachers
training the Sl-leaders) showed that the intention always was to adapt the SI-
meetings to the demands of the SI-method (Hutley et al., 2006). SI-leaders and
mentors were well aware of what SI is. Often they admitted however that it was
not always possible to act adequately in a specific situation.

(2) The basic elements of cooperative learning showed to be very useful when
studying the group processes. At one observed SI-meeting there were two groups
consisting of four students each. The groups were working in parallel. Both groups
and the Sl-leaders actions were analysed by the basic elements of cooperative
learning (Johnson and Johnson, 1999) (table 16, 20 & 21). One group ended up
to interact almost all the time (basic element 3 promotive interaction) and the
other group did not interact that much. None of the groups showed to have “small
groups skills” (basic element 4), neither did they reflect on their own group
processes (basic element 5).

Thus, in the work with research question one, about identifying learning
conditions, cooperative learning was one of the frameworks used (table 16). Table
16 is a developed table 1, and the column at the right consists of complementary
explanations formulated and used within this study.
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Table 16. Basic elements of cooperative learning (Johnson and Johnson, 1999)

personal responsibility
for own effort, helping
others and for
accomplishing the
group’s goal.

Five basic elements Explanation according | Key words Complementary
to Johnson & Johnson explanation used in
(1999) this study
1. Positive The students have a “Swim or sink together” | Most of the group
interdependence mutual set of goals. Common goals members participate
They jointly celebrate
their success.
2. Personal Each member “No free ride” All group members take
responsibility contributes & takes Everybody contributes personal responsibility

3. Promotive

interaction

Students work together,
exchange information
and feed-back. They
promote each other’s

success.

Feed-back, exchange

information

Most of the group
members participate in
the

promotive interaction

4. Interpersonal and
small groups skills

Students must be
taught the social skills
required. Everybody
listens and
communicates so that
everybody understands.

Trust, communicate
accurately, support each
other, resolve conflicts
constructively.

All group members
communicate
accurately

5. Group processing

Everybody follows the
group rules. The group
has periodic evaluations
of the group process
and of how well the
group is functioning.

Groups reflect on group
rules

All group members
follow group rules and
participate in
evaluations

(3) When it came to analyse the Sl-leaders’ actions, the five basic elements were
considered insufficient for the purpose. The basic elements of cooperative learning
do point out if the students have learnt how to solve problems together, and of
course this indirectly shows if someone has taught them. But it is not the SI-
leader’s responsibility to teach. The Sl-leader is a student who coaches groups in
the classroom, and a framework was needed that could help to analyse what was
happening momentarily. The eyes fell on the coaching of the SI-leaders. Maybe
the criteria, that were taught at the training of the SI-leaders, could be used as a
framework when analysing the SI-leaders’ actions.
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After having interviewed the mentors (i.e. teachers who train and coach SI-leaders;
one important mentor was Malm (2013)) and after having consulted the literature
(Hurley et al., 20006) a list of “Sl-criteria” was constructed. The list was finally
used to analyse the SI-leaders (see table 17).

Table 17. Sl-criteria developed and used in the study.

The Sl-leader dudies Criteria used in this study

Does the SI-leader take the role of a facilitator by 1. SI-leader is a facilitator
clarifying tough exercises? Does the SI-leader avoid
answering all questions and instead ask new questions
and hence make students find the answers?

Does the SI-leader 2. Sl-leader coordinates the discussions
* initiate work in small groups (2-3 students)?

* initiate competitions?

* initiate and lead discussions in a larger (8-12 students)
group?

* coordinate the presentation of conclusions?

* summarise questions at the end of the session?

Does the SI-leader listen to what the group needs to 3. SI-leader listens to the group’s needs
discuss, e.g. with help from the teacher or by asking the
group what to do next time?

Does the SI-leader know enough mathematics and is the | 4a. SI-leader knows enough

Sl-leader well prepared? 4b. SI-leader does not know enough
Does the SI-leader try to create a positive attitude to 5a. SI-leader creates positive attitude
mathematics? How? 5b. Sl-leader prioritises attitude to learning

5c. SI-leader prioritises higher level

The research strategy that was finally chosen is shown in figure 1. The
mathematics content of the discussions was analysed by SOLO and ATD-
praxeology. The group processes were analysed by cooperative learning basic
elements and the SI-leaders’ guidance was analysed by the SI-criteria formulated
within the study. It was found that the three frameworks and the Sl-criteria were
all very useful. They helped the researcher to see much more than had been
realised during observations of the SI-meetings in the classroom.
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discuss mathematics

Sl-sessions where students |

Analyse

Can create the onditions for

Figure 1. Research strategy and frameworks.
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Favourable SI-leader actions

Research question 1 concerned identification of specific favourable SI-leader
actions. The above discussed strategy was used when analysing the mathematics
discussions at Sl-sessions, and the three frameworks and the Sl-criteria gave
structure to the extracted data. This was important as this part of the study was
extremely time consuming. Thanks to the frameworks it was possible to identify
crucial SI-leader actions. It was possible to study the impact of the SI-leaders
guidance, the importance of suitable exercises and what happened if the SI-leader
was, or was not, prepared for the task. In the following the first issue to be
discussed is the importance of a suitable task.

The choice of task

It was found that students reached different SOLO-levels at different occasions.
A group could reach SOLO 3 and 4 one day, and the same group on another
occasion most of the time only reached SOLO 1 and 2.

Three meetings with the same group and the same Sl-leader were observed (table
18 & 19 and figure 2, 3, 4 & 5). The three meetings took place within three
months and they were all videotaped. The group consisted of five students who
were present at all three occasions. In the following text some of the tasks will be
presented that the groups discussed at the different meetings. Then a couple of
student discussions will be analysed.

At an Sl-meeting in March the exercise to be discussed was from a former Swedish
national test. The text is translated from Swedish by the Swedish national agency
for education (Skolverket, 2011).

The TV exercise:

The two most common picture formats for a TV are the standard picture formar
and the widescreen formatr. The length of the diagonal of the screen, measured in
inches, is used to describe the size of a TV. One inch is approximately 2.54

centimetres.
Example: A common size of TV is 28” (28 inches).
A standard picture format TV has a screen where the width is 4/3 of the height.

A widescreen TV has a screen where the width is 16/9 of the height.
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Consider two TVs that are the same size, which means that the diagonals of the
screens are the same length, but where one of them is of the standard picture
format and the other one is of the widescreen format.

Determine which format gives the screen with the largest area.

A

Height
28 29

A
v

Width

Figure 2. The exercise about the two TV screens (Skolverket, 2011). An example of a standard
television format is 28 '(28 inches).

At an Sl-meeting in April the group discussed a handful of exercises from a former
Swedish national test. One of the exercises dealt with angles in a logotype (figure
3) and a triangle was the focus of another (figure 4). The text is translated from
Swedish by the Swedish national agency for education (Skolverket, 2011).
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The logotype exercise:

At an advertising agency a circular logotype is being made for a client’s account
according to the drawing below. In order to make the logotype the angles must be

determined.

Calculate x and y.

radius

Figure 3. The excrcise about the logotype (Skolverket, 2011).
The triangle exercise:
In the triangle ABC, DE is parallel to AB.
a) Determine the length of the line AC.

b) Determine the length of the line DE.

Figure 4. The exercise about the triangle (Skolverket, 2011).
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The third SI-session that was observed with the same group took place iz May.
On this occasion the group discussed the already mentioned exercise about Pelle
and the rain in Lulei (Skolverket, 2011).

The rain exercise:

The summer 1998, many complained about the weather. In Luled it rained 35
days during the summer months, while 57 days were without rain. If it rained one
day, it rained even the following day at 40% of the time. Pelle booked well in
advance a two-day visit in Luled. What was the probability that he got rain on both
days?

It has been concluded that the results do not provide any support for the use of
neither SOLO nor the praxeology for pre-classification of exercises. Various
groups and various students discussing a specific exercise showed to reach various
levels. Still it may be appropriate to comment the exercises. As the same group
reached various levels at different occasions, the choice of problem to solve may
have had an influence on the discussions.

The exercises about the TV and the rainy days can both be seen as more “reality
based” than the exercises about the logotype and the triangle. These two exercises
were also described by more text than the others. It was possible to solve the logo-
and triangle-exercises just by using algorithms, but the TV- and rain-exercises also
required a certain amount of modelling ability. As has been stated the level of
students’ discussions indeed may depend on if they know the appropriate
algorithm or not. Still, if the exercise demands more than an algorithm, students
have to go further to be able to solve the problem.

At the meeting in March the Sl-leader had prepared the exercise about the TV
(figure 2) which had several sub-exercises. The SI-leader was familiar with the task
and knew the answers of the sub-exercises.

The group discussed the exercise intensively and two figures were drawn on the
whiteboard (figure 5) and then the discussion continued (table 18):
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[

Figure 5. Students’ drawings on the whiteboard when discussing the two TV screens.

Table 18. Part of the group discussion in March about the TV sizes. The observer has commented

the quotes and translated them from Swedish.

silently)

Quotes and reflections SOLO ATD- Basicele- | SI- Researcher's
praxeo- ments criteria | justifications of
logy coope- the codes

rative
learning

Participant (c): Is this the SOLO 2 Techni- SOLO: name,

diagonal, or? (pointing) que identify

(ST and an other participant): SI'1 ATD: to know

Yes how

(Participant): Call both of them Coop 3

m. SI: facilitator

(Participant):what? Coop: exchange

(Participant): m or something. information

(Participant (c) writes d at both

the diagonals on the board) SOLO 2 SOLO: follow

(9:d instructions

(Participant): d for diagonal.

(Participant): That was it! SOLO: can not

(c): What else is there to be SOLO 1 see the problem

done?

(SD): Then you should figure out Type of SI: knows

which diagonal is ... which area task SI 4a enough

is the largest. SOLO 2 SOLO: Sl-leader

(Participant (c) reads the task recites
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(SI): Do you understand? SI1,2 SI: facilitator

(Participant): You become so ... &coordinates

when you see that the one is so SOLO 3 Coop 3 Coop: feed back

much bigger. SOLO: describe

(0): So then it is ...are you

supposed to use type of ... SI: coordinates

(SI): Use what? SI2 the discussion

(c): But, shall T calculate the ... SOLO 1 SOLO: can not

(pointing at the diagonals) see the problem

(Participant): But it's the same. Coop 3 Coop: feed back

(SI): You can call the diagonal ATD: to know

what you want. Techni- SI'1 how

(c): Ok ... but if we take the que SI: facilitator

diagonals ... then we can

calculate ... x and y .. and then

you use something like ...

(Participant (c) writes something

and blurs out immediately) SI: facilitator

(SI): With what?

(Participant (c) puts down the SI'1

pen and sits down.)

(SI): Do you remember? Techni- SI'1 ATD: to know

Participant (d): Mmm que how

(SI): How do you do it then? SI: facilitator

(d): To get y?

(e): To see which is the biggest Coop: exchange

... But wait, the one on the right Coop 3 information

side. X is equal to three-thirds of SOLO : describe

the ... up there is 4 thirds of one | SOLO 3

(d): You can see which is the

biggest.

(e):It is (c), who is bad at

drawing. SI: facilitator

(SI): What do you mean? SI'1

(e): The one on the right side.

(SI): Yes

(e): Isn’titx ... x on the right SOLO: analyse,

side there ...isn’tit ... thatit’s SOLO 4 | Techni- compare

three thirds, and the upper one que ATD: to know

is four thirds? Or? how

(Participant d concentrates on

the cell phone)

About 10 minutes later

(c) writes on the board: SOLO 3 Techni- SOLO: do

yA2 +256/81 y2 = 900 que algorithm
ATD: to know
how
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SI-leader suggests that the SOLO 2 Techni- SI'1 SOLO: Sl-leader
students replaces 1 by 81/81. An que aims at: follow
intense and nervous discussion Coop 3 simple
starts. The participants do not instructions
seem to understand. SOLO' 1 ATD: To know
how
Coop: exchange
of information
SOLO:
Participants:
missed the point
SI: facilitator
The SI-leader lets the Coop 3 SI'1 Coop: exchange
participants discuss. Then the of information
SI-leader writes on the board: SOLO 2 SOLO: follow
81/81 y"2 + 256/81 y"2 = 900 (SOLO Tech- simple
(SI-leader): ”And you said you 3) nique instructions
wanted to put it all together.” ATD: to know
how
The SI-leader is quiet. SOLO: do
algorithm
SI: facilitator
After an intensive discussion (e) SOLO 3 Techni- Coop 3 SOLO: do
takes the pen and writes: que algorithm
337/81 y4 = 900 ATD: to know
how
Coop: exchange
of information
(SI-leader): “Do you agree?” SI'1 SI: facilitator
The discussion continues and SOLO 2 Coop 3 SI'1,2, | SOLO: follow
the SI-leader stops the discussion Coop 1 4a instructions
when the group makes mistakes. Coop: exchange
of info &
common goal
SI: facilitator,
coordinates,
knows enough
The SI-leader guides the group SOLO 3 | Techni- SI'lo SOLO: do
and then (d) writes: que 20 5a algorithm
337/81 y”2 = 900 ATD: to know
how
SI: facilitator,
coordinates,
positive attitude
The lesson is almost finished but Coop 3 Coop: exchange
the group goes on and finally Coop 1 of information

they solve the whole problem.
Not everybody has understood
the soulution.

Coop: jointly

celebrate success
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The students interacted with each other (basic element 3 of cooperative learning)
and they also seemed to work towards a common goal (coop 1). The observation
does not indicate that all participants understood the reasoning, i.e. not all of
them seemed to take personal responsibility for their learning (not coop 2) and all
were not communicating in a way so that everyone could understand (not coop

4).

The Sl-leader reached the SI criterion create good atmosphere (S criteria 5a). The
participants continued to try to solve the task, even if the time of the session was
running out. It is of course impossible to say what was the reason for this, but
explanations may be that the SI-leader was positive, participating and a well-
prepared facilitator (SI 1). The reason for the relatively functional group
discussion may also have been that the task was challenging and within reach of
the students. In addition the issue - the TV — seemed to engage the students.

The SI-leader took great part in the discussion and gave direct directives on what
should be written on the whiteboard. This is against the Sl-criteria (S1), but it
was perhaps in this case necessary to bring the discussions forward.

At the end of the discussion three participants were discussing intensely. The SI-
leader did not interfere but prevented mistakes. A participant asked for the SI-
leader's support: "I think we are completely way off. If we are completely way off,
you have to tell." This suggests that the participants had confidence in the SI-
leader.

At this meeting in March the group discussions reached SOLO 3 & 4, ATD
technology and two of the five basic elements of cooperative learning. The SI-
leader was found to fulfil four of the five SI-criteria, see table 18.

At a meeting at end of April the same SI-leader had not prepared any exercise so
the group was asked to choose problems from a former Swedish national test. The
different exercises led to different types of discussions. One of the tasks that the
participants discussed was the one about the logotype (figure 3). The exercise
turned out to be too complicated and the group gave up.

When the group discussed the task about the triangle, however, they managed to
solve the major part of it (figure 4). The students knew methods (Pythagoras’
theorem and uniformity) and managed to solve the problem without going further
than SOLO 3 and ATD-technique. Most of the students participated in the
discussion (coop 3). One can conclude that if students at all will be able to have a
fruitful discussion, the task must be reasonable. The Sl-leader supported the
discussion (SI 1) and the group reached an acceptable solution (coop 1).
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At the beginning of May the same group and the same Sl-leader discussed the
exercise about Pelle and the rain in Lule3 (table 19):

Table 19. Part of the group discussion in May about Pelle and the rain. Quotes are translated

from Swedish and commented by the observer.

And so ...

(f): Are you going to
draw the 90 days?!
(f): Oh come on!

Quotes and SOLO ATD- Basic ele- | SI- Researcher's justifications of
reflections praxeo- | mentsof | crite- the codes
logy coopera- | ria
tive lear-
ning
(d): Or you calculate Coop 3 Coop: exchange of
how many days ... information.
what's it called ... Three students, sometimes
that's 35 days and so four, out of five participate.
you calculate 40% of
35. SOLO: analyses, probabilities
Take 35 times 0.4. SOLO 4 | Tech- of rainy days. More than just
nique the algorithm.

((d) takes the Think outside the algorithm,
calculator) but do not try to find out why

the technique works.

ATD: to know how
(...)
(d): 14, and then 14 Coop: two students seem to
must be the ... hm ... communicate here. (d) tells ()
the days afterward. what to write on the the

whiteboard.
((e) writes 14 on the Coop 3
whiteboard.) SI: Attempts to coordinate, try

to give the pen to the student
(d) Or if you draw like so that he/she can write on the
this ... or will it be too | SOLO 4 | Tech- SI2 board. Student refusesto take
much ... 90 days so. nique the pen.

ATD: to know how

SOLO: Student wish to
concretise and start to analyse.
This reasoning could have gone
further to what the probability
stands for and how you can test
out to understand why a tree
diagram works.
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It appears as if this exercise was a challenge that led the students to start thinking
outside (analyse) the algorithm (SOLO 4), but they did not try to find out why
the algorithm works (ATD- technique and not technology).

The three discussed SI-meetings indicate that the choice of exercise influences
how far student discussions reach. In the first meeting the leader had chosen a
reality based exercise which was not easy to solve just by using algorithms. This
exercise was discussed by the students for almost an hour. Most of the group
participants were involved in the discussion and the group reached an acceptable
answer.

At the second meeting the case was quite the opposite. The Sl-leader had not
chosen any exercises in advance, so the group was asked to choose. They decided
to try tasks that at a first glance seemed to be easy to solve but that they had to
leave without solving them. At the third meeting the SI-leader helped the group
to choose a more comprehensive exercise and the discussion went on for almost
an hour. Most of the group participated.

Another example of the importance of well-selected exercises was the initial group
discussions with the classified exercise (table 11). The two groups were of different
size, different programs and different schools. Still both groups were able to
discuss and solve the problem step by step. Both groups were considered to reach
ATD-technique, ATD-technology and SOLO 3& 4. Both groups tried to solve
the whole exercise by generalising and thus came near to SOLO 5. This task seems
to have promoted intensive discussions.

Maybe an even more comprehensive task had encouraged the groups to
discussions at even higher SOLO-levels. However a too complicated task may
instead lead to failure. This was probably the case at some of the observed
meetings. At one SI-meeting with an experienced Sl-leader an ongoing group
discussion failed when the group and the Sl-leader tried to sort out a complicated
exercise. So, even if the Sl-leader was well prepared and even if the group had
proved to be able to discuss mathematics at advanced levels, the discussions did
not lead anywhere when the exercise was too complicated.

RQ 1: Meetings were observed when one single Sl-leader presented various tasks and
meetings were observed when one single task was discussed by various groups. In total
this illustrates that discussions have been affected by the choice of task.

RQ 1: It was also observed that even if an exercises did not demand more from the
students than knowing how to use an algorithm, the discussions sometimes failed.
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Discussions about exercises that demanded modelling could, on the other hand, end up
in an acceptable solution.

Of course it is not possible to judge objectively whether a task is simple or not.
Had the groups solved more tasks if they had known more algorithms or if the
leaders had been better prepared? Is the group size or the groups’ collaborative
skills of great importance? This will be discussed in the following paragraphs.

SI-leaders guiding groups and Sl-leader training

Several occasions were observed when an Sl-leader facilitated the group
discussions (SI-criterion 1) and when an Sl-leader coordinated the work (SI 2).
At one meeting the participants were divided into sub-groups of three or four
students. The exercise to be discussed was about forces, triangles and
trigonometry. One sub-group asked the SI-leader for help. The SI-leader showed
how to get one small step further. The SI-leader then left the group to work by
themselves. The students used the new information and solved the problem.
Afterwards these students turned round and helped other students in another sub-
group.

On occasions when the SI-leader was well prepared for the task and knew enough
mathematics the participants at these particular meetings managed to solve
problems together (table 18, 20 & 21). This may indicate that the training SI
leaders receive is important for the outcome.

The two observed schools trained their SI-leaders in partly different ways. Both
schools gave a compulsory course of one or two days at the beginning of the school
year. At one school the mentors at the same school were responsible for the course.
At the other school university mentors held the training course for the new SI-
leaders. At one school the mentors visited SI-meetings often but at the other
school the mentors had less time to visit the meetings, instead the SI-leaders met
at lunch-meetings now and then. In total both schools tried to help SI-leaders to
learn the SI-method and to develop their leader skills.

Within this study four SI-groups were observed 3-6 times each over a period of 6
months (in one case 12 months). It was possible to notice the development of the
SI-leaders’ leading skills. There were SI-meetings when SI-leaders tried to lecture
and to dominate the session, and the observations show that even an experienced
SI-leader can start to lecture. The SI-leader is not supposed to lecture, and within
this study it has not been observed that lecturing SI-leaders are successful.
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At the beginning of the term one of the SI-leaders often took the role of a teacher
and lectured most of the SI-sessions. This SI-group was often visited and coached
by SI-mentors. The leader developed the methods during the course, and after
two months the leader was less dominant and let the participants discuss. One can
assume that training and ongoing supervision during the term had been
significant.

RQ 1: Meetings were observed when one experienced SI-leader led groups that reached
high SOLO-levels. In total this may possibly indicate that discussions have been
affected by the Sl-leader.

RQ 1: Meetings were observed when one single SI-leader on various occasions was more
or less prepared for the task. In total this indicates that discussions have been affected
by the SI-leaders’ degree of preparation.

RQ 1: Meetings were observed when various Sl-leaders did or did not act as
Jacilitators. In total this may possibly indicate that discussions have been affected by
the SI-leaders’ grade of training.

Group composition lox cooperative skills

At one observed Sl-meeting the Sl-leader divided the students into two sub-
groups. Both sub-groups were videotaped. In one of the sub-groups (sub-group
2, table 21) all students were involved but the discussions were dominated by one
student. In the other sub-group (sub-group 1) all students were involved in a more
equal way (table 20).

70



Table 20. Part of the discussions in group 1. The exercise was dealing with the change of the

temperature of an object. Quotes are translated from Swedish and commented by the observer.

Quotes and reflections SOLO | ATD- Basic ele- SI- | Researcher's
praxeo- ments of cri | justifications of the
logy coope-rative | te- | codes
lear-ning ria

(0):Ist2Istin S? ... Hm ... shall SOLO SOLO: analyse
we use Sl-units? 4 Type of SI: facilitator
SI-leader: Well, what do you task S1 | Coop: feed-back
think? Have you checked on the
formula?
(b): What is SI-unit? Coop 3
(0): Yes
Sl-leader: If you choose to use
second or minute, or whatever
you want.
(a): It doesn’t matter. Coop 3 Coop: feed-back
(c): The ratio is the same. SI: facilitator
Sl-leader: What if we were to SOLO | Techno- SOLO: leader
switch t from seconds to 4 logy S1 | compares & contrasts
minutes. What would change in ATD: leader wants
the formula? students to discuss “to

know why”
(a, b, ¢) chatting briefly. (d) Coop 3 Coop: exchange of
yawns) Coop 2 information
(b): e raised to minus 60 timest, | SOLO | Tech- Coop: each member
sorry, k times minus 60 or 3 nique contributes
minus k times one. SOLO: do algorithm
(c): What? ATD: to know how
(d): You always work with digits. | SOLO SOLO: (d) misses the

1 point

71




Table 21. Part of the discussions in group 2. The exercise is explained in table 14 quote 1. Quotes

are translated from Swedish and commented by the observer.

(b): But there is a positive derivative?
(looks at the figure on the whiteboard)
(a): Why doesn’t it ever become
positive?

(c): What do you mean?

(b): The first one should be positive,
right? The one on the left of the x-axis.
(d): Well, T understand.

Quotes and reflections SOLO | ATD- Basic SI- Researcher's
praxeo- ele- crite- justifications
logy ments ria of the codes

of
coope-
rative
lear-
ning

(c): If we shall derive 1/x. SOLO Techni- Coop 3 SOLO: do

(a): Derive 1/x (writes on paper) 3 que algorithm

(c): It becomes minus ... ATD: to know

((a) and (c) are talking simultaneously) how

((d) try to break in) Coop:

() to (d): Yes exactly, can we make it x exchange of

raised to minus one ... right? information

(c): Mmm

(a): If we derive this it should be ...

minus x

(c): raised to minus 2

(a): What does the graph look like? SOLO | Techni- Coop 3 | S1 SOLO: analyse

Have you any idea about that? (towards | 4 que ATD: to know

<) how

(c): No idea Coop:

(SI-leader listens) exchange of

information
(a): We can see what our dear SI: facilitator
calculator says. (takes the calculator) SOLO SOLO:
2/3 calculate /
apply method

(c): What! Coop 3 Coop: feed-

(a): Yes, ok back

(b): This was exciting SOLO: analyse

(all four students look at the calculator) ATD: to know

(d): Why is it so? why

(a): Why are there no positive values?

‘What happens if we put a positive value | SOLO | Techno-

on the x-axis? 4 logy
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The two groups quoted in table 20 and 21 both appear to have trained group
skills. They do not reach coop 4 or 5, but they do both reach coop 3. They reach
SOLO 4 and one group reaches in these paragraphs ATD-technology.

It is not easy to discover differences between those two groups. However one of
the groups (group 1) appears to cooperate more thoroughly. Everybody
participates in the discussion (coop 2). The same SI-leader and the same sort of
coaching (questioning) may thus lead to different conditions in different groups.

One reason of the difference between the two sub-groups can however be that
they part of the time solved different exercises. Sub-group 1 solved an exercise that
they found quite complicated and they struggled to find a suitable method
(SOLO 4). Sub-group 2 on the other hand quickly found an algorithm which was
enough to solve the problem (SOLO 3).

All the students in both sub-groups were used to solving problems together. They
managed to discuss even if the sub-groups were as big as four students each. On
other occasions with other students and other groups it appeared to be impossible
to handle bigger sub-groups than two students per sub-group.

RQ 1: Meetings were observed when one single SI-leader on various occasions was
coaching groups of various sizes. In total this indicates that discussions have been

affected by the group composition.

RQ 1: Meetings were observed when one single SI-leader coached two separate groups
that reached different basic elements of cooperative learning. This indicates that
discussions have been affected by the group composition.

Analysis and learning conditions

The study has shown that the frameworks were useful, compatible and
complementary. Thanks to these, it was possible to go beyond common sense and
see new things. The problem has not been finding interesting sequences to
comment on and learn from. The difficulty has been to choose between all the
exciting observations and insights.

The study has also shown that a combination of well trained and well prepared
SI-leaders, carefully selected tasks, Sl-leaders skilled in mathematics, carefully
composed groups, and groups trained in group interaction seem to influence
mathematics discussions.
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The software NVivo provides a number of tools useful for qualitative analyses. By
using the NVivo-tools “coding stripes” and “matrices” it was possible to identify
situations in films that were coded by SOLO and ATD-praxeology. By using the
NVivo-tool “memos” it was possible to connect the situations to the researcher’s
motivations for specific classifications.

NVivo facilitated to some extent the management of complex data, but what
made the big difference indeed were the theoretical frameworks.

Reliability tests

The design of this study was flexible, and if a study like this is repeated the results
may be different. However two reliability-tests were done that tested the closed
coding procedure. The first test was a minor initial test where the observer herself
coded two documents twice. This test aimed at testing whether the method with
closed coding with SOLO and ATD-praxeology at all was possible to use. This
minor reliability test was saved in NVivo and showed an agreement of 92-99%.

The second and major reliability test aimed at testing if two persons made the
same decisions when coding an observation by SOLO and ATD-praxeology. The
major part of a transcript was coded. This test showed for SOLO an agreement of

74% and for ATD-praxeology an agreement of 79%.

This work has to be seen as part of the development of a research strategy and part
of the development of knowledge about how mathematics discussions can be
guided. Therefore the reliability test was followed by an extra discussion about a
couple of details. (1) Were the SI-leaders' guidance to be coded by SOLO or was
it just the participants’ discussions that were to be coded? (2) If a group uses a
method that is not optimal is it to be coded as SOLO 1 or SOLO 3? (3) Shall the
ATD-praxeology code the whole teaching situation or only what the students
actually say? It was decided that (1) both leader and participants were to be coded,
(2) a bad method should be coded as SOLO 1 and (3) ATD-praxeology is

designed for analysis of the teaching situation.

The results tell us that a strategy like this can be reliable if there are detailed
definitions of the various codes and criteria, and if there are continuous
discussions within the groups aiming at using the codes.

When it comes to identifying learning conditions and developing knowledge
about students learning together the two persons doing the parallel analyses had
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given attention to very much the same occasions in the transcript. Participant
discussions that were coded as SOLO 4 or Technology had an agreement of 100%
(i.e. both persons coded five occasions as SOLO 4 or Technology).

This indicates that the strategy used in this study can help to identify high quality
group discussions. This must be an important conclusion, i.e. that the method
suited the research questions, and thus that the results of this study gave valid
information about a suitable analysis strategy (RQ 2) and about learning
conditions that can be identified at mathematics discussions at SI-meetings in

upper secondary school (RQ 1).
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Discussion

There are various opinions about how to analyse education in mathematics
(Prediger et al., 2008) and there are various views on what is mathematics
education (Kilpatrick, 1995, p. 38) (Skemp, 1976, p. 26). Kilpatrick (1995) tells
a thought experiment to clarify one of the possible reasons why these differences
still exist:

“Imagine a research mathematician saying: ‘I am growing old and can no longer
do original mathematics. /.../ I have decided that mathematics education is a field
I would like to join because I think I can make a contribution.”

“Now imagine a mathematics educator saying: ‘I am growing old and can no
longer do original work in mathematics education. /.../ 1 have decided that
research mathematics is a field I would like to join because I think I can make a
contribution.” ¢

Kilpatrick argues that if these two stories do not sound equally acceptable there is
an imbalance in status. He states that if one is to bridge the gap between the two,
it is crucial to build a climate of mutual trust and respect between mathematics
educators, mathematicians and teachers, and that this “demands much effort and
is not accomplished overnight”.

Hopefully, the present study can make at least a minor contribution to this huge
challenge. The study aimed at analysing learning as a group process and it aimed
at finding an analysis strategy. The study context was Sl-sessions, and both SI-
leaders and mentors at school and at university were involved.

Analysis strategy — RQ 2

Theoretical frameworks do not provide quantitative arguments for which teaching
method is the best. Theoretical frameworks instead open the viewer's eyes and
help to see new things. In the beginning of this thesis the mathematics researcher
Johan Lithner was cited:
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But without a framework guiding our constructions or focusing our evaluation, we
will never really know exactly what we are doing and why it failed, or why it worked
so well. (Lithner, 2008)

SOLO-taxonomy

The frameworks used in this study indeed helped the observer to see new things
and to find learning conditions. In the initial test of this study an exercise was pre-
classified (table 11) and various ways to use SOLO were tried. It was found that
using the active verbs (Biggs, 2003, Brabrand and Dahl, 2009) was the most
appropriate way to use SOLO when dealing with mathematics discussions.
However the results do not provide any support for the use of SOLO for pre-
classification of exercises.

This is consistent with the way Biggs and Collis (1982) use SOLO. In their
chapter about elementary mathematics they do not suggest specific exercises for
various SOLO-levels. Instead they suggest exercises that are presented for all
students and they classify the various student responses by the SOLO-taxonomy.
Biggs and Collis also suggest that different possible student responses can be
classified in advance. It is thus determined in advance how a particular answer

corresponds to a certain SOLO-level. (Biggs and Collis, 1982, pp. 61-93).

However Biggs and Collis state:

It is not however always possible to specify the extended abstract responses in
advance; the student may plug the example into an unexpected but nonetheless
relevant principle and deduce quite unpredictable extensions and examples. (Biggs

and Collis, 1982, p. 30)

This study has not analysed whether it is possible to correlate answers in advance
to specific SOLO-levels. Sl-leaders ruled the meetings and the observer had no
influence on the choice of tasks. Rarely was the observer allowed to see a task in
advance.

The study does not provide any support for SOLO always having to be seen as a
staircase where a student first reaches SOLO 2, then SOLO 3 etc. The study
suggests that the student can reach quite high SOLO-levels — even with fairly poor
mathematics skills. Thus it was found that the students’ previous knowledge could
affect whether the group reached SOLO 2, 3 or even SOLO 4. Students who did
not know an algorithm had to discuss on a higher level (even SOLO 4) to find a
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solution of a task. While students who were familiar with algorithms solved quite
complicated exercises without coming any further than SOLO 3.

Maybe this speaks against what Biggs and Collis (1982, pp. 177-178) write. “It
is to be expected then that a student will respond at a lower level if he is presented
with a new and unfamiliar item-type.” However they continue: “Experimenting
with different items is the best way of determining what will work best in a
particular class situation.” As I understand it Biggs and Collis open up for various
ways of implementing SOLO.

Biggs and Collis (1982, p. 21) also state that students can reach different SOLO-
levels on different occasions and in different contexts. They state that this is an
argument against the use of the Piagetian stage theory. As I see it both ATD
(Winslew, 2010) and Lithner (2008) support their statement. Both argue that the
learning context is important for the learning result.

Winslew (2010, p. 119 & 129) write that when mathematics tasks are visited
briefly (visiting monuments) students loose the meaning of the task and the
significance of the answers. Instead he argues for mathematics education where
students use tools (including #heory) to solve real human challenges. And he pleads
for education based on questions (questioning the world). Lithner argues similarly:

To understand why a particular reasoning type is used it is necessary to consider
the learning environment in which the competencies are formed. (Lithner, 2008,

p. 270)

ATD-praxeology

ATD is a framework that has been developed specifically to analyse the
distribution of mathematical knowledge, including teaching and learning
processes. It provides a theory which can be useful to describe the development of
mathematics education. Within the present study the praxeology was found to be
suitable when evaluating the didactic situations. Especially the criteria to know
how and to know why clarified the praxeology dimensions.

Just like SOLO, ATD-praxeology cannot always be seen as a ladder or a staircase.
The praxeology consists of four dimensions that all are needed in a didactic
situation.

The findings support the idea that the ATD-praxeology and the SOLO-taxonomy
measure mathematics education in partly different ways. SOLO is primarily
intended to be used to assess the quality of students' achievements (Biggs and
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Collis, 1982). ATD-praxeology is primarily designed to analyse teaching and
learning processes paying special attention at the mathematical activity
(Chevallard, 2012, Winslew, 2010).

If we use the praxeology as learning criteria ATD also seems to demand more than
SOLO does. If a student is to reach SOLO 5, it requires that the student can
generalise (Biggs, 2003). To reach ATD-theory demands insights into how
various methods are bound together (Mortensen, 2011).

ATD pleads for open situations (questioning the world) (Winslew, 2010). SOLO
on the other hand is constructed primarily to evaluate student responses in so
called closed situations, where the teacher knows which answer is wanted for
specific exercises (Biggs and Collis, 1982, p. 182). However, within the present
study this was not seen as a problem. As have been stated before Biggs and Collis
open up for, and also exemplify, a wider use of SOLO.

/...l there are several further implications that the SOLO Taxonomy has for
education, research methodology, and psychological theory. Many of these
implications are speculative, but it is to be hoped that with further research and
development they will become as practically relevant as the matters we have already
discussed. (Biggs and Collis, 1982, p. 182)

Thus, Biggs and Collis welcome a broader use of SOLO. Both SOLO and the
ATD-praxeology have within this study successfully been used for open exercises.
This is an important argument for the statement that SOLO and ATD-
praxeology are compatible (RQ 2).

Networking

In this study it was at first tried to coordinate SOLO and the ATD-praxeology.
The intention was to find out how specific SOLO-levels did correspond to specific
ATD-praxeology dimensions. If this had been possible the conclusion must have
been that the two frameworks were not complementary (RQ 2). This would have
led to the elimination of one of the frameworks from this study.

However, as the two frameworks measure in different ways, this strategy was soon
abandoned. Instead the two were combined. Both Lester (2005) and Prediger et
al. (2008) support this type of work. Neither of them say that networking has to
imply a total integration or unifying between frameworks. Lester (2005, p. 466)
tells us to adapt ideas from a range of theoretical sources to suit goals both for
research and for developing practice in the classroom in a way that “practitioners
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care about”. Prediger et al. (2008, p. 503) invite us to “... go as far as possible,
but not further.”

Cooperative learning & ST

Cooperative learning is a method for learning together (Johnson and Johnson,
1999). The method demands high teacher skills and great ability to prepare and
structure. Supplemental instruction on the other hand is a method where students
are coaching students without the presence of a teacher. However, the results of
the present study indicate that both frameworks are useful. Basic elements of
cooperative learning has proven to be a functional framework for studying student
group interaction. No group achieved all five "basic elements”, but several showed
at least one or two and sometimes three.

It was found that the basic elements of cooperative learning were not sufficient
for analysis of the SI-leader's guidance. Specific criteria for evaluation of the SI-
leaders were developed. The criteria were based on previous literature and on
discussions with SI-mentors (Hurley et al., 2000).

Research question two

The videos of the observed SI-meetings have proven to be invaluable as they have
given an opportunity to study the situations over and over again. The software
NVivo was also found to be a useful tool when analysing students’ discussions. It
was also found that it was fruitful to combine inductive and deductive methods.
They partly ended up in different codes and therefore in different perspectives
and analysis results. Inductive analysis — such as grounded theory — was useful
when it came to finding insufficiencies in the frameworks (Charmaz, 20006).

However, the most important tools were the frameworks. The frameworks provided
invaluable help to be open minded when analysing the videos.

All rogether the results of this study indicate that students’ mathematics discussions can
be analyses with the strategy used. The two frameworks SOLO-taxonomy and ATD-
praxeology were found to be both compatible and complementary.
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Learning conditions — RQ 1

The first research question concerned learning conditions at students’ discussions
in mathematics. The study was inspired by Swedish schools’ various efforts to
provide collaborative moments and their implementation of the new curriculum
for upper secondary school (Gy-11). It has not been the intention to analyse any
discussions by the Gy-11 curriculum. However, the findings seem to match part
of the marc criteria. The results indicate that when students solve larger
mathematical problems in pairs or in small groups, they can reach the advanced
mathematical reasoning and communication that Gy-11 demands (Skolverket,
2011).

Gy-11

The Swedish mathematics curriculum for upper secondary school requires seven
competences (Skolverket, 2011). These are shortened and translated from
Swedish by the observer:

Mathematics teaching shall provide students with opportunities to develop competences
within (1) concepts, (2) procedures, (3) solve mathematical problems and evaluate
strategies (4) interpret a realistic situation and formulate a mathematical model, (5)
Jfollow mathematical arguments, (6) communicate mathematical ideas and (7) relate
mathematics to its importance.

The new curriculum also gives marc criteria that the teachers are supposed to
follow (Skolverket, 2011). There are several courses and each course has its own
marc criteria. The marc-scale from A to E has specific and comprehensive criteria
for each stage A, C and E. Bellow one short example is translated. It is fetched
from marc C for the first course at one of the programs. The text is translated
from Swedish by the observer:

The student reasoning is mathematically informed and the student evaluates own
and others' reasoning by using nuanced reasoning and distinguishes between
guesses and well-founded claims.

In addition, the student expresses himself with some certainty in speech, writing
and action and uses mathematical symbols and other representations with some
adaptation to purpose and situation.

As SI is used in Swedish schools that are supposed to work within GY-11, it may
be appropriate to notice the correlation with the frameworks used in this study.
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There were for example groups that were exchanging information (coop 3) about
analyses (SOLO 4) of mathematics methods, which can be compared with marc
criteria: evaluate own and others’ reasoning.

The students also solved tasks of standard character (competence number 2); they
solved mathematical problems (no. 3) and they communicated mathematics ideas
(no, 6). However occasions were not observed when the students formulated
mathematical models (no. 4) or when they evaluated mathematical arguments
(no.5). This is probably not to be seen as a problem. SI is not supposed to provide
all dimensions of upper secondary school mathematics. SI is a complement and
not the regular teaching.

Type of task

The findings indicate that one important condition that influences discussions in
mathematics is the choice of task. One group reached different outcomes on
different occasions. On these occasions the tasks had various quality (se section
“The choice of task” above). The statement is supported by both Biggs and Collis
(1982), Lithner (2008) and by Chevallard (2012).

In general the teacher must be clear about her intentions. First, there are the overall
intentions that derive from the curriculum. These larger intentions /.../ become
translated into smaller and smaller ones /.../ to particular tasks within lessons. By
the time we are setting up a SOLO task we are doing it to quite specific intentions.

(Biggs and Collis, 1982, p. 30)

The teacher’s task is to arrange a suitable didactic situation in the form of a
problem. (Lithner, 2008, p. 271)

Chevallard (2012) argue that the paradigm of questioning the world, i.e. a shift
from just short visits at shallow mathematics techniques to deeper and more
comprehensive questions and theories, can solve the “present crisis in mathematics
education”.

Within research on SI one can find similar argumentation. Hurley et al. (2006)
state that the task is central:
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When a student does not understand complex tasks the SI leader teaches the
student how to break it down into smaller parts. /.../ They do not ‘re-lecture’ but
instead provide activities that allow students to think critically, teach one another
the material, learn effective strategies that work for deeper understanding and test
preparation. (Hutley et al., 2006, p. 12 & 17)

Hurley et al. (2006) continue to argue that the Sl-leader must provide dynamic
sessions that capture the participants’ attention. This leads us to the next finding
saying that the way in which SI-leaders were guiding the groups was crucial.

SI-leaders’ guidance

The quality of the Sl-leaders’ preparation and how leaders were guiding the
groups were probably factors that were connected to the training of the SI-leaders.
The findings indicate the importance of good coaching. Nothing indicates that
SI would minimise the need of a good coach. Sl-leaders need training and
coaching and hence mentor and teacher efforts are very important.

These findings are supported by Hurley et al. (2006) who stress the SI-mentors’
(by Hurley et al. called the supervisors) responsibility to assist the SI-leaders with
attendance and faculty relations and to identify weaknesses. Also Johnson and
Johnson (1999) and Boaler (2008) argue for the importance of a teacher being
present and for training in cooperative skills.

Cooperative skills

There were indications pointing at that the group itself was important for the
learning process. Students who had experienced SI in year one at upper secondary
school seemed to have obtained cooperative skills (nearly coop 4) at a greater level
than students who had not experienced SI before. To reach the code coop 4 the
whole group was supposed to show these skills, therefore the code was not used at
all. However, single second year students showed cooperative skills more often
than single student in first year did. This influence on group collaboration has to
be further analysed.

Finally Nilsson and Ryve (2010, pp. 242 & 2406) state that collaborative learning
processes require groups with common goals. Problems may be solved in various
ways within the group, but if students develop personal goals the mathematical
communication may fail.
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Research question one

All together this study indicates that favourable SI-leader actions are the choice of task,
the Sl-leaders’ degree of preparation, the training of the Sl-leaders and the group

compositions.

Implementations and further research

Both Biggs and Collis (1982) and Jakobsson et al. (2009) question if it is possible
to judge what a student knows just by using individually written tests. "In a one-
to-one situation the educator can always go further and ask “Why do you think
that?” In a written situation he does not have that option.” (Biggs and Collis,
1982, p. 29). These thoughts may be developed. The present study focused on
identifying specific learning conditions in collaborative moments. A future study
could focus on evaluating individual students in collaborative situations.

Future research could use both the basic elements of cooperative learning and
criteria for SI-leaders to study the whole Sl-concept in upper secondary school.
Such a study would include the regular teachers in mathematics as well as the SI-
leader training and the mentoring. The study would, for example, answer the
question to what extent the school as a whole lives up to the vision of SI. Such a
study could lean on the argumentation of Lester (2005). According to him a
dialogue is necessary between teachers, school administrators, parents, and
students.

In this context one of the founders of SOLO ought to be cited. John Biggs has
written about how to strengthen the student and about shared responsibility for
the good learning environment in the classroom. In a future research study
classroom situations could for example be analysed by Biggs’ three levels of thinking
about teaching (Biggs, 2003, pp. 18-20) (Biggs and Tang, 2011, pp. 16-20 &
42):

According to Biggs level one is education adapted to "what the student is".

Level two is education where the teacher is the responsible. A good teacher is well
trained and able to explain. The focus is "what the teacher does’.

Level three is education where the focus is "what the student does". Biggs says that
the good learning and the good activities in the classroom depends on both the
student's ability and motivation and on the context the student is studying in
including the teacher and the activities going on in the classroom. Biggs specifies

85



what he means is the most important factor in creating the good harmonious
learning environment:

The greatest enemy of understanding is coverage /.../ If you’re determined to cover
a lot of things, you are guaranteeing that most kids will not understand, because
they haven’t had time enough to go into things in depth /.../ (Biggs and Tang,
2011, p. 43)

There are also useful methods for creating the good learning environment Biggs
and Tang plead for. Response groups is one such method. It encourages students to
write and discuss specific theoretical topics and practical applications (Dysthe et
al., 2011, Hoel, 2001, Pelger and Santesson, 2012).

Previous research must be seen as an invaluable source of ideas and methods for
education analysis and development. Various theories and methods may be
combined. According to Sriraman and Haverhals (2010, p. 36) there is even a
difference between “front” mathematics and “backstage” mathematics. Front
mathematics is formal, precise and with a stated goal, while mathematics
backstage is informal, intuitive and with the answers maybe and it looks like. They
state that the “backstage mathematics” is more or less hidden at universities and
not introduced to school students.

Maybe we will in the future see networking between the two (mathematics
backstage and the front). Hence, students may be allowed to experience more of
intuitive, experimental “backstage” mathematics, and thus do less of visiting
monuments.

Conclusions

Collaborative exercises in school may or may not lead to enhanced learning among
the students. The aim of the present thesis was to point out specific learning
conditions at SI-meetings. The aim was also to contribute both to the systematic
link between existing frameworks and to the development of a strategy for
analysing the outcomes of learning as a group process. The findings can be used
both in schools and for further research.

To sum up, the research findings indicate that when students try to solve larger
mathematical problems in pairs or in small groups, they may reach the advanced
mathematical communication that the new Swedish curriculum requires.
However, collaborative moments can lead in the wrong direction if the
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implementation is planned poorly. Poorly composed groups may for example
provoke students to give up the task. No method development can be allowed to
happen with carelessness.

From the school point of view the conclusion is that Supplemental instruction
can be a fruitful complement to regular teaching if it is planned, implemented
and evaluated thoroughly. It is important too to remember, that an SI-leader is
not a teacher and that you cannot expect the Sl-leader to handle all kinds of
situations in a classroom. Therefore SI is, and will always be, a complement to
teachers’ teaching.

From the analysis and research point of view the conclusion is that the method,
in which students' mathematical discussions are videotaped, facilitates the
analysis. The conclusion must also be that an analyse strategy that involves SOLO,
ATD and cooperative learning is useful when it comes to examining student
collaboration and mathematics discussions.

The most important contribution that this study gives to research and school
practise must be this final conclusion concerning the second research question.
The frameworks have shown to be both compatible and complementary and the
combination has turned out to be a successful analysis strategy. When it comes
to the first research question, about identifying specific Sl-leader actions and
learning conditions, the work will go on.

“Knowing should be studied in action”

There are several ways to learn mathematics and several ways to analyse learning
processes. A school that, in a carefully conducted manner, challenges students to
solve mathematics problems together, and that cares to study the students while
communicating, will probably discover that Swedish adolescents have both
interest and vast knowledge.

This thesis ends as it began, by the argumentation for the development of research
and education methods. Jakobsson et al. (2009, p. 993) state:

The wider question that is raised through our results is what is a pedagogically
meaningful way of studying knowing about such complex issues. Here, we would
argue that listening to students as they engage in processes of learning is a
potentially richer and much more productive source of generating educationally
relevant insight. /.../ Knowing should be studied in action.
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Elever diskuterar matematik

Liraren och lirarens val av metod anses ha stor inverkan pé vad eleverna ldr.
Didaktisk forskning har visat sig kunna bidra till att vi férstir mer om
undervisningens utsikter att lyckas, men trots all forskning aterstar nnu mycket
att gora. Undervisningsmetoder behdver testas och utvirderas. Man behéver
kombinera olika forskningsteorier och det behdvs fler och bittre metoder for
utvirdering.

Denna avhandling ir ett forsdk att bidra bide till systematisk koppling mellan
befintliga teorier och till att testa och utveckla metoder for analys av
undervisningens effekter pa elevers lirande.

Undervisning i svensk skola kombineras ofta med grupparbeten av olika slag.
Dessa grupparbeten kan vara i form av mini-projekt som eleverna forvintas
redovisa infor klassen. Andra samarbetsdvningar kan vara att tillsammans l6sa ett
storre problem. I detta fall forvintas eleverna diskutera och lira sig nagot
tillsammans. Elevers studier i grupp och i samverkan kan leda till forbattrat
lirande. Samarbetsovningar i skolan kan dock ocksé leda i motsatt riktning.

Denna forskningsstudies huvudsyfte har varit att analysera lirande som en
grupprocess under si kallade SI-méten (Supplemental instruction, se nedan).
Studiens fokus har varit att identifiera férhillanden i klassrummet som kan vara
gynnsamma for elevers lirande i allmidnhet och matematiske lirande i synnerhet.

Ett andra syfte med denna studie var att testa en analysstrategi, och att anpassa
teoretiska modeller (ATD och SOLO) for att analysera resultaten av elevernas
matematikdiskussioner. ATD star for Anthropological Theory of Didactics och
SOLO star {6r Structure of the Observed Learning Outcome. SI har inte studerats pa
detta site tidigare, och strategin har inte anvints for att studera den svenska
gymnasieskolans matematik.

Visionen ir att ldsaren ska finna konkreta forslag pad hur vetenskapliga
analysmetoder kan anvindas i ldrarens vardag och pid sia sitt underlitta
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dterkommande utvirdering av den egna lirargirningen. Kanske kan lisaren hitta
ett och annat korn av inspiration till fornyelse av nagot kursavsnitt.

Samarbetslirande

Ar 2011 inférdes en ny liroplan och nya kursplaner for svenska gymnasieskolan.
Den nya kursplanen i matematik innebar utmaningar med sju si kallade
kompetenser som eleverna numera forvintas forvirva. Tva av dessa kompetenser
ir probleml6sning och kommunikation, och skolan behover alltsd utveckla
metoder dir elever trinas pa de sitt som uppdragsgivaren kriver.

For att stirka elevernas matematiska kunskaper har ett par skolor i sodra Sverige
infort s kallad Supplemental instruction eller SI. ST dr en form av samarbetsldrande
som anvinds som ett komplement till ordinarie undervisning pd universitet i olika
delar av virlden. Aldre studenter, si kallade SI-ledare, coachar yngre kamraters
matematiska diskussioner, detta utan att f6r den skull agera ldrare. Konceptet har
utvirderats en hel del pa hogskolenivé och anses ddr framgangsrikt. Diaremot finns
fa studier av SI pa grundskola eller gygmnasium.

SI pa gymnasiet fungerar s att elever i drskurs 1 loser matematiska uppgifter
tillsammans i mindre grupper. Elever i dk 2 eller 3 fungerar som SI-ledare. Pi flera
skolor dr SI-métena obligatoriska, och de fungerar alltid som ett extra tillfille
utover ordinarie undervisning. Det hela stottas av ansvariga lirare. Dessa lirare,
eller mentorer, utbildar Sl-ledarna i att inte ge firdiga svar utan i stillet guida
deltagarna och lata dem diskutera sig fram till metoder och 16sningar. Mentorerna
deltar mycket sillan i sjilva SI-métena.

Eleverna sjilva har visat upp delade meningarna om konceptet. Vissa tycker att
SI-métena ir for roriga:

”Jag vill rikna i boken och vara ifred.”

”Jag vill att liraren ska beritta hur det ska vara.”
Andra idr ndjda:

Vi ldr ju kinna dom som gate lingre hir pa skolan.”

"Det var bra att vi triffades i de sma grupperna direke nir vi borjade hir. Nu SI-
ar vi s ofta vi kan.” Att SI-a forklaras med att man hjilps at med matte nir det

behovs.
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Det ir detta Sl-koncept som denna avhandling handlar om, dir SI ir ett
komplement till ordinarie undervisning och bestar av schemalagda diskussioner i
matematik pd ndgra svenska gymnasieskolor.

Videoanalys av diskussioner

Under ett ar studerade jag SI. Forskningsstudien gick ut pa att elevers diskussioner
videofilmades och sedan analyserades med hjilp av en kombination av nagra vil
beprovade teorier. Syftet var att finna exempel pd typer av situationer och
hiandelser som underldttar elevers lirande, och i férlingningen soka klargora hur
SI-konceptet kan utvecklas. Allt for att utveckling av metoden verkligen ska leda
till bittre lirande i klassrummet och inte i motsatt rikening.

De teoretiska ramverk som anvindes var SOLO (Structure of the Observed
Learning Outcome) och ATD-praxeology (ett verktyg inom Anthropological
Theory of Didactics). Studien kompletterades med teori om sa kallad cooperative
learning samt med forskning kring SI. ATD-praxeology ir ett vertyg som ir
framtaget for att forbattra matematikundervisning och ir frimst avsett dill att
virdera och utveckla undervisningssituationer. SOLO ir frimst avsett att virdera
kvaliteten pa elevers prestationer. Det kan vara pa sin plats att uppmirksamma

lasaren pé att ATD-praxeology analyserar aktiviteter i klassrummet pé ett annat
sdtt an SOLO.

Studien om SI pa gymnasieskolan ir nu avslutat. Resultaten som helhet pekar mot
att det dr mojlige att skolmatematik kan utvecklas och samtidigt vara bra for
elevers lirande. Detta kan lyckas dven om ldraren inte viljer mellan i
ytterligheter, dvs. alltid forelisningar frin tavlan eller alltid enskilt arbete i
matteboken. Dock — och detta ir ett viktigt dock — har det visat sig att ett lyckat
resultat kriver en hel del férberedelser och fingertoppskinsla!

Analys som fungerar

Resultaten har visat att undervisning kan studeras och utvirderas med de metoder
som anvints inom studien. Videofilmerna har visat sig vara ovirderliga. De ger en
mojlighet att i lugn och ro studera hindelser under de lektioner som filmats. Jag
har ging pa gang blivit uppmirksammad pa hur mycket jag inte sig direkt under
mina observationer av SI-méten och hur mycket mer filmerna gav.

91



ATD-praxeology visade sig vara utmirke for att virdera sjilva undervisningens
kvalitet. SOLO-taxonomin visade sig vara mycket anvindbar till att i efterhand
analysera undervisning, elevlosningar samt diskussioner. SOLO kan darfor varme
rekommenderas till den som 6nskar analysera sin undervisning.

ATD stiller hogre krav an SOLO. Hégsta SOLO-nivin kréver att eleven kan
genomfora en [6sning pd generell niva. En lektion som beror generella 16sningar
uppfyller dock inte kraven for alla dimensioner i ATD-praxeology. For detta krivs
att lektionen ocksa beror teoretiska sammanhang som pa ett dvergripande sitt
forklarar hur olika metoder binds samman.

Coopertive learning dr en metod for samarbetslirande under ledning av en larare.
Metoden stiller hoga krav pa lirarens kompetens och forméiga att forbereda och
strukturera. Supplemental instruction 4 andra sidan ir en metod dir elever
coachar elever utan nirvaro av en lirare. Resultaten av studien pekar pd att
cooperative learning anda ir anvindbar nir SI-méten analyseras. Basic elements
of cooperative learning har visat sig vara ett utmirkt ramverk for studier av elevers
gruppsamverkan. Ingen grupp uppnidde alla fem “basic elements”, men flera
visade prov pd minst tvd och ibland tre. Det blev dirmed mycket tydligt vad som
behover utvecklas ytterligare inom SI pa de gymnasieskolor som studerades.

Dock visade det sig att "basic elements of cooperative learning” inte dr optimala
for analys av Sl-ledarens agerande pa plats i klassrummet. Eftersom cooperative
leraning bygger pé en aktiv ldrarinsats, stiller metoden hogre krav pd ldraren dn
vad som dr rimligt att stilla pa en Sl-ledare — dvs. en elev som agerar coach. Dirfor
togs det fram specifika kriterier f6r virdering av Sl-ledarens insatser i
klassrummet. Kriterierna bygger pa tidigare litteratur samt pa diskussioner med
de forskare som 4r ansvariga fér SI vid Lunds universitet.

Fortsiittning och slutsats

En kommande forskningsstudie skulle kunna anvinda bade basic elements of
cooperative learning och kriterierna for Sl-ledarna och innebira en studie av hela
SI-konceptet pa gymnasiet. En sadan studie skulle d4 omfatta klassernas ordinarie
larare i matematik samt de ldrare som utbildar SI-ledare och som sedan under
lisaret agerar mentorer. Studien skulle exempelvis kunna besvara frigan i vad méin
skolan som helhet lever upp till visionen med SI. I detta arbete kan en av
grundarna till SOLO vara till nytta. John Biggs har skrivit en hel del om hur man
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kan stirka lirarens och elevens gemensamma ansvar f6r den goda ldrandemiljon i
klassrummet.

Om man i en fortsatt forskningsstudie utgar ifran Biggs resonemang skulle man
exempelvis kunna analysera situationer i klassrummet med hjilp av hans #hree
levels of thinking about teaching (Biggs, 2003, pp. 18-20) (Biggs and Tang, 2011,
pp. 16-20 & 42). Niva ett 4r undervisning som anpassas efter “what the student
is”. Niva tva dr undervisning som ligger hela ansvaret pa liraren. En bra ldrare dr
vilutbildad och lyckas forklara. Fokus dr "what the teacher does’.

Niva tre 4r undervisning dir fokus dr "what the student does”. Biggs menar att det
goda lirandet och de goda aktiviteterna i klassrummet beror bide pd elevens
formaga och motivation samt pd det sammanhang eleven studerar i inklusive
liraren och de aktiviteter som pagér i klassrummet. Biggs specificerar vad han
menar idr den viktigaste faktorn for att skapa den goda harmoniska lirandemiljén:

The greatest enemy of understanding is coverage /.../ If you’re determined to cover
a lot of things, you are guaranteeing that most kids will not understand, because
they haven’t had time enough to go into things in depth /.../ (Biggs and Tang,
2011, p. 43)

Sammanfattningsvis kan sigas att denna studies resultat visar att tidigare forskning
en ovirderlig killa till idéer och metoder f6r skolutveckling, utvirdering och
analys. Resultaten pekar ocksd pa att nir elever fir mojlighet att 16sa storre
matematiska problem i par eller i sma grupper, kan de na just de avancerade
matematiska resonemang som den nya imnesplanen f6r gymnasieskolan kriver.
Resultaten pekar ocksd pd att metoden, dir elevers matematikdiskussioner
videofilmas, underldttar analysarbetet. Videoanalys skulle sannolikt ocksa
underldtta utveckling av undervisning. Dock bor man betinka att insatserna
maste planeras och genomférs vil om elevdiskussioner och videoanalyser av dessa
diskussioner ska leda ritt. Illa sammansatta grupper kan till exempel leda till att
eleverna istillet for att stimuleras ger upp att 18sa uppgiften. Ingen
metodutveckling kan tillitas ske med slarv.

Slutsatsen blir dé att det finns flera site act lira matematik. Slutsatsen blir ocksi
och att den skola som axlar uppdraget att utmana elever till att 16sa matematiska
problem tillsammans, sannolikt kommer att uppticka att svenska ungdomar har
bade intresse och stora kunskaper.

93






References

BARBE, J., BOSCH, M., ESPINOZA, L. & GASCON, J. 2005. Didactic restrictions
on the teacher's practice: The case of limits of functions in Spanish high
schools. Educational Studies in Mathematics, 59, 235-268.

BIGGS, ]. B. 2003. Teaching for quality learning at university : what the student does /
John Biggs, London : the Society for Research into Higher Education: Open
University Press, 2. ed.

BIGGS, ]J. B. & COLLIS, K. F. 1982. Evaluating the quality of learning : the SOLO
taxonomy (Structure of the observed learning outcome) / John B. Biggs, Kevin F.
Collis, New York : Academic Press,.

BIGGS, ]J. B. & TANG, C. S.-K. 2011. Teaching for quality learning at university : what
the student does / John Biggs and Catherine Tang, Maidenhead : Open
University Press, 4. [rev.] ed.

BILLINGTON, M. 2010. Establishing didactical praxeologies: teachers using digital
tools in upper secondary mathematics classrooms. Proceedings of CERME 6,
2009 Lyon France.

BJORKQVIST, O. 1993. Social konstruktivism som grund for matematikundervisning.
NOMAD, 1, 8-17.

BOALER, J. 2006. How a Detracked Mathematics Approach Promoted Respect,
Responsibility, and High Achievement. Theory into practice. Lawrence Erlbaum
Associates.

BOALER, J. 2008. Promoting 'relational equity' and high mathematics achievement
through an innovative mixed-ability approach. British Educational Research
Journal, 34, 167-194.

BOSCH, M. 2012. Doing research within the anthropological theory of the didactic:
the case of school algebra 12¢h International Congress on Mathematical
Education Seoul Korea.

BOSCH, M. & GASCON, J. 2006. Twenty-five years of the didactic transposition.
ICMI Bulletin, 58, 51-65.

BRABRAND, C. & DAHL, B. 2009. Using the SOLO taxonomy to analyze
competence progression of university science curricula. Higher Education, 58,

531-549.

95



BRANDELL, G. & BACKLUND, L. 2011. Samarbeteslirande i matematik. /7:
BRANDELL, G. & PETTERSSON, A. (eds.) Matematikundervisning
Vetenskapliga perspektiv. Stodkholm: Stockholms universitets forlag.

CHARMAZ, K. 2006. Constructing grounded theory : a practical guide through qualitative
analysis London, SAGE.

CHEVALLARD, Y. 2006. Steps towards a new epistomology in mathematics education.
In: BOSCH, M. (ed.) the Fourth Congress of the European Society for Research in
Mathematics Education, CERME 4. Sant Feliu de Guixols, Spain — 17 - 21
February 2005: Universitat Ramon Llull, Barcelona.

CHEVALLARD, Y. 2012. Teaching mathematics in tomorrow's society a case for an
oncoming counterparadigm. 1214 international congress on mathematical
education. Seoul, Korea.

CLEMENTS, D. H. 2004. Perspective on "The child's thought and geometry". /n:
CARPENTER, T. P., DOSSEY, J. A. & KOEHLER, J. L. (eds.) Classics in
mathematics education research. Reston: The national council of teachers of
mathematics, USA.

COHEN, E. G. 1994. Designing groupwork : strategies for the heterogeneous classroom /
Elizabeth G. Coben ; foreword by John I. Goodlad, New York : Teachers College,
Columbia University, 2. ed.

DUNKELS, A. 1996. Contributions to mathematical knowledge and its acquisition / by
Andprejs Dunkels, Lulea : Dept. of Mathematics, Univ. [Institutionen for
matematik, Hogsk.] [distributdr], 1996 ; (Lulea : Luled Univ. Printers Office).

DYSTHE, O., HERTZBERG, F. & HOEL, T. L. 2011. Skriva for att lira : skrivande i
higre utbildning / Olga Dysthe, Froydis Hertzberg, Torlaug Lokensgard Hoel ;
dversiittning: Sten Andersson, Lund : Studentlitteratur, (Ungern), 2. [rev.] uppl.

ERNEST, P. 2010. Reflections on theories of learning. /z: SRIRAMAN, B. &
ENGLISH, L. (eds.) Theories of mathematics education, seeking new frontiers.
Berlin, Heidelberg: Springer.

FUYS, D. 1984. English Translation of Selected Writings of Dina van Hiele-Geldof and
Pierre M. van Hiele, Brooklyn N. Y., City Univ. of New York.

GOOD, T. L. & GROUWS, D. A. 1979. The Missouri Mathematics Effectiveness
Project: An experimental study in fourth-grade classrooms. Journal of
Educational Psychology, 71, 355-362.

HATTIE, J. A. C. 2009. Visible learning : a synthesis of over 800 meta-analyses relating to
achievement / John A. C. Hattie, London : Routledge.

HATTIE, J. A. C. & BROWN, G. T. L. 2004. Cognitive processes in asTTle: The
SOLO taxonomy Technical report. University of Auckland/Ministry of
Education.

HIEBERT, J. & GROUWS, D. A. 2007. The effects of classroom mathematics
teaching on students' learning. /n: LESTER, F. (ed.) Second handbook of
research on mathematics teaching and learning. Charlotte: Information age

publishing.

96



HOEL, T. L. 2001. Skriva och samtala : lirande genom responsgrupper / Torlaug
Lokensgard Hoel ; dversittning: Sten Andersson, Lund : Studentlitteratur.

HURLEY, M., JACOBS, G. & GILBERT, M. 2006. The Basic ST Model. New
Directions for Teaching and Learning, 106, 11-22.

JAKOBSSON, A., MAKITALO, A. & SALJO, R. 2009. Conceptions of knowledge in
research on students' understanding of the greenhouse effect: Methodological
positions and their consequences for representations of knowing. Science
Education, 93, 978-995.

JOHNSON, D. W. & JOHNSON, R. T. 1999. Learning together and alone
Cooperative, competitive, and individualistic learning, Boston London, Allyn and
Bacon.

KILPATRICK, J. 1995. Staking claims. NOMAD, 3, 21-42.

LESTER, F. 2005. On the theoretical, conceptual, and philosophical foundat ions for
research in mathematics education ZDM, 37 (6), 457-467.

LITHNER, J. 2008. A research framework for creative and imitative reasoning.
Educational Studies in Mathematics, 67, 255-276.

LUCAS, U. & MLADENOVIC, R. 2009. The identification of variation in students’
understandings of disciplinary concepts: the application of the SOLO
taxonomy within introductory accounting. Higher Education, 58, 257-283.

MALM, J. 2013. Personal communication about Supplemental Instruction. Senior
lecturer, Lund University.

MALM, J., BRYNGFORS, L. & MORNER, L.-L. 2011a. Supplemental Instruction:
Whom Does It Serve? International Journal of Teaching and Learning in Higher
Education, 23, 282-291.

MALM, J., BRYNGFORS, L. & MORNER, L. L. 2010. Supplemental instruction (SI)
at the faculty of engineering (LTH), Lund university, Sweden. An evaluation
of the SI-program at five LTH engineering programs autumn 2008. Journal of
Peer Learning, 3, 38-50.

MALM, J., BRYNGFORS, L. & MORNER, L. L. 2011b. Improving student success in
difficult engineering education courses through Supplemental instruction (SI) -
what is the impact of the degree of SI attendance? Journal of Peer Learning, 4,
16-23.

MALM, J., BRYNGFORS, L. & MORNER, L. L. 2012a. Supplemental instruction for
improving first year results in engineering studies. Studies in Higher Education,
37, 655-660.

MALM, J., MORNER, L.-L., BRYNGFORS, L., EDMAN, G. & GUSTAFSSON, L.
2012b. Using Supplemental Instruction to Bridge the Transition from
Secondary to Tertiary Education. nternational Journal of Education, 4, 31-48.

MCCARTHY, A., SMUTS, B. & COSSER, M. 1997. Assessing the effectiveness of
supplemental instruction: A critique and a case study. Studies in Higher
Education, 22, 221-231.

97



MCWHAW, K., SCHNACKENBERG, J. S. & ABRAM]I, P. C. 2007. From co-
operation to collaboration. Helping students become collaborative learners. /:
GILLES, R. M. & ASHMAN, A. F. (eds.) Co-operative learning. The social and
intellectual outcomes of learning in groups. New York: Routledge.

MILES, H., HUBERMAN, A. M. & SALDANA, J. 2013. Qualitative data analysis, A
methods sourcebook, London, SAGE publications Led.

MORTENSEN, M. F. 2011. Analysis of the Educational Potential of a Science
Museum Learning Environment: Visitors' Experience with and Understanding
of an Immersion Exhibit. /nternational Journal of Science Education, 33, 517-
545.

NILSSON, P. & RYVE, A. 2010. Focal event, contextualization, and effective
communication in the mathematics classroom. Educational Studies in
Mathematics, 74, 241-258.

OGDEN, P., THOMPSON, D., RUSSELL, A. & SIMONS, C. 2003. Supplemental
Instruction: Short- and Long-Term Impact. Journal of Developmental
Education, 26, 2-8.

PEGG, J. 2010. Promoting acquisition of higher-order skills and understandings in
primary and secondary mathematics. Research conference. Teaching mathematics?
Make it count: What research tells us about effective teaching and learning of
mathematics. Melbourne.

PEGG, J. & TALL, D. 2005. The fundamental cycle of concept construction
underlying various theoretical frameworks. ZDM - International Journal on
Mathematics Education, 37, 468-475.

PELGER, S. & SANTESSON, S. 2012. Retorik for naturvetare : skrivande som fordjupar
lirandet / Susanne Pelger, Sara Santesson, Lund : Studentlitteratur, 2012
(Danmark), 1. uppl.

PIAGET, ]J. & INHELDER, B. 1971. The psychology of the child / Jean Piaget and Biirbel
Inbelder ; transl. from the French by Helen Weaver, London, 1969, pr. 1971.

PREDIGER, S., BIKNER-AHSBAHS, A. & ARZARELLO, F. 2008. Networking
strategies and methods for connecting theoretical approaches: first steps
towards a conceptual framework. Zdm, 40, 165-178.

ROBSON, C. 2011. Real world research : a resource for users of social research methods in
applied settings / Colin Robson, Chichester : Wiley, 3. ed.

RYVE, A., LARSSON, M. & NILSSON, P. 2013. Analyzing Content and Participation
in Classroom Discourse: Dimensions of Variation, Mediating Tools, and
Conceptual Accountability. Scandinavian Journal of Educational Research, 57,
101-114.

SKEMP, R. R. 1976. Relational understanding and instrumental understanding,.
Mathematics teaching, 77, 20-26.

SKOLVERKET. 2011. The Swedish National Agency for Education [Online]. Available:

www.skolverket.se.

98



SLAVIN, R. 1995. Cooperative learning: Theory, research and practice., Boston, Allyn and
Bacon.

SRIRAMAN, B. & HAVERHALS, N. 2010. Preface to part II Ernest's reflections on
theories of learning. /n: SRIRAMAN, B. & ENGLISH, L. (eds.) Theories of
mathematics education, seeking new frontiers. Berlin, Heidelberg: Springer.

WINSLOW, C. 2006. Transformer la theorie en taches: la transition du concret a
I’abstrait en analyse reelee. /n: ROUCHIER, R. (ed.) Actes de la XIIIéme Ecole
d'Eté de didactique des mathématiques La Pensée Sauvage Editions.

WINSLOW, C. 2011. Anthropological theory of didactic phenomena: Some examples
and principles of its use in the study of mathematics education. . /n: BOSCH,
M., GASCON, J., RUIZ OLARRIA, A., ARTAUD, M., BRONNER, A.,
CHEVALLARD, Y., CIRADE, G., LADAGE, C. & LARGUIER, M., eds. III
Congreso Internacional sobre la TAD 2010 Sant Hilari Sacalm, Spain. Centre
de Recerca Matematica, Bellaterra (Barcelona): CRM Documents, 117-138.

99






10.
11.

Studies in Science and Technology Education

ISSN 1652-5051

fFontD

Margareta Enghag (2004): MINIPROJECTS AND CONTEXT RICH
PROBLEMS - Case studies with qualitative analysis of motivation, learner
ownership and competence in small group work in physics. (licentiate thesis)
Linképing University

Carl-Johan Rundgren (2006): Meaning-Making in Molecular Life Science
Education — upper secondary school students” interpretation of visualizations of
proteins. (licendiate thesis) Linképing University

Michal Drechsler (2005): Textbooks’, teachers’, and students” understanding
of models used to explain acid-base reactions. ISSN: 1403-8099, ISBN: 91-
85335-40-1. (licentiate thesis) Karlstad University

Margareta Enghag (2007): Two dimensions of Student Ownership of Learning
during Small-Group Work with Miniprojects and context rich Problems in
Physics. ISSN: 1651-4238, ISBN: 91-85485-31-4. (Doctoral Dissertation)
Milardalen University

Maria Aserém (2007): Integrated and Subject-specific. An empirical
exploration of Science education in Swedish compulsory schools. (Licentiate
thesis) Linkoping university

Ola Magntorn (2007): Reading Nature: developing ecological literacy through
teaching. (Doctoral Dissertation) Linképing University

Maria Andreé (2007): Den levda liroplanen. En studie av naturorienterande
undervisningspraktiker i grundskolan. ISSN: 1400-478X, HLS Forlag: ISBN
978-91-7656-632-9 (Doctoral Dissertation, LHS)

Mattias Lundin (2007): Students' participation in the realization of school
science activities.(Doctoral Dissertation) Linkdping University

Michal Drechsler (2007): Models in chemistry education. A study of teaching
and learning acids and bases in Swedish upper secondary schools ISBN 978-
91-7063-112-2 (Doctoral Dissertation) Karlstad University

Proceedings from FontD Vadstena-meeting, April 2006.

Eva Blomdahl (2007): Teknik i skolan. En studie av teknikundervisning for
yngre skolbarn. ISSN: 1400-478X, HLS Férlag: ISBN 978-91-7656-635-0
(Doctoral Dissertation, LHS)



12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Iann Lundegird (2007): P4 vig mot pluralism. Elever i situerade samtal kring
hallbar utveckling. ISSN:1400-478X, HLS Férlag: ISBN 978-91-7656-642-8
(Doctoral Dissertation, LHS)

Lena Hansson (2007): “Enligt fysiken eller enligt mig sjilv?” — Gymnasieelever,
fysiken och grundantaganden om virlden. (Doctoral Dissertation) Linkdping
University.

Christel Persson (2008): Sfirernas symfoni i forindring? Lirande i miljo for
hallbar utveckling med naturvetenskaplig utgingspunkt. En longitudinell
studie i grundskolans tidigare arskurser. (Doctoral Dissertation) Linképing
University

Eva Davidsson (2008): Different Images of Science — a study of how science is
constituted in exhibitions. ISBN: 978-91-977100-1-5 (Doctoral Dissertation)
Malmé University

Magnus Hultén (2008): Naturens kanon. Formering och forindring av
innehallet i folkskolans och grundskolans naturvetenskap 1842-2007. ISBN:
978-91-7155-612-7 (Doctoral Dissertation) Stockholm University

Lars-Erik Bjorklund (2008): Frin Novis till Expert: Fortrogenhetskunskap i
kognitiv och didaktisk belysning. (Doctoral Dissertation) Linkdping
University.

Anders Jonsson (2008): Educative assessment for/of teacher competency. A
study of assessment and learning in the “Interactive examination” for student
teachers. ISBN: 978-91-977100-3-9 (Doctoral Dissertation) Malmé University
Pernilla Nilsson (2008): Learning to teach and teaching to learn - primary
science student teachers' complex journey from learners to teachers. (Doctoral
Dissertation) Linkdping University

Carl-Johan Rundgren (2008): VISUAL THINKING, VISUAL SPEECH - a
Semiotic Perspective on Meaning-Making in Molecular Life Science. (Doctoral
Dissertation) Linkoping University

Per Sund (2008): Att urskilja selektiva traditioner i miljdundervisningens
socialisationsinnehéll — implikationer for undervisning for hillbar utveckling.
ISBN: 978-91-85485-88-8 (Doctoral Dissertation) Milardalen University
Susanne Engstrom (2008): Fysiken spelar roll! I undervisning om héllbara
energisystem - fokus pd gymnasiekursen Fysik A. ISBN: 978-91-85485-96-3
(Licentiate thesis) Milardalen University

Britt Jakobsson (2008): Learning science through aesthetic experience in
elementary school science. Aesthetic judgement, metaphor and art. ISBN: 978-
91-7155-654-7. (Doctoral Dissertation) Stockholm university

Gunilla Gunnarsson (2008): Den laborativa klassrumsverksamhetens
interaktioner - En studie om vilket meningsskapande &r 7-elever kan erbjudas i
méten med den laborativa verksamhetens instruktioner, artefakter och sprik



25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

inom elementir elldra, samt om ldrares didaktiska handlingsmonster i dessa
moten. (Doctoral Dissertation) Linkdping University

Pernilla Granklint Enochson (2008): Elevernas forestillningar om kroppens
organ och kroppens hilsa utifrin ett skolsammanhang. (Licentiate thesis)
Linképing University

Maria Astrom (2008): Defining Integrated Science Education and putting it to
test (Doctoral Dissertation) Linképing University

Niklas Gericke (2009): Science versus School-science. Multiple models in
genetics — The depiction of gene function in upper secondary textbooks and its
influence on students’ understanding. ISBN 978-91-7063-205-1 (Doctoral
Dissertation) Karlstad University

Per Hogstrom (2009): Laborativt arbete i grundskolans senare &r - lirares mal
och hur de implementeras. ISBN 978-91-7264-755-8 (Doctoral Dissertation)
Umea University

Annette Johnsson (2009): Dialogues on the Net. Power structures in
asynchronous discussions in the context of a web based teacher training course.
ISBN 978-91-977100-9-1 (Doctoral Dissertation) Malmé University

Elisabet M. Nilsson (2010): Simulated “real” worlds: Actions mediated
through computer game play in science education. ISBN 978-91-86295-02-8
(Doctoral Dissertation) Malmé University

Lise-Lotte Osterlund (2010): Redox models in chemistry: A depiction of the
conceptions held by upper secondary school students of redox reactions. ISBN
978-91-7459-053-1 (Doctoral Dissertation) Umed University

Claes Klasander (2010): Talet om tekniska system — forvintningar, traditioner
och skolverkligheter. ISBN 978-91-7393-332-2 (Doctoral Dissertation)
Linkdping University

Maria Svensson (2011): Att urskilja tekniska system — didaktiska dimensioner i
grundskolan. ISBN 978-91-7393-250-9 (Doctoral Dissertation) Linkdping
University

Nina Christenson (2011): Knowledge, Value and Personal experience — Upper
secondary students’ use of supporting reasons when arguing socioscientific
issues. ISBN 978-91-7063-340-9 (Licentiate thesis) Karlstad University

Tor Nilsson (2011): Kemistudenters forestillningar om entalpi och relaterade
begrepp. ISBN 978-91-7485-002-4 (Doctoral Dissertation) Milardalen
University

Kristina Andersson (2011): Lirare for férindring — att synliggdra och utmana
forestillningar om naturvetenskap och genus. ISBN 978-91-7393-222-6
(Doctoral Dissertation) Linkdping University



37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

Peter Frejd (2011): Mathematical modelling in upper secondary school in
Sweden An exploratory study. ISBN: 978-91-7393-223-3 (Licentiate thesis)
Linképing University

Daniel Dufiker (2011): Spectroscopy studies of few particle effects in
pyramidal quantum dots. ISBN 978-91-7393-179-3 (Licentiate thesis)
Linképing University

Auli Arvola Orlander (2011): Med kroppen som insats: Diskursiva
spanningsfilt i biologiundervisningen pa hégstadiet. ISBN 978-91-7447-258-5
(Doctoral Dissertation) Stockholm University

Karin Stolpe (2011): Att uppmirksamma det visentliga. Lirares
imnesdidaktiska formdgor ur ett interaktionskognitivt perspektiv. ISBN 978-
91-7393-169-4 (Doctoral Dissertation) Linképing University

Anna-Karin Westman (2011) Samtal om begreppskartor — en vig till 6kad
forstaelse. ISBN 978-91-86694-43-2 (Licentiate thesis) Mid Sweden
University

Susanne Engstrom (2011) Att vordsamt virdesitea eller tryggt trotsa.
Gymnasiefysiken, undervisningstraditioner och fysiklirares olika strategier for
energiundervisning. ISBN 978-91-7485-011-6 (Doctoral Dissertation)
Milardalen University

Lena Adolfsson (2011) Attityder till naturvetenskap. Férindringar av flickors
och pojkars attityder till biologi, fysik och kemi 1995 till 2007. ISBN 978-91-
7459-233-7  (Licentiate thesis) Umea University

Anna Lundberg (2011) Proportionalitetsbegreppet i den svenska gymnasie-
matematiken — en studie om liromedel och nationella prov. ISBN 978-91-
7393-132-8 (Licentiate thesis) Linképing University

Sanela Mehanovic (2011) The potential and challenges of the use of dynamic
software in upper secondary Mathematics. Students’ and teachers’ work with
integrals in GeoGebra based environments. ISBN 978-91-7393-127-4
(Licentiate thesis) Linképing University

Semir Becevic (2011) Klassrumsbedémning i matematik pd gymnasieskolans
niva. ISBN 978-91-7393-091-8 (Licentiate thesis) Linkdping University
Veronica Flodin (2011) Epistemisk drift - genbegreppets variationer i nigra av
forskningens och undervisningens texter i biologi. ISBN 978-91-9795-161-6
(Licentiate thesis) Stockholm University

Carola Borg (2011) Utbildning for hallbar utveckling ur ett lirarperspektiv —
Amnesbundna skillnader i gymnasieskolan. ISBN 978-91-7063-377-5
(Licentiate thesis) Karlstad University

Mats Lundstrdm (2011) Decision-making in health issues: Teenagers’ use of
science and other discourses. ISBN 978-91-86295-15-8 (Doctoral
Dissertation) Malmé University



50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

Magnus Oscarsson (2012) Viktigt, men inget for mig. Ungdomars
identitetsbygge och attityd till naturvetenskap. ISBN: 978-91-7519-988-7
(Doctoral Dissertation) Linkoping University

Pernilla Granklint Enochson (2012) Om organisation och funktion av
minnisko-kroppens organsystem — analys av elevsvar frin Sverige och
Sydafrika. ISBN 978-91-7519-960-3 (Doctoral Dissertation)
Linkdping University

Mari Stadig Degerman (2012) Att hantera cellmetabolismens komplexitet —
Meningsskapande genom visualisering och metaforer. ISBN 978-01-7519-954-
2 (Doctoral Dissertation) Linképing University

Anna-Lena Géransson (2012) The Alzheimer Af3 peptide: Identification of
Properties Distinctive for Toxic Prefibrillar Species. ISBN 978-91-7519-930-6
(Licentiate thesis) Linkdping University

Madelen Bodin (2012) Computational problem solving in university physics
education

- Students’ beliefs, knowledge, and motivation. ISBN 978-91-7459-398-3
(Doctoral Dissertation) Umea University

Lena Aretorn (2012) Mathematics in the Swedish Upper Secondary School
Electricity Program: A study of teacher knowledge. ISBN 978-91-7459-429-4
(Licentiate thesis) Umea University

Anders Jidesjo (2012) En problematisering av ungdomars intresse for
naturvetenskap och teknik i skola och samhille — Inneh3ll, medierna och
utbildningens funktion. ISBN 978-91-7519-873-6 (Doctoral Dissertation)
Linképing University

Thomas Lundblad (2012) Simulerad verklighet i gymnasieskolans fysik: en
designstudie om en augmented reality simulering med socio-naturvetenskapligt
innehill. ISBN 978-91-7519-854-5 (Licentiate thesis) Linkoéping University
Annie-Maj Johansson (2012) Undersdkande arbetssitt i NO-undervisningen i
grundskolans tidigare arskurser. ISBN 978-91-7447-552-4 (Doctoral
Dissertation) Stockholm University

Anna Jobér (2012) Social Class in Science Class. ISBN 978-91-86295-31-8
(Doctoral Dissertation) Malmé University

Jesper Haglund (2012) Analogical reasoning in science education —
connections to semantics and scientific modeling in thermodynamics. ISBN
978-91-7519-773-9 (Doctoral Dissertation) Linképing University

Fredrik Jeppsson (2012) Adopting a cognitive semantic approach to
understand thermodynamics within science education. ISBN 978-91-7519-
765-4 (Doctoral Dissertation) Linkdping University



62.

63.

64.

65.

606.

67.

68.

69.

70.

71.

72.

73.

74.

Maria Petersson (2012) Lirares beskrivningar av evolution som
undervisningsinnehall i biologi pd gymnasiet.ISBN 978-91-7063-453-6
(Doctoral Dissertation) Karlstad University

Henrik Carlsson (2012) Undervisningsform, klassrumsnormer och
matematiska férmagor. En studie av ett lokalt undervisningsforsok for elever
med intresse och fallenhet for matematik. ISBN 978-91-86983-89-5
(Licentiate thesis) Linnaeus University)

Anna Bergqvist (2012) Models of Chemical Bonding. Representations Used in
School Textbooks and by Teachers and their Relation to Students’
Understanding. ISBN 978-91-7063-463-5 (Licentiate thesis) Karlstad
University

Nina Kilbrink (2013) Lira for framtiden: Transfer i teknisk yrkesutbildning.
ISBN 978-91-7063-478-9 (Doctoral Dissertation) Karlstad University
Caroline Larsson (2013) Experiencing Molecular Processes. The Role of
Representations for Students’ Conceptual Understanding. ISBN 978-91-7519-
607-7 (Doctoral Dissertation) Linkdping University

Anna-Karin Carstensen (2013) Connect Modelling Learning to Facilitate
Linking Models and the Real World through Labwork in Electric Circuit
Courses for Engineering Students ISBN 978-91-7519-562-9 (Doctoral
Dissertation) Linképing University

Konferensproceeding: 10-year Anniversary Meeting with the Scientific
Committee

Marie Bergholm (2014) Gymnasieelevers kommunikativa strategier i
matematikklassrummet. En fallstudie av ett smigruppsarbete om derivata
ISBN 978-91-7519-306-9 (Licentiate thesis) Linkoéping University

Ingrid Lundh (2014) Undervisa Naturvetenskap genom Inquiry — En studie av
tvd hogstadieldrare. ISBN 978-91-7519-285-7 (Licentiate thesis) Linkdping
University

Nils Boman (2014) Personality traits in fish - implications for invasion biology
ISBN:978-91-7601-097-6 (Licentiate thesis) Umed University

Torodd Lunde (2014) Nir liroplan och tradition méts - lirarfortbildning och
syften med undersokande aktiviteter inom den laborativa NO-undervisningen i
grundskolans senare del. ISBN: 978-91-7063-577-9 (Licentiate thesis) Karlstad
University

Martin Eriksson (2014) Att ta stillning - gymnasieelevers argumentation och
beslutsfattande om sociovetenskapliga dilemman. ISBN 978-91-7063-588-5
(Licentiate thesis), Karlstad University

Annalena Holm (2014) Mathematics Communication within the Frame of
Supplemental Instruction. Identifying Learning Conditions. ISBN 978-91-
7623-112-8 (Licentiate thesis) Lund University









	Blank Page
	Blank Page


 
 
    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 94 to page 94
     Mask co-ordinates: Left bottom (33.98 22.85) Right top (83.41 65.48) points
      

        
     0
     33.9805 22.8543 83.4066 65.4844 
            
                
         94
         SubDoc
         94
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus3
     Quite Imposing Plus 3.0c
     Quite Imposing Plus 3
     1
      

        
     98
     99
     93
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 88 to page 88
     Mask co-ordinates: Left bottom (32.74 20.38) Right top (79.08 67.34) points
      

        
     0
     32.7448 20.383 79.0819 67.3379 
            
                
         88
         SubDoc
         88
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus3
     Quite Imposing Plus 3.0c
     Quite Imposing Plus 3
     1
      

        
     98
     99
     87
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 76 to page 76
     Mask co-ordinates: Left bottom (31.51 23.47) Right top (80.32 68.57) points
      

        
     0
     31.5092 23.4722 80.3175 68.5735 
            
                
         76
         SubDoc
         76
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus3
     Quite Imposing Plus 3.0c
     Quite Imposing Plus 3
     1
      

        
     98
     99
     75
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 44 to page 44
     Mask co-ordinates: Left bottom (28.42 17.91) Right top (105.65 62.40) points
      

        
     0
     28.42 17.9117 105.6484 62.3953 
            
                
         44
         SubDoc
         44
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus3
     Quite Imposing Plus 3.0c
     Quite Imposing Plus 3
     1
      

        
     98
     99
     43
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 16 to page 16
     Mask co-ordinates: Left bottom (35.22 24.71) Right top (83.41 68.57) points
      

        
     0
     35.2161 24.7078 83.4066 68.5735 
            
                
         16
         SubDoc
         16
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus3
     Quite Imposing Plus 3.0c
     Quite Imposing Plus 3
     1
      

        
     98
     99
     15
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 12 to page 12
     Mask co-ordinates: Left bottom (37.69 30.27) Right top (82.79 64.25) points
      

        
     0
     37.6875 30.2682 82.7888 64.2487 
            
                
         12
         SubDoc
         12
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus3
     Quite Imposing Plus 3.0c
     Quite Imposing Plus 3
     1
      

        
     98
     99
     11
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 8 to page 8
     Mask co-ordinates: Left bottom (31.51 13.59) Right top (92.67 61.16) points
      

        
     0
     31.5092 13.5869 92.6741 61.1596 
            
                
         8
         SubDoc
         8
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus3
     Quite Imposing Plus 3.0c
     Quite Imposing Plus 3
     1
      

        
     98
     99
     7
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 6 to page 6
     Mask co-ordinates: Left bottom (179.79 58.07) Right top (180.41 58.07) points
      

        
     0
     179.7877 58.0705 180.4055 58.0705 
            
                
         6
         SubDoc
         6
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus3
     Quite Imposing Plus 3.0c
     Quite Imposing Plus 3
     1
      

        
     98
     99
     5
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 6 to page 6
     Mask co-ordinates: Left bottom (36.45 24.71) Right top (80.94 57.45) points
      

        
     0
     36.4518 24.7078 80.9353 57.4527 
            
                
         6
         SubDoc
         6
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus3
     Quite Imposing Plus 3.0c
     Quite Imposing Plus 3
     1
      

        
     98
     99
     5
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 5 to page 5
     Mask co-ordinates: Left bottom (369.46 27.80) Right top (407.15 58.07) points
      

        
     0
     369.4605 27.797 407.148 58.0705 
            
                
         5
         SubDoc
         5
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus3
     Quite Imposing Plus 3.0c
     Quite Imposing Plus 3
     1
      

        
     98
     99
     4
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 7 to page 7
     Mask co-ordinates: Left bottom (375.02 30.89) Right top (410.85 63.63) points
      

        
     0
     375.021 30.8861 410.8549 63.6309 
            
                
         7
         SubDoc
         7
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus3
     Quite Imposing Plus 3.0c
     Quite Imposing Plus 3
     1
      

        
     98
     99
     6
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 4 to page 4
     Mask co-ordinates: Left bottom (30.89 25.94) Right top (87.73 61.16) points
      

        
     0
     30.8914 25.9435 87.7314 61.1596 
            
                
         4
         SubDoc
         4
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus3
     Quite Imposing Plus 3.0c
     Quite Imposing Plus 3
     1
      

        
     98
     99
     3
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 3 to page 3
     Mask co-ordinates: Left bottom (368.84 16.68) Right top (412.09 69.19) points
      

        
     0
     368.8427 16.6761 412.0906 69.1914 
            
                
         3
         SubDoc
         3
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus3
     Quite Imposing Plus 3.0c
     Quite Imposing Plus 3
     1
      

        
     98
     99
     2
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 2 to page 2
     Mask co-ordinates: Left bottom (32.13 19.15) Right top (80.32 59.92) points
      

        
     0
     32.127 19.1474 80.3175 59.924 
            
                
         2
         SubDoc
         2
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus3
     Quite Imposing Plus 3.0c
     Quite Imposing Plus 3
     1
      

        
     98
     99
     1
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 1 to page 1
     Mask co-ordinates: Left bottom (540.60 314.47) Right top (540.60 315.09) points
      

        
     0
     540.5986 314.4687 540.5986 315.0865 
            
                
         1
         SubDoc
         1
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus3
     Quite Imposing Plus 3.0c
     Quite Imposing Plus 3
     1
      

        
     98
     99
     0
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 1 to page 1
     Mask co-ordinates: Left bottom (365.75 29.03) Right top (406.53 69.19) points
      

        
     0
     365.7536 29.0326 406.5302 69.1914 
            
                
         1
         SubDoc
         1
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus3
     Quite Imposing Plus 3.0c
     Quite Imposing Plus 3
     1
      

        
     98
     99
     0
     1
      

   1
  

 HistoryList_V1
 qi2base



