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PUPILS’ SCHOOL PERFORMANCE 
AND THEIR COGNITIVE ABILITIES 
TO SOLVE PROBLEMS

ABSTRACT
The paper describes the results of a study whose main aim was to find the interrelationship 
between pupils’ school grades in Czech language (native), mathematics, and physics and pupils’ 
cognitive predispositions to problem-solving in science and mathematics diagnosed by the Lawson 
Classroom Test of Scientific Reasoning and the Culture of Problem Solving test. A total of 180 pupils 
from the Czech Republic aged 14-15 took part in this study.
The results show that pupils with better grades in the monitored subjects achieve better results 
in both tests. It also turns out that there are generally statistically insignificant differences 
between the results of pupils assessed by grades 1 or 2 and between those assessed by grades 
3 or 4. Pupils’ performance in the two tests might help to strengthen the objectivization of grading 
at school. They might also help identify the indicators important for developing problem-solving 
skills. The research specifically points to the need to develop algebraic thinking, the conception 
of infinity, spatial imagination, geometric imagination in the plane, proportional reasoning, and 
the ability to control variables.
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Highlights

• Pupils’ classroom assessment shows a connection to their performance in cognitive skills tests. 
• Pupils with better grades (classification) achieve better results in the test of predispositions to solving mathematical 

problems and in Lawson’s Test of Scientific Reasoning.
• There are almost no statistically significant differences in the performance of pupils assessed by grades 1 or 2 and in the 

performance of pupils assessed by grades 3 or 4.

INTRODUCTION
The paper is one of the outcomes of the research project 
concerning mutual relations between two constructs that are 
related to problem-solving (the Culture of problem solving 
and Scientific reasoning) and school performance in the Czech 
language, mathematics, and physics. The construct Culture 
of problem solving (CPS) was introduced by some authors 
of this paper as a tool for describing a pupil’s ability to solve 
mathematical problems (Eisenmann et al., 2015). The other 
construct is Scientific reasoning (SR), which includes 
the thinking and reasoning skills involved in systematically 
exploring a problem, formulating and testing hypotheses, 
evaluating experimental outcomes, etc. (Bao et al., 2009; 
Gormally et al., 2012). In (Cihlář et al., 2017), we present 
the results of a small research conducted among 23 pupils 

aged 14-15 in the Czech Republic in 2016. The results of 
this research proved the legitimacy of the idea of exploring 
mutual relations between individual components of CPS 
and SR dimensions. This research was then followed up 
with extensive research in 2017 to describe the dependency 
between all components of the CPS and the SR dimensions 
(Cihlář et al., 2020). The objective of the article is to provide 
a new perspective on the investigation issue based on the data 
obtained and to answer the question about the relationship 
between school performance (classification) and the constructs 
of CPS and SR.
The following sections describe two constructs (CPS and 
SR). This is discussed in detail in (Hejnová et al., 2018). 
The following text is a slightly shortened version essential for 
the purpose of this paper.

Full research paper
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The Culture of Problem Solving
The CPS construct was developed to better describe the pupils’ 
dispositions to solve mathematical problems. In creating 
the CPS, we tried to make this description independent of 
the problem itself and equally independent of the pupils’ 
knowledge. The development of the construct is well described 
in (Eisenmann et al., 2015). At this point, we should mention 
that in its development, we drew mainly from the work of 
(Schoenfeld, 1982; Sriraman, 2005; Wu and Adams, 2006).
The CPS consists of four components: mathematical 
intelligence, reading comprehension, creativity, and the ability 
to use existing knowledge.
In the development of mathematical intelligence, we focused on 
the perception and understanding of six selected mathematical 
phenomena. We chose Gardner (1993) and Juter and Sriraman 
(2011) as our inspiration, but our primary goal was not to seek 
out mathematically gifted pupils. Our focus was to determine 
the level of disposition of all pupils in the areas that we consider 
important for successful mathematical problem-solving. 
We emphasize that we are not concerned with mathematical 
content per se but only with content to determine the level 
of the specific phenomenon. These phenomena are logical 
reasoning, the conception of infinity, spatial imagination, 
geometric imagination in the plane, algebraic thinking, and 
arithmetic patterns.
In accordance with the PISA framework, we understand 
reading comprehension as a functional literacy, that is, as 
a set of knowledge, skills, strategies, and attitudes needed to 
understand, use, and evaluate all kinds of texts in different 
contexts. Reading comprehension is one of the key competencies 
needed to successfully solve problems, especially in the case 
of word problems (Akbaşl et al., 2016; Pape, 2004; Vilenius‐
Tuohimaa et al., 2008).
As far as creativity is concerned, we focused only on the part 
of it that relates to divergent thinking (Guilford, 1967). We 
recognize that convergent thinking also plays a vital role in the 
task solving process, but it is the production of different ideas 
that we see as very important in this process, as confirmed 
by (Kwon et. al., 2006). By divergent thinking, we mean 
the production of diverse but appropriate answers to an open-
ended question or problem. It can be said that the higher 
the level of creativity, the more difficult the problems can be 
presented to pupils (Chamberlin and Moon, 2005).
Although some parts of the construct CPS are either 
investigated from a domain perspective (mathematical 
intelligence) or are only found in specific school contexts 
(reading comprehension), creativity per se has been 
the focus of attention in other areas of human endeavour and 
is seen as a prerequisite for problem-solving across different 
domains (Zhou, 2012).
The ability to use the existing knowledge is the last 
component of the CPS. This ability is a necessary condition 
for the successful solution of non-routine problems. We have 
developed it to determine the level of formalism in the pupils. 
Eisenmann et al. (2015) have shown one connection with 
general intelligence: Those pupils who have a higher indicator 
of intelligence also show a higher indicator of the ability to use 
the existing knowledge.

Scientific Reasoning
SR can be regarded as a complex process that is widely defined 
as “the skills involved in inquiry, experimentation, evidence 
evaluation, and inference that are done in the service of 
conceptual change or scientific understanding” (Zimmerman, 
2007, p. 172). These general skills, referred to as science process 
skills (Padilla, 1990), are considered crucial components of 
STEM education (Science, Technology, Engineering, and 
Math). As Coletta and Phillips (2005) and Han (2013) have 
shown, their development is closely related to the cognitive 
abilities of the pupils and their prior knowledge of the content.
In our research, we focus on measuring scientific reasoning 
skills. That is why we deal with the operational definition 
of SR. Similarly, to Lawson (1978, 1982, 2004, 2005), we 
suppose that its structure is determined by the hypothetical-
deductive nature of science and includes dimensions such as 
proportional thinking, identification, and control of variables, 
probabilistic thinking, correlational thinking and inductive and 
deductive reasoning (Han, 2013). However, other skills could 
be involved because of the multidimensional structure of SR 
(Opitz et al., 2017).

Classroom Assessment in Czech Schools
We understand classroom assessment to be the process of 
measuring performance and gaining evaluation information 
in lessons. This information is primarily intended for pupils. 
This assessment relates to the specific learning objectives and 
is an integral part of the teaching (different types of assessment 
of pupils’ knowledge and skills, oral and written testing, peer 
assessment, training of pupils in self-assessment) or directly 
supports and complements it (on-the-fly diagnostic information 
for parents about pupils’ school performance).
Assessment is regarded as the key tool for the improvement 
of school performance (see, e.g., Black et al., 2003, 2004; 
Naylor et al., 2005). Together with the process of enriching 
and updating the objectives of education, also the educational 
content that has to be assessed is modified. The quality 
and efficiency of the educational process are significantly 
influenced by the way they are evaluated. That is why teachers 
from developed countries ask for assessments that will be 
well thought out with respect to the effects they will have on 
school practice. Concerns that assessment of only some (well-
measurable) educational objectives will result in deformation 
of teaching brought about the need to verify educational 
goals that had not been previously assessed (critical thinking, 
problem-solving, social skills, etc.). This puts new demands on 
assessment methods and used tools (Chvál et al., 2015).
The current conception of mathematics and science education 
that should be acquired by all students at school emphasizes, 
in particular, the development of a general understanding 
of important concepts, understanding of methods by which 
science gets evidence to support its claims, understanding 
of strengths of science and its limitations in the real world; 
the ability to draw correct and well-founded conclusions from 
presented facts and information, to critically assess people’s 
statements on the basis of the evidence presented and to 
distinguish opinions from evidence-based claims.
Tests used by teachers in the Czech Republic often target lower-
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level skills and knowledge of facts. However, international 
research and surveys (e.g., PISA1) show a clear tendency to set 
to students the so-called context tasks that refer to some situation 
and show the applicability of mathematics and science in real-
life situations or tasks that test such knowledge and skills of 
students that they will need in their future lives. Tasks also often 
focus on overall student abilities that permeate all subjects (not 
only mathematics and science), on the use of their own way of 
thinking and understanding in specific life situations.
In our research, we focus primarily on summative assessment, 
the purpose of which is to obtain an overall overview of 
students’ performance. The aim of this assessment is to 
diagnose a student and evaluate their performance with respect 
to the assessed group of students.
Classification (assessment by grades) is still predominantly 
used in Czech schools as the standard for summative 
assessment of students. Its advantages are simplicity and 
systematicity when used in practice, as well as its long 
tradition and comprehensibility to parents and the public. 
In Czech schools, students are evaluated by grades 1 to 5. 
Grade 1 corresponds to the best performance, and 5 describes 
insufficient performance and failure.
Research on classification shows a relative stability of 
achievement during school attendance, which is attributed 
to a relatively stable and evenly developing dispositional 
basis, which determines a student’s school performance 
(Hrabal, 1989). The existence of a grade has a constant 
influence on the character, intensity, and focus of a student’s 
learning activities, affects the classroom atmosphere, and also 
represents simple informative feedback for the student and 
their parents (Slavík, 1999).
One of the tools for assessing students in science and 
mathematics is problem-solving. Suurtamm et al. (2016) 
highlight the relationship between students’ problem-solving 
success and their grades. Tasks on whose basis students should 
be assessed, according to (Swan and Burkhardt, 2012), should 
present a balanced view of the curriculum in terms of all aspects 
of performance that the curriculum wants to encourage. Each 
student has specific cognitive predispositions to problem-
solving. Students with better cognitive predispositions can be 
expected to have better grades in mathematics and physics. As 
expected, it was confirmed (Česká školní inspekce (ČŠI), 2019), 
for example, that students who had a better grade in mathematics 
on the school final report from the previous school year achieved 
higher average success in the mathematical literacy test, with 
a slightly more pronounced effect in case of ninth-graders than 
in case of 2nd-year students of upper secondary schools.

Objectives
In this paper, we focus on the relationship between classroom 
assessment (classification) and cognitive predispositions of 
lower secondary 14 to 15-year-old students to solve problems 
in the area of mathematics and science. Their predispositions 
were diagnosed using the Lawson Classroom Test of Scientific 
Reasoning (LT) and the CPS test. With respect to the focus of 
these two tests, we were working with grades in three major 

subjects - Czech language, mathematics, and physics as we 
believe these play a significant role in the development of 
the ability to solve problems.
We asked the following research question: To what extent are 
the variables determined by the CPS and LT tests related to 
grades in Czech, mathematics, and physics?

MATERIALS AND METHODS
Culture of Problem Solving
The test to determine the values of all four CPS components 
was designed to be administered in one teaching lesson and 
took 45 minutes. The individual components were timed as 
follows: mathematical intelligence - 13 minutes, reading 
comprehension - 13 minutes, creativity - 9 minutes, and 
the ability to use the existing knowledge - 9 minutes. Each 
student worked independently during the assessment and 
could only use a simple calculator in addition to writing 
tools. All parts of the test were evaluated by the authors 
of this paper.
The test of mathematical intelligence consisted of 8 problems 
determining sensitivity to the above-mentioned six specific 
phenomena: logical reasoning, a conception of infinity, spatial 
imagination, geometric imagination in a plane, algebraic 
thinking, and arithmetic patterns. All test problems, with one 
exception, were closed multiple-choice tasks with one correct 
answer. The tested student could get 2 points for each problem. 
The sum of all points formed the total score.
The reading comprehension test was created on the same 
principle as the tests in the PISA research. The test proceeded 
as follows: the students were presented with a text of 15 lines 
about kangaroos. The students then had to answer 4 closed and 
2 open questions. The text was available to them all the time.
Since we chose to measure creativity by divergent thinking, 
we chose Guilford’s Alternative Uses Test as our instrument. 
This test is based on the fact that the student is presented with 
a word that expresses a certain object, and the student is asked 
to suggest as many different and unusual uses of this object as 
possible, counting only feasible uses. In the test, four words 
were presented to the students to rule out a certain inclination 
towards a subject and to observe phenomena such as fluency, 
originality, and elaborateness. The qualitative assessment 
of each part of the test was then converted into scores, and 
the total score indicated the creativity index.
The test of the ability to use the existing knowledge consisted 
of four simple, non-routine problems. At the beginning of 
each problem, the students revised the knowledge that was 
necessary to solve the task (How to find the part from the whole 
with percentage, the circumference of a circle, the surface of 
a cuboid, and the lowest common multiple). For each task, 
the student could get one point, and the total sum informs 
the overall score in this test.

Scientific Reasoning
SR was tested by the Czech version of LT including 24 items 
(Dvořáková, 2011) with small corrections in items 8a and 
8b according to (Han, 2013), allowing one to examine six 

1 Programme for International Student Assessment



Printed ISSN 
2336-2375

58 ERIES Journal  
volume 17 issue 1

Electronic ISSN 
1803-1617

dimensions: conservation of matter and volume (items 1 to 4), 
proportional reasoning (items 5 to 8), control of variables (items 
9 to 14), probability reasoning (items 15 to 18), correlation 
reasoning (items 19, 20), and hypothetical-deductive reasoning 
(items 21 to 24) (Lawson, 1978).
LT is a two-tier multiple-choice test with items of increasing 
difficulty, each of the two-tier items including a question 
offering answers and possible reasons for the response to 
the question. A student could get two points for questions 
1 through 22 if he chose the correct answer and concurrently 
its correct justification. Only the answers to questions 23 and 
24 were evaluated separately; that is, the student received 
one point for each correctly answered question or its correct 
justification. The students had a maximum of 45 minutes to 
solve the test.
The results of the test allow us to determine what level 
of scientific reasoning a particular student has achieved 
(Dvořáková, 2011). The first developmental level is concrete-
level reasoning. This stage consists of students who get 0-8 
points in the LT test. The second level is transitional and is 
made up of students who get 9-16 points. The highest level is 
formal-level reasoning. This stage is achieved by students who 
get 17-24 points.

Sample
A total of 180 students (76 girls and 104 boys) aged 14-15 from 
eight classes from six lower secondary schools and one class of 
an eight-year secondary grammar school took part in our study 
in May and June 2017. All schools were located in three towns 
in the Ústí nad Labem Region in the Czech Republic. None 
of the classes were specialized and integrated for pupils with 
physical or mental disabilities or low socioeconomic status. All 
the pupils were native Czech speakers.

Statistical Evaluation
As part of the statistical processing, the pupils’ grades and 

the results of the CPS and LT tests were first analyzed with 
respect to the pupils’ scores.
Also, the relationships between grades in the Czech language 
(CZECH), mathematics (MATH), and physics (PHYS) and 
the overall scores in the CPS and LT tests were examined. 
The Kruskal-Wallis test was used to evaluate the dependency 
between grades and overall scores in these tests, and partial 
differences among different classes of grades were studied 
using Wilcoxon tests. The effect size coefficient ξ2 was used 
to determine the strength of the association. The guidelines of 
Field (2013) were followed to interpret the size of the effect. 
For the purpose of evaluation, the category of pupils with 
grade 5 was merged with the category of pupils with grade 4. 
This modification was necessary because of the low number of 
pupils with grade 5 in the sample. In the case of the CPS test, 
the results in individual subtests were normed in such a way 
that all subtests had the same weight.
The calculation was realized by STATISTICA 12.0 (StatSoft, 
Inc.). The level of significance α = 0.05 was used in all tests.

RESULTS
The pupils’ school performance was assessed according to their 
grades in Czech language, mathematics, and physics on the final 
school report in the school year 2016/2017. The structure 
of grades in the monitored subjects is given in Figure 1. 
The structure of grades in Czech language and mathematics is 
very similar; the proportion of grades 1 to 4 is roughly the same 
in both subjects. About 60% of pupils have a grade 1 or a grade 
2. In contrast, a greater proportion of grades 1 can be observed 
in physics (about 30% of pupils in contrast to 20% in Czech 
language and mathematics) and a lower proportion of grades 
4. The proportion of grades 3 is about the same in all three 
subjects (slightly more than 20%). Grades 5 only appeared in 
mathematics. Average grades in individual subjects correspond 
to the above. The average grade in Czech language and 
mathematics was 2.30, and in physics, 2.06.

Figure 1: Structure of grades, 2017 (source: own calculation)

As far as the LT test is concerned, the average score was 7.9 
points (out of 24 points) with a standard deviation of 5.3 points. 
Figure 2 illustrates that the distribution of the achieved score 

does not show a maximum in the proximity of the average 
gained score. On the contrary, the pupils’ scores are scattered 
on the whole scale of possible scores.
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Pupils most often had two to seven points in the LT test, namely 
48% of them. 45% of the pupils had an above-average score, 
that is, 8 points and more, and 19% of the pupils gained more 
than half of the possible points (i.e., more than 12). Roughly 
8% of the pupils had only one or no point. None of the pupils 
achieved the maximum number of points. 60% of the pupils 
are on the lowest, which is concrete-level reasoning. 30% of 

the pupils are on the transitional level of scientific reasoning. 
Only 10% of the pupils have reached the highest, i.e., formal-
level reasoning.
The maximum number of points was 24, also in the CPS test. 
The average score achieved by pupils was 12.1, with a standard 
deviation of 4.4 points. The score on the CPS test is distributed 
normally (see Figure 3).

Figure 2: Points from Lawson test (LT), 2017, (source: own calculation)

Figure 3: Points from CPS test, 2017, (source: own calculation)

The coefficient of variation in LT is 67.9%, which means that 
the scores of individual pupils have a moderate range. In contrast, 
the coefficient of variation in the CPS test is only 36.6%, which 
means that the scores of the CPS test are much more consistent. 

Kruskal-Wallis tests show a significant association between 
the overall score on the CPS test and grades in Czech language, 
mathematics, and physics; the effect of the grade on CPS and 
LT tests is large. The results of the tests are presented in Table 1.
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The results of Kruskal-Wallis tests in the case of the search 
for relations between the score in LT and grades in Czech, 

mathematics, and physics are very similar. The results of 
the tests are presented in Table 2.

Pairs of variables
Kruskal-Wallis test Effect size
H p ξ2 size of effect

CPS & CZECH 68.87 < .001 .409 large

CPS & MATH 44.99 < .001 .261 large

CPS & PHYS 50.42 < .001 .304 large

Table 1: Relationship between the overall score in the CPS tests and grades in Czech, mathematics and physics, 2017 (source: own 
calculation)

Pairs of variables
Kruskal-Wallis test Effect size

H p ξ2 size of effect
LT & CZECH 68.87 < .001 .208 large

LT & MATH 44.99 < .001 .189 large

LT & PHYS 50.42 < .001 .171 large

Table 2: Relationship between overall score in the LT test and grades in Czech, mathematics and physics, 2017 (source: own calculation)

Pupils with better grades generally achieve better scores both in 
the CPS and LT tests. The grade has a larger effect on the CPS 
score than on the LT score.
A more detailed look at the relationship between the grades 
in the selected subjects and the result in the tests is very 
interesting. Wilcoxon subtests show that in the case of grades 
in Czech and physics, the scores in CPS and LT tests are not 
significantly different for pupils with grades 1 or 2 (Czech: 
p = .10 for CPS, p = .06 for LT, physics: p = 1.00 for both 
tests), and for pupils with grades 3 or 4 (p = 1.00 for both of 

subjects and tests). This allows us to define, for the case of 
grades in Czech and physics, a group of “more successful 
pupils” (with grades 1 or 2) and of “less successful pupils” 
(with grades 3 or 4).
Basic descriptive statistics for the results of CPS and LT tests 
in relation to grades in the Czech language are shown in Figure 
4 and Figure 5.
Similarly, Figures 6 and 7 present the basic descriptive 
statistics for the results of CPS and LT tests in relation to 
the grades in physics.

Figure 4: Results of CPS test with respect to grades in Czech, 2017 (source: own calculation)
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Figure 5: Results of LT with respect to grades in Czech, 2017 (source: own calculation)

Figure 6: Results of CPS test with respect to grades in physics, 2017 (source: own calculation)

Figure 7: Results of LT with respect to grades in physics, 2017 (source: own calculation)
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In the case of grades in mathematics, there are no statistically 
significant differences between pupils with grades 3 or 4 in CPS 
and LT tests (p = 1.00 for both tests; see Figures 8 and 9 for basic 
descriptive statistics). However, unlike in the case of Czech and 

physics, pupils with grades 1 in mathematics are significantly better 
than all other groups both in CPS and LT tests (p < .02 in all cases). 
Moreover, in the case of LT, pupils with grades 2, 3, or 4 show 
similar results (the result of pupils with grades 2 or 3 is borderline).

Figure 8: Results of CPS test with respect to grades in mathematics, 2017 (source: own calculation)

Figure 9: Results of LT tests with respect to grades of mathematics, 2017 (source: own calculation)

DISCUSSION
The study was designed to generate data relevant to the question 
of the relationship between the variables determined by 
the CPS and the LT tests and the grades in Czech, mathematics, 
and physics among a cohort of Czech pupils aged 14-15. All 
statistical tests showed a significant association between 
the overall score of the CPS and LT tests and the grades where 
the association of the score of the CPS test with the grades was 
found to be stronger than in the case of LT.
The dependency between variables measured by the CPS 
and LT tests and school performance given by pupils’ grades 
is not much described in the literature. Valanides (1997) 
examined the relationship between performance on the Test of 

Logical Thinking (TOLT) and gender, a section of the study, 
and measures of school achievement of 12th-grade students. 
He concluded that gender, section of study, achievement in 
mathematics, and grade point average, but not achievement 
in science and Greek language, contributed significantly to 
predicting performance on TOLT. Generally, a pupil with a 
high IQ is expected to have good results at school (see, e.g., 
Jalili et al., 2018), and a learner with higher levels of SR 
could be expected to be a superior problem solver (Tajudin 
and Chinnappan, 2015). Research also has shown (e.g., 
Hand et al., 2001; Samková et al., 2021) that reasoning skills 
represent a set of broadly transferable skills across science and 
mathematics, and teaching scientific reasoning has a lasting 
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impact on general learning ability not only in science but also 
in mathematics. Hilbert et al. (2019) exposed in their research 
with Austrian students that the grade in mathematics was best 
predicted by reasoning at the age of 11-12. The reasoning was 
assessed using the standard progressive matrices (Raven et 
al., 2000). The test requires participants to complete matrices 
based on visual patterns. Such tasks were used by us in the 
test of mathematical intelligence (one component of the CPS 
structure) as well.
As stated in the chapter Results, there are almost no statistically 
significant differences in the performance in the CPS and LT test 
of pupils assessed by grades 1 or 2 in Czech and physics and 
in the performance of pupils assessed by grades 3 or 4 in these 
subjects. We can talk about a group of “more successful pupils” 
(with grades 1 and 2) and of “less successful pupils” (with grades 
3 and 4). A similar grouping of pupils can be found in Tajudin 
and Chinnappan’s (2015) study, where groups are referred to as 
high-achievement and low-achievement groups. Also, in PISA 
research (Potužníková et al., 2019), all pupils are divided into 
two basic groups: pupils with critical reading skills (they do not 
reach basic level 2 according to PISA) and others.
Teachers who diagnose their pupils using the CPS and LT tests can 
use these results to divide pupils into two groups and thus better 
account for pupil heterogeneity in instruction. Dividing pupils and 
then treating the two groups individually during a lesson can be 
a powerful tool that allows the teacher to better take into account 
the different cognitive backgrounds of the pupils in the class 
and to work with each group in a slightly different way. Pupils 
who are likely to have difficulties in understanding the material 
can be given more attention and given, for example, appropriate 
preparatory tasks or exercises to practice the material. Pupils who 
have been more successful on the CPS and LT tests can work 
more independently in the lessons or receive more challenging 
tasks. For both groups, this approach can be effective in increasing 
their motivation to learn.
However, this division into two groups may not always 
be 100% effective and may have limitations, for example, 
due to differences in pupils’ individual abilities or their 
social interactions in groups. It is also important to note 
that the CPS and LT tests alone may not fully reveal all 
aspects of the abilities and learning needs of the pupils. In 
addition, some pupils may not perceive the division into 
two groups positively and may feel, for example, a certain 
sense of injustice or stigma. If a teacher decides to create 
non-heterogeneous groups for the above reasons, for 
example, to implement group learning, this can effectively 
strengthen pupils’ social bonds and social skills. Non-
heterogeneous groups can also help create an environment 
in which weaker pupils feel accepted and included 
regardless of their individual abilities or skills, which 
can increase their self-esteem and motivation to learn. 
However, each teacher must always individually weigh 
the advantages and disadvantages of both approaches 
before deciding on a particular teaching method.
If teachers want to eliminate a pupil’s reading comprehension 
deficit, they can be inspired by the so-called Singapore 
mathematics based on the triad: concrete manipulation - image 
representation - abstract model (Kaur and Yeap, 2009; Wong 

and Lee, 2009). The image representation of the initial situation 
is a key tool that Singaporean students consciously learn to 
deal with. Drawing an image converts verbal information 
into a visual one. This process helps the student to realize 
the relationships between the individual pieces of information 
in the task assignment. The structure of the task parameters 
is analyzed and converted into a visual representation. This 
principle is also in accord with our research (Eisenmann et 
al., 2015) or, for example, with (Nunes and Bryant, 2015). 
Similarly, if we want to compensate for a pupil’s deficiency 
in mathematical intelligence, we can successfully present 
him with mathematical tasks of different types. We must now 
note that each of the six named phenomena is differently 
sensitive to stimuli. For example, the perception of infinity 
develops very slowly and matures only with the individual. 
In contrast, arithmetic patterns and geometric imagination 
in a plane are phenomena that develop quite well (Alsina 
and Nelsen, 2006; Rezaie and Gooya, 2011). In the case of 
logical reasoning, it is sometimes difficult to find out what is 
causing the problems. In fact, the cause may be a low level of 
reading literacy. In a situation where we have ruled out this 
cause, we present the problems to the students and go through 
the problem statement with them to see if they are able to 
identify the relationships between objects. For these tasks, it 
is recommended that they also plot these relationships. Pólya 
and Conway (2004) and Boaler and Dweck (2016) clearly 
recommend this approach.
In the present study, we found out that a large part 
of the pupils (60%) had acquired only concrete-level 
reasoning, a third of the pupils were in the transitional 
(30%), and a smaller part of the pupils were in formal 
(10%) reasoning levels. However, in the 9th grade, most 
pupils should optimally be on the transitional level of 
reasoning (Han, 2013). Concrete-level reasoning refers 
to thinking patterns that allow pupils to grasp concepts 
and statements that directly refer to well-known actions. 
At this level, pupils can follow instructions step by step, 
provided each step is fully specified. On the transitional 
level of reasoning, pupils also remain limited to being only 
capable of partial formal reasoning. Given the positive 
association between the grades of the three subjects and 
the scores on the LT test, the “more successful pupils” are 
expected to achieve good results on the LT test. However, 
the scores on the LT test were satisfactory for only 40% of 
the students who achieved transitional or formal reasoning 
levels, which does not correlate with the number of pupils 
with grades 1 or 2, who represented approximately 60% 
of all study participants. A possible explanation for this is 
that the mastery of the individual dimensions of the SR is 
not reflected in the grades to a sufficient extent.
One of the strategic lines of the Strategy for the Education 
Policy of the Czech Republic up to 2030+ is to move away from 
a broad body of expected knowledge and to foster the ability 
to understand issues in a deeper context (Fryč et al., 2020). 
Assessment practice should, therefore, mirror the curriculum we 
want to develop: its goals, objectives, content, and instructional 
approaches. The Framework Education Programme for Basic 
Education (Ministerstvo školství, mládeže a tělovýchovy, 
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2017), which is a basic curricular document in the Czech 
Republic, emphasizes the development of key competencies, 
which also includes problem-solving competencies. 
Evaluation of such general competencies requires a much 
broader and more holistic view of student performance, e.g., 
also in mathematics and science. In contrast to knowledge 
assessment, however, assessment of progress toward 
competencies is more difficult, and teachers need to receive 
useful support in this regard.
At the end of this chapter, we would like to mention that in 
our study, we tested only pupils from the Ústí nad Labem 
Region due to the practical feasibility of the research. 
However, we believe that this fact does not have a significant 
impact on the generality of our conclusions, as schools 
were selected in such a way as to minimize possible bias 
caused by regional limitations, and the sample of pupils 
was sufficiently representative of the entire population in 
the age category 14-15 years. Thus, although our research 
was limited to one region, we believe that our findings may 
be relevant to the education of pupils in other regions of 
the Czech Republic and bring new insights into the overall 
context of educational research.
If we could generalize our research question, we could 
also discuss whether the three subjects we have chosen 
(Czech language, mathematics, and physics) really play 
a significant role in the development of students’ ability to 
solve problems.
We can say that a certain unifying element of both CPS and 
SR is critical thinking. Indeed, this mode of reasoning is 
largely present in the background of both constructs (Dowd 
et al., 2018; Syafril et al., 2020) but the given triad of CPS, 
SR and critical thinking has not yet been examined together. 
Research that addresses the constructs of CPS, SR, and 
critical thinking can be perceived as a possible challenge 
for the future.

CONCLUSION
Our study proved that pupils with better classroom 
assessment achieve better results both in CPS and LT tests. 
This conclusion refers to all three monitored subjects. 
At the same time, it has been shown that there were no 
statistically significant differences between the results of 

pupils with grades 1 or 2, and also between the results of 
pupils with grades 3 or 4. This finding seems to point to 
the fact that when assessed by grades, pupils are evaluated not 
only for their cognitive skills but also for other competences 
and for implementation of other learning objectives that 
are not targeted by the CPS and LT tests. However, we 
believe that the results of pupils in tests such as CPS 
and LT can help to reinforce the objectification of grades 
within the summative assessment of pupils. Evaluation by 
grades still has a significant impact on the degree of effort 
in learning. Thus, it makes sense to develop those skills in 
pupils who are involved in problem-solving.
These skills correspond to the variables that were subject 
to testing using the CPS test. In particular, we mean 
reading comprehension and some variable components of 
mathematical intelligence that can be developed: algebraic 
thinking, the conception of infinity, spatial imagination, and 
geometric imagination in the plane.
In the case of the LT test, it turned out that nearly two-
thirds of the pupils only reached concrete-level reasoning. 
Pupils should be able to solve problems on the conservation 
of matter and volume already at the end of the primary 
level. This should be followed by practicing problems on 
proportional reasoning at both primary and lower secondary 
school levels. With respect to the development of scientific 
reasoning, we believe that the development of the ability to 
control variables is essential at the lower secondary school 
level. A thorough acquisition of the above-mentioned skills 
is a prerequisite to the development of other skills, such 
as probability reasoning, correlation, and hypothetical-
deductive reasoning.
Pupils who perform better on the CPS and Lawson tests 
are more likely to develop problem-solving competences: 
they are better equipped to perceive a variety of problem 
situations both in and out of school, to recognize and 
understand the problem, and to think through and 
plan how to solve it. Additionally, they may be more 
effective in searching for information that is suitable for 
solving a problem and identifying its commonalities and 
differences. These pupils are then also more likely to 
succeed in entrance examinations to schools where science 
and engineering are taught.
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