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Logic and logical thinking are present and play an important role in most of the disciplines at the university level but in different ways. In our research, which has been ongoing for several years, we are investigating the use of propositional logic among university students in different study programmes. Our current study evaluated data from 1,429 respondents involving students from 15 universities. The non-standardised knowledge test was previously pilot-tested and consisted of 15 tasks from selected elements of propositional logic in a different natural science subject-specific context. Significant differences in average results were found in terms of students’ gender, age, type of secondary school leaving exam and parents’ highest education level. Our research mainly aimed to compare students’ test scores by students’ fields of study. On average, mathematics-informatics students had the highest success rate of 67.4%, compared to students in engineering (61.0%), economics (57.9%), education (56.6%), science (56.5%) and humanities (54.7%). The result is significant (F = 13.521, p-value < 0.001). Furthermore, we found that the students performed differently in three selected areas of formal logic (F = 1108, df = 2, p < 0.001), with the lowest performance on statement negation tasks. The difference in means across groups of tasks is significant by the gender of the students and by their secondary education level.
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1. Introduction

The tools of logic, or at least elements or parts of them, are used in practically all disciplines, from the natural sciences to the social sciences, economics or law. Logic is the science of clear and consistent thinking, which no discipline can do without, and in stating and proving its propositions, all disciplines, whether deliberately or by instinct, take logical steps and apply the rules of logic.

In an academic study in every age, the study of logic and its role in use has been of fundamental importance. Logic as a research discipline saw its greatest leap of development in the first half of the twentieth century, but with all that progress in research, its relative importance in the teaching portfolio of the academy has diminished. What is the reason for this? According to Restall (2015), the reason for this is greater specialisation and differentiation and excessive learning. Due to this phenomenon, students avoid taking it even if a university offers logic as a subject. Restall declares this phenomenon as a cultural problem. “The research culture of logic - the kind of work it produces - seems radically alien to that of its elsewhere academic disciplines” (Restall, 2015).

The disciplines have different aims, values and traditions. They have different questions to ask and problems to solve. They also have different techniques and tools to apply. How does this reflect on the knowledge of the current generation of students studying in various fields of disciplines? To understand the differences between the disciplines, one needs to understand the features of disciplines. While the science disciplines aim to give an objective view and third-person descriptions of the world, many branches of the sciences use prediction and testing of hypotheses based on observation and theory development. Different things need to occur in the humanities. The humanities are not just about an objective reality to be described from the perspective of the independent observer (third-person) view. Expressive elements, viewed from the first-person, involve agency and subjectivity at their core humanities. It does not mean that the sciences do not involve creativity or agency. The engineering discipline aims to solve problems involving our actions in the world around us (Restall, 2015).



2. Theoretical background

Propositional logic is the simplest of the classical logical questions. According to Klement (2004) definition propositional logic “is the branch of logic that studies ways of joining and/or modifying entire propositions, statements or sentences to form more complicated propositions, statements or sentences, as well as the logical relationships and properties that are derived from these methods of combining or altering statements.”

Propositional logic can be applied in many areas of life and science, including decision making, problem solving, developing critical thinking, improving communication by making arguments and information analysis by evaluating the truth or falsity of information. Logic is generally concerned with statements in natural language and the conclusions that can be drawn from them. Propositional logic is concerned with statements and the basic logical operations, or logical connections that link them. It plays a significant role in many areas where rigorous analysis and evaluation of claims and arguments is required and integrates reasoning and thinking skills into our everyday lives. In the Stanford Encyclopaedia of Philosophy, the concept of propositional logic is defined as “the study of the meanings of, and the inferential relationships that hold among, sentences based on the role that a specific class of logical operators called the propositional connectives have in determining those sentences’ truth or assertability conditions” (Franks, 2023).

Since propositional logic is a broad area of mathematics, we focussed our research on three elements: quantifiers, negations, inferences. The main elements of the language of mathematics are quantifiers, which are designated as either universal or existential. According to Saban (2014) quantifiers have an undeniable importance in giving meaning to mathematical information. Furthermore, the ability to deal with quantifiers is vital not just for obtaining mathematical knowledge, but also for efficiently exploiting mathematics’ diverse conceptual frameworks (Dubinsky et al., 1998). It is known that students receiving secondary education and university education experience considerable difficulties in understanding quantifiers (Dubinsky and Yiparaki, 2000). Negation is the most basic logical connective (logical operator), which states the falsity of a proposition and, unlike negations and other emphases in natural language, does not indicate the cause of the falsity. As defined by Mosley and Baltazar (2019) “negations are compound propositions formed from a simpler proposition.” In everyday life and in formal systems, logic is also the study of the forms of correct inference. According to Mosley and Baltazar (2019), people are naturally and usually logical; whether a person is educated or not is irrelevant. Inference, as they put it “is the process by which the truth of one proposition (the conclusion) is affirmed on the basis of the truth of one or more other propositions that serve as its premise or premises” (Mosley and Baltazar, 2019). According to another author, Kumar (2017) “an inference is a conclusion that a person can draw from certain observed or supposed facts.”

Developing logical thinking and reasoning skills is one of the main goals of science learning. Logical thinking is a process of thinking logically, rationally and reasonably (Lazear, 2004; Yaman, 2015). One of science learning objectives is to empower students’ logical thinking abilities (Parmin et al., 2017), and this ability is needed by each individual in order to be able to solve a variety of complex problems (Sezen and Bülbül, 2011). Logical thinking is also associated with the function of all senses and processed information, which means that students can distinguish, criticise, and process knowledge in words based on phenomena through logical thinking. Therefore, they can discover the answer to each problem. Practicum work in science learning is a problem-solving method which also requires logical thinking abilities (Hibbard, 2000). Logical thinking ability connects the science concept with students’ knowledge and experience so that students can solve complex problems (Pezzuti et al., 2014). In Taber (2017) view science is often associated with logical thinking, and this is indeed an important feature of science, because “logic is needed to work out predictions consistent with particular hypotheses or models, and logic is needed to interpret data in terms of different principles, laws and theories, and to construct arguments to persuade other scientists of the validity of conclusions.”

According to Bakır et al. (2015), four factors have influenced how humans create knowledge: language skills, logical thinking ability, experience, and interest. With logical thinking, the students solve the problem by conducting various mental practices or reaching principles or rules by executing some abstraction and generalisation. The students’ conceptions from useful prior knowledge can build on (Titler, 2002) with logical thinking abilities that should be given new emphasis in science teaching and learning (Fah, 2009). Students who do not have the mental structures for conditioned reasoning may have difficulties acquiring knowledge in science. Also, if the reasoning is a filter between experience and mental schemas, then it is evident that students who cannot use conditional reasoning operations perform worse in science (Piburn, 1980). Low scientific reasoning skills can be discussed in the current education system. Lay (2010) points out that the education system influences logical thinking abilities, particularly in a system that places more importance on examination results. Other authors suggest that improving logical reasoning skills as part of higher-order thinking skills is an important objective of education (Zohar and Dori, 2003).

Piburn and Baker (1988) researched to examine the relationship between logical reasoning ability and school science grades. According to the results obtained by the Propositional Logic Test and Test of Logical Reasoning, correlations of grades in science with the PLT (0.57) and the TOLT (0.63) were high. Pallrand et al. (1981) researched a sample of nearly 2,000 undergraduate students oriented toward the ability to use formal logic. The results showed systematic and consistent errors in students’ interpretations of logical propositions. The study pointed to a specific misunderstanding of the meaning of a conditional statement, an inconsistent use of truth tables, an error in contraposition, and the use of tautology, in which all choices are seen as correct.

According to Kumar (2017), studying formal logic helps improve the thinking process and tries to refine and improve the thinking ability. The objectives of Kumar’s study are to know the effectiveness of formal logic courses and to determine the critical thinking variables that are effective and that are ineffective. The analysis revealed no significant relationship between critical thinking variables and formal logic courses. Riyanti et al. (2019) examined the relationship between logical-thinking ability and students’ science achievement. The results show an insignificant relationship between logical-thinking ability and students’ science achievement. The results of the pre-test and post-test evaluation of the formal logic course indicate to be sensitive enough to detect a positive effect on students’ critical thinking and problem-solving skills. Making decisions based on mindset and cognitive knowledge is an important skill in logical thinking ability (Pezzuti et al., 2014; Seyhan, 2015).

Propositional logic and logical reasoning are present and play an important role in both the natural and social sciences. The various tools and elements of logic are used in practically every discipline. It is therefore necessary to pay adequate attention to the preparation of students of different study programmes in propositional reasoning during their university studies. The purpose of our research was to reveal the differences in the application of propositional logic knowledge of university students. The main research questions were to (1) examine and assess the knowledge of the basic elements of propositional logic and logical reasoning and to compare the students’ performance within different scientific disciplines. In addition we wanted to (2) investigate the background variables by means of which significant differences can be detected between the various groups of students and (3) compare students’ performance in the selected areas of propositional logic.



3. Materials and methods

The main objective of our research was to examine and compare the results of a knowledge test of formal logic tasks concerning the students’ scientific discipline based on their study programme. The survey participants were students from Central European universities studying in Hungarian language. Students from 15 universities participated in the research; most participants were from Slovakia, 511 (35.8%), 404 (28.3%) from Hungary, 363 (25.4%) from Romania, 138 (9.7%) from Serbia and 13 (0.9%) from Ukraine. A total of 1,505 students completed the online test. After data validation, 1,429 respondents were included in the study. The study sample included 528 (37.0%) men and 899 (63.0%) women, and mostly (1211, 84.9%) from the age group 18–25 years. The sample is not representative.

Students were categorised into six scientific disciplines based on their study programme. The largest proportion of students in the sample are paedagogical students (500, 35.0%), which includes students studying pre-primary education and teacher education. In addition, 401 (28.1%) students are studying economics, 178 (12.5%) are studying mathematics or computer science, 151 (10.6%) are studying engineering, 121 (8.5%) are studying humanities and 78 (5.5%) are studying various natural sciences. The sociodemographic characteristics of the participants are reported in Table 1.


TABLE 1    Demographic characteristics of the sample (N = 1429).
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The results of the respondents were also analysed according to the highest educational level of the parent (Table 2).


TABLE 2    Parents’ highest education level.
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As a research tool, a non-standardised, previously pilot-tested knowledge test was used, which consisted of 15 tasks from selected elements of propositional logic. These tasks were placed in different natural sciences subject-specific content: physics, chemistry, biology and also mathematics, and context from everyday life. The tasks were divided into three groups considering the three selected propositional logic topics. The first group (A) included five tasks on understanding quantifiers, five tasks in the second group (B) used negation of statements, and another five tasks (C) dealt with a formulation of inferences. The test includes tasks on universal and existential quantifiers, and uses the terms of at least, at most. The tasks contain the logical operators and, or, the correct interpretation of which is important for the solution. The test is available in the Appendix. Except for one biology task, the test included multiple-choice tasks with one correct answer. Each of the 15 logic tasks in the test was worth 1 point for a correct answer and 0 points for a wrong answer.

The survey was performed online using Google Forms, involving each partner university. The test was disseminated with the cooperation of university lecturers. Students received the Google Form link to the test directly from their teachers during the lectures, and they solved the questions under their personal supervision. Data collection was carried out during the winter semester of 2022. The final database, including the data of 1,505 respondents, was downloaded from Google Forms as a Microsoft Excel sheet. The data were further examined and analysed in IBM SPSS Statistics version 27.0.

Numerical data were summarised as means and standard deviations, and categorical data were presented as frequencies and proportions. The Shapiro–Wilk test was performed to evaluate variable distribution. Since the sample size is sufficiently large, we used statistical parametric tests, which assume normal distribution of the variable. One-way ANOVA was employed to compare score distributions by task-groups and the tasks′ subject-specific context. Independent samples t-test was used to compare means of continuous variables between two groups. The test results were statistically significant for a p-value less than 0.05.



4. Results

When analysing the data, the test score was calculated, and the success rate as a percentage of the maximum score for each respondent. Students’ scores were analysed and compared according to each background variable for the evaluation. We also compared results on the entire set of tasks and the three task-groups from the disciplines′ perspective. The variable “score” is not normally distributed according to the Shapiro-Wilk test (W = 0.983, p < 0.001). The SW test indicates that the data are not normal, and skewness and kurtosis are larger than their 1.96 standard errors (2.06 and 2.69, respectively). According to recent studies (Orcan, 2020) Mann-Whitney U-tests or other non-parametric tests should be used to test mean differences. On the other hand the sample size is sufficiently high (N = 1429), therefore we can use statistical methods assuming normal distribution of variables.

The respondents’ average test score was 8.79 (SD = 2.58), 95% confidence interval is 8.66–8.92. The overall correct answer rate was 58.6%. The median value was nine points. Significant differences in average test scores were found regarding students’ gender, age, type of secondary school leaving exam and the parents’ highest education level (Table 3).


TABLE 3    Comparison of the respondents’ results.
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The sample included 528 (37.0%) men and 899 (63.0%) women. Men scored significantly better with 9.19 points compared to women with 8.56 points. Students aged 18–25 years achieved an 8.73 average score, which is significantly lower than those over 25 years (9.13). According to the type of secondary school, students who finished grammar school achieved significantly better results in average total score (9.14) compared to the students who finished other types of secondary school (8.41). The results also show that the parents’ educational level impacts the score. The best results were achieved by students whose parents had a higher education. Considering the father’s education, the students’ highest score was in the group with higher education (9.36), and in the case of the mother’s higher education, it was 9.28 points. Students with higher scores were those whose parents had higher education degrees.


4.1. Students’ results in the perspective of disciplines

The main objective of our research is to assess the knowledge of the basic elements of propositional logic and logical reasoning and to compare the students’ results within different scientific disciplines. Accordingly, we compared the test scores of respondents by their discipline. Significant differences in average test scores were found regarding students’ discipline (F = 13.521, p < 0.001). The mathematics or computer science students achieved the highest average score of 10.11, with a 67.4% success rate. Next in order are engineering students (61.0%), economics students (57.9%), students studying paedagogical sciences (56.6%), natural sciences (56.55) and finally, human sciences (54.7%). Test score distributions by the students’ disciplines are shown in Figure 1.
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FIGURE 1
Test score distribution by the students disciplines.


The ANOVA post hoc pairwise comparison between group means with t-test shows which means differ. There are 15 pairings in total, comparing each of the 6 disciplines. When paired with all 5 majors, the mathematics/informatics group score shows a significant difference in means. The means for the groups of engineering, economics, natural sciences, and paedagogy students are at the same level (with no significant difference). Students of human sciences achieved the lowest score.

Significant differences were found (F = 1108, df = 2, p < 0.001) comparing the mean score in three task-groups with the tasks on quantifiers (3.48), negation (1.73), inferences (3.58). The lowest average score (1.73) was achieved in task-group B on statement negation. Post hoc analysis shows the different pairwise distributions for groups A–B, B–C, and A–C. We conducted independent samples t-tests to compare averages separately for each group of tasks (Table 4). The results show that the differences in mean score are significant in all task-groups, according to the gender of the students, with men scoring higher in all three task-groups. The average score in the age group over 25 years is higher in all three groups A, B, and C, but: based on the t-tests, there is a significant difference only in task-group C-inferences (Table 4). As we can see in Table 4, the mean score is higher for students who graduated from secondary grammar school compared to students from other types of secondary schools. The t-tests indicate that the difference is statistically significant not only comparing the average score on the entire set of tasks but also in the three task-groups.


TABLE 4    Test results by logic elements.

[image: Table 4]

Analysing the students’ results by disciplines (Table 5), the mathematics/informatics students performed best in all three groups of tasks. Humanities students performed the poorest in the logic tasks. They scored the lowest average in all three groups of tasks, and in the case of the paedagogy students, they were the worst in inferences by one hundredth of a point.


TABLE 5    Evaluation of task-groups by disciplines.

[image: Table 5]

The results of the 15 propositional logic tasks were summarised in Table 6 by indicating with a “+” sign the values when the students’ scores by their discipline were higher than the overall average. The score below the average was marked with a “−” sign. The tasks were marked in each task group with the letters M (mathematics), P (physics), B (biology), Ch (chemistry), and EL (everyday life). As a result of this overview, we can find that mathematics/informatics students achieved the best results with 14 times above-average values. Engineering students obtained 11 above-average results. All other students by the disciplines scored below the average on more than half of the 15 tasks. Economics and natural sciences students got 6 + signs, paedagogy students 4 + signs, and respondents studying human sciences obtained 2 + signs for an above-average score.


TABLE 6    Evaluation of tasks by disciplines.
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Table 6 also shows in which subjects or task contexts the students were successful in. The students majoring in mathematics or informatics performed above average in all five tasks in part A. Regarding engineering specialisations, 3, economics, natural science and paedagogy specialisations performed above average in 2 tasks, while students studying the humanities remained below average in all tasks. Most did not know task A4 (task no. 4 in task group A, subject: chemistry) with 58.5%; this also applies to each specialisation separately. A total of 18.4% of those who filled in completed all five tasks and achieved maximum points; this figure is 30.9% for mathematics or informatics specialisations.

In the case of task group B, the mathematics/informatics students performed above the average in all five tasks. Students with an engineering specialisation had above-average results in 4 questions, but in the economics, natural sciences and paedagogy specialisation, they scored above the average in only 1 question. Humanities students completed below average on all questions. Most did not know task B2 (question from everyday life) with 76.7%; this does not apply to the disciplines separately. The mathematics/informatics specialisations students made a mistake on question B3 (physics question), the engineering and paedagogy specialisations got B2 (a question from everyday life), and the economics, natural sciences and humanities specialisations got B4 (chemistry question) they knew the least. Those who solved all five tasks correctly are 2.4% of the total; for the mathematics/informatics students, this is 7.9%. Among those who filled in, 13.9% achieved 0 points in group B of questions; regarding specialisations, natural science students performed the worst (19.2%).

In the case of task group C, students majoring in mathematics or informatics performed the best (above average in 4 tasks), economics specialisation students performed above average in 3 questions, natural sciences and humanities students in 2 questions, and paedagogy students performed above average in only 1 question. Most (55.3%) incorrect answers were given for task C1 (chemistry question); this also applies separately to the majors. Mathematics or informatics specialisations performed below average on task C5 (biology). Evaluating the entire group, 28.3% of the sample solved all five tasks correctly; in the case of mathematics-informatics students, this was 41%. A total of 1.5% of those who filled in received 0 points; students with teacher specialisation finished last with 2%.




5. Discussion

Our research focussed on examining university students’ logical thinking and knowledge of selected elements of propositional logic, considering their different fields of study. Based on the scores achieved, the students have significant differences in solving the tasks regarding the scientific disciplines by the student’s study programme. The best results were achieved by students majoring in mathematics or computer science, while the worst results were achieved by students studying humanities.

Several studies have pointed out the correlation between formal logic and success in science. Mitchell and Lawson (1988) showed formal reasoning ability as an important determinant of the ability to solve genetic problems and interpret text material in biology. Chandran et al. (1987) pointed out that formal thinking is more influential in predicting achievement in chemistry than prior knowledge. Siváková et al. (2018) showed how to develop thinking skills in chemistry lessons. There were also correlations between physics achievement with inductive and deductive reasoning (Enyeart et al., 1980). The studies also showed that formal thinking and the ability to interpret logical connectives differ (Lawson et al., 1978; Lawson, 1983). The result of research conducted by Pallrand et al. (1981) showed that those students who are more successful in science are also those who can use formal logic and can use the rules of conditional reasoning in the correct way. Zulkipli (2020) in a study carried out to investigate scientific reasoning skills among science pre-service teachers. They found no significant relationship between the studied science disciplines and the scientific reasoning patterns of the science pre-service teachers.

We found a significant difference in test results according to gender, age group, the student’s type of secondary school leaving exam and also according to the parent’s education level. Our survey results show that men performed better on the propositional logic tasks in the three task groups. Several studies have examined gender differences related to mathematics learning compared to using variables including innate abilities, attitudes, motivation, talent and performance. The literature has recognised the relationship between gender and mathematics performance (Goodchild and Grevholm, 2009; Munroe, 2016; Lin et al., 2020) and concludes that there is a higher performance rate among males in mathematics than females. It is evident that there is a tendency for males to perform better on mathematics tests than females when it comes to learning mathematics, and according to Arnup et al. (2013), these discrepancies might be partly explained by the differences in the cognitive styles of the individuals. Vos et al. (2023) examined which factors could cause gender differences in mathematical performance tests. Results showed that women scored significantly lower than men on the arithmetic and cognitive reflection tests. The results of Niwas (2018) research show that significant differences exist among low, average and high logical thinking on achievement in science in favour of high logical thinking for all groups (rural male, urban male, rural female and urban female) and the total sample.

Based on our results, students whose parents have a higher education achieved better results than those whose parents graduated from secondary or elementary school. According to our assumption, this may be related to the greater expectations and requirements of the parents during the student’s entire schooling. However, it may also play a role that the parents who have graduated from the university can support their child to a greater extent in learning, mastering and understanding the curriculum, and being a positive example. They also serve in the children’s further education and can take a more significant part in the financial support of their studies.

Most literature sources show that parents’ educational level strongly influences educational and economic opportunities for their children (Dubow et al., 2009; Kalil et al., 2012; Benner et al., 2016). Several researchers say parental education is an important predictor of children’s educational and behavioural outcomes (Dearing et al., 2001; Davis-Kean, 2005). A study by Davis-Kean (2005) examined how socioeconomic status, specifically parents’ education and income, indirectly relates to children’s academic achievement through parents’ beliefs and behaviours. The author found that the socioeconomic factors were related indirectly to children’s academic achievement through parents’ beliefs and behaviours.

A meta-analysis by Sirin (2005) reviewed the literature on socioeconomic status and academic achievement in journal articles published between 1990 and 2000. The results showed a medium to strong socioeconomic status–achievement relation and that factors such as parental occupation, education and income are strongly related to student academic outcomes. Some other studies have also investigated the relationship between parental education and students’ overall academic achievements. All these studies consistently show that parental education is an important variable for predicting academic achievement (Terfassa, 2018); moreover, father’s and mother’s high education positively contributes to their children’s academic achievement (Idris et al., 2020). Parents with higher educational attainment can explain the difference in children’s achievement and attach more importance and value to education than parents with lower formal education and can provide activities that stimulate and promote children’s cognitive and intellectual development (Şengönül, 2022).

The studies above showed a relationship between parental education and students’ academic achievements. Research results are also indicating a positive relationship between mathematics achievement. Students whose parents were university-educated performed about two-thirds of a proficiency level higher than those whose parents had no more than a high school education (Education Matters, 2004). Moreover, students whose parents worked in an occupation that required advanced mathematics skills performed almost one proficiency level higher than students whose parents had similar education levels but whose occupations did not require advanced mathematics. Schreiber (2002) examined advanced mathematics achievement with 1,839 students from 162 schools, and it was stated that parental education levels positively affected students’ success in mathematics achievement.

The results of our survey show that there are also differences in the results of task groups A (quantifiers), B (negation), and C (inferences), which shed light on which propositional logic tasks are problematic for students. Examining the three selected areas of propositional logic, understanding and defining negations proved to be the most difficult. According to our experience, statements of this kind often cause problems for students during their studies, which can even be traced back to incorrectly interpreted logical connections in primary school but are often caused by expressions misused in everyday life. Most students have trouble interpreting the terms “at least” and “at most,” and as a result, they cannot correctly define the negation of such statements either. According to one example of this faulty thinking, the negation of “at most” is “at least,” which is not true on the set of integers. In the survey, we also noticed that many people responded to the denial of the “true for all x” type statement with the statement “not true for any x,” obviously incorrectly.

We also found that secondary grammar school graduates achieved significantly better results than those who finished other types of secondary school. Similar results were shown in research conducted by Végh and Gubo (2022), which focussed on measuring computer science students’ algorithmic and logical thinking skills. The results show that university students participating in the research who had a subject with similar content in secondary school performed better than those who did not. Examining the development level of reasoning and inductive thinking of engineering students, Tóth et al. (2021) point to differences between students and suggest the need to identify the thinking skills at the beginning of higher education by means of an input competence measurement.

In the education system of the Central European countries, secondary grammar schools are educational institutions at the secondary school level, which are characterised by general preparation in each discipline. In grammar school education, there is no specific priority given to certain subjects, although there may be high schools where they start a special mathematics class or a humanities or natural sciences class. However, even in these cases, general theoretical education is the main characteristic, unlike vocational secondary schools, where practical training comes to the fore. Logic or logical thinking is closer to thinking on a theoretical level, which also characterises secondary grammar school education. The text of the test tasks also primarily required theoretical consideration, which can be used to justify the significantly better results of those who graduated from secondary grammar school.

Regardless of the text context, the students studying mathematics or informatics performed above average in all but one task. Here we can see the result of the fact that students majoring in mathematics or computer sciences have adequately mastered the concepts of propositional logic during their studies, and these concepts are regularly present in their studies; they are a permanent part of them. They not only understand logical connections but can apply them in various tasks. The test results showed that the students majoring in mathematics or informatics solved the chemistry, physics or biology tasks similarly, meaning that the task context was less confusing for them. These students know, understand and can apply the given logic scheme, so the task context is not decisive.

On the contrary, we see the situation with students majoring in humanities and paedagogy. They probably already lack logical knowledge; they do not understand logical operations. In their case, this determines the low effectiveness of the tasks. Although a student majoring in humanities (e.g., history or philologist) is also expected to formulate his thoughts logically, the greater problem is evident in the case of students majoring in paedagogy. As future teachers, they will have to introduce their students to the methods of logical thinking and lay the foundations of scientific thinking.

We think that our research has several strengths but also limitations. Our research is specific in examining the elements of propositional logic and comparing its application to university students in different disciplines in the Hungarian speaking environment of the Central European region. During the mapping of the literature on the subject of research, we realised that it is difficult to find studies on propositional logic reasoning comparing results by scientific disciplines that are comparable to our topic, not only at the Central European level, but also at the global level. From this point of view, we consider our study to be a niche.

The strength of our research is also the sample size; however, the sample is not representative, 1,505 students from 15 universities participated in the research. Due to voluntary participation we had no influence on the sample composition, our sample was not balanced regarding gender or other background variables. As the countries of the participating university students have partially different education systems, this factor also affects the outcomes when comparing the students’ performance by discipline. Another limitation is that the research tool was a non-standardised knowledge test, but it was previously pilot-tested.



6. Conclusion

The habits and form of thought gained in applying logic might have their place as a tool suitable for conceptual understanding in all disciplines. In logic, we learn how to use theories, deducing things from them, and we learn how to examine a theory from the outside, referring to the theories, analysing and finding ways it could be interpreted as true, or interpreted as false, and testing different models of the theory. This is a fundamentally important skill which is not straightforward to learn.

Our research focussed on examining university students’ propositional logic thinking and knowledge of selected elements of propositional logic, considering their different fields of study. Based on the scores achieved, university students have significant differences in solving the tasks regarding the scientific disciplines by the student’s study programme. The best results were achieved by students majoring in mathematics or computer science, while the worst results were achieved by students studying humanities. We found a significant difference in test results according to gender, age group, the student’s type of secondary school leaving exam and also according to the parent’s education level.

We conclude that those who know and understand mathematics (precisely, logic) have less problem solving a task that requires mathematical abstraction, but the task itself is in an arbitrary context. If this is true, it is also crucial for a good chemist, biologist or physicist to know and understand the relevant mathematical concepts. However, a good mathematician does not need to understand the specialised text and can still solve the task (of course, here we are thinking of tasks based on some mathematical abstraction). It follows that the university education of STEM specialists cannot be without the necessary mathematical foundations.



Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



Author contributions

All authors listed have made a substantial, direct, and intellectual contribution to the work, and approved it for publication.



Funding

This research was supported by the VEGA grant no. 1/0386/21 of the Ministry of Education, Science, Research and Sport of the Slovak Republic “Analysis of the reasons for success/failure of students in mathematics with an emphasis on electronic distance education” and by the educational project grant KEGA no. 001UPJŠ-4/2023 “Implementation of formative assessment in primary school teaching with the focus on the digital form.”



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/feduc.2023.1247653/full#supplementary-material



References

Arnup, J. L., Murrihy, C., Roodenburg, J., and McLean, L. A. (2013). Cognitive style and gender differences in children’s mathematics achievement. Educ. Stud. 39, 355–368. doi: 10.1080/03055698.2013.767184

Bakır, S., Öztekin-Biçer, E., and Biçer, Ö (2015). Logical thinking and cognitive development levels of pre-service science teachers 1. J. Educ. Sci. Res. 5:15.

Benner, A. D., Boyle, A. E., and Sadler, S. (2016). Parental involvement and adolescents’ educational success: The roles of prior achievement and socioeconomic status. J. Youth Adolesc. 45, 1053–1064. doi: 10.1007/s10964-016-0431-4

Chandran, S., Treagust, D., and Tobin, K. (1987). The role of cognitive factors in chemistry achievement. J. Res. Sci. Teach. 24, 145–160. doi: 10.1002/tea.3660240207

Davis-Kean, P. E. (2005). The influence of parent education and family income on child achievement: The indirect role of parental expectations and the home environment. J. Family Psychol. 19, 294–304. doi: 10.1037/0893-3200.19.2.294

Dearing, E., McCartney, K., and Taylor, B. (2001). Change in family income-to-needs matters more for children with less. Child Dev. 72, 1779–1793. doi: 10.1111/1467-8624.00378

Dubinsky, E., Elterman, F., and Gong, C. (1998). The student’s construction of quantification. For. Learn. Math. 8, 44–51. doi: 10.1007/s10649-021-10127-z

Dubinsky, E., and Yiparaki, O. (2000). “On student understanding of AE and EA quantification,” in CMBS issues in mathematics education, eds E. Dubinsky, A. H. Schoenfeld, and J. Kaput (Providence, RI: American Mathematical Society), 239–289.

Dubow, E. F., Boxer, P., and Huesmann, L. R. (2009). Long-term effects of parents’ education on children’s educational and occupational success. Merrill-Palmer Quart. 55, 224–249. doi: 10.1353/mpq.0.0030

Education Matters (2004). First Results from the 2003 Programme for International Student Assessment. Paris: OECD.

Enyeart, M., VanHarlingen, D., and Baker, D. (1980). Correlation of inductive and deductive reasoning to college physics achievement. J. Res. Sci. Teach. 17, 263–267. doi: 10.1002/tea.3660170311

Fah, L. (2009). Logical thinking abilities among from 4 students in the interior division of Sabah, Malaysia. J. Sci. Math. Educ. S. Asia 32, 161–187.

Franks, C. (2023). “Propositional Logic,” in The Stanford Encyclopedia of Philosophy, eds E. N. Zalta and U. Nodelman (Stanford, CA: Stanford University).

Goodchild, S., and Grevholm, B. (2009). An exploratory study of mathematics test results: What is the gender effect? Int. J. Sci. Math. Educ. 7, 161–182. doi: 10.1007/s10763-007-9114-7

Hibbard, M. (2000). Performance Assessment in the Science Classroom. New York, NY: GLENCOE McGraw-Hill.

Idris, M., Hussain, S., and Nasi, R. A. (2020). Relationship between parents’ education and their children’s academic achievement. J. Arts Soc. Sci. 7, 82–92.

Kalil, A., Ryan, R., and Corey, M. (2012). Diverging destinies: Maternal education and the developmental gradient in time with children. Demography 49, 1361–1383. doi: 10.1007/s13524-012-0129-5

Klement, K. C. (2004). Propositional logic. Internet Encyclopedia of Philosophy. Mill Valley, CA: Internet Encyclopedia of Philosophy.

Kumar, R. R. (2017). Effectiveness of formal logic course on the reasoning skills of students in Nizwa College of technology, Oman. J. Educ. Pract. 8, 30–35.

Lawson, A. (1983). The acquisition of formal operational schemata during adolescence: the role of the biconditional. J. Res. Sci. Teach. 20, 347–356. doi: 10.1002/tea.3660200409

Lawson, A., Karplus, R., and Adi, H. (1978). The acquisition of propositional logic and formal operational schemata during the secondary school years. J. Res. Sci. Teach. 15, 465–478. doi: 10.1002/tea.3660150605

Lay, Y. F. (2010). The acquisition of logical thinking abilities among rural secondary students of Sabah. Pertanika J. Soc. Sci. Hum. 18, 37–51.

Lazear, D. (2004). Higher Order Thinking the Multiple Intelligences Way. Chicago: ZephyrPress.

Lin, A. Y., Wu, C., Chen, Z., Ku, P., Lin, Y., Wu, C., et al. (2020). How gender pairings affect collaborative problem solving in social-learning context. Int. Forum Educ. Technol. Soc. 23, 30–44. doi: 10.1016/j.heliyon.2023.e16237

Mitchell, A., and Lawson, A. (1988). Predicting genetics achievement in nonmajors college biology. J. Res. Sci. Teach. 25, 23–37. doi: 10.1002/tea.3660250104

Mosley, A., and Baltazar, E. (2019). An Introduction to Logic: From Everyday Life to Formal Systems. Northampton, MA: Open Educational Resources.

Munroe, K. L. (2016). Impact of open approach on students’ understanding of mathematical concepts: A gender comparison. Graduate Sch. Int. Dev. Cooper. 22, 85–96. doi: 10.1007/s10763-020-10100-x

Niwas, R. (2018). A study of gender, habitation and logical thinking in relation to achievement in science. Indian J. Appl. Res. 5, 680–683.

Orcan, F. (2020). Parametric or Non-parametric: Skewness to Test Normality for Mean Comparison. Int. J. Assess. Tools Educ. 7, 255–265. doi: 10.21449/ijate.656077

Pallrand, G., VanHarlingen, D., Lockwood, W., Martin, W., and Piburn, M. (1981). “Reasoning patterns of college science students,” in Paper presented at the meeting of the National Association for Research in Science Teaching, Grossinger, NY.

Parmin, S., Ashadi, S., and Fibriana, F. (2017). Performance assessment of practicum work: Measuring the science student teachers’ logical thinking abilities. Man India 97, 141–152. doi: 10.1016/j.edurev.2020.100312

Pezzuti, L., Artistico, D., Chirumbolo, A., Picone, L., and Dowd, S. M. (2014). The relevance of logical thinking and cognitive style to everyday prob-lem solving among older adults. Learn. Individ. Differ. 36, 218–223. doi: 10.1016/j.lindif.2014.07.011

Piburn, M. D. (1980). Spatial reasoning as a correlate of formal thought and science achievement for New Zealand students. J. Res. Sci. Teach. 17, 443–448. doi: 10.1002/tea.3660170510

Piburn, M. D., and Baker, D. (1988). “Reasoning about logical propositions and success in science,” in Paper presented at the meeting of the American Educational Research Association, New Orleans, LA.

Restall, G. (2015). Three Cultures or: what place for logic in the humanities?. Available online at: https://consequently.org/papers/three-cultures.pdf (accessed April 11, 2023).

Riyanti, H., Suciati, S., and Karyanto, P. (2019). The relationship between logical-thinking ability and science achievement of middle school students. J. Phys. Conf. Ser. 1241, 012024. doi: 10.1088/1742-6596/1241/1/012024

Saban, P. A. (2014). Teacher candidates’ comprehension of first and high order quantifiers. Educ. Res. Rev. 9, 807–822. doi: 10.5897/ERR2014.1822

Schreiber, J. (2002). Institutional and student factors and their influence on advanced mathematics achievement. J. Educ. Res. 95, 274–286. doi: 10.3389/fpsyg.2023.1168032

Şengönül, T. (2022). A review of the relationship between parental involvement and children’s academic achievement and the role of family socioeconomic status in this relationship. Pegem J. Educ. Instruct. 12, 32–57. doi: 10.47750/pegegog.12.02.04

Seyhan, H. G. (2015). The effects of problem solving applications on the development of science process skills, logical-thinking skills and per-ception on problem solving ability in the sci-ence. Asia-Pac. Forum Sci. Learn. Teach. 16, 1–31. doi: 10.1016/j.chb.2015.05.047

Sezen, N., and Bülbül, A. (2011). A scale on logical thinking abilities. Procedia – Soc. Behav. Sci. 15, 2476–2480. doi: 10.1016/j.sbspro.2011.04.131

Sirin, R. S. (2005). Socioeconomic status and academic achievement: A meta-analytic review of research. Rev. Educ. Res. 75, 417–453. doi: 10.3102/00346543075003417

Siváková, M., Ganajová, M., Čtrnáctová, H., and Sotáková, I. (2018). Rozvíjanie kompetencií žiakov prostredníctvom učebnıch úloh z chémie. Bratislava: Štátny pedagogickı ústav.

Taber, K. S. (2017). “Reflecting the nature of science in science education,” in Science Education: An International Course Companion, eds K. S. Taber and B. Akpan (Rotterdam: Sense Publishers), 23–37. doi: 10.1007/978-94-6300-749-8_2

Terfassa, A. D. (2018). Parental education and children academic performance in Genda Tesfa primary school, Dire Dawa, Ethiopia. Res. Hum. Soc. Sci. 8, 34–40. doi: 10.1080/10852352.2010.486297

Titler, R. (2002). Teaching for understanding in science: student conception research and changing view of learning. Austral. Sci. Teacher J. 48, 14–21. doi: 10.3389/fpsyg.2018.02474

Tóth, P., Horváth, K., and Kéri, K. (2021). Development level of engineering students’ inductive thinking. Acta Polytech. Hungarica 18, 107–129.

Végh, L., and Gubo, Š (2022). “Assessment of Algorithmic and Logical Thinking of First- and Second-Year Computer Science Students at J. Selye University in Academic Years 2019/20 and 2021/22,” in Proceedings of the 15th International Conference of Education, Research and Innovation, Seville. doi: 10.21125/iceri.2022.0480

Vos, H., Marinova, M., de León, S., Sasanguie, D., and Reynvoet, B. (2023). Gender differences in young adults’ mathematical performance: Examining the contribution of working memory, math anxiety and gender-related stereotypes. Learn. Individ. Differ. 102, 102255. doi: 10.1016/j.lindif.2022.102255

Yaman, S. (2015). Effectiveness on development of logical thinking skills of problem basedlearning skills in science teaching. J. Turk. Sci. Educ. 2, 31–33. doi: 10.1371/journal.pone.0277339

Zohar, A., and Dori, Y. J. (2003). Higher order thinking skills and low-achieving students: Are they mutually exclusive? J. Learn. Sci. 12, 145–181. doi: 10.1007/s40299-021-00614-5

Zulkipli, Z. A. (2020). Identifying scientific reasoning skills of science education students. Asian J. Univ. Educ. 16, 275–280. doi: 10.24191/ajue.v16i3.10311


OPS/images/cross.jpg
@ Check for updates.





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Students’ propositional logic thinking in higher education from the perspective of disciplines



		1. Introduction



		2. Theoretical background



		3. Materials and methods



		4. Results



		4.1. Students’ results in the perspective of disciplines







		5. Discussion



		6. Conclusion



		Data availability statement



		Author contributions



		Funding



		Conflict of interest



		Publisher’s note



		Supplementary Material



		References

















OPS/images/feduc-08-1247653-t001.jpg
Gender

Men 528 37.0
‘Women 899 63.0
Age

18-25 1211 84.9
>25 216 15.1
Scientific discipline

Mathematics/informatics 178 12.5
Engineering 151 10.6
Economics 401 28.1
Natural sciences 78 55
Paedagogy 500 35.0
Human sciences 121 8.5
Type of secondary school

Secondary grammar school 735 51.5.
Secondary school 693 48.5






OPS/images/cover.jpg
& frontiers | Frontiers in Education






OPS/images/feduc-08-1247653-t003.jpg
Characteristics Mean Test p-value

stat
Gender
Men 9.19 2.64

4.428* <0.001
‘Women 8.56 2:51
Age
18-25 8.73 2.58

—2.080* 0.038
>25 9.13 2.57
Type of secondary school
Secondary grammar 9.14 2.53
schod, 5.4012 <0.001
Secondary school 8.41 2.58
Highest education level/father
Primary school 8.35 2.42
Secondary school 8.72 2:55
without an exam 5.475b 0.001
Secondary school with 8.71 2.53
an exam
Higher education 9.36 2.74
Highest education level/mother
Primary school 8.07 2.41
Secondary school 8.49 2:55
WitoU i S 9.632 <0001
Secondary school with 8.91 2.58
an exam
Higher education 9.28 2.55

“Independent samples t-test (t). "One-Way ANOVA (F).






OPS/images/feduc-08-1247653-t002.jpg
Characteristics Father Mother

Valid% Valid%
Primary school 126 8.9 151 10.7
Secondary school 478 33.9 333 23.5

without an exam

Secondary school 571 40.5 633 44.7

with an exam

Higher education 236 16.7 299 21.1












OPS/images/logo.jpg
¥ frontiers | Frontiers in Education







OPS/images/feduc-08-1247653-t005.jpg
Mean (SD)

Discipline Quantifiers Negation Inferences
Mathematics/ 3.87 (1.05) 2.30(1.33) 3.94 (1.20)
informatics

Engineering 3.62 (0.98) 1.72 (1.19) 3.81(1.26)
Economics 3.45 (1.03) 1.69 (1.18) 3.55(1.24)
Natural sciences 3.33(0.99) 1.56 (1.16) 3.58 (1.18)
Paedagogy 3.41(1.12) 1.63 (1.11) 3.45(1.31)
Human sciences 3.18 (1.16) 1.55 (1.10) 3.46 (1.23)






OPS/images/feduc-08-1247653-g001.jpg
sCore

o . V. anden
o . - . - .
math/inf enginnering economics natural pedagogy human
sciences sciences





OPS/images/feduc-08-1247653-t004.jpg
Characteristics Mean SD Test stat (t) p-value
Quantifiers

Gender
Men 3.58 1.05

2.677 0.008
‘Women 342 1.09
Age
18-25 347 1.08

—1.009 0.313
>25 3.55 1.11
Type of secondary school
Secondary grammar school 3.58 1.05

3.691 <0.001
Secondary school 3.37 1.10

Negation

Gender
Men 1.85 1.29

2.705 0.007
‘Women 1.66 1.12
Age
18-25 172 1.17

—0.688 0.492
>25 1.79 1.31
Type of secondary school
Secondary grammar school 1.84 1.22

3.562 <0.001
Secondary school 1.62 1.14

Inferences

Gender
Men 3.76 1.27

4.060 <0.001
Women 3.48 1.26
Age
18-25 3.55 1.28

—2.866 0.004
>25 3.80 1.16
Type of secondary school
Secondary grammar school 3.73 1.25

4.445 <0.001
Secondary school 343 1.27






OPS/images/feduc-08-1247653-t006.jpg
Discipline

Mathematics/

informatics

Quantifiers (A) Negation (B)

Inferences (C)

Engineering

Economics

Natural sciences

Paedagogy

Human sciences






