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Ôproblem solvingÕ seem still to be rather ambiguous in mathematics education. 
Sometimes a ÔproblemÕ is understood to be a simple arithmetic task that can be 
solved in a routine way, whereas at other times it means a more complex 
situation. The fuzziness of problem solving concepts is discussed e.g. in 
Pehkonen (2001). 

The nature of problem solving has been described in the literature with the 
help of problem solving models (e.g. Mason, Burton, & Stacey, 1985; Polya, 
1945; Schoenfeld, 1985). PolyaÕs four-step model that is today about 60-year-
old might be the most common one: Understanding the problem, Devising a 
plan, Carrying out the plan, Looking back (Polya, 1945). The problems in 
PolyaÕs model have been the oversimplified structure of the model, the model 
looks like a receipt. But real problem solving is not possible via following 
such a scheme, the solver needs to use his/her own creativity. Therefore, the 
model is modified by other researchers, usually by refining some step/ steps. 
One of these refinements is the model that Schoenfeld has used. After him the 
problem solving process goes through the following five stages: Read, 
Analyze, Explore, Plan, Implement, Verify (Schoenfeld, 1985).  

Another point of critics is that most of these models are linear, and in 
reality exploring new mathematics (i.e. problem solving) is not linear, not so 
systematic. Until Mason et al. (1985) have developed such a model for 
problem solving that corresponds the reality of mathematical exploration. The 
model has only three phases: Entry, Attack, Review, since the authors have 
combined the two middle steps in PolyaÕs model. But their key idea is that 
between the phases Entry and Attack there is a mulling circle in the following 
sense: In the Entry phase, the solver gets a possible solution idea (AHA!), and 
he/she tries to follow it as far as possible. But earlier or later he/she will get 
STUCK!, and is compelled to fold back to the Entry phase. The mulling in this 
circle will end until when the solver finds a correct way out, i.e. when he/she 
solves the problem (Mason et al., 1985, p. 131). 

Another way of considering the mulling circle is the way Kiesswetter deals 
it with the elementary graph theory (Kiesswetter, 1983): He speaks about a 
solverÕs material graph (the knowledge structure) on the problem that he/she 
develops. Mulling from AHA to STUCK and back means that the solver 
enriches his/her material graph, finding new connections between the previous 
facts. This continues as long as the solver can see the solution in his/her 
material graph, thus he/she has developed a solution graph, i.e. solved the 
problem. 

MasonÕs interpretation of problem solving is compatible to constructivist 
understanding of learning (e.g. Davis, Maher, & Noddings, 1990). One 
promising method for mathematics teaching seems to be the so-called Òopen 
approachÓ. In that teaching conception, the teacher offers his/her class an open 
learning environment, in the form of an open-ended problem (Pehkonen, 
2001). His/her aim is to develop pupilsÕ mathematical problem-solving skills, 
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and to give pupils an opportunity to learn on their own way and at their own 
rate. For this purpose we can use open tasks that have been accepted as a 
promising solution in order to create a proper learning environment.  

Teaching problem solving is challenging for a teacher in three different 
ways (Burkhardt, 1988): It is mathematically challenging, since he/she must 
understand and master the mathematics needed as well as the properties of 
pupilsÕ different solution models. It is pedagogically challenging, since the 
teacher should decide when to let a pupil continue and when to stop his/her 
working as well as to know what kind of advices and hints will help the pupil 
further. As the third point, it is challenging on a personal level, since in 
problem solving it might occur such a situation, where the teacher does not 
even him/herself know how to continue, and to meet such a situation is to most 
people a very painful feeling. 

 
2.2. TeachersÕ mathematics-related conceptions 
In earlier studies, it has been noticed that teachersÕ conceptions are of 
paramount importance when trying to understand teaching situation (e.g. 
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Lower secondary teachers (N=74), selected at random, answered a postal 
survey (the answering percentage was about 50%) inquiring their knowledge 
about open tasks. The results can be summarized, as follows: About a half of 
test subjects were not acquainted with the concept Òopen taskÓ. There are good 
reasons to believe that the non-respondents did not know the concept. 
Therefore, one may conclude that approximately only one quarter of the 
Finnish lower secondary school teachers is familiar with the term Òopen taskÓ. 
 
2.4. Focus of the paper 
In conformity with the curriculum (NBE, 2004), improving pupilsÕ problem 
solving skills is important. TeachersÕ role is crucial in carrying out the 
objectives of the curriculum. Especially their conceptions influence decisions 
they make when preparing their lessons and when teaching mathematics. The 
aim of this paper is to figure out: What kind of conceptions Finnish elementary 
in-service teachers have concerning problem solving and itÕs teaching in 
mathematics? 
 
 
3. Methods  
A questionnaire with open questions was given to all elementary in-service 
teachers (grades 1Ð6) of the city of Kerava during the springs 2006 and 2007. 
Kerava is a small city in southern Finland, about 30 km to the north from 
Helsinki. There are 103 elementary teachers in Kerava, but we received 
responses only from 42 of them. In order to improve the response rate 
different methods were used, e.g. the questionnaire was sent again to 
elementary teachers in Kerava, but it had no significant result. It resulted only 
a couple of more replies. Thus, the reply rate was unfortunately as low as 41%. 
The paper at hand is mainly based on the unpublished masterÕs thesis 
(Sivunen, 2007). 

The questionnaire used was constructed especially for the study. It 
contained of six open questions, and usual closed background questions, 
concerning gender, age, qualification, specialization in mathematics, and 
teaching experience. The open questions were, as follows: 
- What does problem solving mean for you in mathematics teaching? 
- Why is problem solving a part of the mathematics curriculum according to 

your view? 
- How should problem solving be taught in mathematics? 
- How can you see problem solving in your mathematics teaching? 
- What kind of facilities do you have to teach problem solving in 

mathematics? 
- What kind of obstacles have you experienced when teaching problem 

solving in mathematics? 
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On the one hand since the group of the respondents was so small, teachers 
were not divided into sub-groups according to the grade they teach this year, 
i.e. the background questions were not used. On the other hand Finnish 
teachers are usually moving from one grade to another with their pupils; 
therefore, they cannot be labelled as a teacher of one certain grade. The 
method of content analysis was used in analyzing the research material. 
 
 
4. On results and their interpretation  
From the teachersÕ responses, their conceptions on problem solving and its 
teaching could be classified with the method of content analysis into three 
groups: (1) on the meaning of the curriculum, (2) on the meaning of teaching 
materials, (3) on teaching of problem solving skills. 
 
4.1. On the meaning of the curriculum 
The purpose of mathematics teaching to support through problem solving 
pupilsÕ development in data dealing and elaborating (NBE, 2004) is very up-
to-date. The emphasis in teaching is set in mastering of mathematical 
calculations and concepts. And teaching of problem solving skills is totally left 
away from the key contents of mathematics before grade 6 in the 
comprehensive school. They will be assessed, but there is no framework to 
teach them. As if school administration thinks that they will be developed 
automatically when working with mathematical routine tasks. Development in 
problem solving demands much time from pupils. 

The following quotes from the teachersÕ responses emphasize the meaning 
of curriculum: 

The only problem is the limitedness of time. In the curriculum there are too many 
topics, in order we had time enough to concentrate on problem solving. 

The lack of time. In the curriculum there are so many topics to be taught that 
problem tasks seem to have less time, if one will not give special attention to it. 

Hurry. Too many basic topics to be taught. Low-attainers need time and support 
in basic topics. 

The lack of time. The requirements of the curriculum behind oneÕs neck, a teacher 
has not always courage to stop and give children time to think. 

The problematic situation described above can be seen also in the teachersÕ 
conceptions on teaching problem solving. In line with the teachersÕ 
conceptions, there are so many content topics written in the curriculum that 
there does not seem to be enough time for teaching problem solving. Here we 
can conclude that the teachers define mathematical topics to be taught just via 
the material objectives written in the curriculum and named Òkey topicsÓ. Thus 
they leave the formal objectives where problem solving is written also in the 
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case of lower grades, for less attention when planning their instruction. In 
relation to conceptions of the teachers participating in the study, there is not 
enough time for problem solving, since there are many so-called Òbasic topicsÓ 
in mathematics teaching that pupils should rule. Here they think that learning 
of mathematical Òbasic skillsÓ is in the objectives hierarchically higher than 
problem solving skills. Teachers seem to consider these two skills as separated 
from each other.  

Based on this conception it is very understandable that there is too little 
time for problem solving in mathematics curriculum and instruction, and 
consequently only brilliant pupils are working with problem solving. There is 
a danger that low-attainers in mathematics will work mainly with basic routine 
tasks every year. The teachers told that they use in mathematics problem-
solving tasks as additional tasks with which they differentiate their teaching, 
especially in the case of talented and motivated pupils.  

On the one hand, the teachers participating the study expressed the 
conception that problem solving means the application of earlier learned 
mathematical knowledge and skills. This could be interpreted that according to 
the teachersÕ conceptions pupils should rule calculations before they use them 
in problem solving. Similar thinking is also reflected from the curriculum 
(NBE, 2004). On the other hand, the teachers expressed that teaching problem 
solving needs much time according to their understanding. The teachers seem 
to be in a very embarrassing situation. They see the importance of problem 
solving as a part of mathematics teaching, but they are not able to implement 
such a teaching that corresponds their conceptions because of outer pressure, 
as those from the curriculum, since there are many content objectives and not 
enough time. To this social context belongs also the curriculum used that 
seems to be in contradiction with the teachersÕ conceptions when the focus is 
the material objectives of the curriculum. 

If problem solving is understood to be a part of mathematics teaching, its 
position is not a separate one, but it will have a very central position as a 
teaching method and as a content to be learned. Such a problem-centered 
approach is also written in the curriculum (NBE, 2004). The aim is to 
approach problem-centered topics to be taught in mathematics. In the data at 
hand, there is not to be seen such a teacher conception on problem solving. 
Only two respondents (from 43 teachers) mentioned sometimes to use problem 
solving when approaching a new topic to be learned. 
 
4.2. On the meaning of teaching materials 
Teaching materials raised often in the analysis of the data. When the teachers 
participating the study were asked what they would mean with problem 
solving, the main idea that emerged was that problem solving means certain 
kind of tasks. The teacher described these tasks with some characteristics 
features. In conformity with the teachers, problem-solving tasks demand from 
















