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~ i ~ 
 

Abstract 
 

The goal of this thesis was to investigate how mathematics textbooks can encourage students’ deep 

learning. To explore students’ learning of mathematics, students who were expected to have a 

relatively high level of self-regulated learning were sampled for the research. Therefore, four classes 

of Dutch students in the fifth year of high school took part in a questionnaire, classroom observations 

and eleven of them took part in individual interviews. Moreover, their textbooks were also analyzed 

to identify elements that might encourage deep learning. 

The study showed that practice forms a foundation for students to understand written theory. 

Therefore, adjustments are proposed to current textbooks to make written theory and exercises more 

connected to one another. That is to create an even more gradual build-up between exercises so that 

only a small chunk of theory is required for students to be able to do the next exercise(s). 

The study also showed that it is important to always have students do exercises with connections to 

previous exercises as soon as possible to form a more coherent knowledge structure. That is, as soon 

as students have familiarized themselves with the last section of a chapter, they should then proceed 

to do exercises that combine knowledge from throughout the chapter into single exercises to form an 

interconnected structure. 
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1 Introduction 
 

This research is about students’ use of resources to learn mathematics, in particular those that might 

stimulate students’ deep learning. There have been multiple research studies about the use of 

resources by mathematics teachers, e.g. (Gueudet, Pepin, & Trouche, 2013). However, relatively few 

research studies have been conducted on students use of resources for their learning of mathematics 

(Rezat, 2009). 

To get insight into which resources might be used by students and how they use them, a pilot study 

was performed at different educational levels and students ages. Two high school students were 

interviewed about their use of resources for their mathematics learning, both in class and out of class. 

In an interview with a girl in the fifth and final year of ‘Hoger Algemeen Voortgezet Onderwijs’ (havo; 

translation: Senior General Secondary Education) she told that she almost always skipped the 

explanation offered by the textbook and went straight to the worked examples before trying some 

exercises for herself [“In particular, I look at the worked examples, because I find the explanation of 

the theory in the book very vague.”]. When asked why she did it, she told that often the theory was 

hard and did not clarify anything for her. A study by Mesa and Griffiths (2012) obtained similar results, 

albeit with higher education mathematics students: ‘Undergrad students’ would start with the 

problems and fall back on similar exercises when they got stuck instead of reading the explanatory 

text. Therefore, the goal of this research was to give recommendations on how the theory sections in 

commonly used mathematics textbooks could be improved for the enhancement of students’ self-

directed deep learning, that is to provide mathematical theory in such a way that it is both 

understandable by students and stimulates deep learning. 

Hence, the following research questions were used: 

1. What are the author's intentions and design choices, as identified by the researcher, in the 

mathematics textbooks? 

2. Which resources do students use for their learning of mathematics? 

3. How do students use curriculum materials/textbooks for their learning of mathematics? 

4. How do students use the theory sections in their textbooks?  

5. According to the students, to what extent and how are deep learning opportunities offered to 

students by their textbooks? 

In terms of structure, the theoretical frameworks for these research questions are provided in chapter 

2, followed by a description of the research methods used to find answers to the research questions 

(chapter 3). The next chapters describe the findings from these four methods: textbook analysis 

(chapter 4), questionnaire (chapter 5), classroom observations (chapter 6) and student interviews 

(chapter 7). Verification and validation of the research are discussed in chapter 8. Finally, the answers 

to the research questions together with advice on how to improve commonly used textbooks are 

provided in the conclusion (chapter 9). 
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2 Theoretical Frameworks 
 

 Creation of Textbooks 
The knowledge that students should have at the end of high school is described in the syllabus (College 

voor Toetsen en Examens, 2018). How- and in which order this knowledge is treated is decided by the 

textbook authors’ in a way they think gets the best results (Herbel-Eisenmann, 2007). Underlying 

concepts are not always required, but authors can still choose to implement it as it might support 

students’ learning. An example of such an optional underlying concept is the concept of Riemann sums 

to support students’ understanding of the topic of integration. Riemann sums were no longer required 

knowledge (College voor Toetsen en Examens, 2018). However, a study by Jones (2015) showed that 

the use of Riemann sums (Jones: ‘adding up pieces’) lead to better student understanding when 

applied to physics problems. Using just the anti-derivative or the ‘area under a graph’ representation 

was discovered to be less productive. This would imply that using Riemann sums to introduce integrals 

to students would be beneficial. However, another study by Jones, Lim and Chandler (2017) concluded 

that even if the teacher focuses on Riemann sums, students would still think about integrals in terms 

of ‘area under a graph’ or as the inverse of the derivative. 

 Implementation of Textbooks 
Since the textbook is not only used by students in class, but also at home, it plays an eesential role in 

students’ learning of mathematics. Rezat (2011) has shown that the teacher plays an important role in 

the mediation of the textbook and the ways students may use this curriculum resource. The textbook 

represents the intended curriculum and the teacher can choose how to enact the curriculum. The 

“knowledge transfer” of the teacher is expected to be supported by the textbook and therefore it is 

vital to support the teachers in their efforts, as well as offering opportunities for students’ independent 

learning. It is likely that this would be supported if textbooks connected to the teacher’s explanation 

to further stimulate deep learning, both in and out of class (Törnroos, 2005) 

 Rezat (2013) has done research on the role of the textbook in self-regulated learning of students. He 

discovered three different student usage schemes of the textbook: position-dependent practicing, 

block dependent practicing, and salience-dependent practicing. He concluded that a proper 

understanding of the structure of the book was necessary for effective learning.  

 Textbook Analyses 
To study the learning opportunities provided by textbooks, a textbook analysis was performed by 

Charalambous et al. (2007), who did a comparative textbook analysis on fractions. They performed a 

horizontal and vertical analysis of the textbook in which they analyzed (1) the structure and sequencing 

of related topics; (2) the different constructs of fractions; (3) the representations; (4) the worked 

examples employed in the textbooks; (5) the potential cognitive demands; and (6) the performance 

expectations. A similar approach is used in this research where the vertical analysis focuses on the 

topic of integration instead of fractions. 

Dole and Shield (2009) did a study on two eighth-grade textbooks in Queensland. They compared the 

two textbooks by identifying different levels of content goals in learning fractions and rations and 

categorize exercises and theory accordingly. They concluded that the books were mostly focused on 

teaching procedures for different problem statements instead of showing the links between the 

different exercises and the underlying structure. 
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This research focused not only on the cognitive demand of isolated theory sections or exercises but 

also on the order in which theory is treated, i.e. what ‘learning trajectory’ was followed by students. 

Simon (1995) stated that learning trajectories were mostly influenced by the knowledge of the teacher 

as the teacher has an opinion on what order of explanation works best for the students to develop a 

coherent knowledge structure. Richland, Stigler and Holyoak (2015) stated that forming connections 

between exercises, i.e. forming a coherent knowledge structure, leads to higher performing students. 

 Definitions 
2.5.1 Deep Learning 

One way of explaining different levels of learning was provided by Bloom’s taxonomy (1956). Although, 

over the years, researchers have added to and amended Bloom’s work (Krathwohl, 2002), and there 

were some slight variations on this taxonomy, they all shared the same basic layout. In Bloom’s 

taxonomy, deep learning was said to be achieved in the top three layers. When students can apply 

knowledge to sample problems, they do not always achieve deep learning, but when they are able to 

analyze the relationships and structure between related topic areas, they have achieved the first level 

of deep learning. In mathematics education, this implies that students should recognize the 

prerequisites and prior knowledge to/for a new topic area. To be able to embed a new topic area 

within their “knowledge system”, it is vital that the prior knowledge is already well structured and 

understood.  

In terms of studies that have used Bloom’s taxonomy, Brändström (2005) has used this taxonomy in 

her textbook analysis. Furthermore, she looked at the cognitive demand of mathematical tasks. The 

framework she used is anchored in the work of Smith and Stein (1998), who distinguished four 

different categories of increasing complexity: ‘Memorization’, ‘No Connections’, ‘Connections’, ‘Doing 

mathematics’. The latter two categories were considered forms of deep learning. 

2.5.2 Theory Sections 

The textbooks used in this research had clearly marked sections with explanations, placed in between 

the exercises. These blocks could have worked examples or a step-by-step solution method as well and 

the combination of these components is referred to in this thesis as a theory block or theory section. 
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3 Method 
 

To answer all five research questions, a mixed approach was used: (1) survey; and (2) case study 

(Denscombe, 2014). To (1): A questionnaire was launched within the target group to obtain an 

overview of resources and quantitative data about students’ use of curriculum materials. A number of 

students were then selected for the qualitative case studies. To (2): The main approach of the research 

is that of case study (where the selected students are the cases/units of analysis). First, (a) the 

textbooks they used were analyzed, then (b) their use of textbooks, in and out of class, was 

investigated. The goal of this research was to discover how the current resources used by students can 

be improved/altered to stimulate deep learning. 

 Sampling of Students and Textbooks 
This research was held In the Netherlands, where the market was led by two mathematics textbooks: 

‘Getal & Ruimte’ (G&R; translation: ‘Numbers & Space’) (Getal en Ruimte, 2014) and ‘Moderne 

Wiskunde’ (MW; translation: ‘Modern Mathematics’) (Moderne Wiskunde, 2014) (Nederlandse 

Mededingingsautoriteit, 2006). Both were selected for the study, and all students participating in the 

study used one of the two. 

The use of the theory sections by students demands self-regulated learning of students. Therefore, the 

target group for this research consisted of students who were expected to have a high level of self-

regulated learning. This was especially true for students in the last two years of ‘Voortgezet 

Wetenschappelijk Onderwijs’ (vwo; translation: Secondary Scientific Education). Preferably this 

research should have covered students from both years. However, the senior students were left out 

of the target group, since they would have their final examinations during the year and they would not 

be covering new theory anymore. Thus, students from the penultimate year of vwo (fifth grade) were 

selected as the target group for this research. To get quantitative data about students’ use of 

resources, the research was performed on two schools (one using MW and the other using G&R) that 

both provided two classes to take part in the research. This led to a total of 75 students participating 

in a questionnaire/survey and in classroom observations (MW: 39 students, G&R: 36 students). 

From each of the four classes, three students were selected (by their teacher) to participate in 

individual interviews. However, one of the MW classes provided only two interviewees due to time 

constraints. Thus, a total of five MW students and six G&R students were selected for interviews. Each 

teacher was asked to pick students who (according to the teacher’s views) used their curriculum 

materials in an ‘effective way’, that is who had developed ‘effective’ strategies for their learning with 

the support of textbooks. 
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 Data Collection Strategies 

3.2.1 Textbook analysis 
This research started with a comparative textbook analysis on both textbooks. First, an analysis 

schedule was made based on the analysis’ of Brändström (2005) and Charalambous et al. (2007). The 

resulting analysis schedule is included in Appendix A and was used as the basis for a horizontal textbook 

analysis on all the books used in mathematics B (final three years of vwo covering: algebraic skills, 

functions, graphs, equations, derivatives, integrals, goniometry and geometry with coordinates 

(College voor Toetsen en Examens, 2018)). It was investigated what the authors’ intentions were and 

how this influenced the structure of the book and thus the learning trajectories (Simon, 1995). The 

results were presented in section 4.1. This was followed by a vertical analysis on the topic of integration 

which focused on the theory sections of the textbooks, in terms of how the topic concepts were 

presented and explained and how the learning was sequenced (learning trajectories), and how these 

related to the structure of the book. It was investigated to what extent students had opportunities to 

discover new theory for themselves, and what strategies were used to help them; that is to help 

structure and connect knowledge in a new topic area. As the theory was supported by exercises, this 

analysis was used to see their combined effect on deep learning. It was investigated how the cognitive 

demand varied between exercises. To measure cognitive demand, exercises were categorized into four 

levels of complexity, similar to Smith and Stein’s (1998) work. By looking at the cognitive demand of 

exercises, it was established what level of understanding the authors were expecting from the students 

and how they tried to help students reach this level. The results of the vertical textbook analysis are 

presented in section 4.2. 

3.2.2 Questionnaire 
Next, an online questionnaire/survey was held within the target group. The questionnaire was held 

during a teaching period to ensure that every student took part and thus a 100% response rate was 

achieved (Denscombe, 2014). Students were asked to tick which resources they used both in- and out 

of class. For each textbook element, the students were asked to indicate the usefulness on a four-step 

Likert scale from ‘Totally useless’ to ‘Totally useful’ and if they had any remarks or changes that they 

would like to see. An even number of steps was chosen to prevent students from taking the middle 

option, which would decrease the effectiveness of the questionnaire. Students were also given a list 

of statements about their use of the textbook where they could mark how much they agreed on a four-

step Likert scale from ‘Very Much Disagree’ to ‘Very Much agree’. The full questionnaire is included in 

Appendix B. The results were analyzed using data tables in ‘Microsoft Excel’ to first identify similarities 

and differences between the two textbooks and how their differences affected the 

implementation/use of the textbooks. From the questionnaire, an overview of students’ use of 

resources was derived and the textbook elements that, according to the students, were most 

important for deep learning were identified. These findings are presented in chapter 5. 
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3.2.3 Classroom Observations 
Each of the four classes that took part in the questionnaire was also observed by the researcher for 

the duration of two teaching periods. The checklist for classroom observation by Winocur (Association 

for Supervision and Curriculum Development, 1985) was used. The goals of these observations were 

to identify (1) the resources used by students in class, (2) their use in class, and (3) their relation to one 

another. Special focus was given to the relation between the teachers and the textbooks, since this 

largely determines how the textbook is implemented (Rezat, 2011). The results are presented in 

chapter 6. 

3.2.4 Student Interviews 
In interviews of around twenty minutes, students were asked how the teacher had typically mediated 

the textbook in class and what the students found helpful in this, how the students used their textbook 

at home and how they used other resources to support their learning. Especially they were asked what 

resources they would use when they got stuck on a new topic. Case situations were given to the 

students where they told which resources they would use in each situation, and how they would use 

them. The most important cases/scenarios were: (1) classical instruction, (2) doing exercises during 

lesson, (3) doing homework outside of class, (4) preparation for a test, (5) what to do if prerequisite 

knowledge would be forgotten and (6) what to do if long-term sickness caused a student to not be able 

to attend classes. The results from the interviews are discussed in chapter 7. 

 Overview 
An overview of the research methods used to answer each of the five research questions is 

presented in table 1. 

Table 1: Research Questions 

Research Question Research Method(s) 

1. What are the author's intentions and design choices, as identified by the 

researcher, in the mathematics textbooks? 

Textbook analysis 

2. Which resources do students use for their learning of mathematics? Questionnaire 

Classroom observations 

3. How do students use curriculum materials/textbooks for their learning 

of mathematics? 

Questionnaire 
Classroom observations 
Student interviews 

4. How do students use the theory blocks in their textbook? Questionnaire 
Classroom observations 
Student interviews 

5. According to the students, to what extent and how are deep learning 

opportunities offered to students by their textbooks? 

Student interviews 
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4 Textbook Analysis 
 

 Horizontal Textbook Analysis  
 

4.1.1 Design Philosophy 
The authors of G&R stated on the website of G&R (Noordhoff Uitgevers, 2018c) that they believed 

skills are acquired by practice and had therefore opted for having lots of practice material available. 

They also stated that having a clear didactic structure is important and they always used an 

‘orientation-theory and approach-practice’ model. This structure made self-study possible in their 

vision. The authors of MW wanted to achieve deep learning by letting students discover mathematical 

theorems and having them practice within a context. An important difference however was the focus 

on the teacher in MW. Their website with their textbook benefits stated: “Together with the teacher, 

students explore the mathematical concepts, after which they can practice and apply on their own 

level” (Noordhoff Uitgevers, 2018b). 

4.1.2 Chapter Order 
Both textbooks had the same examination requirements that students should meet (College voor 

Toetsen en Examens, 2018) and thus the core chapters were similar in content. It was observed that 

both textbooks had recurring topics that gradually built in difficulty and left the more difficult part of 

each topic to be treated in later chapters. This was one of the reasons why each chapter was required 

to reactivate prerequisite knowledge beforehand (section 4.2.2). They both concluded the final book 

with a chapter called ‘Examination Training’ in which each mathematical topic was summarized, 

accompanied by past examination problems. The only difference was that MW also included a full 

examination, with unordered topics, which allowed testing for a higher level of structure. 

MW included a small section (four pages) of ‘Skills’ after every two chapters. These sections were 

always a repetition of earlier theory. Remarkable is that these sections did not always connect to the 

surrounding chapters. They shared a similar structure to the core chapters as they had recurring 

themes that gradually increased in difficulty over the years. Their recurring placement implied that the 

authors tried to keep the knowledge active among students and that they believed active knowledge 

of these skills is essential to learn mathematics effectively. G&R did not have separate sections for 

mathematical skills but treated those skills in the prerequisite knowledge of chapters that required 

them. 

4.1.3 Chapter Structure 
Although the visions of the two textbooks were different (section 4.1.1), they had a similar structure 

within each chapter. Each chapter started with a section of prerequisite knowledge (section 4.2.2); 

This section was used to reactivate knowledge of previous years/chapters and offered both 

explanation and exercises at the minimal level needed to understand the upcoming chapter. Within 

each section there were exercises that guided the students into discovering a new concept/theorem: 

These questions were followed by an explanation of that concept/theorem, usually accompanied by 

worked examples. Then there were selected exercises starting from the reproductive level increasing 

in cognitive demand up till the analyzing- and in some cases the evaluating level as defined by 

Brändström (2005). This pattern from introduction- to closing exercises was repeated one or more 

times to form a textbook section (section 4.2.3).  
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A chapter consisted of three to six sections (MW always used six sections that are developed for a 

single lesson (Noordhoff Uitgevers, 2018b)), followed up by a summary of all theory blocks of the 

chapter (section 4.2.5), and was finished with a diagnostic test (section 4.2.6), which was mostly 

reproduction for students who had done all the exercises. These exercises did not require as much 

cognitive demand as the closing exercises of each section, because there was no new information 

within this self-test. Both textbooks offered mixed exercises (section 4.2.4): in G&R these were 

presented at the back of the book as a single section that covered the entire book, whereas MW put 

these exercises before each self-test. The combined exercises were similar to the closing exercises, but 

they spanned the context of multiple sections which was likely to help students to structure their 

knowledge in their ‘knowledge web’ to achieve long-term deep learning (Simon, 1995). 

4.1.4 Learning New Theory 
The preceding questions before new theory was presented in G&R required only small cognitive steps 

to solve. If, however, students still got stuck they could see the approach needed to solve these 

exercises in the theory explanation. The theory section was therefore a summary with some extra 

points of attention to students who were able to solve the introduction exercises themselves and acted 

as a helpful guide for students that could not solve them. 

 

In MW these exercises required bigger cognitive steps and the theory blocks often only described the 

conclusion without the logical reasoning to arrive there. This meant that students who could do these 

exercises on their own were seen to ‘learn deeply’ and this could be categorized as ‘doing 

mathematics’ (Smith & Stein, 1998). Weaker students, on the other hand, were not likely to make it 

through these exercises and were only presented with the conclusion without any reference frame to 

embed this knowledge. This structure made the application of this theory not only more difficult for 

students, but also reproductive instead of constructive. As described by their design philosophy, the 

teacher thus had an important role in structuring the knowledge for these students, in order that they 

were able to achieve understanding of the underlying reasoning. With classes of sometimes more than 

30 students, this could give rise to problems for the teacher in terms of not being able to finish the 

curriculum. MW addressed this problem by having online interactive exercises, explanatory videos and 

step by step instructions. For in-class solutions, there was a help book available which had extra 

exercises and answers to some key exercises, an answer book and a book with detailed solutions to 

the exercises. For self-learning, these extra books were likely to be vital for the weaker students. All 

these extra materials, apart from the help book, were also available for G&R. 

 

One final remark about the explanation of new theory: both textbooks did not explain new theory in 

multiple ways. This would be beneficial for good students, so to connect new to ‘old’ knowledge and 

to structure their learning, as well as for weaker students as they could pick the ways most easy for 

them to comprehend. 

4.1.5 Exercises and Diagnostics 
MW and G&R had a similar number of exercises in each section. In terms of difficulty, the biggest 

difference was in the introduction exercises preceding theory blocks as described above in section 

4.1.4. The other exercises were similar in terms of difficulty with one difference: G&R indicated the 

type/category of each question in the book itself. The categories were: Orientating-, Test-, Regular-, 

Reflection-, Closing- and Thinking exercises. Within each category, the cognitive demand was similar, 

except for the ‘regular exercises’: similar looking exercises often had special cases which required a 
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different solving technique. It could therefore happen that students skip some questions as they 

thought they practiced enough and were therefore not aware of some special cases. 

 

In G&R, each section usually started with pure mathematical skill testing, and subsequently changed 

to practical uses or small background stories. For example, students learned to find the maximum of a 

function using the derivative, then they practiced this on generic functions before applying this to 

maximize the rectangular area that someone can enclose with a given fence length. In MW these 

applications, together with their matching visuals, were presented more frequently. 
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 Vertical Textbook Analysis 
A vertical textbook analysis was performed on G&R and MW. For MW, the chapter that the students 

had just completed at the time of the interviews was chosen, chapter four of the book for 5vwo: 

‘Integreren’ (English: to integrate). The matching chapter from G&R was chapter eleven (taught at the 

end of 5vwo): ‘Integraalrekening’ (English: Integrals). However, MW had nearly twice as many chapters 

as G&R and thus different coverage within those chapters. Therefore, two chapters of MW were 

compared to one chapter of G&R. For MW chapter 2 for 6 vwo: ‘Toepassingen van Integreren’ (English: 

Applications of Integration’) was added to the analysis to have a better match in both content and time 

allocation. 

4.2.1 Title Page 
The title page of G&R started with a picture and short story of an Apollo launch by NASA with some 

data about altitude and velocity. It was said that students would learn to use integrals for calculations 

with speed and acceleration. This explained the link to the upcoming chapter, but since most students 

would not know what an integral is at the start of the chapter, they were not likely to understand the 

title page. Furthermore, it was said that students would learn what primitive functions are, how they 

can be used to calculate areas and volumes, and how integrals can be numerically computed with a 

graphical calculator to determine arc lengths and perimeters. Overall, the title page was unlikely to be 

useful for learning, since it only mentioned the upcoming applications. 

At the same time, MW did not mention any new terminology, except for the title (To Integrate), but 

lead up to the understanding of integration by building upon known concepts and asking to 

approximate the area under a curve (Moderne Wiskunde, 2014, vwo wiskunde B part 5, p.90). By 

drawing four rectangles side by side to a picture of the true area, students might instantly see that the 

approximated area was close to the true area. Students were also asked how this could be improved 

further. It seemed to be expected that students would think about increasing the number of 

rectangles. This served as the foundation for the explanation that followed later in the chapter, giving 

students time to make sense of- and think about it before providing an explanation of integration. 

Deep learning was likely to be achieved by those students who started to wonder how this process 

could be optimized with fewer calculations and better accuracy. In the background of the page, the 

chapter provided a picture of a spiral artwork that was divided into small rectangles, but the 

connection with the subject of integration was not mentioned. A similar approach was observed in the 

other chapter of MW. Here, a solid of revolution of a unit square touching the 𝑥-axis compared to one 

that was located one unit above the 𝑥-axis was depicted (Moderne Wiskunde, 2014, vwo wiskunde B 

part 5, p.34). Students were asked to tell how much bigger the second volume of solid of revolution 

was compared to the first one. As with the other title page, this new term (‘solid of revolution’) is not 

mentioned. Students could calculate the volumes using basic geometry. Although students were not 

using integration to solve the question, it subtly taught the students the importance of the order of 

operations. In the background of the page, hot air balloons were depicted. Supposedly because their 

volume could be approximated with a volume of a solid of revolution. Since the question stated was 

about calculating volumes, students might ask themselves how one does calculate the volume of such 

a balloon - this was likely to contribute to the intrinsic motivation to learn about this topic. 
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4.2.2 Prerequisite knowledge 
To keep the order of the textbook analysis more chronological, this section compared only the 

prerequisite knowledge of the first chapter of MW to that of G&R. The comparison was made easier 

since students using both textbooks were introduced to integration for the first time, whereas the 

second chapter of MW had some repetition of integrals in the prerequisite knowledge and thus 

assumed a different student knowledge base. This section was therefore included in the analysis of the 

main chapter in section 4.2.3.1. 

In the prerequisite knowledge, both textbooks started with rewriting functions with powers. The key 

difference was that G&R restated the algebraic rules and gave two examples, where MW did not 

provide any help. 

They both proceeded with exercises about derivatives. G&R had only one exercise where students had 

to find the derivative of functions with the natural logarithm, square roots and the number e. The chain 

rule, multiplication rule and quotient rule were all required, but were not explained again. However, 

the exercise was preceded by three examples that implicitly showed these rules. For students who 

vaguely remembered these rules, these examples could be used as a sort of puzzle to reconstruct the 

derivative rules. This was likely to achieve deep learning, but only for those students who made an 

effort to tackle this puzzle. In MW five exercises were devoted to the derivative function and its origin. 

The exercises started with the calculation of slope at small intervals, then transitioned to differential 

quotients and finally students had to calculate derivatives that required the chain rule, the 

multiplication rule and the quotient rule. However, there was no example or theory to refresh 

students’ memory about these rules. During this section the only example given was about calculating 

a differential quotient. Calculating the derivative was the most relevant skill for the upcoming chapter 

and it was only tested/practiced in this section. This implied that the authors thought students should 

understand this concept well enough at the start of the chapter or rely on the teacher to fill in the 

potential knowledge gaps during this section. 

G&R finished this section with an algebraic exercise that resembles the algebra needed when 

calculating areas later in the chapter. Again, there was no theory explanation, but this exercise was 

accompanied by a worked example. MW also closed with an algebraic exercise, but this one was about 

calculating intersections and relates to calculating the area between graphs later in the chapter. For 

both textbooks, these final exercises probably did not aid students’ deep learning as they were practice 

exercises of basic algebra in which they should have had procedural fluency already. Either, students 

could calculate/do these effortlessly or they had to get help from other resources. However, these 

exercises were needed to prevent students from starting the next step before mastering the 

prerequisite skills. 

Both textbooks did not mention the connection between these prerequisite exercises and the 

upcoming chapter. For that reason, no new information was given in these sections; and they acted as 

diagnostic test/s to check whether the students were ready to continue to the next chapter. There was 

a significant difference between the number of exercises: MW had eight practice exercises and one 

worked example, where G&R had three worked examples and three practice assignments. This was to 

be expected since MW had two chapters on Integration and therefore had less content that needed 

repetition before starting this chapter. 
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4.2.3 Main Chapter 
Each chapter provided between three to six sections where new theory could be discovered, was 

presented or could be practiced. These sections were referred to as the ‘main chapter’ in this analysis. 

Since both textbooks had a different approach to the topic of integration, it was impossible to compare 

them section by section. Therefore, this analysis treated the main chapters separately.  

4.2.3.1 Moderne Wiskunde 

MW started by estimating areas with Riemann sums using the function value at the middle of each 

interval. Students were asked to do this for up to ten intervals. There was also a question that asked 

to calculate a Riemann sum for 20 and 100 intervals by using a calculator. This was explained in the 

help book. 

The next section introduced notation for definite integrals and explained that these could be calculated 

in two different ways: (1) taking Riemann sums and increasing the number of intervals to reduce the 

error, (2) using a function whose derivative is equal to the original function. Students had to discover 

both these methods themselves (guided by the homework problems) and verify that these methods 

gave the same results. If students remembered that they could calculate areas by dividing it into a 

large number of thin rectangles and that there is a way to do this algebraically, they would better 

understand later theory that was building upon this approach. However, Riemann sums or dividing 

area in smaller sections, was not mentioned again in this chapter. The section continued by calculating 

primitive functions and definite integrals. Students had only one worked example to use as a reference, 

but, combined with their knowledge of the derivative, they should have been able to find the primitive 

functions of polynomials. Since there were four questions to solve, there was a good chance that 

students would discover the pattern to be able to solve these, apart from trial and error. This important 

integration rule was outlined on the next page as a theory block, together with an example of how to 

deal with roots and fractions by first writing them as separate powers of 𝑥. This section concluded with 

an exercise to calculate the area under a function. There was no worked example or theory. However, 

if students had successfully completed the previous assignment they should have understood that a 

primitive function gives the value of the enclosed area up to a chosen 𝑥-value. This exercise was 

considered as deep learning since students had learned the tools but had to figure out how to apply 

these tools. For instance, the left- and right limit of the integral were not given, hence students had to 

calculate these by first finding the roots of the function. 

The next section was purely algebraic. It stated the rule for a primitive function of 𝑓(𝑥) = 𝑥𝑝. This rule 

has an exception for 𝑝 = −1. The reason for this exception was not given but was left as an exercise 

for the students to find out. This section continued with practice exercises to calculate primitive 

functions and definite integrals. New theory was provided on how to find a primitive of functions of 

the form 𝑓(𝑥) = (𝑎𝑥 + 𝑏)𝑝. This was explained by choosing 𝐹(𝑥) = 𝑐(𝑎𝑥 + 𝑏)𝑝+1 and calculating c 

by taking the derivative of 𝐹(𝑥) and compare it with 𝑓(𝑥). This technique was first introduced in an 

exercise for the students to figure out, and then stated as a general approach to functions of this form 

(Moderne Wiskunde, 2014, vwo wiskunde B part 5, exercise 22, p.99). 

In section fou, the relation between 𝐹(𝑥) and the area under a curve was repeated. This was essential 

to understand the integral rules stated later in this section (Moderne Wiskunde, 2014, vwo wiskunde 

B part 5, p.100). These rules were presented after guiding the students with problem solving exercises 

to find these rules by themselves. Apart from discovering the rule, students were asked to show why 

it was true, using a sketch. This helped students to think visually about integrals and it created a better 
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framework for deep learning than abstract symbols. Another question in this section asked students 

to show that the area under a (v,t)-diagram was equal to the traveled distance. This application to 

physics (𝑠 = ∫ 𝑣(𝑡)) was never mentioned in the theory or summary again. Only in the mixed 

assignments, this relation was used again to calculate the vertical distance traveled by a parachutist. 

The last section started with exercises that asked to calculate the area between two curves. This was 

accompanied by a general approach to this type of exercises and by a worked example that followed 

the same steps (Moderne Wiskunde, 2014, vwo wiskunde B part 5, p.102). This section finished with 

integrals and areas of functions other than polynomials. Students had not yet learned how to do this 

algebraically and were therefore expected to find the answer using a graphical calculator. A tutorial 

for calculating definite integrals was included in the help book. 

As explained before, this analysis now continued with the prerequisite knowledge of chapter two of 

the sixth year titled ‘Applications of Integration’. MW introduced integrals using only ‘simple’ functions 

as described above. Since students needed to be able to integrate trigonometric and exponential 

functions as well to meet examination requirements (section C3 of the syllabus: Integration (College 

voor Toetsen en Examens, 2018)), the primitive functions of trigonometric and exponential/ 

logarithmic functions were treated in their corresponding chapter. All these primitives were combined 

in this section and a table was included which lists all primitives known up to that point for easy 

reference. Students first had to calculate primitives of these different type of functions, followed by 

an exercise about calculating integrals, accompanied by a worked example. Remarkable was the fact 

that the relation with calculating areas was not mentioned again. This section became a purely 

numerical exercise for the students to follow a set of rules. One question asked to approximate 

integrals with a graphing calculator. However, the question stated that these must be done with a 

calculator, leaving out the learning opportunity to discover which solutions can be done algebraically. 

The prerequisite knowledge concluded with an exercise to find inverses of functions. The reason for 

this became apparent later in the chapter when students had to calculate volumes of solids of 

revolution around the 𝑦-axis. 

The first section of this chapter was almost identical to the last section of the previous chapter about 

integration. Students had to calculate areas between graphs, but the only difference was that they had 

learned primitives of new functions. The need for this repetition was a disadvantage of spreading the 

topic of integration out over multiple years. 

Section two covered a new topic: ‘volumes of solids of revolution’. It started with a 3D image of 𝑓(𝑥) =

√𝑥 revolved around the x-axis. Students were asked to give the volume of a disc of height ∆𝑥, which is 

basic geometry. After that they were asked to explain why the exact volume can be calculated with 

∫ 𝜋(𝑓(𝑥))
25

1
𝑑𝑥. This explanation required the theory about Riemann sums (taught in the previous 

year) and might have caused problems for students due to the time lag between first taught and later 

used knowledge. The conclusion of this exercise was summarized as theory about volumes of solids of 

revolution around the 𝑥-axis. Students could then practice this with three different functions. 

The next question was crucial for understanding the order of operations as the students were asked 

to calculate the volume of a solid of revolution of an area between graphs that is revolved around the 

𝑥-axis. Students must choose between 𝜋 ∫ (𝑓(𝑥) − 𝑔(𝑥))
2

𝑑𝑥
3

0
 and 𝜋 ∫ (𝑓(𝑥))

2
− (𝑔(𝑥))

2
𝑑𝑥

3

0
. The 

picture from the title page (Fout! Verwijzingsbron niet gevonden.) could play an important role in 
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understanding the difference between these two integrals. The section concluded with three more 

exercises for the students to practice this concept. 

The next section was about volumes of solids of revolution around the 𝑦-axis. As stated before, the 

prerequisite knowledge featured an exercise about inverse functions. These were used to mirror solids 

of revolution in such a way that they could be calculated in the way taught in the previous section. The 

section started with two exercises where the students were asked to calculate the volume of such a 

solid of revolution in three sub-questions: (1) give the inverse function, (2) give limits of integration 

and (3) calculate the volume. A graphic showed how a revolution around the 𝑦-axis can be translated 

to a revolution around the 𝑥-axis with the inverse function. After these questions, a general approach 

for calculating volumes of solids of revolution around the 𝑦-axis was given as theory and the same 

three steps were now listed as a step-by-step solution, together with a worked example, split out into 

the same three steps. Finally, four more practice exercises were presented to the student. 

The final section started with an exercise in calculating an area up to a variable integration limit, using 

𝑝 as a parameter. There was no new theory to be explained, so this was only accompanied by a worked 

example. Three practice assignments were provided where 𝑝 was the integration limit to reach a given 

area. These featured sine, cosine and powers of 𝑒 as well. The final three exercises asked students to 

find equations for the volume of a cone, cylinder and sphere using generic parameters, 𝑟 for radius 

and ℎ for height, on a solid of revolution. The book did not mention the formulas that students should 

arrive at, but instead asked the students to find the formula using this variable integration limit 

approach.  

4.2.3.2 Getal & Ruimte 

 G&R started by explaining that a primitive function is a function whose derivative is equal to the 

original function. This was followed by exercises that asked to verify that a primitive is correct or to 

find an original function for a given primitive function. This was all done by differentiation which was 

already repeated in the prerequisite knowledge. Subsequently, the book provided the general rule to 

find a primitive function of 𝑓(𝑥) = 𝑥𝑛 and the proof by differentiation. The theory block then 

continued with a list of primitive functions for polynomials, exponential functions, logarithmic 

functions and sin(x) and cos(x) and three worked examples. Verification of these rules were left as 

exercise to the students. Although verifying this list was a good exercise in terms of practicing 

differentiation, a possibility for deep learning seemed to be missed, since part of this list could have 

been found by students by asking them to find a function of which the derivative is equal to e.g. sin(x). 

The back-and-forth relation between integration and differentiation was stressed once again in a 

schematic. The section concluded with a section of six exercises where the students had to find a 

primitive function. The challenge in these exercises was to write the given function in a form that was 

included in the list of primitives given before. The algebraic skills needed to do this were repeated in 

the prerequisite knowledge and were repeated in the worked examples. Just as in MW the students 

were asked to explain why 
1

𝑛+1
 𝑥𝑛+1 was not a primitive function of 𝑥𝑛 when 𝑛 = −1. The difference 

here was that the primitives for 
1

𝑥
 were given and the students now learned how to deal with this 

exception to the rule, whereas in MW this situation was further avoided until a later chapter. Next, the 

link was made between primitive functions and the area under a curve. It started with a block marked 

‘Informative’ about Riemann sums, which implied that it was an optional read in contrast to MW that 

devoted a whole section to Riemann sums. It was notable that the syllabus does not mention 
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knowledge of Riemann sums as a requirement for the final examination (College voor Toetsen en 

Examens, 2018). The students were then asked to find the area under a generic straight line 𝑓(𝑥) =

𝑎𝑥 + 𝑏 (Getal & Ruimte, 2014, vwo wiskunde B part 3, exercise 12, p.112). To solve this, the students 

needed a good understanding of linear functions, to find the length of the line segments needed to 

calculate the area. The students were then asked to calculate the derivative of this area-function and 

were expected to note that it was equal to the original function. Although this exercise showed 

students the relation between primitive functions and areas under a curve, this way of proving the 

relationship only works for linear functions. The general prove was presented in the subsequent theory 

section. This was done by having an area-function A(x) and showing graphically that 𝐴(𝑥 + ℎ) −

𝐴(𝑥) ≈ 𝑓(𝑥) ∙ ℎ. From there the book used the definition of the derivative to prove that 𝐴′(𝑥) = 𝑓(𝑥). 

Notation and definitions of integrals were also given, and the theory was summarized as follows 

𝐴(𝑉) = ∫ 𝑓(𝑥)
𝑏

𝑎
𝑑𝑥 = [𝐹(𝑥)]𝑎

𝑏 = 𝐹(𝑏) − 𝐹(𝑎). This was a clear difference with MW that guided 

students in proving these relations, while G&R gave the proof to be read by the student. This section 

of G&R finished with five exercises to calculate the area under a curve. These exercises were similar to 

the worked examples and therefore did not require high cognitive demand. 

 

G&R continued with functions of the form 𝑓(𝑎𝑥 + 𝑏) of which students had previously learned how 

to find a primitive function (of 𝑓(𝑥)). It started by stating that primitive functions of 𝑓(𝑥) = (3𝑥 + 1)5 

are of the form 𝐹(𝑥) = 𝑎(3𝑥 + 1)6 + 𝑐 and students were asked to show that 𝐹′(𝑥) = 18𝑎(3𝑥 + 1)5 

and to determine 𝑎. This exercise required students to recall the chain rule for differentiation and gave 

them a learning opportunity to discover the direct influence of the chain rule on integration. In the 

following theory section, a worked example was used to demonstrate this process. However, as an 

alternative solving method, the general rule was stated as well: "𝑝𝑟𝑖𝑚𝑖𝑡𝑖𝑣𝑒𝑠 𝑜𝑓 𝑓(𝑎𝑥 +

𝑏) are 
1

𝑎
𝐹(𝑎𝑥 + 𝑏) + 𝑐". This was accompanied by a worked example that used this faster method. A 

disadvantage was that this rule is applicable to less functions than the problem-solving method used 

before i.e. the function 𝑓(𝑥) = 𝑥2 ∙ 𝑒𝑥3+4 cannot be solved by using the general rule but can be solved 

by starting with 𝐹(𝑥) = 𝑎 ∙ 𝑒𝑥3+4. The next exercise linked the two approaches by asking the students 

to prove the stated rule. Students would have to use the chain rule again, directly applied to 
1

𝑎
𝐹(𝑎𝑥 + 𝑏) + 𝑐. Another disadvantage was that students who used this new rule were following a set 

of instructions and were more likely to learn by rote learning, and the reverse relationship with the 

chain rule would most likely be forgotten (Lithner, 2017). The rest of the section consisted of seven 

exercises where students could practice with this rule applied to primitive functions, definite integrals 

and calculating areas. One exercise stood out as it referred to the problem-solving method to get a 

better understanding of the limits in the applicability of the newly learned rule. Students had to show 

why you cannot find a primitive function of 𝑔(𝑥) = √4𝑥2 − 1 by assuming 𝐺(𝑥) = 𝑎(4𝑥2 − 1)11
2. The 

section continued with calculating areas between graphs. This subject started with an introductory 

exercise which let students calculate ∫ 𝑓(𝑥) 𝑑𝑥
8

1
− ∫ 𝑔(𝑥) 𝑑𝑥

8

1
 as well as ∫ (𝑓(𝑥) − 𝑔(𝑥)) 𝑑𝑥

8

1
 (Getal 

& Ruimte, 2014, vwo wiskunde B part 3, exercise 29, p.119). If done correctly, students should note 

that this yielded the same results. This would be a good opportunity for deep learning if the students 

were asked to show why this is true. However, the book gave the algebraic proof of this relation in the 

following theory block instead of asking the students to provide the proof. If Riemann sums would 

have been introduced before, like in MW, this relation was likely to develop intuitively, and hence 
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more easily remembered. The following nine exercises made students practice this new theory with 

varying functions. 

Next, calculating volumes of solids of revolution was introduced in a similar way as areas under a curve 

were before. However, this time students were asked to give the proof instead of just noting the 

relation with primitive functions. Since the proof was almost identical to the proof before, students 

should now have been able to adjust this proof to fit the new situation. Deep learning was likely to be 

achieved by students who made this link to the previous proof. The proof was repeated in the 

accompanying theory block. Seven practice exercises were present to familiarize students with this 

new concept.  

Next, solids of revolution of areas between graphs were treated. In a previous section, students 

concluded that the integration and minus operations commute with each other. However, with solids 

of revolution, this does not hold since there is a square operation. Students were asked to calculate 

both ways and verify which way is correct. Although students should be able to find the correct 

solution, this exercise failed to teach them why this was the correct solution. In this case it became 

another algebraic exercise to verify which produces the correct result. Presenting a 3D-image of the 

area that is being calculated in both situations could have given insight into the practical difference 

between the two. In the theory block following this exercise, this explanation was missing as well. It 

merely stated the conclusion as theory that should be learned by heart. This theory was accompanied 

by three practice exercises. 

The next theory block about revolving areas around the 𝑦-axis differed from other theory blocks in the 

sense that this theory was not preceded by an introductory exercise. The book just stated that the 

mechanics were the same as solids of revolution around the 𝑥-axis and gave a worked example. One 

key difference was that students had to do an additional step to rewrite the function to get 𝑥2 as a 

function of 𝑦. This step was not mentioned in the theory, but only appeared in the worked example. 

The section was finished with three exercises that combined solids of revolution around both axes. 

In the last sections, applications of integrals were treated. The first section started by letting students 

verify the formula to calculate the volume of a sphere starting from the circle equation 𝑦2 = 𝑟2 − 𝑥2 

In the theory a worked example was given on how to apply the same strategy to calculating sphere 

segments. This was immediately followed by a proof of the formula to calculate the volume of a cone 

(and of cone segments). This would have been a good exercise for students to proof themselves, just 

like the volume of a sphere before. Five exercises of calculating areas of cone or sphere sections were 

included. 

Next, the students were asked to show that the area under a (𝑣,𝑡)-diagram is equal to the distance 

traveled. This was subsequently stated as theory, together with the fact that the time derivative of the 

velocity is equal to the acceleration. It was summarized as 𝑎(𝑡) = 𝑣′(𝑡) = 𝑠′′(𝑡). A worked example 

of given acceleration, where the travel distance had to be calculated was given, followed by eight 

practice exercises where students had to calculate 𝑎, 𝑣 or 𝑠 with one of the three unknowns given as 

a function. Note that this relation with physics was not part of the final examination (College voor 

Toetsen en Examens, 2018), however G&R devoted a whole section to it. 

The chapter concluded with numerical approximations of integrals by using a graphical calculator. 

First, the students were asked to explain why they were not able to find a primitive function of 
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𝑓(𝑥) = √9 − 𝑥2; For students to understand which functions they could not integrate at this point, 

they must have had a thorough understanding of the functions they could integrate. Therefore, this 

exercise could help to make students think critically about what problems could- and could not be 

solved with the theory they learned so far. It was followed by a tutorial on how to calculate definite 

integrals on a graphical calculator and five exercises where the students had to calculate areas or 

volumes which were not possible to do algebraically (with the knowledge taught so far). Then the 

formula to calculate arc length was given: ∫ √1 + (𝑓′(𝑥))
2

𝑑𝑥
𝑏

𝑎
. This theory was again not preceded 

by an introductory exercise and the proof was not shown, but students were told that they would 

have to prove this formula later. Students first got five exercises where they had to apply this 

formula (still with a graphical calculator) and finally, they got to prove this rule in a similar way to 

how the previous integral rules were proven (Getal & Ruimte, 2014, vwo wiskunde B part 3, exercise 

81, p.142). 

4.2.4 Mixed Assignments 
in G&R there was a section called ‘mixed assignments’ in the back of the book. The placement implied 

that this was an optional section as viewed by the authors. This view was reflected in the exercises, 

since there was no new theory or application presented in this section. There were twelve exercises in 

total that followed the same pattern as the main chapter (i.e. primitives, calculating areas, calculating 

volumes, etc.). In terms of cognitive demand these exercises were similar to the closing exercises of 

the corresponding section. This implied that this section was expected to be used either for extra 

practice or for diagnostics. 

MW had a section called ‘mixed assignments’ as well, but in MW this section was included at the end 

of the main chapter as the final section. These questions required a thorough understanding of the 

preceding sections because every exercise applied previously learned theory in a new situation. This 

section did not include any theory blocks, since all exercises could be solved using the preceding 

theory. The questions required the theory of multiple sections and thus created links between the 

different sections which was likely to promote deep learning. This combination however, made the 

exercises more difficult and thus might have had a negative effect on the students who already had 

trouble in doing the exercises within this chapter, since this setup created a certain threshold for deep 

learning. Since there was no additional help offered by the book, the teacher played an important role 

in guiding these students through the section. Only students who could do these exercises, with or 

without the teacher’s help, could be expected to achieve the deep learning intended in this section. 

For those students who did not manage to do these exercises at once, some extra practice material 

was offered: ‘Extra Practice – Basic’ and ‘Extra Practice – Mixed’. These were included in the chapter 

after the diagnostic test. The book order and title implied that these sections were optional and 

targeted at students that needed more practice in applying theory. In ‘Extra Practice – Basic’ there was 

exactly one exercise for each of the sections of the main chapter, excluding the mixed section. Each 

exercise combined two or more exercises of the corresponding section into a single question. The 

difficulty of the algebra stayed at a relatively simple level, compared to the mixed assignments, thus 

giving students the opportunity to focus solely on the new theory of that section. This section could 

help students to bridge the gap between these sections and the mixed assignments since these 

questions combined theory of a single section, whereas the mixed assignments took it one step further 

by combining the theory of multiple sections. ‘Extra Practice – Mixed’ was another optional section 
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that fitted between ‘Extra Practice – Basic’ and ‘Mixed Exercises’ in terms of both cognitive demand 

and mathematical complexity. Therefore, a total of four learning paths from the main chapter to the 

mixed exercises could be identified (figure 1).  

4.2.5 Recaps 
In G&R each section ended with a single page called ‘Review’ that summarized the theory of that 

section. Almost always, the conclusion of each theory block was stated (i.e. the general rule to use on 

a certain type of problem) together with a worked example that was the same as a previous worked 

example, albeit with some value/formula changes (Getal & Ruimte, 2014, vwo wiskunde B part 3, 

p.116). Several exceptions could be pointed out: (1) in section 11.3 of the textbook (Volumes) there 

was no theory block about the volume of a solid of revolution around a line perpendicular to the x-

axes. However, it did show up as a regular exercise in which students were asked to calculate the 

volume of such a solid of revolution by first translating the function and then revolve around the x-

axes. This was then stated in the review part as theory. Nevertheless, this method was redundant to 

mention since it is a special case of the theory that was reviewed right after (revolving a plane part 

around the x-axis). (2) In the same section, the general approach was missing for solids of revolution 

around the 𝑦-axis. (3) In section 11.4 (Applications of Integrals) the general rule for calculating a 

perimeter of a plane part was given, but there was no worked example presented. These exceptions 

to the rule seemed to arise from the layout choice of the authors, since each review part was fitted to 

exactly one page of the book. 

MW used two adjacent pages for the recap per chapter. The left page grouped all the information of 

the theory blocks together. It used some slightly different wording, but it was the same as repeating 

the theory blocks on a single page. On the right page was a list of problem types that students should 

be able to solve at the end of the chapter. For each problem, there was an introductory text that told 

students which steps were needed and these were then shown in a worked example (Moderne 

Wiskunde, 2014, vwo wiskunde B part 6, p.49). These worked examples were similar to the diagnostic 

section that followed right after, thus students who could do these worked examples by themselves 

should have had the right knowledge for a test about the chapter according to the authors. 

4.2.6 Diagnostics 
Both textbooks devoted exactly two pages per chapter to diagnostics. In G&R this section was called 

‘Diagnostic Test’, whereas MW called it ‘Test Yourself’. 

In G&R this section contained ten exercises which were all similar to a previous exercise out of the 

main chapter marked with ‘A’ (closing exercise) or ‘T’ (test exercise). These were the exercises that 

 
Figure 1: Four learning routes in MW 
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have the highest cognitive demand, apart from ‘D’-exercises (thinking exercises). ‘D’-exercises required 

higher order thinking skills and required students to think critically about previously learned theory, 

which was, of course, desirable. The absence of such exercises in the diagnostic test implied that the 

authors did not view the ability to solve these as a necessary skill. However, the presence of these 

exercises in the main chapter implied that the authors believed that these could aid students in 

understanding the knowledge presented in the chapter. The questions were grouped by their 

corresponding section in the main chapter and thus students could practice in more detail, should a 

knowledge gap be discovered while doing or checking the answers to the diagnostic test. 

MW was similar as it linked each exercise to a section of the main chapter and the cognitive demand 

for the exercises were similar to the ones in G&R. This was to be expected since both textbooks were 

leading up to the same final examinations. One key difference was that MW had some advanced 

problems at the end, but split up into sub-questions, which by themselves did not require a higher 

cognitive demand than the rest of the diagnostics. For instance, in the first chapter about integration, 

a symmetric function was added to a quotient function so that their sum could be factored and thus 

integrated with the integration rules taught so far (Moderne Wiskunde, 2014, vwo wiskunde B part 5, 

exercise T-4, p.108). The thought process of why the second function was added was however not 

explained; to students who were just doing the sub-questions as individual exercises it might have 

seemed random why the second function was added and an opportunity for deep learning would 

therefore be missed. 

4.2.7 Challenging Exercises 
‘Challenging Exercises’ is a section that was only present in MW, after ‘Extra Practice’. These exercises 

required higher order thinking skills and the name and placement of this section implied that it was 

only meant as part of the learning route for excellent students. It did not contain any new theory, so 

students had to apply and combine knowledge from multiple sections to get to a solution and thus 

deep learning was achieved by those who solved these exercises. 

4.2.8 History 
Throughout G&R, blocks marked with ‘History’ were present. In this chapter there was only one such 

block with a background story about Georg Riemann, explaining that his method for calculating areas 

has become the most prominent since it is a numerical solution and thus easily implemented in 

computer software. This history block did not contain relevant knowledge to help students with the 

subject at hand and was seemingly optional read for students. 

MW had a single page about a related mathematical discovery at the very end of every chapter which 

students had to prove or apply in an exercise. This was accompanied by some historical background 

about the mathematician who discovered it. The first chapter about integration introduced 

Archimedes and contained an exercise about his method to calculate the area under a parabola by 

dividing it up into triangles (The Quadrature of the Parabola, 2018). The second chapter about 

integration featured Kepler and his application of Simpson’s rule (Simpson's rule, 2018) to find the 

volume of a barrel. These exercises followed the thought process of the mathematician who invented 

it. Since these exercises were using a different approach to calculating areas or volumes than 

integration, it was not part of the curriculum. It was therefore optional, which explained why it was 

placed after the diagnostic test. 
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 Summary 
Comparing the two textbooks, the most important differences were: (1) the amount of explanation 

offered by the book, (2) the increase in cognitive demand between exercises, (3) the need for a 

teacher, (4) the order in which theory is presented/discovered, and (5) deep learning opportunities. 

MW offered less explanation and left more theory to be discovered by the students, which resulted in 

a faster increase in cognitive demand between exercises. This made this textbook less accessible for 

weaker students and required additional support and resources besides the textbook. The authors of 

MW pointed to the teacher to fulfil this role. However, other resources could also be used to bridge 

the knowledge gaps (section 5.1). By having the first chapter on integration solely on relatively simple 

functions, MW was able to focus on the most important part: understanding integrals. Students using 

MW generally had to bridge larger knowledge gaps between exercises, which required a thorough 

understanding of underlying concepts (i.e. deep learning) or forced students to fall back onto rote 

learning of separate concepts if the underlying structure was not discovered or explained. 

Both textbooks had an overall repetitive structure in terms of knowledge; multiple chapters that 

covered the same mathematical concept in different depths were spread out over multiple years and 

therefore required prerequisite knowledge sections to reactivate knowledge. Within each chapter, 

G&R had multiple recaps of theory, whereas MW only had one recap moment. In terms of practice 

material, G&R had slightly more repetition in exercises after introducing new theory. 
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5 Questionnaire 
 

 Student Resources 
 The number of students using each resource is presented in table 2. In class, the teacher and other 

students were ticked by almost all students as a resource. Only three students answered that they 

contacted the teacher outside of classroom hours for extra help, while 69% of the G&R and 26% of 

MW students do still turn to each other for their learning of mathematics. Significantly less MW 

students used fellow students as a resource out of class, whereas the reverse was true for students 

who ask their parents for help (51% MW, 11% G&R). The total number of students using human help 

(teacher, siblings, parents, students or tutor) outside of class was 86% for G&R and 67% for MW). This 

showed the importance of interaction (possibility to ask questions) for learning mathematics. 

Table 2: Resource selection by students 

  

Getal & Ruimte 
(36 responses) 

Moderne Wiskunde  
(39 responses) 

In Class Out of Class In Class Out of Class 

Textbook 34 33 35 34 

Teacher 34 2 33 1 

Fellow Students 34 25 35 10 

Answer Book 32 32 13 12 

Worked Example Book 28 17 37 36 

Help book (MW Only) - - 4 1 

Digital Curriculum Material 1 2 4 1 

External Online Help 1 9 2 9 

Tutor - 4 - 4 

Siblings - 5 - 5 

Parents - 4 - 20 

Answer books and worked example books showed to be a relevant resource as well. Remarkable was 

that the worked example book was used more with MW, whereas the answer book was used more 

with G&R. This could be explained by the fact that MW had more questions that required multiple-

step solutions where the answer book would fail to help students to find their mistake. The use of the 

answer book instead of the worked example book could imply that students wanted to figure out 

themselves where they went wrong when their solution was incorrect. 

This matches with data from the statements about checking and correcting homework exercises (table 

3). Most of the students wanted to know what errors they made and wanted to learn from their 

mistakes. Again, the use of the worked example book in MW stood out, which could imply that the 

exercises were experienced as being more difficult by the students. 
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Table 3: Student responses on checking and correcting homework exercises 

 

Very much 
disagree 

Slightly 
disagree 

Slightly 
agree 

Very much 
agree 

I learn a lot from my mistakes. 
G&R 0 5 16 15 

MW 0 5 19 15 

If I get an exercise wrong, I want 
to know where I went wrong. 

G&R 0 2 17 17 

MW 1 2 14 22 

I check my homework. 
G&R 1 3 10 22 

MW 1 6 17 15 

If I get stuck at an exercise I look in 
the worked example book. 

G&R 6 11 13 6 

MW 0 2 11 26 

 

 Textbook Elements 
An overview of students’ responses to the usefulness of textbook elements is presented in table 5 

(next page). The section of prerequisite knowledge showed an almost fifty-fifty division between useful 

and not useful with both textbooks. Some students would remove this section completely or reduce 

the number of assignments. An explanation for the distribution of usefulness among the students 

could have to do with students who achieve deep learning, since deep learning supports structured 

knowledge, prerequisite knowledge should be easier to activate. This would imply that students who 

are likely to achieve deep learning would mark this section less useful. The questionnaire included two 

statements to indicate better memorization and thus better-structured knowledge: ‘I have to 

memorize a lot for a math test’ and ‘Knowledge from a year before is usually forgotten’. The answers 

to these statements correlated and are therefore considered good indicators of deep learning (table 

4). However, no correlation was found between any of these statements and the usefulness of the 

prerequisite knowledge. This implied that the prerequisite knowledge section is personal preference 

and does not stimulate deep learning. Remarks from students said that theory blocks are most useful 

in this section and thus this section was concluded to be mostly used by students as a recap. 

Table 4: Correlation between two deep learning indicators 

  I have to memorize a lot for a math test. 

  

Very much 
Disagree 

Slightly 
Disagree 

Slightly 
Agree 

Very Much 
Agree 

Knowledge from a 
year before is usually 

forgotten. 

Very much 
Disagree 

2    

Slightly 
Disagree 

9 17 7  

Slightly 
Agree 

4 15 7 4 

Very Much 
Agree 

 6 3 1 
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Table 5: Usefulness of textbook elements according to students 

 

Not  
Used 

 Very 
Useless 

Slightly 
Useless 

Slightly 
Useful 

Very 
Useful 

Prerequisite Knowledge 
G&R 0  4 13 18 1 

MW 3  2 14 17 3 

Introductory Exercises 
G&R 6  10 13 6 1 

MW 19  1 9 5 5 

Theory Explanation 
G&R 0  0 0 11 25 

MW 2  0 1 15 21 

Worked Examples 
G&R 0  0 1 3 32 

MW 3  0 2 16 18 

Practice Exercises 
G&R 1  0 1 10 24 

MW 1  0 1 12 25 

Closing Exercises 
G&R 2  1 1 10 22 

MW 2  1 3 12 21 

Workbook Exercises 
G&R 28  5 0 1 2 

MW 27  
3 

 
3 2 4 

Summary 
G&R 4  1 6 16 9 

MW 3  1 6 15 14 

Diagnostic Test 
G&R 0  1 4 13 18 

MW 3  1 4 19 12 

Mixed Exercises 
G&R 3  1 4 13 15 

MW 3  1 6 17 12 

Examination Practice 
G&R 17  2 5 5 7 

MW 30  0 4 5 0 

Applications/ 
Online tools 

G&R 23  2 6 4 1 

MW 18  5 8 5 3 

 

The introductory exercises were skipped or marked useless with both textbooks. Most students 

commented that these exercises were too easy and should be left out. One G&R student commented 

that these exercises should be placed after the theory explanation. For G&R this would change the 

purpose of the exercise in that students get presented with theory and they then must replicate the 

proof. This would make these exercises more like diagnostic exercises, to find out whether the students 

understand the underlying proof, one of the deep learning opportunities. However, since theory is 

given before, the exercises would have to be adjusted to have more steps and thus make the exercise 

more difficult. 
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Theory explanation showed no big difference between the two textbooks in terms of usefulness. Four 

students from both textbooks commented that the explanation was not structured well or not 

understandable. In table 6 one can see that students answered in similar ways for both textbooks when 

asked about the implementation of theory within the book. However, one important difference is 

observed in combination with the teacher: Within MW, the teacher often appears to use a different 

explanation than the textbook. The two teachers from MW confirmed this and explained that they 

often thought the theory was too difficult or cumbersome. In G&R, a discrepancy between teacher 

explanation and textbook is observed as well, but less significant. It shows that not only the textbook 

dictates how mathematics is taught.  

In the worked examples accompanying the theory, a difference was found between the two textbooks 

in terms of usefulness: Where G&R scored 8% and 89% on useful and very useful respectively, MW 

scored 41% and 46% respectively. This was also supported by the last data row in table 6. Both groups 

had comments about the students wanting to see more or more diverse worked examples. Two 

students mentioned that they wanted more explanation accompanying the exercise or have more 

steps shown for easier understanding.  

Table 6: Theory according to students 

 

Very much 
disagree 

Slightly 
disagree 

Slightly 
agree 

Very much 
agree 

The explanation in the book is 
easily understood. 

G&R 0 8 22 6 

MW 2 9 20 8 

The explanation in the textbook is 
too long. 

G&R 10 20 5 1 

MW 17 21 0 1 

The theory is clearly structured. 
G&R 0 7 20 9 

MW 0 7 22 10 

I need the textbook to understand 
new theory. 

G&R 0 9 19 8 

MW 0 8 20 11 

The explanation of the teacher is 
the same as in the book. 

G&R 1 11 21 3 

MW 4 20 11 4 

Whenever I get stuck,  
I look at the worked examples. 

G&R 0 0 10 26 

MW 4 7 12 16 

 

The regular exercises and closing exercises showed similar responses. Both were marked useful by 

almost all students. This implies that exercises are of great importance in mathematics learning. This 

was supported by the data in table 7, which shows not only that students understood the theory better 

after practicing with it, but also that theory explanations were essential for most students before trying 

the exercises. The division between how much students should figure out by themselves and how 

much should be presented is thus an important design choice. As identified in section 4.3, G&R focuses 

more on procedural fluency and thus learning by practice, whereas MW focuses more on learning by 

discovery. The exercises in G&R can therefore be repeated multiple times, as can be seen in table 7. 

Note that MW had less repetitive exercises, which could be interpreted in the following way: the 

discovery of a theory was remembered better and thus made repetition of exercises useless. 
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Table 7: Importance of exercises according to students 

 

Very much 
disagree 

Slightly 
disagree 

Slightly 
agree 

Very much 
agree 

I skip theory in the book to try 
exercises myself first. 

G&R 15 13 5 3 

MW 20 7 7 5 

The exercises gradually build in 
difficulty level. 

G&R 0 7 16 13 

MW 0 7 21 11 

I make difficult questions more 
than once. 

G&R 6 7 11 12 

MW 16 14 7 2 

The theory becomes more clear 
whenever I do more exercises. 

G&R 0 1 20 15 

MW 0 2 13 24 

 

The summary showed no significant difference between the two textbooks. However, students were 

divided about the usefulness and how long a summary should be. Some said that it should be shorter 

and have only theory, whereas others wanted a more elaborate summary with worked examples. The 

diagnostic test at the end of each chapter is considered useful by most students, however in all classes 

there was one or more comment saying that it was too easy compared to their schools’ test and too 

similar to previous exercises. 

The diagnostic test was said to be useful by most students, however, as can be seen in table 8, there 

was a mismatch between the diagnostic test and the real test. Students from both textbooks 

commented that the diagnostic test was too easy compared to the real test. When asked, all four 

teachers agreed that the tests they give their students are harder than the diagnostic test, but that the 

diagnostic test connects better to final examination levels. Since the diagnostic test should represent 

the desired level, it could be concluded that it must be made more difficult to connect to the schools’ 

tests. The mixed exercises appear to serve a better job as a diagnostic test as responses showed that 

these exercises connected better to the tests in G&R, whereas in MW these exercises were considered 

more difficult than test level.  

Table 8: Link between the diagnostic test and the real test according to the students. 

 

Very much 
disagree 

Slightly 
disagree 

Slightly 
agree 

Very much 
agree 

If I can make the diagnostic test,  
I am ready for the real test 

G&R 4 18 12 2 

MW 0 10 17 12 

The diagnostic test resembles the 
real test. 

G&R 14 16 5 1 

MW 8 14 16 1 

The use of online applications, examination questions or workbook exercises appeared to be too 

little to draw any conclusions about their contribution to students’ learning. Examination questions 

are usually treated in 6vwo and were therefore not present in the textbooks of the students filling in 

the questionnaire. Further research would be needed to find the effect of using examination 

questions in earlier years. Moreover, online applications would need to be investigated in more 

detail. 
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 Summary 
The textbook showed to be the dominant resource for students’ learning of mathematics, followed by 

their teacher/s and fellow students. Having answer books or worked example books available was 

discovered to be beneficial as well. Both textbooks were trying to incorporate digital resources into 

the classroom (Noordhoff Uitgevers, 2018a), but in the research group these were hardly ever used. 

To measure the effectiveness of those digital resources, further research is needed on schools that 

have implemented them into their lesson structure. 

According to the students, the most useful parts of the textbook were (1) theory blocks, (2) worked 

examples, (3) practice exercises and (4) closing exercises. It was shown that most students learned 

most by doing exercises and that often theory would become clearer after doing more exercises. The 

worked examples were therefore important to give students a reference point on how to approach 

upcoming exercises. Several students responded that more worked examples should be included, and 

it could be concluded that students learned mathematical theory by first discovering how it was 

applied to worked examples. Discovery of mathematical theory was marked important in the design 

philosophy of both textbooks (section 4.1.1). However, the introductory exercises created for this 

purpose were usually skipped by students as they were said to be too easy or redundant with the 

presence of a theory block immediately after. 

The diagnostics offered by the textbooks were discovered to be too easy compared to test level. From 

students’ responses could be concluded that they want the diagnostics to match better with their 

schools’ tests. Practice of mixed assignments was measured to be a better preparation for a test. 

Prerequisite knowledge and summaries were both tools that could help students structure their 

knowledge. Students were divided about the usefulness of these tools from which could be concluded 

that these sections had potential to improve when differentiation between students was applied. This 

was especially viable for digital curriculum material which could give each student a personal section 

of prerequisite knowledge or recap. 
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6 Classroom Observations 
 

A total of five different resources was identified of which the most important were: (1) fellow students, 

(2) the teacher and (3) the textbook. It was observed that interaction with fellow students was always 

initiated by the textbook. The Venn-diagram (figure 2) shows the remaining possible combinations of 

these three resources. The other observed resources were (4) the answer book, and (5) the worked 

example book, which are elaborated upon in section 6.2. 

 

 

 

 

 

 

 

 

 

 Classical Instruction 
The textbook showed to be the dominant factor in terms of lesson structure. In all four classes, the 

textbook dictated which theory was explained and in what order the theory was taught. Each lesson 

started with the teacher treating an upcoming theory block. Students were not given the introductory 

exercises as homework so all teachers either skipped these questions completely or used them in their 

explanations.  

The instructions by the G&R teachers closely followed the introductory exercises, using the dialogic 

approach (figure 2: area 3). The teachers mainly asked questions to guide the class towards the 

intended solution. In the four hours of observation, all questions were eventually answered by one of 

the students, -this indicates that the cognitive steps in the introductory exercises were small (section 

4.2.3.2). In between, the teachers made connections to earlier knowledge which were not mentioned 

in the book [“Last year we learned to write everything as a power with the same base, but now we can 

solve it faster using logarithms which we learned last week”] (figure 2: area 5): this could be knowledge 

from the previous lesson, or even from the previous year. If students still had questions, the teachers 

would come up with another example of their own, to illustrate the notion taught. This example-based 

instruction matched the design philosophy of the authors (section 4.1.1). 

In the MW classes the dialogic approach was not used. The teachers started their lessons with 

explanations of those theory blocks that were required for the upcoming homework (figure 2: area 4). 

It was observed that the MW teachers used different explanations for the same theory block (figure 2: 

area 5). This was to be expected since the introductory exercises of MW had larger knowledge gaps 

(section 4.2.3.1), which made it possible to have multiple ways to bridge the knowledge gaps. This was 

supported by data from the questionnaire, where students answered that the explanations from their 

teacher differed from the ones in their textbook (section 5.2, table 6). Just as with G&R the MW 

Figure 2: Combinations of Student Resources (not to scale) 
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teachers added the connections to previous knowledge which were not in the textbook (figure 2: area 

5). Here, a discrepancy between the authors’ design philosophy could be observed since they advocate 

mathematics learning by discovery (section 4.1.1). However, the discovery part was shown by the 

teacher instead of done/investigated by the student. 

 Doing Exercises 
Around two-thirds of every lesson were reserved for working on homework problems. Students from 

all four classes were observed to work together often, which was in accordance with the questionnaire 

(section 5.1, table 2). Some students worked together on all the exercises (figure 2: area 2), others 

started working on the exercises by themselves (figure 2: area 1) and would only call for help from 

their fellow students or teacher whenever they got stuck. Most students would only call for help from 

the teacher if their direct neighbor did not know the answer either. This indicates that students liked 

to learn from each other and that this interaction should be stimulated. No significant difference was 

observed between the two textbooks in terms of student interaction.  

Students had access to worked example books and answer books in class, and these were used 

extensively. Selected students used the digital curriculum materials on their smartphone to get 

access to the answers. Most students were observed to check their answers immediately after 

finishing each exercise trying to find the mistake on their own or together with their neighbor. If they 

did not find it, they would look at the worked example book. Most questions to the teacher were to 

explain a step in the worked example book that they did not understand. This showed that the 

students were not only interested in getting the right answer but also in understanding the process. 

The importance of being able to check answers was also a result of the questionnaire (section 5.1, 

table 3). 

 Summary 
In class, students were observed to use five different resources: (1) textbook, (2) teacher, (3) fellow 

students, (4) answer books and (5) worked example books. Of the latter two, the digital version was 

used by select students, but no interactive software was used in the observed lessons. The textbook 

order was conserved by the teachers and thus the textbook dictated in which order the theory gets 

explained. This left little room for the teachers to decide on how to approach a chapter. However, in 

MW, a difference in explanation was observed between the two teachers. Teachers were seen to 

deviate in their explanation because of MW having less explanation in the book, thus leaving more 

room for personal interpretation. In all classes teachers were observed to make connections to 

previous knowledge, thus helping students to develop more interconnected knowledge. Most time 

was spent doing exercises and the use of answer books and worked example books showed that 

students were interested in the mathematical approach to each exercise, which not only helped them 

understand the problem at hand, but also to make related problems easier to solve. 
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7 Student Interviews 
 

The students that took part in the individual interviews were each assigned with a unique code as to 

not breach their privacy. For example: MW-S2 was used to indicate the second student that took part 

using MW. 

 

 Interview Results 
For both textbooks, students confirmed that the diagnostic tests were too easy compared to their 

schools’ tests and that mixed exercises (In the case of G&R, closing exercises as well) formed a better 

resource to practice for a school test [MW-S1: “I think the self-test is easier. At a school test, the 

questions are more combined, but it is useful to check if I understand it”, G&R-S3: “The diagnostic test 

is a little easier than our schools’ tests, so I rather practice with the A-exercises (closing exercises) in 

the chapter, because those are a little bit harder”]. The diagnostic test grouped questions of a textbook 

section together (section 4.2.6), but students seemed to require the underlying relations in exercise 

format for thorough understanding. This meant that the diagnostics were only valued useful to test for 

section level understanding, whilst mixed exercises formed the link from section level understanding 

to chapter level understanding (test level). It could be concluded that the mixed assignments were not 

only used by students to rate their knowledge/skills at chapter level, but also to reach that level by 

practicing. At a smaller scale, students also appeared to require practice in combination with worked 

examples to understand some of the theory blocks [G&R-S3: “Sometimes I need to copy an approach 

literally before I understand it”].  

See figure 3: it was concluded that prerequisite knowledge (only some students (section 5.2)), worked 

examples and practice exercises were used to reach understanding at theory block level. Introductory 

exercises should serve the same purpose but were found to be hardly used (section 5.2) and should 

therefore be altered or removed to improve students’ learning. To combine the knowledge of multiple 

theory blocks and reach section level understanding, the diagnostic tests were observed to be suitable 

(section 4.2.6). However, in practice, these were observed to be used wrongly as a resource for chapter 

level understanding. The closing exercises, which were concluded to be similar to the diagnostics 

(section 4.2.6), were confirmed to be used this way. When chapter level understanding was required, 

for a school test, students were also observed to use the closing exercises as well as mixed exercises 

[MW-S4: “In the week before the test, I do a difficult exercise of each paragraph, usually the closing 

exercise”, G&R-S1: “after learning theory blocks, I do the diagnostic test and if I get stuck I go back 

within the chapter and practice with some more exercises”]. Closing exercises had a lower cognitive 

demand than required, since they only used knowledge of a single section. However, students seemed 

to still use this extra repetition of section level understanding before being able to make the next step 

to chapter level understanding. 
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Multiple chapters formed one of the mathematical topics of the final examinations (section 4.1.2 

(College voor Toetsen en Examens, 2018)). The corresponding exercises that could help to reach both 

levels were exam question by topic and full examinations respectively. It was hypothesized from figure 

3 that practicing with examination questions as soon as the final chapter of a mathematical topic was 

finished would support students’ cognitive structure. However, none of the textbooks was structured 

this way and further research is therefore needed to test this hypothesis. 

All interviewed students said that the recurring topic structure at chapter level (section 4.1.2) was 

beneficial [MW-S5: “Sometimes when chapters are similar I can get confused”, MW-S2: “I do not have 

a good long-term memory so if we return to the same topic later, I am forced to repeat it, which is 

good”]. Thus, a recurring structure supported students’ learning in the short term by having delineated 

topic areas and in the long term by using repetition. 

G&R teachers were said to follow the book often to explain theory, usually using either the 

introductory exercise or an example to explain the theory. At the same time, the explanation of MW 

teachers was said to be different from the book. Four out of five students said that they thought the 

teachers’ ways of explaining was better than the textbooks’ [MW-S4: “Her way is better, because her 

way is more practical, what I can apply the most”]. It was observed that teachers’ explanations were 

different when comparing the MW teachers (section 6.1). However, a larger teacher group is needed 

to draw conclusions about factors that influence teachers’ explanations. 

Apart from a mismatch between textbook and teacher explanation in MW, no significant differences 

were discovered in the interviews. Students from all four teachers said that their teachers often 

explained which earlier knowledge would be used and they would recap this knowledge when asked 

by students. Students commented that the theory was easier understood when these references 

were made. It can be concluded that connections to lower levels (figure 3) were important to achieve 

a higher level of understanding with students. However, students also said that most of the time this 

reference to earlier knowledge was only obtained from the teacher and not from the textbook. 

Textbooks could thus be improved to include previous knowledge exercises/theory before each 

theory block.  

  

Figure 3: Practice based learning to test for- and reach a higher level structure. Green: confirmed. Red: unconfirmed 
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 Summary 
The feasibility of learning mathematics by practice has already been shown by Zhu and Simon (1987), 

and students in this study preferred the use of worked examples and exercises over theory to learn 

mathematics. This was especially true when preparing for a test. Most students would mainly do 

exercises, instead of learning theory. Although students did notice the discrepancy between the 

diagnostic tests and their schools’ tests (section 4.2.6), they did still use it as test preparation. This 

showed how dominant the book structure was in determining the order in which students did their 

exercises. To better match the level of the student, each exercise should therefore be presented to the 

students as soon as they have the right knowledge to be able to do the exercise, i.e. when the 

diagnostic test is done at the end of a chapter, students should already be at section level 

understanding, so these questions could better be placed near the end of each section. The same is 

true for when the final chapter of a mathematical topic is treated: Students should now have the 

knowledge to make final examination questions about this topic. This structure will have students be 

tested on-/brought to the highest possible level before dropping down to a lower level structure of a 

new subject. 
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8 Verification and Validation 
 

The questionnaire, lesson observations and student interviews were all executed within a month to 

keep the data coherent. The researcher was present during the questionnaire to answer questions 

and clarify when necessary to produce a more reliable dataset. Redundancy was added in the 

questions to check for honest responses. Similar questions yielded similar results, so it can be 

concluded that most/all students were filling in the questionnaire truthfully. The number of students 

in each class matched with the number of responses to the questionnaire, so the dataset was 

deemed complete. In addition, the answers from the questionnaire were consistent with the 

classroom observation. 

Since 6vwo was part of the target group it would have been better to include this group in the 

research. However, this would have required the data to be gathered near the start of the school 

year to ensure that new theory was presented. This research focused on the perspective of the 

student. However, since this is likely to be influenced by the teacher, a larger teacher pool would 

have provided for more reliable conclusions. The same is true for the influence of the school itself, 

which was left out of the research, since it would have required much more time than allocated for 

this research. Finally, a good contribution would have been to include interviews with students who 

used their curriculum materials a lot but did not get the desired results. Due to time constraints, 

these interviews were not part of this research, but could have provided insightful results in terms of 

shortcomings of the textbooks. 
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9 Conclusion 
 

In section 9.1, the research questions framed in chapter 1 are answered. Then, advice is given on how 

to improve mathematics textbooks to support students’ deep learning in section 9.2. Finally, in section 

9.3, recommendations for further research are given. 

 

 Answered Research Questions 

1. What are the author's intentions and design choices, as identified by the researcher, in the 

mathematics textbooks? 

From the textbook analysis (chapter 4) it was concluded that the authors of G&R believed that practice 

was important in mathematics learning. Not only was repetition embedded in the exercises but also 

theory was repeated throughout in prerequisite knowledge sections or in recaps. When learning new 

theory, students were encouraged to discover the underlying concepts first in an introductory exercise. 

The authors of MW also had such exercises that put emphasis on student discovery, but they extended 

the idea of learning through discovery in other exercises as well. Therefore, they had fewer exercises 

than G&R and provided opportunities for students to discover exceptions or wrong implementations 

of previously stated theory in exercise form, whereas G&R often stated these special situations 

beforehand. This made MW more difficult to use as self-study material and the authors stated that the 

teacher should play a central role in guiding the student through the exercises. Apart from types of 

exercises and theory explanations MW showed the same design choices as G&R in overall structure, 

that is, repetition of mathematical topics and having exercises that tested the theory of a single theory 

block as well as exercises that combined the theory of a complete chapter. 

2. Which resources do students use for their learning of mathematics? 

In class, students were observed (chapter 6) to use the textbook as their main resource, followed by 

the teacher and fellow students. Answer books and worked example books were not only used to get 

the correct solution but were also used to make sense of a solution and thus support students’ 

learning. From the questionnaire (chapter 5) it was concluded that outside of class, the teacher was 

hardly contacted by students, but other human help was often used as a resource: fellow students, 

parents, siblings, or tutor. Online, students would mainly search for theory explanation videos, but not 

for extra exercises. MW provided a help book that also includes extra exercise, but since this was hardly 

used, it could be concluded that both textbooks had enough exercises available. 

3. How do students use curriculum materials/textbooks for their learning of mathematics? 

Theory blocks were always treated in class by the teacher (chapter 6). Subsequently, students would 

do exercises to familiarize themselves with the theory. Most students who got stuck on exercises, 

would first fall back on worked examples before reaching for the answer book. It was discovered that 

written theory was almost always used by students in combination with the worked examples (chapter 

7), which showed that for most students written theory alone was not enough to achieve deep 

learning. From the questionnaire (chapter 5) it could be concluded that most students would value the 

exercises and the worked examples most for their learning of mathematics. 
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4. How do students use the theory blocks in their textbooks?  

As described above, theory sections were explained by the teacher after which students would use 

exercises to understand the theory. Especially the worked examples presented with each theory block 

was used for students’ understanding. Students would use the theory in combination with the worked 

example as a reference when they got stuck at an exercise. Thus, students would in most cases not 

fully understand the theory before trying to apply it to exercises, but they would return to the theory 

when needed. 

5. According to the students, to what extent and how are deep learning opportunities offered 

to students by their textbooks? 

From student interviews (chapter 7) it was concluded that students often needed the worked examples 

to make sense of written theory. The regular exercises would also help in better understanding the 

theory. This showed that not only was it important that theory and exercises were coherent, but also 

that exercises were more important than written theory for students’ learning of mathematics. This 

was reflected in their test preparation where most students would mainly do exercises instead of 

learning theory blocks or summaries. Students noted that mixed exercises helped them to get better 

insight in-/structure of- chapter level knowledge and that the same was true for closing exercises and 

section level understanding. Students would use questions with a lower level of structure to practice 

difficult sections before trying the higher-level questions. This showed that having questions available 

at different levels of structure was beneficial for students’ deep learning. 

 Advice for textbook improvements 
Results of the questionnaire (chapter 5), classroom observations (chapter 6) and student interviews 

(chapter 7) showed that the coherence between theory explanation and exercises was vital for 

effective learning by students. Students would often skip the introductory exercises and theory would 

usually only be understood after applying it in exercises. This might be improved by having the written 

theory be spread out over the section so that students could continuously learn through practice while 

feeding them small chunks of theory along the way. This would imply that exercises would have to be 

adjusted to have a more gradual buildup since not all theory would be explained at once. Not only 

would students be able to exactly identify what part of the theory was causing them problems, but 

they would also be more likely to discover theory on their own since the cognitive steps would be 

smaller. Both textbooks already tried to achieve students’ discovery in their introductory exercises, 

but they did not seem to get the desired results. Therefore, these exercises might be better left out or 

adjusted to be better suited as theory explanation instead of theory discovery, since these exercises 

were observed to be already used in teachers’ explanations (chapter 6). 

 Recommendations 
The proposed textbook improvements above would need to be tested. An intervention is 

recommended where students are split into groups that use the current textbooks or make use of an 

intervention that implements the improvements described above. In a comparative study, one can 

then identify the effects on students’ learning. Preferably this study will measure performance over a 

longer time span, as being able to apply knowledge after not using it for a while is an indication of deep 

learning. To measure the effect of final examination questions on students’ learning, this should 

include students in 6vwo as well. 
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Appendix A Textbook Analysis Schedule 
 

  

Worked examples Getal & Ruimte Moderne Wiskunde 

How frequent are 
worked examples 
presented? 

Nearly all theory blocks are followed 
up by a worked example or have an 
example-based explanation. 

about half the theory blocks have 
worked examples included in them. 

To what level of detail 
are they explained? 

The worked examples follow the 
same steps as the general 
explanations. Occasionally a remark 
is given to clarify a step. 

The worked examples follow the 
same steps as the general 
explanations. Occasionally a remark 
is given to clarify a step. 

Is there new 
information presented 
in the worked 
examples? 

Yes, occasionally a remark is given 
about special cases. They are 
outlined to draw the students’ 
attention. 

No 

Are there any 
‘exceptions to the rule’ 
presented? 

Some of the special cases or 
exceptions are mentioned in the 
theory blocks, others will come up in 
the exercises. However, most 
exercises look similar and the 
students will not know they have to 
do something different until they try 
the exercise. 

Exceptions and special cases are 
presented as exercises for the 
students. 

General 
 

Getal & Ruimte Moderne Wiskunde 

What are the design 
philosophies of the 
authors according to 
their website? 

The mathematics relate to the 
students’ environment and connects 
to their level of understanding. They 
develop a mathematical skill set by 
means of clear theory, realistic 
context and plenty of practice 
material. The material is provided 
according to the Basis- Repetition- 
and Extra material- model. 
Personalized learning is possible in 
the last iteration of the method and 
students are encouraged to work on 
their own. The clear structure 
provides the students and teachers 
with a good framework. Learning by 
practice is the most important design 
philosophy of this textbook. 

This textbook gives priority to insight, 
structure and innovation. In 
cooperation with the teacher, the 
student explores the different 
subjects, after which he can practice 
and apply the theory by himself on 
his own level. Key points are the 
discovery of mathematics and to 
practice within a certain context. 

What physical 
curriculum materials 
are available? 

Textbook (theory + exercises), 
answer book, worked examples, 
workbook 

Textbook (theory + exercises), 
answer book, help book (contains 
extra exercises, worksheets, answers 
to exercises, example tests and 
calculator manuals), worked 
examples, workbook 

What digital 
curriculum materials 
are available 

Videos, digital books, exercises, 
example tests 

Videos, digital books, exercises, 
example tests 



~ II ~ 
 

Explanations Getal & Ruimte Moderne Wiskunde 

Are visuals used to aid 
the understanding? 

yes, primarily graphs and tables in 
theory sections. Most exercises have 
visuals as well, sometimes they do 
help to clarify the question, but some 
are just related images or cartoons 
that do not add anything to the 
understanding of the mathematics. 

yes, primarily graphs and tables in 
theory sections. Some exercises have 
visuals as well (less than Getal & 
Ruimte, sometimes they do help to 
clarify the question, but some are just 
related images or cartoons that do not 
add anything to the understanding of 
the mathematics. 

Does the textbook 
make use of web 
applications or mobile 
apps? 

On the internet, students can see 
animations and videos that explain 
theory and do interactive exercises. A 
mobile app is in development. On 
tablets, students can access the 
digital books. 

On the internet, students can see 
animations and videos that explain 
theory and do interactive exercises. 
The mobile app 'studiekit' gives access 
to digital books. On mobile phones, it's 
not yet possible to do the interactive 
exercises. On tablets however, this 
feature is already supported. 

Are the explanations 
mathematically 
correct? 

for the level of understanding 
required yes, but for example the 
book states that the square root of a 
negative number does not exist 

for the level of understanding required 
yes, but for example the book states 
that the square root of a negative 
number does not exist 

Are there proofs given 
for mathematical 
theorems? 

Almost all theory is explained in small 
steps and can be verified easily 

Most of the theory must be discovered 
by the students themselves. The 
resulting conclusion is presented, but 
the reasoning behind it is often not 
directly given in the textbook, but in 
the answer book 

Are new concepts 
explained in multiple 
ways? 

no no 

  

Diagnostics Getal & Ruimte Moderne Wiskunde 

Is it clear what level of 
understanding is 
expected of the 
students? 

There are example test questions, but 
these are only available to the 
teachers 

Yes, there are test examinations in the 
help book and online. 

Is there a way for 
students to test their 
understanding of a 
topic? 

There is a diagnostic test at the end 
of each chapter with questions split 
out to the various paragraphs. 

There is a diagnostic test at the end of 
each chapter with questions split out 
to the various paragraphs. 
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Mathematical 
framework 

Getal & Ruimte Moderne Wiskunde 

Is it apparent what 
prerequisite 
knowledge is 
necessary? 

yes, each chapter starts with a 
paragraph of prerequisite knowledge 
containing exercises and a repetition 
of the explanation. 

yes, each chapter starts with a 
paragraph of prerequisite knowledge 
containing exercises and a repetition 
of the explanation. 

Does the order of the 
chapters matter for 
the students’ 
understanding? 

Usually, chapters do not continue 
where the previous chapter stopped. 
This allows for some rearrangement 
of the chapters, without changing the 
mathematical framework of the 
students 

Usually, chapters do not continue 
where the previous chapter stopped. 
This allows for some rearrangement 
of the chapters, without changing the 
mathematical framework of the 
students 

Are the students 
encouraged to 
discover mathematical 
concepts by 
themselves? 

yes, almost every new theory is 
preceded by one or two questions 
that are designed to teach students 
about the new concept gradually. 
Sometimes the concept is explained 
afterwards, following the same steps 
as the exercise. But occasionally after 
such an exercise, just the conclusion 
of what is discovered is given. 

yes, almost every theory block is 
preceded by a small exercise that 
introduces the student to a new sort 
of problem. Some of them lay the 
groundwork for a step by step 
solution to the problem, while the 
rest just state the problem and asks 
students if they can solve it by 
combining some logical reasoning 
and previously acquired knowledge. 
The full solution method is almost 
always presented in the following 
theory section. 

  
Assignments/ 
Exercises 

Getal & Ruimte Moderne Wiskunde 

How does the 
cognitive complexity 
vary between 
exercises. 

Most sections have anywhere from 3 
to 6 questions gradually building in 
cognitive complexity. The algebraic 
skills are more repetitive and vary 
less in complexity 

Most sections have anywhere from 3 
to 6 questions gradually building in 
cognitive complexity. The algebraic 
skills are more repetitive and vary 
less in complexity 

Are there assignments 
that use knowledge 
that has not been 
explained before? 

Yes, almost all theory blocks are 
preceded by an orienting exercise. 
Students can, with a bit of steering, 
discover the new theory by 
themselves. The theory then acts as a 
kind of summary of what is 
discovered in that exercise. 

Yes, some exercises are specifically 
designed for students to discover 
new knowledge by themselves. 

Are there hints 
available for students 
who get stuck in the 
middle of an exercise 
or do not know where 
to start? 

On a few occasions there is a small 
hint box next to an exercise. 

Yes, there are interactive exercises in 
the online material and there is a 
help book available. 

Is the difficulty of an 
exercise indicated? 

Yes, the exercises are divided into 
one of six categories: orienting, 
regular, concluding, reflective, test 
and problem solving 

Not in the regular exercises. There 
are separate sections for students 
who need more explanation/practice 
and some harder questions for 
excellent students. 
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Appendix B Questionnaire 
 

 

Algemeen 
 

Wat is je naam?  
 
 

Hoe oud ben je?  
 
 

Wie is je wiskundedocent?  
 
 

Welke methode gebruik je?  

Getal & Ruimte   
Moderne Wiskunde  

 
 

hoe lang besteed je gemiddeld per week aan je wiskundehuiswerk buiten de les?  
 

Ik maak geen wiskundehuiswerk   
Ik heb bijna altijd mijn huiswerk in de les al af   
Tussen de 0 en 1 uur   
Tussen de 1 en 2 uur   
Tussen de 2 en 3 uur   
Meer dan 3 uur  
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Informatiebronnen tijdens de les 

 
 

Gebruik je tijdens de les filmpjes met uitleg? Zo ja welke?  
Bijvoorbeeld: naam van Youtube-kanaal of website. 
 
Gebruik je tijdens de les nog andere uitleg op het internet? Zo ja welke?  

Bijvoorbeeld: naam van website. 

 
Wat gebruik je tijdens de les nog meer als informatiebron om wiskunde te leren?  

Tekstboek   
Antwoordenboek      
Uitwerkingenboek   
Werkboek      
Hulpboek (Moderne Wiskunde)   
Docent   
Medeleerlingen  

 
Anders:  

 

Informatiebronnen buiten de les  
 

Gebruik je buiten de les filmpjes met uitleg? Zo ja welke?  

Bijvoorbeeld: naam van Youtube-kanaal of website. 

 
Gebruik je buiten de les nog andere uitleg op het internet? Zo ja welke?  

Bijvoorbeeld: naam van website.  
 

Wat gebruik je buiten de les nog meer als informatiebron om wiskunde te leren?  

Tekstboek   
Antwoordenboek   
Uitwerkingenboek   
Werkboek     
Docent (bijvoorbeeld via e-mail/ELO)   
Medeleerlingen   
Ouders   
Broer/Zus   
Bijlesdocent  

 
Anders:  
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Stellingen 
 

Geef van de volgende stellingen aan hoe zeer je het er mee eens bent. Kies het eerste antwoord 
wat in je opkomt. 

 
Ik maak alle opgaven uit het boek. 

Helemaal mee oneens      Helemaal mee eens 

 
De opgaven die ik maak, maak ik op volgorde. 

Helemaal mee oneens      Helemaal mee eens 
 

Ik maak moeilijke opgaven meer dan een keer.  

Helemaal mee oneens      Helemaal mee eens 
 
De opgaven lopen geleidelijk op in moeilijkheidsgraad.  

Helemaal mee oneens      Helemaal mee eens 
 
De theorie wordt duidelijker als ik meer opgaven maak.  

Helemaal mee oneens      Helemaal mee eens 
 
Ik vraag vaak anderen om hulp bij het maken van mijn huiswerk.  

Helemaal mee oneens      Helemaal mee eens 
 
Ik help anderen met opgaven.  

Helemaal mee oneens      Helemaal mee eens 
 
In de les werk ik in mijn eentje aan mijn huiswerk.  

Helemaal mee oneens      Helemaal mee eens 
 
Ik vraag de leraar om extra uitleg als ik iets niet snap.  

Helemaal mee oneens      Helemaal mee eens 
 
Als ik de uitleg van de docent niet begrijp kan ik deze in het boek teruglezen.  

Helemaal mee oneens      Helemaal mee eens  
 
De uitleg van de docent is hetzelfde als in het boek. 

Helemaal mee oneens      Helemaal mee eens 
 
Ik vind de uitleg in het boek duidelijk. 

Helemaal mee oneens      Helemaal mee eens 
 
De uitleg in het boek is te lang.  

Helemaal mee oneens      Helemaal mee eens 
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De theorie is overzichtelijk weergegeven in het boek.  

Helemaal mee oneens      Helemaal mee eens 
 
Ik sla uitleg in het boek vaak over, omdat ik eerst wil kijken of ik er zelf uit kom.  

Helemaal mee oneens      Helemaal mee eens 
 
Ik kijk mijn huiswerk na.  

Helemaal mee oneens      Helemaal mee eens 
 
Als ik vastloop bij een opgave bekijk ik de voorbeeldopgaven.  

Helemaal mee oneens      Helemaal mee eens 
 
Als ik vastloop bij een opgave kijk ik in het uitwerkingenboek.  

Helemaal mee oneens      Helemaal mee eens 
 
Als ik een opgave fout heb, wil ik weten wat ik fout gedaan heb. 

Helemaal mee oneens      Helemaal mee eens 
 
Ik leer veel van mijn fouten.  

Helemaal mee oneens      Helemaal mee eens 
 
Als ik de diagnostische toets kan maken, ben ik laar voor het proefwerk.  

Helemaal mee oneens      Helemaal mee eens 
 
De diagnostische toets lijkt heel erg op het proefwerk. 

Helemaal mee oneens      Helemaal mee eens 
 
Ik vind het nuttig om de voorkennis te behandelen aan de start van een nieuw hoofdstuk.  

Helemaal mee oneens      Helemaal mee eens 
 
Tijdens het hoofdstuk moet ik wel eens terugbladeren naar de voorkennis.  

Helemaal mee oneens      Helemaal mee eens 
 
Stof die ik een jaar eerder heb gehad is vaak weer helemaal weggezakt.  

Helemaal mee oneens      Helemaal mee eens 
 
Ik heb het tekstboek nodig om nieuwe stof te kunnen begrijpen.  

Helemaal mee oneens      Helemaal mee eens 
 
Voor een wiskundetoets moet ik veel uit het hoofd leren 

Helemaal mee oneens      Helemaal mee eens 
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Methode-onderdelen 
 

Voorkennis  
 
 

 Dit onderdeel gebruiken wij niet/ is geen onderdeel van onze methode. 
 

Vind je dit onderdeel nuttig om wiskunde te kunnen leren? Markeer slechts één ovaal. 
1 2 3 4 

Helemaal niet nuttig   Zeer nuttig  
 

Zou je iets aan dit onderdeel willen veranderen/weglaten in deze methode?  

Zo ja, wat zou je willen veranderen/weglaten? 
 
 
 

Oriënterende Opgaven  
 
 

 Dit onderdeel gebruiken wij niet/ is geen onderdeel van onze methode. 
 

Vind je dit onderdeel nuttig om wiskunde te kunnen leren? Markeer slechts één ovaal. 
1 2 3 4 

Helemaal niet nuttig   Zeer nuttig  
 

Zou je iets aan dit onderdeel willen veranderen/weglaten in deze methode?  

Zo ja, wat zou je willen veranderen/weglaten? 
 
 
 

Uitleg van de Theorie  
 
 

 Dit onderdeel gebruiken wij niet/ is geen onderdeel van onze methode. 
 

Vind je dit onderdeel nuttig om wiskunde te kunnen leren? Markeer slechts één ovaal. 
1 2 3 4 

Helemaal niet nuttig   Zeer nuttig  
 

Zou je iets aan dit onderdeel willen veranderen/weglaten in deze methode?  

Zo ja, wat zou je willen veranderen/weglaten? 
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Voorbeeldopgaven  
 
 

 Dit onderdeel gebruiken wij niet/ is geen onderdeel van onze methode. 
 

Vind je dit onderdeel nuttig om wiskunde te kunnen leren? Markeer slechts één ovaal. 
1 2 3 4 

Helemaal niet nuttig   Zeer nuttig  
 

Zou je iets aan dit onderdeel willen veranderen/weglaten in deze methode?  

Zo ja, wat zou je willen veranderen/weglaten? 
 
 

Oefenopgaven  
 
 

 Dit onderdeel gebruiken wij niet/ is geen onderdeel van onze methode. 
 

Vind je dit onderdeel nuttig om wiskunde te kunnen leren? Markeer slechts één ovaal. 
1 2 3 4 

Helemaal niet nuttig   Zeer nuttig  
 

Zou je iets aan dit onderdeel willen veranderen/weglaten in deze methode?  

Zo ja, wat zou je willen veranderen/weglaten? 
 
 

Opgaven uit het Werkboek  
 
 

 Dit onderdeel gebruiken wij niet/ is geen onderdeel van onze methode. 
 

Vind je dit onderdeel nuttig om wiskunde te kunnen leren? Markeer slechts één ovaal. 
1 2 3 4 

Helemaal niet nuttig   Zeer nuttig  
 

Zou je iets aan dit onderdeel willen veranderen/weglaten in deze methode?  

Zo ja, wat zou je willen veranderen/weglaten? 
 

Samenvatting  
 
 

 Dit onderdeel gebruiken wij niet/ is geen onderdeel van onze methode. 
 

Vind je dit onderdeel nuttig om wiskunde te kunnen leren? Markeer slechts één ovaal. 
1 2 3 4 

Helemaal niet nuttig   Zeer nuttig  
 

Zou je iets aan dit onderdeel willen veranderen/weglaten in deze methode?  

Zo ja, wat zou je willen veranderen/weglaten? 
 
  



~ XI ~ 
 

Diagnostisch Toets  
 
 

 Dit onderdeel gebruiken wij niet/ is geen onderdeel van onze methode. 
 

Vind je dit onderdeel nuttig om wiskunde te kunnen leren? Markeer slechts één ovaal. 
1 2 3 4 

Helemaal niet nuttig   Zeer nuttig  
 

Zou je iets aan dit onderdeel willen veranderen/weglaten in deze methode?  

Zo ja, wat zou je willen veranderen/weglaten? 
 
 

Gemengde Opgaven  
 
 

 Dit onderdeel gebruiken wij niet/ is geen onderdeel van onze methode. 
 

Vind je dit onderdeel nuttig om wiskunde te kunnen leren? Markeer slechts één ovaal. 
1 2 3 4 

Helemaal niet nuttig   Zeer nuttig  
 

Zou je iets aan dit onderdeel willen veranderen/weglaten in deze methode?  

Zo ja, wat zou je willen veranderen/weglaten? 
 
 

Eindexamenopgaven (voorafgaand aan theorie)  
 
 

 Dit onderdeel gebruiken wij niet/ is geen onderdeel van onze methode. 
 

Vind je dit onderdeel nuttig om wiskunde te kunnen leren? Markeer slechts één ovaal. 
1 2 3 4 

Helemaal niet nuttig   Zeer nuttig  
 

Zou je iets aan dit onderdeel willen veranderen/weglaten in deze methode? 

 Zo ja, wat zou je willen veranderen/weglaten? 
 

Afsluitende Opgaven  
 
 

 Dit onderdeel gebruiken wij niet/ is geen onderdeel van onze methode. 
 

Vind je dit onderdeel nuttig om wiskunde te kunnen leren? Markeer slechts één ovaal. 
1 2 3 4 

Helemaal niet nuttig   Zeer nuttig  
 

Zou je iets aan dit onderdeel willen veranderen/weglaten in deze methode?  

Zo ja, wat zou je willen veranderen/weglaten? 
 
 
 



~ XII ~ 
 

Applicaties/ Online Toepassingen  
 
 

 Dit onderdeel gebruiken wij niet/ is geen onderdeel van onze methode. 
 

Vind je dit onderdeel nuttig om wiskunde te kunnen leren? Markeer slechts één ovaal. 
1 2 3 4 

Helemaal niet nuttig   Zeer nuttig  
 

Zou je iets aan dit onderdeel willen veranderen/weglaten in deze methode?  

Zo ja, wat zou je willen veranderen/weglaten? 
 
 

Uitwerkingenboek  
 
 

 Dit onderdeel gebruiken wij niet/ is geen onderdeel van onze methode. 
 

Vind je dit onderdeel nuttig om wiskunde te kunnen leren? Markeer slechts één ovaal. 
1 2 3 4 

Helemaal niet nuttig   Zeer nuttig  
 

Zou je iets aan dit onderdeel willen veranderen/weglaten in deze methode?  

Zo ja, wat zou je willen veranderen/weglaten? 


