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Abstract

In mathematics education research, the focus has generally been on a single factor or on a few partial
factors at a time. Researchers have neglected the relationship between conceptual and procedural
knowledge and how progressive technology alters this relation. The relationship between systematic
planning of teaching and the reality of often chaotic learning situations has not been properly explored.
There is no pragmatic theory of collaborative socio-constructivist student-centered learning, especially
with regard to the use of technology. The studies in this article were conducted in order to consider the
effects of a minimalist instruction philosophy within a quasi-systematic model for mathematical concept
building. The cognitive and affective development of high school students was studied within a
collaborative, technology-based, socio-constructivist, self-guided environments, using a CAS
calculator without traditional teaching or homework. Another research objective was to study the
professional development of prospective teachers involved in the project. The studies utilized both
quantitative and qualitative methods, including quasi-experimental pretest-posttest design and
grounded theory.

The findings suggest that optimal ‘student-centered learning’ emphasizes students’ freedom to choose
learning objectives and working methods in problem-based socio-constructivist technology-based
environments, in which open questions about both mathematics and technology are solved in
collaboration between students or student teams. Even though students proceeded more or less
chaotically, it was found that learning to link conceptual and procedural knowledge can be organized
succesfully within a quasi-systematic framework. This paradigm allows integrate study modules of
teacher education in new way. The term ‘student-centered’ should be redefined to minimize the role of
the teacher as decision-maker with regard both to learning objectives and working methods. As this
paradigm reflects how students work, communicate, and utilize technology outside the classroom, the
focus should be shifted from well-tailored classroom lessons to students’ free time activities. To use a
motor racing analogy, the teacher becomes a team manager and the school serves as a pit stop.
However, prospective teachers seem to be hesitant if this approach could replace the conventional
teaching in school.

1. Introduction

This article basis of the thesis that presents a summary of studies triggered within the so-called
ClassPad project among junior high school students, and later on being extended to studies among
prospective teachers. The aims, methodology and findings, along with related articles, are
summarized in Table 1. The columns constitute the main chapters of the article.

Adopting well-established criteria for the quality of research in mathematics education (e.g.,
[11.[2],[3]), “Topic realisation” indicates research significance, emphasizing the indicators gap
bridging and research embedding (the extent to which the research is linked to previous studies).
“Topic reconsideration” represents a new kind of research paradigm in terms of both aims and
methods, stressing research novelty and originality, (the extent to which new knowledge is
produced). In each case, these sub-chapters aim to ensure both the cognitive relevance and
pragmatic relevance of the studies; research usefulness is addressed under the heading “Empirical
evidence” and in the last main chapter, “Looking back and looking forward”.

Instead of considering just one or two components of the process of teaching and learning at
a time, the article seeks to address the working reality of that process in all its complexity. It might
be argued that a summary article cannot fulfil the demands of rigor and precision in respect of how
the empirical, theoretical and analytical aspects of the study are designed, implemented and
reported.
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Table 1. Summary of the research.
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Challenges for teacher
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mathematics
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ClassPad ClassPad 1 ClassPad 2 gzzsbl::dzgo& ClassPad 2
project phase May—August October 2005— Januarv 2006 and October 2005-January
2005 January 2006 ye 2006, and post-project
post- project
Student affective
. variables in .
_ Quiasi- _ technology-based Emer_gent paradlgr_n of
The influences of | systematic learnin teaching and learning
informal framework with ning . when prospective
L . L environments with :
Investigation mathematics minimalist teachers plan their own

aims

making on student
mathematical

instruction (MI) to
monitor

minimalist instruction
Student experiences
and expectations of

mathematics lessons

identity cognitive . Development of student
development mathematics lessons mathematical identity
Shifts in student
mathematical identity
Students at 9th grade | Prospective teachers
Particinants Students at 8th Students at 9th (n=23) (n=188), (n=116), and
P grade (n = 15) grade (n = 23) Students at 7th grade | (n=66)
(n=17)
Portfolios, Cognitive tests Po_rtfollos, .
X . written essays, Written lesson plans,
Data questionnaires results, and student . . . :
. - L questionnaires, and questionnaires
and interviews lesson diaries .
lesson observations
. Quasi-experimental | Grounded Theory and Theor;_/ driven content
Methodology | Content analysis . . analysis
and content analysis | content analysis I .
Statistical analysis
Spontaneous Sophisticated A model to describe Erospde_cl:c';l_ve Ittgachers
mathematical interplay between the process of _;vet_ f' : |cuth|es even
activities with systematic and mastering doing and : Zn 1Tying | fe " £
progressive minimalist learning mathematics pe t?%ogllcta unc tlr?n °
technology can approach can be through acquiring eacd as dyple In the
cause remarkable | achieved. expertise. Two reat yfnl]athe etarndl r:g
Findinas shifts in student different learning :‘na terlah &y etn (;)use
g mathematical Cognitive results in | profiles. 0: elac er-centere
profiles, opening | a paper and pencil solo-learning.
. The integration of
new progressive test were The lack of autonomy -
L . progressive technology
ways to arrange significantly higher | could make weakness as a part
the teaching and than those of of students’ , .
| ] f tudents aft thematical of students’ pedagogical
ea;Emg (:. f ud'i'n S al ter hi _rga t?tma ica thinking can shift student
mathematics. raditional teaching. | identity. orofiles
New way of New way of New way of New ideas for teacher
Outcome learning teaching organizing student- education
mathematics on mathematics in centered learning Need for shifts in school
free time. classroom. environments. culture.

The validity, precision of meaning, and conclusions drawn from these studies are linked to
predictability and reproducibility. By reading the related articles, it should, in principle, be possible
to follow the research procedures and to replicate these studies.
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As indicated in the Methodology row in Table 1, this article can be described as multi-method
research. Beginning from qualitative and quantitative methods, the latter takes data from the quasi-
experimental pretest-posttest design. More sophisticated qualitative methods were needed as the
different phases of the ClassPad project generated more and more interesting questions. This variety
of methods allowed simultaneous consideration of several factors affecting the process of teaching
and learning.

It is appropriate to draw attention as well to certain limitations of this research. In particular,
the number of subjects participating in the qualitative studies was small. However, it is typical of a
grounded theory approach that even a small amount of data can be turned into a validated model if
the analysis is done carefully. However, according to Thomas and James [4], for example, the
procedural rules can make the grounded theory method an attractive option, in that it offers a map
for conducting a qualitative inquiry. In these studies, the method was considered a suitable starting
point for analyzing the students’ experiences, enabling a model to be built in the ClassPad project of
mastery in learning and doing mathematics.

2. From learning of mathematics to making of mathematics

Main outcome: Spontaneous mathematical activities with progressive technology, even of short
duration, can cause remarkable shifts in student’s mathematical profiles, opening new and
progressive ways to arrange the teaching and learning of mathematics.

2.1 Topic realization
The international scientific community has acknowledged the global reach of problems in
mathematics education (cf. e.g. [10]; [11], [12]). Possible reasons for the extent of the difficulty are
summarized as follows by the Joint European Project MODEM (Model Construction for Didactic and
Empirical Problems of Mathematics education):
Mathematics tends to be explained as an organized body of knowledge, in which students are
largely passive, practicing old, clearly formulated, and unambiguous questions for timed
examinations. The large body of theory is found to be abstract and depends on an unfamiliar
language. These features are of course essential for the purposes of a professional
mathematician, but they leave many students dispirited and bored, and their performance in
more advanced courses is poor because the foundations are weak: the examiners are reduced
to setting only bookwork or stereotyped questions, which can be remembered without becoming
a vital part of the student.
(http://wanda.uef. fi/lenni/modem.html)
When discussing the relation between mathematics and teaching of mathematics—and the poor
reputation of both—Hvorecky and Haapasalo [13] adopt a business perspective, suggesting the
following criteria for effective educational research:

e Each “market segment” has its own expectations; relevant priorities should therefore be
established for different groups of pupils/students.

e As “the customer is always right”, mathematics should be made more “edible and digestible”
for each segment by bringing it closer to their environment and cultural values.

e Research in mathematics education should concentrate on specifying these particular needs
and expectations by combining systematic planning with “minimalist” instruction (see
Chapter 3).

In emphasizing the student’s curiosity as a crucial motivational factor, Hvorecky and Haapasalo offer
the following suggestions:

e Show the human character of mathematicians, who also make mistakes sometimes.

e Utilize modern progressive technology to visualize abstract objects and assign meaning to
them.
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e Formulate problems so as to stimulate students’ interest in solving them.
e Make imperfect calculations for our imperfect world.

e Underline contradictions between naive and formal solutions.

e Provide realistic models, including non-linear ones.

e Demonstrate the limited application of some models. [13]

The modern “science of knowing and learning” implies that we should teach less formal mathematics.
Like Freudenthal ([14], [15]), we should see mathematics as a mental art, emphasizing active
formulation and solving of problems. Beyond presenting the logical organization of mathematical
knowledge, attention should be given to developing the student's ability to construct and understand
knowledge and not merely to collect data. Zimmermann, Fritzlar, Haapasalo, and Rehlich [16] stress
that
both technological applications and the history of mathematics offer excellent problem fields—
already in elementary mathematics—for developing students' mental activities from the very
beginning. Understanding the technological and cultural perspectives of mathematics is to our
mind an effective preventative measure against students' negative beliefs about mathematics,
poor self-confidence and inter-cultural contradictions (p.214).
Kadijevich [17] points out four areas that have been neglected in mathematics education research: (1)
promoting the human face of mathematics; (2) relating procedural and conceptual mathematical
knowledge; (3) utilizing mathematical modelling in a humanistic, technologically-supported way;
and (4) promoting technology-based learning through applications and modelling, multimedia design,
and online collaboration. These findings set out the challenges in utilizing modern technology in all
its forms.

During the last two decades, as in many other fields of education, the general paradigm of
teaching and learning in mathematics has changed. First, there has been a change from the behaviorist
knowledge transmission model to the constructivist paradigm, emphasizing cognitive processes.
Second, there has been a shift to the socio-constructivist (socio-cultural) paradigm, emphasizing
social factors in constructing shared knowledge ([18], [19], [20], [21], [22]). In research on
mathematical instruction, the focus has been on collaborative problem-based methods for improving
learning processes and outcomes ([23], [24], [25], [26]). However, the traditional direct teaching
approach (cf. [27], [28], [29]) is still strong among teachers of mathematics, and the need to shift this
culture towards student-centered approaches remains a topical issue ([18], [19]).

2.2 Topic reconsideration
What does it mean to “make mathematics”?
Regarding the first of the neglected areas mentioned above, Zimmermann ([30], [31) articulates eight
sustainable motivations and activities (to be called Z-activities) that have regularly led to
mathematical innovations across different times and cultures for more than 5000 years:
e Apply: application; applying mathematics; modelling
Construct: history of practical geometry and architecture
Calculate: repeatability and security of calculation methods (algorithms);
Play: game simulations; gambling; playing
Evaluate: aesthetics and aesthetical systems of values; evaluating; rites, religions and other
systems of values; believing
Find: interest in heuristics (methods of inventions); finding and inventing
e Argue: interest in methods of verification; proving and arguing
e Order: interest in systems and theories; axioms and ordering
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We found it relevant to take these Z-activities (illustrated in Figure 1) as one element of a theoretical
framework for structuring of learning environments, for analyzing students’ cognitive and affective
variables, and as a means of assessing the quality of teacher education.

order

argueg PATALRN , find
evaluatel=——¥ ! /T play
calculate ¥ | J/ construct
apply

Figure 1. Activities and thinking tools which proved to be especially successful in producing new
mathematics [31].

To examine how these eight activities emerge in students’ working processes, we quantified each
activity in terms of its distance from the centre of the octagon, indicating how well a student thinks
he or she is doing in each activity, how strongly each activity is represented when using the term
‘mathematics’, and how well a computer can help to perform each activity. We found (see [32]) that
school mathematics seems to provide little support for these activities in either Finland or Germany,
and that university mathematics offers even less. The only exception is in respect of calculating,
which seems overdone in every case. Using the same instrument, Haapasalo and Eskelinen [33]
confirmed this outcome, suggesting that students seem to gain modest support for Z-activities from
mathematics teaching in school, and from their overall usage of information and communication
technologies.

Instrumental genesis

Zimmermann’s analysis reveals that priority has often been given to the pragmatic aspects of
mathematics. This was particularly true in ancient China, where there was much less interest in
proving things than in ancient Greece, where the Euclidean and Archimedean traditions emphasized
arguing, rules and using a conceptual structure [34]. In prescribing that mathematics should be taught
both theoretically (‘on paper’) and in practice (such as ‘actual surveying in the field’), the Dutch
mathematician Stevin (1585) [35] suggested that tools such as rulers, compasses and right angles
should be replaced by fieldwork tools. Nowadays, such tools often take the form of hands-on
technology.

The development and use of information and communication technologies (ICT) can be
understood as instrumental genesis, triggered by instrumentation and instrumentalization ([36], [37]).
To describe the use of technology in education, Samuels and Haapasalo [38] suggest this term can,
in a broad sense, be interpreted to mean the simultaneous acquisition of conceptual and procedural
knowledge through the use of ICT. This is based on a view of technology that distinguishes between
artefacts and instruments, referring to Vérillon and Rabardel’s [39] distinction between an artefact as
a physical object and an instrument as partly a physical object and partly a cognitive scheme enabling
it to be used to perform specific kinds of task. Instrumentalization is directed towards the artefact and
describes the process by which it becomes useful to the learner for specific purposes (that is, an
instrument). Instrumentation is directed towards the learner and describes the process by which the
possibilities and constraints of the artefact shape conceptual understanding and procedural ability

([36], [40]).
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As derived through a form of sociocultural studies, instrumental genesis is deployed
predominantly in the field of mathematics education in the use of technologies combining a computer
algebra system (CAS) and dynamic geometry software (DGS). CAS can carry out algebraic
operations and plot algebraic functions, and DGS allows geometrical objects to be drawn and
constructed on the basis of geometric and algebraic definitions. Nowadays, most of those combined
features are implemented in hands-on technology®. This may be one reason for Haapasalo’s [41] view
that

instead of speaking about 'implementing modern technology into the classroom' it might be more
appropriate to speak about "adapting mathematics teaching to the needs of information technology
in modern society’, and to shift from providing systematic instruction to a minimalist approach
(see Chapter 3.2).
This implies following Zimmermann’s approach by giving greater emphasis to the making of
informal and pragmatic mathematics rather than to formal mathematics.

Reappraising learning technology within radical constructivism
In their comprehensive analysis of learning technologies, Samuels and Haapasalo [38] conclude that
most so-called learning technologies bear little relation to the kinds of technologies contemporary
learners use in their free time and thus appear alien to them and unlikely to stimulate them to
informal learning. The theory debate behind learning technology has been characterised as a
“see-saw” between instructivism and constructivism with additional emphasis being placed
recently on the social context of learning. A contemporary approach to the use of some learning
technologies in mathematics education potentially overcomes this see-saw by enabling the
simultaneous acquisition of conceptual and procedural knowledge.
The same authors suggest that learning technologies, at least for scientific subjects, should have the
following attributes:
» They should be innately stimulating while encouraging learners to increase their knowledge.
In other words, they should put the curriculum into their fun (the kinds of experience learners
find naturally enjoyable) rather than vice versa.
» They should allow learners to move from instrumentation to instrumentalization —that is,
allow them to modify built-in knowledge to suit their particular needs.
» They should allow learners to construct conceptual knowledge that promotes applicable and
viable procedural knowledge.
» They should either build in or facilitate appropriate scaffolding and assessment through
external tutoring to avoid an entertainment or socialising orientation.
In this article, the term progressive technology will be used to denote the combination of CAS and
DGS. These tools are so powerful that even their developers seem less than fully aware of their huge
potential for the learning of new concepts [42]. Across millions of pages on the Internet, examples
are limited to how a given tool or application can be used for a specific operation. Even then, the user
has to understand concepts beyond those operations as well as about the commands for use of that
particular tool or application. This thesis proposes an opposite starting point: the user needs to know
almost nothing about either the conceptual domain or the user commands. Adopting the view of
Samuels and Haapasalo [38], the focus is on the immersive and interactive environments that the
utilization of technology can create. The term investigation space is used in the constructivist sense
to emphasize students’ own freedom to find, identify, manipulate, and evaluate knowledge, and to
solve problems collaboratively within one’s own personal and social control. These characteristics of
navigationism [43] include cognitive and psychological aspects [44], but also give due emphasis to
the Z-activities.

! see e.g. http://edu.casio.com/products/classpad/cp2/ and http://education.ti.com/en/us/nspire-family/cx-handhelds.
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As regards an appropriate socio-constructivist framework, Peirce’s well-known pragmatic
theory of truth offers a solid grounding, making the debate between radical and weak constructivism
sound unnecessary and even naive. Within this framework, once an investigation space has been
designed (an open problem is given), the teams work in collaborative causal interaction with the
problem. After testing the viability of radical ideas among and between the teams, only those ideas
finally remain that are viable for the whole social group constituted by those teams (see Figure 2).
The objectivity of knowledge relates to what the teacher and students consider necessary “to be able
to cope”, in the sense of von Glasersfeld [45].

viable
SV = | knowledge
correspondence of the
community

Figure 2. Viable knowledge as a result of radical social constructions [46].

Aims and methods of ClassPad 1

To establish whether students would choose to make spontaneous use of a CAS calculator, an
unfamiliar tool (ClassPad 300) (see http://classpad.net/) was demonstrated briefly, with minimalist
instructions (see chapter 3.2), to 8th grade students. They were offered the opportunity to play with
it voluntarily during their summer holiday to learn concepts of 9th grade mathematics (such as a linear
function). Their only required duty was to maintain a portfolio if they worked with the tool. Four
students immediately volunteered for this study, and within a few days the number of volunteers had
increased to fifteen. These students were given a leaflet that included information about some
problems connected to the basic features of linear functions, which is one of the most important
concepts in the 9™ grade curriculum. This was the starting point for our ClassPad-project, which
turned out to extend to three phases.

Given this reconsideration of the topic, it was important to design a new kind of instrument for
studying students” views and self-confidence with respect to mathematics and technology. For each
of the activities in Figure 1, we quantified the distance from the centre on a 5-point Likert scale,
developed to measure three profiles based on the Z-activities. This kind of instrument was
subsequently used in all quantitative studies, using data from web-based questionnaires.

The research questions were designed to assess students on the following profiles:
e Math-profile: how strong each activity appears when using the term ‘mathematics’
e Identity-profile: how good the student thinks he or she is at each activity
e Techno-profile: How well a computer can help to perform each activity.

The quantitative data was consolidated by qualitative methods as individual interviews basing on the
objects’ working experiences (portfolios) and their responses to web-based questionnaire. After the
summer holiday, the researcher conducted in-depth-interviews with each student (N = 15). The
interview themes focused in particular on students' experiences of success in the project, their learning
experiences, their own descriptions of their working process, and their self-evaluation in respect of
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the three profiles listed above. All the interviews were audio-recorded and then transcribed for
analysis, varying in length between 20 and 30 minutes.

The analysis was based on content analysis, and the interpretative approach was phenomenological
(cf. [47], [48], [49]). This method considers the characteristics of language as communication,
focusing on the content or contextual meanings of text data ([50]). To begin, researchers worked
through all the data. Then, the rough data was compiled according to the main themes above. Next,
the thematic texts were categorized according to the emergent categories. Finally, the categories were
generalized in search of answers to the research questions. In the following chapter some interesting
samples from these interviews will be represented.

2.3 Empirical evidence
The sample below is taken from the portfolio of a relatively low-performing student (75 minutes
work, beginning at 00:27).
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6th session 15.07.2005. Time 00.27. (duration 1h 15 min)

* The equation ofaline is y=1.613x-0.5992

» When changing to y=2x - 05992 the angle between the line and y-axis is smaller.

» When changing to y=1x - 05992, the angle between the line and y-axis becomes bigger.
* Theequationis y=1.613x -05992.

* I change to y=1.613x -4, the line moves to the same direction away from origin.

» When changing toy =1613x+4, the line moves to anather direction on x-axis.

Tth session 15.07.2005. Time 11.46. (duration 2 h 37 min)

* [ try again, and now I do it with a little bit easier equation than yesterday.

* The equationis y=2x - 3. | move the line to the origjin.

* By changing the equation to y =2x - 5 the line moves “forward to the positive x-axis”.

» When changing toy=2x - 1, the line goes to the same direction with armsller the distance.
» It was something like this = Amazing. . .

Figure 3. Portfolio example of utilizing simultaneous activation when playing with ClassPad [5].
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This portfolio example contrasts with the common purely metacognitive abilities of students and
teachers [41]. By manipulating the equation (conceptual interpretation) spontaneously, the student
explained how the parameters affect the position and location of the line (procedural interpretation).
She made through instrumentalization her own interpretation against the standard view: the line
moves along the horizontal axis. Figure 2 represents the profile shifts of this same student. The
profiles shifted towards the creative direction, the biggest change being in playing. In the interview,
the student said, “In May I could not even think to play with the ClassPad in the summer holiday.
However, I noticed, that it was very capable for playing with mathematics.” Maybe the most
surprising shift occurred in the calculate dimension. Here, the student became aware of the versatility
of the technical tool, which was connected with a decrease of the relative intensity of the belief on
the importance of calculations.

evaluate

— & -May —8— August

Figure 4. Shifts in the student's Math-profile (on the left), Identity-profile (in the middle), and
Techno-profile (on the right). [5].

3. Combining systematic planning and minimalism

Main outcome: Students’ cognitive development can be supported by socio-constructivist minimalist
instruction provided that learning environments are planned in a research-based, quasi-systematic
way to link conceptual and procedural knowledge.

3.1 Topic realization

Characterization of two knowledge types

The characterization of two knowledge types has been identified as a neglected area in mathematics
education research— even though it is a key question for any pedagogy to ask whether the learner
must understand before being able to do, or vice versa. This means solving the conflict between
conceptual and procedural knowledge, characterized according to Haapasalo and Kadijevich [53] as
follows:

» Procedural knowledge denotes dynamic and successful use of specific rules, algorithms or
procedures within relevant representational forms. This usually requires not only knowledge
of the objects being used, but also knowledge of the format and syntax required for the
representational system(s) expressing them.

*  Conceptual knowledge denotes knowledge of particular networks and a skilful “drive” along
them. The elements of these networks can be concepts, rules (algorithms, procedures, etc.),
and even problems (a solved problem may introduce a new concept or rule) given in various
representational forms. (p.148)

When designing any learning environment, we encounter a conflict between these two knowledge
types. Samuels and Haapasalo [38] emphasize that when scaffolding operational learning within
scientific subjects, one of the key questions is how to promote acquisition of both conceptual and
procedural knowledge while avoiding any polarization between recipe-orientated, methods-based
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teaching and an abstract conceptual approach. Implementing technology often makes this still more
complicated by requiring a dual-focus approach: a well-balanced convergence between instructional
orientation and the demands of the technology. Procedural skills alone are insufficient for a transfer
effect, if logic and significance beyond those skills is unknown. On the other hand, a solely conceptual
understanding of an application (e.g technical tool or software)—retrieving required information from
memory and interpretation to implement concrete procedures—can be difficult. If the application to
be learned is simple in nature, conceptual training can lead to awkwardness in use of the application.
Resolving these issues calls for a sophisticated interplay between conceptual and procedural
knowledge of both the topic to be learned and how the technology is to be used. If it is agreed that
the main goal of education is to develop both procedural and conceptual knowledge and to make links
between the two, the first crucial question is, what is the quality and the role of technological
application? And secondly, how do different technologies and pedagogical solutions affect the
relationship between the two knowledge types? According to Rittle-Johnson and Koedinger [51],
conceptual and procedural knowledge seem to develop iteratively, in that a change of problem
representation influences the relationship between them. This kind of development was verified
through several empirical studies within the pedagogical model developed in the MODEM project
(see [52], [46]). This model of the interplay between the two knowledge types makes use of
spontaneous procedural knowledge as well as the simultaneous activation of conceptual and
procedural knowledge.

Interplay of conceptual and procedural knowledge

Recalling the discussion of Haapasalo and Kadijevich [53] about the importance of procedural
knowledge in human constructions of meaning, investigation spaces should allow learners to start
from their spontaneous procedural knowledge. However, procedural knowledge alone cannot
predominate if we consider that the main goals of education are to promote skilful navigation in
knowledge networks, and the ability to apply knowledge in new situations, requiring linkage between
the Z-activities. Recent research by Lauritzen [54] with economics undergraduate students (n = 476)
reveals two crucial factors in acquiring and applying knowledge. First, procedural knowledge is
necessary but not sufficient for conceptual knowledge; and second, to be able to apply what they
know, students need conceptual knowledge. Combining these demands, we can conclude that the so-
called developmental approach, based on a genetic view emphasizing procedural knowledge, needs
to be combined with an educational approach, based on dynamic interaction and emphasizing
conceptual knowledge (see [53]). Figure 5 shows a sophisticated interplay of the two approaches
within the MODEM theory.

Developmental approach Educational approach
(G) and (SA) } (DI) and (SA)

(0) Concept Orientation

(D) Concept Definition
A
Spontaneous (I) Concept Identification

procedures ;
(P) Concept Production

Sophisticated

procedures ‘ P/C links ‘ (R) Concept Reinforcement

Figure 5. Interplay between developmental and educational approaches [46].

Orientation (O) forms the first phase of systematic concept building, utilizing what is basically a
developmental approach, in which interpretations of the situation are based on the mental models of
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the pupils, from their more or less naive procedural ideas. These act like a wake-up voltage in an
electric circuit that triggers another much more powerful current, and is amplified again. The
procedural and conceptual knowledge types start to support each other, affording an opportunity to
use, for example, the principle of simultaneous activation (SA). The examples in Figures 6 to 8 are
taken from the ClassPad 2 project.

Draw in the Geometric Window a line, which looks something like in each of
these pictures. After that, by using Drag-and-Drop or eActivity, find the line
equation.

|V File Edit Wiew Draw ‘V File Edit Yiew Draw
g vl b el e =

y= y=
Figure 6. An investigation task with ClassPad at the phase of concept orientation.

The role of the concept Definition (D) is to give students opportunities to make their own
investigations, to express the results of their investigation (especially in verbal form) in each case,
and to argue about these results within and between the collaborative teams. By means of social
construction, a definition for the concept is born, as students try to fix the relevant determiners of the
concept in verbal, symbolic, and graphic forms. Creative thinking and productive work is needed,
especially in the phases of orientation and definition. The next phases of concept building utilize the
principle of dynamic interaction (DI); the idea is to give students a sufficient number of opportunities
to construct concept attributes and procedural knowledge based on them.

In the phase of Identification (1), students are encouraged to train themselves in recognizing
concept attributes in verbal (V), symbolic (S), and graphic (G) forms. For this, we need six kinds of
(D tasks: 1VV, IVG, IVS, IGG, ISS, and ISG. During the learning process, the teacher must be
prepared, if necessary, to begin with tasks requiring only binary distinctions (between two elements),
before advancing to the identification of several elements. Figure 7 illustrates task types IGS and

IGG.

Figure 7. ldentification task I1GS (on the left) and IGG (on the right).
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In the phase of Production (P), pupils must be allowed to produce another representation in a different
form from a given presentation of the concept. The development of production (P) requires nine
combinations: PGV, PGS, PGG, PSG, PSV, PSS, PVS, PVV, and PVG. The tasks of identification
and production must be capable of completion without any complicated processing of information on
the student’s part. Figure 8 represents task types PGG and PGS (even though the tasks can be solved,
like other task types, by using Drag-and-Drop activity or eActivity).

Draw the line as represented in the above figure
and find the line equation. 2.

Then, change the line equation so that the line

o (2,20
goes like in the figure below. : D
2-
_'4 4
—2-
(4,2) 0|

Figure 8. Production tasks PGG and PGS.

In the phase of Reinforcement (R), the goal is to train and utilize concept attributes, and to develop
procedural knowledge to be used in problem-solving and applications. The tasks covered in the next
chapter can be classified as belonging to this category.

3.2 Topic reconsideration

Combining systematic planning and minimalism

The genesis of heuristic processes, and the ability of students to develop intuition and mathematical
ideas within a constructivist or minimalist approach, is unlikely to be attainable without thorough
planning of learning environments by the teacher. To this end, empirically tested and more or less
systematic pedagogical models can be helpful. On the other hand, encouraged by the findings of
Kadijevich and Haapasalo [55] that P-C links may be established by means of sophisticated
conceptually-oriented technology-based environments, and our findings that students were able to
use the tool on the level of instrumentalization, we orchestrated the learning of a whole 9th grade
mathematics class using only the ClassPad calculator and without any textbooks or traditional
homework (referred to later as instrumental orchestration). The learning tasks were designed within
the quasi-systematic MODEM framework described above.

Recalling Figure 1, it is the right-hand half of the octagon that emphasizes creative human
activities, which very often run optimally without any external instruction or requirement. Students
frequently neglect teacher tutoring or they feel they do not have time to learn how to use technical
tools; similarly, teachers feel they do not have time to teach how these tools should be used. The term
minimalist instruction (M), introduced by Carroll [56] is crucial, not only for teachers but also for
those who write manuals and help menus for software. Carroll observed that learners often avoid
careful planning, resist detailed systems of instructional steps, tend to be subject to learning
interference from similar tasks, and have difficulty recognizing, diagnosing, and recovering from
their errors. The assumptions, characteristics, and methods of minimalism implemented here are
opposite to those of Gagné [57]. With a view to fostering problem-solving abilities, we pick up some
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alternate characteristics of Ml (cf. [58]). These features of minimalism encompass several varieties
of the constructivist view, and include certain assumptions about effective instruction (cf. [59]): 1)
specific content and outcomes cannot be pre-specified, although a core knowledge domain may be
specified; 2) learning is modelled and coached for students with unscripted teacher responses; (3)
learning goals are determined from authentic tasks stressing doing and exploring; (4) errors are not
avoided but used for instruction; (5) learners construct multiple perspectives or solutions through
discussion and collaboration; (6) learning focuses on the process of knowledge construction and
development of reflexive awareness of that process; (7) criteria for success are the transfer of learning
and a change in students’ action potential and (8) the assessment is ongoing and based on learner
needs [41].

Aims and methods of ClassPad 2

The findings from ClassPad 1 encouraged us to investigate whether students returning from their
summer holiday were able to use the tool on the level of instrumentalization in the classroom. We
therefore planned and implemented learning of the core areas of 9" grade mathematics—linear
functions and basic concepts of statistics—using only the ClassPad calculator, without any textbooks
or traditional homework. The learning of linear functions consisted of nine 45-minute lessons. During
the first lesson, the students formed teams and learned to use ClassPad. The focus was on changing
representations between algebraic and geometric calculator windows by utilizing the principle of
simultaneous activation of conceptual and procedural knowledge (cf. portfolio sample in Figure 3).

The research questions were:

Q1. Can a quasi-systematic framework to link conceptual and procedural knowledge be used

within a minimalist approach to instruction?

Q2. Which kinds of cognitive development can be found among students?

Regarding Q1, the learning tasks were planned according to the systematic MODEM framework,
comprising 8 tasks for concept Orientation and Definition, 13 tasks for Identification, 20 tasks for
Production, and 13 tasks for Reinforcement (see Figures 6 to 8). The students had complete freedom
to choose a problem set from the menu, and to decide how they would work during the lessons.
Students’ choices were recorded by prospective mathematics teachers (PMT) who participated in the
project within their pedagogical studies.

Regarding Q2, the students’ cognitive skills were tested three times: a pre-test before, a test
soon after, and a delayed post-test five months after the learning period. The tests were designed
according to the MODEM framework to fit the test used in the MODEM 1 study [60]. This allowed
comparison of the cognitive results with those gained from cognitive mathematics teaching. This kind
of test design, using a single group of participants without a control group, was considered useful for
describing group development during the process ([61], [62], [63]).

3.3 Empirical evidence

Interplay of systematism and minimalism works

Our results suggest that the answer to research question Q1 is affirmative. Figure 9 presents an
example of how one of the student teams chose tasks from the menu, in a far from optimal way. The
team went directly to PSG tasks and also selected from that list those eleven tasks (#1—#11) more or
less randomly (as was the case for the Orientation Tasks). Students evidently liked the amazing drag-
and-drop function, which automatically performed the PSG action.
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— | PsG @¢#1) | psc@s) | - | Psc@#3) | —| psci7) | = | o @3)
| o@ | o@2 | Pscw2) | | 1vG@) | = | PsGe)
— | 1vs(@) S| 1ss@n | | R@#1) | R@#1) = | R
— | PSG(#4) — | Pscw#9) | — | psGc@s) | | PsGw11) | — | PSG(#10)
| Pvv(l | PGv@l | — | PsG@#12) | | PGG@l) | — | PVvv)

Figure 9. An example of a “classpath’ when selecting tasks.[5]

Another team started by picking up a quite complicated problem on optimizing mobile phone costs,
which was planned as a Reinforcement task. After realizing that the (partly linear) cost models was
too difficult for them, the team then chose a different, and much easier, problem set of Identification
tasks—the lowest level of understanding of links between representations. This example shows that
interplay between a systematic and minimalist approach can be achieved even by simple pedagogical
solutions.

Positive surprises in students’ cognitive development

Students’ scores in all test items except application task #5 were significantly higher (p < 0.05, sign
test) after the working period than in the pre-test (see Figure 10). The most remarkable changes (p <
0.001) were in task types (PVV), (PSV), (PVS), (PSS), and (IVV). For most of the test items, these
students’ scores were higher than those of students even at the end of junior high school, after gaining
conventional mathematics teaching, revealed by the MODEM 1 study (see [52], [60]). Furthermore,
these students’ scores (especially in the production tasks) were even better in the post-test [64]. The
results suggest that students learned the concept of a linear function, if “learning” is defined as in
previous studies ([60], [65], [66], [67], [68], [69]) The positive results somewhat contradict the results
of Kirschner et al. [70] that minimally guided instruction is less effective and less efficient than other
instructional approaches (cf. [71]). In this light, we wanted to extend the methodology to find out
what had actually happened during the learning processes, and what might have contributed to the
positive results. These issues will be discussed in chapters to come.

APPLICATION 1: ARRANGEMENT OF LINE
APPLICATION 2: EXCHANGE RATES
APPLICATION 3: TELEPHONE CHARGE
APPLICATION 4: CHANGE IN THE CAR PRICE
APPLICATION 5: EMPTYING OF TANK

IDENTIFICATION 1: IGG
IDENTIFICATION 2: 1SG
IDENTIFICATION 3: IVG

M pre-Test

B Test

IDENTIFICATION 4: 1SS
IDENTIFICATION 5: 1SV
IDENTIFICATION 6: IVV
PRODUCTION 1: PGG
PRODUCTION 2: PSG
PRODUCTION 3: PVG
PRODUCTION 4: PGS
PRODUCTION 5: PSS
PRODUCTION 6: PVS
PRODUCTION 7: PGV
PRODUCTICON 8: PSV

Re-Test
BModem

.‘-r”mul'mllrl|“l| IWI

PRODUCTION 9: PVV

o

0,5 1 15 2 2,5 3

Figure 10. Students’ scores in the tests, compared with test scores in MODEM 1 study.
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4. Reappraising the term ’student-centered’
Main outcome: Instead of concentrating ON each student at a time, the focus should be shifted to
doing and sharing WITH students and student teams.

4.1 Topic realization

Student-centered learning (SCL) is a complicated, nuanced, and messy concept. O’Neill and
McMahon [72] describe the interpretation of the term “student-centered learning” as appearing t0o
vary between authors. Some equate it with active learning, while others subscribe to more
comprehensive definitions such as choice in learning or exchange of power in the teacher-student
relationship. SCL has also been defined ([73], [74]) as the conceptual opposite of teacher-centred
learning ([75], [76]). According to Zimmerman [77], that means the teacher presents information in
the hope that students will take it in. By contrast, the SCL literature commonly emphasizes student
autonomy and collaboration ([78], [77], [79], [80], [73]). According to Alliance of Excelent
Education (AEE) [18], SCL has several characteristics that help to prepare students for college and a
career, in that it is rigorous and based on real-world expectations; personalized; collaborative,
relevant, and applied; and flexible, as learning can happen anytime, anywhere. To encompass these
varying definitions of SCL, Neumann [81] presents a framework based on Bollnow’s [82] work,
holding that student-centered learning contexts can be said to center in students, on students, or with
students. Learning contexts that are centered in students imply that learning dwells within the student
and is generated with little or no assistance from anyone else. On this view, educators simply need to
not inhibit learning, which is seen as essentially self-generating and self-driven. Learning contexts
that are centered on students, on the other hand, are “analogous to a kind of handicraft work.” [81].
In this context, teachers determine and provide for educational needs, and students react to those plans
and prerogatives. Here, the focus is on a teacher’s ability to convey the necessary material, and on a
student’s responsibility to learn it. Finally, learning contexts centred with students bring the teacher
and the student into partnership as autonomous entities, implying that learning emerges through this
collaboration.

SCL is also linked to classroom emotional climate (CEC). According to Hamre and Pianta
[83], classrooms characterized as high in CEC have (a) teachers who are sensitive to students’ needs;
(b) teacher—student relationships that are warm, caring, nurturing, and congenial; (c) teachers who
take their students’ perspectives into account; and (d) teachers who refrain from using sarcasm or
harsh disciplinary practices. In such classrooms, the teacher fosters student comfort and enjoyment
by regularly expressing warmth toward, respect for, and interest in students, and by encouraging their
cooperation with one another. In classrooms high in CEC, teachers are also aware of their students’
emotional and academic needs, and respond by choosing age-appropriate activities that encourage
self-expression and cater to their students’ interests and points of view. Using multilevel mediation
analyses and controlling for teacher characteristics and organizational and instructional climate,
Reyes et al. [84] showed that the positive relationship between CEC and student grades was mediated
by engagement. Effects were robust across grade level and student gender, confirming the role of
classroom-based, emotion-related interactions in promoting academic achievement.

In exploring students' experiences of mathematics, there will always be background variables
such as teaching arrangements, the relevance of teaching, or the influence of school culture. The first
two of these variables are at issue in discussing the shift of paradigm towards socio-constructivism,
where teachers’ actions are guided by SCL and achievement of a good emotional climate in the
classroom. With regard to school culture, sociologists (e.g., [85], [86], [87]) have proposed three
interlinked strata, dividing the school into physical, formal, and informal dimensions. Physical school
includes space and corporeality, and the school environment effectively becomes the stage on which
the formal and informal elements of school communicate. Formal school is determined by the
administrative and educational purposes of the curricula, teaching materials, methods and classroom
work, and learning activities and interactions, as well as by school rules and formal hierarchies.
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Informal school includes education outside the school premises and interaction outside the classroom.
The physical school is seen as an arena, in which students negotiate social positions through
storytelling. Young people constantly monitor the finest details of the school environment, making
judgments about how to be a good citizen, or a good student. While the formal school obliges teachers
to supervise students and to realize learning objectives, the informal school and its alternative “rules”
inform everyday school life, as discipline and student resistance co-exist in a repeating pattern [87].
Students' informal learning experiences are, however, constantly ignored by the learning processes
of formal school, even where those experiences might offer a meaningful basis for learning [88].
In their comprehensive analysis of physical and virtual learning environments, Haapasalo and

Samuels [44] emphasize that

learning is becoming more collaborative and mobile and today almost every student owns not

only a mobile phone but also many otherpersonal devices. To get these devices integrated with

mathematics is an interesting task, especially because recent studies show that student seem to

learn mathematics in most effectiveway on their free time. Numerous studies show that

enjoyment and creativity are seen as the key to affective motivation leading to an identity and

attitude change towards mathematics.

4.2 Topic reconsideration

Reappraising the terminology

To begin to reappraise the term “student-centered learning”, the first requirement was to take a critical
look at the use of the term “learning”—which in itself is always essentially “’student-centered”. It
seems strange to even suggest that someone is learning on behalf of another person, and it might be
more appropriate to speak, for example, about “student-centered teaching”, “student-centered
instruction”, or “’student-centered learning environments”. With this in view, the first step here was
to identify the learning paradigm underlying classroom instruction. To this end, Silfverberg [89] (cf.
[19]) posed two questions: (1) Who are the real actors in this process and what is the degree of
collaboration? (2) Who are the primary decision-makers in this process? Based on these questions,
we designed a matrix [6] for analyzing the lessons plans made by prospective elementary teachers
(Table 2). The upper right-hand corner of the matrix can be seen to represent an ideal paradigm for
orchestration of “student-centered learning environments” (SCLE).

Table 2. Matrix for student-centered learning environments (SCLE) categorized by two main
characteristics: collaboration and decision-making (modified from [6]).

NON-COOPERATIVE COLLABORATION COLLABORATION
INSIDE ATEAM BETWEEN TEAMS
ON IN WITH
MINIMALIST Learning results and Learning results and Learning results and
methods are determined | methods are determined | methods are determined
INSTRUCTION by the student based on by the student team through collaboration
authentic problem-solving | within collaboration between the students
environment teams
Student centered learning pnviroments

STUDENT-ORIENTED

Learning goals are mainly
given by the teacher; the
student decides how to
interpret them and how
use the material

The learning goals are
mainly given by the
teacher; decision to
interpret them, and use of
learning materials, is
made collaboratively
within the team

The learning goals are
mainly given by the
teacher; decision of
interpreting them and
using the learning material
is made through
collaboration between the
teams

TEACHER-CENTERED

Teacher decides the
learning material to be
used within exact
instructions

Teacher decides the
learning results, gives the
learning material to the
team, and gives exact
instructions for co-
operation inside the team

Teacher decides the
learning results, gives the
learning material to the
teams, and gives exact
instructions for co-
operation between the
teams
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SCLE during ClassPad 2 characterized by student’s experiences

Figure 11 illustrates how the matrix developed as the author who was also the teacher of that class
was planning and realizing the work during ClassPad 2. The next chapter will consider how this view
aligns with students’ experiences.

NON- COLLABORATION | COLLABORATION
COOPERATIVE INSIDE A TEAM BETWEEN TEAMS

MINIMALIST P =

L 1 \ 4 =Y A ’;"7"\.‘

INSTRUCTION l-) b’ le
5 e d I/' = \-‘
(-

STUDENT- P y
ORIENTED x'J “\'r—ﬂvJ

TEACHER-
CENTERED

Figure 11. Stages of students’ work during Classpad 2.

During the first introductory lesson (stage 1), the students formed teams and learned to use ClassPad
without any written tutorials. They could ask help from the teacher or from their classmates, and the
focus was on learning to utilize the drag-and-drop function to switch between the algebraic and
geometric windows. Students could begin with any geometric figure they wanted, but the problems
concerned only the straight line. Some of the students moved to stage 2 at the end of the first lesson;
the others achieved this during the second lesson when they made decisions to use the problem menu
to test drag-and-drop. At this point, most of the students were working in pairs. Stage 3 was reached
when students tried to solve the problem in collaboration with the other teams. In this phase, team
working varied between co-operation and collaboration. Stage 4 was reached when some students
noticed that ClassPad is very useful for polynomials. At this stage, ways of working were still varied.

To find empirical support for the characterization of SCLE in Table 2, students’ working
processes during ClassPad 2 were looked from four different points of view: (1) How did students
experience SCLE? (2) How did they communicate in SCLE? (3) What kind of influences did SCLE
cause to students’ mathematical identity, and (4) How does SCLE relate to students’ expectation
towards mathematics teaching?

Data for questions 2 and 3 was analysed using content analysis, and for questions 1 and 4 by
using Grounded Theory method. Students wrote essays on their experiences, to be analysed using the
“bottom-up” methods of grounded theory as described by Glaser and Strauss [90] and Glaser [91]
(which introduced a more flexible approach). Quite rich data were obtained from the students’
personal essays or reports, and three analytic steps were then followed. In the open coding phase, the
data derived from the students’ writings were examined in detail and coded for emerging concepts.
During this open coding, concepts were identified. In the theoretical coding phase, the number of
concepts was reduced and grouped into tentative categories. Patterns of students’ processes were
identified in the data, and the emerging categories and their relationships were carefully compared to
ensure that these categories covered most of the variation found in the data.

4.3 Empirical evidence

SCLE during ClassPad 2 characterized by student’s experiences

According to Eronen & Kédrné [9], students’ experiences can be described by a model comprising
four categories and contributing to a fifth category (Figure 12).
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CONDITION
Self-guidance for
doing and learning in

TW,C
[ \ OUTCOME

Mastering process with or without
feeling of satisfaction in T,W,C

CAUSE
Conception of
oneselfas a
studentin doing
and learning in

Mastering doing and learning in
(TW,C), (S)atisfied or (D)issatisfied

CORE

Acquirement of
TW,C , : e -
expertise for doing Mastering doing without mastering
and learning in learning in (T,W,C), (S) or (D)

Subcategories

T =tools in math
lessons

W = working style in
math lessons

C = content in math

lessons COVARIANCE (TW,C), (S) or (D)
Minimal Instruction \\ /
\—/ environment

for doing and
learning in TW,C

TW,C

Mastering learning without
mastering doing in (T,W,C), (S) or (D)

Not mastering doing or learning in

Figure 12. Model of mastery: doing and learning mathematics [9].

The model describes the processes through which students acquire the expertise needed for mastering
doing and learning mathematics. Students’ conceptions of themselves as math learners (Cause)
determined the process needed for mastering doing and learning math. The process was shaped by
the teacher’s minimalist instruction (Covariance), and by the students’ as self-guided and
collaborative learners (Condition). Technology as a tool and problem-solving as content were
additional important elements of the process. Thus, the learning processes during lessons were far
from traditional and became student-centered. As the model shows, mastering doing and learning
mathematics was the outcome of a complicated process shaped by a combination of factors: the
students’ conceptions of themselves as math learners; self-guided work style; minimalist instruction
as a teaching strategy; and expertise in the project’s new technical tool, work style, and math content.
The process was iterative and included shifts between modes. The two typical student processes can
be described respectively as the V and L profiles (Figure 13).

Mastering doing Mastering doing Mastering doing Mastering doing
without mfastering and learning without mjastering and learning
learning (Satig#Ed) learning (Satisfied)
(Satisfied) (Satisfied)

(1) (2) (1)

4

Mastering Hoing Mastering doing Mastering Hoing Mastering doing
without mpsterj and learning without mpstering and learning
learning W (Dissatisfied) learning W (Dissatisfied)
(Dissatisfied) (DissatisfiedT 3)

Figure 13. V-profile (left) and L-profile (right) for mastering doing and learning mathematics [9]

The more common process of mastering doing and learning math for most of the students (n = 21) is
represented by the V profile. These students acquired expertise and were satisfied with their
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performance in all three subcategories (tool, work style, and content). Typically, the students’ process
for mastering these categories was as follows.

At the beginning (from stage 1 to stage 2, see Figure 11), the students were excited about this
way of learning mathematics, which was very different from regular lessons, as students were asked
to use a new tool, and to complete self-guided work. After the first few lessons, however, the
satisfaction level of V-profile students collapsed (see (1), Figure 13), as they faced difficulties in
mastering a tool and work style that slowed down the process of solving the assigned math problems.
This satisfaction collapse is traced in the transition from stage 2 to stage 3 (Figure 11). As the project
continued, these students acquired greater expertise in the tool and subsequently in the work style.
Expertise in the content, that is, solving the assigned math problems, proved most difficult to acquire,
usually taking several lessons. As the V-profile students came to understand for the first time how
they could self-guide to solve problems by using the calculator, acquiring content expertise
accelerated with increasing awareness of how to use the new tool and work style for learning math,
and they moved from stage 3 to stage 4 (Figure 11). The final outcome of the process for the V-profile
students was that they mastered doing and learning math and felt satisfied (see (2), Figure 13).

The learning process of two other students is described by the L-profile. These students
mastered doing and learning math but were dissatisfied at the end of the project. At the outset, both
were as excited as the V-profile students. However, as the project progressed, the L-profile students
had difficulty acquiring at least one of the three fields of expertise. One of the students acquired
expertise in the new tool and work style, but did not acquire content expertise—that is, completing
the problems assigned for the project. This can be explained by his decision to work alone. He
reported that some of the tasks were easy to solve using ClassPad, but that some tasks were too
difficult to solve alone. The other student also decided to work alone. In like manner, she did not
acquire content expertise. She reported that, although she completed all the math tasks, she learned
almost nothing during the project because of the new work style. However, she also mentioned that
she had learned the concept of slope, which was crucial in understanding the equation of a straight
line. To this extent, she had acquired expertise in the tool and content, but did not feel she had
mastered the work style. The outcome of the project for these L-profile students was that they
mastered doing and learning math while being dissatisfied. Even if these students had mastered doing
and learning math, they were dissatisfied if their learning process was guided by unilateral
cooperation with peers or the teacher (see (3), Figure 13). It became evident that, for these two
students, completion of stage 4 processes would require effective collaborative problem-solving.

Student communication in SCLE

Figure 14 represents an instance of student communication during one lesson, and is quite typical not
only of these students but of the majority of students. The analysis revealed that the dominant category
of communication was entertainment. This lesson was very typical for students throughout the
project. Both students went for Production tasks 1 to 4 during the first 19 minutes (cf. Figure 14).
Their communication during the first six minutes concerned just entertainment or their daily school
activities. After that, both were silent for about one minute until Sarah started to communicate for
three minutes to have entertainment. Figure 11 shows that the amount of discussion then decreased
quite radically. We formed the view that this was caused by the difficulty of Production tasks that
were not appropriate for this low-performing pair. The fact that after 23 minutes John stayed with
Production Task #7 whereas Sarah attempted tasks #5 and #7 also indicates poor collaborativity. After
that, the teacher took more than 10 minutes to explain how to utilize the eActivity, and the Drag-and-
Drop properties of ClassPad. Students then selected Orientation Task #1 from the menu, and after
that Identification Task IVS. However, the discussion kept returning to technological aspects or
formal entertainment rather than mathematical content. The recording of this lesson (41 minutes)
includes discussion of content (6 minutes), ClassPad (6 minutes), and studies in general (6 minutes),
with 3 minutes of silence. The dominant category of speech (21 minutes, more than 50% of the total)
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was entertainment. This example demonstrates the significance of informal school when students
work within SCLE, as well as the importance of storytelling and the potential of informal school
culture activities as part of the learning process (cf. [87]).

Informal entertainment
Informal discussions concerning studies
Silence

Formal discussions concerning technology in use (ClassPad)
Formal discussions about dealing problems

t Teacher's t Teacher's
themes. for John John | Sarah Sarah themes for John John | Sarah Sarah
min public min| public
discus.. discussion
0 |21
1 22
2 | 23 PGS
3 | 24 task 7
Startir |
4 QZ:;:SQ | 25 | How to use PGS PGS
5 26 | eActivity? task 7 task 5
| How touse | finished (interrupted)
6 PSG and PSG and | 27 | Drog-and- ]
7 s R o | O PGS7 (task 7)
tasks 1-4 tasks 1-4 | function
8 finished finished = 29
9 | 30 ===
. E sz
11 | 32
12 | 33
13 | 34
14 . Orient taskl
15 36 Dherfrial (interrupted)
16 37 (interrupted)
17 38
Ps5G PSG
18 task 6 task6 | 39 it r’r"“-‘ ;
finished finished EITHEEe
9 40 Discus-
20 a1 sion

Figure 14. A sample of communication flow within a student pair [92].

Shifts in students’ identity profiles and math profiles

Turning now to another interesting example from the ClassPad 2 project, it becomes clear how
Identity-profiles and Math-profiles (see Chapter 1.2) change when students work in pairs. In this
instance, a conceptually-oriented peer-teacher (i.e., wanted to know what steps she has to do) was
teaching her procedurally-oriented classmate (i.e. uninterested in understanding what he was doing;
see [93]). Figure 15 shows that this kind of peer-teaching period quasi-enriched the Math-profile of
the peer-teacher, but undermined her mathematical self-confidence. Interestingly, the Identity-
profiles of these two students seem to run in opposite directions. As the classmate begins to think
(perhaps wrongly) that he can find, apply, and argue better than at the outset, his peer-teacher’s own
self-confidence in making mathematics seems to deteriorate (see Figure 16). As the peer-teacher spent
all her time in explanatory mode, this finding may indicate that a behaviourist approach to teaching
can damage both student and teacher.
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Figure 15. Math-profiles of the peer-teacher (on the right) and her classmate (on the left)
at the beginning (dashed) and at the end of the working. [5]
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Figure 16. Identity-profiles of the peer-teacher (on the right) and her classmate (on the left)
at the beginning (dashed) and at the end of the working. [5]

Students’ expectations about mathematics lessons

It was also important to ascertain what kinds of expectations students have about mathematics lessons,
and how they are linked to SCLE. To this end, we asked 7" grade students to describe the elements
that make mathematics lessons a dream or a nightmare, respectively. Figure 17 illustrates the main
components derived from students’ essays by grounded theory analysis. Because the original article
[8] is published in Finnish, a summary of this sub-study is presented next, along with some examples
of the data.

Ly ing
on-
ts
Teacher Working
and methods
Working
atm::phe S and tools
and tools
Teacher
and
atmosphe
Decision re Decision
making making

Figure 17. Main components in students’ essays. Dream stories on the left and nightmare stories on
the right (modified from [8]).
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In both types of essays, working methods appear most often, especially in dream lessons. These
related to interactivity, co-operation, manipulatives, homework, exams, and timing. In dream lessons,
learning takes place in small groups of friends, proceeding by solving problems without any time
constraints, and by developing games. Writing involves making only short summaries, and homework
is only for revision. In a nightmare lesson, by contrast, learning is based on too many time-pressured
tasks, and on copying text from the blackboard, as ordered by the teacher. Frequent tests are also a
feature of nightmare lessons. At the end of this kind of lesson, the teacher would give a lot of
homework related to basic tasks [8]

A dream mathematics lesson would be one in which everything must be carried out in pairs,

and the lesson would not be full of tedious tasks, but we could play math games and design

new games. (Boy #1)

There would be no rush from anywhere to nowhere. There might be a few rather difficult task

instead of piles of easy tasks. (Boy #2)

During a dream lesson, you don’t have to do notebook tasks or copying from the blackboard.

Such lessons will easily get dull and my attention can be easily drifted away, and afterwards

I recognize that I haven'’t learned a thing. (Girl #2)

Opinions on decision-making also appear more often in dream lessons than in nightmare lessons.
During dream lessons, students have freedom to choose where they sit, with whom they work, how
much they want to work, at what tempo they work, and the content to be learned. During a nightmare
lesson, students have no scope to influence the ongoing process.

The lesson would be nice or enjoyable, we could decide the groups and get our own friends

around us, and we could talk about mathematics tasks if we want to, but we would not be

forced to do so. So to say we are authorized to determine how much mathematics we want to

learn. (Boy #4)

One can choose from where to start with the tasks. For example, if the objective is to do tasks

1-20 on page 86, one could start from a more challenging task 14 instead of the easiest task

1. (Girl #2)

The most terrible mathematics lesson would be the one where you should not sit with your

friends. The teacher would be really nasty and harsh and she would give terribly lot of

homework. (Boy #5)

The atmosphere and the teacher become a nightmare where the teacher controls everything and treats
students in a way that is unfair and biased. During a dream lesson, on the other hand, the atmosphere
is fun and relaxed, and students can work in peace. The teacher is fair, nice, kind, cheerful, and
inspiring. Students also mention a good atmosphere and the fact that students really learn something
during the dream lesson.

Atmosphere at a mathematics lesson should be calm and focused. All of the students should

try their best, and the atmosphere should be relaxed. (Boy #6)

Our freedom would be limited to the minimum. We could not even chat with a friend, not to

mention to go to the toilet. (Boy #7)

Teacher does not judge anyone, even though they would not immediately master the topic.

(Girl #3).

The term “learning environment” is used here to mean only the physical environment (more properly
described as “learning ergonomics”). This component plays a more prominent role in the nightmare
stories, relating to such things as, for example, messy and ugly classrooms with uncomfortable chairs,
poor ventilation, and a lot of echo.

When learning takes place in or between teams, enjoyment is increased because of the social
nature of learning, which may explain the influence of the informal school in the learning process.
Looking back the findings of the sub-study [8], students’ expectations were in general aligned with
the student-centered learning paradigm. These findings are supported by Hamre and Pianta’s [83]
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CEC research. Similarly, students’ nightmare mathematics lessons equate with classrooms with a
negative emotional climate (i.e., low CEC). According to Hamre and Pianta [83], these are classrooms
where teachers and students share little emotional connection and regularly disregard, disrespect,
taunt, humiliate, threaten, or even physically lash out at one another. Teachers in such classrooms do
not design or apply lessons with students’ perspectives or cognitive capabilities in mind, nor do these
teachers diverge from a lesson plan when students’ boredom, discomfort, or confusion becomes
apparent. Phase 2 of the ClassPad-project shows that, although the students were worried at the outset
about not having a teacher controlling their learning processes, the majority of the students (n = 21)
realized by the end that self-guidance facilitated rather than inhibited their doing and learning
mathematics. In addition, during project lessons the informal school culture came to greater
prominence [92], and the significant improvement in students’ cognitive skills indicates that CEC
improved during the ClassPad project by comparison with students’ previous experiences of
mathematics lessons (cf. [84]).

5. Challenges for teacher education

5.1 Topic realization
Recalling the discussion in earlier chapters, the implementation of SCLE is one of the key issues in
teacher education. The literature review reveals the difficulty of shifting teachers to a student-centered
approach. Teachers’ beliefs about mathematics, learning, and teaching are strongly reflected in how
they teach. Reflection is assumed to play a key role in change of practice, and many researchers see
a cyclical relationship between changing beliefs and changing practices (see [94], [95], [96]). Swan’s
[97] study revealed that, although teachers had differing beliefs about mathematics and its teaching
and learning, they continued to use predominantly teacher-centered practices in their classrooms.
Regarding the matrix in Table 2, Silfverberg and Haapasalo [19] conclude that teachers have
difficulty in changing their stereotypic views on teaching and learning, and even more difficulty in
adopting progressive technology:
...the conceptual space constructed by cross-tabulating the various paradigmatic shifts can be
used both as a theoretical tool in the political decision-making and educational planning and as
an empirical tool by which we can study different conceptions of the present and the desired future
realizations of the culture of teaching math in schools. Many of the prospective teachers of
mathematics believed that the paradigm shifts actually change the culture of teaching mathematics
in the long run. However, much must happen before the changes are possible. The curricula must
be renewed, the paradigm shifts must be taken into account in textbooks, the teachers' professional
competence has to be raised and teachers ought to be inspired to take responsibility for carrying
out the renewing process. p.737)

In respect of teacher education, perhaps the most optimal approach would be to include use of
technology in the student teachers’ pedagogical studies. Eskelinen [98] suggests that design of a
technology-based learning environment, within an adequate constructivist theory and linked to
knowledge structure, seems to be a promising way of helping students to understand the basic
components of teaching and learning. In applying an educational approach that stresses the
importance of conceptual knowledge, an educator needs to be sensitive to cognitive and emotional
variables in the learning process. These findings contradict the view that computer skills for trainee
teachers should be taught separately from information structures and pedagogical thought.

5.2 Topic reconsideration

In developing research-based theories for instructional praxis, Haapasalo [99] emphasizes the
following tensions: (1) objectivism vs. radical constructivism; (2) developmental approach
emphasizing procedural knowledge vs. educational approach stressing conceptual knowledge; (3)
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Gagne's guided learning vs. minimalist instruction emphasizing student's volition to learn; (4)
instrumentation, where technology is shaping the actions of doing mathematics vs.
instrumentalization, where technology is also shaping the mathematical objects; (5) learning by
instructional materials vs. learning by design; (6) teaching mathematical content vs. emphasizing
sustainable heuristics from the history of mathematics; and (7) looking at internal problems of
mathematics education vs. applying business principles to overcome the bad reputation of
mathematics. He stresses the importance of responding to these seven challenges as follows, to
develop solid, practical theories for teaching and teacher education:

* to promote collaborative social constructions

* to link conceptual and procedural knowledge

* to resolve the conflict between a systematic approach and minimalist instruction

« to relate instructional design and assessment to instrumental genesis

* to promote learning by design

* to revitalize sustainable heuristics in human history

* to apply business principles to overcome the bad reputation of mathematics.
The following three examples aim to show how these challenges can be met.

Prospective teachers’ readiness to design SCLE

To see how the matrix in Table 2 emerges at an operational level when prospective elementary
teachers (PET) plan their own mathematics lessons, two separate groups of trainees completing the
course ‘Mathematics Pedagogy’ were studied in March 2009 and 2010 (N = 101 and N = 87,
respectively). The subjects were given a learning material package for percentages, tailored to fit the
MODEM framework (see Chapter 3.2). In addition, the material also contained conventional textbook
tasks for which the research designers found only Reinforcement of percentage-calculations as a
pedagogical function (see the right-hand side of Figure 5, p.12). The subjects’ task was to make a
plan and then to explain how to use this material on the primary level in an appropriate way. The
research objective was to find out which paradigms of teaching and learning would emerge in the
plans.

Each individual plan was analyzed according to the matrix in Table 2. The subjects also had
to complete a self-evaluation, characterizing their own plan on the same matrix. In the 2010 study,
the subjects also formed small teams to conduct the same kind of analysis of plans made by some
other (anonymous) subjects. They also discussed the main differences between behaviourist and
constructivist plans. From these essays, the ability to create student-centered learning instructions
was studied through content analysis (chapter 2.2), and in particular by theory-driven content analysis
[48].

Shifts in students” mathematical profiles

Following our findings from the ClassPad project (see Chapter 2.1), we used the same instrument for
two groups who had recently commenced their university studies. The first group comprised PET
undertaking their educational studies at our faculty. The other group had just started to study
mathematics at the Mathematics Faculty and was not connected with educational studies. None of the
students belonged to both categories. The study was designed and administered during the study year
2005-2006, when the author was teaching pedagogical studies to the first target group.

We aimed to discover (1) how the profiles of the two groups differed from each other, and (2)
how the profiles changed during the first year of study. To measure the profiles, an identical web-
based questionnaire was used in both September 2005 and April 2006. The first questionnaire was
completed by PET (N = 116), and mathematics students outside the teacher education (N = 66). The
sample sizes at the second stage were 22 and 50, respectively. For each of the three profiles described
in Chapter 2.2, and for each of the eight Z-activities, questions used a Likert-type scale (see [7]). For
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each question, the student also had to express (on the same Likert scale) how sure he/she was about
his/her opinion. From the student’s answer, and the associated degree of certainty, a new weighted
variable was defined that could be used to span student profiles. Because of the asymmetric and
discontinuous data, the Mann-Whitney Test and Sign test (2-tailed) were used for statistical analysis.
To ascertain how the students understood the questions, sub-samples from both groups were also
interviewed.

Organizing progressive teacher education

To give prospective mathematics teachers (PMT) an opportunity to opt for authentic learning
situations within the above-mentioned seven challenges, we reorganized part of their pedagogical
studies as empirical action research-based inquiries. The examples demonstrate how the pedagogical
studies of PMT and PET can be successfully integrated.

During the Classpad-project (2005-2006), one PMT research team [p1] used the MODEM
framework to plan learning and assessment materials for basic concepts of statistics (e.g., organizing
and representing data, mean, standard deviation, mode, and median). Another PMT team [p2] did the
same in respect of the basic features of linear functions. A third PMT team [p3] measured pupils’
knowledge of these concepts using the same test as in the MODEM 1 study (cf. [60]). In designing
these learning environments for the learning of linear functions and statistics, the teams combined
features of the systematic approach with minimalism. PMT Karttunen et al. [p4] observed and
videotaped pupils while learning, and analyzed their thinking processes when studying linear
functions. Two further PMT research teams investigated student profiles. The first one [p5] measured
the profiles of PET and first year mathematics students. The second PMT team [p6] analyzed the
profiles of 9th grade students.

In the later studies conducted in 2009, one PMT team [p7] conducted a microteaching session
with PET (N = 82), in which their control group (N = 40) tried to find a viable definition for the vector
concept within collaborative socio-constructivist teamwork. Both this group and the comparison
group (N =42) underwent a test concerning basic features of constructivist learning. In the 2010 PMT
Study, the same kind of microteaching was conducted for all subjects, with no control group [p8].
PMT Hiltunen et al. [p9] prepared video clips of microteaching lessons and used them for stimulated
recall: Subjects discussed in teams how to analyze the purpose of each pedagogical measure as it
appeared in the current clip, on which framework theory it was based, and those measures were
experienced by those subjects in the role of pupils. The PMT teams of Rissanen et al. [p10] and [p11]
analysed lesson plans among PET as described in the first sub-section. PMT Kekki & Keronen’s team
[p12] analysed 7th grade students’ (n = 17) dream and nightmare versions of mathematics lessons.
This analysis was conducted using the same data as described in the final sub-section of 4.3.

5.3 Empirical evidence

Prospective teachers’ readiness to design SCLE

Eronen and Haapasalo [7] summarize the findings from these studies. The most important of these
conflicts with the general view expressed by PET in the survey study after their pedagogical lessons.
The findings indicate that PET had major difficulty in even identifying the pedagogical function of
each task type in the ready-made learning materials, and that they tended to use a teacher-centred
approach. The analysis from the 2009 and 2010 studies (see [p10], [p11]) similarly confirms that the
subjects tended to use the materials within a teacher-centred approach. In all cases, this meant that
collaborative knowledge construction inside student teams or between the teams was generally
neglected. Table 3 shows the plans quantified and categorized. In the 2010 study, to get a more
dynamic view of student plans, this classification was done according to how many indicators (or so-
called “visits”) could be found for each category in each plan. This analysis revealed interesting paths
between the cells: some subjects travelled through cells, while others stayed mainly in the lower left
corner, making just brief visits to other cells (Table 3).
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The self-evaluations among PET showed that those who described their plans as behaviorist
recognized their background theory quite well, describing the necessity of teacher-centered leading
in the standard way. Almost all of these subjects wanted to start teaching by using the same tasks,
copied from the mathematics textbook. Our analysis revealed that the subjects overestimated the
constructivist spirit of their plans, especially with respect to socio-constructivism.

Table 3. The lesson plans among PET, categorized by researchers in 2010 study according to how
many visits to each cell were recognized (modified from [p11]).

(N=87) NON- COLLABORATION | COLLABORATION
COOPERATIVE | INSIDEATEAM | BETWEEN TEAMS

MINIMALIST | ; .

INSTRUCTION

STUDENT-

orRIENTED | 2 = 4

il | E

CENTERED

Shifts in students” mathematical profiles

It is worth focusing here on the most interesting findings from Haapasalo and Eronen [7]. At the
beginning, all three profiles were similar among PET and mathematics students, emphasising
calculation and argumentation. Subjects thought that a computer mainly supports calculation but
argumentation very weakly. As regards changes during the first study year, there were no significant
shifts among mathematics students in any of the Z-activities, for either Math-profiles or Techno-
profiles. In addition, the only significant shift in the Identity-profile appeared in calculating—which,
surprisingly, showed a tendency to increase. These findings can be interpreted as suggestive of a very
old-fashioned “’paper media culture” in the department of mathematics, stressing pure mathematics
without any great interest, for example, in practical applications or the making of one’s own
hypotheses. This even manifests itself through the students’ expressions in everyday language, when
they refer to “calculating exercises”, even in questions about a course in abstract topology.

Figure 18 illustrates profile shifts among PET. A significant shift in Math—profile appeared
for playing (an increase) and calculating (a decrease), the latter being the only decreasing dimension.
At the end, subjects emphasized application, argumentation, and playing, whereas evaluation
appeared weakly. They were more confident of their answers than at the beginning, and significant
growth occurred in finding, construction, and evaluation.

By the end, the PET showed more rounded Math-profiles and Identity-profiles than the
mathematics students, especially in relation to the creative components on the right-hand side of the
octagon. A significant difference appears in playing, construction, application and calculation (the
latter appearing to be stronger, as mentioned above). In the Techno-profile, the above trend appears
in finding, construction, argumentation, playing, and ordering. For the first three, the difference is
significant.
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Figure 18. Profile shifts among PET: Math-profile on the left, Identity-profile in the middle, and
Techno-profile on the right. [7]

Organizing progressive teacher education

The relatively degenerated profiles among mathematics students suggest that conventional
mathematics education (in the sense of mathematics teaching) (cf. [27], [28]) seems to be
counterproductive in relation to the extension of students’ views of mathematics. However, our
progressive pedagogical solutions for PET, promoting creative activities within a constructivist
framework and using modern technology, seems not only to change students’ views of mathematics
but also to increase their self-confidence in using both mathematics and technology. We did not
choose a progressive way to integrate students’ pedagogical studies because it is easy, but rather
because it is hard. Having been accustomed to ready-planned materials and objectivist-behaviorist
teaching during their own learning history, the demand for continuous improvisation seemed to cause
uncertainty, especially at the beginning of the project. However, by the end, PMT expressed mainly
positive opinions in relation to this effort, which they described as progressive, challenging, and worth
the risk. With respect to the PMT-objects’ own research concerns, it was most important to them that
they gained experience in conducting relevant, valid, original, and rigorous educational research, in
which mathematics is more than just a place holder (cf. [2]). And despite the gaps in their data analysis
and interpretation of results, we also learned a lot as supervisors. The project yielded a number of
new research ideas and, with the students’ kind permission, we may also use their data and pre-
analysis to improve our methods.

6. Looking back and looking forward
With particular reference to mathematics teaching, student-centeredness has commonly been seen
more or less as Swan [97] suggests: that in student-centered learning environments,
the teacher takes students’ needs into account when deciding what to teach, treats students as
individuals rather than a homogeneous body, is selective and flexible about what is covered and
allows students to make decisions, compare different approaches and create their own methods.
Instead when using teacher-centred practices, the teacher directs the work, pre-digests and
organizes the material, gives clearly prescribed instructions, teaches everyone at once in a
predetermined manner and emphasizes practice for fluency over discussion for meaning. (p.62)
This thesis takes a position against these commonly-held views that the SCLE contexts in and with
(see Table 2) might be less useful where there is some specific content to be learned. This position
may well be a decisive factor in the failure to achieve positive shifts in instructional paradigms, as
referred to by Lea et. al [73] in relation to the differences between educators’ acts and thoughts. It
seems that to highlight the contexts of in and with, it becomes necessary to ask whether mathematics
can be learned without a common specific content, and whether emphasis should instead be given to
the processes of doing. The Classpad-project has suggested new ways of organizing versatile SCLE,
in which instead of giving students a mathematical content to be learned, students are asked to clarify
how ClassPad creates algebra from geometrical representations, and vice versa. In this way, we could
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offer students a starting point for learning that gives more emphasis to ‘in’ and ‘with’; and we could
organize a multidimensional learning enviroment in which student processes occupied the upper row
of the matrix. Student teams could choose—and, indeed, create—any object they wished. In this way,
mathematical problems were seen to become important when they were psychologically meaningful
for the students, as Haapasalo and Samuels [44] discuss in relation to educational robotics. This may
be one reason behind the positive development in students’ Math—profiles and Identity—profiles. The
study shows that autonomy and the opportunity to collaborate improves emotional climate, and also
explains students’ improved cognitive development (cf.[84], [100], [101], [102], [103]). The
influence of informal school culture therefore becomes apparent in SCLE. The fact that students’
Techno—profiles changed, as in the work of Samuels and Haapasalo [38] on learning technologies, is
discussed in Chapter 2.2.

The implications here must be considered with regard to the whole school culture. As the
role of informal learning increases, not least because of progressive instrumental genesis, the
learning focus could usefully be shifted from the classroom to students’ free time activities:

which can stimulate modelling processes, for which school could take, referring to a car race, the
role of a pit stop (to orchestrate technology-based investigation spaces which allow students to
explore spontaneously the facility of real and virtual environments which are both, meaningful to
them and their community, and which naturally motivate a greater use of mathematical language
in its different forms [104].
Our ongoing efforts to implement this pit stop culture in school and teacher education seem to be
promising but difficult. A study of upper secondary school students by Haapasalo and Vilpponen
[105] suggests that students use ICT for entertainment rather than for those purposes for which
computers were originally invented. Based on student feedback, they suggest that positive outcomes
could be achieved by the pit stop philosophy if it were applied over a longer period of time. Students’
hesitation was seen to be linked to technical questions rather than to any general mistrust of the pit
stop approach itself, and their descriptions of dream lessons contained many attributes of the pit stop:
freedom to choose with whom and where to work, at which tempo to work, and opportunities to
choose content that is more connected to playfulness (cf. [42]).

As regards teacher education, all the researches we conducted among PET reveal poor
mathematical skills in respect of even the most basic level of elementary school mathematics. The
constructivist paradigm makes new demands on teachers concerning knowledge structure, and it is
therefore teachers perhaps easier for them to choose a method that is familiar from their own learning
history and conforms to the types of task that appear in textbooks On this basis, they continue to place
their trust in behaviorist theories and objectivist knowledge, as described in Haapasalo and Eronen
([71.032]).

At the first stage of their follow-up study among PET, Haapasalo and Eskelinen [33] found
that these subjects also seem to use ICT for entertainment purposes rather than for work requiring or
promoting Z-activities. However, they found that utilizing ICT as learning technologies in the
constructivist spirit during pedagogical studies, as Samuels and Haapasalo [38] suggest, altered both
Math—profiles and Techno—profiles. Reference is also made to a remarkable shift in paradigm of
teaching and learning (cf. also [32]). The fact that PMT were able to conduct quite demanding
research in mathematics education within our ClassPad project shows that even ambiguous goals can
be attained using appropriate pedagogical solutions. All of the PMT —students involving in the sub-
studies as researhers were highly motivated during the whole working period, and their work can be
characterized as professional. In their plans, they showed constructivist features and flexibility, and
their own evaluation of their plans was closer to that of the researchers. Their enhanced mathematical
skills cannot account for this because improving those skills alone does not necessarily improve
profiles in any relevant way (see [7]).

With regard to the models developed through grounded theory, our ongoing iterations of the
ClassPad project focus on testing those models deductively in varied working environments, as well
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in schools and in teacher education. Given that the main challenge in teacher education may be to
improve synchronization and integration of course modules, and to orchestrate authentic
technology-based SCLE experiences instead of lectures, perhaps the most urgent problem in the
teaching of school mathematics is assessment. We are working to find prototypes for new kinds of
problems to be used for assessment, independently of whether or not they are solved by use of
technology. These ongoing efforts are conducted in the spirit of Haapasalo [37], in seeking to
explain why conventional task types lead to a dead end for assessment where technology is used. |
share his opinion that
most of students’ instrumentation and instrumentalization often happens in his or her free time
especially when using hands-on technology. Thus, educators should shift their focus from well-
prepared classroom lessons to scaffolding students by guiding them in recognizing, interpreting
and solving problems also outside the classroom. On the other hand, allowing the utilisation of
technology in teaching and examinations does not necessarily improve students’ understanding
and motivation if technology is merely used for solving conventional task types. (p.91)
By analyzing the Finnish matriculation examination in mathematics over the past ten years (see
http://matta.hut.fi/matta/yoteht/), PMT, Vienonen, Kempas, and Hakkarainen [p13] found that most
of the tasks, especially in advanced mathematics, can be solved with a CAS calculator, without any
deeper understanding of the underlying mathematical concepts. Once they had guided my students in
this way (at the so-called ’ClassPad cafe”) for a short period of time before the matriculation
examination, these students were empowered to cope successfully with the tool. Although they
thought the tasks for learning mathematics should be radically transformed to fit the use of
technology, the students were still were quite hesitant as to whether the conventional task types should
be replaced by the new task types for the purpose of assessment. These experiences again confirm
the somewhat static beliefs among the different interest groups in respect of mathematics education.

7. Coda

To emphasize the main findings and the fact that technology appears as innate tool for today’s
learners, the term ‘technology’ does not appear in the title of the thesis. For the same reason, when
discussing the professional development of prospective teachers, more or less populist paradigms as
TCPK/TPACK, for example, have been dropped. A complex interplay of Content (CK), Pedagogy
(PK), and Technology (TK) appers rather as an implication than a “tail wagging the dog”, namely.

Regarding this article, in ideal socio-constructivist collaboration, the learning happens in
negotiations between student teams and therefore the power regarding those determinants shifts from
the individual students to the student teams. Therefore, the Neuman’s [81] triple-step contexts should
be extended by the paradigm between student teams and the term ‘student-centered’ should be
redefined to minimize the role of the teacher as decision-maker with regard both to learning objectives
and working methods.

8. Acknowledgements
| express my appreciation to Prof. Lenni Haapasalo and the late Prof. Bernd Zimmermann, whose
contribution to this work were of great significance. The author thanks Prof. Harry Silfverberg for
comments and suggestions.

53


http://matta.hut.fi/matta/yoteht/

The Electronic Journal of Mathematics and Technology, Volume 13, Number 1, ISSN 1933-2823

9. References

[1] Kilpatrick, J. (1993). Beyond face value: Assessing research in mathematics education. In G.
Nissen & M. Blomhgj (Eds.), Criteria for scientific quality and relevance in the didactics of
mathematics (pp. 15-34). Roskilde: Danish Research Council for the Humanities.

[2] Sierpinska, A. (1993). Criteria for scientific quality and relevance in the didactics of mathematics.
In G. Nissen & M. Blomhgj (Eds.), Criteria for scientific quality and relevance in the didactics
of mathematics (pp. 35-74). Report from symposium held in Gilleleje, Denmark, from April
27 to May 2, 1992. Danish Research Council for the Humanities.

[3] Simon, M. (2004). Raising issues of quality in mathematics education research. Journal for
Research in Mathematics Education, 35, 157-163.

[4] Thomas, G., & James, D. (2006). Reinventing grounded theory: Some questions about theory,
ground and discovery. British Educational Research Journal, 32(6), 767—795.

[5] Eronen, L. & Haapasalo, L. (2010). Making Mathematics through Progressive Technology. In B.
Sriraman, C. Bergsten, S. Goodchild, G. Palsdottir, B. Dahl, & L. Haapasalo (Eds.), The First
Sourcebook on Nordic Research in Mathematics Education (pp. 701-710). Charlotte, NCC:
Information Age Publishing.

[6] Eronen, L. & Haapasalo, L. (2011a). On difficulties to promote a paradigm shift during teacher
education. In H. Silfverberg & J. Joutsenlahti (Eds.), Tutkimus suuntaamassa 2010-luvun
matemaattisten aineiden opetusta: Matematiikan ja luonnontieteiden opetuksen tutkimuksen
paivat Tampereella 14-15.10.2010 (pp. 85-101). Tampere: Tampereen yliopisto,
Kasvatustieteiden yksikko.

[7] Haapasalo, L. & Eronen, L. (2010). Design of Pedagogical Studies to Shift Mathematical Profiles
Among Student Teachers. In B. Sriraman, C. Bergsten, S. Goodchild, G. Palsdottir, B. Dahl, &
L. Haapasalo (Eds.), The First Sourcebook on Nordic Research in Mathematics Education (pp.
711-717). Charlotte, NCC: Information Age Publishing.

[8] Eronen, L. & Portaankorva-Kaoivisto, P. (2012). Oppilaiden toiveet ja kokemukset matematiikan
oppitunnin madrittajind. In, P. Atjonen (Ed.), Oppiminen ajassa—kasvatus tulevaisuuteen.
Joensuun vuoden 2011 kasvatustieteen paivien parhaat esitelmat artikkeleina (pp. 264-278).
Suomen kasvatustieteellinen seura. Kasvatusalan tutkimuksia 61.

[9] Eronen, L. & Ké&rng, E. (2018). Students acquiring Expertise through Student-Centered Learning
in Mathematics lessons. Scandinavian Journal of Educational Research, 62(5), 682—700.

[10] NCTM (1989). Curriculum and Evaluation Standards for School Mathematics. Reston, Va.:
NCTM.

[11] Bildungsstandards (2003). Bildungsstandards im Fach Mathematik fur den Mittleren
Schulabschluss. Herausgegeben vom Sekretariat der Stdndigen Konferenz der Kultusminister
der Lander in der Bundesrepublik Deutschland. Kéln, Miinchen: Wolters Kluwer/Luchterhand.

[12] Opetushallitus (2004). Perusopetuksen opetussuunnitelman perusteet.

Internet: http://www.oph.fi/download/139848 pops_web.pdf

[13] Hvorecky, J. & Haapasalo, L. (2008). Managerial Perspective to Mathematics Education
Research. Paper presented at the 11th International Congress on Mathematical Education in
Monterrey, Mexico, July 6-13, 2008.

[14] Freudenthal, H. (1974). Mathematik als padagogische Aufgabe. Stuttgart: Klett.

[15] Freudenthal, H. (1991). Revisiting mathematics education. Dordrecht: Kluwer.

[16] Zimmermann, B., Fritzlar, T., Haapasalo, L., & Rehlich, H. (2011). Possible gain of IT in
problem oriented learning environments from the viewpoint of history of mathematics and
modern learning theories. The Electronic Journal of Mathematics and Technology, 5(2), 200
228. https://php.radford.edu/~ejmt/Contentindex.php

[17] Kadijevich, Dj. (2004). Improving Mathematics Education: Neglected Topics and Further
Research Directions. University of Joensuu, Publications in Education 101.

54


http://www.oph.fi/download/139848_pops_web.pdf

The Electronic Journal of Mathematics and Technology, Volume 13, Number 1, ISSN 1933-2823

[18] Alliance for Excellent Education (2012). Culture shift: Teaching in a learner-centered
environment powered by digital learning. Washington, DC: Author, 2012.
http://www.all4ed.org/files/CultureShift.pdf. (Accessed in August 2013).

[19] Silfverberg, H. & Haapasalo, L. (2011). Painful paradigm shifts in the teaching and learning of
mathematics. In B. Sriraman, C. Bergsten, S. Goodchild, G. Palsdottir, B. Dahl, & L. Haapasalo
(Eds.), The first sourcebook on Nordic research in mathematics education (pp. 731-739).
Charlotte, NCC: Information Age Publishing.

[20] Ravitz, J., Becker, H. J. & Wong, Y-T. (2000). Constructivist-compatible beliefs and practices
among U.S. teachers. Teaching, Learning and Computing. 1998 National Survey, report 4.
Accessed February 2013 from
http://www.crito.uci.edu/TLC/FINDINGS/REPORT4/REPORT4.PDF

[21] Lerman, S. (2001). Cultural, discursive psychology: A sociocultural approach to studying the
teaching and learning of mathematics. Educational Studies in Mathematics, 46(1), 87-113.

[22] Brown, T. (2001). Mathematics education and language. Interpreting hermeneutics and
poststructuralism. Dordrecht: Kluwer.

[23] Francisco, J. M. (2013). Learning in collaborative settings: Students building on each other’s
ideas to promote their mathematical understanding. Educational Studies in Mathematics, 82(3),
417-438.

[24] Lampert, M. & Cobb, P. (2003). Communication and language. In J. Kilpatrick, G. Martin, & D.
Schifter (Eds.), A research companion to principles and standards for school mathematics (pp.
237-248). Reston, VA: National Council of Teachers of Mathematics.

[25] McCroneg, S. S. (2005). The development of mathematical discussion: An investigation in a fifth-
grade classroom. Mathematical Thinking and Learning, 7(2), 111-133.

[26] Sfard, A. (2001). There is more to discourse than meets the ears: Looking at thinking as
communicating to learn more about mathematical learning. Educational Studies in
Mathematics, 46(1-3), 13-57.

[27] Stigler, J. W. & Hiebert, J. (1999). The teaching gap: Best ideas from the world’s teachers for
improving education in the classroom. NY: Free Press.

[28] Hiebert, J., Gallimore, R., Garnier, H., Givvin, K. B., Hollingsworth, H., Jacobs, J., Chui, A. M.,
Wearne, D., Smith, M., Kersting, N., Manaster, A., Tseng, E., Etterbeek, W., Manaster, C.,
Gonzales, P., & Stigler, J. (2003). Teaching Mathematics in Seven Countries: Results from the
TIMSS 1999 Video Study. NCES (2003-013), U.S. Department of Education. Washington, DC:
National Center for Education Statistics.

[29] Hollingsworth, H., Logan, J., & McCrag, B. (2003). Teaching mathematics in Australia: Results
from the TIMSS Video Study. Camberwell, Australia: Australian Council for Educational
Research.

[30] Zimmermann, B. (1991). Heuristik als ein Element mathematischer Denk- und Lernprozesse.
Fallstudien zur Stellung mathematischer Heuristik im Bild von Mathematik bei Lehrern und
Schulern sowie in der Geschichte der Mathematik. (Heuristics as an Element of Mathematical
Thought and Learning Processes. Case Studies about the Place Value of Mathematical
Heuristics in the Picture of Mathematics of Teachers and Students and in the History of

r

Mathematics.)sts: Universitit Hamburg: Habilitationsschrift.
[31] Zimmermann, B. (2003). On the genesis of mathematics and mathematical thinking—a network
of motives and activities drawn from the history of mathematics. In L. Haapasalo & K.
Sormunen (eds.) Towards Meaningful Mathematics and Science Education (pp. 29-47).

Joensuun yliopiston kasvatustieteiden tiedekunnan selosteita 86.

55



The Electronic Journal of Mathematics and Technology, Volume 13, Number 1, ISSN 1933-2823

[32] Haapasalo L. & Eronen L. (2011). Looking Back and Forward on the Light of Survey Studies
Related to Mathematics Teacher Education. In: H. Silfverberg & J. Joutsenlahti (Eds.),
Integrating Research into Mathematics and Science Education in the 2010s. (pp. 67-84).
Proceedings of Annual Symposium of the Finnish Mathematics and Science Education
Research Association 14-15.10.2010.

[33] Haapasalo, L. & Eskelinen, P. (2013). Elementary level trainee teachers’ views of teaching
mathematics and the usage of technology at the beginning of their didactical courses. In M.
Héhkioniemi, H. Leppédaho, P. Nieminen, & J. Viiri (Eds.), Proceedings of the Annual
Conference of Finnish Mathematics and Science Education Research Association (pp. 25-33).
University of Jyvéaskyld, Department of Teacher Education, Research report 90, Jyvaskyla:
University Press

[34] Martzloff, J-C. (1997). A History of Chinese Mathematics. NY: Springer.

[35] Stevin, S. (1585). De Thiende leerende door onghehoorde lichticheyt allen rekeningen onder
den menschen noodich vallende afveerdighen door heele ghetalen sonder ghebrokenen, Leiden:
Christoffel Plantijn.

[36] Guin, D. & Trouche, L. (2002) Mastering by the teacher of the instrumental genesis in CAS
environments: necessity of instrumental orchestrations. Zentralblatt fir Didaktik der
Mathematik 34(5), 204-211.

[37] Haapasalo, L. (2013). Adapting assessment to instrumental genesis. The International Journal
for Technology in Mathematics Education, 20(3), 285-301.

[38] Samuels, P. & Haapasalo, L (2016). Reappraising Learning Technologies from the Viewpoint
of the Learning of Mathematics. Teaching Mathematics and Computer Science, 14( 2), 221-
246.

[39] P. Vérillon and P. Rabardel, Cognition and artifacts: a contribution to the study of thought in
relation to instrumented activity, European Journal of Psychology of Education 10(1) (1995),
77-101.

[40] Artigue, M. (2002) Learning mathematics in a CAS environment: The genesis of a reflection about
instrumentation and the dialectics between technical and conceptual work. International Journal of
Computers for Mathematical Learning, 7(3), 245-274.

[41] Haapasalo, L. (2007). Adapting mathematics education to the needs of ICT. The Electronic
Journal of Mathematics and Technology, 1(1), 1-10.

Internet: https://php.radford.edu/~ejmt/deliveryBoy.php?paper=eJMT_vinlpl

[42] Haapasalo, L. & Karkkulainen, O. (2014). CASual learning of mathematical concepts. Joensuu:
MEDUSA. Internet: http://wanda.uef.fi/lenni/cas/eng/index.html

[43] Brown, T. H. (2006). “Beyond constructivism: navigationism in the knowledge era”. On the
Horizon, 14(3), 108-120.

[44] Haapasalo, L. & Samuels, P. (2011). Responding to the Challenges of Instrumental Orchestration
through Physical and Virtual Robotics. Computers & Education, 57(2), 1484-1492.

[45] von Glasersfeld, E. (Ed.) (1991). Radical Constructivism in Mathematics Education. Dordrecht:
Kluwer.

[46] Haapasalo, L. (2012). Oppiminen, tieto ja ongelmanratkaisu. (8" ed.) Joensuu: Medusa.

[47] Smith, J. A, Flowers, P., & Larkin, M. (2009). Interpretive Phenomenological Analysis. London:
Sage.

[48] Hsieh, H-F. & Shannon, S. E. (2005). Three approaches to qualitative content analysis.
Qualitative Health Research, 15, 1277-1288.

[49] Kvale, S. & Brinkmann, S. (2009). InterViews: Learning the craft of qualitative research
interviewing. Thousand Oaks, CA: Sage.

[50] Tesch., R. (1990). Qualitative research: analysis types and software tools. Bristol, PA: Falmer.

[51] Rittle-Johnson & Koedinger (2005). Designing Knowledge Scaffolds to Support Mathematical
Problem Solving. Cognition and Instruction, 23(3), 313-349.

56


http://wanda.uef.fi/lenni/cas/eng/index.html

The Electronic Journal of Mathematics and Technology, Volume 13, Number 1, ISSN 1933-2823

[52] Haapasalo, L. (1993). Systematic Constructivism in Mathematical Concept Building. In P.
Kupari & L. Haapasalo (Eds.), Constructivist and Curricular Issues in the School Mathematics
Education. Mathematics Education Research in Finland. Yearbook 1992-1993 (pp. 9-22).
University of Jyvaskyld, Institute for Educational Research, Publication Series B, Theory and
Practice 82. University of Jyvaskyla.

[53] Haapasalo, L. & Kadijevich, D. (2000). Two Types of Mathematical Knowledge and Their
Relation. Journal fiir Mathematik Didaktik 21(2), 139-157.

[54] Lauritzen, P. (2012). Conceptual and Procedural Knowledge of Mathematical Functions. PhD
dissertation, University of Eastern Finland: Joensuu.

[55] Kadijevich, Dj. & Haapasalo, L. (2001). Linking Procedural and Conceptual Mathematical
Knowledge through CAL. Journal for Computer Assisted Learning, 17(2), 156-165.

[56] Carroll, J. M. (1990). The Nurnberg funnel: Designing minimalist instruction for practical
computer skill (pp. 7-10). Cambridge, MA: The MIT Press.

[57] Gagne, R. M. (1985). The Conditions of Learning and Theory of Instruction (4th ed.) NY: Holt,
Rinehart & Winston.

[58] van der Meij, H. (1996). Does the Manual Help? An Examination of the Problem-Solving
Support Offered by Manuals. IEEE Transactions on Professional Communication, 39 (3), 146—
156.

[59] Carroll, J.M. & Van der Meij, H. (1998). Ten Misconceptions about Minimalism. In J. M. Carroll
(Ed.), Minimalism beyond the Nurnberg Funnel (pp. 55-90). Cambridge, MA: The MIT Press.

[60] Haapasalo, L. (2003). The Conflict between Conceptual and Procedural Knowledge: Should We
Need to Understand in Order to Be Able to Do, or vice versa? In L. Haapasalo and K. Sormunen
(Eds.), Towards Meaningful Mathematics and Science Education. Proceedings of the 19th
Symposium of the Finnish Mathematics and Science Education Research Association.
University of Joensuu. Bulletins of the Faculty of Education, 86, 1-20.

[61] Cook, T. & Campbell, D. (1979). Quasi-experimentation: Design & analysis issues for field
settings. Chicago, Illinois: Rand McNally College Publishing Company.

[62] Fraenkel, J. R. & Wallen, N. E. (1996). How to design and evaluate research in education (3"
ed.) NY: McGraw-Hill.

[63] Cohen, L. & Manion, L. (1992). Research methods in education (3" ed.) Bristol: Routledge.

[64] Eronen, L. & Haapasalo, L. (2006). Shifting from Textbook Tasks to Mathematics Making. In
T. Asunta & J. Viiri (Eds.), Pathways into research-based teaching and learning in
mathematics and science education (pp. 75-92). University of Jyvaskyld: Department of
Teacher Education. Research Report 84.

[65] Moschkovich, J. (1998). Resources for refining mathematical conceptions: Case studies in
learning about linear functions. Journal of the Learning Sciences, 7(2), 209-237.

[66] Breidenbach, D., Dubinsky, E., Nichols, D. & Hawks, J. (1992). Development of the process
conception of function, Educational Studies in Mathematics, 23(3), 247-285.

[67] Even, R. (1993). Subject-matter knowledge and pedagogical content knowledge: Prospective
secondary teachers and the function concept. Journal for Research in Mathematics Education,
24(2), 94-116.

[68] Ellis, A. B. (2011). Generalizing-Promoting Actions: How Classroom Collaborations Can
Support Students' Mathematical Generalizations. Journal for Research in Mathematics
Education 42(4), 308-345.

[69] Huntley, M. A., Robin, M., Kahan, J., & Miller, J.L., (2007). Investigating High-School Students'
Reasoning Strategies when They Solve Linear Equations. Journal of Mathematical Behavior,
26(2), 115-139.

[70] Kirschner, P. A., Sweller, J., & Clark, R. E. (2006). Why minimal guidance during instruction
does not work: An analysis of the failure of constructivist, discovery, problem-based,
experiential and inquiry-based teaching. Educational Psychologist, 41(2), 75-86.

57



The Electronic Journal of Mathematics and Technology, Volume 13, Number 1, ISSN 1933-2823

[71] Mayer, R. (2004). Should there be a three-strikes rule against pure discovery learning? The case
for guided methods of instruction. American Psychologist, 59(1), 14-109.

[72] O’Neill, G. & McMahon, T. (2005). Student-centred learning: What does it mean for students
and lecturers? In G. O’Neill, S. Moore, & B. McMullin (Eds), Emerging Issues in the Practice
of University Learning and Teaching (pp. 27-36). Dublin: AISHE.

[73] Lea, S. J., Stephenson, D., and Troy, J. (2003). Higher Education Students’ Attitudes to Student-
Centred Learning: Beyond ‘educational bulimia’? Studies in Higher Education, 28(3), 321—
334.

[74] Brandes, D. & Ginnis, P. (1986). A Guide to Student Centred Learning. Oxford: Blackwell.

[75] Kember, D. (1997). A reconceptualisation of the research into university academics’ conceptions
of teaching. Learning and Instruction 7(3), 255-275.

[76] Harden, R. M. & Crosby, J. (2000). AMEE Guide No 20: The good teacher is more than a
lecturer—the twelve roles of the teacher. Medical Teacher 22(4), 334-347.

[77] Zimmerman, B. J. (2002). Becoming a self-regulated learner: an overview, Theory Into Practice,
41(2), 64-72.

[78] Burnard, P. (1999). Carl Rogers and postmodernism: Challenged in nursing and health sciences.
Nursing and Health Sciences 1(4), 241-247. California.

[79] Gibbs, G. (1995). Assessing Student Centred Courses. Oxford: Oxford Centre for Staff Learning
and Development.

[80] Wu, H. & Huang, Y. (2007). Ninth-grade student engagement in teacher-centered and student-
centered technology-enhanced learning environments. Science Education, 91(5), 727-749.

[81] Neumann, J. (2013). Developing a new framework for conceptualizing "student-centered
learning”. Educational Forum, 77 (2), 161-175.

[82] Bollnow, O. (1971). Risk and failure in education. In J. P. Strain (Ed.), Modern philosophies of
education (pp. 520-535). NY: Random House

[83] Hamre, B. K. & Pianta, R. C. (2007). Learning opportunities in preschool and early elementary
classrooms. InR. C. Pianta, M. J. Cox, & K. L. Snow (Eds.), School readiness and the transition
to kindergarten in the era of accountability (pp. 49-83). Baltimore, MD: Brookes.

[84] Reyes, M.R., Brackett, M. A., Rivers, S.E., White M., & Salovey, P. (2012). Classroom
Emotional Climate, Student Engagement, and Academic Achievement. Journal of Educational
Psychology, 104(3), 700-712.

[85] Gordon, T. (1999). Materiaalinen praxis ja tunteet koulussa (Material Praxis and Emotions at
School). In T. Tolonen (Ed.), Suomalainen koulu ja kulttuuri (Finnish School and Culture) (pp.
99-116). Tampere: Vastapaino.

[86] Lindroos, M. & Tolonen, T. (1995). ”Koulu on kuin hullujenhuone”. Nuorisotutkimus-lehti
13(3), 13-20.

[87] Tolonen, T. (2001). Aani, tila ja sukupuolten arkiset jarjestykset. Helsinki: Gaudeamus.

[88] Laine, T. (2001). Miten kokemusta voidaan tutkia? Fenomenologinen nédkokulma. In Aaltola, J.
& Valli, R. (Eds.), Ikkunoita tutkimusmetodeihin Il (pp. 26-43). Jyvéskyla: PS-kustannus.

[89] Silfverberg, H. (2007). Paradigmavaihdokset ja matematiikan opettamisen kulttuuri —
opiskelijoiden kasityksia pitkdsta matematiikasta nyt ja vuonna 2020. In J. Lavonen (Eds.)
Tutkimusperustainen opettajankoulutus ja kestdva kehitys. Ainedidaktinen symposium
Helsingissa 3.2.2006. Osa 1, 391-402.

[90] Glaser, B. G. & Strauss, A. L. (1967). The discovery of grounded theory. Chicago: Aldine.

[91] Glaser, B. G. (1978). Theoretical sensitivity. Mill VValley, CA: Sociology Press.

[92] Eronen, L. & Haapasalo, L. (2009). Designing Interplay of Systematization and Minimalism. In
L. Burman (Ed.) Problem Solving in Mathematics Education (pp. 61-72). Proceedings of the
10th ProMath Conference, Vaasa, Finland, August 28-31.

58



The Electronic Journal of Mathematics and Technology, Volume 13, Number 1, ISSN 1933-2823

[93 Jarveld, J. (2003). Conceptual and Procedural Knowledge by Learning of Basic Skills in
Information Technology. University of Joensuu. Faculty of Education. Master Thesis. [In
Finnish, English abstract].

[94] Kagan, D. M. (1992). Implications of research on teacher belief. Educational Psychologist,
27(1), 65-90.

[95] Lerman, S. (2002). Situating research on mathematics teachers’ beliefs and on change. In G. C.
Leder, E. Pehkonen, & G. Torner (Eds.), Beliefs: A hidden variable in mathematics education
(pp. 233-243). Dordrecht: Kluwer.

[96] Wilson, M. S. & Cooney, T. J. (2002). Mathematics teacher change and development. In G. C.
Leder, E. Pehkonen, & G. Torner (Eds.), Beliefs: A hidden variable in mathematics education
(pp. 127-147). Dordrecht: Kluwer.

[97] Swan, M. (2006). Designing and using research instruments to describe the beliefs and practices
of mathematics teachers. Research in Education, 75(1), 58-70.

[98] Eskelinen, P. (2005). Collaborative design activities of student primary school teachers to
promote their constructivist views on teaching and learning. Doctoral dissertation. University
of Eastern Finland. Publications in Education 110.

[99] Haapasalo, L. (2008). Perspectives on instrumental orchestration and assessment—from
challenges to opportunities. In W-C. Yang, M. Majewski, T. de Alwis, & K. Khairiree (Eds.),
Electronic proceedings of the Thirteenth Asian Technology Conference in Mathematics.
Plenary talks and invited papers.

[100] Turner, J. C. (1995). The influence of classroom contexts on young children’s motivation for
literacy. Reading Research Quarterly, 30(3), 410-441.

[101] Immordino-Yang, M. H. & Sylvan, L. (2010). Admiration for virtue: Neuroscientific
perspectives on a motivating emotion. Contemporary Educational Psychology, 35(2), 110-115.

[102] Kauffman, J. M. (2001). Characteristics of emotional and behavioral disorders of children and
youth (7th ed.) Upper Saddle River, NJ: Merrill Prentice Hall.

[103] Wright, S. P., Horn, S. P., & Sanders, W. L. (1997). Teacher and classroom context effects on
student achievement: Implications for teacher evaluation. Journal of Personnel Evaluation in
Education, 11, 57-67.

[104] Haapasalo, L. & Zimmermann, B. (2011). Redefining school as pit stop: It is the free time that
counts. In W-C Yang, M. Majewski, T. de Avis & E. Karakirik (Eds.), Integration of technology
into mathematics education: past, present and future. (pp. 133-150). Proceedings of the
Sixteenth Asian technology Conference in Mathematics, 19-23 September in Bolu, Turkey.

[105] Haapasalo, L. & Vilpponen, H. (2013). On the relation of mathematical modelling and
technology. In M. H&hkioniemi, H. Leppdaho, P. Nieminen & J. Viiri (Eds.), Proceedings of
the Annual Conference of Finnish Mathematics and Science Education Research Association
(pp. 35-45). University of Jyvaskyld, Department of Teacher Education, Research report 90.

REPORTS OF PROSPECTIVE MATHEMATICS TEACHERS:

[p1] Ruokolainen, A. & Kukkonen, T. (2006). Empiirinen Tutkimus proressiivisen opiskelu-
materiaalin toimivuudesta eréiden tilastollisten peruskasitteiden opiskelussa. [Empirical testing
of quasi-systematic learning material when learning basic concepts of statistics].

[p2] Hurskainen, O., Tanskanen, H., Lampela, E., & Pylkkd, S. (2006). Empiirinen tutkimus
késitteenmuodostusprosessin - mukaisen materiaalin  kehittdmisesta lineaarisen funktion
peruskaésitteidenopiskeluun. [Design of learning material for linear function within quasi-
systematic model of concept building].

[p3] Tilli, K. & Vauhkonen, S. (2006). Oppilaiden kognitiivisten taitojen kehittyminen lineaarisen
funktion késitteessa. [Cognitive development among students when learning linear function].

59



The Electronic Journal of Mathematics and Technology, Volume 13, Number 1, ISSN 1933-2823

[p4] Karttunen, K., Nevalainen, M., Pirkonen, K., & Tillonen, J. (2006). Empiirinen tutkimus
dynaamisesta opiskeluseurannasta lineaarista funktiota opiskeltaessa. [Empirical study of
dynamical assessment when learning linear function].

[p5] Sormunen, M., Turkulainen, J., & Ylinen, T. (2006). Luokanopettajaopiskelijoiden Ja
matematiikan Opiskelijoiden matematiikkakasityksistd. [Views of mathematics among
elementary level teacher trainees and mathematics teacher trainees].

[p6] Hakkarainen, M., Sivonen, S., & Pellikka, M. (2006). Oppilaiden affektiivisen ajattelun ja
matematiikkakuvan kehittyminen. [Shifts in affections and mathematical profiles].

[p7] Hakala, A., Myller, A., & Pitkanen, A-M. (2009). Design-prosessi ja sosiokonstruktivistinen
opetuskokeilu [Design process and the socio-constructivistic learning experiment].

[p8] Kaotilainen, J. & Koponen, M. (2010). Sosiokonstruktivistisen opetustuokio —vektorikasitteen
orientoitumis—ja maarittelyvaihetta varten [Socio-constructivist teaching—orientation and
definition phases for the concept of vector].

[p9] Hiltunen, S., Natunen, A., Schroderus, A., Sederlund, K., & Vatanen, M. (2010).
Sosiokonstruktivistinen vektorikasitteen opetuskokeilu. [Socio-constructivist learning of the
concept vector within self-evaluation].

[p10] Rissanen, U., Summanen, A., & Teittinen, K-P. (2009). Mihin luokanopettajaopiskelijat
perustavat matematiikan opetuksen suunnittelunsa? [The prospective teacher’s base paradigm
when planning mathematics lessons].

[p11] Pulkkinen, S-K. & Myller, T (2010). Tuntisuunnitelmien paradigmavalinnat prosentin késitteen
opettamisessa [The analysis of prospective teachers’ lesson plans concerning learning
instructions for percentages at 5™ grade].

[p12] Kekki, J. & Keronen, J. (2011). Oppilaiden ajatuksia matematiikan opetuksesta. [Students’
thoughts about teaching of mathematics].

[p13] Vienonen, P., Kempas, J. & Hakkarainen, V. (2013). ”’ClassPad kahvila”. CAS laskin ja lukion
pitkdn matematiikan yo-tehtdvat. [“ClassPad café”. CAS calculator and the matriculation
examination tasks in mathematics].

60



