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Abstract 

 
Developing problem-solving thinking became extremely important in a well-functioning school system. It must be an integral 
part of the educational programme as the development of competence in the training of students with the right skills is 
possible through the processing of a specific curriculum. The purpose of our present survey was to examine the problem-
solving skills of the 1st year students of Sapientia University. In our study, we report on the achievements of humanities and 
science students in solving complex tasks requiring computational thinking. The result data suggest that there is a close 
correlation between the level of problem-solving skills and the level of reading comprehension and writing skills. For each 
task, the number of those who tried to solve the task was high, but much more less could reach from recognising to 
understand and solve the problem.  
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1. Introduction 

The economic and social changes of the past decades, as well as the global spread and accessibility 
of information and communication technologies, have resulted in the renewal of labour market 
expectations. Permanent, routine work has been increasingly replaced by a challenging work 
environment with dynamically changing problem situations (Autor et al., 2003), thus problem-solving 
thinking is a preferred capability on the labour market. For the labour market, it is essential to train 
professionals who can be successful in life-like, complex problem situations. The most appropriate 
framework to achieve this is provided by the school and then by university education (Toth, 2007). 

One of the goals of the higher education institutions has been to develop an educational 
programme that helps students develop problem-solving skills. Therefore, the research studies of the 
recent years focused on measuring the level of problem-solving skills and examining the effectiveness 
of different development methods: theoretical papers (Fischer & Neubert, 2015; Schoppek & Fischer, 
2015), papers about measurement issues (Alison et al., 2013; Danner et al., 2011; Greiff, Wüstenberg 
& Funke, 2012; 2015; Gobert, Kim, Pedro, Kennedy & Betts, 2015; Greiff and Fischer, 2013; Herde, 
Wustenberg & Greiff, 2016; Stadler, Niepel & Greiff, 2016) and papers about applications (Ederer, Patt 
& Greiff, 2016; Fischer & Neubert, 2015; Tremblay et al., 2017). 

In our research conducted in the 2015/2016 academic year, we measured within problem-solving 
the level of algorithmic thinking among students (Harangus & Katai, 2017). Based on the results 
obtained, it can be stated that the students’ thinking requiring algorithms is weak. There was a 
significant difference between students in humanities and students in science. Those students who 
had studied science subjects such as mathematics, physics and computer science in a greater number 
of lessons were doing much better. Students in humanities achieved a better result in the case of a 
task requiring text interpretation, but they distanced themselves from solving a word problem 
embedded in a mathematical environment.  

With our current empirical research, we want to connect to the international practice that has 
demonstrated with a series of measurements that examination of cross-curricular skills provide 
information about the development of students that traditional knowledge measurement cannot show. 
Our research is exploratory and gap filling as the measurement of the level of problem-solving skills was 
realised for the first time in a nationwide study covering the Hungarian-language school network. 

2. Problem-solving skills 

Many people have attempted to describe the typical stages and typical activities of the problem-
solving process. The ideas of Wallas and Polya are often referred to, who together with others, have 
given certain stages of the thinking process only by generalising observations. According to Lenard 
(1982), in such generalisations, the problem is that they are not based on an accurate examination of 
individual thinking.  

Wallas (1926) gave the following stages: (1) preparation: the solver collects relevant information; 
(2) incubation: the activity continues without the conscious effort; (3) illumination: after a successful 
incubation, the solution comes as a sudden ‘insight’ (‘Aha’ experience); (4) Verification: verification of 
the solution. The four-step decision-making process for problem-solving based on Polya (1969)—(1) 
recognising and understanding the problem: selecting the problem from context, understanding the 
problem, recalling the right knowledge, creating a table, drawing, figure; (2) formulating the problem 
and making a plan: defining relevant and irrelevant variables, revealing, organising, reflecting on and 
critical evaluating information about the text, displaying the problem in the form of a table, drawing or 
figure to help finding a solution; (3) selecting the strategy and implementing the plan: switching 
between different forms of presentation, using appropriate procedural knowledge, the use of previous 
knowledge used in similar situations, creating or combining new versions of the given information 
with inductive and/or deductive thinking, using technical tools to solve the problem; (4) examining the 
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solution: checking the solution from different perspectives to see if the problem could be solved 
differently, whether the result or the method could be used to solve another problem.  

The American researchers began to examine problem-solving in different areas (physics, writing, 
reading, counting, chess, computer skills, etc.). They claim that the more expertise we have in an area, 
the greater the probability is that we can deal with a problem in that particular area. In Europe, 
researchers work with computerised laboratory tasks with a structure similar to real-life problems, 
which are relatively complex and semantically rich problems, just in the real life. Area-specific tasks 
are always new for the participants, they cover several areas, and are therefore suitable for 
monitoring how individuals solve different problems in completely unknown situations. Problem-
solving does not have a universally accepted definition in either America or Europe. Due to the 
diversity, many definitions have emerged and are emerging, but no one disputes that developing 
thinking is a fundamental task of education.  

In recent years, more and more emphasis was placed on the importance of developing computational 
thinking within problem-solving. Wing’s article published in 2006 gave a particularly strong impetus to 
this trend (Wing, 2006). There is a growing body of professionals who agree that the basics of 
computational thinking should be part of common knowledge. Besides the three basic skills—writing, 
reading and counting—computational thinking should be the fourth skill. In Wing’s approach, 
computational thinking is a way of thinking that ‘involves solving problems, designing systems and 
understanding human behaviour, by drawing on the concepts fundamental to computer science’. 

Computational thinking involves problem-solving, planning systems and understanding of human 
behaviour. To solve a seemingly difficult problem means turning it into a simpler task (reducing, 
embedding, transforming and simulating). Organisations committed to CSTA (http://csta.acm.org/) 
and ISTE (http://www.iste.org/) education and IT education have linked nine key concepts to 
computational thinking: data collection, data analysis, data representation, sub-task breakdown, 
abstraction, algorithm, automation, parallelisation and simulation. It is evident that cognitive 
operations related to these concepts could be developed and practised in the course of any subject. 

3. Presentation of survey 

Our research ‘A study of problem-solving skills regarding different subject areas (reading 
comprehension, content creation, mathematical and computational thinking)’ focused on examining 
the problem-solving skills of Hungarian high school and university students in Romania as well as on 
exploring relationships between performance and background variables (cognitive, affective, learning 
environment and family background) (Pletl, 2018a). The research was based on a multidisciplinary 
approach, examining topics such as challenges related to mother tongue education (Pletl, 2018b), the 
helping effect of the family on pupils’ school performance (Horvath, 2018); development of problem-
solving skills in IT education (Katai, 2018); the role of problem-based teaching in teacher training 
(Harangus, 2018a); the process of identifying with the career and acquiring a professional role 
(Szentes, 2018); educational strategies in processing foreign language texts (Kovacs, 2018); examining 
the affective and cognitive learning factors of high school students (Horvath & Szentes, 2018). 

The survey took place in the first semester of the 2017–2018 academic year. The survey was carried 
out personally by the members of the research team, on the one hand, to inform the students about 
the nature of the measurement and on the other hand to be able to check the timeframe set for the 
solution. The collected questionnaires and task sheets were coded according to the study 
programmes. The assessment of the problem-solving tasks was carried out by students in teacher 
training who worked in pairs. The assessment groups were prepared for evaluation according to the 
type of tasks: students in engineering corrected the tasks checking the level of mathematics and 
computer skills, while the students in translation corrected the tasks checking the reading 
comprehension and writing skills. The papers were graded according to a guide and a key. The 
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verification of correction was carried out by the members of the research team (depending on their 
fields of expertise). 

In this paper, we present the results of the research, which aimed to measure the students’ 
problem-solving skills. The sample was composed by 1st year students in science (N = 66) and 1st year 
students in humanities (N = 75) of Sapientia Hungarian University of Transylvania. The stratifications of 
the sample were ensured by the selection according to study programmes: we listed students of 
computer engineering, automation, information science, mechatronics, computer-aided operation 
planning in the science group and students in translation, in communication and public relations and 
in public health in the humanities group.  

As a tool for the experiment, we set up a test and used a task sheet to measure the skills. The tasks 
of the survey did not measure the fulfilment of the criteria of the curriculum, but primarily the extent 
to which students were able to utilise their task-solving skills in the case of problems that had to be 
analysed by real life-like situations. The tasks outlined a novel problem for the students, but their 
solutions did not require mathematical or IT skills. Our purpose in the compilation of the task sheet 
was that the task should measure computational thinking within problem-solving and be independent 
of the students’ expertise. 

The tasks were word problems, the problem had to be understood through the information 
extracted from the text and the solution could be achieved by performing successive thinking 
operations. There were logical problems requiring algorithmic thinking that did not require 
mathematical knowledge but only creative thinking (Harangus, 2018b). 

4. Results 

The tasks examined how students can use the acquired knowledge in the extracurricular context in 
practical situations and how they can transfer their previous experiences when solving a task. When 
interpreting the results, we took into consideration that the task sheet in question was not a test of 
knowledge in a traditional sense, but it was an unusual problem-solving task sheet for students. 

First, we examined the overall performance of the whole test. The task sheet measured the level of 
computational thinking of students with a total of 20 items. The total score available for the full test was 
100 points. Approximately 89.8% of the students tried to solve the tasks, there were only a few who didn’t 
even try (10.2%), but no student achieved the maximum score. Their average performance was around 
56.52 points. The results are presented in more details in Table 1, where we present the average and 
standard deviation of the results achieved for each task by science and humanities group breakdown. The 
average of science students in computational thinking is higher than that of humanities students. 

Table 1. Average and standard deviation of individual items by study programmes 

Items Overall performance Performance of 
science students 

Performance of 
humanities students 

 Mean Std. 
Deviation 

Mean Std. 
Deviation 

Mean Std. 
Deviation 

1 6.63 0.46 9.12 0.55 4.44 0.69 
2 6.12 0.48 8.82 0.51 3.74 0.65 
3 6.15 0.53 5.44 0.52 6.77 0.68 
4 2.05 0.41 3.16 0.42 1.07 0.58 
5 1.77 0.42 2.87 0.43 0.80 0.61 
6 1.71 0.47 2.72 0.41 0.82 0.59 
7 1.66 0.50 2.57 0.42 0.86 0.56 
8 1.66 0.51 2.72 0.47 0.73 0.58 
9 1.54 0.49 2.43 0.51 0.76 0.42 

10 1.54 0.49 2.43 0.54 0.76 0.45 
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11 1.52 0.48 2.35 0.61 0.79 0.41 
12 1.54 0.43 2.43 0.62 0.76 0.38 
13 0.70 0.48 0.88 0.46 0.54 0.39 
14 3.36 0.55 4.52 0.48 2.34 0.67 
15 5.91 0.48 7.49 0.48 4.52 0.35 
16 3.18 0.52 5.21 0.49 1.39 0.32 
17 2.27 0.51 2.61 0.48 1.97 0.36 
18 8.18 0.44 12.2 0.46 4.64 0.35 
19 3.64 0.61 5.41 0.47 2.08 0.38 
20 0.00 - 0.00 - 0.00 - 

Test average 56.52 - 75.20 - 40.08 - 

 

If the tasks are sorted by difficulty, the item difficulty indicator, apart from the 20th task, is roughly 
evenly distributed between 1 and 9, that is, the task sheet is well-differentiated across the whole 
population (Figure 1). The item difficulty indicator (i) is the higher the lighter the item is and vice versa. 
Therefore, in this case, the most difficult task for the given sample is the last task, the 20th, and the 
easiest is the 18th. 

 
Figure 1. The tasks in order of difficulty 

 
Based on the results of the students, the last task, which measured the level of computational 

thinking with 6 items, proved to be the most difficult. The task was as follows: 

The freight train B is approaching the station, but the express train A will soon catch it up and train 
B has to allow it forward. At the station, a siding is branched off from the main track, where wagons 
can be pushed out of the main track for a while. In how many ways can the problem be solved 
depending on the length of the siding? Give solutions depending on the length of the siding relative to 
the train length. 

Students had to find out in how many ways can an express train (A) overtake a freight train (B) 
ahead in case of a siding that can be accessed from the main track. Depending on the length of the 
siding, three cases can be distinguished to solve the problem:  

1. the full freight train B can fit on the siding; 
2. the full express train A can fit on the siding; 
3. (only a part of the trains can fit on the siding. 
 

In order to solve the problem, we had to recognise the algorithm whose successive steps led to the 
solution. Each correctly distinguished answer was scored. Similarly to the previous tasks, the 
proportion of students who tried to solve the problem was high (85.3%). Table 1 shows the proportion 
of students who distinguished the three cases and gave solutions to them.   
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Table 2. The proportion of students who distinguished and  
solved the individual cases 

On the siding: The full freight  
train B can fit 

The full express  
train A can fit 

Only a part of the  
trains can fit 

Distinguished case (%) 59.1 31.8 22.7 
Solutions (%) 40.9 18.2 0 

 

The solution to the case (1) was to shunt the freight train onto the siding while the express train A 
went on, then the freight train B shunted back the main track and went on. The proportion of those 
who recognised and understood the problem was above average (59.1%), but the proportion of those 
who gave the correct solution was much less (40.9%). 

The solution to the case (2) required a similar train of thought but it was possible to get to the 
result only in several steps: the freight train B passes over the junction and stops while express train A 
shunts onto the siding. After this, freight train B shunts back to the junction, express train A shunts 
from the siding and passes on. Because the solution required the recognition of a more complex 
problem situation, students found it difficult to develop a strategy that could lead to the right solution. 
Less than a third (31.8%) could recognise and distinguish the second case as a solution. The solution 
given depending on the length of the siding relative to the train length was barely more than half 
(18.3%) able to formulate and describe. 

Case (3) required more case studies, the ability to recognise, analyse and interpret several 
consecutive steps. The following process has led to the solution: the freight train B crosses the 
junction while the express train A shunts onto the siding where the overhanging part is uncoupled. 
The part uncoupled from the express train A is attached to the freight train B and it pushes back to the 
junction. The express train A shunts from the siding and passes on. The freight train B crosses the 
junction again, shunts the part taken from the express train A to the siding and uncouples it. The 
freight train B then returns to the junction, the express train A shunts back to the siding to attach the 
uncoupled part and passes on. Most of the students couldn’t distinguish the third case, only 22.7% of 
them were able to find a proper solution to the complex problem situation. However, they couldn’t 
formulate and write the solution. 

Although the proportion of those attempting to solve the problem is high in both study 
programmes, there is a significant difference between the two groups in the extent they could 
interpret the task and provide solutions to possible cases. Table 3 shows the proportion of students in 
science and students in humanities group breakdown. 

Table 3. The proportion of students in science and in humanities who  
distinguished and solved the individual cases 

On the 
siding: 

The full freight train 
B can fit 

The full express train 
A can fit 

Only a part of the 
trains can fit 

Science Humanities Science Humanities Science Humanities 

Distinguished 
case (%) 

74.9 43.3 45.1 18.5 26.5 3.8 

Solutions (%) 45.1 36.7 22.1 14.3 0 0 

 

Case (1) could be correctly distinguished by three-quarters (74.9%) of the students in science, 
compared with only 43.3% of the students in humanities who were able to solve the problem how to 
take over train A, train B if on the siding can fit the whole train B. If we examine how they can 
formulate their own solutions, the difference between the groups disappears. The students in 
humanities were able to put their solutions in text form while the students in science weren’t able to 
do it. Most of them (22.3%) didn’t even try to interpret the solution in text form, or the texts they 
formulated were inaccurate: ‘If the express train A fits, it will pull off the siding’, ‘The siding is as long 
as train B’, ‘If train B fits into the length of the siding, we put it on it’. 
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Case (2), where students had to lead a more complex problem situation compared to the case (1), 
could be interpreted by fewer students in both groups. Less than half of the science students (45.1%) 
and only 18.5% of the humanities students distinguished ‘the whole express train A can fit on the 
siding’ case. There were few, who tried to put in the text the solution. Those students who attempted 
to put into text the solutions wrote the following inaccurate formulations: ‘Train B steps aside because 
A has priority’, ‘Train A can fit on the siding, train B stays on the main track’. 

Distinguishing case (3) caused problems for the students, they were unable to develop a strategy 
for a complex problem situation that could lead to the solution. To the fact that only a part of the 
trains can fit on the siding, only a quarter (26.5%) of the science students could find a solution. The 
students in humanities couldn’t distinguish this case. Only a few of the students attempted to put the 
solution into text, but it was also wrong: ‘Train B is off the track, express train A forward, freight train 
B station’, ‘The siding is small and only a part of the train can fit’, ‘They decide among themselves 
which one to pull down on the siding’. There were some students who misinterpreted the task, they 
couldn’t recognise and interpret the information needed to solve the problem, instead of the solution 
they wrote: ‘None of them fit perfectly’, ‘It doesn’t give priority’. 

5. Conclusion 

One of the key factors of the efficiency and effectiveness of higher education and education 
systems is the ability to solve problems. The development of competence helps students to utilise 
their knowledge in different disciplines in their everyday working life. This requires that students 
possess the knowledge necessary for the solution, and to be open to solving new kinds of problems 
different from common types of tasks. 

Our examination did not measure the fulfilment of the criteria of curricular requirements, but 
primarily the ability of students to use their problem-solving skills for problems where they needed to 
analyse real, lifelike problems and situations. The results of the study suggest that the success of 
problem-solving and the effectiveness of using knowledge in new situations are significantly 
influenced by the appearance and context of the problem. The solution rate of the unpractised tasks 
was low. 

The results of the science students versus humanities students are awareness-rising. For humanities 
students, it was more difficult to distinguish the cases (43.3%, 18.5% and 3.8%), but if a solution was 
found on how to let train A overtake train B, they could also put their solutions into text (36.7%, 14.3% 
and 0%). In contrast, science students performed better in distinguishing potential cases (74.9%, 
45.1% and 26.5%), but they couldn’t put the solutions into text (45.1%, 22.1% and 0%). 

Although the task required computational thinking, students were still struggling with designing and 
constructing algorithms for solutions. Only a portion of the students were able to distinguish the three 
cases (59.1%, 31.8% and 22.7%), but they couldn’t make a proper description of the solution or they 
couldn’t formulate at all the solutions (40.9%, 18.2% and 0%). All this suggests that the level of 
development of problem-solving skills is not only related to the level of reading comprehension but 
also to the level of text production skills. 

The results obtained can be used to increase the efficiency of education. Data showing the level of 
problem-solving skills could serve as a basis for the management of higher education institutions to 
develop further education policy since the preparation of students for new expectations in the labour 
market should be one of the objectives of higher education institutions. It should develop cognitive 
abilities that would help students apply knowledge in new situations and transfer it from one context 
to another. 
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