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Abstract

This article presents results from a design research study where 145
six-year-old were taught mathematics through problem solving. In the article,
the implementation of the first problem solving task within the study—“the
tower task”—is explored together with interviews focusing on the children’s
perceptions of the task as well as of problem solving in general. The results
indicate that the children experienced the task as fun and accessible even
though very few of them could solve it with ease. Further, the children
seemed to make use of and develop their creativity by working on the prob-
lem-solving task. In the article, possibilities and limitations whit implement-
ing problem solving in early mathematics education are discussed.
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1. Introduction

Young children have both an interest in and a capacity for learning mathematics,
and this learning starts long before formal schooling begins. For example, young
children bring mathematics into their free play, a more advanced mathematics
than often realised (for example Bjoérklund, 2007; Cross, Woods, & Schweingru-
ber, 2009; Ginsburg, 2009; Seo & Ginsburg, 2004). Even though there is in-
creased awareness of the importance of mathematics for young children, views
on how mathematics should be taught in early childhood settings are quite di-
verse (Newton & Alexander, 2013). This diversity regards both Aow preschool
mathematics should be designed and what constitutes an appropriate content
(Palmér & Bjorklund, 2016).

According to the Swedish primary school curriculum “school should stimulate
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pupils’ creativity, curiosity and self-confidence, as well as their desire to explore
their own ideas and solve problems (National Agency for Education, 2011: p.
11). Similar to Sweden, problem solving in mathematics is emphasised in the
syllabus in many other countries. This emphasis is based on a common idea that
children will develop important mathematical ideas and competences through
working with problem-solving tasks (Lesh & Zawojewski, 2007). However, many
early childhood education programmes do not provide mathematical challeng-
ing activities but rather focus on basic skills (Cross et al., 2009; Perry & Docket,
2008). Further, few studies on problem solving in mathematics have involved
younger children.

In this article we present results from an intervention investigating the poten-
tial in teaching young children (six-year-old) mathematics through problem
solving. The aim with the intervention was to investigate if it is possible to base
children’s initial mathematics education on problem solving instead of focusing
on basic number words and computational procedures. By letting young children
work on problem-solving solving task, we hoped to promote creativity as well as
making the children experience mathematics as a tool for solving problems.

145 children from eight Swedish preschool classes at three different schools
were involved in the study which was conducted through educational design re-
search. Preschool class is an optional year of schooling that Swedish children can
attend the year before formal schooling begins. The aim of the preschool class is
to provide a smooth transition between preschool and primary school and to
prepare children for further education. Based on this, preschool class was chosen
for this study as it involves and links the content from both preschool and pri-
mary school. In several other countries children are younger than six when for-
mal schooling starts but the focus of this article is not on what age children
should be taught mathematics, but on the question of Aow in exploring the po-
tential in teaching young children mathematics through problem solving.

The purpose of the study was partly to develop knowledge of implementation
of problem solving in mathematics with young children who may not know how
read or write,' and partly to develop knowledge of how these young children
perceive working with problem solving in mathematics. To be able to answer
those questions, we conducted several problem-solving activities in the eight
preschool classes and interviewed the children before and after these activities.
This article will not focus on the wholeness of this study; instead the first prob-
lem-solving task that was implemented within the study will serve as an example
to illustrate possibilities and limitations when implementing problem solving in

early mathematics education.

2. Mathematics in Early Childhood

Young children’s learning of mathematics is important for later mathematical

'Of course, there are young children who know how to read and write, but there is no reading or
writing goals in the Swedish education system before the first grade, in primary school, when the
children are seven years old.
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achievement and also for overall learning outcomes in areas such as literacy and
science and technology (Cross et al., 2009; Duncan et al., 2007; Shayer & Ad-
hami, 2003). Children develop informal mathematical knowledge before enter-
ing school, knowledge that can be deepened and broadened by appropriate ex-
periences (Saracho & Spodek, 2008), and therefore young children need to be
involved in “rich mathematical interactions” (Cross et al., 2009: p. 59). If early
childhood mathematics education does not provide children with opportunities
to explore and learn important mathematics, the children—especially economi-
cally and socially disadvantaged children—will enter school without adequate
pre-knowledge in mathematics (Saracho & Spodek, 2008).

But, with respect to young children’s learning of mathematics, there is not
only the question of whether or not to teach mathematics, but also questions
about how the subject should be taught. Some studies have shown that regard-
less of socioeconomic background, young children benefit from exposure to ad-
vanced content in mathematics (Claessens, Engel, & Curran, 2014). Other stud-
ies emphasise the importance of focusing mainly on basic number facts and on
applying computational procedures (Westwood, 2011). Neither of these studies
however elaborate on Aow this basic or advanced mathematics is to be taught.
Concerning Aow; there are studies emphasising that young children need to be
engaged in diverse and challenging mathematical activities and not “written
drill” to develop their mathematical competence (Seo & Ginsburg, 2004: p. 91).
Young children spontaneously engage in problem-solving activities outside for-
mal schooling (English, 2004a), and throughout the early years of school, chil-
dren’s experiences ought to include a wide range of problem-solving activities
(English, 2004b). Similarly, Casey (2009) stresses that young children need to
experience and to become comfortable with mathematical problem solving. Lesh
and Zawojewski (2007), emphasise that working with problem solving does not
rule out other elements in mathematics teaching but, on the contrary, good
problem solvers seem to know more mathematics, including basic skills, and
they know it differently. However, other studies argue for separating young
children’s work with problem solving and basic mathematical skills such as
counting (Westwood, 2011). Thus, there is no consensus regarding the content
or the design when teaching young children mathematics. Still, as previous
shown, the school stimulating creativity, curiosity and self-confidence as well as
children’s desire to explore own ideas and solve problems are inscribed in the

Swedish national curriculum (National Agency for Education, 2011).

3. Problem Solving in Mathematics

As mentioned, problem solving in mathematics is emphasized in the syllabus in
many countries and there seems to be a consensus that children should be edu-
cated to become competent problem solvers (Schoenfeld, 1992). However, in
many of these countries problem solving in mathematics is not integrated into
mathematics teaching but is instead taught separately (Cai, 2010; English &
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Sriraman, 2010). Yet, if children are to become successful problem solvers,
problem solving needs to be an integral part of teaching and learning mathe-
matics and not something to be added after other concepts and skills have been
taught (Cai, 2010).

Even though there is “no universal agreement about what teaching mathe-
matics through problem solving should really look like” (Cai, 2010: p. 255), there
are common features. Lesh and Zawojewski (2007) write that a “task, or
goal-directed activity, becomes a problem (or problematic) when the ‘problem
solver’ [...] needs to develop a more productive way of thinking about the given
situation” (p. 782). Thus, problem solving is close connected to creativity in the
sense of finding new, for the individual, solutions to new and old problems
(Craft, 2002).

Hiebert and Grouws (2002) write about “struggling with important mathe-
matics” (p. 387) as significant in developing a deep understanding of mathemat-
ics. Struggling implies solving problems in which the mathematical ideas are
understandable but not yet obtained. Understandable implies that the child un-
derstands the goal of the task whereas not yet obtained implies that the child
does not have a pre-known method for solving the task. Thus, what is a prob-
lem-solving task for one child may not be a problem solving task for another
child. Also struggling is close connected with creativity as one major characteris-
tic of creativity is possibility thinking, which is about finding alternatives when
obstacles are encountered (Craft, 2002).

In the study reported here, problem solving is seen as a context (Stanic &
Kilpatrick, 1989) for children to explore new mathematical methods or ideas
(Nunokawa, 2005), where the children’s communication, interpretations, repre-
sentations, creativity and reflections are in focus. However, in the study also the
problem-solving process in itself is an important issue. As mentioned, problem
solving is not new in educational settings and interventions in formal school
have been carried out successfully (Sowder et al, 1988; Cobb, Wood, Yackel, &
Perlwitz, 1992, Palmér & van Bommel, 2015). It has been shown that simply
teaching about problem solving or providing children with lists of rules and
strategies have not increased children’s problem-solving abilities (English &
Sriraman, 2010). Instead, through exploring mathematical problems children
learn both problem solving and important mathematical ideas (Lesh & Zawo-
jewski, 2007; van Bommel & Palmér, 2016). Common in interventions has been
that the actions of the teacher have been of great importance and that it takes
time for the children to adapt to the new kind of tasks (Casey, 2009; Cobb,
Wood, Yackel, & Perlwitz, 1992; Sowder et al, 1988). However, these studies
have been carried out at formal school with older children. Few studies focused
on problem solving in mathematics have involved children as young as those in
the study presented in this article.

4. Theoretical Perspective

The study adopts a sociocultural approach to mathematical learning. According
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to this approach, children come to understand their world—including mathe-
matics—through active participation in shared endeavors with other people. By
participating in social activities—whereof some includes mathematics—children
learn through active social interaction. Context is then not something to be acted
upon but something to be interacted with and the question is not if children
learn but instead what is being possible for children to learn (Vygotsky, 2012;
Wertsch, 1998; Wood & Turner-Vorbeck, 2001). Learning may then be consid-
ered as the changing relationships between an individual and the social activities
in which they engage (Beach, 1999). Based on a sociocultural approach, “strug-
gling with important mathematics” together with peers (Hiebert & Grouws,
2002: p. 387) is connected to the zone of proximal development, implying that
the mathematical problem-solving tasks are within reach—the child is able to
participate in the social activity—but the activity is challenging enough to en-
courage changes in the child’s participation. The zone of proximal development
is the distance between independent problem solving and the potential devel-
opment through problem solving under adult guidance or in collaboration with
more capable peers (Rogoft, 2003; Wertsch, 1998).

5. Swedish Preschool Class and Problem Solving in
Mathematics

The Swedish preschool class was implemented in 1998 to facilitate a smooth
transition between preschool and primary school and to prepare children for
further education. The traditions of play in preschool and of learning in school
(Pramling & Pramling-Samuelsson, 2008) made the issue of transition problem-
atic. To facilitate a smooth transition, preschool class is supposed to work in
their own way, preparing for the way of working in school, but taking their
grounds in the traditions of play in preschool. Thus, the teaching in preschool
class is a combination of preschool and primary school pedagogy, with play, cu-
riosity and agency as important parts (National Agency for Education, 2014).
Even though preschool class is part of the Swedish education system and in-
cluded within the curriculum of obligatory schooling it until July 2018 was vol-
untary. However, approximately 95% of all Swedish six-year-olds have attended
preschool class also before it becoming obligatory.

When the intervention was carried out the were no specific guidelines for
mathematics education in preschool class. However, the aim of preschool class
to provide a smooth transition to primary school and to prepare children for
further education made the content of both primary school and preschool im-
portant (National Agency for Education, 2014). One goal in Swedish preschool is
for every child to develop their “ability to use mathematics to investigate, reflect
over and test different solutions to problems raised by themselves and others”
(National Agency for Education, 2010: p. 10). According to the curriculum for
primary school mathematics teaching should help children to develop their abil-

ity to “formulate and solve problems, and also reflect over and evaluate selected
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strategies and methods, models and results” (National Agency for Education,
2011: p. 63). Further, the school is responsible for ensuring that each pupil on
completing compulsory school “can solve problems and transform ideas into ac-
tion in a creative way” (National Agency for Education, 2011: p. 15). As such,
problem solving is part of both the preschool syllabus and primary school sylla-

bus, and so it fits naturally into the content taught in preschool class.

6. The Study

Educational design research implies a cyclic process of designing and testing in-
terventions situated within an educational context and was developed to study
practical and complex questions in educational settings (McKenney & Reeves,
2012). This approach was chosen for this study based on problem solving being a
content- and context-dependent process, and therefore it needs to be studied in
its context (Lesh & Zawojewski, 2007). Context is, based on the sociocultural
approach, to be understood as what the children are interacting with, for exam-
ple other children, tasks, tools and/or teachers. In educational design research,
each design cycle includes preparing for teaching, implementation of the teach-
ing, and finally, retrospective analysis of the teaching and learning (Cobb &
Gravemeijer, 2008). The intention of the methodology is to enable impact and
transfer of research into school practice by building theories that “guide, inform,
and improve both practice and research” (Anderson & Shattuck, 2012: p. 16). As
such, the purpose of design research is both to innovate and improve classroom
practice and to develop design theories regarding the learning in these designed
settings (Cobb & Gravemeijer, 2008; De Corte, Verschaftfel, & Depaepe, 2009).

In this article we will not focus on the wholeness of the intervention but on
one of the problem solving tasks used; the first problem-solving task that was
implemented. However, when investigating children’s perceptions of the inter-
vention this lesson needs to be understood as part of a sequence of problem

solving lessons.

6.1. Participants

Eight preschool classes from three different schools with a total of 145 children
were included in the first design cycle of the study. These eight preschool classes
were selected based on teachers’ interest in mathematics, as shown in previous
projects and professional development. Based on initial conversations with the
teachers they had not been working with problem solving in mathematics in
their preschool classes before but they wanted to learn how to. The teaching in
the here presented part of the intervention was made by the researchers, not be-
cause the researcher would be superior to the teachers but it gave the opportu-
nity to similar implementations in each of the eight classes and for the teachers
to experience how teaching through problem solving can be carried out. The de-
sign cycle was conducted over a period of one year, working with one school at a

time at different periods of the year. This means that the lessons in the first
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school (49 children) were given during the spring term, near the end of their
preschool class year. The lessons in the second school (43 children) were given at
the beginning of the autumn term, shortly after the start of their preschool class
year. Finally, the lessons in the third school (53 children) were given at the end
of the autumn term, in the middle of their preschool class year. We chose this
spread in time to be able to detect if when during the school year was an impor-
tant factor in the implementation. In the results further on, the three schools will
be named the “first school”, the “second school” and the “third school” based on
the order presented above. The children’s guardians were given written informa-
tion about the study and approved their children’s participation in line with the
ethical guidelines provided by the Swedish Research Council (2017).

6.2. The Lessons

The lessons were conducted in the children’s usual classrooms, and as men-
tioned one of the researchers acted as the teacher. For all lessons, the children
were divided into groups of 11 - 13 children. Teaching in Swedish preschool
classes is often conducted with groups of that size. Based on the literature on
problem solving and on the theoretical foundations as presented above, the les-
sons in the study were designed according to the following design principles
(DP): The mathematical ideas in the tasks were to be understandable but the
children should not previous been taught a method for solving the task. Thus,
the task needs to be adaptable since a task might be a problem-solving task for
one child but may not be a problem solving task for another child. (DP1). The
task should be possible to solve by using different strategies (DP2). Further, the
problem-solving tasks should not require the ability to read or write (DP3). To
reduce the content-dependence (DP4) of our results, each task was about differ-
ent mathematical ideas (3D geometry, 2D geometry, combinatory, probability,
and statistics).

Each lesson lasted around 30 minutes and focused on one problem-solving
task, and the lessons most often followed the same pattern. First, the children
worked alone; after that they worked together with a classmate, and the lesson
ended with a whole-class discussion led by the researcher. For this setting, the
three dialogical patterns in teacher-child interaction (DP5), described by
Rasku-Putttonen, Lerkkanen, Poikkeus and Siekkine (2012) were taken into
consideration. The children were given opportunities to express their experi-
ences (DP5a) through question and answer sequences, their diverse contribu-
tions were collectively considered (DP5b) and they were allowed space to share
their ideas (DP5c). The goal of whole-class discussion led by the researcher was
not just to show different strategies for solutions but to further challenge and
encourage children’s participation in the activity (DP2, DP5a-c).

6.3. Observations and Interviews

To explore possibilities and limitations with teaching young children mathemat-

ics through problem solving, the lessons were observed and paper-and-pen work
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was collected. The paper-and-pen work was analysed and categorized based on
the strategies used by the children. After each lesson, the children gave a short
evaluation (presented further on). The children were interviewed before and af-
ter the whole sequence of problem-solving lessons. The intention with these in-
terviews was to investigate the children’s perceptions of mathematics before the
intervention and then, after the intervention, their perception of the activities.

The children were interviewed in pairs to equalise the imbalance between the
researcher and the children (Alderson & Morrow, 2011). Before the prob-
lem-solving lessons the children were asked if they knew what mathematics or
problem solving was, what they thought of mathematics and whether they had
mathematics in preschool class, and if so, to give examples of what they had
done. The purpose of these questions was to get an indication of what kind of
mathematics teaching (if any) the children were used to. In the interview after
the problem-solving lessons, the children were first asked what they remem-
bered from the lessons. After that, they were shown the problem-solving tasks
they had been working with and were asked to comment on what they remem-
bered from working with each task and how they perceived each lesson. In the
interviews at the second and third school the children were also introduced to
activities similar to those in the intervention. By this we wanted to investigate
how they participated in similar activities several weeks after the intervention.
Based on the sociocultural perspective this was a way to investigate learning as a
changed relationship between an individual and the social activities in which they
engaged (Beach, 1999). Finally, the children were asked whether they thought that
they had learned something from the lessons.

As mentioned, one lesson will be used in this article and in the results, we will
mainly focus on how the children solved this task. By comparing these solutions
to children’s participation in similar activities in the follow-up interview we dis-
cuss possible changes in the relationships between the children and the activities
(Beach, 1999). Through the interviews, we also analyse how the children per-
ceived the problem-solving lessons. We will not evaluate the design principles in
this article since such an analysis needs to be based in all lessons within the first
design cycle, not just the one focused on in this article. However, the design

principles will be referred to when presenting the implementation of the task.

6.4. Transferability

As mentioned, problem solving is a content- and context-dependent process,
which makes the question of generalisation difficult. However, we have tried to
make this study less content- and context-dependent by conducting it in several
different classes and by using problem-solving tasks with different mathematics
content. We have also chosen to spread the time for when during the school year
the implementation was conducted at each school. According to Lincoln and
Guba (1985), no generalisation is possible if proper weight is given to a local

context; instead, they use the word “transferability” and state that the researcher
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who knows only the sending context cannot achieve transferability. Hopefully,
the result that will be presented in this article, very thoroughly describing the
design and implementation of the lesson and the interviews, will provide guid-
ance and direction for both researchers and teachers to make their own transfer
of the findings.

7. Results

This section will be divided into two parts. First the interviews before the inter-
vention, the chosen lesson and the follow-up interviews at the first school will be
presented. After that the interventions and the interviews at the second and third

schools will be presented.

7.1. Interviews at the First School before the Intervention

In the interviews before the sequence of problem-solving lessons, less than half
of the children indicated that they knew what mathematics was. (Question: Do
you know what mathematics is?) The children who indicated knowing what
mathematics was most often related mathematics to numbers and counting, of-
ten within a numerical range larger than the one referred to in the curriculum
for preschool. A few children mentioned examples related to geometry, and
those few examples were about the names of geometrical figures. None of the
children mentioned examples related to combinatory, probability, statistics or
other topics in mathematics. (Questions: When do you have mathematics? Can
you give some examples of mathematical activities you have done in preschool
class?)

The last question in the interview was about problem solving. (Question: Do
you know what problem-solving is?) Being the last question in the interview the
children could have picked up the fact that problem solving and mathematics
were connected; however, their responses show a social interpretation of prob-
lem and solving problems, for example:

If you start to fight. Then it is good if you solve it by yourself.

You solve the problems. Like when you erase with a rubber when you made

something wrong.

7.2. The First Task in the Intervention: “The Tower”

In the first lesson the children were handed a picture (DP3) of a tower (Figure
1). The question asked was “How many blocks will you need to build the tower?”
The task deals with a two-dimensional representation of a three-dimensional
figure. Counting is required (1, 2, 3 ...), however very limited. No calculation is
required, but addition can be used, for example 6 + 4 as adding six blocks in the
front and four blocks in the back, or 3+ 2 +2 + 1 + 1 + 1 as adding one bar at
the time.

The task is about geometry, which, through Froebel’s gifts, was one of the first

areas of mathematics that was systematically taught to young children (Perry &
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Figure 1. The picture of a tower given to the children in the first lesson.”

Docket, 2008). Learning about two-dimensional and three-dimensional shapes is
not just about recognising and naming them but also about composing and de-
composing, analysing and recognising their properties and features. Further,
composing and decomposing is a foundation for later reasoning about fractions,
area and volume (Cross et al., 2009).

To be able to determine how many blocks they will need to build the tower the
children have to imagine the tower from a different perspective. Imagining an
object from a different perspective is related to spatial thinking, which is funda-
mental in mathematics. Spatial thinking makes it possible to mentally compare,
rotate, hold in mind and conceptualise relationships within a mathematical
problem and to transform objects. Further, spatial skills have been shown to be a
predictor for further mathematical achievement, not only in specific mathe-
matical domains such as geometry and measurement but also in problem solv-
ing. Even though children start to develop spatial thinking early, it is heavily de-
pendent on children having relevant experiences. In these experiences, commu-
nication and spatial activities have proven to be highly influential (Cross et al.,
2009; Kersh, Casey, & Mercer Young, 2008).

7.3. “The Tower” at the First School

As mentioned, there were 49 children at the first school, but only 44 were pre-
sent when working with the tower task. First, the children were to draw or write
on the paper how many blocks they would need to build the tower (DP5a). They
did this in different ways (DP2), for example by using numeral symbols, lines,
arrows etc. (Figure 2). Only one child initially said that he would need 10 blocks
to build the tower. Three children initially said that they would need eight blocks
to build the tower. All these used number symbols when writing their answer.
The remaining 40 children initially said that they would need six blocks to build
the tower. These children used different representations; arrows, number sym-
bols and lines (DP2). Evaluating this first part of the lesson all children’s actions
gave us the impression them understanding the goal of the task and it appeared
to have been a problem-solving task for all but one child (DP1) in the sense of

them needing to develop a more productive way of participating in the activity.

’The task is taken from http://ncm.gu.se/kangaru.
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Figure 2. Examples of paper-and-pencil work.

After children had worked on their own (DP5a), they were to discuss their
solutions with a classmate (DP5a). When the children were divided into pairs,
the child who initially said 10 blocks was put together with a child who initially
said eight blocks. These two were given an extra task: they were asked whether

there could be more than 10 blocks in the tower in the picture (DP1).

7.3.1. Building the Tower

After discussing their solutions in pairs, the same pairs of children were to build
the tower using manipulatives (DP3). First, they built with blocks, and after that
they built using a building programme on a tablet computer. When building the
tower with blocks the children found the need for (at least) 10 blocks, and dis-
cussions were held about which blocks were “being hidden” in the picture. In
most cases, it took quite a long time for the children to build the tower since they
wanted to use only six blocks, in line with their first solution. After all groups
had built the tower with blocks and on the tablet computers, they were gathered
for the whole-class discussion (DP5a, b, c). As such, the children discussed the
task and their solutions both in pairs and as a whole class together with the re-
searcher. In the whole-class discussion one aim was to help children to connect the
different representations (DP5b) of the tower (picture—building blocks—tablet
computer) as well as offer proper use of mathematical language connected to
solving the task (for example rotate, perspective, behind). The different ways of
solving the problem were put forward (DP2).

7.3.2. Children’s Evaluation

The lesson ended with the children evaluating the activity individually. On the
back of their papers they were to evaluate the difficulty of the task by choosing
one of three options, describing the task as very easy; hard at the beginning, but
now they understand its solution; or hard, and they do not understand its solu-
tion. They were also to choose between drawing a happy, neutral or sad face in-
dicating how they felt during the activity. Their evaluation of the tower task is
presented (Table 1). Thus, even though 40 of the 44 children initially did not
manage to solve the problem and thought that they would need six blocks to
build the tower, 18 evaluated the task as very easy. 21 children evaluated the task
as hard at the beginning, but now I understand its solution. At the same time
they considered the task to be fun. Similar the children who evaluated the task as

hard and did not understand its solution evaluated the task as fun.
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Table 1. Children’s evaluation of the tower task.

The task was hard at the  The task was hard, and I
The task was very

beginning, but now I do not understand its
easy . . .
understand its solution solution
happy face 18 21 2
Neutral face 3

sad face

7.3.3. Interviews at the First School after the Intervention

As mentioned the follow-up interviews were conducted after the whole sequence
of lessons within the intervention; thus about six to eight weeks after the tower
lesson. First the children were asked what they remembered from all the lessons.
(Question: What do you remember of what we have been doing when I have
been here?) The majority of the children remembered a lot and many of them
mentioned the tower task, giving quite general descriptions of it focused on the
building of the tower.

When we were to build a tower.

We built with blocks. You were to build a tower.

After that, the children were shown the different tasks they had been working
with, and were asked to comment on what they remembered from working with
each of them. (Question: Do you remember this task? If they did, we continued
with two more questions; do you remember how you solved it? What did you
think of that task?) When they were shown and asked to comment on the tower
task, several children remembered their own solution and the final need for (at
least) 10 blocks, and they often showed how to count the blocks during the in-
terview. Their answers indicated them having developed a more productive way
of participating in the activity.

Because it was [blocks] behind also. You needed ten.

You just have to do like this. That one is three. (Points at the back part of the
tower on the picture.) One, two, three, four, five, six, seven, eight, nine, ten.
(Points at both the visible and hidden blocks on the picture as he counts.) Really
easy. And quite fun too.

Their answers indicated perceptions of the task in line with their evaluation
directly after the lesson (Table 1).

I thought it was hard. You could see six, but it was ten.

It was ten. Good. Not that hard. It took just a little while.

Difficult and funny! First I did not understand how you were supposed to

build the tower. It was ten because there were [blocks] behind.

7.4. The Second and Third Schools

The interviews before the intervention at the second and third interviews indi-
cated these children having similar experiences of mathematics in preschool

class as the children at the first preschool class, implying few children indicated
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knowing what mathematics or problem-solving was and those who indicated
knowing what mathematics was most often related mathematics to numbers and
counting. The tower task was conducted similarly at the second and third
schools, as the result of the first school did not have any implications for a
re-design of the task and the evaluation of the design principles was not to be
done until after the whole design cycle being conducted at these three schools.

Similar to the first school, very few children initially gave an answer other
than six blocks when they were only looking at the picture of the tower. Also, the
paper-and-pen work showed the same spread of representations. And, at the end
of the lesson, after building with blocks and on the tablet computer, the children
agreed on the need for more blocks to build the tower. Thus, the time for when
during the school year the implementation was conducted at the schools do not
seem to have influenced the results. When the children were shown the tower in
the follow-up interview some weeks later, the children’s remarks were similar to
those of the children at the first school, describing their own solutions and indi-
cating that they had been surprised. Just like the interviews at the first school,
these interviews gave information on whether or not the children remembered
the answers to the specific problems. However, in the follow-up interviews at the
second and third schools we also added extra questions that were related to the
mathematical idea of each lesson. This was to see how the children participated
in similar activities as those in the intervention and investigate if we could see
any changes in the relationships between the children and the activities. To in-
vestigate how the children now would participate in an activity similar to “the
tower” they were shown a picture of a new tower (Figure 3).

At the second school, 29 children answered that four cubes were needed and
pointed out reasons without being asked. Eight of them said three at first but
changed their answer to four immediately when explaining their reasoning.

In the other tower there were four cubes at the backside, here there is only
one, so four in total.

You need one underneath the top one, otherwise it would collapse.

It has to be four, but it could be five, you cannot see the other one.

Nine children still only counted the cubes that were visible, and five children
said five or six cubes were needed. Thus, at least 29 of 38 children had developed
a more productive way of participating in the activity.

At the third school, unfortunately only 38 children (out of 53) were present on
the day of the follow-up interview. Nine of these counted the number of cubes in
the new tower correctly, and 12 gave answers involving the idea of “cubes be-
hind”. The majority of these children used their fingers when counting both
visible and hidden cubes. Some children, however, counted stacks instead, for
example:

There behind there are three. Three, six, ten! Twelve I mean! Three on each
side. No, there is one missing. It must be eleven.

Ten. No, eleven. Is six plus six eleven? (7The researcher answers that six plus

six is twelve.) Then it is eleven. Otherwise there will not be a hole here.
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Figure 3. The towers shown to the children in the follow-up interviews.
The tower to the left was used in the interview at the second school; the
tower to the right was used in the interview at the third school.

Fourteen children still only counted the visible cubes, and three children did
not count but just gave an incorrect answer without motivation. Thus, at least 21
of 38 children had developed a more productive way of participating in the ac-
tivity. Together the follow-up interviews at the second and third school indicate

that several of the children had changed their way of participating in this activ-
ity.

8. Discussion

How we arrange activities influences what children are invited to participate in
and consequently their possibilities of learning mathematics (Rogoff, 2003;
Wertsch, 1998) where the aim of this study was to explore possibilities and limi-
tations with teaching young children mathematics through problem solving. As
mentioned, the traditions of play in preschool and of learning in school are
supposed to be integrated in Swedish preschool class (Pramling & Pram-
ling-Samuelsson, 2008) and one could ask about what kind of lesson the “tower
task” is? The intention is absolutely learning, however in quite playful setting within
the frames of “stimulat [ing] pupils’ creativity, curiosity and self-confidence, as well
as their desire to explore their own ideas and solve problems” (National Agency
for Education, 2011: p.11).

Common in several previous interventions of problem solving has been that
that it has taken time for the children to adapt to the new kind of tasks (Casey,
2009; Cobb, Wood, Yackel, & Perlwitz, 1992; Sowder et al., 1988). This however
do not seem to be the case in this study. At the beginning of the “tower lesson”
very few children indicated having participated in activities providing them with
three-dimension experiences of towers. Children’s answers in the follow-up in-
terviews indicate that several children through the lesson changed their ways of
participating in similar activities. In the interviews the children explain their
own and others’ solutions and explain why (at least) 10 blocks were needed to
build the tower. Several of them talk differently about the number of blocks in
the tower and they also express how they themselves have participated different-
ly before (for example: “Before I didn’t know that there should be three blocks
under”). Sometimes the children do not express the right number of blocks in
the follow-up interviews but often their answers involve elements focused on the

presence of blocks that are not visible in the picture.
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As mentioned, context is to be understood as what the children are interacting
with, for example other children, tools and/or teachers. Regarding tools, using
manipulatives enhances mathematical knowledge for young children (Cross et
al., 2009), and digital technology has been shown to be effective when illustrating
transformations and rotations of geometrical objects (Sarama & Clements,
2009). Even though few children were able to solve the task from the beginning,
after building the tower with blocks and on the tablet computer they were able to
compare and rotate the tower as well as make connections between the picture
and the blocks. Building on the tablet computer in particular seemed to help the
children connect the different representations of the tower. For example, one
child said that “if you had been able to rotate the first picture you would have
seen the other blocks”. Thus, the tablet computer seems to have developed chil-
dren’s possibilities to participate in the activity.

Even though only four of the children (in all three schools together) were able
to solve the tower task from the beginning, the majority of children evaluated
the task as fun and accessible. Only two of the children (all three schools) evalu-
ated the “tower task” with the alternative “the task was hard, and I do not un-
derstand its solution”. Problem solving tasks are often defined as tasks where the
child “needs to develop a more productive way of thinking about the given situa-
tion” (Lesh & Zawojewski, 2007: p. 782) or as tasks where the child is “struggling
with important mathematics” (Hiebert & Grouws, 2002). However, this does not
seem to imply neither boring nor difficult for the children. Not succeeding from
the beginning does not seem to be necessary for children to evaluate a task as fun
and accessible. Based on the children’s perspective, a problem-solving task can
be both fun and accessible even if one does not know how to solve it from the
beginning. All but three children drew happy faces when evaluating the lesson
presented in this article and none drew a sad face. Of course, this could be an
expression of wanting to please the researchers, but when considered in connec-
tion with the interviews, the happy faces seem to reflect how the children per-

ceived the lesson.

9, Conclusion

This study indicates that young children are capable of working with problem
solving and that they perceive it as fun and accessible. Both the lessons and the
interviews show that young children are competent, both in terms of problem
solving and in terms of reflecting on their own learning and the mathematics
lessons they encounter. Based on the intervention, problem solving seems to be a
possible starting point for early mathematics. The young children do not seem to
need any kind of special preparation to be involved in this kind of mathematics
teaching and learning but are creative and competent, both in terms of problem
solving and in terms of reflecting on their own learning. Based on the children’s
perspective, a problem-solving task can be both fun and accessible even if one

does not know how to solve it from the beginning. Young children seem to ap-
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preciate the challenge and creativity involved in problem solving and they learn
mathematics. So far in the study, we have found no negative outcomes of the
problem-solving approach, quite the opposite the results indicate that problem
solving is a way to cover both basic and advanced mathematics and that the ap-
proach makes it possible for young children to participate on their conditions.
Based on these results we do not claim that this is the only way that all mathe-
matics in preschool class is to be taught, but we do claim that it is one possible
way. As mentioned, problem solving is a content- and context-dependent proc-
ess why further research in different contexts using problem-solving tasks fo-

cusing on different content is needed to make any further generalisations.
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