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Introduction 

In today’s society logical reasoning is not only important in daily life situations in 
many areas of society, but also in various professions, such as for lawyers, judges, 
politicians, and journalists, where analysing and verifying reasoning is important as 
well as providing proper arguments and taking knowledgeable decisions. Liu et al. 
(2015) state that logical reasoning can be seen as an important building block for 
other skills, such as critical and analytical thinking, which are essential 21st century 
skills (e.g. P21, 2015; Vincent-Lancrin et al., 2019). In the introductory chapter, we 
showed that logical reasoning skills do not develop spontaneously, so logical 
reasoning needs to be addressed in secondary education as an important skill. 
Students should learn to apply logical reasoning in different subjects and contexts, 
which should also foster students’ reasoning beyond the classroom. However, in 
literature, logical reasoning is not used unambiguously, so, we will clarify these 
issues below based on our preliminary studies described in Chapter 2. 

Besides the importance of logical reasoning as a 21st century skill, it is also 
stressed in many recent mathematics curricula (e.g. College voor Toetsen en 
Examens, 2016; Department of Education UK, 2014; McChesney, 2017; NGA Center 
and CCSSO, 2016) to make mathematics more relevant to students and to provide 
them with a better preparation to be successful in their tertiary education in 
mathematics or beyond (e.g. NCTM, 2009). Due to the fact that not much is known 
about secondary school students’ abilities in logical reasoning, we need more 
specific information about the nature of secondary school students’ actual reasoning 
strategies to design a teaching approach that allows for a solid and successful 
preparation for their tertiary education and life in today’s society. We specifically 
targeted non-science students in their penultimate or last year of pre-university 
education in the Netherlands (16-18 years old), where logical reasoning is a separate 
domain in the most recent mathematics curriculum. We developed an intervention 
for these students, based on principles of design research (Bakker, 2018; Van den 
Akker et al., 2013) with a focus on the use of formalisations, which can structure the 
reasoning, such as schemes, logical symbols, and Venn and Euler diagrams. The 
main research question is: How does an intervention, based on learning to use suitable 
formalisations, influence students’ logical reasoning? 
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We know that courses in formal logic are often not effective or very time 
consuming to strengthen students’ reasoning skills, especially in everyday 
reasoning (e.g. Attridge et al., 2016; Hansen & Cohen, 2011). This is particularly the 
case for our target group of non-science students, because their technical skills to 
work with abstractions might not be well-developed enough for courses in formal 
logic. Our research steps were: 

(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. 
 
In this final chapter, we briefly sum up the main findings of each study. Thereafter, 
theoretical and practical implications are discussed, along with suggestions for 
future research and recommendations. 
 
 

Results 

Preliminary and Exploratory Studies 
To be able to explore secondary students’ logical reasoning skills and formalisations 
they already use, we needed to define those terms properly first. Moreover, we used 
the term “logical reasoning” throughout every chapter in this thesis. Logical 
reasoning can be interpreted broadly and is connected to, among others, the fields 
of mathematics, philosophy, and linguistics. A comprehensive exploration is 
included in Chapter 2. Most importantly, logical reasoning should not be 
synonymous with formal reasoning, exemplified by rules of logic and mathematics 
(e.g. Schoenfeld, 1991; Teig & Scherer, 2016). Informal reasoning is often exemplified 
by arguments expressed in ordinary language with context-dependent conclusions 
and not necessarily with strict validity (Bronkhorst et al., 2020a). Although informal 
reasoning heavily depends on people’s beliefs and knowledge about specific 
contexts, it can provide structured, well-considered and acceptable conclusions (e.g. 
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Johnson & Blair, 2006; Kuhn, 1991; Voss et al., 1991). To cover these different types 
of reasoning, we define “logical reasoning” as “selecting and interpreting 
information from a given context, making connections and verifying and drawing 
conclusions based on provided and interpreted information and the associated rules 
and processes” (Bronkhorst et al., 2020a, p. 1676). In this definition we account for 
the given context or situation, often “a task” in classroom settings, and the reasoning 
process towards a conclusion. We differentiate between formal reasoning tasks and 
everyday reasoning tasks (see Galotti, 1989). In formal reasoning tasks all premises 
to reach a valid conclusion are provided. The product of the reasoning in those tasks 
is conclusive. A formal reasoning task can be stated formally with the use of symbols 
or non-formally in ordinary language. In everyday reasoning tasks, the set of 
premises is often incomplete and some of the premises could be implicit. Those tasks 
are often open-ended, because different conclusions are possible. 

Well-chosen representations could support the reasoning (McKendree et al., 
2002). We call the tools to support the reasoning “formalisations”. Formalisations in 
our study include all sorts of symbols, schematisations, and visualisations. By 
conducting task-based interviews, we explored students’ solving methods and 
reasoning difficulties in a variety of logical reasoning tasks to discover their 
reasoning strategies and the formalisations they used. The study was guided by the 
following two questions: 

(1) How do students reason towards a conclusion in formal reasoning and 
everyday reasoning tasks, whether or not by using formalisations? 

(2) What kind of reasoning difficulties do they encounter when proceeding to a 
conclusion? (Bronkhorst et al., 2020a, p. 1678) 

 
We found a diversity in reasoning strategies among students from our sample of six 
Dutch non-science students (11th graders). Based on task-based interviews in which 
students solved logical reasoning tasks aloud (e.g. Goldin, 2000), we concluded that 
in tasks that were familiar to our students (formal reasoning tasks with linear 
ordering), students mainly used rule-based reasoning strategies, i.e. rules of logic or 
mathematics, which led to correct answers. However, in tasks that were unfamiliar 
to them (formal reasoning tasks with syllogisms and analysis of newspaper articles), 
they mostly used informal interpretations of the given situation and used different 
reasoning strategies, e.g. rule-based, example-based, or they used completely 
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informal reasoning. Our conclusion was that their approach was often influenced by 
their personal knowledge on the topic, which often led to (partly) incorrect or 
incomplete answers. As a result of this study we developed a scheme representing 
students’ interpretations and reasoning strategies combined with the type of tasks 
(see Figure 2.18). We used this scheme as input for further research. Additionally, 
we hope that this scheme might increase teachers’ awareness of the variety in 
reasoning, which is important to make the different strategies explicit in classroom 
discourse. Furthermore, this exploratory study supports the idea that several 
formalisations might structure and can improve students’ reasoning, which we 
further investigated with a specially developed intervention in the following 
chapters. 
 

Intervention Study 
To study the effectiveness of an intervention that stimulates the use of formalisations 
in formal and everyday reasoning, we developed a teaching course. The structure of 
the course followed the model of concreteness fading (Fyfe et al., 2014) with concrete 
explorations in meaningful everyday life contexts to start with (enactive mode) and 
then working on connections with formalisations (iconic mode) leading to the 
connection with more general rules (symbolic mode). Formalisations include 
schemes, letter symbols, logical symbols (, , , and ), and Venn and Euler 
diagrams that can structure the reasoning and thus can be beneficial for the 
reasoning process (e.g. Halpern, 2014; McKendree et al., 2002; Van Gelder, 2005). In 
the final lessons students applied the formalisations, which they had learned before, 
in larger contexts, such as newspaper articles on societally relevant issues. In those 
tasks, they could use the three modes of representation. In total the course consisted 
of 10 lessons of 50 minutes. Other key elements of the intervention were: small group 
work, classroom discourse, formative feedback from the teacher during group work 
and classroom discourse, and a focus on students’ own solution methods 
(Gravemeijer, 2020; Grouws & Cebulla, 2000; Halpern, 1998; National Research 
Council, 1999). The full course can be found in the Appendix of this thesis, but an 
overview of the course with the learning goals per lesson can be found in Table 3.1. 
Chapter 5 explicitly explains and justifies the chosen design characteristics, 
categorised in three groups: (1) type of tasks, (2) student activities, and (3) teacher’s 
role. 
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Effects of the course 
Based on a quasi-experimental pre-test-post-test control group design, effective use 
of formalisations supporting logical reasoning and the effect of the course on 
students’ performance, is evaluated in Chapter 3. The study was guided by the 
following three questions: 

(1) To which extent do students use formalisations in formal reasoning tasks 
(formally and non-formally stated) and in everyday reasoning tasks in the 
pre- and in the post-test? 

(2) What is the effect of a course in logical reasoning with a focus on the use of 
formalisations on students’ performance on formal reasoning tasks 
(formally and non-formally stated) and everyday reasoning tasks compared 
to a group without that course? 

(3) Is the use of formalisations positively associated with the correctness of 
students’ answers? 

 
After the intervention, the experimental group used much more formalisations in 
the post-test than the students in the control group, while in the pre-test the use of 
formalisations in both groups did not differ significantly. This difference is 
significant shown by logistic regression with the pre-test as control variable. In 
particular, students’ use of Venn and Euler diagrams as well as scheme-based 
strategies increased significantly. 

Our course showed a large intervention effect as indicated by the effect size 
partial eta-squared  (ηp2 = .17 > .14 for the total test score; Draper, 2019). In the post-
test, students from the experimental group performed significantly better than 
students from the control group for all groups of tasks. Additionally, we found that 
students’ use of Venn and Euler diagrams and scheme-based strategies both 
correlated positively with their test scores. 
These conclusions provide support for teaching logical reasoning by focusing on the 
use of formalisations, combined with sufficient attention for students’ own solution 
methods, social interactions, and formative feedback. 
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Classroom observations 
The fact that students showed an increase in the use of formalisations after 
engagement in our course provides reasons for an in-depth analysis of the 
contribution of students’ statements and discussions in one of the experimental 
classes to students’ reasoning practices. Chapter 4 provides the findings. This study 
was guided by the following research question: 

How do students use and apply visual and formal representations (iconic 
and symbolic) in logical reasoning tasks? 

 
Based on the analysis of video recordings from one of the groups from the 
experimental condition, we categorised students’ discussions and classroom 
discourse based on the modes of representation of the model of concreteness fading 
and the links between them. This class consisted of seven students and was taught 
by an experienced teacher. We showed that students introduced letter symbols 
(iconic referents) in all sorts of tasks quickly. Although students differed in the rate 
at which they discovered and understood the merits of using Venn and Euler 
diagrams (schematic iconic referents) after the course, it was part of their toolbox. 
We concluded that these visual representations helped them in solving logical 
reasoning tasks. Abstract rules (symbolic mode), such us modus tollens for if-then 
claims, were hardly used if not explicitly asked for. An explanation might be the lack 
of time for further practice with abstract logic rules. Another explanation might be 
a lack of understanding, possibly caused by the nature of the classroom discussions 
where the teacher should compare different formalisations, because we observed 
that the teacher did not always verify students’ understanding. The analysis of 
students’ interactions, however, showed that students’ conversations in small 
groups often resulted in a better understanding of the task situation, or in the use of 
other formalisations than the initially chosen strategy. Therefore, these findings 
confirm the assumption that small group work with a focus on students’ own 
solutions methods combined with attention for applying useful and suitable 
formalisations contributed to the large intervention effect and, thus, that the model 
of concreteness fading (e.g. Fyfe et al., 2014) provides guidance for sequencing tasks 
when involved in developing courses in logical reasoning.  
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Teachers’ participation 
During the development of the intervention teachers were involved at an early stage 
to establish a successful implementation, because teaching the topics within the 
domain of logical reasoning was relatively new to them requiring a different way of 
teaching and to provide the researchers with feedback to improve the tasks in the 
course. Chapter 5 describes the design and implementation of the intervention and 
how the course in logical reasoning was implemented by the teachers with the main 
purpose to investigate teachers’ experiences. With a semi-structured group 
interview, we asked teachers to reflect on the implementation and the design 
characteristics. We formulated the following three research questions: 

(1) What are teachers’ experiences with students’ use and discovery of 
formalisations? 

(2) What are teachers’ experiences with students’ small group work? 
(3) What are teachers’ experiences with organising classroom discourse?  

 
Based on teachers’ experiences, we concluded that the tasks stimulated students to 
come up with useful formalisations and to discuss their choices in small group work. 
Teachers were also able to organise the small group work rather well and provided 
students with formative feedback. However, teachers acknowledged that they 
experienced difficulties with guiding proper classroom discussions and how to deal 
with students’ variety of solutions methods. Nevertheless, teachers supported the 
chosen design, because they thought that especially for the domain logical reasoning 
an approach with students’ discovery of formalisations and small group work is 
highly suitable. Due to the experienced problems with guiding classroom discussion 
and providing formative feedback, we recommend that for future courses in logical 
reasoning a more intensive teacher training is essential to prepare teachers for this 
way of teaching. 

In addition, teachers linked the importance of logical reasoning in the 
interview session to real-life situations and contended that the lessons should foster 
knowledge transfer to other subjects and beyond the classroom. We will discuss the 
transfer question below. 
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Teachers’ participation 
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an approach with students’ discovery of formalisations and small group work is 
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and providing formative feedback, we recommend that for future courses in logical 
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knowledge transfer to other subjects and beyond the classroom. We will discuss the 
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Conclusions 

In the introduction, we pointed out four research steps related to the main research 
question: “How does an intervention, based on learning to use suitable 
formalisations, influence students’ logical reasoning?” Our research steps were: 

(1) exploring secondary students’ logical reasoning skills and formalisations 
they already use; 

(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) evaluation teachers’ experiences with using the course. 
 
In the summary above, we showed that (1) students used a variety of reasoning 
strategies in our exploratory study. Familiar tasks were solved correctly, but they 
experienced problems with unfamiliar tasks and they did not really know how to 
structure their informal reasoning in those tasks with formalisations. In (2) the 
design of course material for the intervention we explicitly focused on the 
importance of the link between concrete situations and beneficial formalisations to 
structure the reasoning. For that, the model of concreteness fading provided 
support. We showed that (3) the intervention had a large effect: not only in test 
results, but most importantly, in students’ use of formalisations. This is also seen in 
the teachers’ evaluations (4): they appreciated our course design and found the 
domain of logical reasoning important and suitable for an approach with 
opportunities for students’ own solutions methods, peer discussions, classroom 
discourse, and formative feedback. 

Consequently, we can confirm that the developed course for our intervention 
benefits students’ logical reasoning skills by improving their problem 
representations. This is rather promising in the light of disappointing results from 
traditional formal reasoning courses. Furthermore, it is promising because of the 
increased interest in developing 21st century skills for future education curricula 
that emphasise critical thinking as one of the key skills for which logical reasoning 
is essential. 
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Methodological Reflections 

We found positive effects for a specific target group, namely non-science students. 
Due to the elective nature of the mathematics course with logical reasoning, the class 
sizes were small, we cannot evaluate the effect of the intervention for larger class 
sizes. We expect similar results concerning peer discussions and the teachers’ ability 
to organise small group work, but teachers might experience more problems in 
organising classroom discussions properly, because we already showed that 
teachers experienced difficulties with guiding classroom discourse in small classes. 
In rich classroom discussions, teachers should collect different representations 
found by the students and be able to guide and structure those sessions interactively. 
This emphasises the importance of giving teachers support with tools to establish 
classroom discourse properly with attention for the variety of students’ responses 
and to provide formative feedback. In other words, for future courses in logical 
reasoning proper teacher training is essential. 

Due to the fact that our research had a specific target group, we cannot 
generalise our results to other groups of secondary school students without further 
investigation. However, there can be no doubts that logical reasoning is also 
important for other students with similar goals. Therefore, a recommendation for 
future research is to investigate if our approach is beneficial for other students, for 
instance science students, in secondary education as well. Science students might 
have had more training in using formalisations, but if taught isolated, there is no 
reason to believe that they apply those formalisations more readily in real-life 
situations. Inglis and Simpson (2006) even state that for evaluating conditional 
reasoning “the role of context is vital to determine in which this evaluation 
proceeds” (p. 337) and, therefore, they believe that mathematicians evaluate 
everyday conditionals similarly as others. This suggests that as long as the enactive 
modes of representation with concrete situations and the iconic and symbolic modes 
of representation with visual referents and abstract situations are not linked, 
students’ reasoning in everyday reasoning tasks might not improve significantly. In 
other words, it stresses the importance of establishing the links between the different 
modes of representation within the model of concreteness fading (see Fyfe et al. 
2014) when teaching logical reasoning to all students. 
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Implications 

Theoretical Implications 
Our research shows that our definition of logical reasoning fills the gap between 
strictly formal reasoning and the ambiguous descriptions of informal reasoning. In 
Chapter 2 we integrated several aspects of formal and informal reasoning into one 
definition of logical reasoning. In our definition we specifically accounted for the 
given context as well as for the processes working towards a conclusion. We showed 
that formal as well as informal methods are possible to reach that conclusion as long 
as it is made transparent how the different reasoning steps follow from the previous 
ones. Certain representations are highly suitable to support the reasoning 
depending on the context. We mention, for example, deductive arguments where 
rules of logic are strictly followed, inductive arguments based on the best premises 
possible at the moment, analogical arguments based on similarities between 
arguments, and example-based reasoning to falsify arguments. In other words, we 
propose to no longer use logical reasoning as synonymous for formal reasoning in 
all research areas and also include informal methods, because we showed that 
informal discoveries can support students in their understanding of formal 
representations. For mathematical proof, the importance of exploring and discussing 
during the process of solving problems is already suggested by Lakatos (1976) to 
stress that mathematical proof is not a formal procedure only. Even Aristotle already 
showed in his work Topica (Aristotle, 2015 version) the importance of debate and 
rhetoric besides strict formal forms as key in our intervention where students 
convinced each other to use and try certain formalisations. Teig and Scherer (2016) 
support this view, they state for formal and informal reasoning: “Both types of 
reasoning are used to manipulate existing information and share the same goal of 
generating new knowledge” (p. 1). Haber (2020) even chooses to put the word ‘logic’ 
aside for the same reasons. He uses the phrase structured thinking to show that 
different methods are possible to structure the thinking and arguments. He even 
claims that “disciplining ourselves to think in an organized fashion is more 
important for critical thinking than which method we choose” (p. 38). This requires 
the so-called type 2 (or system 2) processing by suppressing intuitive responses 
(Kahneman, 2016; Stanovich et al., 2016). Those intuitive responses (type 1/system1) 
are fast and needed for routine and emergency situations, such as driving a car, 
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brushing your teeth, and calculating “2+2”. It is important to do that automatically 
to prevent exhausting your brain. Type 2 requires effort and is slow, but one should 
learn when to reconsider an intuitive response and reject possible biases. In all those 
cases one should judge the validity of the premises and the validity of the reasoning 
structure before accepting the conclusion. We addressed all those steps in our 
intervention. 

We often referred to critical thinking in this thesis as an important 21st century 
skill (e.g. P21, 2015; Vincent-Lancrin et al., 2019). We stressed that logical reasoning 
is essential for developing critical thinking skills. However, logical reasoning is a 
subset of critical thinking: it demands creativity and a certain attitude to take the 
effort to examine arguments and sources, to put biases aside, to ask questions, and 
to examine, criticise, and judge arguments (see also Hitchcock, 2018). If lessons in 
logical reasoning can influence students’ attitude by showing them the importance 
of critically reviewing arguments, it contributes to important goals of OECD (2019a) 
and UNESCO (2014) to prepare students for their future lives in today’s society for 
a sustainable future. In other words, to reach those goals logical reasoning should 
transfer to other contexts. Although we did not investigate transfer effects to other 
subjects or real-life situations in our research, there is some evidence that explicit 
attention to reasoning can contribute to the transfer of skills (e.g. Attridge et al., 2016; 
Halpern, 1998; Lehman et al., 1988; Lehman & Nisbett, 1990; Liu et al., 2015; 
Quintana & Correnti, 2019; Stenning, 1996; Van Peppen, 2020) . In our study, the 
teachers emphasised the importance of logical reasoning and that, in particular 
when applied in everyday reasoning tasks, it should at least evoke students to 
broaden their view and to apply their logical reasoning skills in other domains (see 
Chapter 5). The importance of applying learned formalisations in other contexts, 
such as everyday reasoning tasks in our study, appears to be an important aspect to 
establish transfer to other disciplines as suggested, for example, by the Cognitive 
Acceleration through Science Education (CASE) project (Adey et al., 1995; Adey & 
Shayer, 1993) and by research from Van Peppen (2020) explicitly focusing on the 
transfer of critical thinking skills. In our research, we confirmed that students were 
able to apply discovered and learned formalisations in other tasks, i.e. transfer 
within the course. We mention the significant increased use of Venn and Euler 
diagrams and scheme-based strategies in the post-test and students’ developments 
during the lessons based on our video analysis. We therefore hope that students will 
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use those strategies in other subjects and situations as well. For example, Venn and 
Euler diagrams could be a proper tool to, for example, explore philosophical 
problems, such as paradoxes, or classifications, such as categorising different 
literature genres in language courses, categorising chemical elements, and 
categorising animals and plants in biology. Scheme-based strategies, which can be 
related to work from Toulmin (1958) and Walton et al. (2008), are useful to give a 
proper overview for complex matters. For that, we mention text analysis in language 
classes, reviewing historical sources, analysing evidence in a court case, and so on. 
To be able to link suitable formalisations with the given context, we showed that  the 
model of concreteness fading (see Fyfe et al., 2014) is highly suitable to guide lessons 
in logical reasoning, but due to the importance of these formalisations for critical 
thinking, we recommend that the model of concreteness fading can be used in a 
much broader way than only for science and mathematics education. 
 

Practical Implications 
In the previous section, we discussed the theoretical implications of our definition 
of logical reasoning, but it also perfectly fits the intentions of the domain “logical 
reasoning” that has been implemented into the most recent Mathematics C 
curriculum in the upper levels of pre-university secondary education in the 
Netherlands; our research target group. The objectives of this domain not only 
address formal tools, but specifically address the contribution to reasoning about 
aspects of society outside the field of mathematics (College voor Toetsen en 
Examens, 2016, p. 7). The syllabus states: “the student can verify and analyse the 
correctness of reasoning and associated conclusions, as used in the societal debate” 
(College voor Toetsen en Examens, 2016, p. 14), because of the societal importance 
of solid reasoning (Doorman & Roodhardt, 2011). Another important aim of the 
domain in logical reasoning is that it should prepare students better for tertiary 
education (cTWO, 2012; Van Bergen, 2010). The broad perspective in our definition 
of logical reasoning, which accounts for the context and different processes to reach 
conclusions might help teachers in preparing their lessons and publishers and 
authors in developing textbooks for secondary school students, in particular if 
combined with the model of concreteness fading: concrete tasks to explore logical 
reasoning, carefully linking concrete contexts with visual and symbolic referents, 
and then leave out the context to teach abstract rules and models. Thereafter, all 
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modes can be used when working on new contexts which are linked to real-life 
situations. As our results show, it is important is to spend sufficient (in our case: 
more) time to establish the link with the symbolic modes of representation and for 
further practice within that mode before time is spent on applying the learned 
formalisations in new contexts. 

The increased attention for logical reasoning is not limited to this specific 
target group in the Netherlands, we believe that not only non-science students 
should benefit from teaching in logical reasoning. It should at least be part of all 
mathematics courses adapted to students’ needs and students’ proficiency 
depending on their prior knowledge of formalisations. For science students, for 
example, other and more formal symbols could be useful, which they can apply in 
other fields, like computer science, physics, chemistry, and, of course, in their daily 
life reasoning and society. 

As we stressed, in light of the importance of logical reasoning for mathematics 
and beyond and in the light of the decline in the PISA-results of Dutch students 
concerning Reading, Mathematics, and Science (Kuiper et al., 2010; OECD, 2019b), 
the teaching of reasoning should not be limited to the final years of pre-university 
education, but should be part of every level and stream within secondary education, 
so that all students could benefit from well-founded reasoning, not only in 
mathematics courses. Prior research shows that a cross-curricular approach is 
possible and can be beneficial. We mention, once more, the CASE project (Adey et 
al., 1995) based on Piagetian insights on ‘concrete operational thinking’ and ‘formal 
operational thinking’ and the importance of social interactions as important for 
lifelong learning within society (Vygotskiĭ, 1978). The CASE project had specific 
attention for transfer to other situations with questions to encourage classroom 
discourse at the end of each lesson. The long-term results in science, mathematics, 
and English of the CASE project were really promising with significant effects for 
several experimental groups compared to results in the control group (Adey & 
Shayer, 1993; Adey et al., 1995). In the Netherlands, a translation and 
implementation in Dutch was done where transfer was the main goal as well (Van 
Aalten & De Waard, 2001). In the light of possible curriculum reform in the 
Netherlands (Curriculum.nu – Wat moeten onze leerlingen kennen en kunnen?, 
2020; Curriculum.nu, 2019), the importance of logical reasoning for all students 
should not be neglected. However, if we consult OECD’s (2019a) analysis of the 
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al., 1995) based on Piagetian insights on ‘concrete operational thinking’ and ‘formal 
operational thinking’ and the importance of social interactions as important for 
lifelong learning within society (Vygotskiĭ, 1978). The CASE project had specific 
attention for transfer to other situations with questions to encourage classroom 
discourse at the end of each lesson. The long-term results in science, mathematics, 
and English of the CASE project were really promising with significant effects for 
several experimental groups compared to results in the control group (Adey & 
Shayer, 1993; Adey et al., 1995). In the Netherlands, a translation and 
implementation in Dutch was done where transfer was the main goal as well (Van 
Aalten & De Waard, 2001). In the light of possible curriculum reform in the 
Netherlands (Curriculum.nu – Wat moeten onze leerlingen kennen en kunnen?, 
2020; Curriculum.nu, 2019), the importance of logical reasoning for all students 
should not be neglected. However, if we consult OECD’s (2019a) analysis of the 
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curriculum reform proposals, we strongly recommend embedding critical thinking 
and the corresponding logical reasoning skills much stronger throughout all levels 
and years of secondary education. The OECD states that “the Dutch curriculum is 
less articulate on this [critical thinking] construct than the CCM countries, …. The 
highest difference is observed in ‘Mathematics’” (4% versus 11% of content items; 
pp. 45-46). At the same time, the curriculum reform can be an excellent opportunity 
to seek collaboration with other school subjects where proper reasoning and 
analysing arguments is an essential part too. In the introductory chapter we already 
mentioned that the Dutch language and the elective subject philosophy would be 
ideal to emphasise cross-curricular components, but the list of possibilities is almost 
endless, we mention: history, social studies, geography, other languages, and all 
sciences subjects. 
All these implications will only be effective if teachers are well prepared. We showed 
in our results (see Chapters 4 and 5) that teachers need sufficient support in 
organising classroom discussions and their provision of formative feedback, which 
is also relevant for other topics and courses. We advised that the Thinking Through 
a Lesson Protocol (TTLP; Smith et al., 2008) could support teachers in their 
preparations. However, before teachers are able to provide feedback on possible 
students’ biased reasoning, they should be able to recognise and prevent biased 
reasoning themselves and be able to explain how to avoid flaws in observed 
students’ reasoning. Results from Janssen (2020) show that teachers need training on 
that and, luckily, can be trained as well. After all, for successful results in 
strengthening critical thinking, teachers have a crucial role (Abrami et al., 2008; 
Halpern, 1998). 
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