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Introduction 

In the Netherlands, a new domain “logical reasoning” has been included in the 
mathematics C curriculum in 2015 (College voor Toetsen en Examens, 2016). 
Mathematics C is one of the four mathematics courses at the upper levels of pre-
university secondary education1 (ages 15 to 18 years), particularly for non-science 
students. It was intended that the domain of logical reasoning should contribute to 
students’ reasoning skills outside the field of mathematics: as a preparation for 
university, for their future professions, and in everyday life.  

For years, I have a personal interest in logic and logical reasoning and its 
function in everyday reasoning. I am especially interested in the question how to 
teach logical reasoning to secondary school students. Therefore, I am intrigued by 
the introduction of this specific domain to mathematics C students. Earlier, I already 
had some positive experiences with a small-scale lesson sequence about if-then 
statements in the 10th grade pre-university education (in Dutch: vwo 4). In these 
lessons, I tried to evoke students’ logical reasoning with a card game (Chasiotis, 
1996) and with reasoning in concrete situations before they were introduced to 
formalised statements and truth tables. Students reported that they found it 
challenging, but at the same time enjoyed reasoning and arguing, which resulted in 
improved motivation for their mathematics lessons (Bronkhorst, 2006, 2008). Similar 
results were found by Milbou et al. (2013) in a small-scale study with secondary 
school students in Belgium. So, as a mathematics teacher, the initial question that 
occurred to me when confronted with the new domain of logical reasoning was: 
How am I supposed to design and evaluate a course in logical reasoning given the 
aim that the domain of logical reasoning should contribute to students’ reasoning 
skills outside the field of mathematics? Since not much is known about students’ 
learning of logical reasoning and the benefits for their everyday life and future 
careers, logical reasoning will be the central subject of study in this thesis. In this 
thesis, we describe the theoretical backgrounds of logical reasoning, the design of an 
intervention with a course for pre-university students (11th and 12th grades) aimed 
at developing their logical reasoning skills, and we will describe the learning 
processes and learning outcomes of this specially designed course. 

 
1 in Dutch: voorbereidend wetenschappelijk onderwijs (vwo) 
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Logical Reasoning 

21st Century Skills 
The attention for logical reasoning as important to prepare students for today’s 
information society is not unique for the Netherlands and its relevance is discussed 
by different international organisations. The Organisation for Economic Co-
operation and Development (OECD; 2019a) states, for example: 

 

Education systems are under pressure to better prepare its [sic] students for the 
“future” and for the “real world”, a world that is changing fast especially in light of 
globalisation as well as significant technological advances and of the impact they can 
have in our personal lives (…) and in the future of work (…). (p. 4) 
 

Not only OECD, but also, for example, UNESCO and the European Union, describe 
which skills are essential for future citizens and thus for future student learning 
(Thijs et al., 2014). Thijs et al. (2014, p. 17) mention as umbrella terms: 21st century 
skills (Binkley et al., 2012), lifelong learning competencies (IAE, 2010), key skills 
(European Union, 2002), and advanced skills (Ledoux et al., 2013). 

We will use the term “21st century skills” in this thesis, because it is a well-
known term and often used in discussions on future education in, for example, the 
framework for 21st century learning by the Partnership for 21st century skills (P21, 
2015). Besides the importance of traditional school subjects, called “key subjects” by 
P21, such as language, mathematics, history, arts, and science, the framework 
emphasises the importance of interdisciplinary themes as global awareness and 
environmental literacy. Key for 21st century learning is the development of a variety 
of skills for “the complex life and work environments in today’s world” (P21, 2015, 
p. 3) and our lives in “a technology and media-driven environment” (P21, 2015, p. 
5), exemplified by, for example, “learning and innovation skills”. Learning and 
innovations skills are specified as creativity and innovation, critical thinking and 
problem solving, and communication and collaboration. Liu et al. (2015) argue that 
logical reasoning should be seen as a building block for critical thinking, analytical 
thinking, and problem solving. They explain: 

 

Critical thinking is not only the ability to reason logically but the ability to find relevant 
material in memory and deploy attention when needed. Analytical thinking further 
demands a problem solver or decision maker to have the ability to decompose complex 
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problem to its constituent components, to find the causality of components, and to 
evaluate the available options based on observed data and processed information. (p. 
334) 
 

If we summarise this excerpt in our own words, we might conclude that for the 
ability of critical thinking, several aspects are needed, like analysing, decomposing 
problems, and reviewing parts of an argument. Vincent-Lancrin et al. (2019) explain: 
“In many cases, definitions of critical thinking emphasise logical or rational 
thinking; that is, the ability to reason, assess arguments and evidence, and argue in 
a sound way to reach a relevant and appropriate solution to a problem” (p. 59). This 
shows that logical reasoning should be more than formal deductive reasoning only. 
Due to these varieties of explanations, the need for an unambiguous understanding 
of the meaning of what is understood by logical reasoning is highly relevant before 
we can study students’ logical reasoning skills. We will discuss these issues in 
Chapter 2. 
 

Logical Reasoning in Mathematics Education 
The global-wide desire to prepare students for today’s information society becomes 
visible in recent mathematics curricula as well, with the underlying reason to make 
mathematics more relevant for students’ future and to provide them with a 
successful preparation for their tertiary education in particular (e.g. cTWO, 2012; 
McChesney, 2017; NCTM, 2009). The United States’ Standards for Mathematics 
Practice explain, for example, that logical reasoning in the mathematics classroom is 
more than deductive reasoning only. They state: 

 

Mathematically proficient students understand and use stated assumptions, 
definitions, and previously established results in constructing arguments. They make 
conjectures and build a logical progression of statements to explore the truth of their 
conjectures. They are able to analyze situations by breaking them into cases, and can 
recognize and use counterexamples. They justify their conclusions, communicate them 
to others, and respond to the arguments of others. They reason inductively about data, 
making plausible arguments that take into account the context from which the data 
arose. Mathematically proficient students are also able to compare the effectiveness of 
two plausible arguments, distinguish correct logic or reasoning from that which is 
flawed, and —if there is a flaw in an argument— explain what it is. (NGA Center and 
CCSSO, 2016, pp. 6-7) 
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If we summarise important components of this broad interpretation of logical 
reasoning in our own words, this excerpt refers to inductive reasoning, the 
comparison of plausible arguments, and justifying these to others. Curriculum 
documents from other countries address similar issues concerning the importance 
of evaluating, interpreting, and justifying given information of provided arguments 
(e.g. Australian Curriculum, Assessment and Reporting Authority, 2016; 
Department of Education UK, 2014; McKendree et al., 2002), but its relation with 21st 
century learning is especially stressed in documents for future curricula (e.g. OECD, 
2019a; Platform Onderwijs2032, 2016; Vincent-Lancrin et al., 2019). The Dutch 
Platform Onderwijs 2032, for example, explicitly mentions the terms critically 
reviewing, problems solving skills, and the application of skills in other learning 
areas: 

 

The emphasis should not only be on basic skills, but also on critically reviewing 
statistical information and on problem solving skills. Future-oriented education 
teaches students to recognise the value of numeracy skills and to discover how to use 
them in practical and professional situations and in other learning areas.  (Platform 
Onderwijs2032, 2016, p. 32, translation by the author) 
 

In the Netherlands, logical reasoning is seen as a separate building block for future 
mathematics education in primary school and lower secondary education (grades 7-
9), but not yet exemplified for upper secondary education (Curriculum.nu, 2019). 
Though, as mentioned before, in the current curriculum, logical reasoning is part of 
one of the four mathematics courses in the upper levels of pre-university education. 
Before we describe the objectives of this domain for this specific course in more 
detail, we present some findings from research into students’ logical reasoning. 
 

Logical Reasoning in Different Contexts 
In research on logical reasoning, the logical implication (if…then…) plays an 
important role. Research shows that for children, but also for adults, the logical 
implication (𝑃𝑃 ⇒ 𝑄𝑄) leads to complications. As an example, consider the following 
statement: If I continue reading this thesis, then I will take a cup of coffee, i.e. continue 
reading (𝑃𝑃) ⇒ coffee (𝑄𝑄). Four common inferences are the following: 
 

- Affirmative mode (modus ponens): 
𝑃𝑃, so 𝑄𝑄, i.e. continue reading, so coffee 
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- Denial mode (modus tollens): 
¬𝑄𝑄, so ¬𝑃𝑃, i.e. no coffee, so discontinue reading 

- Denial of the antecedent: 
¬𝑃𝑃, so ¬𝑄𝑄, i.e. discontinue reading, so no coffee 

- Affirmation of the consequent (conversion): 
𝑄𝑄, so 𝑃𝑃, i.e. coffee, so continue reading 

 

According to logical rules, only the first two provide valid inferences. The 
affirmative mode provides a clear conclusion and usually does not lead to confusion, 
but other forms often cause difficulties in reasoning. People tend to accept the 
conversion intuitively (Halpern, 2014; Stanovich et al., 2016), but also the validity of 
the conclusion for the denial mode is often problematic.  

O’Brien et al. (1971) investigated the understanding of the logical implication 
(𝑃𝑃 ⇒ 𝑄𝑄) among American students between 9 and 16 years old. They used 
implications in different situations stated in ordinary language. Those implications 
consisted of hypothetical situations formulated either with the if-then construction 
or via an equivalent description. The researchers found a relation between age and 
reasoning skills: older students came to formally valid conclusions more often. 
However, still at the age of 16 many students had difficulties dealing with the logical 
implication, in particular with the if-then construction. O’Brien et al. conclude that 
educators should be aware of this and that students’ understanding of implications 
stated with the words “if-then” should not be overestimated. 

Other research emphasises that human reasoning is content- and context-
dependent (e.g. Daniel & Klaczynski, 2006; Evans, 2002; Stanovich et al., 2016). 
Hintikka (2001) claimed: “in real-life reasoning, even when it is purely deductive, 
familiarity with the subject matter can be strategically helpful” (p. 46). Furthermore, 
students (grades 8 and 9) often tend to search for concrete examples to check if a 
statement is true or false (Hoyles & Küchemann, 2002). For many students a logical 
implication can be “sometimes true” or “sometimes false”. In other words: in their 
view, a counterexample does not convincingly falsify an if-then statement, which 
shows the complexity of investigating logical reasoning in everyday life contexts. 

Inglis and Simpson (2006) also showed that context is important and can 
influence the way of reasoning. In two tasks –the original Durand-Guerrier’s (2003) 
Labyrinth Task and a conversion of that task into a mathematical context– they 
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showed that mathematicians reason similarly to other people in daily life contexts, 
but reason much stricter in mathematical contexts. Teachers should be aware of the 
influence of context, in particular when teaching logical reasoning, so that they can 
enhance the reasoning process of their students by, for example, requesting 
explanations for students’ primary responses. Besides, in everyday life reasoning 
strictly valid conclusions are often impossible, so there is a need for more pragmatic 
conclusions, for example, conclusions based on expert views or the likelihood of 
possible scenarios (e.g. Johnson & Blair, 2006; Walton et al., 2008), which are often 
acceptable in that context. So, if courses in logical reasoning should contribute to 
societally relevant contexts as emphasised as important for 21st century learning, 
courses should pay attention to the different conclusions possible. 

Research suggests that representations that capture relevant aspects from the 
given context could support the reasoning (McKendree et al., 2002). Diagrams, for 
example, are rather suitable to structure arguments (Halpern 2014; Van Gelder, 
2005). Depending on the argument, this could be a scheme to map the relations and 
to provide overview, whether or not by making use of logical symbols, or circle 
diagram, such as Venn and Euler diagrams. This shows the relevance to learn 
students to use tools that can help them to structure their reasoning in all sorts of 
contexts. In this study, we call those representations formalisations. In other words, 
formalisations include, among others, schemes, logical symbols, and visualisations, 
such as Venn and Euler diagrams. 
 
 

Research Context 

We conducted our research in the Netherlands where logical reasoning is part of a 
specific mathematics course (Mathematics C) in the upper levels of pre-university 
secondary education. In this course, it is explicitly intended to link logical reasoning 
with its societal importance. Due to this specific nature of the course, we will explain 
the Dutch education system first and the differences between the mathematics 
courses within the upper levels of secondary education. 
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Overview Dutch Education System 
After eight years of primary education, students go to vocational, general, or pre-
university secondary education depending on the school advice given by their 
primary school. Figure 1.1 shows an overview of the Dutch education system (EP-
Nuffic, 2015). Our research focuses on pre-university secondary education (vwo), 
highlighted with a red frame in Figure 1.1. Pre-university secondary education 
prepares students for their tertiary studies at a research university and lasts six years 
(grades 7 through 12). After finishing vwo, they can also enter universities of applied 
sciences, but most students entering these universities followed senior general 
secondary education (in Dutch: hoger algemeen voortgezet onderwijs; havo), which 
lasts five years (grades 7 through 11). For their final two or three years (grades 10 
and higher), vwo and havo students choose one of the four streams “Culture & 
Society”, “Economics & Society”, “Science & Health”, and “Science & Technology”.2 
In their final year, students write their national final exams for most subjects. Some 
subjects are mandatory for all students, such as the Dutch language and literature, 
English language and literature, social studies, and physical education. Further, each 
stream has stream-specific subjects, some compulsory, some elective. Compulsory 
subjects are, for example, physics and chemistry for Science & Technology to prepare 
students for science and engineering studies, biology for Science & Health to prepare 
them for health-related studies, economics for Economics & Society, and history for 
Culture & Society. Elective subjects are offered by the school and the options might 
differ per school. Furthermore, all vwo students are required to take a mathematics 
course. The following stream-specific courses are offered: mathematics C for Culture 
& Society, mathematics A for Economics & Society and Science & Health, and 
mathematics B for Science & Technology. Students who choose for mathematics B 
could take an additional course called mathematics D. Nevertheless, students who 
want to broaden their chosen stream or just prefer another course, might opt for one 
of the other courses. For example, students in the Culture & Society stream are 
allowed to take mathematics A instead of C. Their options are visualised in Figure 
1.2. 
  

 
2 in Dutch: Cultuur & Maatschappij (C&M), Economie & Maatschappij (E&M), Natuur & Gezondheid 
(N&G), and Natuur & Techniek (N&T) respectively. 
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Figure 1.1 Dutch education system 
Reprinted from Education system The Netherlands (p. 3), by EP-Nuffic, 2015.  
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Figure 1.2 Mathematics courses for the four different streams for vwo 

 

Mathematics Courses 
The curriculum for the four mathematics courses has been implemented in the 
school year 2015/2016, mainly based on an extensive report from the commission 
Future Mathematics Education (in Dutch: commissie Toekomst Wiskunde 
Onderwijs; cTWO). The commission consisted of mathematics teachers from 
secondary schools and universities, and experts in the field of mathematics and 
mathematics education. The commission started its work in 2004 due to the growing 
concern about the quality of mathematics education in the Netherlands. However, 
thoughts about the need for a stream-specific mathematics course for Culture & 
Society date back to the 1990s (De Lange, 1998), which we will discuss in the next 
sections after an overview of the content of the different mathematics courses. Before 
the final cTWO report was published, proposals were piloted at several schools 
throughout the Netherlands.  

Mathematics A and C cover the domains statistics, probability, and the 
interpretation of functions and graphs. In addition, Mathematics A also focuses on 
algebraic skills and manipulation of functions, while mathematics C has a few 
stream-specific domains relating mathematics to art and philosophy called “shape 
and space” with, for example, perspective drawings, and “logical reasoning”. 
Mathematics B is intended for science students with mainly calculus topics 
supplemented with analytical geometry. Geometric proof, which specifically 
devotes attention to the structure of formal logical reasoning, is only found in the 
elective additional subject of mathematics D, chosen by a minority of the science 
students. 
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Mathematics C and Logical Reasoning 
The mathematics C course is the only mathematics course that includes the domain 
“logical reasoning”. It should provide students within the Culture & Society stream 
with a coherent programme of mathematics and the other subjects to prepare them 
well for studies in law, arts, languages, culture, and behavioural and social sciences. 

To investigate a possible meaningful and enriching mathematics course for 
these students, the ministry of education requested the Freudenthal Intitute of the 
University of Utrecht back in 1997 to investigate which topics could be suitable for 
these students (De Lange, 1998). The following initial conditions are presented in the 
report: 

 

1 The subject of mathematics is general in the sense that it supports students to 
function better in the (information) society. Terms related to this goal are "numeracy" 
or "mathematical literacy" as well as educating to "intelligent citizenship". 
2 The subject of mathematics prepares for tertiary education at a research university 
in a broad sense, that is to say that its relevance becomes clear for every study by the 
intended “higher goals”, such as: reasoning, argumentation, recognising mathematical 
aspects in other contexts, visualising, communicating. In a narrow sense for, among 
other things, methodological aspects that are useful in social sciences. 
3 The subject of mathematics also derives its relevance from the contexts that should 
be used for the specific Culture and Society stream. A clear aspect of this is the cultural-
historical development of mathematics. 
4 The image of mathematics as a discipline is not primarily determined by techniques, 
algorithms, and proofs, but more by the relationship of mathematics with the reality 
of the student, and the role of mathematics in the history of our and other cultures. (p. 
9, translation by the author) 
 

Those conditions result into descriptions of five themes: (1) statistics, (2) geometry, 
(3) algebra and analysis, (4) graphs and matrices, (5) number and code, language 
and logic. For the last theme, De Lange (1998) mentions that “logical reasoning, or 
even just reasoning and arguing, seems to be a threatened discipline for ordinary 
citizens” (p. 53, translation by the author). Therefore, the report explicitly 
emphasises the importance of logical reasoning for mathematics courses as well as 
for Culture & Society students’ preparation for tertiary education, such as in 
languages and law. The report states that a possible problem might be the 
construction of a balanced course, since there is hardly any experience with this topic 
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in the sense of the formulated initial conditions, because too much formalism should 
be avoided. 

Doorman and Roodhardt (2011) developed pilot materials for lessons in 
logical reasoning, including the analysis of “complicated texts”, such as certain 
newspaper articles, “to evoke the need for more precision” by structuring the 
argument from the given text. They reported positive experiences with the pilot 
materials, except for tasks with large truth tables. Students found working with 
those tables too isolated from the actual reasoning. In some final notes, they suggest 
that interaction with the students during the lessons is necessary, and perhaps 
essential, which might require a different teaching style. Folmer et al. (2012) also 
reported about the pilots for the new domains, which are intended to show students 
the relevance of mathematics, and concluded that the new domains influenced 
students’ motivation positively. In the final mathematics C curriculum document, 
based on the report from the commission Future Mathematics Education, truth 
tables are not included. Nevertheless, the introduction of the new domains in 
mathematics C did not attract a lot of students, the numbers even dropped. In 2018 
only 991 out of 38569 (2.6%) final exam candidates for pre-university education took 
a mathematics C exam nationwide (Dienst Uitvoering Onderwijs, 2018). In 2019 a 
few more, 1148 out of 38157 students, which is still only 3.0% (Dienst Uitvoering 
Onderwijs, 2020). If we zoom in at the Culture & Society stream, only one third of 
the students chooses the stream-specific mathematics C course, so two thirds of the 
students opt for mathematics A. This means that potentially the mentioned 
percentages could have been three times as large if all students within the Culture 
& Society stream would have chosen to take mathematics C. Misconceptions about 
the content of mathematics C and the unclear information from tertiary education 
about entry requirements might be possible explanations that students take 
mathematics A instead of C. Another problem is that mathematics teachers have 
mixed opinions about mathematics C and do not fully support mathematics C, 
sometimes due to concerns about the small class sizes and the organizability, but 
unfortunately, also due to a biased image of the course (e.g. Bloem, 2018; Gademan 
& Tolboom, 2018; Klein Kranenbarg, 2020). 
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Objectives domain logical reasoning 
The intended learning outcomes for the domain “logical reasoning” are shown in 
Figure 1.3. The domain focuses on basic knowledge of terms and symbols, the 
structure of an argument, of if-then claims in particular, and the use of various 
representations. The fifth objective explicitly refers to the relevance of skills in 
relation to the societal debate. The desired level of logical reasoning that should be 
reached, is not made explicit, nor a further explanation of the reasoning used in the 
societal debate. This is neither done in the final intended learning outcomes, nor was 
it exemplified in the pilot programme (Van Bergen, 2010). 
 

Domain F   Logical reasoning  
The candidate is able to analyse logical reasoning on correctness. 
 
Ready knowledge 
The candidate knows 
• the logical symbols  and ; 
• the terms conclusion, premise, definition, reasoning step, correct, complete, 

and incomplete for reasoning; 
• the terms contradiction and paradox.  
 
Receptive skills 
The candidate is able to 
1. indicate how an argument is composed of reasoning steps;  
2. connect “if-then” statements with the “follows from” conclusion;  
3. extract data from a Venn diagram.  
 
Productive skills 
The candidate is able to 
4. distinguish between a necessary and a sufficient condition;  
5. verify and analyse the correctness of reasoning and associated conclusions, 

as used in the societal debate;  
6. use examples to illustrate a statement and use a counterexample to refute a 

statement;  
7. recognise and describe a contradiction and a paradox;  
8. use different representations, such as tables and Venn diagrams, and logical 

symbols, to analyse and solve logical problems.  

Figure 1.3 Domain F “Logical reasoning”, translation from WISKUNDE C VWO | syllabus centraal 
examen 2018 (Bij het nieuwe examenprogramma) nader vastgesteld 2  (p. 14), by College voor Toetsen en 

Examens, 2016, Utrecht. 
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As mentioned before, this domain should strengthen the relation with other school 
subjects within the Culture & Society stream. Students within the Culture & Society 
stream have compulsory lessons in argumentation in the subject “Dutch language” 
aiming at students recognising and analysing argumentation schemes and properly 
presenting a written argument (College voor Examens, 2015, pp. 13-14). In the 
elective subject philosophy, which is not offered by all schools, teaching in reasoning 
and argumentation is linked to philosophical issues in which the students should be 
able to “select, structure, and interpret information related to a philosophical issue: 
analyse an argument, judge an argument, set up and maintain a logically correct and 
convincing argument, [and] transfer the results of a learning activity to others” 
(College voor Examens, 2014, p. 20). Secondary school teachers of philosophy often 
start with a module formal logic, but, according to E.A. le Coultre, lecturer in 
philosophy education at the University of Groningen, there is hardly any transfer 
from the formal approach to the reasoning and argumentation used in other topics 
in the philosophy course (personal communication, November 28, 2016). Although 
a cross-curricular approach should be possible and is preferred in the light of the 
framework for 21st century learning, most schools do not seek collaboration between 
the different subjects. 
 
 

Research Purpose 

In the previous sections we showed the importance of logical reasoning for 21st 
century learning and thus the importance to pay attention to the development of 
logical reasoning skills in secondary education. We conjectured that certain 
formalisations, such as schematisations, visualisations, and logical symbols, can 
structure and support students’ reasoning by representing relevant aspects. 
However, research shows that traditional courses in formal logic are often not 
effective to strengthen students’ logical reasoning skills (e.g. Attridge et al., 2016; 
Cheng et al., 1986; Hansen & Cohen, 2011). According to Stenning (1996), certain 
tools from the logic classroom could be supportive for students’ understanding of 
formal thoughts and arguments, which is in line with the use of formalisations to 
distinguish between relevant and irrelevant parts of the argument. Since not much 
is known about development of logical reasoning skills among secondary school 
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students, and given the purpose that the teaching should support students’ 
reasoning within societally relevant topics, we have chosen to develop an 
intervention. With a course in logical reasoning based on findings from research 
literature, we want to contribute to this research area by investigating the effects of 
an intervention for mathematics C students. Therefore, the main research question 
is: How does an intervention, based on learning to use suitable formalisations, influence 
students’ logical reasoning? In the design and evaluation, we not only focus on 
students’ use of formalisations, but also on the role of peer discussions and 
classroom discourse. 
 
 

Research Design 

Our research project followed the principles of design research in developing an 
intervention to improve students logical reasoning skills (Bakker, 2018; Van den 
Akker et al., 2013). This resulted in the following research steps: 

(1) preliminary study and exploring students’ logical reasoning skills and use 
of formalisations; 

(2) designing a course with the aim to improve their logical reasoning skills, 
with a focus on supportive use of formalisations; 

(3) studying the effectiveness of an intervention with a course in logical 
reasoning; 

(4) investigating teachers’ experiences with using the course. 
 
A full overview of a timeline with aims and design steps is shown in Table 1.1. 

In our preliminary study, we reviewed literature and based on this literature 
we defined logical reasoning for this study (see Chapter 2). As mentioned above, our 
intention was to introduce supportive formalisations, such as Venn and Euler 
diagrams at an early stage, to support students’ logical reasoning in tasks related to 
societally relevant topics. Before we developed an intervention, based on the 
reviewed literature, we investigated students’ logical reasoning abilities, their use of 
formalisations , and the problems they encountered in an exploratory study.  
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Table 1.1 Timeline design research 
Cycle When Aims and design steps 

Preliminary study 2016-2017 • Literature study to explore extant research on 
logical reasoning 

• Development pre-design of course logical 
reasoning 

• Construction test logical reasoning 
• Expert validation test logical reasoning 

Exploratory stage May 2017 • Task-based interviews to explore students’ 
logical reasoning abilities 

• Feedback from teachers on pre-design 

Design stage June – 
November 2017 

• Design pilot intervention: course, teacher 
manual, pre- and post-test 

• Teacher preparation  

Cycle 1: 
Pilot intervention 

November – 
December 2017 

• Pilot-intervention of course logical reasoning 
• Data collection  

 

Redesign stage January 2017 – 
October 2018 

• Analysis data pilot intervention 
• Redesign course and tests 
• Teacher preparation 

Cycle 2: 
Intervention 

October – 
December 2018 

• Intervention of course logical reasoning 
• Data collection 

Analysis and 
Evaluation 

2019-2020 • Analysis data intervention 
• Teacher interviews 

 
The main part of our study was the development of an intervention for mathematics 
C students, which followed iterative cycles as common in design research (Van den 
Akker, 2013). The first design of the intervention was piloted (see Table 1.1). Due to 
the fact that participating teachers played a crucial role during the research, we 
prepared them for teaching with the designed materials. Therefore, the researcher 
established a community of participating teachers early in the design process to seek 
support, to get feedback, and to evaluate design characteristics and prototypes of 
the intervention (Denscombe, 2014, pp. 188-189; Nieveen & Folmer, 2013). During 
the meetings, teachers also exchanged experiences and learned from each other. In 
the final intervention study, we implemented the revised course in logical reasoning 
and used a quasi-experimental pre-test-post-test control group design (Cook & 
Campbell, 1979) to evaluate the effectiveness of the intervention. The effects of the 
intervention were further investigated with an in-depth analysis of students’ 
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students, and given the purpose that the teaching should support students’ 
reasoning within societally relevant topics, we have chosen to develop an 
intervention. With a course in logical reasoning based on findings from research 
literature, we want to contribute to this research area by investigating the effects of 
an intervention for mathematics C students. Therefore, the main research question 
is: How does an intervention, based on learning to use suitable formalisations, influence 
students’ logical reasoning? In the design and evaluation, we not only focus on 
students’ use of formalisations, but also on the role of peer discussions and 
classroom discourse. 
 
 

Research Design 
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statements and discussions in the classroom. Afterwards, semi-structured 
interviews (Denscombe, 2014) with teachers were used to collect their experiences 
and reflections with the teaching of the course. These interviews provide clarity 
about the implementation of the course as well as about the success of the teacher 
preparation to implement the course in their own schools. 
 
 

Structure Thesis 

In this thesis we will discuss literature about logic and logical reasoning in Chapter 
2 with the main goal to explore the broad interpretation and ambiguous use of the 
term logical reasoning and to define logical reasoning for this study. Chapter 2 also 
shows results of task-based interviews to explore students’ logical reasoning in a 
variety of tasks. Chapters 3, 4, and 5 report on the intervention with a specially 
designed course in logical reasoning. The design of the intervention and the design 
characteristics will be explained in Chapter 3 together with a presentation of pre- 
and post-test results based on a pre-test-post-test control group design. Chapter 4 
will show results from video recordings in the classroom and links the intervention 
to the model of concreteness fading (Fyfe et al., 2014) with an in-depth analysis of 
students’ progress in classroom discussions. Chapter 5 shows a more detailed 
description of the design and its implementation, and teachers’ experiences and 
reflections. Chapter 6 combines all the results and shows theoretical and practical 
implications. In the Appendix the full lesson materials are included. 

 

 
 
 

Chapter 2: 
 

Logical Reasoning in Formal and Everyday 
Reasoning Tasks 

 

 

 

This chapter introduces the terminology needed for logical reasoning in formal and 
everyday reasoning tasks and presents results of task-based interviews to explore 

non-science students’ reasoning strategies. 
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