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Personal Project Brief — IDE Master Graduation Project

Name student Roosje Lugthart Student number 4,677,293

PROJECT TITLE, INTRODUCTION, PROBLEM DEFINITION and ASSIGNMENT

Complete all fields, keep information clear, spedfic and concise

. . Creating an enjoyable and creative learnin erience around spatial thinking for primary school children.
Project title E joya g exp P E P ry

Piease state the titie of your graduation project (above). Keep the titie compact and simple. Do not use abbrevigtions. The
remainder of this document aliows you to define and clarify your graduation profect.

Introduction

Describe the context of your project here; What is the domain in which your project takes piace? Who are the main stakeholders

and what interests are at stake? Describe the opportunities (and imitations) in this domain to better serve the stakehoider
interests. (max 250 words)

| will graduate for ‘het Wetenschapsknooppunt', a company, part of TU Delft, to create more creative and explorative
learning experiences for primary schools in the Netherlands.

TU Delft takes interest in improving primary school education (Delta, 2023) with the intention that tackling the
understanding of mathematics early on will result in 2 higher number of children wanting to pursue a technical career and
therefore, possibly choosing to study at TU Delft. In collaboration with Wetenschapsknooppunt, the university wishes to
improve the primary school education around mathematics’ subject of spatial thinking because this subject seems to play
an important role in overall technical understanding.

93% of primary school children in The Netherlands reached the fundamental level of understanding in mathematics in
2022-2023, only 42% reached the target level. These numbers are significantly lower than those for Dutch language and
reading (DUQ, 2023). With fewer children reaching a significant level in mathematics, logically the amount of children who
pursue a technical career path decreases. Furthermore, some children perform badly because of ‘maths anxiety’, without
even lacking skills in the subject (TEDEd, 2017).

Developing maths anxiety or other negative feelings towards mathematics can occur early at primary school. Because the
content around spatial thinking increases difficulty during the 3rd and 4th grade, the project will focus on improving
education for children in these grades.

Towards the end of this project, if its final form is more clear and fits their values: the Science Centre TU Delft and ‘de
Makotheek’ could also be interested partners.
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image f figure 1 Percentage of children who reach the target level of understanding in maths (DUO)
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Personal Project Brief — IDE Master Graduation Project

Problem Definition

Wheat problem do you wont to solve in the context described in the introduction, and within the availobie time frame of 100
warking days? (= Master Groduation Project of 30 EC). What cpportunities do you see to create added value for the described
stakeholiders ? Substantiate your choice.

{max 200 words)

Currently, classes around spatial thinking are mainly theoretical and not interactive. For example, it is difficult to understand
the dimensions of a {complex) geometric shape without having the shape in front of you and only seeing 2D sketches or
words describing it.

TED-Ed explains that interactive and creative tools are needed to improve childrens’ experience in mathematics classes and
can encourage creative thinking and developping spatial skills. However, teachers are hesitant to implement creative
thinking in their classes themselves due to the lack of supporting tools (Schoevers, 2020). Some teachers are even hesitant
to help children who ask questions that differ slightly from the existing methods because they fear not knowing the answer
themselves (Keijzer, 2024).

Following this abstract and theoretical way of teaching, there are many children who do not enjoy maths, find it too abstract
and difficult, or can even experience ‘maths anxiety’ (it is expected that around 20% of the world population suffers from
this (TEDEd, 2017]). Can designing an additional toal to the spatial thinking classes decrease the negative stigma around
mathematics and help children to experience the subject in 2 more creative and fun way? And would this help teachers to
implement creative learning into the current mathematics dasses?

Assignment

This is the most important part of the project brief becouse it will give a dear direction of what you are heading for.
Formulate an assignment to yourself regarding what you expect to deliver as result at the end of your project. (1 sentence)
As you grodudte as an industrial design engineer, your assignment will start with a verb (Design/investigate/Validate/Create),
and you may use the green text format:

Design a tool that makes use of design and inquiry based learning in mathematics classes to improve the development of children’s spatial
skills for primary school children in grodes 3 and 4 fgroep 5 en 6) in the Netherlands.

Then explain your project approach to carrying out your groduation project and what research and design methods you pian to
use to generate your design solution {max 150 words)

For this assignment | will start by conducting research on mathematics education in primary schools to understand what the
exact subjects are in the 3rd and 4th grade and what part of these are most difficult to understand for children.
Furthermore, | wish to leam about maths anxiety and understand how creative learning can help overcome this. This
research will include desktop research, observing the current mathematics classes in primary schools, interviewing children
and teachers about their experience and meeting up with experts on the fields of (mathematics) education and spatial
thinking.

After the research stage, | would like to continue visiting primary schools to test and get feedback on ideas and prototypes,
both from children and teachers. | would therefore like to start prototyping and visualising ideas as soon as possible to also
test children’s reactions on visual appearance and understandability.

For me, an ideal outcome of this project would be to design and embody a product/tool that is a valuable addition to the
current mathematics program, is both appealing and understandable by children, improves their experience around
mathematics and is easy for teachers to implement in their classes.

Project planning and key moments

To make visible how you plan to spend your time, youw must make a planning for the full project. You are advised to use o Gantt
chart format to show the different phases of your project, deliverables you have in mind, meetings and in-between deadiines.
Keep in mind that ol activities shouwld fit within the given run time of 100 working days. Your plonning should include a kick-off
meeting, mid-term evalugtion meeting, green light meeting and groduation ceremony. Please indicate periods of part-time
activities andy/er periods of not spending time on your gradugtion project, if any (for instance because of holidays or parallel

Make sure to attach the full plan to this project brief.
The four key moment dates must be filled in below

In exceptional cases (part of) the Groduation
Kick off meeting 9 dec 2024 Project may need to be scheduled part-time.
Indicate here if such applies to your project

Part of project scheduled part-time: v
Mid-term evaluation 7 mrt 2024
For how many project wesks | 25

Mumiber of project days per week | 4,0
Green light meeting 14 mei 2024
Comments:
In the |ast six weeks of the project | will study
fulltime (5 days) instead of parttime (4 days).
Graduation ceremony 13 juni 2024

Motivation and personal ambitions

Explain why you wish to start this project, what competendies you want to prove or develop (e.g. competencies acquired in your
M5 programime, electives, extra-curricular activities or other).

Optionally, describe whether you have some personal learning ambitions which you explicitly want to oddress in this project, on
top of the learning objectives of the Graduation Project itself. Youw might think of e.q. acguiring in depth knowledge on a specific
suhject, brogdening your competencies or experimenting with o specific tool or methodoiogy. Personal learning ambitions are
limited to @ maximum number of five.

{200 words max)

Dwring my time at IDE, | experienced that | enjoy designing for children and that | find it important to always designin a
sustainable way by adding value and to either improve existing products or to only create new ones that can make an
impact.

Besides my interest in designing for children, I'm also passionate about improving their maths experience in school.
Personally, | enjoyed the subject both in primary school and highschool, but I'm aware that there are many children who do
not. Whilst | was a tutor in maths | also experienced this negative feeling some students can have about it. | would like to
get rid of the negative stigma around maths classes and let other children, who might have a harder time understanding the
subject at first, have a positive experience as well.

During this product | would like to:

- Learn ta design for a group of children and how to implement their different needs and wishes

- Design a physical product that adds walue to an already existing system

- Learn how to visualise this product in such a way that it is appealing and understandable by children but also valuable
enough for teachersfschools to implement in their mathematics classes

- Learn about the difficulties that different children have around learning maths



B. Observations at school

Observation at primary school in Delft

(following the EDI-method

4th grade, (17-12-2024)
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Observation at primary school in Delft (Wardorf
school); 3rd and 4th grade (10-02-2025)
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Observation at primary school in Delft (Wardorf
school); 3rd and 4th grade (10-02-2025):

skilled mathematicians
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: ; : C2. Dr. H. Kekkonen; researcher and assistant professor at
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C3. Mathematics teacher at teacher training college
Thomas Moore Hogeschool
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C5. C. Zhu, PHD researcher at TU Delft
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D. Guide to signal stronger mathematicians

Signaleringsinstrument (potentieel) sterke rekenaars

kan de vragen die voorkennis activeren beantwoorden b x
oogt nieuwsgierig naar nieuvwe rekenkennis X X

stelt verdiepende vragen tijdens de instructie over de inhoud van de stof
vraagt naar de toepassingsmogelijkheden van de instructiestof

et 6ol
oM M M

koppelt vit zichzelf de lesstof aan andere lesstof X



E. Examples of exercises children
found enjoyable/fun

1

Puzzelvierkanten

Wat is de waarde van slk figuurtje?
Horizontaal, vesticaal en disganaal zie je hoeveel ze samen waard zin.
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F. Ideas to design directions

Relation
Numbers to real life
(getallen) situations

combining
domains

Deepening:
harder level
than current
curriculum




Jdividual
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[English]

Informed consent form research project mathematics classes in primary schools - test
and evaluation

Dear parent or caregiver,

For my graduation project for the masters Integrated Product Design at the TU Delft, |
am doing research on behalf of het Wetenschapsknooppunt regarding mathematics
classes at primary schools. | will conduct tests with children of groep 5 and 6 to test my
prototypes.

Aim of the research and test

| am graduating for‘het Wetenschapsknooppunt, a company working together with TU
Delft to create more design and inquiry based learning experiences for primary schools
in the Netherlands. | will focus on improving the mathematics classes based around
spatial thinking.

| will ask your child to test a product | designed that is meant to improve the experience
of learning spatial skills in mathematics classes. After testing, | will ask the children ques-
tions about their experience and attitude towards the product.

The prototype will always meet needed safety requirements, as agreed upon with the
TU Delft. Before the testing takes place | will introduce myself, the test and what I'm
doing the test for with the children. After this introduction, they can ask questions if
they want to. During the testing, | will again explain clearly which actions they are asked
to do.

Data and rights of participants

The data of your child will be saved anonymously, | will not mention names anywhere
in my research findings. | will only safe the age, grade (and gender) of your child (if
the latter seems to have impact on the outcome of my research). Furthermore, audio
and video data will not be used in my report or any other form of presentation, | will
try to make photo’s or video'’s without faces and if so, will always cut or blur any visi-
ble faces. Audio data will also not be shared in any form and is solely used as personal
references for my research. Audio and video data will always be saved in a safe en-
vironment, not shared with other parties and will be deleted 6 months after the end
of my project.

Participating children can always ask questions about the research, and may leave
the interview at any given time if they do not wish to continue, without further con-
sequences. They do not have to give any reasons to do so.

Contact information researcher

Roosje Lugthart (master student Integrated Product Design) -

Consent of the participation of your child

Via the questions below, you can indicate if your child can participate in the test and
interview and if audio and video recordings can be made of this test and interview.

1. Do you give consent for the participation to the researcher to interview your
child for this research?

X Yes, my child may participate in the test and be interviewed

X No, my child may not participate in the test and may not be interviewed



2. Do you give consent to the researcher to make audio and video recordings
of the test and interview with your child, used on the conditions described above ?

X Yes, audio and video recordings may be made of the test and interview, if used on
the conditions described above

X No, the researcher may not make audio and video recordings of the test and inter-
view

3. Do you give consent to the researcher to possibly use video recordings of
you child in their graduation report or graduation video (photo’s or video'’s will al-
ways be without faces or faces will be blurred. Video's will never contain audio). This
report and video can be uploaded on the TU Delft library and then read or seen by
anyone who looks for it.

X Yes, video recordings may be used in a graduation report and video, if used on the
conditions described above

X No, the researcher may not use video recordings in their graduation report or
video

City and date:



H. Concept tests with children
H1. Test Sponge Questions that spark creative thinking (08-04-2025)

Introduction

Student Pauline Timmers conducted a test on repair with the 3™ and 4™ grade. | helpad in this test by
being the ‘supervisor’ of one out of 5 stations of her test. Because she only needed exercises of her
own on the other four of the stations, | could come with my own exercise and test something for my
thesis.

Introduction/ Aim of the test

Through research in this report was found that skilled mathematicians are in need of challenging
exercises. One way of doing so is by providing questicns that require them to think cutside of the
box, or combine previcusly gathered information with personally developed insights. For this reason
| wanted to test if guestions like this, related to spatial ability in some way, but different from those
currently provided in most mathematics classes were indeed challenging and fun to answer for
skilled mathematicians.

Besides being challenging enough for the skilled mathematicians , the questions also need to be
doable by the rest of the class. This iswhy | came up with so called ‘sponge questions’. These are
open questions that students can answer differently regarding their personal level of knowledge on
the subject. This means that both skilled mathematicians and the rest of the class can answer
guestions related to mathematics without it being too hard or easy for either group.

| came up with three questions related to the subject of the class (repair related to bikes) that also
require spatial ability. Through this test | wanted to certify whether or not these questions were
indeed doable and fun for both the skilled mathematicians and the rest of the class and whether
there was a significant difference in the types of answers that skilled mathematicians gave
compared to their fellow classmates. Lastly, | was curicus what skilled mathematicians thought of
the guestions.

Test set up

For this test, groups of 4-5 children came by my ‘station’ for 10 minutes. | had three gquestions,
printed cut. | shortly explained the different questions/exercises and then let the children choose
one to do. Besides, they could choose if they wanted to make the exercises together orindividually.

Vormen herkennen

18, Welke vormen kun jo herkennen in de flets?
[Bijvoorbeald, cirkel, bol, vierkant, kubus,
clilindar, atc.)

= Omcirkel en banoemde figuren in de fote
higmanst

b, Welks enderdelan kun je nist omschrijven san de hand van vormen dis je kent?

Wan stadsfiets naasr rocefiets || S R N

2, Wat kun | tosvoegen of veranderen aon deze flats om hem sneller te maken?
Schrijf de verbateringen op of taken oe in de foto.

Op reis met de fiets

Ja. Stel jo voor dat jo met depe fiels naar ltalis goat fetsen.
Wt voor S0cr wegen an abatakels kom o dan tegen?




Results

22 children participated in the test day, however only 20 came to my station. All 20 of these students
answered at least one question, most did two or all three. Some worked individually, but most
collaborated with fellow students.

In the evaluation form that all students filled in at the end of the class, this was the question |

provided for my test:

The words were circled as follows:

Filled in by percentage of Filled in by percentage rest | Filled in {total
skilled mathematicians of the rest of the class amount)

Leuk 8/8 : 100% 9/12:75% 17/20: 85%
Moeilijk 0/8: 0% 1/12: 8,3% 1/20: 5%
Saai 0/8: 0% 0/12: 0% 0/20: 0%
Interessant 5/8 : 62,5% 5/12:41,7% 10/20: 50%
Stom 0/8: 0% 0/12: 0% 0/20: 0%
Uitdagend 2/8: 25% 3/12: 25% 5/20: 25%
Rekenen 0/8: 0% 2/12:16,7% 2/20: 10%
Puzzelen 5/8 : 60% 3/12 - 25% 8/20: 40%
Gewoon 1/8:12,5% 312 :25% 4/20: 20%
Cool 4/8 : 50% 7/12:58,3% 11/20: 5%
Irritant 0/8: 0% 0/8: 0% 0/20: 0%
Madenken 3/8: 37,5% 5/M12:41,7% 8/20: 40%
Samenwerken 6/8: 75% 4/12: 33,% 10/20: 50%
Anders, ...

- Grappig 1

- Super 1

- Super 1

leuk
Sterke rekenaars: 8 Restwvan de klas: 12
Conclusion

The answers that were given most by skilled mathematicians were : “leuk’, ‘interessant’, ‘puzzelen’
and “samenwerken’. The biggest differences between skilled mathematicians and the rest of the
class were that skilled mathematicians thought significantly more of puzzles and collaboration.

The most important conclusion is that all children liked the exercises and could easily fillup 10
minutes thinking about 1-3 questions. Besides, none of the skilled mathematicians found the
guestions boring or not fun te do. Therefore | will use similar questions in my final design, as addition
in the exercise book,

H2. First validation test (14-05-2025)

Validation test —test set up {14-05-2025)
Introduction/aim of the test

After designing my provisionally design, | wanted to validate the product by testing it with children.
The previous — concept — test helped to see if the concept had potential and if the measuring tool
worked visually and ergonomically. For this test | have designed an exercise book complete with
different spatial exercises that stimulate children to use the measuring tool and, redesigned map.

The two most important aspects | want to test are if the product is fun and challenging for the
children. | will test this by observing how the children are interacting with the product and what their
reactions are during the test. | will observe factors like: facial expressions, body language, reactions
and interaction with each other. At the end of the test | will give the children an evaluation sheet in

Test setup

I will test the product with three groups of 3-4 children at a time, 15 minutes per group. The children
are skilled mathematicians of a combined 3™ and 4" grade class. The teacher decided on which
children are placed together. In total, | want to test all questions of the exercise booklet, however
these are too many to test with all children in 15 minutes. Therefore, | will divide the guestions
between the three groups, as follows:

Group 1: exercise 1, exercise 2 and exercise 3
Group 2; exercise 4, exercise Sa and exercise 5h
Group 3: exercise 6, exercise 7 and exercise 8

For each group, | will shortly explain the overall story of the booklet and for the second and third
group | will give a recap of the exercises that the previous group has done. The children will each
receive a booklet, with all questions and | will tell them which exercises they are asked to do. If the
time runs out before all three questions per group are finished, | will let the next group start where
the previous one ended. Questions 7 and 8 are design based questions and are less dependent on
the measuring tool. Therefore itis less important if these two questions cannot be tested due to time
running out.

After three times 15 minutes, | will ask all the children to fillin the evaluation form on the next page.

Furthermare, the exercise booklet used for this test is shown on the pages afterwards. (However, a
Dutch translated oneis used).

Evaluatie van de test P AL i e

Watvond je van het rekenen met dit product?

Wat voor cijfer (1-10) zou je geven aan het rekenen met dit product? ...

Bij de volgende vragen is het de bedoeling dat je een ciffer omcirkelt tussen de Ten 7.

Hoe leuk vond je het rekenen met dit product, vergeleken met de opdrachten uit de
normale rekenlessen?

Veel minder lauk even leuk veel leuker
1 2 3 4 5 6 7

Hoe leuk vond je het rekenen met dit product, vergeleken met de opdrachten uit
rekentijgers?

Veel minder leuk even leuk veel leuker
1 2 3 4 5 il 7

Hoe uitdagend vond je het rekenen met dit product, vergeleken met de opdrachten uit de
normale rekenlessen?

Veel minder vitdagend even uitdagend veel vitdagender
1 2 3 4 5 6 7

Hoe uitdagend vond je het rekenen met dit product, vergeleken met de opdrachten uit
rekentijgers?

Veel minder vitdagend even uitdagend veel vitdagender
1 2 3 4 5 6 7

Wat zou je ervan vinden om dit product vanaf nu te gebruiken in het rekentijger uur op
woensdag?




Most important observations of the test:

Why? Mo: dizappointed knowing that they weren't able to complete those compared to the easier
- the children did not immediately connect the different tiles. They knew that they could but - thisis bigger, ones. _ ) ) _
they realised that they could also measure the distances by laying the tiles next to sach - rekentijgers is harder, - Indicating a distance between 1-5 is not extremely challenging for some of these children
other, without wires - you need a board and other things, - Itis good to keep the speed calculation exercise; you can increase difficulty by letting them
. PBII&’thhE roads on the mapwere quite small or had turns that are too sharp to measure - itis not as challenging as rekentijgers, recalculate from seconds to minutes, or minutes to hours. Include a table which they can
well - itisbig use to make these calculations.
) . . . . . Yes: - Add lines onwhich children can write their calculations; helps them to reflect and helps
- The connection between the tiles worked well with, children could easily connect and fasten _ itis both extra work
. teachers to check answers.
them now. - ithas agood challenge

- Adding a scale to the map is very relevant for these ages. You canindeed increase difficulty
by changing1cm=10mto lcm=12 m.

**rekentijgers = the booklet they use at this school to provide extra exercises for skilled - You can create more exercises around measuring and calculating with scales.

mathematicians - Add short explanations to exercises that use specific terms like ‘symmetry lines’. These

children just revised it but for seme children it might have been some time.

- There were some variations in outcomes of the measure - questions, not everyone had the
SEME aNSWErs

- The children also measured with the short sides of the tiles and assumed that these were 1,5
cm ifor the 3cm ones).

- Converting centimetres to metres was ‘really’ easy (the scale is now lecm=10m)

- The children seemed to enjoy the story around the exercises. They were involved, could
follow were the crew was going on the map.

- The children were intrigued by the characters and asked who everyons was when they were
mentioned in the story {| did not explain their names beforehand). When someone was
menticned, they t

- Tookthat character and placed it in front of them or held it. "So Rosa always knows whera to
goright, because she has the compass?”™.

*| explained that with ‘product” | meant the tiles, map and exercise booklet all together

Conclusions of the test/design changes:
Owerall she was excited about the product and said that the children could definitely use it in class.
She liked the physical aspect and mentioned how well children react on learning with physical
objects and materials. The most practical remark that she had was if there were more booklets and
exercises, since this booklet would be done in an hour. | explained that this booklet is one story |
created but that the idea is to have multiple stories, in which she saw more potential. To invest in this
product, she wanted at Least a few booklets so that it was worth investing in.

- The map shoeuld be larger, mostly in order to make the roads lenger and to increase the
distances (it can consist of two separate parts that fit together). Then, the Scm tiles are of
more value next to the 3cm ones.

- Create two parts that can fit together to make one larger map

- Theroads should have less sharp turns in order to create more precise measurements

- The scale should increase. Multiplying by 10 is too easy, the scale can be “lem =12 {or 15)
m’ for example. (Keep in mind that the measurements of the houses still make sense)

- The pictures in some exercises should be of low opacity in order to make drawing on them

Furthermore, she highlighted that the level of mathematical understanding in this class (and school)
is not average because many parents in this neighbourhcod have studied at the TU Delft. So

easier. questions that might not be extremely challenging for these children, could very well be way more
challenging for children in other classes, schools, or cities.

Results of the evaluation form (filled in 8 times):
f ! - Doors and house numbers should be laser cut on the map.

Questions Answers - Think of a way/instructicn to increase stimulation of connecting multiple tiles instead of
What did you think of doing maths with this - Funilewk);7 times using them as separate tiles. Or change the design to separate blocks and skip the
product*? - Educational (leerzaam) ; 2times ‘connection ruler?”

- . - Challenge (vitdaging) : 1 time - Idea: add an exercise that requires children to build something on the map (with the tiles)
V\{hatg_ladewould you give for doing maths | Average: 8,6/10 o Add holes on non ruler sides that they can use to stack multiple tiles on top of each
with this product from 1-107 other

How fun did you think it was to do Average: 6,47
exercises with this proeduct, compared to
the exercises of the normal maths classes

- Either give measurements to 2ach side of the triangle or give instructions to only use one
side of the tiles.

(1-7)2 - Keepthe symmetry, drawing and design exercise.

How fun did you think it was to do Average: 5,7/7 - Increase difficulty in the measuring exercises (can be done by enly increasing the scale of
exercises with this preduct, compared to the map).

the exercises of rekentijgers=* (1-7)7 - Keepthe rotation exercise but increase difficulty.

Heow challenging did you think it was te do | Average: 5,3/7 - Keep the orientation exercise, but increass the amount of possibilities or decrease

exercises with this preduct, compared 1o

the exercises of the normal maths classes

(1-7)7

How challenging did you think it was to do Average: 3,2/7

exercises with this product, compared to
the exercises of rekentijgers (1-7)7

differences between the possibilities.

Reflection on test with teacher

Onthe 15" of May | met up with the teacher of the class | tested with to get her feedback on the
product and its potential. The most important improvements that she suggested are listed below.

What would you think of using this product - Veryfun (heel leuk) ; 5 times Some of them are in line with what | had already concluded, which strengthens their imporiance.
from now on during the ‘rekentijger’ hour - Really good idea (heel goed idee) ; 2 times . o
on Wednesday? - Fun, but rekentijgers is also fun (Leuk, maar - The map should be larger. You can create a folding line or two parts so that it still fits in the
ik wil ook rekentijgers doen) ; 2 times classroom and protects the inside of the map.
- Please (heel graag) ; 1time - You can use loose pieces of iron wires to measure the bended roads more easily.
Do you think this product fits to the - No;4times - You canindicate which exercises are least and most difficult by adding one, two, or three
rekentijgers exercises? - Yes;Z2times stars. If you do so, it is okay to have ‘really difficult” exercises since the children will feel less

- Alittle ; 3 times




H3 S d I.d ° 14 0 202 Evaluati 4 . N Observations during the test:
- - valuatie van de tes =L L1 OO PRT TR
° econ Va I a.l-lo n fes.l- ( 5 5) *+  Mostchildren connected or at least asked if they could connect the tiles together to

measure. When they heard they did not need to, they used the tiles separately, without

Aim of the test Wat vond je van het rekenen met dit product? connecting them. “Thatis easier”.

= Both groups who did measuring exercises placed the tiles on the map, in a line. One group
took them off after the path they had to measure was covered. The other group kept them

....................................................................................................................................................... layingin this path.

+  Both groups only counted the distance of the measured path afterwards. "Okay so thatis
five times 5 cm and two times 3: 21 em!. They did not add the different tiles while measuring.

* Changing the scale from 1 cm =10 metre to 1 cm = 12 metre worked well. The students were
all counting in their heads and making the equations to splititup "12 times 16, is 10times 12
and & times 12'. Sometimes they made mistakes while counting.

This test is quite similar to the last one (done on 14-05-2025). Therefore, this test will mainly provide
extra data and insights for the aspects that were tested before. Therefore, still, the two most

important aspects I'want to test are if the product is fun and challenging for the children. I 'will test

this by cbserving how the children are interacting with the product and what their reactions are

during the test. | will observe factors like: facial expressions, body language, reacticns and

interaction with each other. At the end of the test | will give the children an evaluation sheet in which
they can write their experiences with the product. |

Wat voor cijfer (1-10) zou je geven aan het rekenen met dit product? ...

Bij de volgende vragen is het de bedoeling dat je een cijffer omcirkelt tussende T en 7.

The version that will be tested with now is an improved version compared to the one that was tested | Hoe le‘l"k V‘:‘"d :e het r:ke"e" met dit product, vergeleken met de opdrachten uit de *  During exercise 4, the students measured different path options before deciding on the
with last time. These improvements can be read in the conclusion from last test and seen in figure X. | normate rekentessens quickest one. This indicates that is was indeed less visible immediately which path is the
This test will therefore give a validation if those design changes are improvements compared to the Veel minder leuk even leuk veel leuker shortest; an improvement from the last version. One of the children started to measure the

last design. | will compare the answers that children gave to the questions during the previous test paths in the booklet instead of in the map. Meaning that is could still be more clear that you

compared to this one and get an impression of, for example, if the guestions are more challenging 1 2 8 4 5 8 7 should measure on the real map or change the scale of the picture in the booklet.

now and if measuring distances on the map is more smoothly now compared to during the previous Hoe leuk vond je het rekenen met dit product, vergeleken met de opdrachten wit *+ Thedesign exercise was received really well. When the materials were laid out their faces

test. rekentijgers? seemed to light up and they immediately stood up and started grabbing different materials.
They also all started thinking out loud as to what they would make.

Test setup : Veel minder leuk even leuk veel leuker *  Forthe drawing exercise, some students tried to draw in perspective but it was clear that this

| will again, test the product with three groups of 3-4 children at a time, 15 minutes per group. The ‘k ‘ “ 1 2 3 4 5 6 7 is sfill qUi_TE hard to do. . . .

children are skilled mathematicians of a combined 3™ and 4" grade class (different class than last ) x — ’ 4 Hoe uitdagend vond je het rekenen met dit product, vergeleken met de opdrachten uit de . for exercise 8, the SIUdB"FS thought of many dlf.feleﬂl ideas to cross the lakeand_lt was

time, but also from a Waldorf school). The teacher decided onwhich children are placed together. In ‘r normale rekenlessen? interesting to hear how to interpreted the question differently and all started to think outside

of the box in order to answer the question.
Veel minder uitdagend even uitdagend veel uitdagender + Because the map is now bigger, both the 3cm and 5cm tiles could be used easily. It also
1 2 a 4 5 6 7 clearly helped that some paths were less curved than before so that it was easier to measure

total, | want to test all questions of the exercise booklet, however these are too many to test with all
children in 15 minutes. Therefare, | will divide the questions between the thres groups, as follows:

Group 1: exercise 1, exarcise 2, exercise 3 and exercise 4 After three times 15 minutes, | will ask all the children to fill in the evaluation form shown on the next forthe students.
Group 2: exercise 5a, exercise 5b, exercise 5c, exercise § and exercise 7 page. Hoe uitdagend vond je het rekenen met dit product, vergeleken met de opdrachten uit * When reading exercise 5c, somecne said ‘| don’t’ want to do this one’ because it seemed like
rekentijgers? much effort. He continued howsaver one of his peers did read it more carefully and started
Group 3: exercise 8 and exercise 3 Veel minder uitdagend even uitdagend veel uitdagender filling number in and realised it wasn't that hard. Then the first student also filled it in.
| will test more exercises per group, since during the last test the children were quicker than | thought * Owerall, most exercises that| changed seemed more difficult then during the previous test
answering each question and we could do more than three exercises in 15 minutes. Questions 8 and 1 2 3 4 5 6 7 but they were all still doable with the right guidance from me or with the students helping
9 are separated for one group since | want to give the students enough time to build something Wat zou je ervan vinden om dit product vanaf nu te gebruiken tijdens de rekenlessen? each other.

* The symmetry exercise seemed harder for this class than for the previous one because they
....................................................................................................................................................... did struggle to ses if the lake was only symmetrical in two ways of more.

physically for this guestion.

Foreach group, I'will shortly explain the overall story of the booklst and for the second and third * The addition of the comic story had a positive impact on the students, they liked to read the
group | will give a recap of the exercises that the previous group has done. The children will each story.

receive a booklet, with all questions and | will tell them which exercises they are asked to do. If the Vind je dit product passen bij het rekentijger boek? Waarom wel of niet? » The students were also excited about the characters. During this test | first showed the first
time runs out before all questions per group are finished, Fwill still let the next group start Wit tRair page of the bocklet to let the students see who all five characters were. This seemed to help

planned guestions. For this testitis important that question 9 1s done since this (type of) guestion is [next to seeing them in the comic story) because during the story when one of the characters
not yet tested before, . was mentionsd, they knew who it was and picked that character up sometimes. Forsome
questions, they placed the characters on the map regarding their positions in the story.

The set up for this test is:




Quotes and dialogues between the children (in Dutch)

Results of the evaluation form (filled in 6 times):

Group 1 Questions Answers
What did you think of doing maths with this - Fun{leuk); 6
+  “Even kijken”, jongen is klaar met naam opschrijven en bladert alvast door boekje product*? + because you could build something (1
* Overde poppetjes: “Oehh mogen wij daar eentje van hebben?” time)

“Heb je ook een liniaal? Of mogen we die elf pakken?" Op dat moment pakt Roosje de
meetblokjes erbij

“lk vind het raar dat dit 3 is en dit. Jongen heeft de meetblokjes vast” -> Roosje: de lange zijde
is3

Over de buighare verbindingen tussen de meet blokjes™ Hoort het zo dat we het aan elkaar
moeten maken?”

"“We hebben echt geluk dat we dit mogen deen. Veel leuker dan dictee”

“Ahwww de poppetjes. Ahwww Bosa.” Jongen aait poppetje (zie foto)

"Hoe maak je dit allemaal? Echt onmogelijk”

“Is dit Ory? Ory is weggelopenin het meer.” Meisje verplaatst het poppetje over de kaart.
Roosje: Ik denk helaas dat de tijd om is. "Neesesae”

Group 2

Ze lezen de tekst op de kaart: “Winkel winkel winkel winkel supermarkt”

Opdracht 3: ze wijzen meteen op de kaart de plekken aan, “Symmetriemeer”

Jongen wilde de mestblokjes in het boekje gebruiken. Maar je moet op de kaart meten.
Jongen over cpdracht 5c: “hier heb ik ggen zin in"

Daarna bladert hij verder naar opdracht 6, met tekenen van het symmetrie meer. Daarna
weer terug naar 5¢, en neemt een antwoord over van 2'n klasgenoot en gaat daarna met die
opdracht verder.

‘What grade would you give for doing maths
with this product from 1-107

Average: 9/10

How fun did you think it was to do
exercises with this proeduct, compared to
the exercises of the normal maths classes
(1-7)7

Average: 6,2/7

How fun did you think it was to do
exerciseswith this product, compared to
the exercises of rekentijgers=* (1-77

Average: 3,8/7

How challenging did you think it was to do
exerciseswith this product, compared to
the exercises of the normal maths classes
(1-7)7

Average: 6,2/7

How challenging did you think it was to do
exercises with this product, compared to
the exercises of rekentijgers (1-7)7

Average: 3,8/7

What would you think of using this product
from now on during the ‘rekentijger’ hour
on Wednesday?

- More fun (feuker) ; 3 times
- (Really) fun {(super) leuk} ; 3 times

Do you think this product fits to the
rekentijgers exercises?

- No;Ztimes
- Yes:3times
- Both:2times

Group 3 Why? No: w . .
- Because rekentijgers is equations (sommen)
+  Ander meisje komt klas uit gelopen en kijkt naar de rekentijger meisjes: "moeilijk?” Yes:
+ Meisje 1 schud nee - Clust because’. o
+ Meisje 2 mwah gebaar Bom-: Because there is a lot of challenge in this

Meisje 2 zei: “we kunnen eenvict maken."”
Meisje 1: “maar eenviotis zo simpelll. Dat is niet creatief”

Meisje 2 opeens beetje dominant, eerst rustig.

Meisje 2: “we gaan eenviot maken van klei.”

Meisje 1: “Maar ik wil geen viot maken."

Meisje 2: “Dan doen we het toch allebei”

Even later, meisje 2: “maak jij het touw, dan maak ik het viot”

Jongen kleit iets wat lijkt op een M. "Een Mwvan meer, oehh ik weet ists”

- Because this is more arts and crafts

*l explained that with ‘product’ | meant the tiles, map and exercise booklet all together

**rekentijgers = the booklet they use at this school to provide extra exercises for skilled

mathematicians

Conclusions/design changes

In exercise 4 the picture should have the exact measurements as the physical map or clearly

be way smaller so that it is immediately clear that they should measure on the physical map

instead of in the booklet.

Some questions could still be a bit more difficult but it is already a good improvement from

last time.

An extra orientation exercise could be added, since this really involved looking at the map.
Maybe the different options could be in between paths instead of on them to increase

difficulty.

The symmetry, drawing and design exercises on the end should stay (the drawing exercise
could have a hintin the explanaticn).
The comic story is a positive addition to the booklet and helps children to follow the story

“[name] wil je dit voor mij tapen?” Vraagt een Jongen die 2 satéprikkers en elastiek aan elkaar wilt
maken. Samenwerken aan de opdracht.

themselves.
s+ Meisje 2: “we moeten onder de stokjes nog iets doen zodat het vast zit"™

* Meisje 1: “kan ik de lijm gebruiken?”
= Meisje 2: “je moet tapen dat is veel beter”

The connection pieces for the tiles can stay since some students did like to connect the tiles
in order to ‘create the entire path'. However students should not be obliged to use them
since using the tiles separately also works well.

* Meisje 1: “dan doen we lijm en tape” Usage of the tiles does not seem necessary, however it does still seems like a fun addition
because it adds the need to calculate the distance instead of just reading it in one go as
would happen with using one ruler.

A recommendation that stays is to add an exercise for which the children need to build
something {a building for example) on the map with the blocks.

The scale stays as it is (1 cm = 12 metres), this allows for challenging calculations butis
doable enough for the students.



l. Pro’ro’ryping and ideation 12. Flexible measuring tool

I1. How to improve each design direction Measuring tool x
spatial characters

Design direction ideas + what is still missing
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13. First protoypes; trying different shapes and sizes

14. Improvements and opportunities of the flexible measuring tool

Measuring tool x
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I5. Ideating on shape: application of straight and 6. |dea’r|ng on fraction pieces and how to assemble them
bended ruler and fraction circle o :
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I7. First wooden prototypes and ideating on
different connection methods
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I8. Second wooden iteration: prototype that was used to test with
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