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Disclaimer 

 

The research described in this OvO-report has been performed during the Corona-crisis. 

There are differences between the original research plan and the actual execution of the 

research, which are described in the introduction. The assessment of this research has been 

done according to the ‘rubric-Corona-version’. 

 



PROGRAMMING IN MATHEMATICS AND PHYSICS CLASSES 4 
 

 

Contents 

 

Statement regarding TU/e Code of Conduct .............................................................................. 2 

Disclaimer .................................................................................................................................. 3 

Abstract ...................................................................................................................................... 5 

1 Introduction ...................................................................................................................... 6 

2 Theoretical framework ..................................................................................................... 8 

3 Research questions ......................................................................................................... 17 

4 Methods .......................................................................................................................... 20 

5 Results ............................................................................................................................ 35 

6 Discussion....................................................................................................................... 48 

7 Conclusion ...................................................................................................................... 52 

References ................................................................................................................................ 54 

Appendices ............................................................................................................................... 59 

 

 

  



PROGRAMMING IN MATHEMATICS AND PHYSICS CLASSES 5 

 

Abstract 

 

Programming is a useful 21st century skill which we believe should be taught more in Dutch 

high schools. For this research we integrate programming projects into mathematics and 

physics classes, and investigate whether this has a positive effect on pupils’ deep 

understanding of the regular subject matter of the class. In the experiment 36 pupils 

programmed part of an app related to the lesson’s topic. Control groups of in total 30 pupils 

followed a regular lesson. Corresponding experimental and control groups then took the 

same test. The results showed no significant effect in general, and no significant influence of 

three factors: prior knowledge level, gender, and profile. We recommend repeating the study 

on a larger scale, and adjusting the experiment to assure pupils program more often, such 

that any potential effect of inducing algorithmic thinking has more time to become noticeable. 

 

Keywords: computer programming, algorithmic thinking, deep learning1.  

 

 

 

 

 

 

 

  

                                                 
 

1 Educational meaning, not related to artificial intelligence. 
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1 Introduction 

 

The topic of this research is the effect of programming on deep learning in STEM courses. 

The motivation for this research comes from our own experience. When we were following 

secondary education ourselves we never had the proper opportunity to learn to program. One 

of us had an informatics course, but solely as a separate course and completely disconnected 

from other STEM courses. The other one was not able to follow any programming courses at 

all! We both think this is a shame since programming is an ever more important part of 

science, engineering and society. In many university level courses programming is used and 

taught to solve problems in mathematics, physics and engineering. In that lies its strength: 

programming is a means to an end, which is why it is connected to all STEM fields. We feel 

that using programming to tackle problems on a specific subject increases the understanding 

of that subject. Next to that, programming requires the ability to think critically and logically, 

which is again valued in all STEM fields. These skills could be developed by further 

integrating programming into secondary education, which is earlier than usual for many 

Dutch pupils. Our main research question is therefore: 

 

What is the effect of the integration of programming assignments into physics and 

mathematics classes on the deep understanding of the subject matter? 

 

It is good to mention that we will distinguish between a direct and an indirect effect of this 

integration of programming. The direct effect would be the stimulation of abstract thinking 

about the math or physics topic at hand. The indirect effect would be the general stimulation 

of deep learning and abstract thinking, independent of the topic. In this research only the 
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direct effect will be investigated. The indirect effect will however also be discussed. Finally, 

answering this research question can prove to be useful for schools, teachers and pupils alike. 

A positive effect of the integration of programming could lead to course materials that not 

only teach pupils the subject matter, but also an essential 21st century skill.  

 

Before reading this report it is important to know that this research has been performed 

during the covid-19 pandemic. Due to the regulations in response of this pandemic all 

secondary schools in the Netherlands were closed right when the research was supposed to be 

performed. All Dutch secondary schools had to switch to online education. This meant that all 

the materials and instruments used for this research had to be adapted to this digital form of 

education. This had some consequences for this research. Firstly, not all schools that would 

have participated before these regulations came into effect, still wanted to do so afterwards. 

This meant that the size of the pupil group used in this research was decreased.  

 

It was also impossible for us as researchers to be physically present when the research was 

performed. We therefore had to rely more on the teachers that still wanted to participate in the 

research. This meant that we had less control over the exact execution of the research and 

were not able to answer questions from the pupils quickly. Next to that, the pupils had to 

make the assignments on their own and were not able to discuss with their fellow pupils. We 

were therefore not able to perform this research in optimal circumstances. We think that it is 

still possible to draw insights from this research, but the conditions caused by covid-19 

should be on the back of one’s mind when reading this report.  
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2 Theoretical framework 

 

In this part of the paper the theoretical framework supporting the research will be explained 

and all essential concepts will be defined. This research investigates the effect of the 

integration of programming assignments in physics and mathematics courses on the deep 

learning of pupils executing these assignments. To do this in a clear manner, the italic 

concepts mentioned in the previous sentence will be defined now. 

 

2.1 Concepts 

First programming assignments. A programming assignment is, of course, an assignment that 

requires programming. To better understand the execution, scope and results of this research 

it is important to define programming in a concise way. According to Wikipedia, 

programming is defined as “the process of designing and building an executable computer 

program to accomplish a specific computing result” [1]. In our research programming is used 

as a means to reach a certain end, which is the learning process of the pupils, and not the final 

program itself. This is important, since it allows for the possibility to design a program that 

does not have to be executed by a computer. Practically speaking, an assignment where pupils 

need to physically write down certain instructions could be classified as a programming 

assignment in this research. Due to the impracticality for pupils and the subsequent drop in 

motivation this is not desirable. It could however prove to be a backup for when the usage of 

a PC or a suitable programming environment is not available. 

 

Another term that needs elaboration is the integration of programming assignments. With this 

it is meant that programming is used to teach students content matter from physics and 
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mathematics courses. The pupils use programming to solve certain course-specific problems 

that allow them to gain insight in the content matter of the corresponding course. It is 

therefore not investigated what the effect of separate programming courses is. Due to 

practical limitations only one programming assignment has been integrated into a certain 

course, and therefore only the effect of this one assignment will be investigated.  

 

The next concept that needs elaboration is deep learning. Many people involved in  

educational research are familiar with this concept, but it remains notoriously undefined. In 

this research, our own definition will be posed, based on literature. In most literature, only 

certain traits, characteristics or prerequisites for deep learning are defined. Koopman [2] 

distinguishes six prerequisites that shape a learning environment in which it is possible to 

reach deep learning. These are learning goals based on knowledge, skills and attitude, cross-

curricular contexts, authentic and relevant exercises, cooperating to achieve knowledge 

construction and a teacher that coaches pupils on multiple feedback levels. According to 

Geitz [3] deep learning is linked with meaningful learning, critical and analytical thinking 

skills and the capacity to link different concepts and ideas together. Biggs [4] also mentions 

the development of critical thinking as a key characteristic of deep learning. Marée [5] poses 

a more straightforward definition of deep learning; ‘an ability to critically analyze, study and 

explain new knowledge or principles, the awareness of one’s own development in the 

learning process’ based on many other studies [6] [7] [8] [9] [10] [6] [11] [12] [13] [14] [15] 

[16] [17]. Marée [5] therefore also links deep learning with critical and analytical thinking 

skills. 

 

Comparing these traits and characteristics of deep learning with the well-known taxonomy of 

Bloom [18], a distinction becomes clear. Bloom’s taxonomy gives an hierarchical overview 



PROGRAMMING IN MATHEMATICS AND PHYSICS CLASSES 10 

of six levels of cognitive objectives. These levels are ordered in complexity, and are from 

bottom to top: remember, understand, apply, analyze, evaluate and create.  A visual 

representation of Bloom’s taxonomy can be seen in Figure 1. 

 

 

Figure 1: The six levels of cognitive objectives in Bloom's taxonomy.  

Activities that relate to a certain level are shown on the right. 

 

The lowest three levels, which are remember, understand and apply, are mostly focused on 

recalling facts, explaining ideas and implementing knowledge in familiar situations. The top 

three levels are related to linking certain concepts and ideas together, evaluating ideas and 

constructing and developing new knowledge from diverse elements. The definitions and 

explanations of deep learning described above, all fit in these top three levels. Critical and 

analytical thinking can be linked with the evaluate level, while linking different concepts and 

ideas together relate to the create level. It is therefore concluded that deep learning occurs 

when the top three levels of Bloom’s taxonomy of educational goals are reached. 

 

Therefore, to achieve deep learning pupils have to practice and succeed in assignments that 

trigger the top three levels of Bloom’s taxonomy. This also works the other way around. Deep 

learning must occur when pupils are able to successfully complete assignments that are 
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specifically designed to trigger the top three levels of Bloom’s taxonomy. On top of that, 

tasks that require the top three levels of Bloom’s taxonomy also improve the pupils’ability to 

transfer the learnt knowledge to another topic [19]. Triggering the top three levels of Bloom’s 

taxonomy also helps in improving the metacognitive abilities of pupils, although this is a 

slow process [20]. This can be linked to the direct and indirect effects mentioned in section 

1 . In this research, only the direct effect of the integration of programming is researched. If 

this effect constitutes the stimulation of  deep learning amongst students this means that more 

of these integrations are performed over time the indirect effect can be reached. 

 

Consideration should therefore be put in the educational tools and materials used for this 

research in order to achieve deep learning. The used theoretical design principles to do so will 

be described now. 

 

2.2 Theoretical design principles 

The educational tools and materials used in this research can be divided in two parts: first the 

materials that are intended to reach deep learning amongst pupils, and secondly the materials 

and tools to measure deep learning amongst pupils. First the theoretical design principle 

behind the materials to reach deep learning will be described. After that the deep learning 

measurement design principles are discussed.  

 

In this research the effect of programming on deep learning is investigated. In this study it is 

assumed that most pupils do not have any programming experience. Based on the curricula of 

all participating schools this is a solid assumption, although it hasn’t been checked. This 

means a basic understanding of programming should be taught. To do this, two different 

theoretical frameworks are used, which are PRIMM [21] and PCK [22]. The PCK framework 
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entails the pedagogical content knowledge (hence the abbreviation PCK) of programming. 

This framework raises multiple questions, for instance ‘what content should be taught?’, 

‘how should this content be taught?’ etc. Using the PCK framework, the necessary 

programming content, which is the amount of pupil’s programming skill and knowledge 

deemed sufficient for this research, was determined. It is good to mention that in this 

research, the programming is a mere means to an end. This end is the deep learning of certain 

physics and mathematics topics. Since the programming is just a tool to achieve this we have 

only considered which programming knowledge is necessary to research the effect of 

programming on deep learning. The deep learning should occur during the execution of 

programming tasks related to a physics or mathematics topic, not during the acquisition of 

programming knowledge and skills.  

 

From the PCK framework the question ‘how should the content be taught’ arose. This 

question was answered using the PRIMM [21] approach. The PRIMM approach proposes a 

method to teach programming in certain steps: Predict, Run, Investigate, Modify and Make. 

This basically boils down to the step-by-step explanation of a piece of computer code. First a 

piece of code is presented and it is explained how it works. The, pupils will predict what will 

happen when the code is run and then run it. The differences in these predictions and the 

actual outcome will be investigated. Now that the pupils have a grasp of the functionality of 

the code, they are instructed to modify the code to change its function in a small way. The 

final step is to give students a description of the function a piece of code should have and let 

them make this code on their own. This PRIMM method can be greatly reinforced when used 

in combination with a coaching teacher, and has been proven to yield higher learning 

outcomes for pupils.  
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Creating the right educational materials for deep learning is one thing. Actually measuring 

deep learning and its effects are another. To do this, we turn again to Bloom’s taxonomy. It 

has been proposed above that in order to achieve deep learning, the top three levels of 

Bloom’s taxonomy need to be triggered. If the tasks that trigger these levels are successful, it 

means that the levels are triggered and deep learning has occurred. This observation is used to 

measure deep learning. However, the question that remains is how to design tasks that test 

these top levels. For that, the so-called RTTI taxonomy [23] is used. This taxonomy also 

focusses on cognitive levels, and is usually used to design tests and exercises. If the top three 

levels of Bloom’s taxonomy can be linked to certain RTTI levels this can be used to design a 

test to measure deep learning. RTTI distinguishes four levels, which are reproduction (R), 

application level 1 (T1)2, application level 2 (T2) and insight (I) [24]. The reproduction level 

focusses on the correct reproduction of knowledge. A common example of this is the 

memorizing of words in modern language education or the dates of important historical 

events in history education. The second level, T1, focusses on the application of knowledge 

in known contexts and situations. The third level entails the application of knowledge in 

unknown contexts and applications. Finally, the fourth and last level, I, demands an even 

higher cognitive level from pupils. New methods to solve a problem or to interpret a context 

need to be created to complete a task successfully. 

 

Comparing these levels to Bloom’s taxonomy, we find that the R level from RTTI matches 

the ‘Remember’ level from Bloom, since they are both focused on the memorization of facts 

and data. The T1 level links with the ‘Understand’ and ‘Apply’ levels from Bloom’s 

taxonomy, since they both focus on the application, comparison and explanation of already 

                                                 
 

2 T from the Dutch word ‘toepassing’, meaning application 
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known knowledge or of a familiar task. The T2 level from RTTI is comparable to the 

‘Analyze’ and ‘Evaluating’ levels from Bloom. Both entail the distinguishing of 

inconsistencies and similarities between knowledge and the finding of coherence between 

certain known and unknown contexts and tasks. Finally, the I level from RTTI can be 

compared to Bloom’s ‘Create’ level. Both are comprised of the generation and construction 

of new knowledge and skills based on already known knowledge. It is good to mention that 

there is no black-and-white comparison between RTTI and Bloom’s taxonomy. Certain RTTI 

levels match with multiple level from Bloom and the other way around.  

 

This does not mean the comparison is not useful, on the contrary. From this rough 

comparison it can be concluded that the T2 and I levels from the RTTI taxonomy link to the 

top three levels of Bloom’s. Therefore, when tasks and exercises are designed that match the 

T2 and I levels, it means that to successfully complete these tasks a pupil needs to engage in 

the highest three cognitive levels of Bloom’s taxonomy. This in turn links to deep learning 

itself. Therefore, when pupils successfully complete exercises designed as T2 and I level 

tasks deep learning must have occurred. This conclusion is used to measure deep learning in 

this research. 

 

This does not mean that in this research the R and T1 categories from the RTTI taxonomy are 

ignored. Literature [25] shows that pupils score better and are more able to show their 

learning achievements when the exercises in tests are arranged from easy to hard. Harder 

questions at the start of a test lead to more anxiety amongst pupils, what negatively influences 

their ability to show what they’ve learned. In this research, it is important to make sure pupils 

are able to show their learning achievements. For these and other reasons the used 
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measurement materials will still contain R and T1 questions. The practical consequences of 

this are described in section 4. 

 

2.3 Related research 

Of course, this research is not the only one investigating the effects of the integration of 

programming in STEM courses. Some other research papers that serve as the starting point or 

are used in this research will be discussed below. 

 

From Orban et al. [26] it becomes clear that the effects of the integration of programming in 

introductory physics are positively promising. Students with or without programming 

experience can easily be taught programming if a correct manner of instruction is used. This 

integration seems to have a positive effect on the learning achievements of these students 

regarding the original course content. This is also shown in (Triantafyllou et al.) [27], which 

states that students in mathematics courses are confronted with more of their own 

misconceptions when making programming exercises that substitute regular exercises. This 

leads to higher learning achievements. It is however important to note that both studies were 

conducted at a university-level course, which is not representative for the pupils of this 

research. This could be important especially for the study performed by Triantafyllou et al., 

since the metacognitive abilities of secondary education pupils are lower than that of 

university-level students.  

 

According to Saeli, Perrenet, Jochems & Zwaneveld [22] one of the reasons for teaching 

programming in secondary education is the improvement of the problem-solving skills of 

pupils. This research is however focused on a separate ‘informatics’ course, and not on the 

integration of programming into other STEM courses. This is important, since from Wilson & 
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Redish [28] it becomes clear that the integration of programming into courses as physics or 

mathematics requires careful consideration. From Rubio et al. [29] the same conclusions can 

be drawn. This research states that using an Arduino to teach programming improves 

motivation since students prefer working with tangible objects instead of abstract computer 

results. Using programming can therefore improve motivation, but only if it is implemented 

in the right way (i.e. using carefully made Arduino exercises). The results from Saeli, 

Perrenet, Jochems & Zwaneveld [22] therefore seem promising, but cannot be extrapolated to 

other courses outside a carefully thought-through informatics course.  

 

Sengupta et al. [30] highlights a different effect of the integration of programming, which is 

the improvement of computer skills and the clarification of other scientific concepts. This is 

promising, but does not relate directly to deep learning of the subject with which 

programming is integrated.  

 

All these studies show promise for the integration of programming into STEM courses in 

secondary education. However, their research methods and target audiences are not 

completely compliant with this research. This means their results show promise but cannot be 

extrapolated to answer the research question of this study. 
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3 Research questions 

 

With this research we strive to discover whether the use of programming projects in 

mathematics or physics classes contributes to the pupils’ understanding of the subject matter 

of that class. In particular we hope that the pupils take a deeper approach to learning through 

our programming projects. We think that programming in relation to a mathematical or 

physical topic can enhance abstract thinking about this specific topic. We want to measure if 

there is such a direct effect. There could also be an indirect effect, which would mean that 

pupils use deep learning and abstract thinking in general while programming, independent of 

the topic. Subsection 2.1 covers this indirect effect in more depth. This indirect effect could 

have an influence on the understanding of the specific subject matter. Our research focusses 

on the direct effect, but the indirect effect can of course not easily be excluded.  

 

Main research question: What is the effect of the integration of programming assignments 

into physics or mathematics classes on the deep understanding of the subject matter? 

 

Next to our main question we are also curious about the possible influences of various factors 

such as the pupil’s: prior knowledge level, profile3, or gender. The following subquestions 

belong to these factors: 

a. Does a pupil’s prior knowledge level have an influence on the effectiveness of the 

programming projects on the deep understanding of the subject matter? 

                                                 
 

3 There are four profiles in Dutch high schools: CM, EM, NG, NT. See [36] for more information. 
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b. Does a pupil’s profile have an influence on the effectiveness of the programming 

projects on the deep understanding of the subject matter? 

c. Does a pupil’s gender have an influence on the effectiveness of the programming 

projects on the deep understanding of the subject matter? 

 

3.1 Hypotheses 

Here we will describe our expectations regarding the research questions. We have numbered 

the research questions as 1, 2a, 2b, and 2c. 

 

Hypothesis 1: We expect that the integration of a programming project in a mathematics or 

physics class has a positive effect on the deep understanding of the subject matter. 

Explanation: To program an app or an algorithm on a computer, one must think in a 

structured manner. This algorithmic way of thinking is useful when dealing with problems in 

mathematics and physics. We think that programming can help train the pupils to think 

algorithmically and therefore help them create a deeper understanding of the subject matter. 

 

Hypothesis 2a: We think that the prior knowledge level only has a negligible influence on the 

effectiveness of the programming projects. We expect that the pupils who already have a 

good command of the subject matter will experience about the same progress by doing the 

programming assignments than pupils who do not have a good command of the material. 

Explanation: There are two sides to this argument. The pupils that do understand the material 

well will probably go through the assignments more easily and improve on their 

understanding. However, the pupils who do not have such a good command of the subject 

matter have more room for improvement. By doing our assignments they can get a better 

grasp of (part of) the material, and quickly achieve a higher score than pupils with a similar 
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prior knowledge level from the control group, even though they do not fully comprehend the 

programming project. We think these two arguments will balance out approximately. 

 

Hypothesis 2b: The profile of a pupil could have a large influence on the effectiveness of the 

programming projects. We expect that pupils with a NG or NT profile will have more 

progress in understanding the subject matter than pupils with a CM or EM profile. 

Explanation: We think that pupils who follow more technical courses (mainly pupils with 

profile NG or NT) might be able to complete the programming assignments better than pupils 

who do not have many technical courses in their schedule (mainly CM and EM). We believe 

it is reasonable to say that this occurrence would transfer into a higher effectiveness of 

programming for NG and NT pupils. 

 

Hypothesis 2c: We expect that our programming assignments are gender-neutral. This means 

we do not think that one gender will experience significantly more progress in understanding 

than the other. 

Explanation: We believe that the differences between girls and boys are negligible. 

Furthermore we hope that we have not, unintentionally, put any biases into the programming 

assignments that we designed. 
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4 Methods 

 

In this section we will describe the way we performed our research by going over the 

participants, procedures, instruments and analysis methods. Some of these elements went 

through quite some changes in comparison to our original plan, due to the large influence of 

covid-19. We will first describe the most important changes that the regulations around the 

virus induced in subsection 4.1. After that the methods we used are described in detail, with 

brief elaborations on the original plan. 

 

4.1 Intermezzo: changes due to covid-19 

Originally, the interventions of our research were planned in the weeks that directly followed 

the moment when all schools were closed. Instead of giving the lessons on programming in 

real life, we decided to make brief YouTube video lectures. The pupils would have been 

programming in the classroom, but now they did it at home. We made sure that the pupils 

really performed the programming assignments by instructing them to email us a screenshot 

of their code. We converted the tests and surveys to online versions in Microsoft Forms. The 

expected influence of this is discussed below. The general effects of the covid-19 regulations 

on our research process can be found in section 1. 

 

4.2 Participants 

Our target group is Dutch high school pupils of vwo4 in their third or fourth year, who follow 

a mathematics or physics course. In general we hope that programming turns out to be a 

                                                 
 

4 Types of secondary education in the Netherlands, see [36]. 
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useful tool in education for high school pupils of all years and levels. However, taking the 

small scope of our research into consideration, we specified our audience. One of the reasons 

behind our particular choice is that we think that this group of pupils is old and smart enough 

to get a grasp of programming relatively quickly, and also young enough to not be busy with 

exams. Furthermore, we were curious about the effect of a pupil’s profile (research question 

2b), so it made sense to go for classes that already made a choice about their profile, or are 

finalizing the process of choosing.  

 

By contacting many high schools in the region we originally found four schools that were 

willing to participate in our research; two for physics and two for mathematics, shown in 

Table 1. After the closure of all schools on March 16th, teachers were occupied with 

switching to online education, so not all of them wanted to participate in the research 

anymore. We completely understand this and we are thankful that three schools could still 

find the time for our research. 

Table 1: Schools and classes in our original plan. 

School Class Course Group Number of pupils 
1 vwo 3 Physics Experiment 12 
   Control 11 
2 vwo 3 Physics Experiment 24 
   Control 29 
3 vwo 4 Mathematics Experiment 9 
   Control 9 
4 vwo 4 Mathematics Experiment 27 
   Control 26 

Total    147 
 

In school 1 a single physics class was split in two. School 2 allowed us to perform the 

research in two separate physics classes. In school 3 there was only one mathematics B5 

                                                 
 

5 One of the four types of mathematics in Dutch high schools: A, B, C, and D. 
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class, which we randomly split into two groups of pupils. The fourth school dropped out, as 

well as some pupils from the other three schools that did not want to participate. Furthermore, 

there were a couple of pupils that did not submit all of the assignments, or did not follow the 

instructions as intended. We left these pupils out of the data set which we analysed. An 

overview of the number of pupils who’s data we did use is shown in Table 2. The pupils are a 

mix of girls and boys of about 14 to 15 years old.  

 

Table 2: Schools and classes who provided useful data. 

School Class Course Group Number of pupils Number of girls 
1 vwo 3 Physics Experiment 7 2 
   Control 7 2 
2 vwo 3 Physics Experiment 22 14 
   Control 17 14 
3 vwo 4 Mathematics Experiment 7 5 
   Control 6 1 

Total    66 38 
 

 

4.3 Procedures 

We collected the data during the month of May, which was two months later than planned. 

Instead of visiting all the schools to give our prepared guest lecture, we converted the lessons 

to online videos on YouTube. We instructed the pupils to email us a screenshot of their final 

result to be able to check that they actually carried out the tasks. If they had any questions 

while working on the tasks, they could send us an email as well. 

 

Our research question asks how deep learning is effected by the integration of programming 

projects. So we compare pupils that have this integration (the experimental group) with pupils 

that do not (the control group). For our intervention we used one lesson, in both groups. The 

lesson starts the same for both: with a regular explanation by the teacher they normally have. 
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The explanation is about the topic of mathematics or physic that the class is working on at the 

moment, according to their normal schedule. After the explanation, the groups receive 

different assignments. When they have finished these assignments, both groups are instructed 

to take an online test that we created. This test is the same for both groups, so that we can 

compare the results. 

 

The control group is assigned the homework exercises according to their normal schedule. 

When the pupils finish their homework, they are requested to make a photo of their written 

work and email it to us. We did not plan to do this, as we would be present during the lecture 

and able to check that the pupils were actually doing their homework. However, during the 

closure of the schools we needed some other form of monitoring the pupils. The specific one-

page instructions that the control groups received can be viewed in Appendix A. 

 

The experimental group continues with a programming assignment after the regular 

explanation of their teacher. This group also needed to email us a screenshot of the final code 

they made, so we could check that they actually completed the assignment. We added a video 

explaining how to make a screenshot, just to be sure. The one-page instructions of the 

experimental groups can be seen in Appendix B.  

 

The programming assignment was supposed to have a strong connection with the topic of the 

lesson. This would ensure that we can test both groups on the same subject. Suppose we 

would have made a programming assignment about a completely different topic than the 

lesson’s subject and tested both groups with questions about this new topic. Comparing them 

would not have been fair, since the control group did not get any introduction to the new 
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topic. Furthermore, we wanted the programming assignment to align with the subject of the 

lesson so that the integration of programming was as smoothly as possible. 

 

However, this did not work out exactly as planned. Due to the general unclarity that the 

closing of schools caused, the dates and timeslots for our test lectures were postponed a 

couple of times. Different lessons meant different topics, so the topics of our programming 

assignments also had to change. Because of this some exercises we prepared weren’t used, 

which was quite a lot of unnecessary work. Eventually we settled for a topic that didn’t 

exactly match the subject that was explained by the teacher during the lesson. Thus, some of 

the programming assignments were not as related to the lecture as we aimed for, but we think 

that they were sufficiently related for our research causes. 

 

Originally we planned to give all pupils a short test one lesson before the intervention, then 

have the programming lesson (or a normal one for the control group), and take a second test 

in the lesson after that. During this third lesson we also planned to interview a couple of 

pupils from both the experiment and control group. So to do this research we wanted to use 

(parts of) three lessons. As this was a time consuming for the teachers, we decided to shorten 

our program to just one lesson with some homework. We dropped the first test and the 

interviews to be able to do the research more easily and quickly online. This of course had 

some influence on our analysis methods and the instruments. 

 

4.4 Instruments 

The tools that we used for this research are: programming projects in the form of apps with 

unfinished code, instruction videos, and online tests. We will describe each of these 

instruments in the following subsections. 
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4.4.1 Programming projects 

Our main instruments are the programming projects that we created. Designing such a project 

started by looking into the topic of the lesson in which the project would be integrated. We 

then tried to come up with an engaging smartphone app about this topic. For example, one of 

the physics apps computes which isotopes are left over after different kinds of radioactive 

decay. We programmed the complete app ourselves, using a web-based coding platform. The 

pupils did not have to start programming these apps from scratch, since that would take too 

long for one lesson, even as homework. So each app was divided into three parts: 

1. the part of the app that we provide to the pupils (which is already finished),  

2. the part which we use as an example in our explanation about programming, and 

3. the part that the pupils really have to program themselves. 

 

The decisions that we made to divide the apps into parts mostly depended on:  

• How much does this piece of programming stimulate algorithmic thinking? 

• How much connection with the lesson’s topic does this piece of code have? 

• How much time would it take for the pupils to program this piece? 

Therefore, we programmed the apps until the point where the code that was left to finish had 

a clear relation with the subject of the lesson, would trigger structured thinking, and where 

we thought it would take the pupils about one hour to complete. We aimed for one hour such 

that the pupils could finish a large part of the programming project during the lesson. The 

apps we designed are shown in Figure 2. 
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Figure 2: The apps used in our research. From left to right: radioactive decay (school 1), energy 
calculator (school 2), savings money (school 3). 

 

In all these apps both the physical meaning and the mathematical structure of the topic has to 

be understood to complete the assignments. For instance, the pupils need to be able to 

understand that the symbol 𝐸𝐸 indicates energy and symbol 𝑃𝑃 power and how they are related 

through the symbol 𝑡𝑡 of time. These three concepts have to be connected through the formula 

𝐸𝐸 = 𝑃𝑃 ⋅ 𝑡𝑡. Next to that, pupils also need to abstract these concepts, use mathematics to be 

able to compute a missing value for 𝐸𝐸, 𝑃𝑃 or 𝑡𝑡 and then be able to link this value to a physical 

property again. The pupil also needs to check whether the answer that the self-programmed 

app provides is correct. This process of abstraction, computation, concretization and 

evaluation is made explicit due to the use of programming. In this process activities such as 

abstracting, organizing, evaluating, structuring and constructing are necessary and therefore 

also made explicit. These activities are necessary to reach the top three levels of Bloom’s 

taxonomy and therefore trigger deep learning, as explained in section 2.2. The other two apps 
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have a similar setups and learning activities, also with a main equation that the programming 

project revolves around.  

 

For the programming projects we used the web-based coding platform Thunkable, since it 

makes programming easier for first-time coders. By putting the pieces of code into predefined 

blocks, as shown in Figure 3, pupils don’t have to worry about the syntax too much. This 

helps the pupils to focus on the semantics (the underlying meaning) of a piece of code, 

instead of having enough semicolons. According to Saeli et al. [22] this is important in the 

beginning, when pupils learn how to program. Other advantages of Thunkable are:  

• pupils don’t have to install anything on their computer, since it runs on a website.  

• the apps can be downloaded and tested on the pupils’ own smartphones if they wish.  

We also had a backup version of the programming projects, for which pupils would be 

writing the code on paper, in case the Thunkable website had an outage during our lesson. 

Fortunately this never happened. 

 

 

Figure 3: Programming in Thunkable. 

 

https://thunkable.com/
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4.4.2 Instruction videos 

For each app we initially wrote a couple of instruction pages that explained to the pupils how 

they could program it to completion. We would start our guest lecture with a small 

introduction about programming, and then hand out the instructions. When our lesson had to 

change into an online version, we decided it would be easier to have one instruction video, 

instead of a video and some pages. The pupils still had the choice to read the instruction 

pages if they preferred that. The full instruction videos can be seen on YouTube: 

• radioactive decay: youtu.be/U6l2vESDGGc 

• energy calculator: youtu.be/EJ56V2E0qXQ 

• savings money: youtu.be/sTDvKDogq_Q 

 

4.4.3 Online tests 

The tests were originally planned to be taken on paper, but this switched to an online version 

as well. We used Microsoft Forms, as this was a free and safe option taking the privacy 

regulations into account. For each app there was a different test, since the apps covered a 

different subject of physics or mathematics. The tests had approximately 6 to 8 questions, 

ranging from level R to level I. As explained in the Theoretical framework, specifically 

subsection 2.2, the questions with level T2 or I require higher abstract thinking skills and 

therefore have a strong connection with the amount of deep learning that has occurred. The 

three tests with the questions categorized in the four RTTI levels, are attached in Appendix C. 

Correct answers to the questions are shown there as well. 

 

When the tests were put into Microsoft Forms, each question explicitly asked the pupils to 

type in their calculation or reasoning as well, instead of just the answer. We needed to know 

the steps of their thought process, especially for the longer questions of level T2 or I. In the 

https://youtu.be/U6l2vESDGGc
https://youtu.be/EJ56V2E0qXQ
https://youtu.be/sTDvKDogq_Q
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beginning of the test we explained how symbols for multiplication, division, and 

exponentiation could be typed in (*, /, ^). We hope and assume that with this explanation the 

online testing did not affect the pupils’ ability to answer the questions correctly. Another 

assumption that we make about the testing procedure is that all samples are independent. This 

means we assume that the pupils did not ask each other for help. We were of course not able 

to check this as they made the tests at home, but we think it is reasonable since the pupils 

were aware that this test would not have any influence on their grade for physics or 

mathematics. Furthermore, we did not set a time limit for the test, as we wanted to give every 

pupil the opportunity to answer all the questions. 

 

4.5 Analysis 

In this paragraph we will describe the methods we use to analyze our data. In the following 

Results section these methods will be performed for each research question. All the questions 

use a metric that we call the deep learning grade, which is computed for every pupil. We 

defined it as follows, using only the score of the pupil on the test questions with level T2 or I: 

 

𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 𝑙𝑙𝑑𝑑𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 𝑙𝑙𝑙𝑙𝑙𝑙𝑑𝑑𝑑𝑑 =  
𝑠𝑠𝑠𝑠𝑠𝑠𝑙𝑙𝑑𝑑 𝑠𝑠𝑙𝑙 𝑇𝑇2 & 𝐼𝐼 𝑞𝑞𝑞𝑞𝑑𝑑𝑠𝑠𝑡𝑡𝑙𝑙𝑠𝑠𝑙𝑙𝑠𝑠

𝑚𝑚𝑙𝑙𝑚𝑚𝑙𝑙𝑚𝑚𝑞𝑞𝑚𝑚 𝑠𝑠𝑠𝑠𝑠𝑠𝑙𝑙𝑑𝑑 𝑠𝑠𝑙𝑙 𝑇𝑇2 & 𝐼𝐼 𝑞𝑞𝑞𝑞𝑑𝑑𝑠𝑠𝑡𝑡𝑙𝑙𝑠𝑠𝑙𝑙𝑠𝑠
⋅ 9 + 1 

 

The plus 1 and multiplication by 9 make sure the grade falls between 1 and 10, as is standard 

in Dutch high schools. This made it easier for us to compare grades directly. Refer back to the 

section 0 for more elaboration on why we think this metric can measure the amount of deep 

understanding.  

 

For all the physics and math classes that we have investigated, we have an experiment group 

and a control group. We planned to perform the research with just two programming projects 
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and two corresponding tests. All the physics classes across multiple schools would use one 

app and test, and all the mathematics classes would use the other. In this way we could fairly 

combine the data for the four groups (experiment-physics, control-physics, experiment-math, 

control-math). Covid-19 disturbed this planning, so we decided to make a separate app for 

each school in order to easily adapt to their schedule. We believe that the two physics apps 

and tests are still similar enough to be able to combine the data.  

 

For mathematics we only had one participating school. As shown in subsection 4.2 the math 

groups are unfortunately quite small so we will not carry out most of the analysis on these 

groups. The statistical relevance is too low, which can be seen from the large margins of error 

shown in subsection 5.1. 

 

4.5.1 Main research question analysis 

We mainly wonder about the effect of integrating programming projects into physics or 

mathematics classes on the deep understanding of the subject matter. If there is a positive 

effect, the average deep learning grade of the experiment group should be significantly higher 

than the control group. We will present these averages, along with a margin of error which we 

operationalize as a 95% confidence interval. If the intervals of the groups do not overlap, we 

say there is a significant difference.  

 

To make our analysis more rigorous we will also perform a statistical test, using the SPSS 

software. According to the decision tree of the University of Amsterdam [31], we can either 

use the Independent t-test or the Mann-Whitney U test for our main research question. This is 

because we have one continuous outcome variable (the deep learning grade) and one 

categorical predictor variable with two categories (each pupil is either in the experiment or 
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the control group). The possible tests are unpaired, since we have different participants in 

each group. We would rather use the Independent t-test, as parametric tests use usually more 

powerful than the nonparametric alternatives [32].  

 

We will check whether our data complies which the assumptions for the Independent t-test. 

The most distinctive one is the assumption of normally distributed data. When this is not the 

case, we will use the Mann-Whitney U test. The statistical tests will either confirm or reject 

the hypothesis that there is no difference between the two groups. In case there is a 

difference, we will present a histogram to show which group has the higher average deep 

learning grade. 

 

4.5.2 Subquestion analysis 

The way we investigate our subquestions differs a little bit from our main research question, 

since there are now more than two groups to compare. In the analysis of the subquestions we 

will only look at the physics groups, as the mathematics groups are simply too small to divide 

any further. In all the subquestions we are investigating: Does a particular factor x have an 

influence on the effectiveness of the programming projects on the deep understanding of the 

subject matter? The three factors we investigate are: prior knowledge level, profile, and 

gender.  

 

To answer these subquestions accurately, we must realize that they consist of two parts: first 

determining whether there is any influence of factor x on (our metric of) the deep 

understanding, and if so, checking whether factor x has an impact on the effectiveness of the 

programming projects on the deep understanding. When there is no influence of a factor on 
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the deep understanding at all, then there is also no influence of that factor on the effectiveness 

of the programming projects. Figure 4 explains this in more detail: 

• In case 1 factor x has no influence on the deep understanding, and thus also no 

influence on the effectiveness of programming.  

• In case 2 factor x has influence on deep understanding, but not on the effectiveness of 

programming, since the experiment-bar increases by about the same amount for both 

a and b.  

• In case 3 factor x does have an influence on the effectiveness of programming. 

 

 

Figure 4: In this example factor x has two levels, a and b (they could be genders for instance). 

 

Another subtlety to keep in mind is this: the three cases above are assuming there is in fact a 

significant effectiveness (positive or negative) of programming. But if the results from the 

main research question show that there is no significant effectiveness of programming in the 

first place, we would also not be able to find any influence on this (non-existent) 

effectiveness. There could still be an influence on the deep understanding though, as shown 

in Figure 5, but this is not related to the effectiveness of the programming projects anymore. 

Like we said, the subquestions actually consist of two parts. Once there is no significant 

effectiveness of programming, the second part of the question becomes meaningless. 
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Figure 5: Factor x has influence in case 5, but only on the deep learning grade,  

not on the effectiveness of programming. 

 

For each subquestion we first divided the pupils into the appropriate groups, as shown in the 

tables below. In subquestion (a) on prior knowledge level, we decided to divide the year 

grade into three different categories: pupils who do not have a good enough understanding of 

the material (grade below 5.5), pupils who have a decent understanding (between 5.5 and 

7.0), and pupils who have a good understanding (at least a 7.0). See Table 3. The idea was 

that the size of these groups would be approximately equal. The middle group turned out to 

be a little overcrowded. 

 

For subquestion (b) on the influence of profiles, we decided to merge the profiles C&M and 

E&M into one group, and do the same with N&G and N&T, as shown in Table 4. Our 

hypothesis compares these two sides, so we think this merge is reasonable for our research. 

We also did this to make sure each group had enough pupils in it, since there would have 

been 8 small groups if we had not merged profiles. Table 5 shows the groups of subquestion 

(c), which are straightforward. 

 

Table 3: The six groups of subquestion (a) on the influence of prior knowledge level. 

Year grade: below 5.5 between 5.5 and 7 7 and above 
Experiment 1-5.5exp 5.5-7exp 7-10exp 
Control 1-5.5con 5.5-7con 7-10con 
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Table 4: The four groups of subquestion (b) on the influence of profiles. 

Profiles: CM & EM NG & NT 
Experiment CMEM-exp NGNT-exp 
Control CMEM-con NGNT-con 

 

Table 5: The four groups of subquestion (c) on the influence of gender. 

Gender: Female Male 
Experiment female-exp male-exp 
Control female-con male-con 

 

 

In the analysis of each subquestion we compute the average deep learning grade for each 

group and present them along with the margins of error. Just like in the main research 

question, we say there is a significant difference between two groups if the confidence 

intervals do not overlap. For more rigor we run a statistical test. This can be the One Way 

Independent ANOVA, if our data meets the assumptions for such a parametric test, otherwise 

we use the Kruskal-Wallis Test. When two specific groups stand out, we run either one of the 

tests described for the main research question. The One Way Independent ANOVA and the 

Kruskal-Wallis Test determine whether there is any significant difference between the 

multiple groups of a subquestion. If this is not the case, our analysis for the subquestion is 

done. Otherwise, we will further investigate the differences by comparing specific groups 

pairwise. 
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5 Results 

 

In this section we will perform the data analysis as it was described previously. We will 

discuss the interpretation of these results in the next section.   

 

5.1 Main research question: the effect of programming projects 

First we will present the results corresponding to our main research question. To repeat it: 

What is the effect of integrating programming projects into physics or mathematics classes on 

the deep understanding of the subject matter? 

  

We start out with four groups: experiment group (physics), control group (physics), 

experiment group (mathematics), control group (mathematics). For each group the average 

deep learning grade is presented in Table 6 along with the margin of error, which we 

compute as 

𝑚𝑚𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 𝑠𝑠𝑜𝑜 𝑑𝑑𝑙𝑙𝑙𝑙𝑠𝑠𝑙𝑙 =  𝑡𝑡∗ ⋅
𝑠𝑠
√𝑙𝑙

 

to get a 95% confidence interval where the mean and variance are both unknown [33]. Here 𝑠𝑠 

is our estimate of the standard deviation and 𝑡𝑡∗ is the value of the Student’s t-distribution [34] 

corresponding to 𝛼𝛼 = 0.05 and 𝑑𝑑𝑜𝑜 = 𝑙𝑙 − 1. The average deep learning grade is also 

presented in Figure 6. 

 

Table 6: Average scores of the four groups. 

Group Average deep learning grade Margin of error Group size (𝑙𝑙) 
Experiment (physics) 6.7 1.3 29 
Control (physics) 7.2 1.0 24 
Experiment (math) 6.6 2.7 7 
Control (math) 7.4 1.6 6 
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Figure 6: The average deep learning grade per group, with the margins of error. 

 

In further analysis of our research questions we will not consider the mathematics groups 

anymore, as they are too small for any significant results. 

 

For completeness, we run a statistical test to see if there are any significant differences 

between the two physics groups. We need to know if the experiment and control group are 

both normality distributed, since we can then use the Independent t-test. A bar chart of the 

deep learning grades is shown in Figure 7. 
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Figure 7: The distribution of the deep learning grades for the physics groups. 

 

From the bar charts it seems both groups are not normally distributed. To be rigorous, we 

tested the experiment and control group on normality in SPSS as well, shown in Figure 8. 

 

Figure 8: Results of the tests of normality. 

 

Both the Kolmogorov-Smirnov test and the Shapiro-Wilk test reject the normality of the 

experiment group. They are not in agreement about the control group. However, to do an 

Independent t-test, both groups need to be normally distributed, so we must use a different 

test. The Mann-Whitney U test is a good alternative to compare two groups [35]. 
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The results of the test are shown in Figure 9. As expected from the earlier comparison of the 

average grades, the large p-value (0.942) here confirms that there is no significant difference 

between the experiment group and the control group. 

 

Figure 9: Results of the Mann-Whitney U test. 

 

For completeness, we will still run the analysis of the subquestions even though the results 

for the main research question have proven to be statistically insignificant. 

 

5.2 Subquestion a: the influence of prior knowledge 

The question that we will evaluate here is: 

Does a pupil’s prior knowledge level have an influence on the effectiveness of the 

programming projects on the deep understanding of the subject matter? 
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As explained in subsection 4.5.2, it could be the case that prior knowledge level has an 

influence on the deep understanding of the subject matter, but it does not have an influence 

on the effectiveness of the programming projects. We will thus first investigate whether there 

is any difference between the multiple subgroups at all. 

 

The average deep learning grades per subgroup are shown in Table 7 and presented visually 

in Figure 10. The number of pupils in the table adds up to 52, which is one less than the total 

of 53 pupils from all the physics classes. This is because one pupil did not have an average 

year grade yet, so we could not put her into a subgroup. 

 

Table 7: Average scores of the six subgroups. 

Group Average deep learning grade Margin of error Group size (𝑙𝑙) 
1-5.5con 
1-5.5exp 
5.5-7con 
5.5-7exp 
7-10con 
7-10exp 

8.1 
5.1 
7.0 
6.0 
6.2 
9.2 

1.6 
5.2 
1.9 
1.7 
2.0 
0.9 

8 
4 
10 
18 
6 
6 

 

 

 

Figure 10: Average grade per group, with the margins of error. 
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The subgroup 1-5.5exp has such a large uncertainty, that we decided to leave both 1-5.5 

groups out of the further analysis. For the remaining four groups we need to know if they are 

all normally distributed, since we can then use the One Way Independent ANOVA. A bar 

chart of the deep learning grades is shown in Figure 11. 

 

 

Figure 11: Deep learning grades per group. 

 

From the bar chart it certainly does not look like all groups are distributed normally. We will 

thus compare the four groups using the Kruskal-Wallis test, which is shown in Figure 12. The 

test gave a p-value of 0.140 which means we must retain the null hypothesis. That is in this 

case: the distribution of the deep learning grade is the same across the four categories of 

grade groups. Thus the visual differences in the boxplot of Figure 12 and the earlier bar charts 

are not significant enough.  
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Figure 12: Output of the Kruskal-Wallis test. 

 

 

5.3 Subquestion b: the influence of profiles 

The question that will be addressed here is: 

Does a pupil’s profile have an influence on the effectiveness of the programming projects on 

the deep understanding of the subject matter? 

To answer this question, four groups have been distinguished. These are based on the more  

STEM-oriented profiles (NT and NG), and the less STEM-oriented profiles (CM and EM). 

This is done to be able to create groups that have the possibility to be statistically significant. 

Every profile group is then split into another two groups based on the control and experiment 

groups. This gives four groups, of which the average deep learning grade, margin of error 
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and group size are shown in the table below. These values have been calculated in the same 

way as described at the results of the main research question. 

 

Table 8: The average grades of the four subgroups. 

Group Average deep learning grade Margin of error Group size (𝑙𝑙) 
CM & EM (exp) 5.6 2,3 11 
CM & EM (control) 7,5 1,9 9 
NT & NG (exp) 7,1 1,8 16 
NT & NG (control) 6,9 1,3 15 

 

To be able to interpret these values better, a graph with the values from the table above are 

shown in Figure 13. 

 

 

Figure 13: The average deep learning grade per group, with the margins of error. 

 

From this graph we can conclude that nothing significant can be said about the effects of 

programming on deep learning regarding pupils that chose a NT or NG profile. The averages 

of the control and experiment group are almost equal while the error margins are relatively 

large. Performing further tests on the data of this group will most likely result in insignificant 

data with very little conclusive value. The CM & EM group also suffers from large error 
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margins. Their averages show a distinction however. It is therefore interesting to further 

investigate the effect of programming on deep learning concerning pupils with a CM & EM 

profile.  

 

To further investigate this it should be determined whether the deep learning grade of the 

control and experiment group are normally distributed. The distribution of these grades in the 

CM&EM group is shown below. 

 

 

Figure 14: Deep learning grade for pupils with a CM&EM profile. 

 

From this data it can be visually confirmed that neither the control nor the experiment group 

data are normally distributed. This means the Independent t-test cannot be used to compare 

the groups. Instead, the Mann-Whitney U test can be used to do this. The results of this 

Mann-Whitney U test can be found in Table 9. From these results it becomes clear that  the 

EM&CM control group has a higher rank than the experiment group. This means that the 

control group showed more deep learning. However, in Table 10 it is shown that the p-value 

(Asymp. Sig. (2-tailed)) is higher than 0.05. This indicates that the results from Table 9 are 
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not statistically significant. It therefore remains unclear whether the integration of 

programming is beneficial to students with a EM and CM profile or not. 

 

Table 9: Mann-Whitney test results. 

Ranks 
 Group N Mean Rank Sum of Ranks 

DL_grade EMCM control 9 12.22 110.00 

EMCM exp 11 9.09 100.00 

Total 20   
 

 

Table 10: Mann-Whitney test statistics. 

Test Statisticsa 
 DL_grade 

Mann-Whitney U 34.000 

Wilcoxon W 100.000 

Z -1.190 

Asymp. Sig. (2-tailed) .234 

Exact Sig. [2*(1-tailed Sig.)] .261b 

a. Grouping Variable: Group 

b. Not corrected for ties. 
 
 
 
5.4 Subquestion c: the influence of gender 

The question that will be addressed here is: 

Does a pupil’s gender have an influence on the effectiveness of the programming projects on 

the deep understanding of the subject matter? 

 

Four different groups have been distinguished to answer this question. These groups are the 

males that participated in the experiment group, males that participated in the control group, 

and the same division for female pupils. This gives four groups, of which the average deep 

learning grade, margin of error and group size are shown in Table 11. These values have 
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been calculated in the same way as described at the results of the main research question. To 

better interpret this data a graph with the values of Table 11 is shown in Figure 15. 

 

Table 11: Average deep learning grade, margin of error and group size for all four gender groups. 

Group Average deep learning grade Margin of error Group size (𝑙𝑙) 
Male (experiment) 7,0 1,50 13 
Male (control) 6,2 1,53 8 
Female (experiment) 6,4 2,00 16 
Female (control) 7,6 1,23 16 

 

 

 

Figure 15: Average deep learning grade for all four gender groups with error margins. 

 

From this data it can be seen that the results are comparable for both groups. For the male 

pupils, the experiment group has a higher average deep learning grade than the control group. 

For the female pupils this is the other way around. Again the error margins are relatively 

large, so not much can be said from this graph alone. Further statistical tests will therefore be 

used to investigate whether there are significant differences between the four groups. To do 

that, it first needs to be checked whether the grade distribution is a normal distribution. This 

grade distribution can be seen in Figure 16. 
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Figure 16: Deep learning grade for all four gender groups. 

 

From this graph it can be visually ascertained that none of the groups has a normally 

distributed grade distribution. Therefore, an Independent t-test will not yield correct results. 

Since there are four predictor categories, the Kruskal-Wallis test will be used. The results 

from this test can be seen in Table 12. The test statistics can be found in Table 13. 

 
Table 12: The ranks resulting from the Kruskal-Wallis test for each gender group. 

Kruskal-Wallis test: Ranks 
 Gendergroup N Mean Rank 

DLgrade Female-con 12 29.81 

Female-exp 16 26.34 

Male-exp 8 25.92 

Male-con 16 21.06 

Total 52  
 
 
From this graph it becomes clear that the female groups are ranked higher, independent of 

control and experiment group. It also becomes clear that in the female group the control 

group was ranked higher, while in the male group the experiment group was ranked higher. 

This is in accordance with the average grades from Table 11.  
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Table 13: Test statistics of the Kruskal-Wallis test. 

Test Statisticsa,b 
 DLgrade 

Kruskal-Wallis H 1.851 

df 3 

Asymp. Sig. .604 

a. Kruskal Wallis Test 

b. Grouping Variable: 

Gendergroup 

 

However, when the test statistics shown in Table 13 are taken into account, it shows that the 

p-value (Asymp. Sig.) is higher than 0.05. This means the results from Table 12 are not 

statistically significant. 
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6 Discussion 

 

In this section the research and its results will be discussed and interpreted. Shortcomings 

will be mentioned, and practical implications and suggestions will be proposed. 

 

6.1 Interpretation of the results 

First the results. As one may have noticed during the reading of the results section, all the 

results are not statistically significant. This means that no hard conclusions can be drawn 

from the data and a definitive answer cannot be given to the main research question and the 

subquestions. In some of the groups of the subquestions group sizes were so small and error 

margins so wide that their data proved to be useless. We therefore had to reject a lot of this 

data and were not able to answer these questions. It should also be noted that the available 

data consists of pupils from multiple schools (but the same level and age). This means that 

they do not have the exact same kind of physics education which gives less coherence to our 

data.  

 

We believe the lack of significance is due to the aforementioned small size of our dataset. 

There are however some interesting observations to be made from the data. These 

observations may not be statistically significant, but can point any future research in the right 

direction. For instance, in the results for all but one research question the control group 

scored better. The only case where the experiment group clearly scored higher than the 

control group was in the ‘7-10 group’ in subquestion a. The experiment group also scored 

higher in subquestion c, which was the male group, but the scores were relatively close with 

wide error margins. The‘7-10 group’ consisted of pupils with a grade of 7 or higher. We 
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therefore believe there might exist a link between programming and deep learning, although 

we do not have the data to show it. It is therefore not a hard conclusion but a mere hunch. It is 

however supported by the already existing research described in subsection 2.3. The hunch is 

an interesting one though, since it incentivizes further research into this topic. More on that 

later in subsection 6.3.  

 

Why does this one case, the pupils with high grades, differ from the assumed norm? This is 

again no hard conclusion, but we suspect that this has to do with the programming knowledge 

most students have. We assume almost all students had little to none programming experience  

based on the curriculum of all participating schools. This means they had to get familiar with 

programming (in Thunkable) first before they could do the assignment for this research. To 

facilitate this a Thunkable-guide was created. We however suspect that this ‘double jump’, so 

first learning programming in Thunkable and only then being able to make the assignment 

was too high for most students. The programming learning curve was either too steep or the 

Thunkable-guide was insufficient, at least for the average pupils. The pupils with high grades 

that have a higher affinity with STEM fields (since they have a higher grade) were able to 

pick up programming faster and were therefore able to learn more from the programming 

assignments. Again, this is an interpretation of results that are based on a data set with too 

little data, and may therefore be wrong. It is however not a far-fetched interpretation, and 

help further research in this area, since it points out that to test the effect of integration of 

programming into physics and mathematics it is vital to be able to assess the programming 

skill of pupils.  

 

In order to flatten this programming learning curve, it would perhaps be a good idea to 

integrate multiple small programming projects throughout the year. If there is a significant 
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effect of programming, then this would give it more time to become noticeable. With our 

projects we tried to stimulate structured and algorithmic thinking, but during our experiment 

the pupils only programmed once. It could be the case that developing algorithmic thinking, 

and seeing the results in achievements for mathematics and physics, would require training 

on a more regular schedule. 

 

6.2 Shortcomings 

Apart from the obvious lack of data, an assessment could have been done of the programming 

skill in Thunkable after pupils had learned how to work with Thunkable and before they 

started their programming assignment. That would have given more insight in their 

programming abilities. We could also have informed about the pupils’ programming 

experience beforehand. As for the lack of data, this was mostly caused due to the covid-19 

regulations coming into effect at almost the same time as the actual execution of this research 

was planned. This caused some schools to back out and caused other schools to have less 

oversight over their pupils that subsequently did not feel the pressure to perform the 

assignments as their homework. Apart from the covid-19 problem, what also influenced the 

usable amount of data was the decision to investigate in both physics and mathematics 

classes. This was done because we were curious about the effects in both courses and so the 

research would have been broad enough to be useful for all STEM fields (or at least physics 

and mathematics). However, this caused a some useful data to be rejected since the research 

groups were too diverse. It therefore would have been better to focus on one subject instead 

of multiple. 
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6.3 Future research 

We strongly believe this topic is interesting for further research. This future research should 

be aimed at attaining a far larger dataset than this study, and should go more in-depth on the 

programming skills of pupils. Also, adjusting our experiment to assure that pupils will 

program a couple times throughout the year could be interesting to investigate. The same 

subquestions as this research would remain relevant. What also would be interesting to 

investigate are the effects on motivation. One of the pupils commented that he enjoyed the 

exercises so much he added some extra parts to the app that were not asked. This shows a 

clear intrinsic motivation. Although this was only one pupil, investigating this further is 

interesting since motivation is one of the prerequisites for deep learning as described in 

section 2.1.  

 

While we believe the results shows promise for further research, we are hesitant to give 

concrete suggestions and recommendations for teachers. Those should be given based on a 

study that can show more concrete results. It is therefore important to further investigate the 

effect of the integration of programming into physics and mathematics to develop an 

understanding at a practical level. 
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7 Conclusion 

 

In this research we investigated the effect of integrating programming projects in STEM 

courses such as mathematics and physics on the deep understanding of pupils. Our hypothesis 

was that the programming projects would stimulate algorithmic thinking, which could bring 

the pupils in a state of deep learning. From this we anticipated a positive effect on the test 

scores, specifically for the questions that required some structured or creative thinking. 

However, the results from our tests showed no significant differences between the pupils who 

programmed and the pupils who did not. It seems there is not such a direct link between 

doing one programming assignment and getting an improved understanding of the 

mathematical or physical topic related to it. This could still be the case though, since we 

cannot conclude any strong statements as the size of our dataset was rather small. 

 

Next to the main effect of programming, we also examined the factors: prior knowledge 

level, profile, and gender to see if these had any influence on the effectiveness. In the 

hypothesis we expected that only a pupil’s profile would matter. As we did not find any 

noteworthy effect in the main research question in the first place, it became difficult to 

determine any impact on this non-significant effectiveness in the subquestions. Our results 

showed no significant influence of the three factors. 

 

One of the beliefs that we got out of this study is that it presumable takes time to improve a 

pupil’s deep understanding. Programming could be an interesting tool for this, but one project 

is probably not enough. We recommend future research to look into the effects of integrating 
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multiple programming projects over a longer period of time, or conducting a study with 

pupils that already have a more in-depth knowledge of programming. 
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Appendices 

Appendix A 

Instruction page given to the control group of school 1. 

  

 
Instructie voor ‘Oefenen op papier’ opdracht 

 

Voor deze opdracht staan de stappen die je uit moet voeren hieronder beschreven. Alle bestanden staan 
ook in Microsoft Teams. Ga daarvoor naar de map ‘Opdracht ioniserende straling’ en dan de map ‘Oefenen 
op papier’. Als je vragen hebt dan kun je altijd een Microsoft Teams bericht sturen naar meneer Tulkens. 

1. Maak de oefenopdrachten voor paragraaf 2 in je schrift. Deze vind je hier: bit.ly/par2oefenen  
 

2. Kijk je antwoorden op de oefenopdrachten van stap 1 na met de uitwerkingen. Deze vind je hier: 
bit.ly/uitwerkingenpar2 
 

3. Maak de ‘testopgaven verval – leerlingversie’. Die vind je hier: bit.ly/testopgaven-straling 
 

4. Vul de volgende korte enquête in: bit.ly/programmeer-onderzoek 
 

5. Stuur een duidelijke foto van je gemaakte testopgaven naar meneer Tulkens via Microsoft Teams 
(staat ook in de opdracht, maar voor de zekerheid hier ook  ). 

Succes! 

 

https://bit.ly/par2oefenen
https://bit.ly/uitwerkingenpar2
https://bit.ly/testopgaven-straling
https://bit.ly/programmeer-onderzoek
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Instruction page given to the control group of school 2. 

  

 
Instructie voor ‘Oefenen op papier’ opdracht 

 

Voor deze opdracht staan de stappen die je uit moet voeren hieronder beschreven. Als je vragen hebt dan 
kun je altijd een email sturen naar natuurkunde.programmeren@gmail.com 

1. Maak de oefenopdrachten over 𝐸𝐸 = 𝑃𝑃 ⋅ 𝑡𝑡 in je schrift. Deze vind je hier: bit.ly/oefenenpapier 
 

2. Kijk je antwoorden op de oefenopdrachten van stap 1 na met de uitwerkingen. Deze vind je hier: 
bit.ly/uitwerkingenpapier 

3. Maak de testopgaven over de stof. Die vind je hier: bit.ly/testopgaven 
 

4. Klaar! 
Succes! 

 

https://bit.ly/oefenenpapier
https://bit.ly/uitwerkingenpapier
https://bit.ly/testopgaven
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Instruction page given to the control group of school 3.  

Instructie voor het onderzoek 

 

Vandaag doen jullie mee aan een onderzoek. De stappen die je daarvoor moet uitvoeren staan 
hieronder opgenoemd. Zorg ervoor dat je alles af hebt vóór de volgende les. Met vragen kun je altijd 
terecht bij je leraar, of je kunt een email sturen naar: wiskundeonderzoek2020@gmail.com. 

 

Vervul deze stappen vandaag: 

1. Maak de huiswerkopdrachten: 75, 77, 79 
uit Hoofdstuk 5 van je Getal & Ruimte boek. 
 

2. Stuur scherpe foto’s van je uitwerkingen naar: wiskundeonderzoek2020@gmail.com. 
Zorg dat je bij elke uitwerking duidelijk het nummer van de opgave hebt staan. 
Laat in de email ook even weten wat op jouw school je leerlingnummer is. 
 

Huiswerk voor de volgende les: 

3. Maak deze digitale oefentoets: bit.ly/exponentiele-groei 
 

 

 

 

 

 

 

 

mailto:wiskundeonderzoek2020@gmail.com
mailto:wiskundeonderzoek2020@gmail.com
http://bit.ly/exponentiele-groei
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Appendix B 

Instruction page given to the experimental group of school 1. 

  

 

     Instructie voor ‘VervalCalculator app’ opdracht 

 

Voor deze opdracht staan de stappen die je uit moet voeren hieronder beschreven. Alle bestanden staan 
ook in Microsoft Teams. Ga daarvoor naar de map ‘Opdracht ioniserende straling’ en dan de map 
‘VervalCalculator app opdracht’. Als je vragen hebt dan kun je altijd een Microsoft Teams bericht sturen naar 
meneer Tulkens. 

1. Maak een Thunkable account aan. Bekijk hier hoe dat moet: youtu.be/KYEWTKaj4GQ 
 

2. Maak het ‘Werkblad oefenapp Thunkable’. Die vind je hier: bit.ly/werkbladoefenapp  
Je kunt deze video bekijken om de stappen mee te doen: bit.ly/uitlegvideo1  
 

3. Maak het ‘Werkblad vervalcalculator’. Die vind je hier: bit.ly/werkbladverval 
Je kunt deze video bekijken als je wat extra hulp wilt: bit.ly/uitlegvideo3 
 

4. Maak de ‘testopgaven verval – leerlingversie’. Die vind je hier: bit.ly/testopgaven-straling 
 

5. Vul deze korte enquête in: bit.ly/programmeer-onderzoek 
 

6. Stuur een duidelijke foto van je gemaakte testopgaven én een screenshot van de blokken van je 
VervalCalculator app naar meneer Tulkens via Microsoft Teams (staat ook in de opdrachten, maar 
voor de zekerheid hier ook  ). 

Succes! 

 

 

https://youtu.be/KYEWTKaj4GQ
https://bit.ly/werkbladoefenapp
https://bit.ly/uitlegvideo1
https://bit.ly/werkbladverval
https://bit.ly/uitlegvideo3
https://bit.ly/testopgaven-straling
https://bit.ly/programmeer-onderzoek
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Instruction page given to the experimental group of school 2. 

  

 
Instructie voor ‘EnergieCalculator app’ opdracht 

 

Voor deze opdracht staan de stappen die je uit moet voeren hieronder beschreven. Als je vragen hebt dan 
kun je altijd een email sturen naar natuurkunde.programmeren@gmail.com 

7. Maak een Thunkable account aan. Bekijk hier hoe dat moet: youtu.be/KYEWTKaj4GQ 
 

8. Maak het ‘Werkblad oefenapp Thunkable’. Die vind je hier: bit.ly/oefenblad-thunkable 
Je kunt deze video bekijken om de stappen mee te doen: bit.ly/uitlegvideo1  
 

9. Maak het ‘Werkblad energiecalculator’. Die vind je hier: bit.ly/werkblad-energiecalculator 
Je kunt deze video bekijken als je wat extra hulp wilt: bit.ly/uitlegvideo2 
 

10. Maak de testopgaven. Die vind je hier: bit.ly/testopgaven 
 

11. Stuur een screenshot van de blokken van je EnergieCalculator app naar je docent via Google 
Classroom.  

Succes! 

 

https://youtu.be/KYEWTKaj4GQ
https://bit.ly/oefenblad-thunkable
https://bit.ly/uitlegvideo1
https://bit.ly/werkblad-energiecalculator
https://bit.ly/uitlegvideo2
https://bit.ly/testopgaven
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Instruction page given to the experimental group of school 3. 

 

  

 
  Instructie voor de programmeeropdracht 

 

Vandaag doen jullie mee aan een onderzoek. Je gaat tijdens de wiskunde les een app programmeren. De 
stappen daarvoor staan hieronder opgenoemd. Zorg ervoor dat je alles af hebt vóór de volgende les. Met 
vragen kun je altijd terecht bij: wiskunde.programmeren@gmail.com. (Dat is het emailadres van de leraar 
van deze les: Bram Grooten.) 

 

Vervul deze stappen vandaag: 

1. Maak een Thunkable account aan. Bekijk hier hoe dat moet: youtu.be/KYEWTKaj4GQ 
 

2. Bekijk de basis instructie video en doe mee met de stappen: youtu.be/sTDvKDogq_Q 
 

3. Programmeer zelf de Startbedrag-knop. 
 

4. Stuur een screenshot van al je code naar: wiskunde.programmeren@gmail.com 
Hier zie je hoe je handig een screenshot kan maken: youtu.be/rF6seg6r0CU 
Laat in de email ook even weten wat op jouw school je leerlingnummer is. 
 

Huiswerk voor de volgende les: 

5. Maak deze digitale oefentoets: bit.ly/oefentoets-exponentieel 
 

mailto:wiskunde.programmeren@gmail.com
https://youtu.be/KYEWTKaj4GQ
https://youtu.be/sTDvKDogq_Q
mailto:wiskunde.programmeren@gmail.com
https://youtu.be/rF6seg6r0CU
https://bit.ly/oefentoets-exponentieel
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Appendix C 

Test given to school 1. 

Testopgaven ‘ioniserende straling’ 
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Test given to school 2. 

Test en antwoorden ‘Rekenen met E=P*t’ 

 

Vraag 1 (2 punten), type R 
Bereken hoeveel energie een televisie van 70W gebruikt als hij 260 seconden aanstaat. Geef het antwoord in 
Joule en rond af op twee decimalen.  

E=70*260 = 18.200,00 J 

1pt. voor correct gebruik E=P*t 
1pt. voor correct uitvoeren berekening, afronden, etc. 

Vraag 2 (2 punten), type R 
Bereken hoelang het duurt voor een apparaat met een vermogen van 30W om 200J aan energie te leveren. 
Geef het antwoord in seconden en rond af op twee decimalen. 

t = E/P=200/30 = 6,67 s 

1pt. voor correct omschrijven E=P*t 
1pt. voor correct uitvoeren berekening, afronden, etc 

Vraag 3 (3 punten), type T1 
Een ander apparaat heeft een vermogen van 1,35 kW en staat net zolang aan er 1 MJ geleverd is. Bereken 
hoelang dit duurt. Geef je antwoord in minuten en rond af op twee decimalen. 

t = E/P =  1.000.000/(1,35*1000) = 740,74 seconden  = 12,35 minuten 

1pt. voor correct omschrijven E=P*t 
1pt. voor correct gebruik kW en minuten 
1pt. voor correct uitvoeren berekening, afronden, etc 

Vraag 4 (2 punten), type T2 
Een 'Lidl SilverCrest' broodrooster heeft een vermogen van 950W. Om 2 boterhammen goed te roosteren is 
80 kJ nodig. Bereken hoe lang dat duurt met de SilverCrest broodrooster van de Lidl. Geef je antwoord in 
seconden en rond af op twee decimalen. 

t = E/P = 80.000/950 = 84,21 seconden 

1pt. voor correct omschrijven E=P*t 
1pt. voor correct uitvoeren berekening, afronden, etc 

Vraag 5 (3 punten), type T2 
Een bepaalde koelkast gebruikt in 24 uur non-stop koelen 10,8 MJ energie. Bereken het vermogen van de 
koelkast. Geef je antwoord in Watt en rond af op twee decimalen. 

P=E/t = 10,8*10^6/(24*3600) = 125,00 W 

1pt. voor correct omschrijven E=P*t 
1pt. voor correct gebruik MJ en uur 
1pt. voor correct uitvoeren berekening, afronden, etc. 
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Test given to school 3. 

Oefentoets (met uitwerkingen)   
Exponentiële groei  
 
 

1p 1 In de algemene formule van exponentiële groei ( 𝑁𝑁 = 𝑏𝑏 ⋅ 𝑙𝑙𝑡𝑡 ) staat 𝑏𝑏  voor 
beginhoeveelheid. Waar staat de 𝑙𝑙 voor? 

  RTTI: R 
 

  Antwoord: groeifactor (eventueel: per tijdseenheid)   (1p) 
 
 

2p 2 Een konijnenpopulatie groeit exponentieel, met 𝑙𝑙 = 1,62 . Op 𝑡𝑡 = 0  zijn er 1100 
konijnen. Hoeveel konijnen zijn er op 𝑡𝑡 = 4? 

  RTTI: T1 
 
  Antwoord: 𝑁𝑁 = 𝑏𝑏 ⋅ 𝑙𝑙𝑡𝑡 
    = 1100 ⋅ 1,624     (1p) 
    ≈ 7576 (konijnen).     (1p)  

 
 

3p 3 Sophie krijgt op haar spaarrekening 7% rente per jaar. Met hoeveel procent rente per 
maand komt dat overeen? 

  RTTI: T1 
 

  Antwoord: 7% geeft groeifactor van 1,07   (1p) 

    1,07
1
12 = 1,00565 …     (1p) 

    ofwel 0,57% rente per maand.   (1p) 
 

 
2p 4 Zie de tabel. 𝑁𝑁 is het aantal radioactieve deeltjes Cesium-131 dat nog niet is vervallen, 

𝑡𝑡 is de tijd in dagen. Toon aan dat er een exponentieel verband is tussen 𝑁𝑁 en 𝑡𝑡. 
  RTTI: T2 
 
   
 
 

 
 
 
 

bron verval: https://nl.wikipedia.org/wiki/Cesium-131 
   
 

t N 
0 1000 

2 865 
4 748 
6 647 

https://nl.wikipedia.org/wiki/Cesium-131
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  Antwoord: 
  De groeifactor is steeds gelijk, dus er is een exponentieel verband:  (1p) 
 
  865

1000
= 0,865        748

865
≈ 0,865        647

748
≈ 0,865     (1p) 

 
 

4p 5 De verkoop van smartphones groeit exponentieel. In 2008 waren er wereldwijd 139 
miljoen verkocht, terwijl dit in 2013 al 970 miljoen was. Stel de formule op van 𝑉𝑉 (de 
wereldwijde smartphone verkoop per jaar) waarbij je 𝑡𝑡 = 0 neemt in 2006. 

 
  Rond 𝑙𝑙 af op twee decimalen en de beginhoeveelheid 𝑏𝑏 op gehelen. 
  RTTI: T2. 

  bron getallen: https://www.quora.com/Are-smartphones-dead  
 
  Antwoord:  
 
  𝑙𝑙5𝑗𝑗𝑗𝑗𝑗𝑗𝑗𝑗 = 970

139
= 6,98 …        (1p) 

  𝑙𝑙 = (6,98 … )
1
5 = 1,47 …        (1p) 

   
  Dus de formule is van de vorm: 𝑉𝑉 = 𝑏𝑏 ⋅ (1,47 … )𝑡𝑡 
 
  Een punt invullen: 
  139 000 000 = 𝑏𝑏 ⋅ (1,47 … )2        of        970 000 000 = 𝑏𝑏 ⋅ (1,47 … )7  (1p) 
  𝑏𝑏 = 139 000 000

(1,47… )2 ≈ 63 901 643                    𝑏𝑏 = 970 000 000
(1,47… )7 ≈ 63 901 643  (1p) 

   
  Dus 𝑉𝑉 = 63 901 643 ⋅ 1,47𝑡𝑡. 
 

 
2p 6 In de figuur zie je de grafiek van een exponentieel verband. Geef een zo goed 

mogelijke schatting van de waarde van de groeifactor, en leg met een berekening uit 
hoe je daar bij komt. Rond af op twee decimalen. 

  RTTI: I 
 

https://www.quora.com/Are-smartphones-dead
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  Antwoord:  
  De grafiek gaat door (4,10) en (5,6).      (1p) 
  In 1 tijdseenheid is de waarde dus afgenomen van 10 tot 6.  
  Ofwel een groeifactor van: 6

10
= 0,6.     (1p) 

 
  of: 
 
  De grafiek gaat door (4,10) en (10; 0,5).      (1p) 
  In 6 tijdseenheden is de waarde dus afgenomen van 10 tot 0,5.  

  Ofwel 𝑙𝑙6 = 0,5
10

= 0,05. Dat geeft 𝑙𝑙1 = 0,05
1
6 ≈ 0,61.   (1p) 

 
  of: 
 
  Weer andere correcte redeneringen zijn ook mogelijk. 
 

 
 

Einde 
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