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Chapter 5: 
 

Teachers’ Implementation and Evaluation of a 
Course in Logical Reasoning 

 

 

 

This chapter provides a detailed overview of the design of the intervention, 
teachers’ experiences and how teachers implemented the course in logical 

reasoning. 
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Introduction 

In this research project we developed a course aimed at enhancing students’ logical 
reasoning skills. The course was implemented at eight Dutch schools. This chapter 
describes in detail the design principles of the course and the implementation 
strategy used to ensure that the course was carried out as planned. The main 
purpose of this chapter is to report about teachers' experiences with the course. This 
evaluation not only provides clarity about the implementation of the course, but also 
about the success of our preparation for teachers to implement the course in their 
own school context. The main purpose of the intervention was to investigate the 
influence of a course in logical reasoning on the development of students’ logical 
reasoning skills and how formalisations, including visualisations and 
schematisations, might improve their reasoning. Logical reasoning is one of the key 
aspects of developing 21st century skills (e.g. Liu et al., 2015) and transfer to 
everyday life situations outside the classroom is considered as important. 

The course design followed iterative cycles as common in design research 
(Van den Akker et al., 2013). Prototypes were developed after an extensive literature 
study, and revisions were data-driven, based on expert validations, task-based 
interviews, classroom observations, and teachers’ evaluations. Due to the fact that 
participating teachers played a crucial role in the implementation of the 
intervention, their support and understanding is essential (Zohar, 2006). For our 
participating teachers, logical reasoning is a new topic within the curriculum 
(College voor Toetsen en Examens, 2016) and –in our view– demands different ways 
of teaching as we will explain below. It is expected that the teaching strategies 
required for the course in logical reasoning are new to (some of) our participating 
mathematics teachers, because traditional teaching practices are still used in many 
mathematics classes (e.g. Nesmith, 2008; Traditional Teaching Methods Still Dominant 
in Maths Classrooms, 2012). Therefore, we established a community of mathematics 
teachers early in the process of development of the course to receive input and to 
discuss characteristics and evaluate prototypes (Denscombe, 2014; Nieveen & 
Folmer, 2013). 
 
 

  



557731-L-bw-Bronkhorst557731-L-bw-Bronkhorst557731-L-bw-Bronkhorst557731-L-bw-Bronkhorst
Processed on: 19-5-2021Processed on: 19-5-2021Processed on: 19-5-2021Processed on: 19-5-2021 PDF page: 123PDF page: 123PDF page: 123PDF page: 123

5

 

 

 

  

Teachers’ Implementation and Evaluation of a Course in Logical Reasoning 

123 

Introduction 

In this research project we developed a course aimed at enhancing students’ logical 
reasoning skills. The course was implemented at eight Dutch schools. This chapter 
describes in detail the design principles of the course and the implementation 
strategy used to ensure that the course was carried out as planned. The main 
purpose of this chapter is to report about teachers' experiences with the course. This 
evaluation not only provides clarity about the implementation of the course, but also 
about the success of our preparation for teachers to implement the course in their 
own school context. The main purpose of the intervention was to investigate the 
influence of a course in logical reasoning on the development of students’ logical 
reasoning skills and how formalisations, including visualisations and 
schematisations, might improve their reasoning. Logical reasoning is one of the key 
aspects of developing 21st century skills (e.g. Liu et al., 2015) and transfer to 
everyday life situations outside the classroom is considered as important. 

The course design followed iterative cycles as common in design research 
(Van den Akker et al., 2013). Prototypes were developed after an extensive literature 
study, and revisions were data-driven, based on expert validations, task-based 
interviews, classroom observations, and teachers’ evaluations. Due to the fact that 
participating teachers played a crucial role in the implementation of the 
intervention, their support and understanding is essential (Zohar, 2006). For our 
participating teachers, logical reasoning is a new topic within the curriculum 
(College voor Toetsen en Examens, 2016) and –in our view– demands different ways 
of teaching as we will explain below. It is expected that the teaching strategies 
required for the course in logical reasoning are new to (some of) our participating 
mathematics teachers, because traditional teaching practices are still used in many 
mathematics classes (e.g. Nesmith, 2008; Traditional Teaching Methods Still Dominant 
in Maths Classrooms, 2012). Therefore, we established a community of mathematics 
teachers early in the process of development of the course to receive input and to 
discuss characteristics and evaluate prototypes (Denscombe, 2014; Nieveen & 
Folmer, 2013). 
 
 

  



557731-L-bw-Bronkhorst557731-L-bw-Bronkhorst557731-L-bw-Bronkhorst557731-L-bw-Bronkhorst
Processed on: 19-5-2021Processed on: 19-5-2021Processed on: 19-5-2021Processed on: 19-5-2021 PDF page: 124PDF page: 124PDF page: 124PDF page: 124

Chapter 5 

124 

Logical Reasoning 
Due to the ambiguous meaning of the term logical reasoning (e.g. Yackel & Hanna, 
2003), we discussed the theory and terminology extensively in Chapter 2 and 
concluded that logical reasoning should not be a synonym for formal reasoning. 
Formal reasoning with formal rules in formal systems as common in mathematics 
provides valid conclusions in that system (e.g. Schoenfeld, 1991). However, in real-
life situations, informal reasoning, also called everyday reasoning, can lead to 
valuable conclusions as well, although not always with strict validity (e.g. Johnson 
& Blair, 2006; Voss et al., 1991). We combined this into a definition of logical 
reasoning for our research and the development of an intervention 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). Following this 
definition the starting point of the reasoning is the situation (context) provided. In 
our intervention, we followed Galloti’s (1989) division of tasks in formal reasoning 
tasks and everyday reasoning tasks, see Figure 5.1. For the formal reasoning tasks, 
we differentiated between presentations with symbols (formally stated) and without 
symbols but completely in ordinary language (non-formally stated). Everyday 
reasoning tasks are open-ended, because different conclusions might be possible. 

For our target group (11th and 12th graders) not much is known about the 
development of logical reasoning skills, and also not about the support students may 
have from formalisations in logical reasoning tasks. We use formalisations in a broad 
sense: these do not only include all sorts of formal notations, such as letter symbols 
and logical symbols, but also all sorts of schematic representations, such as Venn 
and Euler diagrams, often referred to as visualisations and schematisations. The 
importance of formalisations was explored in Chapter 2 with data from task-based 
interviews with secondary school students. Chapters 31 and 42 reported on results of 

 
1 Chapter 3 reported on the impact of the intervention on effective use of formalisations to support 
logical reasoning, based on a pre-test-post-test control group design. The overall intervention effect was 
large (ηp2 = .17 > .14 for the total test score). We also showed that students used intended formalisations 
and that the use of Venn and Euler diagrams in particular, positively correlated with test scores 
concerning logical reasoning tasks. 
2 In Chapter 4, we explicitly zoomed in on one of the experimental groups to explain how the use of 
formalisations developed over the course of the intervention and the importance of peer discussions for 
the development of students’ logical reasoning abilities. 
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the intervention with a focus on students’ use of formalisations. This chapter will 
focus on the design and teachers’ roles during the implementation. 

Figure 5.1 Types of logical reasoning tasks (adapted from Figure 3.1) 

Intervention 
The main focus during the development of the intervention was the role of 
formalisations and the selection of strategies to stimulate students’ engagement in 
the exploration and discussion of appropriate formalisations. We will describe the 
whole design briefly first and then elaborate on the intervention characteristics in 
detail below with references to relevant literature. The course contained everyday 
reasoning tasks, mainly based on newspaper articles, at the beginning as a 
meaningful introduction and at the end for applying learned formalisations within 
larger, often more complicated, meaningful newspaper articles. Examples of topics 
from these newspaper articles are: a court case on possibly murdered babies, mobile 
phones in classrooms, and alcohol consumption. In the period between the first and 
last lesson, students practised with formal reasoning tasks, mainly syllogism tasks 
and if-then tasks, in which they were stimulated to discover and use formalisations. 

•Set of fixed and unchanging premises
•Stated with use of symbols

Formal Reasoning Task: Formally Stated

•Set of fixed and unchanging premises
•Stated in ordinary language

Formal Reasoning Task: Non-Formally Stated

•Open-ended
•Often with incomplete (implicit) set of premises

Everyday Reasoning Task
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Thereafter, students were encouraged to use and apply the learned formalisations 
in everyday reasoning tasks. In Chapter 4 we showed that this structure builds on 
the concreteness fading model (Fyfe et al., 2014): explorations within concrete 
situations during the first two lessons (enactive mode), connecting with visual and 
formal representations (iconic mode) in the lessons thereafter, connecting with 
general rules (symbolic mode), and using the connections in the last lessons in 
everyday reasoning tasks again. 

The appendix of this chapter provides a table with a summarised overview of 
all the tasks used in the course: the types of tasks, the prescribed way of working on 
those tasks (individually, in pairs/small groups, classroom discourse), and the 
possible formalisations that can be used in each task. A further overview, containing 
the learning goals per lesson, can be found in Table 3.1. The full tasks (in Dutch) can 
be found in the Appendix of this thesis. The corresponding teacher manual and 
answer sheets were provided and can be found online.3 Teachers shared answer 
sheets with their students after they had finished all the exercises of the 
corresponding section. This strategy was chosen to give students the opportunity to 
come up with and discuss their own solutions (see design characteristic in category 
2 below) before they could compare these with sample answers. Teachers used their 
school Virtual Learning Environment (VLE) for sharing the answer sheets with their 
students.  
 

Design Characteristics 
We explain the design characteristics in three categories: (1) types of tasks, (2) 
student activities, and (3) teacher’s role. 
 
1. Types of tasks 
We emphasise the importance of meaningful tasks related to everyday reasoning 
situations to increase students’ understanding (e.g. Gravemeijer, 2020; Grouws & 
Cebulla, 2000; National Research Council, 1999) and to strengthen reasoning outside 
the classroom environment (e.g. cTWO, 2012; Liu et al., 2015; McChesney, 2017). The 
ultimate goal is that students use their reasoning skills and formalisations in other 

 
3 Teacher manual and answer sheets can be downloaded from 
http://www.hugobronkhorst.nl/antwoorden/ 
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situations, inside and outside the classroom. Hence, we formulated three design 
characteristics for the types of tasks: 

- The intervention follows roughly the order: everyday reasoning tasks → 
formal reasoning tasks → everyday reasoning tasks.  

- Students are given opportunities to develop their reasoning skills in formal 
and everyday reasoning tasks (see Figure 5.1) and to apply formalisations. 

- Students encounter different types of arguments, such as strictly correct, 
valid, and plausible. 

 
In total the course contains 42 formal reasoning tasks and 10 everyday reasoning 
tasks; the latter mainly on the analysis of newspaper articles.  

An example of an everyday reasoning task, in which students encounter 
plausible and open-ended arguments is shown in Figure 5.2. This example is taken 
from one of the final lessons and students are expected to use visualisations. In 
everyday reasoning the conclusion cannot always be given with full certainty (e.g. 
Johnson & Blair, 2006; Walton et al., 2008). The task shown in Figure 5.2 presents a 
newspaper article of a plausible argument with an open-ended question which 
should elicit debate among the students.  
 

 
Figure 5.2 Example of an everyday reasoning task (newspaper article, based on: Koelewijn, 2016) 

Exercise 40c: 
Next part newspaper article “It starts with one glass a day”  
By: Rinskje Koelewijn – 5 October 2016 – NRC Handelsblad 

The Health Council has now amended the advice: "do not drink alcohol, and if 
you cannot resist it, no more than one glass a day." Kahn: “In most studies, the 
(moderate) drinkers are compared with abstainers. But the point is: the 
abstainers have never been asked why they do not drink. If you are going to 
figure that out, you will see that people have all kinds of reasons to abandon 
alcohol: they want to live a healthy life, they are religious, they do not like the 
taste. These groups of non-drinkers do not die before moderate drinkers. The 
increased mortality among the non-drinkers is caused by the non-drinkers who 
did not drink for health reasons, or who stopped drinking after an alcohol 
problem. That is the group that causes the crazy curl in the hockey stick, from 
which the wrong conclusion has been drawn that one glass is better than none.”  
How would you best visualise Kahn's assertion? Then show your 
scheme/diagram/representation and compare your visualisation with three or 
four others. Discuss the differences. 

http://www.hugobronkhorst.nl/antwoorden/
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An example of a formal reasoning task about if-then statements is shown in Figure 
5.3. If students translate both if-then statements in that task to the form A  B by 
using formal symbols, they can easily explain why the two statements are similar. 
 

 
Figure 5.3 Example of a formal reasoning task (adapted from: Roodhardt & Doorman, 2015, p. 21) 

 
Formal reasoning tasks have one final conclusive answer, but if stated in ordinary 
language students should carefully consider the difference between validity and 
truth, because the conclusion can, although not necessarily true in reality, be valid 
in the context provided. For example, take the following syllogism, also presented 
as an example in the lesson materials, to show the difference between validity and 
truth (see also theory page 16 in Appendix of this thesis): 
 

 All children are boys. 
 Margaret is a child. 
So: Margaret is a boy. 
 

The conclusion is valid based on the two premises, but not true in reality (assumed 
that only girls are named Margaret). An Euler diagram is a suitable tool for students 
to verify the conclusion, see Figure 5.4. 

Exercise 35: 
A manufacturer produces heavy stones. An animal (fish, butterfly,…) is always 
engraved on one side and a celestial body (moon, sun,…) on the other  side. 
 

Someone claims: "If there is a moon on one side, then there is a fish on the 
other side." Assume that this claim matches with these stones when answering 
the following questions. Always show how you derived your answer. 
 

a) What can be on the other side of a stone with a moon? 
 

b) What can be on the other side of a stone with a butterfly? 
 

c) Can there be a fish on the other side of a stone with a star? 
 

d) What can be on the other side of a stone with a fish? 
 

… 
 

h) Now consider: "If I rob the Dutch bank, then I will be rich." 
Is this statement’s form similar to "If there is a moon on one side, then there is a 
fish on the other side". Provide a clear explanation. 
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Concerning the formalisations: eight tasks in the course explicitly require 
letter symbols, nine tasks explicitly require Venn (or Euler) diagrams, six tasks 
explicitly require logical symbols, and in five tasks a scheme-based approach is 
required. 
 

 
Figure 5.4 Euler diagram for example syllogism 

 
2. Student activities 
From McKendree et al. (2002), we know that formalisations should contain relevant 
aspects to give students a clear overview of a situation. Based on Halpern (2014), 
Van Gelder (2005), and Bronkhorst et al. (2018, 2020a), we conjectured that 
knowledge of scheme-based strategies, Euler diagrams, and logical rules will 
improve students’ reasoning. In our approach, we stressed the importance of 
students discovering their own formalisations and discussing relevant options with 
their peers (Gravemeijer, 2020; Grouws & Cebulla, 2000). Many researchers have 
pointed at the positive effects of working in small student groups and peer feedback 
(e.g. Davidson & Kroll, 1991; Hattie et al., 2017; Yackel et al., 1991). Regarding 
students’ learning we formulated the following two design characteristics:  

- Students are encouraged to discover their own formalisations, including 
schematisations and visualisations. 

- Students are encouraged to explain and compare their solutions in peer 
groups, to reflect on their reasoning, and to give each other feedback. 

 
Thirteen tasks explicitly request students to find their own individual solutions. In 
three discovery tasks, students are asked to come up with their own formalisations 
(structure, symbols, visualisation, scheme) before formalisations are presented in the 
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truth (see also theory page 16 in Appendix of this thesis): 
 

 All children are boys. 
 Margaret is a child. 
So: Margaret is a boy. 
 

The conclusion is valid based on the two premises, but not true in reality (assumed 
that only girls are named Margaret). An Euler diagram is a suitable tool for students 
to verify the conclusion, see Figure 5.4. 

Exercise 35: 
A manufacturer produces heavy stones. An animal (fish, butterfly,…) is always 
engraved on one side and a celestial body (moon, sun,…) on the other  side. 
 

Someone claims: "If there is a moon on one side, then there is a fish on the 
other side." Assume that this claim matches with these stones when answering 
the following questions. Always show how you derived your answer. 
 

a) What can be on the other side of a stone with a moon? 
 

b) What can be on the other side of a stone with a butterfly? 
 

c) Can there be a fish on the other side of a stone with a star? 
 

d) What can be on the other side of a stone with a fish? 
 

… 
 

h) Now consider: "If I rob the Dutch bank, then I will be rich." 
Is this statement’s form similar to "If there is a moon on one side, then there is a 
fish on the other side". Provide a clear explanation. 
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Concerning the formalisations: eight tasks in the course explicitly require 
letter symbols, nine tasks explicitly require Venn (or Euler) diagrams, six tasks 
explicitly require logical symbols, and in five tasks a scheme-based approach is 
required. 
 

 
Figure 5.4 Euler diagram for example syllogism 

 
2. Student activities 
From McKendree et al. (2002), we know that formalisations should contain relevant 
aspects to give students a clear overview of a situation. Based on Halpern (2014), 
Van Gelder (2005), and Bronkhorst et al. (2018, 2020a), we conjectured that 
knowledge of scheme-based strategies, Euler diagrams, and logical rules will 
improve students’ reasoning. In our approach, we stressed the importance of 
students discovering their own formalisations and discussing relevant options with 
their peers (Gravemeijer, 2020; Grouws & Cebulla, 2000). Many researchers have 
pointed at the positive effects of working in small student groups and peer feedback 
(e.g. Davidson & Kroll, 1991; Hattie et al., 2017; Yackel et al., 1991). Regarding 
students’ learning we formulated the following two design characteristics:  

- Students are encouraged to discover their own formalisations, including 
schematisations and visualisations. 

- Students are encouraged to explain and compare their solutions in peer 
groups, to reflect on their reasoning, and to give each other feedback. 

 
Thirteen tasks explicitly request students to find their own individual solutions. In 
three discovery tasks, students are asked to come up with their own formalisations 
(structure, symbols, visualisation, scheme) before formalisations are presented in the 
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materials. The first discovery task is presented in lesson 2 where students in groups 
of three or four are assigned to structure the argument in a court case from the text 
of a newspaper article. In the third lesson a second discovery task is presented, in 
which students have to come up with a structure for a syllogism to discover the 
usefulness of letter symbols. The third discovery task is presented in the fourth 
lesson, where students have to visualise the syllogism presented in Figure 5.5, 
intended to discover the power of circle diagrams, for practical reasons all denoted 
as Venn diagrams in the lesson materials. Logical symbols (, , , ) are not 
introduced in a discovery task, but the teacher introduces these symbols with some 
examples. 
 

 
Figure 5.5 Visualising task of a syllogism 

 
Most tasks in the course are formulated in an open way, so that students have a 
choice how to solve and formalise their answers. However, the tasks also provide 
opportunities to practise with the discovered formalisations. Students must practise 
with the formalisations to establish the links between the different modes of 
representation as indicated in the concreteness fading model. Besides the focus on 
students’ own solutions methods, in 17 tasks students are explicitly asked to work 
together and/or to compare their answers. 
 
  

Exercise 18: 
We will have a look again at the first syllogism, for which we made the structure 
below. 

 All humans are mortal.  All A are B. 
 Socrates is human.  C is an A. 
So: Socrates is mortal. So: C is B. 

The question to you is: 
How could we visualise the syllogism above? Give/draw your visualisation 
below. 
 

If you have a visualisation, discuss your ideas with three or four others. 
Which of these visualisations do you find most suitable? 
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3. Teacher’s role 
The teaching strategies required for the course in logical reasoning with a structure 
based on the concreteness fading model and the emphasise on classroom discourse 
are probably new to (some of) our participating teachers. As mentioned in the 
introduction, traditional teaching practices are still common in many mathematics 
classes. At the same time many curricula and standards promote the implementation 
of different teaching strategies to provide students with a better preparation for their 
future lives as critical thinkers (e.g. Clarke, 1994; cTWO, 2012; Department of 
Education UK, 2014; NCTM, 2009). This is also emphasised by Smith el al. (2008) as: 
“mathematical tasks that give students the opportunity to use reasoning skills while 
thinking are the most difficult for teachers to implement well” (p. 132), because of, 
for example, the variety of possible solution methods for the tasks and a different 
role for the teachers to guide the students (Smith et al., 2008). Besides the important 
roles ‘carry out the lesson plan’ and ‘organise students’ small group work’ for the 
course in logical reasoning, the teacher has a central role to guide classroom 
discourse and to provide students with useful feedback. Formative feedback is seen 
as important, not only to make learning visible and to keep track of students’ 
progress, but also to adapt the instruction (e.g. Black & Wiliam, 2009; Brookhart, 
2010; Hattie et al., 2017; National Research Council, 1999). Therefore, we formulated 
the following two design characteristics: 

- Different solution methods are discussed during classroom discourse. 
- The teacher will provide formative feedback regularly. 

 
The teacher manual emphasises to provide students with feedback during 
individual or group work. The importance of providing formative feedback was 
stressed during the teachers’ meetings and considered even more valuable for 
everyday reasoning tasks, because a variety of solution methods and answers is 
possible. 

During the classroom discussions, students are invited to explain their 
solutions. For that purpose, the teacher manual indicates that 19 tasks should be 
discussed with the whole class. The importance of those discussions was discussed 
during teachers’ meetings, in which possible student responses, partly based on the 
pilot intervention, were compared. 

  



557731-L-bw-Bronkhorst557731-L-bw-Bronkhorst557731-L-bw-Bronkhorst557731-L-bw-Bronkhorst
Processed on: 19-5-2021Processed on: 19-5-2021Processed on: 19-5-2021Processed on: 19-5-2021 PDF page: 131PDF page: 131PDF page: 131PDF page: 131

5

Chapter 5 

130 

materials. The first discovery task is presented in lesson 2 where students in groups 
of three or four are assigned to structure the argument in a court case from the text 
of a newspaper article. In the third lesson a second discovery task is presented, in 
which students have to come up with a structure for a syllogism to discover the 
usefulness of letter symbols. The third discovery task is presented in the fourth 
lesson, where students have to visualise the syllogism presented in Figure 5.5, 
intended to discover the power of circle diagrams, for practical reasons all denoted 
as Venn diagrams in the lesson materials. Logical symbols (, , , ) are not 
introduced in a discovery task, but the teacher introduces these symbols with some 
examples. 
 

 
Figure 5.5 Visualising task of a syllogism 

 
Most tasks in the course are formulated in an open way, so that students have a 
choice how to solve and formalise their answers. However, the tasks also provide 
opportunities to practise with the discovered formalisations. Students must practise 
with the formalisations to establish the links between the different modes of 
representation as indicated in the concreteness fading model. Besides the focus on 
students’ own solutions methods, in 17 tasks students are explicitly asked to work 
together and/or to compare their answers. 
 
  

Exercise 18: 
We will have a look again at the first syllogism, for which we made the structure 
below. 

 All humans are mortal.  All A are B. 
 Socrates is human.  C is an A. 
So: Socrates is mortal. So: C is B. 

The question to you is: 
How could we visualise the syllogism above? Give/draw your visualisation 
below. 
 

If you have a visualisation, discuss your ideas with three or four others. 
Which of these visualisations do you find most suitable? 

Teachers’ Implementation and Evaluation of a Course in Logical Reasoning 

131 

3. Teacher’s role 
The teaching strategies required for the course in logical reasoning with a structure 
based on the concreteness fading model and the emphasise on classroom discourse 
are probably new to (some of) our participating teachers. As mentioned in the 
introduction, traditional teaching practices are still common in many mathematics 
classes. At the same time many curricula and standards promote the implementation 
of different teaching strategies to provide students with a better preparation for their 
future lives as critical thinkers (e.g. Clarke, 1994; cTWO, 2012; Department of 
Education UK, 2014; NCTM, 2009). This is also emphasised by Smith el al. (2008) as: 
“mathematical tasks that give students the opportunity to use reasoning skills while 
thinking are the most difficult for teachers to implement well” (p. 132), because of, 
for example, the variety of possible solution methods for the tasks and a different 
role for the teachers to guide the students (Smith et al., 2008). Besides the important 
roles ‘carry out the lesson plan’ and ‘organise students’ small group work’ for the 
course in logical reasoning, the teacher has a central role to guide classroom 
discourse and to provide students with useful feedback. Formative feedback is seen 
as important, not only to make learning visible and to keep track of students’ 
progress, but also to adapt the instruction (e.g. Black & Wiliam, 2009; Brookhart, 
2010; Hattie et al., 2017; National Research Council, 1999). Therefore, we formulated 
the following two design characteristics: 

- Different solution methods are discussed during classroom discourse. 
- The teacher will provide formative feedback regularly. 

 
The teacher manual emphasises to provide students with feedback during 
individual or group work. The importance of providing formative feedback was 
stressed during the teachers’ meetings and considered even more valuable for 
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Teacher Preparation 
Figure 5.6 shows a detailed overview of the different steps of this research project, 
based on design research (Van den Akker et al., 2013). In short: prototypes of tests 
and lesson materials were designed based on a literature study, task-based 
interviews with students, and expert validations. Thereafter, a pilot study was 
implemented, with classroom observations and teachers’ evaluations. After a 
revision of the materials, an intervention study was conducted with the revised 
course materials, followed by final evaluations. We already stressed that support for 
and understanding of the intervention by participating teachers is essential for a 
successful implementation (Zohar, 2006). From literature (e.g. Altrichter, 2005; 
Candela, 2016), we know that teachers can be hesitant in changing their way of 
teaching. To prepare teachers well to apply the necessary changes, we established 
regular meetings with participating teachers to discuss and seek support for design 
characteristics, prototypes, and the implementation of the course logical reasoning. 
During those meetings, teachers got opportunities and were willing to exchange 
experiences and to learn from each other. During each meeting, the main researcher 
and a lecturer in mathematics education of the University of Groningen were present 
to guide the discussions and present the design. 

Smith et al. (2008) state that a detailed planning and collaboration based on 
the Thinking Through a Lesson Protocol (TTLP) supports teachers, in particular 
when preparing for tasks that provide students to use reasoning skills. Therefore, 
the discussions during the meetings were guided by questions from the TTLP. At 
the same time, teachers were also getting used to the different types of tasks used in 
the course, because this topic is relatively new to them. Key questions for the 
planning are for example (adapted from Smith et al., 2008, p. 134): 

- What are different solutions to the tasks? 
- Which of these solutions will students use? 
- What misconceptions might students have? 
- What mistakes might students make? 

 
Since small group work and whole class discussions are important characteristics of 
the design, we discussed guidelines and questions from the TTLP (Smith et al., 2008), 
like:  

- “Encourage all students to share their thinking with others.” (p. 134) 
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Smith et al. (2008) state that a detailed planning and collaboration based on 
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- “What assistance will you give or what questions will you ask a student (or 
group) who […] request more direction and guidance in solving the task?” 
(p. 134) 

- “What will you do if a student (or group) finishes the task almost 
immediately?” (p. 134) 

 
For the whole class discussions, important questions are (Smith et al., 2008): 

- “Which solutions paths do you want to have shared during the class 
discussion? In what order will the solutions be presented? Why?” (p. 134)  

 
During the first meeting, the teachers indicated that for the pilot study they wished 
to limit the number of lessons to eight and that most topics from the national syllabus 
(College voor Toetsen en Examens, 2016) were covered to guarantee that students 
were prepared for their final exams without a lot of additional lessons. These 
requirements led to the decision to leave out tasks on paradoxes, but to cover all the 
other topics. 

After the pilot study, several adjustments were made. Teachers experienced 
that students needed more time for group discussions and for additional practice, so 
the teachers agreed with an extension to 10 lessons. Upon teachers’ 
recommendations we planned extra time for students to work with Venn diagrams. 
Upon suggestions from the teachers, we added an introductory task to introduce the 
terms premises, reasoning step, and conclusion. The teacher manual provided 
teachers with strict guidelines and a strict time planning to guarantee that the course 
was implemented according to our intentions. After our explanation that this was 
important for our research, the teachers complied with these guidelines. The final 
meeting was used for teachers’ evaluation and reflection, which will be the central 
topic of the rest of this chapter. A detailed overview of the teachers’ meetings is 
provided in a table in the appendix of this chapter. 
 

Research Questions 
We showed statistically high intervention effects and a relevant increase in using 
formalisations (see Chapter 3) among students in our target group (11th and 12th 
graders). In this chapter we focus on the experiences of the teachers. Which were 
teachers’ perceptions of students’ use of formalisation during their lessons in class? 
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Therefore, we formulate the following three research questions, related to the design 
characteristics of the intervention: 

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

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

 
 

Method 

We collected data about teachers’ experiences with the implementation of the design 
characteristics in a semi-structured group interview (Denscombe, 2014), conducted 
by the main researcher and a lecturer in mathematics education of the University of 
Groningen. At the beginning of the interview, teachers received the following 
instruction from the researchers: “We will ask you some questions. You will get a 
few minutes to think about it first and to write some things down. After 
approximately three minutes, you discuss these with each other. We think it would 
work best if you take turns in opening the discussion.”  

First, teachers were asked in general to share positive and negative 
experiences with the course. Thereafter, questions were linked to their perceptions 
on the effects of the discovery tasks, individual work, group work, classroom 
discussions, and learning effects. 

We will present data from students’ worksheets from one of the tasks first to 
be able to compare teachers’ views with student data from one of the discovery tasks. 
Worksheets (N = 42) from the task shown in Figure 5.5 were collected during the 
intervention. The worksheets were collected in all experimental classes from the 
participating teachers. 
 

Participants 
The participating teachers (three males and five females) worked in schools across 
the country (the Netherlands) and had several years of experience in mathematics 
teaching. However, this specific domain concerning logical reasoning is new to all 
of them due to a recent change of the mathematics curriculum. Five of the teachers 
who implemented the intervention were able to join the group interview: Bridget, 
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Daniel, Robert, John, and Emma. Three teachers were not able to attend, but two of 
them (Zoe and Amy) were individually interviewed by phone. The questions were 
sent to them by email before the telephone interview. 
 

Analysis 
The interviews were transcribed in the original language (Dutch). The analysis of 
the transcripts was done qualitatively in an interpretative way (e.g. Cohen et al., 
2011). Because teachers addressed a diversity of experiences and design 
characteristics during the interview, we grouped teachers’ statements according the 
discussed design characteristics in the introduction concerning student activities 
and concerning the teacher’s role on classroom discourse. This was done by the main 
researcher in consultation with the lecturer in mathematics education, who also 
attended the teachers’ meetings and group interview. 
 
 

Findings 

In the previous chapters (see Chapter 3 and 4), teachers reported that the lessons 
were implemented according to the teaching plan provided in the teacher manual, 
but during the interview a few teachers expressed time pressure due to the strict 
guiding of the process. This section shows teachers’ experiences based on the 
interviews after a summary of student data of the task shown in Figure 5.5 based on 
the collected worksheets. 
 

Student Worksheets 
Table 5.1 presents a summary of students’ visualisations on task 18 (see Figure 5.5), 
based on 42 collected worksheets of this specific task. From Table 5.1 we see that 
40% used a literal interpretation with a concrete pictorial drawing, but half of the 
students used an Euler or Venn diagram. Although only a few students were 
familiar with Venn diagrams, 50% of the students came up with this idea. In the 
section ‘visual representations’ in Chapter 4 about this task in one of the 
experimental classes (video recordings), we showed that students discovered Venn 
diagrams themselves. 
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Table 5.1 Students’ visualisations on task 18 (worksheets) 

Visualisation Number of students (percentage) 

Venn or Euler diagram 21 (50%) 
Concrete pictorial drawing  17 (40.5%) 
Symbolic representation 3 (7.1%) 
Computer code 1 (2.4%) 

Total 42 (100%) 

 

Teachers’ Experiences With Students’ Use and Discovery of 
Formalisations 
Teachers confirmed that the students used formalisations as intended. Emma said 
that “students had the guts to think for themselves.” Bridget confirmed that thinking 
for themselves first has definitely been achieved, but that students really had to get 
used to it. Robert added: “there is no escape.” John mentioned that students did not 
only think about the solutions, but also really thought about the concepts: “what is 
an argument, what is a reason, and what is a reasoning step?” as stimulated by task 
8. Zoe mentioned that she recognised that students wanted to formulate their own 
thoughts first, particularly in the later lessons. 

However, if explicitly asked about students’ discovered formulations in tasks 
12 and 18, teachers were less positive. Robert was quite disappointed by the 
students’ initial output. In his group of three students nobody came up with Venn 
diagrams themselves in task 18 (see Figure 5.5). However, Robert admitted that in 
later tasks his students started to using Venn diagrams: “at a certain moment they 
start drawing circles immediately.” Although Emma expected more original 
visualisations, her students’ visualisations did not differ from students in other 
experimental groups (see Table 5.1).  

Teachers acknowledged the usefulness of Venn and Euler diagrams for logical 
reasoning tasks, but they confirmed this in different words. John: “I really like 
them,” which is a personal comment. Daniel addressed the progress: “in the lessons 
more and more often,” but he was disappointed about students’ use of Venn 
diagrams at their final school exam. We do not review Daniel’s final school exam, 
but this might suggest some issues with retention, which would be interesting for 
future research. Emma mentioned students’ use of Venn diagrams during the 



557731-L-bw-Bronkhorst557731-L-bw-Bronkhorst557731-L-bw-Bronkhorst557731-L-bw-Bronkhorst
Processed on: 19-5-2021Processed on: 19-5-2021Processed on: 19-5-2021Processed on: 19-5-2021 PDF page: 137PDF page: 137PDF page: 137PDF page: 137

5

Chapter 5 

136 

Daniel, Robert, John, and Emma. Three teachers were not able to attend, but two of 
them (Zoe and Amy) were individually interviewed by phone. The questions were 
sent to them by email before the telephone interview. 
 

Analysis 
The interviews were transcribed in the original language (Dutch). The analysis of 
the transcripts was done qualitatively in an interpretative way (e.g. Cohen et al., 
2011). Because teachers addressed a diversity of experiences and design 
characteristics during the interview, we grouped teachers’ statements according the 
discussed design characteristics in the introduction concerning student activities 
and concerning the teacher’s role on classroom discourse. This was done by the main 
researcher in consultation with the lecturer in mathematics education, who also 
attended the teachers’ meetings and group interview. 
 
 

Findings 

In the previous chapters (see Chapter 3 and 4), teachers reported that the lessons 
were implemented according to the teaching plan provided in the teacher manual, 
but during the interview a few teachers expressed time pressure due to the strict 
guiding of the process. This section shows teachers’ experiences based on the 
interviews after a summary of student data of the task shown in Figure 5.5 based on 
the collected worksheets. 
 

Student Worksheets 
Table 5.1 presents a summary of students’ visualisations on task 18 (see Figure 5.5), 
based on 42 collected worksheets of this specific task. From Table 5.1 we see that 
40% used a literal interpretation with a concrete pictorial drawing, but half of the 
students used an Euler or Venn diagram. Although only a few students were 
familiar with Venn diagrams, 50% of the students came up with this idea. In the 
section ‘visual representations’ in Chapter 4 about this task in one of the 
experimental classes (video recordings), we showed that students discovered Venn 
diagrams themselves. 
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Table 5.1 Students’ visualisations on task 18 (worksheets) 

Visualisation Number of students (percentage) 

Venn or Euler diagram 21 (50%) 
Concrete pictorial drawing  17 (40.5%) 
Symbolic representation 3 (7.1%) 
Computer code 1 (2.4%) 

Total 42 (100%) 

 

Teachers’ Experiences With Students’ Use and Discovery of 
Formalisations 
Teachers confirmed that the students used formalisations as intended. Emma said 
that “students had the guts to think for themselves.” Bridget confirmed that thinking 
for themselves first has definitely been achieved, but that students really had to get 
used to it. Robert added: “there is no escape.” John mentioned that students did not 
only think about the solutions, but also really thought about the concepts: “what is 
an argument, what is a reason, and what is a reasoning step?” as stimulated by task 
8. Zoe mentioned that she recognised that students wanted to formulate their own 
thoughts first, particularly in the later lessons. 

However, if explicitly asked about students’ discovered formulations in tasks 
12 and 18, teachers were less positive. Robert was quite disappointed by the 
students’ initial output. In his group of three students nobody came up with Venn 
diagrams themselves in task 18 (see Figure 5.5). However, Robert admitted that in 
later tasks his students started to using Venn diagrams: “at a certain moment they 
start drawing circles immediately.” Although Emma expected more original 
visualisations, her students’ visualisations did not differ from students in other 
experimental groups (see Table 5.1).  

Teachers acknowledged the usefulness of Venn and Euler diagrams for logical 
reasoning tasks, but they confirmed this in different words. John: “I really like 
them,” which is a personal comment. Daniel addressed the progress: “in the lessons 
more and more often,” but he was disappointed about students’ use of Venn 
diagrams at their final school exam. We do not review Daniel’s final school exam, 
but this might suggest some issues with retention, which would be interesting for 
future research. Emma mentioned students’ use of Venn diagrams during the 
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lessons: “Venn diagrams really rescued the solution of the task. […] Those diagrams 
provided them the best support.” She also mentioned that it was useful that Venn 
diagrams were already discovered and introduced in one of the first lessons, so that 
students were provided with enough time to practise with those diagrams and could 
use this supportive tool from the beginning of the lesson sequence. 

Teachers considered the use of other formalisations as useful and they stated 
that students learned to use these. Daniel said that students could combine different 
tools after a few weeks. Zoe and Amy confirmed that students really learned how to 
use formalisations in their reasoning. Robert added that using terms for abstract 
steps, like modus ponens and modus tollens, are useful generalisations. However, 
teachers mentioned that enough time is essential for properly learning to use these 
formalisations. 

Students’ use of formalisations is linked to the order of the tasks. Teachers 
were positive about the presented tasks and about the concrete everyday reasoning 
tasks for this specific target group in particular. John mentioned: “the materials fit 
really well with the students’ linguistic attitude and level.” Bridget stated that tasks 
appealed to these students, because the larger contexts are taken from real-life 
practices (e.g. mobile phones in the classroom). Robert mentioned specifically the 
court case as introductory context as a great start for discussions in the classroom. 
Daniel confirmed these experiences for this target group and added that because of 
the chosen structure (everyday reasoning tasks with newspaper articles – formal 
reasoning tasks – everyday reasoning tasks with newspaper articles) the learning 
effect became really visible: “students really analyse the provided situation much 
better.” 

Overall, we showed that teachers who implemented the intervention consider 
students’ use of formalisations, including visualisations, as convenient and 
beneficial. Some teachers were slightly disappointed by students’ first 
formalisations in some tasks, but our student data shows that most students were, 
for example, able to discover the intended visualisations in the corresponding task 
reported in Table 5.1. 
 

Teachers’ Experiences With Students’ Pair and Small Group Work 
As pointed out in the introduction of this chapter, group discussions were key for 
students’ progress in logical reasoning. All teachers confirmed at several moments 
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that they were satisfied and positively surprised by students’ interactions. Robert 
mentioned: “they really worked well together, […] there was much more 
discussion,” and confirmed by Bridget about group work: “you really see that they 
worked together.” Emma said that it took some time before all of them had lively 
discussions: “gradually they became more active, also the quiet students.” John 
made a comparison with his regular mathematics lessons: “they did a lot of talking, 
much more interaction compared to regular lessons,” and he was satisfied with the 
fact that students were really able to express their thoughts. Amy was surprised by 
their expressed ideas, because they came up with original solutions. Daniel also 
confirmed that his students were interacting much better than usually, but that he 
had to tell students that he expected interaction, because his students were quite 
surprised that they had to explain their solutions and reasoning to their neighbour 
in a mathematics class. Nonetheless, Daniel mentioned that for this target group that 
approach is highly suitable: “it’s a specific population, […] they find a solution by 
talking and reasoning.” 

Overall, we conclude that teachers were positive about the group work and 
we showed that they were be able to organise their classrooms in such a way that, 
according to the teachers, students had useful and worthful discussions as intended 
by the design. 
 

Teachers’ Experiences With Organising Classroom Discourse 
Another key element was the classroom discourse in which students’ solutions were 
compared and discussed. Despite the successful interaction within small groups as 
pointed out above, teachers experienced more difficulties with classroom discourse. 
John and Zoe confirmed that students were able to express their thoughts during 
classroom discussions, but Emma acknowledged that she had to give turns in class 
to engage all students in the discussion and that she often forgot to compare different 
solutions. Robert said that comparing solutions is normally his best quality during 
classroom discourse, but in some tasks he found it rather difficult to deal with 
differences in students’ understanding to find the best approach for the level of the 
conversation. Bridget and Daniel explicitly expressed their difficulties with 
organising classroom discourse. Bridget: “I really had to take the initiative.” Daniel: 
“classroom discussions did not really develop well.”  
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diagrams were already discovered and introduced in one of the first lessons, so that 
students were provided with enough time to practise with those diagrams and could 
use this supportive tool from the beginning of the lesson sequence. 

Teachers considered the use of other formalisations as useful and they stated 
that students learned to use these. Daniel said that students could combine different 
tools after a few weeks. Zoe and Amy confirmed that students really learned how to 
use formalisations in their reasoning. Robert added that using terms for abstract 
steps, like modus ponens and modus tollens, are useful generalisations. However, 
teachers mentioned that enough time is essential for properly learning to use these 
formalisations. 

Students’ use of formalisations is linked to the order of the tasks. Teachers 
were positive about the presented tasks and about the concrete everyday reasoning 
tasks for this specific target group in particular. John mentioned: “the materials fit 
really well with the students’ linguistic attitude and level.” Bridget stated that tasks 
appealed to these students, because the larger contexts are taken from real-life 
practices (e.g. mobile phones in the classroom). Robert mentioned specifically the 
court case as introductory context as a great start for discussions in the classroom. 
Daniel confirmed these experiences for this target group and added that because of 
the chosen structure (everyday reasoning tasks with newspaper articles – formal 
reasoning tasks – everyday reasoning tasks with newspaper articles) the learning 
effect became really visible: “students really analyse the provided situation much 
better.” 

Overall, we showed that teachers who implemented the intervention consider 
students’ use of formalisations, including visualisations, as convenient and 
beneficial. Some teachers were slightly disappointed by students’ first 
formalisations in some tasks, but our student data shows that most students were, 
for example, able to discover the intended visualisations in the corresponding task 
reported in Table 5.1. 
 

Teachers’ Experiences With Students’ Pair and Small Group Work 
As pointed out in the introduction of this chapter, group discussions were key for 
students’ progress in logical reasoning. All teachers confirmed at several moments 
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that they were satisfied and positively surprised by students’ interactions. Robert 
mentioned: “they really worked well together, […] there was much more 
discussion,” and confirmed by Bridget about group work: “you really see that they 
worked together.” Emma said that it took some time before all of them had lively 
discussions: “gradually they became more active, also the quiet students.” John 
made a comparison with his regular mathematics lessons: “they did a lot of talking, 
much more interaction compared to regular lessons,” and he was satisfied with the 
fact that students were really able to express their thoughts. Amy was surprised by 
their expressed ideas, because they came up with original solutions. Daniel also 
confirmed that his students were interacting much better than usually, but that he 
had to tell students that he expected interaction, because his students were quite 
surprised that they had to explain their solutions and reasoning to their neighbour 
in a mathematics class. Nonetheless, Daniel mentioned that for this target group that 
approach is highly suitable: “it’s a specific population, […] they find a solution by 
talking and reasoning.” 

Overall, we conclude that teachers were positive about the group work and 
we showed that they were be able to organise their classrooms in such a way that, 
according to the teachers, students had useful and worthful discussions as intended 
by the design. 
 

Teachers’ Experiences With Organising Classroom Discourse 
Another key element was the classroom discourse in which students’ solutions were 
compared and discussed. Despite the successful interaction within small groups as 
pointed out above, teachers experienced more difficulties with classroom discourse. 
John and Zoe confirmed that students were able to express their thoughts during 
classroom discussions, but Emma acknowledged that she had to give turns in class 
to engage all students in the discussion and that she often forgot to compare different 
solutions. Robert said that comparing solutions is normally his best quality during 
classroom discourse, but in some tasks he found it rather difficult to deal with 
differences in students’ understanding to find the best approach for the level of the 
conversation. Bridget and Daniel explicitly expressed their difficulties with 
organising classroom discourse. Bridget: “I really had to take the initiative.” Daniel: 
“classroom discussions did not really develop well.”  
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Overall, we conclude that teachers experienced more problems with 
organising the intended classroom discussions with sufficient time for comparing 
different solution methods focusing on useful formalisations, than with organising 
small group discussions in which all students participate. 
 
 

Conclusions and Discussion 

In this chapter, we evaluated teachers’ experiences with a course in logical 
reasoning. Our aim was to collect information about teachers’ actual experiences 
with the intervention and to determine which parts need further improvement. We 
formulated three research questions about three important design characteristics: (1) 
students’ discovery and use of formalisations, (2) students’ small group work, and 
(3) classroom discourse. The findings were organised according to these questions. 
Concerning teachers’ experiences with students’ discovery and use of 
formalisations, we conclude that students discover and use formalisations in the 
corresponding discovery tasks. The worksheets (see Table 5.1) show Venn and Euler 
diagrams in particular. Also in other tasks, students often use Venn and Euler 
diagrams. The use of those diagrams was also confirmed by test results (see Chapter 
3) and observations from video recordings (see Chapter 4). This is a successful part 
of the intervention, in particular because most students were not used to this active 
way of learning in mathematics classes. 

Concerning teachers’ experiences with small group work, we conclude that 
teachers organised small group work rather well and that students –according to the 
teachers– really discussed the tasks together, as was intended in the course design.  
Organising classroom discussions was difficult for the participating teachers. These 
discussions were not scripted by the tasks but emphasised as important in teachers’ 
meetings and the teacher manual. Specific teaching skills are needed for successful 
classroom discussions. Classroom discussions, as mentioned in the design 
characteristics, can be highly effective, according to Hattie et al. (2017, p. 85), if the 
following principles are followed: 

- Teachers ask supportive questions to develop further understanding based 
on prior knowledge. 
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- Mistakes are a valuable opportunity to use as input for further discourse 
among the students to clarify, compare, discuss, and justify ideas. 

- Struggling might help to find an appropriate way to a solution. 
- Encouragement in using a variety of representations might support 

students’ understanding. 
 
The latter might be linked to our aim of comparing several solution methods 
showing different formal and visual representations, which was explicitly 
mentioned in the teacher manual and emphasised during teachers’ meetings. 
Unfortunately, we did not expect that teachers needed more guidance in how to 
organise those conversations. For future preparation, organising rich classroom 
discussions should be part of the teachers’ meetings with a focus on how to collect 
different representations found by the students and the way to discuss them. TTLP 
(Thinking Through a Lesson Protocol, see section Teacher Preparation) might guide 
those sessions, because it provides support to prepare lessons and questions. After 
all, teachers’ questions are of great influence of what students learn (Smith et al., 
2008). 

In the introduction we mentioned that transfer to everyday life situations 
outside the classroom environment would be the ultimate objective of 21st century 
learning. However, we did not evaluate this objective in the group interview, but 
some teachers referred to transfer spontaneously. Robert said that students learned 
to work with new tools and that critically reviewing societal arguments of daily life 
situations is an eye-opener for some of them. He added: “That should be done at a 
certain moment in secondary education.” Other teachers mentioned the link with 
other school subjects. Bridget and Amy mentioned that text analysis is part of 
language classes, and Daniel mentioned that some students might see connections 
with the elective course in philosophy. The latter might complicate things for 
students as well, because he believed that some students were hindered by the 
formal structures from the philosophy classes. 

Overall, teachers appreciate the structure of the lesson materials for logical 
reasoning despite the differences regarding their regular teaching in mathematics 
classes. Teachers see the importance of this topic to establish transfer between 
subjects and for future life within society. Altogether, this way of teaching logical 
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students’ discovery and use of formalisations, (2) students’ small group work, and 
(3) classroom discourse. The findings were organised according to these questions. 
Concerning teachers’ experiences with students’ discovery and use of 
formalisations, we conclude that students discover and use formalisations in the 
corresponding discovery tasks. The worksheets (see Table 5.1) show Venn and Euler 
diagrams in particular. Also in other tasks, students often use Venn and Euler 
diagrams. The use of those diagrams was also confirmed by test results (see Chapter 
3) and observations from video recordings (see Chapter 4). This is a successful part 
of the intervention, in particular because most students were not used to this active 
way of learning in mathematics classes. 

Concerning teachers’ experiences with small group work, we conclude that 
teachers organised small group work rather well and that students –according to the 
teachers– really discussed the tasks together, as was intended in the course design.  
Organising classroom discussions was difficult for the participating teachers. These 
discussions were not scripted by the tasks but emphasised as important in teachers’ 
meetings and the teacher manual. Specific teaching skills are needed for successful 
classroom discussions. Classroom discussions, as mentioned in the design 
characteristics, can be highly effective, according to Hattie et al. (2017, p. 85), if the 
following principles are followed: 

- Teachers ask supportive questions to develop further understanding based 
on prior knowledge. 
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- Mistakes are a valuable opportunity to use as input for further discourse 
among the students to clarify, compare, discuss, and justify ideas. 

- Struggling might help to find an appropriate way to a solution. 
- Encouragement in using a variety of representations might support 

students’ understanding. 
 
The latter might be linked to our aim of comparing several solution methods 
showing different formal and visual representations, which was explicitly 
mentioned in the teacher manual and emphasised during teachers’ meetings. 
Unfortunately, we did not expect that teachers needed more guidance in how to 
organise those conversations. For future preparation, organising rich classroom 
discussions should be part of the teachers’ meetings with a focus on how to collect 
different representations found by the students and the way to discuss them. TTLP 
(Thinking Through a Lesson Protocol, see section Teacher Preparation) might guide 
those sessions, because it provides support to prepare lessons and questions. After 
all, teachers’ questions are of great influence of what students learn (Smith et al., 
2008). 

In the introduction we mentioned that transfer to everyday life situations 
outside the classroom environment would be the ultimate objective of 21st century 
learning. However, we did not evaluate this objective in the group interview, but 
some teachers referred to transfer spontaneously. Robert said that students learned 
to work with new tools and that critically reviewing societal arguments of daily life 
situations is an eye-opener for some of them. He added: “That should be done at a 
certain moment in secondary education.” Other teachers mentioned the link with 
other school subjects. Bridget and Amy mentioned that text analysis is part of 
language classes, and Daniel mentioned that some students might see connections 
with the elective course in philosophy. The latter might complicate things for 
students as well, because he believed that some students were hindered by the 
formal structures from the philosophy classes. 

Overall, teachers appreciate the structure of the lesson materials for logical 
reasoning despite the differences regarding their regular teaching in mathematics 
classes. Teachers see the importance of this topic to establish transfer between 
subjects and for future life within society. Altogether, this way of teaching logical 
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reasoning fulfils its intended goals and is nicely summarised by Emma’s remark: “I 
think that they did not do much on logic, but indisputably on logical reasoning.”  
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Appendix Chapter 5: I: Overview different tasks in lesson materials 

 
  

Description

Lesson Task

Formal 
reasoning 
task

Everyday 
reasoning 
task Individually

Pairs/
Small groups

Classroom 
discussion Discovery

1 1 x Socrative x x
2 x Puzzle
3 x Short newspaper article x
4 x If-then statements
5 x If-then statements

Extra: 6 x Puzzle

2 7 x
Newspaper article 

court case x x x
8 x Define concepts x x

Hw: 9 x Combining statements
3 10 x Short statements x

11 x Syllogisms x x x
12 x Syllogism x x x x
13 x Syllogisms
14 x Syllogisms x x

Hw: 15 x Syllogisms
Hw: 16 x If-then statements

Extra: 17 x Syllogism / Cartoon
4 18 x Syllogism x x x x

19 x Syllogisms + Venn
20 x Syllogisms + Venn x
21 x Venn diagrams x x
22 x If-then + Venn

Extra/Hw: 23 x Venn
Extra/Hw: 24 x Syllogisms + Venn
Extra/Hw: 25 x Puzzle

5 26 x Syllogisms x x
27 x Symbols + Venn x x x
28 x If-then + Symbols x x x
29 x If-then
30 x If-then x x
31 x If-then

Hw: 32 x Newspaper article
6 33 x If-then conclusions x x

34 x If-then conclusions x x
35 x If-then statements
36 x If-then statements

Extra: 37 x
Necessity and 

sufficiency
7 38 x If-then + Venn x x x

39 x If-then statement x
40 x Newspaper article x x x

Hw: 41 x Newspaper articles

Extra: 42 x
Short newspaper 

article
8 43 x Newspaper articles x

44 x If-then statements x x
Extra/hw: 45 x Conclusions
Extra/Hw: 46 x Short article

9 47 x Socrative x x
Summary

10 48 x Exam questions x
49 x Exam questions
50 x Exam questions
51 x Exam questions
52 x Exam questions

42 10 13 17 19 3

Type Task Prescribed method
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Lesson Task
Multiple 
Choice Short answer

Description 
in words

Scheme-
based

Letter 
symbols

Implication 
arrow

Logical 
symbols

Venn 
diagrams Calculation

1 1 x
2 x
3 x x
4 x (x) (x) (x) (x)
5 x (x) (x) (x) (x)

Extra: 6 x x
2 7 x x x

8 x
Hw: 9 x (x) (x) (x) (x)

3 10 x
11 x (x) (x) (x)
12 x x
13 x x (x)
14 x

Hw: 15 x x
Hw: 16 x x x x (x)

Extra: 17 x x x x (x) (x)
4 18 (x) x

19 x (x) x
20 x (x) x
21 (x) x x
22 x x (x) x x

Extra/Hw: 23 x x
Extra/Hw: 24 x (x) x
Extra/Hw: 25 (x) x x

5 26 x x x
27 x x x
28 x x x x
29 x x x x x
30 x x x x x
31 x x x x

Hw: 32 x x x x x x
6 33 x x x x x

34 x x x x x
35 x x x x x
36 x x x x x

Extra: 37 x
7 38 x x x x x

39 x x x x
40 x x x x x

Hw: 41 x x x x x x
Extra: 42 x x x x x x

8 43 x x x x x x
44 x x x x x x

Extra/hw: 45 x x x x
Extra/Hw: 46 x x x x x x x

9 47 x
Summary

10 48 x x x x x x
49 x x x x x
50 x x x x x x
51 x x x x x x
52 x x x x x x

Note:
(x) means: possible, but not yet explicitly asked for/taught

= explicitly asked for =intended to discover

Answer type + (Possible) Formalisations
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II: Overview teachers’ meetings 

Date Description 
1st meeting 
7 June 2017 

During meeting: 
1) teachers solved logical reasoning tasks via an interactive tool to 

explore the field of logical reasoning 
2) researchers presented research and design steps 
3) researchers presented different types of contexts and reasoning 

(see Figure 2.1) 
4) discussion about the logical reasoning tasks (1) and suitable 

formalisations for those tasks 
5) discussion about first prototype lesson materials (first three 

lessons); in particular, court case as introduction 
2nd meeting 
11 October 2017 

As a preparation, teachers reviewed the lesson materials at home. 
During meeting: 

1) researchers presented design characteristics of course 
2) researchers explained data collection intervention 
3) discussion about lesson materials; visualisation task syllogism in 

particular (see Figure 5.5) 
3rd meeting 
31 October 2017 

During meeting: 
1) researchers summarised second meeting 
2) discussion about pilot materials (lesson materials, teacher 

manual, and interactive tool Socrative) and how to use the eight 
sections in class 

3) researchers answered questions concerning the tasks in the 
lesson materials 

Pilot intervention 
4th meeting 
18 April 2018 

As a preparation, teachers reviewed and reflected on their notes 
concerning the given lessons and lesson materials at home. 
During the meeting: 

1) researchers summarised previous meetings 
2) discussion results pilot tests 
3) evaluation lesson materials pilot study 

Revision design 
5th meeting 
3 October 2018 

As a preparation, teachers studied the complete revised lesson materials at 
home. During the meeting: 

1) researchers summarised previous meetings 
2) researchers presented changes in materials and reformulation of 

design characteristics 
4) discussion about course materials (lesson materials (see 

Appendix of this thesis), teacher manual, and interactive tool 
Socrative), how to use the 10 sections in class, homework tasks, 
and worksheets 

5) researchers answered questions concerning the tasks in the 
lesson materials 

Intervention 
6th meeting 
17 January 2019 

Evaluation (semi-structured group interview) 
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Lesson Task
Multiple 
Choice Short answer

Description 
in words

Scheme-
based

Letter 
symbols

Implication 
arrow

Logical 
symbols

Venn 
diagrams Calculation

1 1 x
2 x
3 x x
4 x (x) (x) (x) (x)
5 x (x) (x) (x) (x)

Extra: 6 x x
2 7 x x x

8 x
Hw: 9 x (x) (x) (x) (x)

3 10 x
11 x (x) (x) (x)
12 x x
13 x x (x)
14 x

Hw: 15 x x
Hw: 16 x x x x (x)

Extra: 17 x x x x (x) (x)
4 18 (x) x

19 x (x) x
20 x (x) x
21 (x) x x
22 x x (x) x x

Extra/Hw: 23 x x
Extra/Hw: 24 x (x) x
Extra/Hw: 25 (x) x x

5 26 x x x
27 x x x
28 x x x x
29 x x x x x
30 x x x x x
31 x x x x

Hw: 32 x x x x x x
6 33 x x x x x

34 x x x x x
35 x x x x x
36 x x x x x

Extra: 37 x
7 38 x x x x x

39 x x x x
40 x x x x x

Hw: 41 x x x x x x
Extra: 42 x x x x x x

8 43 x x x x x x
44 x x x x x x

Extra/hw: 45 x x x x
Extra/Hw: 46 x x x x x x x

9 47 x
Summary

10 48 x x x x x x
49 x x x x x
50 x x x x x x
51 x x x x x x
52 x x x x x x

Note:
(x) means: possible, but not yet explicitly asked for/taught

= explicitly asked for =intended to discover

Answer type + (Possible) Formalisations
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II: Overview teachers’ meetings 

Date Description 
1st meeting 
7 June 2017 

During meeting: 
1) teachers solved logical reasoning tasks via an interactive tool to 

explore the field of logical reasoning 
2) researchers presented research and design steps 
3) researchers presented different types of contexts and reasoning 

(see Figure 2.1) 
4) discussion about the logical reasoning tasks (1) and suitable 

formalisations for those tasks 
5) discussion about first prototype lesson materials (first three 

lessons); in particular, court case as introduction 
2nd meeting 
11 October 2017 

As a preparation, teachers reviewed the lesson materials at home. 
During meeting: 

1) researchers presented design characteristics of course 
2) researchers explained data collection intervention 
3) discussion about lesson materials; visualisation task syllogism in 

particular (see Figure 5.5) 
3rd meeting 
31 October 2017 

During meeting: 
1) researchers summarised second meeting 
2) discussion about pilot materials (lesson materials, teacher 

manual, and interactive tool Socrative) and how to use the eight 
sections in class 

3) researchers answered questions concerning the tasks in the 
lesson materials 

Pilot intervention 
4th meeting 
18 April 2018 

As a preparation, teachers reviewed and reflected on their notes 
concerning the given lessons and lesson materials at home. 
During the meeting: 

1) researchers summarised previous meetings 
2) discussion results pilot tests 
3) evaluation lesson materials pilot study 

Revision design 
5th meeting 
3 October 2018 

As a preparation, teachers studied the complete revised lesson materials at 
home. During the meeting: 

1) researchers summarised previous meetings 
2) researchers presented changes in materials and reformulation of 

design characteristics 
4) discussion about course materials (lesson materials (see 

Appendix of this thesis), teacher manual, and interactive tool 
Socrative), how to use the 10 sections in class, homework tasks, 
and worksheets 

5) researchers answered questions concerning the tasks in the 
lesson materials 

Intervention 
6th meeting 
17 January 2019 

Evaluation (semi-structured group interview) 
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