
Skills required to solve complex problems and  
their assessment and development  

in secondary school

Margus Pedastea1, Tauno Paltsb, Tiina Kraavb, Kerli Orav-Puurandb

a Institute of Education, University of Tartu
b Institute of Mathematics and Statistics, University of Tartu

The aim of this study was to find out whether the skills to solve complex prob-
lems can be described and developed on the basis of mathematical, algorithmic 
and inquiry-based problem-solving strategies. We define mathematical compe-
tence as the ability to identify situations that can be elaborated using mathe-
matics, to understand and apply mathematical problem-solving in everyday 
situations in areas other than mathematics, and the ability to open the mathe-
matical findings in an everyday life context. We define algorithmic thinking 
as a thought process that takes place in the formulation of problems and their 
solutions, where the solutions are presented in such a form that they can be 
performed by an information processing agent (Wing, 2006). We define the 
inquiry-based approach as a process of discovering new causal relationships, 
where the learner formulates hypotheses and tests them through experiments 
or observations (Pedaste, Mäeots, Leijen, & Sarapuu, 2012). All these strategies 
are characterised by phasing and cyclicality. Thus, by comparing these three 
strategies for solving separately developed problems, one can find something 
universal that could describe the generic part of different problem-solving 
strategies. The latter could be seen as the skill to solve complex problems. 

The first goal of this study was to adapt assessment tools to assess mathe-
matical, algorithmic, and inquiry-based problem-solving skills. Secondly, it 
sought to examine whether the skills assessed by these three assessment instru-
ments can be considered as one of the more general skills that could be called a 
complex problem-solving skill. More specifically, two research questions were 
formulated:
1) What is the fit of the theoretical structure and data collected with the 

adapted measuring instruments designed to assess the mathematical, 
 algorithmic and inquiry-based problem-solving skills of secondary school 
students?
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2)  Can mathematical, algorithmic and inquiry-based problem-solving skills be 
described as one more general problem solving skill?

To achieve the goals, the instruments for assessing mathematical, algorithmic 
and inquiry-based problem-solving skills were adapted, and their quality and 
theoretical structure were assessed using empirically collected data.

The research questions of the study were answered using data collected in 
a larger study. In this case data of a total of 323 students from the 10th grade in 
19 secondary schools were examined. Only data from the students who had 
completed all three questionnaires as well as a background questionnaire were 
included in the analysis.

Confirmatory factor analysis was used to check the model fit of the assess-
ment tools and to evaluate the model describing the skill to solve complex 
problems. The results of the confirmatory factor analysis showed that in 
mathematical problem solving it is possible to distinguish two factors, one of 
which describes the planning of the strategy to solve a problem and the other 
describing the solution and interpretation of the results. In solving algorithmic 
problems, two factors were distinguished: algorithmic thinking and pattern 
recognition. However, these factors were strongly correlated, and therefore we 
examined a bifactor model that showed a clearly distinguishable general factor. 
In the case of inquiry-based problem solving, three factors were distinguished, 
one describing orientation in the inquiry-based process, second the investi-
gation process, and the third was making conclusions.

After testing the factor models of the three different problem-solving 
approaches, it was determined whether the three factor models could be 
 combined into one higher-order model. It was first analysed to establish 
whether the three were different constructs. The factor model, in which the 
three were considered as separate correlated latent variables, had good  quality 
indicators, and the correlations between mathematical, algorithmic, and 
inquiry-based problem-solving skills were relatively low. Thus, the next step 
was to assess how well the developed complex problem-solving factor model 
corresponds to the established theory, according to which the skill to solve 
complex problems consists of the sum of different problem-solving strategies. 
It was found that the developed higher order model had good quality indi-
cators and the skill to solve complex problems could be seen as a construct that 
describes strongly different sub-skills of the mathematical problem solving, 
inquiry-based problem solving and the general factor of algorithmic problem-
solving.

Further studies should focus on designing guidelines for the systematic 
development of sub-skills of complex problems and on assessing the effect of 



161Solving complex problems

these interventions. The present study provides assessment tools in line with 
psychometrically validated theoretical models. Indeed, future studies still need 
to clarify how well they can be used to differentiate even minor changes in 
students’ skills.
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