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General
Introduction

The main objective of the Analogue game for digital minds – Logifaces methodology project was to create new visual
study material for mathematics, science and art education. The project is based on Logifaces, which is a spatial
geometry, logic and sensorimotor skill development game.
The novelty value of Logifaces lies in the three dimensional shift compared to the two dimensional nature of
traditional logic puzzle games. Contrary to the majority of traditional and contemporary logic games and school
toolkits, Logifaces deals with spatial geometry. Instead of using colours, with different shapes Logifaces focuses
on all three dimensions. The end result in the game is a tactile spatial surface highlighting the relationship between
basic geometry and complex organic forms. A further important feature of the game from the point of view of
STEAM subjects is its artistic value. The nature of light-shadow effects can be studied through the variously
sloping blocks. In addition the continuous surface resembles ancient reliefs.
The Logifaces book contains Art, Mathematics, Science and Interdisciplinary exercises. We placed great
emphasis on the connection between various subjects and subtopics to accentuate the STEAM nature of the
exercises. Each exercise can be found on the GeoGebra website (geogebra.org) too in pdf format.
The methodology book was created by teachers, artists, theorists and educational professionals. The five
partner organisations (from Austria, Finland, Hungary, and Serbia) come from various regions of Europe and
operate in different education systems. The different approaches greatly enriched the results; however, the STEAM
approach was always a common basis. Here we would like to thank all of them for their hard work and enthusiasm
despite the difficulties of the Covid-19 situation.
Development of the methodology does not stop here, and we are open to new ideas! Please contact
us at daniel@planbureau.hu

Dániel Lakos and Eszter Losonczi (editors)
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Designer’s
Introduction

Daniel Lakos — designer, inventor of the game

The jump from paper - dimensional design

The Backstory
The story of the Logifaces game started in 2012 when we were invited to submit a tender to MOME’s toy design
project, 1359 cm3. I came up with the concept over the course of just one night. I was thinking of introducing a
three-dimensional shift into an existing two-dimensional game, Tantrix. Just like in Tantrix, you need to connect the
elements according to a simple rule. Logifaces is more similar to Triomino, however, I did not know about Triomino
at that time. Right after that, the very next morning we sketched up the various elements, which still remain the
same today. The jury chaired by Ernő Rubik selected our design to be one of the finalists. A year later, in 2013, we
won the Hungarian Design Award.
Professor László Mérő reviewed the game on this occasion:
Good problem solving is the basis of everything, both in mathematics and design. Without this, we cannot
come up with solutions that overwrite our fixed schemes. This spirit of innovation and the search for innovative
solutions characterises the creations in the design category. Why do we need new kinds of games? Isn’t the fruit
of the last few thousand years enough, from dice to the Rubik’s cube, from the cob doll to the Barbie doll? One
childhood is not enough for these either, and not even a whole life. But just as we need new literary works despite
the fact that we haven’t even read the old ones, we also need new games that somehow resonate with our lives
today. The toy, which was awarded this year’s Hungarian Design Award, presents a theme that is thousands of
years old in a modern guise. Puzzle games already existed in ancient Babylon, but this game could not have
existed then, as it is inspired by today’s computer graphics toolkit. That’s why we immediately feel at home. It’s
good to think. More precisely: it is good to think in moderation, just as it is good to drink in moderation or climb
a mountain. Many of us like to climb mountains, but few of us like to climb the Himalayas. The thing about good
puzzle games is that they require just as much thinking as they are enjoyable, and as much as the joy of finding
the solution is more than worth the sacrifice made for it, the mental effort. Psychologists have shown that the
greatest pleasure comes from tasks that are medium to difficult, but not too difficult. This excludes not only
tasks that are too difficult, but also tasks that are too easy: they may require little effort, but they are not worth
that much. This prize-winning work in the design category has hit the level of difficulty that creates a pleasant
challenge exactly, its clean formality playfully draws you into the complex world of spatial geometry.
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After the Design Award, we came up with the idea to use concrete, which has low investment costs for series
production, instead of the more complicated and commonplace wood. In 2014, our design, now ready for mass
production, debuted on the Indiegogo crowdfunding platform. The goal was 15,000 USD, which we managed to
almost double with about 300 sets sold.
The concrete version became a special design object, a tabletop sculpture, and a frequent choice as a souvenir
or a gift. This led us to introduce a wooden version as well, suitable for children and people who are more
interested in playing than owning a design product.

The Concept
In the last decade polygonal computer design had a great impact on architects and designers. This trend
manifested in faceted shapes, triangles, and organic surfaces produced with the use of polygons. The polygonal
style that appeared at that time also had an impact on Logifaces. Another aspect is sophisticated and widespread
computer-generated augmented reality. 3D virtual reality blurs the difference between the planar and the
spatial worlds. This paradox inspires many designers and artists today as well. My short introduction with some
spectacular examples introduces the designers’ approach to triangular and flattened geometry.
After the turn of the millennium Computer Aided Design (CAD) programs and platforms became much more
powerful than in the past. As computing capacity problems faded, designing complex shapes became much
easier than before.1 However, the implementation of organic forms is still challenging, as raw materials are usually
accessible in basic shapes, typically in rectangular boards or blocks. A possible way to execute multiple-curve
forms is polygonal reduction. One of the first pioneers of this method was Buckminster Fuller2, who created
geodesic domes including arrays of various triangles from the 1950’s. This was possible without CAD programs.
The production of reduced freely formed shapes required huge computing capacity as it involves many unique
triangles and even more unique construction details. An early example of this kind of non-standard architecture
is a building located in Budapest called the “Whale”, which was designed by Kas Oosterhuis3 in 2007. The organic
shape covered by triangular shaped glass planes fills the void left between two old, longitudinal warehouses on the
bank of the River Danube.

1
Weisberg D. E. “The Engineering Design Revolution — The People, Companies and Computer Systems That Changed
Forever the Practice of Engineering” Cyon Research, 2008
2

Fuller B, López-Pérez D “Pattern-Thinking” Lars Müller Publishers 2019

3
Oosterhuis K “Towards a New Kind of Building: A Designers Guide for Non-Standard Architecture”
nai010 publishers 2011
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Figure 1:
Bálna
Budapest, Hungary, 2013
(photo: Civertan)

In addition to architects, faceted style inspired designers as well. A remarkable example of this in the fashion
industry was created by Issey Miyake, the Distortion bag, designed in 20134. This bag is made of small, identical
rigid triangles attached to a flexible textile mesh. In several steps one can transform the flat structure into a threedimensional organic shaped bag. This piece leads to my next topic, the transition from 2D to 3D.
Figure 2:
Issey Miyake:
Bao Bao Distortion bag
(photo: Issey Miyake)

A Taiwanese fashion brand, called “Jump from paper”5 applies graphics and 2D cartoon-like illustrations to
create real-world 3D bags that literally look as if they ‘jumped from paper’. Despite their bags looking completely
plain, they do have some inner 3D space in order to perform the storage function. Sharona Merlin’s “Slim cup”6
from 2010 is an archetype cup from one side - though it is actually flattened. Even though it is questionable how it
functions as a cup, it is a thought-provoking idea as a conceptual design.
4

https://design-milk.com/distortion-futuristic-bag/

5

https://www.jumpfrompaper.com/

6

https://www.dezeen.com/2010/08/11/slim-cup-by-sharona-merlin/
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Figure 3:
Jumpfrompaper bag,
jumpfrompaper.com

Figure 4:
Sharona Merlin: Slim cup, 2010
(photo: Sasha Flit)
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My last example in this topic is a short animation, Rabbit and Deer7. It was created by Péter Vácz in 2013 and won
countless awards worldwide. According to the teaser “The friendship of Rabbit and Deer is put to the test by Deer’s
new obsession to find the formula for the 3rd dimension...” In other words, the Deer escapes the 2D world for 3D
while the Rabbit has to stay in 2D. The movie explains the dimensional differences in a funny and emotional way.

Figure 5: Péter Vácz: A slide from the animation entitled Rabbit and Deer

I believe that every age has an emerging vision that attracts designers. These ideas often turn into superficial
styles. Looking back to the early 2010s, these visions also had an impact on the concept of Logifaces. The best
ideas become timeless even if we are not certain of their specific origin. I hope Logifaces will stimulate people for
a long time.

Education Opportunities
Education is currently facing many new challenges. The world of the Internet provides almost all knowledge for the
children of today; they live in an unlimited network of connections. This process fundamentally changes the role of
the teacher and the role of education. The entire international educational system needs to be renewed to satisfy
the needs of both students and teachers too. Teachers are motivated to seek and discover new methods that help
them find a connection with children and facilitate cooperation with them.
School education of recent decades mainly focused on seeing. Students used their eyes to understand
geometry, the sciences and art. They learnt about different three-dimensional shapes or forms by them being

7

18

https://vimeo.com/52744406

demonstrating in two-dimensions. This method caused confusion and made the differences between dimensions
less understandable. The Logifaces game helps students understand the distinction between dimensions and
improves spatial skills. In addition, the use of this teaching tool gives the teacher the opportunity to place more
emphasis on tactility, which results in more experienced-based learning. These qualities make the tool suitable
for children living with various disabilities, such as autism, those with visual or hearing impairment, and speech
disorders as well.
Logifaces gives students the opportunity to explore the connection between mathematical and geometrical
thinking and works of art. This approach creates a passage from the knowledge of abstract shapes to the joy of art
and creativity.

The Benefits of the Game
Although this workbook focuses on an educational methodology for Mathematics, Science, and Art classes, some
important additional aspects should be considered in the curricula.
Conversation starter
Verbal skills and communication are enhanced as pupils construct projects together. Children must discuss
their plans for the project and their new ideas as the project unfolds. Any changes to the plan require
communication. Technical and artistic language is needed to put a project together.
Imagination developer
Most of the shapes built with Logifaces don’t quite look exactly like the real thing. Part of the fun, however, is
capturing the essence of an object so it becomes obvious what it is. Imagination has to fill in all the gaps. As
video games become more realistic and movies improve their special effects, the need for imagination with
these activities is low. Logifaces stimulates the imagination. Animals, human figures and more all spark the
imagination as the scene unfolds. Imagination is a critical aspect of creative problem solving and abstract
thinking. We should help children develop their imagination.
Return to tactile senses
A simple set of wooden blocks is obviously as far as one can get from high tech electronic gadgets.
However, Logifaces can act as an important stepping-stone to computers and technology. Children are
playing computer games and learning with computers at very early ages. The computer is a powerful
learning tool. But even the very best 3D programs are merely a simulation of real life. If children bypass the
step of physically playing with blocks and exploring real 3D models with their own hands, they will be at a
disadvantage. When children go straight to the computer, they miss one of the critical steps in understanding
how to compare quantities and analyse three-dimensional objects. There is no substitute for walking all the
way around a structure to understand it from every angle. If this is started at an early age and in conjunction
with computers, the creative and technical potential of children will be maximised. As Logifaces itself is
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based on the polygonal modelling often applied in computer modelling, children get a sense of virtual
complexity at an early age.
Team builder
It doesn’t take long to figure out that building a giant surface goes much quicker with an extra set of hands.
Matching the right elements one by one is a simple act that can be carried out by anyone. The repetitive
method is both reassuring and logically challenging. It is possible to play it freely or aim to build a predefined
shape. Leadership and project discussion happen naturally.
Artist inspirer
Many children have not explored their artistic nature. Every child is an artist and will gain pleasure from
creating. Logifaces provides an easy, non-messy way to explore sculpture and design. The relief-like
surfaces blend ancient aesthetics with contemporary design. Logifaces blocks have already inspired artists,
photographers, and fashion designers.
Calculus head start
Early exploration with simple blocks builds a subconscious understanding of mathematics and logic. Children
learn geometry as they play. By handling the blocks, they build a concrete understanding of numbers and how
units interrelate.
Play-based learning in the early years is fundamental, as we learn communication and language skills in
both early numeracy and literacy. This naturally leads to the acquisition of social skills, such as turn-taking and
sharing, and a desire to discover more. Simple to play, magical and fun activities are vital ingredients. Later,
during the years in primary education, it is important for acquiring numeracy and literacy skills but above all for
developing a desire to keep learning. At secondary school positive stimulation to learn and a vision of where
this is all leading are primary. Hands-on, open-ended activities help stimulate constant reflection and inquirybased thinking, and we believe Logifaces is a suitable tool for these goals.

The analogue game for digital minds
This slogan refers to the computer-based concept of the game. The concept of Logifaces is based on polygonal
surface modelling used in computers and it returns the virtual back to the real world. The tool connects the digital
and analogue worlds of learning. In addition, it is a source of shared experiences and recognitions, a means of
joyful creation.
The Logifaces game promotes and supports creativity in learning. The quality of the tool gives the opportunity
to apply and investigate pupil-driven forms of learning and related learning materials. These innovations lead to a
new definition of the role of the teacher and offer alternative ways to adapt. The project implements alternative and
creative forms of transdisciplinary learning.
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Our educational experts believe that the Logifaces methodology provides a comprehensive structure change in
thinking in the educational system, not only in Europe but also in any part of the world. The aspects of the tool,
such as interdisciplinary usage and strengthening social skills, make it a really progressive, forward-thinking
educational device.
We are always open to new ideas and encourage you to share your experiences and exercise concepts with us!
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Abstract
Manipulatives have been used for increasing student activity and improving learning outcomes in the classroom for
years. However, teachers still face problems selecting and implementing manipulatives in classes. After researching
relevant literature, our journey with Logifaces started with asking teachers to assess the possibilities of using
the manipulatives in class. We moved on to testing Logifaces among students and carried out a survey among
their teachers. To get a clearer impression on how Logifaces can influence the development of maths skills, e.g.
geometry skills, we used it in a classroom setting with children diagnosed with mathematics learning difficulties.
The fun and joy of using Logifaces and being creative in a form of geometric art can encourage teachers to change
their beliefs about games being useless in education.
Keywords: Art, Mathematics, 2 Dimension, 3 Dimension, Teaching method, Manipulatives, STEAM, Science,
Interdisciplinary, Experience Based, Playful Learning
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Introduction
The project “Analogue game for digital minds - Logifaces methodology”1 is a STEAM-focused programme within the
Erasmus+ programme. STEAM stands for the subjects of Science, Technology, Engineering, Arts and Mathematics.
The Logifaces game integrates all subjects, and provides an interdisciplinary approach2. Mathematical skills have
especially high value in education due to their high value in the technological transformation of society3.
The European Council recommends certain skills as key competences for lifelong learning4. These
recommendations were made to ensure accessible quality and inclusive education, training and lifelong learning.
The aim is to develop and foster skills that allow active participation in society and working environments. The
recommended skills include numerical, scientific and engineering skills, digital and technology-based competences,
interpersonal skills, the ability to adopt new competences, entrepreneurship, as well as cultural awareness and
expression. The application of 3D printing in education can help develop these skills and at the same time help
develop ideas for use in maths education5. This is why we found this tool promising in our research. This specific
technology is often used in prototyping or producing small quantities of products, such as manipulatives6.
Manipulatives are physical objects that can be used to demonstrate or help investigate concepts, such as those
taught in the mathematics classroom. Research suggests that using manipulatives may have a positive impact on
student mathematics literacy and their understanding of mathematical concepts7. Furthermore, we believe that fun
and motivation are crucial in early childhood education, so we chose a game as the object of our research. Studies
have been performed that suggest that increased motivation and enjoyment have a positive effect on learning
outcomes. Using games and manipulatives in the classroom is one possible way to achieve a motivational boost.
One example of manipulatives that can be used in STEAM teaching is the game Logifaces, which is the subject of
the project discussed in this text.

1

Erasmus+ 2019-1-HU01-KA201-061272

2

M. S. Khine, (2019). Steam education. Springer Berlin Heidelberg.

3
Q. Lippmann, & C. Senik. (2018). Math, girls and socialism. Journal Of Comparative Economics, 46(3), 874-888. doi:
10.1016/j.jce.2018.07.013
4
Council of the European Union (2018), Council Recommendation on key competences for lifelong learning. Official
Journal of the European Union
5
M. A. Collins, E. V. Laski (2015). Preschoolers’ strategies for solving visual pattern tasks, Early Childhood Research
Quarterly 32 (2015) 204–214, http://www.bclearninglab.bc.edu/downloads/Collins&Laski2015.pdf
6
D. Lieban and Z. Lavicza. (2019). Dissecting a Cube as a Teaching Strategy for Enhancing Students’ Spatial Reasoning: Combining Physical and Digital Resources. In Bridges 2019 proceedings. https://archive.bridgesmathart.org/2019/bridges2019-319.pdf.
7
Carbonneau, K. J., Marley, S. C., & Selig, J. P. (2013). A meta-analysis of the efficacy of teaching mathematics with concrete manipulatives. Journal of Educational Psychology, 105(2), 380.
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The Context of this Research
Visualising abstract concepts is important for many teaching subjects, especially for mathematics. Manipulatives
can be seen as a specific form of visualisation where students themselves are able to manipulate the representation
of a concept in mathematics, for example, by holding, turning, rotating a 3D shape in their hands. Spatial reasoning
is also an important process in geometry8.
MANIPULATIVES AND GAMES IN EDUCATION
As already established, manipulatives are physical objects that can be used to demonstrate or help investigate
concepts, such as those taught in the mathematics classroom. Research suggests that using manipulatives can
have a positive impact on student mathematics literacy and on the understanding of mathematical concepts.
Usually, these manipulatives are provided by teachers and are not created by students9. In this case though, in the
learning process, the students do not merely passively absorb information during lessons or from textbooks, they
develop their own knowledge based on what they have already learned and experienced according to the theory
of constructivist learning10. A student’s experience of the environment is usually physical and three-dimensional,
especially during preschool. Therefore, it is possible that certain types of mathematical manipulatives may be
used by children before learning to read and, to some extent, these manipulatives can be created by students in
a constructivist manner. Creating objects such as manipulatives requires a variety of skills and competencies,
especially those in the field of mathematics.
Playing games and solving puzzles can foster strategic and critical thinking, while making them can foster
creativity and assist in inquiry-based learning. When planning activities that involve the use of games, it is important
to consider all these aspects in order to get the most out of the game11. Experiments in this direction were recently
carried out in a private school in Canada, where students not only played, but also digitally remodelled existing
physical games12. As the final outcome, a group of students used a 3D printer to physically create their digital
models. The students examined existing materials, and tested different strategies by playing, or understanding the
code behind them. They also had to adapt them and create (or recreate) their own models.
In addition to understanding the rules, which is the first learning aspect of playing, other competencies can be
developed from the use of games as a teaching and learning tool. Social skills such as resilience, self-expression,
8
Mix, K. S., & Battista, M. T. (2018). Visualizing mathematics: The role of spatial reasoning in mathematical thought.
Springer.
9
Fenyvesi, K., Budinski, N., Kaukolinna, M., Lakos, D., & Lavicza, Z. (2020). Playful Development of Mathematical Thinking
Skills in Primary and Secondary School with the Logifaces STEAM Education Toolkit, LUMAT Research Symposium, p40.
10
G. E. Hein, (1991). Constructivist learning theory. Institute for Inquiry. Available at:/http://www. exploratorium. edu/ifi/
resources/constructivistlearning. htmlS.
11
Olson, J. C. (2007). Developing students’ mathematical reasoning through games. Teaching Children Mathematics,
13(9), 464-471. https://doi.org/10.5951/tcm.13.9.0464
12
D. Lieban, M. Barreto, S. Reichenberger and Z. Lavicza. (2018). Developing Mathematical and Technological Competencies of Students Through Remodeling Games and Puzzles. In Bridges 2018 proceedings. http://archive.bridgesmathart.
org/2018/bridges2018-379.pdf.
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and collaboration can be improved when playing. A number of these competencies were identified by a group of
psychologists, musicians and teachers/educators in a workshop in Brazil. Moreover, as already mentioned, they
found that mathematical and technological skills can also be developed and improved. From this experience,
the Brazilian study also found that the use of games as a teaching tool can be adapted as much as desired in
differentiated learning/teaching, which shows the great value of using games in education. Currently we are
considering extending our teaching research to different learning environments and classroom settings. One idea
is to use various, more accessible technologies, such as smartphones and tablets, to complement the activities.
Through this, we believe that a greater number of students may be reached and engaged in the learning process we
describe in this paper.
Mathematical discussions influence the development of games on different levels. As a particular example
explored in Lieban et al.13, in the course of a study carried out by the GeoGebra project, another programme aiming
at the development of mathematical skills using games, a student decided to change the geometrical basis of the
game. Equilateral triangle prisms were used instead of squares, which became a great challenge: finding the centre
of the triangle was necessary in the course of the game. Some trials with the tools in the GeoGebra platform guided
the student to the precise solution. Nevertheless, when using 3D modelling software, Tinkercad, the student found
only the grid as a support, not being able to use the same tools and strategies used in GeoGebra. As a consequence,
the shape of the pieces was changed again, the square prism being chosen as the piece this time. This is a good
example of the adaptability necessary in the interaction with mathematical games and how students are able to find
solutions through their mathematical skills.
EXAMPLES OF EDUCATIONAL GAMES
There is a wide range of educational games, and we selected two examples in the field of mathematics to provide
context for the Logifaces game: how it follows the tradition of manipulatives to a certain extent while also offering
something uniquely new. In the following we briefly explain the functions of Cuisenaire rods and PUSE. These
games were selected because they are based on geometrical forms that are linked to mathematics and can also be
used as manipulatives and can also be used interdisciplinary way for exercises in other subjects.
One of these originates from 1931 and the other was developed more recently, in 2010. Both combine
mathematics and other subjects using a playful approach following the Montessori spirit and contain objects that
can be assembled in configurations and forms, which can be created either as the students desire or following
certain rules. These aspects can also be found in the Logifaces game, which combines mathematics and other
subjects through assembling geometrical forms.

13
D. Lieban and Z. Lavicza. (2019). Dissecting a Cube as a Teaching Strategy for Enhancing Students’ Spatial Reasoning: Combining Physical and Digital Resources. In Bridges 2019 proceedings. https://archive.bridgesmathart.org/2019/bridges2019-319.pdf.
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Cuisenaire rods
Cuisenaire rods are a kind of mathematical game and manipulatives. As can be observed in Figure 1, they consist
of a set of ten rods with different colours and lengths. Each of the rods represents the numbers from one to ten
with the smallest cube unit serving as the measure of the increase in height between each rod. This mathematics
learning aid was invented by the Belgian primary school teacher Georges Cuisenaire and is used today as an
interactive tool to discover mathematics and mathematical
concepts14.
Students that are challenged in understanding logical
operations profit in particular when using Cuisenaire rods.
The idea was born when Cuisenaire observed the difference
in student enjoyment when teaching his two subjects, music
and mathematics. He therefore tried to create a tool combining
these subjects and spark the enjoyment students experience in
music classes in mathematics classes too and used the rods
as an aid. Although having been developed years earlier in 1931,
Figure 1:
A set of Cuisenaire rods as used in school today.
Image source: https://www.abcschoolsupplies.ie/product/wooden-cuisenaire-rods-introductory-set-of-74

Cuisenaire rods did not become broadly popular until the 1950s,
when Caleb Gattegno, a British mathematician and specialist
in maths education, popularised them and further developed

their use. Since then they have been used in more than 100 countries and 10,000 schools all over the world. The
areas of utilisation are extensive, for example they can be used to develop algebraic thinking, and understanding
of sequences, patterns and counting15. The rods can be used to visualise addition, subtraction, multiplication
and division, and even proportions, ratios and fractions, thereby developing the mathematic thinking in students.
Another possible use for the Cuisenaire rods is in language teaching, more specifically in the so-called Silent Way or
in connection with verb tenses16.
The Poly-Universe in School Education (PUSE) methodology
The second example of the use of manipulatives in the context of maths teaching is the PUSE methodology. The
acronym stands for Poly-Universe in School Education and is the name of an Erasmus+ project based on the PolyUniverse game17, which was created by János Saxon-Szász. This approach also combines geometric shapes and
art, however this time the art is visual rather than acoustic. PUSE includes triangles, squares with a missing corner
and circles with straight edges.
14

K. Delaney, (2001). Cuisenaire rods: 40 years on. Australian Primary Mathematics Classroom, 6(2), 26-31.
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M. Ollerton, H. Williams and S. Gregg. Cuisenaire: from Early Years to Adult (2018). From https://www.atm.org.uk/
Shop/Cuisenaire---from-Early-Years-to-Adult/Cuisenaire---from-Early-Years-to-Adult-Book-and-Download/ACT103pk
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C. Gattegno, (2010). The common sense of teaching foreign languages. Educational Solutions World.
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E. Stettner, & G. Emese, (2016). Teaching Combinatorics with “Poly-Universe”. In Proceedings of Bridges 2016: Mathematics, Music, Art, Architecture, Education, Culture (pp. 553-556). Tessellations Publishing.
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Figure 2: different PUSE setsFigure

Figure 3: different combinations of PUSE elements. Image source: http://poly-universe.com/mathematics-set-up-and-combination-possibilities-of-the-poly-universe-game-family/

Figure 4: child playing with a PUSE set. Image source: http://poly-universe.com/#services

The inventor of the Poly-Universe game has been involved in the PUSE Project since 2017. The essence of the
game is to form an artistic and mathematical system by filling the two-dimensional plane with geometric forms,
as shown in Figures 3 and 4. While creating a desire for discovery it also provides the experience of continuous
success and enables the player to create their own task. Poly-Universe can help develop are art sensitivity, complex
logical thinking, mathematical and combination skills, attention and concentration, visual memory and even
social skills, such as openness and team spirit. The PUSE project describes the utilisation possibilities as follows:
“The complexity emerging out of Poly-universe’s simplicity makes it more than a game, more than art, more than
mathematics: these elements come all together – creating synergy in education”18.
Aspects of the above examples found in Logifaces
Both Cuisenaire rods and the PUSE methodology combine mathematical objects with arts using an
interdisciplinary approach. The examples can also be used for teaching other subjects, including languages,

18
E. Stettner, & G. Emese, (2016). Teaching Combinatorics with “Poly-Universe”. In Proceedings of Bridges 2016: Mathematics, Music, Art, Architecture, Education, Culture (pp. 553-556). Tessellations Publishing.
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engineering and science. These games can therefore be seen as STEAM games that use geometric forms as
their basis, and constitute manipulatives. These geometric forms can be held in a student’s hands, observed
and combined to form different shapes and are generic, which is useful for the visualisation of concepts in other
STEAM subjects. Both games were created with consideration to artistic creativity and motivational aspects and
take a playful approach in the teaching of subjects commonly perceived as harder than art. They have certain
shapes and a certain thickness but are in general used as two-dimensional visualisations and use colour coding as
an additional dimension with meaning.
Logifaces blocks are similar: the blocks can also be combined into various shapes that are either suggested
by the game or decided by the students and, as it is also based on geometric forms, they can be used as
manipulatives. The interdisciplinary background is another similarity; the Logifaces game is the result of an
artistic design idea and has even received an award in this category. Consequently the Logifaces game has similar
artistic and visualisation capabilities, being able to teach STEAM subjects in an integrative and interactive way
and foster longer attention spans, combinatory skills, creativity and social skills such as communication. Just as
in the previously mentioned examples, the developer of the game, Daniel Lakos, has a strong link to the arts with
his Logifaces game receiving the Hungarian Design Award. While Cuisenaire has links to both mathematics and
music, and his rods can be used to represent sounds, Saxon is a painter and created Polyuniverse with a high visual
content, Daniel Lakos is an architect and created a game that has a three dimensional component. The Logifaces
approach may have high motivation-creating qualities, like the other two examples, and can be used in educational
settings for students with maths learning disabilities.
However, there is a distinct difference between the examples above and the Logifaces approach: the examples
described are used in two dimensions and use colour coding as an additional data dimension, whereas Logifaces
does not need colour coding as it consists of three dimensional blocks. This opens up numerous possibilities:
Firstly, not only children with special cognitive challenges, such as dyscalculia, can profit from this game but also
children with special physical disabilities, such as the visually impaired, are able to profit more from this approach.
The additional data dimension can also be perceived by other senses, such as touch, which adds to the blocks
quality of being manipulatives.
Secondly, the game is more abstract than the other examples, but has the same number of data dimensions,
which provide additional possibilities for use with STEAM subjects and, if needed, concepts that are more abstract
can be communicated. Also, there is more freedom in the shapes that can be created because colour does not play
a role, so all the blocks can be used. This can help create complex structures such as the representation of, for
example, optics in physics. The colour dimension can still be added to code words and concepts, for example, if an
additional data dimension is needed.
Thirdly, the three-dimensional shape itself may be of value in helping to foster visuospatial skills, identify
orientation within geometric shapes and other important skills connected to three-dimensional thinking. The other
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two examples do not involve these skills in any way. Visuospatial skills are the ability to imagine the rotation of
objects and the transition between 2D and 3D, and are connected to virtual 3D manipulation, which is required in
engineering19 20. The manipulation of 2D and 3D objects in two-dimensional representation requires understanding
of drawing conventions and the ability to correctly reading a drawing21. Pittalis and Christou (2010) identify
•

3D geometry thinking

•

he ability to manipulate a 3D model

•

.the ability to recognise and manipulate nets and 3D objects and compare them

•

.and the ability to calculate the volumes of solids as challenges for students

•

.creating and manipulating 3D objects in parallel and perpendicular directions

as great challenges for both young students and adults alike. Other researchers have observed that students
lack visuospatial skills, especially when manipulating prisms in perpendicular and other directions22. These skills
are not supported by the two examples discussed above, but do play an important role in science subjects and
engineering. In the course of our investigation, we examined the topics of motivation, creativity, interdisciplinarity,
three-dimensional thinking and support for students challenged in subjects connected to logic and computational
thinking.
THE ERASMUS+ PROJECT
The main objective of the Logifaces methodology project is to prepare a new visual mathematics and art teaching
system and adapt it to and disseminate it in EU-wide school education. The project is based on the Logifaces game,
which is a spatial geometric, logic and sensorimotor skill development game. The target group of the project are
primary and secondary school students, aged 6 to 18. Schools and institutes operating in the different education
systems of various countries were invited to develop and test STEAM exercises using the game, involving students
in both elementary and secondary school.
The introduction of the Logifaces teaching methodology aims to have a positive effect on school education
because it involves the use of a game as a tool that switches dimensions, demonstrates spatial geometry, and
develops sensorimotor and art skills. It creates fun and motivation in early childhood, provides support for children

19
Duffy, G., Sorby, S. A., & Bowe, B. (2016). Visualizing electric circuits: The role of spatial visualization skills in electrical
engineering. 70th EDGD midyear conference, American society for engineering education, 113– 117
20
Sorby, S. A., Metz, S., & Ribe, R. (2017). Implementing Training for Spatial Visualization Skills: Research and Best Practices for Engaging Future Engineers. Proceedings of the 2017 Conference for Industry and Education Collaboration, American
Society for Engineering Education, 1–7.
21
Pittalis, M., & Christou, C. (2010). Types of reasoning in 3D geometry thinking and their relation with spatial ability. Educational Studies in Mathematics, 75(2), 191–212. https://doi.org/10.1007/s10649-010-9251-8
22
Ma, H. L., Wu, D., Chen, J. W., & Hsieh, K. J. (2009). Mithelmore’s development stages of the right rectangular prisms
of elementary school students in Taiwan. Proceedings of the 33rd conference of the international group for the psychology of
mathematics education, 4, 57–64
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challenged by mathematics, interdisciplinary teaching exercises connected to mathematics and art, and support for
developing cultural competence. Details of the additional skills that may be developed by this project :
•

.Flexible thinking - developing problem-solving skills by working on different solutions

•

.Creativity - Using imagination to finding unique solutions for open ended tasks

•

.Spatial and visuospatial abilities - Understanding the link between different objects and mental rotation of
abstract objects - being able to imagine rotations in 2D and 3D

•

.Communication - Verbal skills and communication by planning and constructing projects in groups while
using technical and artistic language

•

.Imagination - Most of the shapes built with Logifaces do not look quite like the real thing. Imagination has
to fill in all the gaps. Imagination is a critical aspect of creative problem solving and abstract thinking

•

.Tactile senses - Logifaces is based on polygonal modelling, which helps students get a sense of virtual
complexity at an early age by connecting the virtual and the physical

•

.Team building - Logifaces can be used freely or with the aim of building a predefined shape. Leadership
and project discussion develop naturally

•

.Artistic inspiration - Exploring sculpture and design. The relief-like surfaces blend ancient aesthetics with
contemporary design. Logifaces blocks have inspired artists, photographers, and even fashion designers

•

.Calculus - Exploration with simple blocks helps develop subconscious skills in mathematics and logic.
Children practice geometry and build an understanding of numbers and how units interrelate

Play-based learning in the early years is fundamental as we absorb communication and language skills in both
early numeracy and literacy learning. This naturally leads to the acquisition of social skills, such as turn-taking and
sharing, and to the desire to discover more. Play activities that are simple, magic and fun are vital. Later, during the
years students spend in primary education play-based learning is important for acquiring numeracy and literacy
skills, but above all for developing the desire to keep learning. In secondary school positive stimulation to learn and
a vision of where this is all leading are primary. Hands-on, open-ended activities help stimulate constant reflection
and inquiry-based thinking, and we believe Logifaces is a suitable tool for achieving these goals.
Logifaces aims to help teachers introduce and practice a variety of mathematical, scientific, artistic and other
concepts. It was created by Hungarian architect and designer Daniel Lakos, who is also an assistant professor at
Moholy-Nagy University, Budapest (MOME). A group of teachers, researchers and designers from Austria, Finland,
Hungary, and Serbia joined forces to investigate and develop examples of education activities in the project
entitled The Logifaces Methodology: analogue game for digital minds23. Many activities revolve around using the
game blocks as manipulatives, such as the proposed workshop involving the creation of 3D models of the blocks

23
The coordinator of the Logifaces project is Planbureau Kft located in Budapest, Hungary. Other partners in the project
are the Akademische Gymnasium in Vienna, Austria, the Experience Workshop in Jyväskylä, Finland, Johannes Kepler Universität
Linz (JKU), Austria, Lauder Javne Zsidó Közösségi Óvoda, Általános Iskola, Középiskola és Zenei Alapfokú Művészeti Iskola in
Hungary, and Osnovna i srednja skola sa domom ucenika Petro Kuzmjak in Serbia.
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themselves. Using the blocks as a point of inspiration and motivation to engage students in mathematics and
multidisciplinary learning projects is in line with the skill development recommended by the European Council. The
geometry of the blocks begs their use as manipulatives in various STEAM areas revolving around spatial, visual, and
computational thinking.
Exercises are created and collected based on using the game as a teaching tool24. The Logifaces project is aimed
at creating a catalogue of exercises in STEAM subject education using the Logifaces game and at investigating the
effects of such exercises. For this it is crucial to use the game in a teaching context to find different utilizations.
Another core element within the goals of the Logifaces method is enhancing students’ spatial reasoning and
three-dimensional thinking. Lieban (2018) gives the example of cube-puzzles, arguably a kind of manipulative, to
improve spatial reasoning in students by addressing the problem in two as well as in three dimensions25. Lieban
(2018) discusses how knowing one representation of a problem can help students visualise and comprehend other
representations. Not only may switching between dimensions be trained by the game, but more mathematical,
artistic, and STEAM-related subjects can be supported.
Mathematical concepts involving the jumps between the planar and the spatial, spatial geometry, combinatorics,
algebra, figurating numbers and tessellation can be introduced and connected to artistic thinking, such as analysing
the light-shadow effect on different angles and slopes. Also graph theory can be explained connecting to, for
example, computer related skills, like network science and polygonal modelling.
Art is taught through encouraging thinking about design, relief structures, light and shadow effect, and basic
figurative forms. Social skills can also be taught, such as problem solving, cooperation when learning with peers,
and non-verbal communication. In addition, the game may help inclusivity through collaborative activities with
visually impaired children.
The exercises created will be available online at https://www.geogebra.org/m/pghjyunt and a paper version will
also be available.

24
Moyer, P. S. (2001). Are we having fun yet? How teachers use manipulatives to teach mathematics. Educational Studies
in mathematics, 47(2), 175-197.
25
D. Lieban, M. Barreto, S. Reichenberger and Z. Lavicza. (2018). Developing Mathematical and Technological Competencies of Students Through Remodeling Games and Puzzles. In Bridges 2018 proceedings. http://archive.bridgesmathart.
org/2018/bridges2018-379.pdf.
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The Logifaces Methodology
The Logifaces game consists of blocks constituting prisms with a triangular top and base and different heights
at the corners. This leads to various slopes and areas of the sides of each block. The goal of the game is to form
shapes with a continuous top surface. To create this, blocks with a similar side surface have to be selected and
arranged accordingly. In the section on the Logifaces methodology the design and structure of the game will be
explained in more detail. There is a broad variety of activities possible with Logifaces, which offer challenges with a
wide range of difficulty. This wide range provides fun activities that are suitable for many age groups.
THE LOGIFACES GAME
Two different Logifaces sets were used in the exercise book including either nine or 16 elements. The elements are
called blocks or pieces depending on the context of the exercise. The blocks are geometrical objects with equilateral
triangles as bases and the heights of the corners can vary. This results in block sides with different slopes and area
sizes, so called triangular based prisms and truncated prisms. In total, there are eleven different shapes. With each
of the sets, as well by combining the sets to use 25 pieces, it is possible to create a larger equilateral triangle as a
triangular tessellation with a continuous top surface. Figure 5 shows some of the Logifaces blocks and how they can
form a continuous surface. Pieces have three height levels and should be assembled to form a continuous surface.

a)

b)

Figure 5: (a) Logifaces blocks assembled incorrectly to form a non-continuous surface (b) Logifaces blocks assembled correctly to form
a continuous surface

There are two solutions for solving the triangle with nine pieces, 22 solutions with 16 blocks, but 4942 solutions
with 25 blocks. This seemingly simple task provides logical and creative challenges that can be used in a variety
of exercises during maths classes, e.g. problem solving activities or relaxing the atmosphere of the lesson through
an entertaining game. The broad variety of possible activities provides challenges with a wide range of difficulty
level, as mentioned in 26. Patterns play a significant role in early childhood education. With Logifaces, students can
engage with patterns in at least three different dimensions, as listed in27:

26
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K. J. Carbonneau, S.C. Marley, J. P. Selig, (2013). A meta-analysis of the efficacy of teaching mathematics with concrete
manipulatives. Journal of Educational Psychology, 105(2), 380.
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•

Structure: for example, prisms and truncated prisms

•

Content: with their different materials, shapes and colours,

•

and Complexity.

The connection of Logifaces to art is not restricted to the creation of patterns. Just like photographs consist of
squared pixels as the smallest unit, three-dimensional models consist of triangles, since a triangle is the smallest
possible way to represent a plane. A plane can also be called a face. This was the inspiration for its name and
implies the idea of using Logifaces as the smallest unit to create three-dimensional artworks. Geometric abstraction
also plays a role in art, in fine arts as well as in cultural arts and applied arts. The prime example of this is Cubism,
which revolutionised the fine arts, painting and sculpture, in the early 20th century. It also influenced other
movements in art and architecture that followed, like abstract art, futurism, suprematism, constructivism, De Stijl
and Art Deco, just to name a few.
EXERCISES FOR ALMOST ALL OCCASIONS
An approach that reaches beyond the boundaries in the classroom is not only useful but also necessary, according
to the European Union and many experts in the field. An interdisciplinary approach help foster key competencies
and furthermore: we simply do not know the challenges students will face in the future, so we have to try to prepare
them for anything.
Preliminary literature research was carried out in November 2019. This was used to create an overview about
what to expect, which topics could be covered and which methods can be used in the Logifaces project. An
interview was conducted with the developer of the game to understand its possible value for education and the
features that could be used by teachers. To identify methods and collect data from multiple schools and at various
events, we investigated how the Logifaces game was already being used by some teachers. Teachers entered their
ideas for possible exercises in a spreadsheet table, which was created based on the gathered information. This
table was later very helpful when constructing the content of our measurement tools.
The following data collection measurement tools were identified. Firstly we developed a questionnaire to be
used after teaching with Logifaces in class (or at festivals if possible). Secondly interview questions were written
for a survey with the possibility of giving open answers to determine multiple ways of using the game in multiple
subjects. We will discuss the relevant findings later on. Thirdly we planned to observe classes, which was made
impossible by the global Covid-19 pandemic.
The literature review was later refined towards a wider variety of topics and a more detailed picture. The research
fields were manipulatives, problem solving, teacher beliefs, open learning, geometry, and methods in the teaching
subjects of art, physics, mathematics and information technology. We found a great many studies and collated
them. Though the literature review is an on-going process, the basis was defined at the time and is only updated
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whenever new research is found to be useful. With this in mind, many teachers created exercises to use Logifaces
in their lessons. Here is one example of a lesson that took place in ninth grade in Vienna.
In a 9th grade (±14 year old pupils) computer science class the teacher used Logifaces in an interesting way.
The task was to use Excel to write a program that checks whether two Logifaces blocks fit together or not. It was
conducted in pair work or in small groups of three. Each student could use a computer, had access to the Internet
for research and each group received a Logifaces set (16 pieces). The classes were held twice, one double lesson
each (2x50 minutes) with a total of 41 students participating in the educational experiment. There were always two
teachers present during the lessons.
Here are some of the things the students said:
The good thing was that you had to think for yourself before working.
You learn exactly the things you need to solve the problem - otherwise we would probably not have
learned these things.
It’s fun to experiment with the stones and the program - and you can also check if the program is correct.
It’s good that you can think for yourself and have time to think.
It is good that there are several solutions and that you do not have to look for only one solution.
USING LOGIFACES FOR ONLINE AND HYBRID TEACHING
Online and hybrid teaching gained importance during the Covid-19 pandemic. However, Logifaces blocks are
physical manipulatives and, therefore, using them in online or in hybrid teaching situations is challenging. Students
would need a locally available set of blocks to be able to participate. However, virtual manipulatives and emerging
technologies, such as Augmented Reality and 3D printing, can help with the transition between virtual and physical
worlds.
3D modelling and printing has the potential to help develop and train STEAM skills in students and help teachers
in their lessons and teaching process. In addition to skill development for the students’ later careers, it is not only
valuable to understand this technology but it also supports the development of skills. In particular, skills that can be
used for educational purposes and can provide teachers with tools to motivate students to consider career paths in
STEAM education. Using 3D modelling and printing, three dimensional thinking, problem solving competencies and
more skills can be developed in STEAM classes, such as an understanding of the connection between the virtual
and physical worlds as well as between 2D and 3D representations. 3D modelling and printing can therefore open
up new possibilities to teaching these skills and help transport concepts from, for example, mathematics28. The
28
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GeoGebra app was created to help the creation of a personalised Logifaces block for printing. Some pieces were
created and tested. This GeoGebra resource may represent a basis for activities in schools. Logifaces pieces using
GeoGebra: this GeoGebra resource contains the information and tools of the workshop https://www.geogebra.org/
classic/ymmmehdf.
The free GeoGebra platform, which was mentioned briefly above, allows the creation of maths-based applets
for creating graphs, investigating geometrical objects, using algebra and more purposes such as 3D modelling. 3D
models can be downloaded in a 3D printable format meaning a GeoGebra applet can be used to create exercises
and support activities. One example of an activity inspired by the Logifaces game is the creation of personalised
prism-based blocks. Such blocks can either be created by using an applet developed by the authors, where each
side can be manipulated by a student, as can be seen in Figure 6.

Figure 6: Creating one Logifaces block with two sides set to low and one side set
to medium height

For more complexity and more advanced training of mathematical skills and computational thinking the
GeoGebra functionality can be used in the classic version of Logifaces. For example by drawing a polygon and
extruding it to 3D. The created block with features also used in Logifaces can
then be downloaded and used to introduce students to 3D printing.
A workshop concept was created to develop maths, art, and social skills
using Logifaces. The aforementioned skills described by the European
Council and the motivation created and the exercise possibilities using the
Logifaces game can be combined into this workshop idea. Initially, students
are asked to imagine and draw the side areas with the triangle corners at
Figure 7:
Example blocks similar to Logifaces created by the applet in and downloaded from
the GeoGebra and 3D printed using the
Fused Filament Fabrication technology
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different heights. Later, the students can play with the GeoGebra applet,
which allows the Logifaces-like blocks to be freely rotated. Then they are
asked to investigate how setting the sides to the heights they thought of
before changes the surface of the other sides of the prism.

A shape is presented to the students that has to be filled with blocks to create a continuous top surface. The
students are asked to find out which blocks fill this shape. Next, they are asked to create prism blocks themselves
and to download them for production. They can either use features of
the GeoGebra tool by themselves constructing their previously drawn
block or by creating a version of their block using the applet. Now, the
students are asked to load their prisms to a 3D printer to produce their
solutions and put them to the test. This step can take some time so we
recommend that only small blocks be produced. High blocks should
be turned to one of the side surfaces to avoid knocking them over
Figure 8:
Example printouts with a ruler showing blocks
with a maximum height of 3 cm

during production and to have them finished at the same time to avoid
unnecessary waiting time. Additionally, the students can find other
shapes that could be formed by their solution.

Skills in mathematics, digital and technology based competencies, as well as communication and cultural
awareness and expression can be taught through these steps. The students may also be able to use the produced
manipulatives for other exercises revolving Logifaces, for example, by combining the mathematical activities with
art, such as adding drawings to the shapes produced with Logifaces.

Figure 9: Logifaces blocks arranged into various shapes and decorated with drawings

Furthermore, the skills gained can be used for a follow up workshop where students are asked to develop their
own mathematical puzzles, such as printable cube puzzles. This follows the European Council’s recommendation
for the development of competencies that foster entrepreneurship.
THE ROLE OF ART IN THE EXERCISES
Art may also be viewed as a fundamental element in holistic skill development education. In connection with
the European Council requirement for European citizens to be able to communicate and be culturally aware,
interdisciplinary knowledge about understanding and embracing various cultures also includes art. STEAM fuses
the sciences and the arts, combines logical and intuitive thinking and brings together systematic exploration and
revealing insights29. The STEAM education methods include experimenting, being open to change, improvisation,
29
Colucci-Gray, L., Burnard, P., Gray, D., and Cooke, C. (2019). A critical review of STEAM (Science, technology, engineering,
arts, and mathematics). Oxford Research Encyclopedia of Education. https://doi.org/10.1093/acrefore/9780190264093.013.398
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and creating freely. The resulting new structures, in turn, aid development and construction of personality30. As such,
STEAM education can be thought of as a compound way of gaining knowledge. Science and art can be seen as
being connected by STEAM education methods – openness to change and creating freely can be trained through art
lectures as well as within all other subjects, especially in an interdisciplinary STEAM approach. This, in turn, helps
students achieve the European Council skills.

a)

b)

c)

Figure 10: Using Logifaces as inspiration and as a part of artistic projects

Besides tactile experiences we also investigated integrating whole body movement into Logifaces exercises, based
on the following considerations:
1. .Whole body experiences are an integral part of learning31, so by getting involved in whole body movement
connected to Logifaces tasks students are able to internalise the quality and structure of the Logifaces pieces
and constructions at a deeper level, and so they become more efficient when carrying out other Logifaces tasks,
and are able to internalise and connect the knowledge they obtain in any field through engaging with Logifaces.
2. Physical activity has physiological effects (e.g. increasing the supply of oxygen to the brain) and psychological
effects (e.g. increasing motivation) that enhance learning32, so movement may act as a catalyst to reaching the
educational objectives of Logifaces tasks.
3. Engaging in an adequate amount of physical activity is crucial for physical and mental health33, meaning that
integrating movement into Logifaces tasks has health benefits for students.
The innovation of Logifaces lies in the fact that it takes the process of digital design from the screen and places
it in tactile reality, bridging the gap between immaterial shapes and solid physical reality. Correspondingly, the range
of methods embraced by art education has widened to include 3D modelling and digital creation, for example, which
means that new interdisciplinary connections are formed.
30
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Feedback from Teachers
Teachers and students are the most important stakeholders in the Logifaces project. Therefore, it is crucial to listen
to and implement the feedback given by them about using Logifaces in class.
TEACHERS WHO ARE EXPERIENCED WITH LOGIFACES
After defining interviews and questionnaires as the tools needed to collect data, a list of general and detailed
questions was developed. Multiple questionnaires were based on the literature topics previously mentioned and a
general interview guideline was used for first interviews. The people working with us were asked to take notes on
their experiences.
The first two interviews were conducted with teachers in German since this is also the language of the authors of
this study. The interviews were conducted using a collection of about 50 questions that were defined beforehand,
and following the line of the discussion, an additional around 10 open questions were asked. The questions
revolved around inquiring about exercise ideas and past implementations versus new ideas occurring during
the school closures. Also the use and usefulness of Logifaces as a manipulative was investigated. Additionally,
questions about crossover lessons with other subjects and the possibility of using Logifaces virtually were asked
and answered.
Through the interviewed teachers it was revealed that a German interview may work in this manner but English
interviews could have difficulties due to the language barrier. To overcome these difficulties, first about 10 test
interviews were conducted with teachers who were not part of the Logifaces team to identify good strategies.
Secondly, carefully aimed towards the goal of the study, selected questions were sent to teachers in advance
in order to allow them to translate the questions and think about their answers before the actual interview. The
teachers were also able to answer the questions in written form beforehand. The interview again went through the
questions and answers to identify if the study authors and those interviewed understood everything in the same
way and that all was understood correctly. In these cases it was also possible to ask questions in more depth about
certain interesting points in the answers given.
Moreover, if there was an interesting point that was surprising or unconventional the interviewed people were
asked to elaborate. For example, one of the teachers thought beforehand that the students would be distracted by
the game during lessons or even thought the game could be too boring due to the simple design. In contrast, the
teacher found out later that the children loved it and it was an excellent tool for creating exercises. This was found
out by carefully asking what exactly was surprising for the teacher during classes.
The analysis of the interviews, which were also partly recorded, was evaluated using a qualitative approach. The
interviews themselves were conducted during the Sars-CoV-2 outbreak and thus were conducted via online video
tools, such as Zoom, Whereby, or Google Meetup. Interesting points were selected as anecdotes.
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We asked the teachers participating in the project about their opinion of the game. Two male and five female
teachers from Serbia, Hungary and Austria provided answers. The teachers’ subjects were science, art, maths, and
languages.
The aim was to learn about their expectations, their backgrounds and their experiences using the game during
their lessons. Our questions revolved around their motivations and their perceptions of the interactions of the
children. Interesting recurring statements were collected to give an impression of the mindset of the teachers.
When asked about their motivation to use Logifaces during their lessons the following aspects were brought up.
Motivating students to connect maths to the real world and to foster creativity was one straightforward answer we
obtained multiple times. Since innovation had high value for some, they said that the combination of art and maths
was beneficial. It seemed to provide the possibility to work with other teachers by combining subjects that seemed
motivational and inspirational. Also inspiring children to think in a nonlinear way had much value to some teachers.
We then went on to ask about the setting they used the game in. The teachers used it physically in classrooms
mostly. They often use it either in small groups or with each student by themselves. The age of the students was
mostly between 12 and 18 years.
Here some of the things the teachers said:
“In my educational practice I am interested in STEM activities and the creative teaching process. Logifaces is an
opportunity to satisfy my interests.” Could you explain that further? “I like working together with other teachers,
we try to do something new. We combine different subjects, for example, with physics or other subjects.”
”The thinking and perception of contemporary youth operate on the principle of network thinking. Logifaces now
provides an opportunity to deepen nonlinear and rhizomatic thinking. I find it very exciting!”
“Usually, I use them for my workshops, where students revise content learned in traditional lessons. Logifaces
needs a connection to the subject and the topics; you have to adjust the students to the new way of learning,
it is a process.”
“In the 8th grade, we experimented with the topic of Object and Space design. They made objects and practical
spaces from their own combinations.”
Afterwards we investigated the experiences of the teachers themselves. Some reported that it was interesting
to see that the students were only either very excited or slightly annoyed when using the game, with there being no
other opinions. One teacher even expected students to be annoyed but in contrast they were excited. Students in
science classes seemed to gain a deeper understanding of processes using the game. Also a general experience
was that the simple rules of the game were not always easy to follow.
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Interviewer: “Why did you think they wouldn’t like it?” - Interviewee: “It is so simple, maybe they lose interest
fast. They even asked for more Logifaces in the lessons!”
“The use of Logifaces sets in my biology classes helps students to visualise certain processes and thereby make
proper conclusions. The students listen to explanations, but they gain a deeper understanding with the game.”
When asked about the duration of the prepared exercises and what kind of instructions they needed from an
exercise book, the teachers often prepared for either 45 or 90 minutes. Some reported that the plan was usually too
ambitious and the exercises took longer than that, others said that the planning and the time overlapped nicely. One
teacher pointed out that a strict planning process needs to take personal aptitudes, skills, and rhythm into account
and that they usually try to let students find their own solutions to a problem. This can make planning obsolete.
“My activities usually last for 45 minutes, and usually everything goes as planned. 50 minutes in Austria; you
need some time for introduction.”
“The planning of a process is never too strict. It is important to consider individual aptitudes, skills and rhythm.
Cooperative group work is therefore beneficial because everyone has more chances of success. Solutions can
be of many kinds!”
Topics were collected that teachers were able to teach using Logifaces. They named topics such as geometry,
reflections, translations, volume and area calculations as well as combinatorics. Furthermore they were able to
teach about pressure, density, space design and talent management, as well as about filmmaking and perform
investigations into culture and traditions and even exhibition planning. Many teachers also used the game within
body and mind workshops to improve students’ brainpower and to foster thinking out of the box.
Questionnaires for future studies
Another questionnaire was developed in addition to the interview questionnaire. It aims at obtaining feedback from
teachers on their experiences with Logifaces as manipulatives in general during their lessons but also on how the
exercises developed for the game work in class. It will be conducted as soon as teachers have the possibility to try
out examples, which is not happening for the time being due to the Covid situation.
First, we prepared a general questionnaire. We want to collect the teacher’s first impressions of the game and their
observations when students use Logifaces in class. We are especially interested in the skills that students develop
when using the game. The next part of the questionnaire consists of pairs of contrasting attributes that may apply
to Logifaces. The circles between the attributes represent gradations between the opposites as is common for a
Likert scale. Teachers can express agreement with the attributes by ticking the circle that most closely reflects their
impression. Teachers should decide spontaneously and not think too long about their decision to make sure that they
convey their original impression. One example is the opposites dull and creative. In the last part of the questionnaire
we ask about personal information and the environment in which Logifaces was tested, like class and subjects.
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Secondly, we created another questionnaire to test for specific exercises. For each exercise the teachers conduct,
they are asked to fill out one of these questionnaires. This will help us get to know what specific environment the
exercise was tested in, for example, if it was a school project or a regular lesson. We were also interested in how the
exercise was introduced to the students. During the Johannes Kepler University summer workshops we were lucky to
have very positive experiences with an introduction of fractals and mathematics in nature to boost student creativity.
WORKSHOPS WITH TEACHERS WITHOUT EXPERIENCE WITH LOGIFACES
Two kinds of workshop were conducted to gain better understanding of teachers’ needs and the views and beliefs
of teachers related to Logifaces. One was carried out in small groups with five Austrian Steiner Waldorf school
teachers in person while a second workshop was conducted online with around 50 teachers from Indonesia at a
later point.
Workshops with ideas from Steiner Waldorf teaching in Austria
Five teachers from a Steiner Waldorf school were asked to play with the game to get familiar with it and then
brainstorm ideas about when and how the game or the game’s content could be used. Two of them teach foreign
language, one is a class teacher with a botany focus, another an arts and crafts teacher and then also a class
teacher with a focus on mathematics. The teachers were handed both 3D printed versions as well as concrete
versions of the game. We collected their impressions on the versions made with both material and also asked them
about the augmented reality version as a warm-up and let them play with the game.
Due to the pandemic, not all teachers were always present during the workshops at the same time and we
distributed the workshop time among the individual teachers for both data collection as well as due to the legal
restrictions of the amount of people in one room during the pandemic.
The warm-up feedback about the material gave us the result that all materials had their benefits and drawbacks.
The teachers had varying preferences about the materials, which we believe originates in their way of using the
game and current constraints. The teachers were comfortable discussing their thoughts about the use of the game
and its advantages and limitations in lessons and gave us ideas how, when and for which purpose they believe the
shapes can be inspiring and useful for their students.
Figure 11:
A language teacher playing with 3D
printed Logifaces blocks
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The original version made out of concrete was preferred by one class teacher because, as they explained, the
children appreciate the weight and sturdiness of the material. Younger children sometimes use building blocks to
create walls or objects and they would be familiar with wood or heavy blocks in the school rather than plastic and
virtual objects. They themselves created many prisms out of two blocks on top of each other and then finally a
hexagonal shape on top of another hexagonal shape making comments about how this would keep her smartest
students busy while they attended to other students.
One of the language teachers, who can be seen playing in Figure 10, clearly favoured the 3D printed versions due
to the possibility of marking them and removing stains easily as well as the possibility to disinfect them. Moreover,
they were intrigued by the possibility of mixing multiple colours and thought that the game was best used in training
already existing knowledge.
The other language teacher also played with a concrete version and she liked the feel of the blocks but for her the
game was just too logical. She said that maybe grammar rules could be taught using the game but she felt limited
by the rules and might only use the game to keep students occupied, agreeing with the class teacher that liked
creating hexagons sitting next to her. Seeing the created hexagons, they stated this had to be a maths game due its
complexity.
The arts and crafts teacher played with the concrete as well as the 3D printed version and had the idea to create
personalised Logifaces blocks right away. They were reminded of crystalline structures and came up with a variety
of ideas that could be used for crafting. After a short while playing, they were talking about how exciting a room
would be consisting of triangles or how interesting walking on a floor of Logifaces would be for students. According
to them Logifaces could also be used to explain rainbows.
The other class teacher did not prefer any material. It was the shapes they found to be very interesting. They
appreciated that due to the various slopes and angles, the game could be used in a great variety of ways to teach
mathematics, geography, or even history. After being given the game to play with at home, they had many ideas for
exercises for younger students.
The teachers testing the game were given some 3D printed versions to use at the school as a thank you and are
happy to improve their lessons using their own exercises. We took the input of the tangible and physical advantages
of the Logifaces blocks and, as the next step, investigated how this could be transferred to virtuality to be applicable
in distance learning.
Workshop with Asian Teachers
About 50 teachers from Southeast Asia, mainly Indonesia but also neighbouring countries such as Laos, the
Philippines, and Thailand, participated in an online workshop about the Logifaces game and ways to use the game
in a distance learning environment.
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We first presented the game and the game’s rules to the participants. We explained the Logifaces project and
introduced the inventor of the game, Daniel Lakos. We later went on to show them how they could use online microgames from GeoGebra. After the introduction of the platform we asked them to download, print, and fold a prepared
Logifaces block folding exercise to make the form of the blocks clearer to the audience as can be seen in Figure 12.
The instructions as well as the game’s rules were collected in a GeoGebra book that was accessible to the teachers.

a)

b)

Figure 12: Paper folding Logifaces blocks with Daniel Lakos (a) presenting
the exercise to teachers from Asia using paper folding printouts (b)

a)

b)

Figure 13: a teacher from Asia folding Logifaces from paper

The folding of the block helped to convey to the teachers how the game works because they had no 3D printer
available to print a small set of the game. They were much more easily able to understand the rules of the game,
which were demonstrated by two researchers, Imam Rachmadi and Eva Ulbrich, collaboratively creating shapes,
such as a cat, using two sets of Logifaces. While creating the shapes they were constantly interacting with the
audience as they posed questions about the game and the researchers explained their thoughts and talked about
the difficulties to each other and the teachers.
The teachers also were informed about the basic advantages of the game and that exercises had already been
created and collected in the GeoGebra book containing the folding instructions, information about the game and
other online resources. One of these resources was a 3D app that provides teachers with the possibility to display
a Logifaces block into their environment using Augmented Reality. They were shown that all 3D objects from
GeoGebra were able to be used for this purpose or to be 3D printed as well.
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We sent a feedback form about the workshop to the participants that they were invited to complete later on. From
the 21 completed forms, 16 of the teachers were women and five were men between the ages of 29 and 46. Ten
of them teach multiple subjects as class teachers and 11 teach mathematics or other subjects. Two thirds already
knew about GeoGebra beforehand.
We asked several questions that allowed the teachers to reply in free text form and some additional questions
that required them to choose from a predefined set of answers, such as their previous knowledge about GeoGebra,
their gender, their age. They mostly answered in English but sometimes in their own respective languages, which
then had to be translated by the authors.
First, we wanted to know whether the teachers used technology or games during their lessons, because we
wanted to determine their prior knowledge in these fields (“Do you usually use technology and/or games during
your lessons? If not, what is the reason? If yes, how do you use them?”). 14 of them rarely or never use technology
in their classes, four of them use technology regularly. The rest use technology only occasionally. The reasons given
for not using any technology during lessons included that the teachers lack the knowledge or the schools are not
equipped with smartphones or computers. The reasons given by the teachers that use technology were that it is
very motivating for students. Games were used by seven teachers regularly, sometimes by two and never by twelve.
An exemplary answer was: “I usually use games but not technology. Games make students interested in
lessons and are effective so I usually use games described in our teacher’s manual and also my own creations.
I can’t use tech in my school because there is no power supply and other modern things like computers.”
Later we asked about how they thought Logifaces could be implemented in their lessons. Many replied with ideas
about which topics or concepts they could teach: volume, patterns, tessellation, areas, edges, crafting, triangles,
3D, counting, geometry, perimeters, volume, measurement, art, shapes, colour, texture, 3D printing, to name a
few. Others explained the context of when and how they would use it, for example connections to daily life, as a
distraction, with a specific technical operating system environment such as Android or teaching to use gadgets,
constructing things, after the lesson, or to have students go from two dimensional pictures to forms.
One teacher said: “I think I can use Logifaces to teach various topics in maths like net of pattern or shape,
tessellations, area, edges and so on.”
We also gained some insight into teachers’ opinions about how games can be beneficial in teaching situations.
The opinions included that Logifaces can help with the development of problem-solving skills and critical
thinking, the training of imagination and creativity, inspire motivation, create fun, and develop understanding of
mathematical concepts such as geometry, and foster a safe environment that can help to prevent psychological
problems, for example.
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“There is a lot besides, it will increase the enthusiasm of students in learning, but it can also help me as a teacher
to more easily convey the subject matter to students as well as to make students easily understand the material.”
“Because it can cover the 4c’s...collaboration, critical thinking, creativity, and communication ”
In general, the teachers expressed surprise at how games can support lessons and add fun to topics that might be
less known for being entertaining.
“I think it will be boring idea [sic]. But as the time flew, this boredom was thrown away. So many new things for
me are shown here. It’s out of my expectation. Really the best. Actually I’m a type of traditional teacher, didn’t
know the new world.”
This indicates that the teachers’ beliefs changed during the workshop. Other statements support the idea that the
benefits of Logifaces can be easily made clear to teachers:
“This workshop changed my mindset of mathematics, I thought mathematics is only counting and counting,
but I got a lot of think [sic]here and change my mindset about mathematics.”
“The game as I know that is something that can make us fun [sic], and more games make us lazy. But after
I saw the explanation and other interesting games, wow it’s amazing. Of course, the game can be applied in
mathematics and science. It’s something new for me.”

Figure 14: Feedback from Asian teachers about the benefits of Logifaces

We conclude that the Logifaces game can have benefits in lessons far beyond teaching mathematics and art
and can even be used to change the beliefs of teacher who are usually more traditionally thinking and are initially
opposed to games and technology in class.
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Feedback from students
SCIENCE HOLIDAYS AT JOHANNES KEPLER UNIVERSITY
We had the opportunity to conduct workshops with about 60 students during the Covid pandemic in the summer
of 2020. In total about 200 children had access to the game. We first let the students between 9 and 12 years of
age explore a 2D open game called Points and Edges and afterwards, we tested some easier exercises from the
mathematics part of the Logifaces exercise book.

Figure 15: Students during the JKU Summer Workshops creating Logifaces blocks with their bodies

Figure 16: Explaining the game to students so they can create their own artwork in pairs or alone

Figure 17: Proud students presenting their artwork
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We first started introducing mathematics by showing the students where mathematics surrounds them in their
daily lives. We asked them to tell us about examples of where they suspect mathematics is involved and then
showed them how mathematics can be found in nature. We emphasised the connection between mathematics and
vegetables such as broccoli or leaves or the growing of trees or the shape of the human body. Then we showed
them how games can support maths or how other subjects such as art can be connected to mathematics. In the
end, we first asked them to get comfortable with a 2D maths game with open solutions called Points and Edges
created by Julia Handl and then gave them Logifaces, first just for playing with and then later for doing some of the
exercises developed for the Logifaces project.

Figure 18: The lesson plan was tested and put in operation during the Johannes Kepler
University Summer Workshops in August

The students were asked to fill out a survey after the workshop to help us understand how they perceived using
Logifaces as a game and in the exercises. A total of 28 students between 8 and 12 years of age gave us feedback
on their experiences, especially with the exercises. 12 of them were boys and 14 were girls, two did not want to
state their gender.
Students were very engaged and gave us the following feedback:
A surprising number of 10 students answered that mathematics was one of their favourite school subjects.
Only physical education was more liked, being mentioned 12 times. After mathematics were arts and crafts with
seven mentions. One student wrote that they previously did not count mathematics as one of their favourite
subjects but now they did not perceive it as “that bad” anymore (“Deutsch und englisch aber jetzt finde ich
Mathe auch nicht mehr so schlecht/German and English but now I think maths is not so bad either”).
We also asked questions about the exercises and the maths experience they had. 18 Students answered that they
fully agreed with the statement that using Logifaces was a fun way to learn maths and eight answered that they
partly agreed. Only one student stated that they did not think the game was a fun way to learn maths and another
did not want to give a comment.
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In addition, we asked them about their favourite exercises and about what they think they learned during this
workshop. They answered that they loved creating forms, especially pyramids, enjoyed building things and were
also happy about the group work. Many of them answered that they think they learned a lot about geometry,
about patience, about focus and concentration, and many answered that they learned that mathematics is part of
everything around us.
We created an online workshop with this information in mind to give more children the chance to get to know
Logifaces, learn about mathematics, and to communicate and discuss mathematical concepts during the
pandemic. It can be used for remote teaching or individually by students.

Figure 19: The lesson plan was tested and put in use during the Johannes Kepler University Summer Workshops in August

SPECIAL NEEDS
Discovering the myriad of interactions between disciplines and applying them to the real world is one major focus
in early childhood education34. Arts, mathematics and sciences are taught daily and teachers try to combine
these different subjects in activities such as completing patterns, searching for shapes and forms in paintings
or experimenting with different materials. In this research study, we also worked with students with diagnosed
mathematical learning disabilities (MLD). MLD is a generic term for a range of developmental difficulties related
to mathematics, with each student facing different challenges. Due to the known specific educational needs of
MLD students, we presumed that the development of their mathematical skills would be more easily detectable by
the teacher. This will help to find out if and in which areas the use of puzzles and games as manipulatives can be
beneficial. Some students may have difficulties learning certain skills if they are not motivated or have cognitive
difficulties in an area. Thus, manipulatives can be used in education to support children to develop skills.
We used Logifaces to explore its possible impact on spatial reasoning and pattern recognition of students
with MLD in early childhood education. We worked with nine students aged 4 to 6 year and their teachers in an
experimental setting to create visual art pieces and recreate patterns35. The first findings of this research were
increased motivation and engagement in discussions about mathematics and arts during and after the pupils
solved open-ended tasks using the game.

34
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35
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The research questions of our qualitative approach were:
1. What impact does using manipulatives, such as the Logifaces game, have on students with mathematical
disabilities?
2. .Which tasks can enhance the development of students’ spatial reasoning and recognising patterns in early
childhood education while using the game Logifaces?
We started to collect data through task-based interviews36 and additional field observations for five weeks in
Luxembourg with the help of nine children in early childhood. We aimed to develop tasks that can be carried out in
future studies by early childhood teachers.
We proposed different game sets and materials to the students at the beginning of our project. Apart from
the original game, which is made of concrete and is in different colours, we printed several Logifaces sets with
a 3D printer using with PLA and PET-G in different colours. First we let students experiment with the puzzles in a
collaborative way with the students in groups of two to three. The differences in how the students experienced the
materials were very interesting to observe. Thus, the Logifaces made of concrete were reported by the students as
being heavier and easier to manipulate. However, they were more fragile and edges broke when they were dropped.
The 3D printed Logifaces were lighter and more robust, but more difficult to use in different combinations since they
did not stay in place.
Students tried to organise the Logifaces blocks in the first exercises. Some organised them by colour, some
by similar face and some connected two or three Logifaces with the correct side. Depending on the student,
the process of categorisation was more or less developed. This could be related to their personal or classroom
experience. However, Logifaces incited active discussion among students on how to organise the different pieces.
On their own, the students connected the geometrical shapes of Logifaces to several art pieces students discovered
incidentally in class, such as paintings by Kandinsky on geometric shapes or architecture like the Louvre’s entrance,
the pyramid shape. It was important for us to let students discover the materials and try out applications in an
open setting to create first connections and indicate possible manipulations to us through task-based interviews.
Moreover, students explained how and why they categorised the Logifaces and why they were similar or different
to the referred art pieces. One could say these meta-discussions on the connections between mathematics and
art were similar to those described by Krauthausen, where students actively explained mathematical concepts and
discarded the properties of shapes, forms and patterns37.

36
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G. Krauthausen, (2018). Einführung in die Mathematikdidaktik - Grundschule (4. Aufl.. ed.). Berlin: Springer Spektrum.

a)

b)

c)

Figure 12: Students manipulating the 3D printed blocks (a) creating smooth surfaces,
(b) creating animals, (c) creating their own games within the game.

In the following exercises, students created a series of combinations, this time with the focus on connecting
the correct sides. The combinations ranged from two to five pieces, where many creations were made using one
axial approach, for instance, one vertical or horizontal row. Only a few students created biaxial works. Within the
peer approach, students discussed and invented patterns for their creations, for example, based on colour, shape
or surface. We noticed that students developed new strategies in spatial reasoning and laying patterns out while
manipulating the Logifaces. Thus, the creations gained complexity regarding the colours and the number of pieces
they used in their patterns, driven by aesthetic appeal. Students also became faster in creating these mathematical
art pieces. In our last manipulation sessions with Logifaces, the students discussed developing their creations further,
by adding new colours with 3D printed blocks and increasing the number of disposable pieces to create landscapes.
The children displayed development in their mathematics and art skills. Due to the students’ iterative testing of
the materials using a creative approach, over time they felt more confident about solving the open-ended task. They
discovered more and more mathematical features of the blocks, thus their development of geometric reasoning and
spatial organisation improved. This teachers found this out by listening to the lively conversations of students had
among themselves.
Aesthetics played an important role in the patterns the students made. The students developed their artistic
skills further in the process; it was just like students were drawing with the blocks, fully in flow in their creative
process. The students recognised and created patterns with increasing complexity and figured out the one rule
of the game, to always create a smooth surface, by themselves, because they made choices to support their
aesthetic preferences.
Other positive findings included the peer interactions that lead to a visible development of student metalanguage, and thus allowing different paces for the students. All students showed a high level of motivation and
engagement. They enjoyed playing and learning with the blocks so much that they repeatedly requested to use them
again in class. The teachers also rated the learning experience with Logifaces very highly and plan on continuing to
work with the game. The positive findings spread to other teachers in the school, who are now also happy to use the
game in their lessons.
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Discussion and Outlook
The data collected so far in discussions with teachers and interactions with students is encouraging. It indicates
that Logifaces can be a useful tool to support educational environments in multiple ways. As became apparent
in the teacher interviews there is not necessarily a widespread use of games or technology in classrooms, live or
digital. Bringing teachers and students in contact with Logifaces may be the first step to teachers treating games
with a more positive attitude and as an innovative tool for students. After gaining knowledge about teachers’ beliefs
and practices we want to lay the foundations for gamification gaining access to more educational spaces.
The classroom work with MLD students shows that they associated Logifaces not only with mathematics
but also with art and they naturally connected the two subjects. Moreover, exploring the possibilities of these
manipulatives fostered collaboration between students immensely, which we did not anticipate to the extent
experienced. This was also the case in the summer school workshop program at Johannes Kepler University.
Both aspects are interesting subjects for further investigation and research and students could, for example, use
Logifaces in art history as a tool for understanding and perceiving art more fully. We want to produce high-quality,
valid teaching materials for all teachers, not only those involved with MLD students.
The exercises with children with special needs in mathematics and the experience of language teachers show
that exercises using the game hold much potential. Children with special needs can be supported from a very young
age and language skills can be taught using the Cuisenaire rod example. Colours can be added as an additional
data dimension, as used in some experiments we have mentioned that provide additional motivation. The strength
of the game lies in its flexibility as a tool, it being fun to play in all age groups and combining different fields of
mathematics with art and social interaction. So in the Logifaces project, a wide range of exercises are being created
to suit different age groups, school types and school subjects, with each meeting different student requirements.
It is our goal to test these in the field. The Covid-19 situation makes testing the methodology difficult at the
moment, but we hope to circumvent this by creating exercises for home-schooling as well. As soon as the situation
improves, combining this work with 3D printing and other puzzles and games used as manipulatives will be another
interesting direction for our research. The GeoGebra platform may be a useful tool and partner in this too. More
research will deepen the knowledge we gained during this project about manipulatives and help us to apply it.
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Exercises
57

Introduction
to the exercises

Basics
Logifaces Methodology is a teaching aid that helps teachers introduce and practise routine and
complex art, mathematical and science concepts. The exercises are based on the use of the
Logifaces set as a teaching tool. There are two types of Logifaces sets used in this book: the
Beginner Set contains 9 elements and the Original Set contains 16 elements. The elements are
called blocks or pieces depending on the context of the exercise. In the Beginner Set (9 pcs Set),
there are 7 different types of blocks and in the Original Set (16 pcs Set), there are 10 different
types of blocks. In total there are 11 different types of blocks.
The diagram below shows the terminology used throughout this book (note that the block is
placed on its equilateral triangle side).

The vertical faces are called quadrilateral, rectangle or trapezium faces based on the shape of
the face. The lengths of the vertical edges are called the heights of the block. The heights of the
triangular faces are called altitudes in order to clearly distinguish the two concepts.
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The shortest height is 1.25 cm long which will be referred to as 1 unit of length. The heights
can be 1, 2 or 3 units long and the lengths of the base edges are 4 units. These are called
standard units and are used for measurements in most of the exercises in order to simplify
calculations and allow the focus to be on deepening understanding. Please consider that minor
imperfections may occur during the production of the Logifaces sets.
NOTATION

Each block can be identified by its three heights. These heights can be 1, 2 or 3 units long and
the blocks are identified as block 111, 133, 123, etc. We refer to this notation as the standard
coding of the blocks. Looking at the block from above the direction of the 123 notation is
understood in the counterclockwise direction. The notation vertical face 12 is used for a vertical
face with vertical edges with heights of 1 and 2 units.
Regular prisms are those with three equal heights, truncated prisms have at least two different
heights.
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Introduction / Learning methods and main topics in art education
Logifaces Art exercises cover three major topics and are recommended for three school age-groups: grades 1 to 4,
grades 5 to 8 and grades 9 to 12.
There are two types of Logifaces exercise: visual exercises and art technique exercises.
All the Logifaces Art exercises in the two major topics contain icons indicating the basic design elements that
characterise the specific exercise. There are seven icons and each indicates a specific artistic feature. Each
exercise is described by a title and a number of icons.
LINE - There are many different types of line, all being characterised by their length being greater than
their width. A line may be static or dynamic depending on how the artist chooses to use it. Lines help
determine motion, direction and energy in a work of art. Actual lines are those that are physically present.
Implied lines are those created by visually connecting two or more areas together. Straight or editing
lines give structure to a composition. They can be adjusted to the horizontal, vertical or diagonal axis of
the surface. Expressive lines are curved, and add an organic, more dynamic character to a work of art.
Expressive lines are often rounded and follow undetermined paths. Outline or contour lines create a path
around the edge of a shape. In fact, outlines often define shapes.
In Logifaces exercises, this icon indicates that line structure is important in the solution.
SHAPE - A shape is defined as an area enclosed in two dimensions. Shapes can be described as
geometric, organic or abstract. By definition shapes are always flat, but the combination of shapes, colour,
and other means can make shapes appear three-dimensional, as forms.
In Logifaces exercises, this icon indicates the importance of planar composition impact in the solution.

FORM - The term form is used to describe a shape that has an implied third dimension. Value and texture
can be used to make parts of a flat image appear three-dimensional.
In Logifaces exercises, this icon indicates the importance of 3D structure and plasticity in the solution.
VALUE – Value (or tone) is the relative lightness or darkness of a shape in relation to another. The value
changes create contrast on a page. In design, we can use different tonal values to create emphasis in a
design.
In Logifaces exercises, this icon indicates the importance of spatial depth and light and dark contrast in
the solution.
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COLOUR – The colour scheme used in contemporary visual education is related to Johannes Itten’s
reinterpretation of the colour scheme of the romantic painter Philipp Otto Runge. Itten invented a twelvepart colour wheel, which is a graphic scheme that consists of geometric shapes of different colours.
In the centre there are the three primary colours – yellow, blue, red. Next come the secondary colours
– orange, green, violet. Each of these colours is composed of two primary colours in equal proportion.
The twelve-part colour circle consists of three primary colours, three secondary colours, and six tertiary
colours (the result of mixing a primary colour and a secondary colour). Itten suggests using this circle to
build harmonic colour chords.
In Logifaces exercises, this icon indicates the importance of colour interpretation and the relationship
between colour effect and visual information in the solution.
SPACE – Space is the area surrounding or between real or implied objects. A pictorial surface is flat,
however artists are able to create various spatial representations such as axonometry, perspective, and
the representation of space through the dynamic composition of the depicted forms (humans, drapery,
etc.). The representation and space can be achieved through the amalgam of different points of view, light
sources, and even planar constructs.
In Logifaces exercises, this icon indicates the importance of spatial interpretation, the relationship
between spatial situations and point of view, and spatial representation conventions in the solutions.
TEXTURE - Texture adds a tactile appearance to a surface. The goal of texture is to add depth to a 2D
surface. Texture can be applied graphically through the use of lines, colours, patterns, or digitally created
effects. Three-dimensional works of art (sculpture, pottery, textiles, metalwork, etc.) and architecture have
actual texture, which is often determined by the material used to create it: wood, stone, bronze, clay, etc.
In Logifaces exercises, this icon indicates the importance of the relationship between composition and
material quality in the solutions.
1.

Logifaces visual exercises

Logifaces visual exercises follow the book learning method and the main topics of systematic visual education.
These visual exercises follow the following themes: Planar and spatial works / Characteristics of art tools and
visual impact / Age, style, genre & contemporary art phenomena / Design, fashion, identity / Natural and artificial
environment / Environment: technology and tradition / Environment and sustainability, environmental awareness

2.

Logifaces art technique exercises

The Logifaces art technique exercises elicit creative solutions through the use of materials, textures, and
encouraging intuitive creativity with the life learning method. The use of various materials and textures broadens the
range of creativity.
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Grades 1 - 4
Duration: 3 x 45 min
Tools: one Logifaces set / person

A creative conversion of a
ﬂoor plan
Erasmus+

TEACHER

Individual / Group work
Keywords: Floor plan, Planar form,
Spatial form, Free combinations

ART / Planar and spatial works

Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
LESSON 1

The ﬁrst lesson starts with a study of the Logifaces block nets. Each student uses their
Logifaces set and chooses three blocks for the exercise. The student draws around all the sides
of each of the Logifaces blocks and then reconstructs three paper Logifaces blocks with the
three ﬂoor plans.

LESSON 2

In the second step, the students edit their own paper Logifaces blocks and create compositions
with them. The best version is ﬁxed in place with glue.

LESSON 3

In the third step, students work in groups and construct a paper Logifaces block composition.
The rhythm of the colours must also be taken into account when creating the compositions.

GUIDELINES / EXPECTATIONS
INSPIRATION architectural relationship between ﬂoor plans and buildings
TECHNIQUE

drawing and crafting a paper mock-up

OBJECTIVE

to develop a sense of proportion, structure, form and material

PRIOR KNOWLEDGE
Basic craft skills
RECOMMENDATIONS / COMMENTS
Exercise 505 - Net Drawing is recommended as a corresponding Maths exercise
PREFIGURATION
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STUDENT WORK
STUDENT
STUDENT WORK
WORK
STUDENT WORK
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Lauder Javne School, Budapest
Lauder
Lauder Javne
Javne School,
School, Budapest
Budapest
Lauder Javne School, Budapest

Grades 1 - 4

Mirror space

Duration: 2 x 45 min
Tools: one Logifaces set / person
Pair work
Keywords: Reﬂection, Symmetry asymmetry, Natural and artiﬁcial
environment

Erasmus+

TEACHER

ART / Natural and artiﬁcial
environment

Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
LESSON 1

Symmetry & reﬂection
Each pair of students receives a three-sided mirror box. The exercise involves the students
installing a Logifaces composition into this small mirror room. In the second step they study the
reﬂected scene using a freely chosen technique (drawing, painting, collage, mixed media). This
work needs to be photocopied because it will be used in lesson 3 for the décollage.

LESSON 2

Symmetry & structure
Each pair constructs two small Logifaces block structures using wooden sticks.

LESSON 3

Asymmetry & décollage
In the third lesson, students arrange the cut parts of the photocopies on the installations they
created previously.

GUIDELINES / EXPECTATIONS
INSPIRATION visual illusion, Yayoi Kusama http://yayoi-kusama.jp/e/information/
TECHNIQUE freely chosen graphic and painting techniques, mixed media
OBJECTIVE

the development of a sense proportions, structures, forms and materials

PRIOR KNOWLEDGE
Basic craft and building skills, basic art skills
RECOMMENDATIONS / COMMENTS
Exercises 502 - Mirror Shape and 506 - Buid it from Straws are recommended as corresponding Maths
exercises.
PREFIGURATION
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STUDENT WORK
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Lauder Javne School, Budapest

Grades 1 - 4

Planar impact

Duration: 1 x 45 min
Tools: any 3 Logifaces blocks /
person
Individual work
Keywords: Shapes and the visual
activation of a plane, Rhythm and
structure

Erasmus+

ART / The characteristics of art
tools and visual impact

TEACHER
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
Each student chooses a picture of their favourite animal or plant and gets a print of the picture. All the students
work with 3 chosen Logifaces blocks. They arrange and draw around the blocks on the surface of their picture,
then they cut out the shapes they have drawn and change the position of the cut-out shapes. When they have
decided what the composition will be, the small paper pieces are to be glued in position.
GUIDELINES / EXPECTATIONS
INSPIRATION GEO on Behance https://www.behance.net/gallery/5022843/GEO
TECHNIQUE

photography, collage & décollage

OBJECTIVE

to develop the skill of combination and searching for new points of view

PRIOR KNOWLEDGE
Basic craft skills
RECOMMENDATIONS / COMMENTS
PREFIGURATION
Legan Rooster: GEO 1, GEO 3, 2012
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STUDENT WORK
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Lauder Javne School, Budapest

Grades 5 - 8
Duration: 2 x 45 min
Tools: any 3 Logifaces blocks /
person
Individual work
Keywords: Rhythm and structure
(artiﬁcial, natural), Dimension and
balance

Planar impact
Erasmus+

ART/ The characteristics of art
tools and visual impact

TEACHER
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
LESSON 1

Each student takes a selﬁe in front of a chosen background. The photographs are printed out
because they will be used as the base images. All students work with 3 chosen Logifaces
blocks. They arrange and draw around the blocks on the surface of the photograph, then they cut
out the shapes they have drawn and change the positions of the cut-out shapes. When they have
decided what the composition will be, the small paper pieces are to be glued in position.

LESSON 2

Students can develop their composition using graphic art techniques.

GUIDELINES / EXPECTATIONS
INSPIRATION GEO on Behance https://www.behance.net/gallery/5022843/GEO
TECHNIQUE

photography, collage & décollage, graphic art techniques

OBJECTIVE

to develop combinatory skills and searching for new points of view

PRIOR KNOWLEDGE
Basic craft skills, colour theory, knowledge of compositions
RECOMMENDATIONS / COMMENTS
PREFIGURATION
Legan Rooster: GEO 2, GEO 4, 2012
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STUDENT
WORK: Lauder Javne School, Budapest
STUDENT WORK: Lauder Javne School,
Budapest
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Grades 9 - 12
Duration: 3 x 45 min
Tools: any 3 Logifaces blocks /
person
Individual work
Keywords: Rhythm and structure,
Dimension and balance, Reality
transformation

Planar impact
Erasmus+

ART / The characteristics of art
tools and visual impact

TEACHER
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
LESSON 1

Each student takes a selﬁe in front of a chosen background. The photographs are printed out
because they will be used as the base images. All students work with 3 chosen Logifaces
blocks. They arrange and draw around the blocks on the surface of the photograph, then they cut
out the shapes they have drawn and change the positions of the cut-out shapes. When they have
decided what the composition will be, the small paper pieces are to be glued in position.

LESSON 2

In the second creative phase the students can develop their composition using digital graphic art
techniques.

LESSON 3

They can add a new layer to their digital experimental artwork using conventional graphic art or
painting techniques.

GUIDELINES / EXPECTATIONS
INSPIRATION GEO on Behance https://www.behance.net/gallery/5022843/GEO
TECHNIQUE photography, collage & décollage, graphic techniques
OBJECTIVE

to develop the skill of combination and searching new mixed media technique

PRIOR KNOWLEDGE
Basic craft skills, colour theory, knowledge of compositions and digital graphic art techniques
RECOMMENDATIONS / COMMENTS
PREFIGURATION
Legan Rooster: GEO 2, GEO 4, 2012
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STUDENT WORK

Lauder Javne School, Budapest

STUDENT WORK
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Lauder Javne School, Budapest

Grades 5 - 8

Geometric forms

Duration: 1 x 45 min
Tools: one Logifaces set / person
Individual work
Keywords: Transformative thinking,
Form interpretation, Visual
association

Erasmus+

ART / Spatial and temporal
relations

TEACHER
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
Students inspect the Logifaces blocks and analyse their shapes. Using the Internet they search for famous
paintings that include elements of geometrical solids. They redraw the pictures and replace the original solid
shape(s) with Logifaces.
Students have to know the basics of geometry in order to be able to relate to the objects in real life. Some
references are the works of M.C. Escher or Luca Pacioli. Students can use techniques like the Sabatier effect.
GUIDELINES / EXPECTATIONS
INSPIRATION M.C. Escher, Luca Pacioli
TECHNIQUE

graphic arts techniques

OBJECTIVE

developing familiarity of the relationship between art and mathematics

PRIOR KNOWLEDGE
Students need to know the basics of geometry.
RECOMMENDATIONS / COMMENTS
PREFIGURATION
Jacopo De Barbari: Luca Pacioli and an Unknown Young Man, 1495, M.C.Escher: Stars, 1948

STUDENT WORK

Petro Kuzmjak School, Ruski Krstur & Lauder Javne School, Budapest
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Grades 5 - 8
Duration: 2 X 45 min

Logifaces and shading

Tools: one Logifaces set / person
Individual work
Keywords: Visual display of things
seen, Direct visual observation,
Spatial representation

Erasmus+

ART/ The characteristics of art
tools and visual impact

TEACHER
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
LESSON 1

The students assemble a composition from Logifaces blocks. Then as the ﬁrst step they draw a
line sketch of the composition focusing on forms, relationships and proportions.

LESSON 2

They depict their piece of work with a strong side light, so that it projects intense shadows. They
draw the compositions and its shadows in pencil. The students should observe how light
creates different tones and how the drawing becomes 3D due to the shadows.

GUIDELINES / EXPECTATIONS
INSPIRATION Dürer’s and Leonardo’s geometrical study, László Moholy-Nagy’s geometric abstractions
https://lifethroughamathematicianseyes.wordpress.com/2018/01/24/leonardo-da-vincis-geometric-sketches/
TECHNIQUE

freely chosen graphic art technique

OBJECTIVE

to develop a sense of proportions, form and material

PRIOR KNOWLEDGE
Basic graphic art technique skills, such as hatching, cross-hatching, blending, smudging, stippling, dot effects,
rhythmic lines
RECOMMENDATIONS / COMMENTS
PREFIGURATION

Leonardo da Vinci: Geometric sketches, 1490
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STUDENT WORK
STUDENT WORK

Experience Workshop, Jyväskylä & Lauder Javne School, Budapest
Experience Workshop, Jyväskylä & Lauder Javne School, Budapest

77

Grades 9 - 12
Duration: 3 x 45 min

Logifaces and shading

Tools: one Logifaces set / person
Individual work
Keywords: Direct visual observation,
Spatial representation, Technique
experiments

Erasmus+

ART/ The characteristics of art
tools and visual impact

TEACHER
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
LESSON 1

The students assemble a composition from Logifaces blocks Then as the ﬁrst step they draw a
line sketch of the composition focusing on forms, relationships and proportions.

LESSON 2

They depict their piece of work with a strong side light, so that it projects intense shadows. They
draw the compositions and its shadows in pencil. The students should observe how light
creates different tones and how the drawing becomes 3D due to the shadows.

LESSON 3

After using pencil hatching, cross-hatching, blending, smudging, stippling, dot effects, rhythmic
lines, they can experiment with ink or charcoal or digital techniques.

GUIDELINES / EXPECTATIONS
INSPIRATION Dürer’s and Leonardo’s geometrical study, László Moholy-Nagy’s geometric abstractions
TECHNQIUE

freely chosen graphic art technique

OBJECTIVE

to develop a sense of proportions, form and material

PRIOR KNOWLEDGE
Basic graphic art technique skills, such as hatching, cross-hatching, blending, smudging, stippling, dot effects,
rhythmic lines
RECOMMENDATIONS / COMMENTS
PREFIGURATION
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STUDENT
STUDENT WORK
WORK
STUDENT
WORK
STUDENT
STUDENT WORK
WORK

Experience
Experience Workshop,
Workshop, Jyväskylä
Jyväskylä &
& Lauder
Lauder Javne
Javne School,
School, Budapest
Budapest
Experience
Workshop,
Jyväskylä
&
Lauder
Javne
School, Budapest
Experience
Workshop,
Jyväskylä
&
Lauder
Javne
Experience Workshop, Jyväskylä & Lauder Javne School,
School, Budapest
Budapest
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Grades 5 - 8
Duration: 4 x 45 min

Object & space design

Tools: one Logifaces set / person
Individual / Group work
Keywords: Environment, Technology,
Tradition, Sustainable development,
Upcycling

Erasmus+

ART / Environment: Technology
and tradition

TEACHER
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
LESSON 1

Variations and abstraction: in the ﬁrst lesson the objective is to create various arrangements
with the Logifaces blocks and draw a line structure image of the combinations.

LESSON 2

Design and proportion: the second step is to imagine a practical function and size of the
Logifaces arrangement in relation to human proportions.

LESSON 3

Design and function: in the third step, students design objects or buildings based on the previous
abstract drawings and the chosen proportion.

LESSON 4

Design and material properties: following the art work, students apply various materials to the
block surfaces, which result in various sensory effects.

GUIDELINES / EXPECTATIONS
INSPIRATION Bauhaus design, Modern Finnish & Hungarian Design, sustainable development design
https://www.structure1.com/portfolio/dome-structures/
TECHNIQUE Logifaces elements composition, photography, abstraction, transformation, graphic design
OBJECTIVE

László Moholy-Nagy and Mies van der Rohe design and teaching concept, Marianna
Charitonidou, “Bauhäusler in Chicago: László Moholy-Nagy, Mies van der Rohe and the
‘Re-invention’ of Teaching Models"

PRIOR KNOWLEDGE
RECOMMENDATIONS / COMMENTS
Application of individual ideas, individual experiences, sustainable development goals and design
https://www.un.org/en/sustainable-development-goals
PREFIGURATION
Jackson Hole WY: Moet dome, 2020
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STUDENT WORK

Lauder Javne School, Budapest & Experience Workshop, Jyväskylä
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Create a modern village
with Logifaces Blocks

Grades 1 - 4
Duration: 45 min
Tools: one Logifaces set / person
Individual work
Keywords: Concept,Imagination,
Creation

Erasmus+

ART / Environment and
sustainability, environmental
awareness

TEACHER
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
The teacher should prepare the Logifaces village templates ahead of time. These are either a drawing or a
photo of the arranged “village houses” (Logifaces blocks). Each student should have a copy. The students
imagine their own villages: how they look, what kind of buildings there are, how people live there. Then they
draw/paint their ideas onto the photocopies.
GUIDELINES / EXPECTATIONS
INSPIRATION the cities, villages they are familiar with
TECHNIQUE drawing, colouring, painting
OBJECTIVE

creation of and the associations within imagined spaces

PRIOR KNOWLEDGE
Discussions about the difference between a city, a village, a country, etc.
RECOMMENDATIONS / COMMENTS
PREFIGURATION
STUDENT WORK
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Lauder Javne School, Budapest

Create a modern building
with Logifaces Blocks

Grades 5 - 8
Duration: 2 x 45 min
Tools: one Logifaces set / person
Individual / Pair work
Keywords: Environmental studies,
Architectural design, art and
experiential learning

Erasmus+

ART / Environment and
sustainability, environmental
awareness

TEACHER
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
LESSON 1

In the ﬁrst lesson the students get to know the architecture of their immediate and broader
environment and become acquainted with contemporary and modern architecture, and with
town planning. The students assemble a modern building from Logifaces blocks using all the
pieces in the set. They should think about what kinds of buildings, spaces are missing from their
immediate environment: such as sports halls, covered playgrounds, concert halls, train station,
school complex, etc.

LESSON 2

The students design a unique building, a sight to be visited from all over the world. Their building
should be interesting, beautiful and practical. They imagine the forms, dimensions, or, for
example, they could decide to incline the walls for an arts museum. They imagine the building’s
environment, the surrounding spaces and landscape and formulate an opinion about where the
building would best ﬁt in. The student should also take the surrounding nature into consideration
during planning.

GUIDELINES / EXPECTATIONS
INSPIRATION Guggenheim Museum (Bilbao), Dear Jingumae & Mikimoto buildings (Tokyo), Royal Ontario
Museum, Canada
TECHNIQUE graphic art techniques
OBJECTIVE

appropriate research and the use of visual information while solving the design task

PRIOR KNOWLEDGE
Knowledge of modern architectural styles
RECOMMENDATIONS / COMMENTS
PREFIGURATION
STUDENT WORK

Experience Workshop, Jyväskylä
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Grades 9 - 12
Duration: 2 x 45 min

Create a modern building
with Logifaces Blocks

Tools: one Logifaces set / person,
SketchUp
Individual work
Keywords: Environmental studies,
Architectural design, Postmodern and
experiential learning

Erasmus+

ART / Environment and
sustainability, environmental
awareness

TEACHER
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
LESSON 1

In the ﬁrst lesson the students get to know the architecture of their immediate and broader
environment and become acquainted with contemporary and modern architecture, and with
town planning. The students assemble a modern building from Logifaces blocks using all pieces
in the set.

LESSON 2

The students use CAD (computer aided design) to design a unique building that matches their
immediate environment. Their building should take into account aspects of contemporary
culture and sustainable development. They imagine the shapes, sizes, and, for example, wall
curvature for their building. They take into account the principles of environmental protection
and postmodern architecture.

GUIDELINES / EXPECTATIONS
INSPIRATION Frank Ghery’s and Robert Venturi’s architecture, Eisenman Architects
https://eisenmanarchitects.com/City-of-Culture-of-Galicia-2011
TECHNIQUE CAD (computer aided design), SketchUp
OBJECTIVE

complexity and contradiction in architecture, the postmodern concept
https://achievement.org/achiever/frank-gehry/#gallery
https://www.moma.org/artists/6132

PRIOR KNOWLEDGE
RECOMMENDATIONS / COMMENTS
PREFIGURATION
Frank Gehry:
Guggenheim Museum, Bilbao
Dancing House, Prague
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STUDENT WORK
STUDENT WORK

Lauder Javne School, Budapest

Lauder Javne School, Budapest
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Grades 5 - 8

Negative spaces

Duration: 2 x 45 min
Tools: one Logifaces set / person
Individual / Pair work
Keywords: Optical illusions, Op art,
Foreground vs. background, Noise vs.
information

Erasmus+

ART / Age, style, genre &
contemporary art phenomena

TEACHER
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
LESSON 1

In this exercise we use the Logifaces blocks as positive forms, as objects that demarcate
spaces and shapes that are otherwise invisible. This is an exploration of the negative spaces in
between two or more Logifaces blocks. The students take photos of their Logifaces block
combination and symmetrically duplicate this.

LESSON 2

In the second step, the shape of the area formed between the symmetrical shapes is freely
supplemented with imaginative narrative or abstract shapes.

GUIDELINES / EXPECTATIONS
INSPIRATION M.C. Escher, Henry Moore, Cézanne, Giacometti, Brancusi
TECHNIQUE graphic art techniques
OBJECTIVE

Japanese MA - the artistic interpretation of an empty space:
https://new.uniquejapan.com/ikebana/ma/ Henry Moore: “The whole of nature is an endless
demonstration of shape and form.” https://www.ideelart.com/magazine/henry-moore-sculptures

PRIOR KNOWLEDGE
Knowledge about optical illusions, about the relationship between the foreground and background
RECOMMENDATIONS / COMMENTS
Exercise 502 - Mirror Shape is recommended as a corresponding Maths exercise.
PREFIGURATION
Rubin's vase

STUDENT WORK
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Lauder Javne School, Budapest

Grades 9 - 12
Duration: 3 x 45 min

Negative spaces

Tools: one Logifaces set / person
Individual / Pair work
Keywords: Optical illusions, Op art
pattern, Foreground vs. background,
Noise vs. information

Erasmus+

ART / Age, style, genre &
contemporary art phenomena

TEACHER
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
LESSON 1 In this exercise we use the Logifaces blocks as positive forms, as objects that demarcate
spaces and shapes that are otherwise invisible. This is an exploration of the negative spaces in
between two or more logifaces blocks. Students take photos of their Logifaces block
combination and symmetrically duplicate this.
LESSON 2 In the second step, the shape of the area formed between the symmetrical shapes is freely
supplemented with imaginative narrative or abstract shapes.
LESSON 3 In the third creative step, the students make a pattern with the graphic artwork they created.
GUIDELINES / EXPECTATIONS
INSPIRATION M.C. Escher, Henry Moore, Brancusi, Victor Vasarely
TECHNIQUE graphic art technique
OBJECTIVE

Japanese MA - the artistic interpretation of an empty space:
https://new.uniquejapan.com/ikebana/ma/ Henry Moore: “The whole of nature is an endless
demonstration of shape and form.” https://www.ideelart.com/magazine/henry-moore-sculptures

PRIOR KNOWLEDGE
Knowledge about optical illusions, about the relationship between the foreground and background, about
tessellation
RECOMMENDATIONS / COMMENTS
Exercise 502 - Mirror Shape is recommended as a corresponding Maths exercise.
PREFIGURATION
Victor Vasarely: Hexa 5, 1988
Rubin's vase
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STUDENT WORK

Lauder Javne School, Budapest

STUDENT WORK

Lauder Javne School, Budapest

Grades 9 - 12

Shapes in fashion

Duration: 2 x 45 min
Tools: one Logifaces set / person

Erasmus+

TEACHER

ART / Design, fashion, identity

Group work

Logifaces

Keywords: Architectural fashion,
Identity and fashion, Constructivism

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
LESSON 1

Fashion inspired by architecture focuses on detailing shapes, exaggerating proportions, on
construction and creating a three-dimensional look. All the students create their own animated
performance using the geometrical ﬁgures from the Triadic ballet of Oscar Schlemmer. After this
the students create several paper Logifaces paper blocks using the three basic colours (red,
blue, yellow).

LESSON 2

Then, using their paper Logifaces blocks, the students make various fashion designs, in line with
Schlemmer’s concept. All the fashion designs can be composed with the help of a wooden
mannequin.

GUIDELINES / EXPECTATIONS
INSPIRATION Sonia Delaunay, Gareth Pugh, Iris van Herpen, Roman Ermakov ;
https://www.artsy.net/artist/sonia-delaunay ;
http://apdfashionproject.blogspot.com/2010/12/shapes-in-fashion.html;
https://www.arch2o.com/what-happens-when-high-fashion-is-inspired-by-iconic-architecture/
TECHNIQUE mixed media, 3D modelling, fashion design
OBJECTIVE

Bauhaus / Oscar Schlemmer's *The Triadic Ballet* | Bauhaus (getty.edu)

PRIOR KNOWLEDGE
Experience with abstraction, Bauhaus design knowledge
RECOMMENDATIONS / COMMENTS
Fashion inspired by architecture and geometry
PREFIGURATION
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STUDENT WORK
STUDENT WORK

90

Lauder Javne School, Budapest
Lauder Javne School, Budapest

Grades 7 - 12
Duration: 2 x 45 min

Silhouette and patterns of
shapes and shadows

Tools: one Logifaces set / person

Erasmus+

Individual work
Keywords: Shadow, Structure,
Silhouette, Contrast, Deconstruction

ART / Characteristics of art
tools and visual impact

TEACHER
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
LESSON 1

Each student uses their Logifaces set and starts placing blocks on the table to create various
patterns and structures on the surface. Then they are given A/2 paper sheets and the students
place the blocks on the sheet. Using a strong light they direct it onto the structures and
illuminate them from one side to cast shadows on the paper. They then draw the silhouette of
the shadow using a pencil.

LESSON 2

They cut the silhouettes out and place them on another A/2 paper sheet (preferably black, or
another colour) to create a pattern or structure. The next task is to glue the cut out shapes on
the paper in a chosen rhythm. (The students should use the Logifaces to ﬁll in the gaps and
create patterns with white/light-coloured pencil).

GUIDELINES / EXPECTATIONS
INSPIRATION natural nets, mesh structures, Voronoi diagrams
TECHNIQUE graphics, cutting, crafts
OBJECTIVE

Creating a surface pattern from a spatial structure. Linking light/shadow to graphics.

PRIOR KNOWLEDGE
Visual structures, converting spatial structures into patterns
RECOMMENDATIONS / COMMENTS
The exercise links spatial design to structural design.
PREFIGURATION
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STUDENT WORK
STUDENT WORK
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Lauder Javne School, Budapest

Lauder Javne School, Budapest

Grades7 7- 12
- 12
Grades

Shapesininfashion
fashionillustration
illustration
Shapes

Duration:2 2x x4545min
min
Duration:
Tools:one
oneLogifaces
Logifacesset
set/ person
/ person
Tools:
Individualwork
work
Individual
Keywords:Experimental
Experimentalillustration,
illustration,
Keywords:
Structuraldesign,
design,Architecture,
Architecture,
Structural
Integrateddesign
design
Integrated

EXERCISESBASED
BASEDON
ONVISUAL
VISUAL
EXERCISES
TOPICS/ /Design,
Design,Fashion,
Fashion,
TOPICS
Identity
Identity

Erasmus+
Erasmus+

TEACHER
TEACHER
Logifaces
Logifaces

2019-1-HU01-KA201-0612722019-1
2019-1-HU01-KA201-0612722019-1

DESCRIPTION
DESCRIPTION
LESSON1 1
LESSON

Thestudents
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theirLogifaces
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thedesign
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itemofofclothing.
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First
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theydraw
drawthe
thetemplate
templateillustrating
illustratinga amodel,
model,then
thenthey
theyplace
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thedifferent
differentshaped
shapedblocks
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onto
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aroundthe
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LESSON2 2
LESSON

Thenext
nextstep
stepisistototransform
transformthe
therandomly
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blocksinto
intofashion
fashiondesigns.
designs.
The
andlines
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createa awearable
wearableororhaute-couture
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Theyuse
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theangles
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GUIDELINES/ EXPECTATIONS
/ EXPECTATIONS
GUIDELINES
INSPIRATIONarchitectural
architecturalstructures,
structures,fashion
fashionillustration
illustration
INSPIRATION
TECHNIQUE graphics,
graphics,structure
structuredesign,
design,de-formation/re-formation
de-formation/re-formation
TECHNIQUE
OBJECTIVE Constructive
Constructiveillustrative
illustrativetechnical
technicallearning
learning
OBJECTIVE
PRIORKNOWLEDGE
KNOWLEDGE
PRIOR
Visualstructures,
structures,converting
convertinggeometry
geometryinto
intofashion
fashiondesign
design
Visual
RECOMMENDATIONS/ COMMENTS
/ COMMENTS
RECOMMENDATIONS
PREFIGURATION
PREFIGURATION
STUDENTWORK:
WORK:Lauder
LauderJavne
JavneSchool,
School,Budapest
Budapest
STUDENT
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Grades 9 - 12

Logifaces kirigami

Duration: 2 x 45 min
Tools: one Logifaces set / person
Individual work
Keywords: Reductive design,
Modernism, Direction and gravity,
Lightness and darkness, Logic in art

Erasmus+

ART/ Environment and
sustainability, environmental
awareness

TEACHER
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
LESSON 1

The exercise connects the Logifaces blocks with reductive space design and the creative use of
space. The paper cutting and folding art of kirigami, related to the well-known Japanese art of
origami, is used to make creations within space. Using kirigami as a ﬂat sheet of paper can be
transformed into a complex spatial form. In this exercise the students draw a square-grid on the
paper and place the Logifaces blocks in several positions on the grid they have drawn.

LESSON 2

The students cut the paper along some of the lines and fold it along others to experiment to
discover how they can transform a ﬂat design into spatial forms.

GUIDELINES / EXPECTATIONS
INSPIRATION

Kirigami designs
https://hu.pinterest.com/pin/502925483379594377/ ;
https://hu.pinterest.com/pin/552957660470049444/ ;
https://hu.pinterest.com/pin/517351075927322831/

TECHNIQUE

Geometrical shape cutting

OBJECTIVE
Bauhaus – Albers paper exercises
https://www.getty.edu/research/exhibitions_events/exhibitions/bauhaus/new_artist/matter_materials/albers/
https://www.getty.edu/research/exhibitions_events/exhibitions/bauhaus/new_artist/matter_materials/interact
ive/
PRIOR KNOWLEDGE
Basic craft skills
RECOMMENDATIONS / COMMENTS
PREFIGURATION
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STUDENT WORK: Lauder Javne School, Budapest & Csík Ferenc School, Budapest
STUDENT WORK: Lauder Javne School, Budapest & Csík Ferenc School, Budapest
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Grades 9 - 12
Duration: 2 x 45 min

Letter design

Tools: two 16 pcs Sets / group

Erasmus+

Group work
Keywords: Visual communication,
Creative presentation, Layout and
typography

ART / Visual art phenomena

TEACHER
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
LESSON 1

Students work in small groups. The exercise involves creating a triangle-based typographic
design. Paper triangles are used to form letter shapes and the Logifaces blocks are placed on
this triangular pattern.

LESSON 2

In the second phase, students freely combine the Logifaces block letters to create the longest
possible words.

GUIDELINES / EXPECTATIONS
INSPIRATION

Letter pattern with triangle Logifaces letter pattern
https://www.pngfuel.com/free-png/rkqtx , http://luc.devroye.org/fonts-59318.html

TECHNIQUE

collage, digital graphic technique

OBJECTIVE

Paul Klee Pedagogical Sketchbook and Bauhaus Art theory
https://www.bookofthrees.com/bauhaus/
https://monoskop.org/images/0/07/Klee_Paul_Pedagogical_Sketchbook_1953.pdf

PRIOR KNOWLEDGE
Basic craft skills, the collage technique, composition and size transformation
RECOMMENDATIONS / COMMENTS
PREFIGURATION
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STUDENT WORK: Lauder Javne School, Budapest & Csík Ferenc School, Budapest
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Grades 1 - 4
Duration: 1 x 45 min
Tools: one Logifaces set / person,
Photographic paper, Developer and
ﬁxer solutions, three trays for the
chemical solutions and water wash,
Safelight

Light & dark
Erasmus+

ART / Plane and spatial works

Individual / Pair work
Keywords: Alternative photographic
process, Photographic image made
without a camera
DESCRIPTION

TEACHER
Logifaces

2019-1-HU01-KA201-0612722019-1

The students work in a darkroom illuminated with a safelight. The pairs of students place the photographic
paper on a horizontal surface and compose a proﬁle of one of the students on the paper. The design is
illuminated with white light for 1 second. After the ﬂash of light, the photographic paper is placed in the
developer until the image appears on the surface. After this it is washed in the water tray, then transferred to
the tray of ﬁxer for 3-4 minutes. The photographic paper is then left to dry. The last creative step is to recreate
the human proﬁle by rotating the Logifaces blocks.
GUIDELINES / EXPECTATIONS
INSPIRATION

György Kepes, László Moholy-Nagy

TECHNIQUE

chemigram, photogram

OBJECTIVE

Kepes György https://monoskop.org/Gy%C3%B6rgy_Kepes
Chemigrams

https://www.tate.org.uk/whats-on/tate-modern/exhibition/shape-light/alternative-photography-processes-che
migrams
PRIOR KNOWLEDGE
Basic knowledge of photography
RECOMMENDATIONS / COMMENTS
Art and science (chemistry)
PREFIGURATION
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STUDENT WORK
STUDENT WORK

Lauder Javne School, Budapest
Lauder Javne School, Budapest
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Grades 5 - 8
Duration: 2 x 45 min
Tools: one Logifaces set / person,
Photographic paper, Developer and
ﬁxer solutions, 3 trays for the
chemical solutions and water wash,
Safelight
Individual / Pair work

Light & dark
Erasmus+

ART / Plane and spatial works

Keywords: Alternative photographic
process, Photographic image made
without a camera, Street art stencil

TEACHER
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
LESSON 1

The students work in a darkroom with a safelight. The pairs of students place the photographic
paper on a horizontal surface and compose a proﬁle of one of the students on the paper. The
design is illuminated with white light for 1 second. After the ﬂash of light, the photographic paper
is placed in the developer until the image appears on the surface. After this it is washed in the
water tray, then transferred to the tray of ﬁxer for 3-4 minutes. The photographic paper is then
left to dry. The last creative step is to recreate the human proﬁle by rotating the Logifaces
blocks.

LESSON 2

The next creative step is to transform the human proﬁle into a geometric network face by
rotating the Logifaces blocks. Using the geometric face proﬁle, the students make a paper
cut-out and use it as a stencil.

GUIDELINES / EXPECTATIONS
INSPIRATION György Kepes, László Moholy-Nagy
TECHNIQUE chemigram, photogram
OBJECTIVE

Kepes György https://monoskop.org/Gy%C3%B6rgy_Kepes

PRIOR KNOWLEDGE
Basic knowledge of photography
RECOMMENDATIONS / COMMENTS
PREFIGURATION
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STUDENT WORK

Lauder Javne School, Budapest
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Grades 9 - 12
Duration: 2 x 45 min
Tools: one Logifaces set / person,
Photographic paper, Developer and
ﬁxer solutions, 3 trays for the
chemical solutions and water wash,
Safelight
Individual / Pair work

Light & dark
Erasmus+

ART / Plane and spatial works

Keywords: Alternative photographic
process, Photographic image made
without a camera, Paper print

TEACHER
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
LESSON 1

The students work in a darkroom illuminated with a safelight. The pairs of students place the
photographic paper on a horizontal surface and compose a proﬁle of one of the students on the
paper. The design is illuminated with white light for 1 second. After the ﬂash of light, the
photographic paper is placed in the developer until the image appears on the surface. After this
it is washed in the water tray, then transferred to the tray of ﬁxer for 3-4 minutes. The
photographic paper is then left to dry. The last creative step is to recreate the human proﬁle by
rotating the Logifaces blocks.

LESSON 2

The next creative step is to transform the human proﬁle into a geometric network face by
rotating the Logifaces blocks. Using the geometric face proﬁle, the students make a paper
cut-out and use it as a printing plate. The students practice using a press for printing.

GUIDELINES / EXPECTATIONS
INSPIRATION György Kepes, László Moholy-Nagy
TECHNIQUE chemigram, photogram
OBJECTIVE

Kepes György https://monoskop.org/Gy%C3%B6rgy_Kepes

PRIOR KNOWLEDGE
Basic knowledge of photography
RECOMMENDATIONS / COMMENTS
PREFIGURATION
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STUDENT WORK

Lauder Javne School, Budapest
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Grades 5 - 8

Colour & tone in
transparency

Duration: 3 x 45 min
Tools: one 16 pcs Set / group

Erasmus+

Group work
Keywords: Space transmutation,
Geometric and organic, Opacity and
transparency

ART / Characteristics of art
tools and visual impact

TEACHER
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
LESSON 1

Each group of students form a combination of Logifaces blocks and then they build the
structure of the combination with wooden sticks.

LESSON 2

They take photographs of the geometric Logifaces structure, also including the cast shadows in
the composition. Then they compose organic or other ready-found objects with the geometric
Logifaces structures, and they take photos of these new installations too.

LESSON 3

Based on the photographs, the students make paper cut-outs and use them as street art
stencils.

GUIDELINES / EXPECTATIONS
INSPIRATION Picasso linocuts, Matisse cut-outs
TECHNIQUE installation, photography, paper cutting
OBJECTIVE

Multiculturalism – wayang puppet theatre https://www.britannica.com/art/wayang
Oskar Schlemmer https://www.falseart.com/oskar-schlemmer/
Matisse cut outs, Picasso linocuts
https://www.moma.org/interactives/exhibitions/2014/matisse/the-cut-outs.htm

https://news.masterworksﬁneart.com/2017/10/19/pablo-picasso-linocuts-a-master-of-the-medium
PRIOR KNOWLEDGE
Paper cutting skills, basic photographic skills, knowledge about making and analysing a tone scale
RECOMMENDATIONS / COMMENTS
PREFIGURATION

Wayang theatre
Figure in space with plane geometry and spatial delineations, 1921
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STUDENT WORK

Lauder Javne School, Budapest
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Grades 9 - 12

Colour & tone in
transparency

Duration: 3 x 45 min
Tools: one 16 pcs Set / group

Erasmus+

TEACHER

Group work
Keywords: Space transmutation,
Geometric and organic, Opacity and
transparency, Paper print

ART / Characteristics of art
tools and visual impact

Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
LESSON 1

The groups of students each form a combination of Logifaces blocks and then they build the
structure of the combination with wooden sticks.

LESSON 2

They take photographs of the geometric Logifaces structure, also including the cast shadows in
the composition. Then they compose organic or other ready-found objects with the geometric
Logifaces structures, and they take photos of these new installations too.

LESSON 3

Based on the photographs, the students make paper cut-outs and use them printing plates. The
students practice using a press for printing.

GUIDELINES / EXPECTATIONS
INSPIRATION Picasso linocuts, Matisse cut-outs
TECHNIQUE installation, photography, paper cutting
OBJECTIVE

Multiculturalism – wayang puppet theater https://www.britannica.com/art/wayang
Oskar Schlemmer https://www.falseart.com/oskar-schlemmer/
Matisse cut outs, Picasso linocuts

https://www.moma.org/interactives/exhibitions/2014/matisse/the-cut-outs.htm
https://news.masterworksﬁneart.com/2017/10/19/pablo-picasso-linocuts-a-master-of-the-medium
PRIOR KNOWLEDGE
Paper cutting skills, basic photographic skills, knowledge about making and analysing a tone scale
RECOMMENDATIONS / COMMENTS
PREFIGURATION

Wayang theatre
Oskar Schlemmer: Figure in space with plane geometry and spatial delineations, 1921
Pablo Picasso, Les vendangeurs (The Grape Harvesters), 1959
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STUDENT WORK

Lauder Javne School, Budapest
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Grades 5- 8

Cubist artwork
reconstruction

Duration: 2 x 45 min
Tools: two 16 pcs Sets / group
Group work
Keywords: From cubist painting to
relief, Experiments with 2D/3D

Erasmus+

ART / Characteristics of art
tools and visual impact

TEACHER
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
LESSON 1

Based on Picasso's cubist paintings, the students create a cubistic relief from Logifaces blocks.
These pieces of work transform the original 2D work into 3D.

LESSON 2

The students may continue their work by reproducing it in another medium and digitally
processing it. The students can colour their work and try to recreate the atmosphere for the
original work of art. Alternatively, they can take photographs of the 3D compositions and
produce a mixed media work with graphic shapes and networks.

GUIDELINES / EXPECTATIONS
INSPIRATION Cubism - Picasso, Braque, Juan Gris
TECHNIQUE relief making, graphic art technique
OBJECTIVE

MoMA Learning https://www.moma.org/learn/moma_learning/themes/cubism/

PRIOR KNOWLEDGE
Knowledge about collage and décollage, installation and space transformation
RECOMMENDATIONS / COMMENTS
PREFIGURATION
Picasso: Factory at Horto de Ebro, 1909; Les Demoiselles d'Avignon, 1907; Girl with a Mandolin, 1910; Femme
assise, 1909
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STUDENT WORK

Experience Workshop, Jyväskylä & Lauder Javne School, Budapest
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Grades 9 - 12

Avant-garde artwork
reconstruction

Duration: 2 x 45 min
Tools: two 16 pcs Sets / group
Pair work / Group work
Keywords: From avant-garde artwork
to relief, experiments with 2D/3D

Erasmus+

ART / Characteristics of art
tools and visual impact

TEACHER
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
LESSON 1

Based on Lajos Vajda’s avant-garde artwork, the students create a relief from Logifaces blocks.
These pieces of work transform the original 2D work into 3D.

LESSON 2

The students may continue their work by reproducing it in another medium. They can take
photos of the 3D compositions and produce a mixed media work with graphic shapes and
networks. The students may then colour their composition and try to create a new atmosphere
for the original art piece.

GUIDELINES / EXPECTATIONS
INSPIRATION Lajos Vajda avant-garde artworks, Európai Iskola / European School avant-garde artist group –
Szentendre Hungary
TECHNIQUE relief making, graphic technique
OBJECTIVE

Európai Iskola / European School avant-garde artist group - Szentendre Museums
https://femuz.hu/muzeumok/

PRIOR KNOWLEDGE
Knowledge of collage and décollage, installation and space transformation
RECOMMENDATIONS / COMMENTS
PREFIGURATION
Lajos Vajda: Rider, 1940 ; Root world, 1940
STUDENT WORK
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Lauder Javne School, Budapest
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Grades 9 - 12
Duration: 2 x 45 min
Tools: one Logifaces set / person

Shadow hunting &
penetrating impact
Erasmus+

Individual work / Pair work
Keywords: Geometrical abstraction,
Avant-garde, Constructivism,
Neoprimitivism

ART / Age, style, genre &
contemporary art phenomena

TEACHER
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
LESSON 1

The students compose a spatial structure with the Logifaces blocks on a sheet of paper. They
illuminate the composition with strong light from several directions and draw all the silhouettes
of the shadows. With this "shadow hunting" method the students obtain a complex drawing
network with penetrating impact.

LESSON 2

In the second step they ﬁll the drawn network with colours, graphic elements and newspaper
clippings, paying attention to the visual quality of the texts, because the text here is an imaging
element.

GUIDELINES / EXPECTATIONS
INSPIRATION Kasimir Malevich, László Moholy-Nagy, Ben Nicholson, Lajos Kassák, Lajos Vajda
TECHNIQUE drawing, painting, collage
OBJECTIVE

Geometrical abstraction / Ben Nicholson
https://www.tate.org.uk/art/artworks/nicholson-1934-6-painting-still-life-t07007
Moholy-Nagy László https://www.wikiart.org/en/laszlo-moholy-nagy/composition-z-viii-1924

PRIOR KNOWLEDGE
Cubism and constructivism, collage skills, creating and applying graphic art line qualities and structures
RECOMMENDATIONS / COMMENTS
PREFIGURATION
Ben Nicholson: Still life, 1936; László Moholy-Nagy: Composition Z VIII, 1924
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STUDENT WORK

Lauder Javne School, Budapest
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Grades 5 - 8
Duration: 2 x 45 min

Logifaces plaster of Paris
casting

Tools: a number of blocks / person,
clay, plaster of Paris powder
Group work / Pair work
Keywords: Forming, Replication,
Decoration

Erasmus+

ART / Characteristics of art
tools and visual impact

TEACHER
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
LESSON 1

The students create a wet clay casting mould out of the Logifaces by pushing them into the clay.
After having made the mould, they put a short stick in the middle of the mould to create a hole in
the cast. The students then mix plaster of Paris powder with water and pour it into the mould.
They need to knock the ﬁlled mould on the table to remove bubbles and to smoothen the
surface.

LESSON 2

After the cast has set, the students remove their pieces and paint them as they wish. They then
thread a piece string through the hole so it becomes something they can carry and place
somewhere.

GUIDELINES / EXPECTATIONS
INSPIRATION ornaments
TECHNIQUE casting, painting
OBJECTIVE

Students learn how to create a mould and how to use plaster of Paris. They use ﬁne motor skills
and have to be precise, while they can also make mistakes and ﬁnd solutions to ﬁx them. The
students work in pairs. While one is creating their own Logifaces copy, the other helps. Then they
change roles. They need to be patient and focus on others as well.

PRIOR KNOWLEDGE
Knowledge of working with clay, then learning to use plaster of Paris
RECOMMENDATIONS / COMMENTS
Younger students probably need more guidance and help from the teacher, even if they are in pairs.
PREFIGURATION
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STUDENT WORK
STUDENT WORK

Lauder Javne School, Budapest
Lauder Javne School, Budapest
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Grades 9 - 12
Duration: 2 x 45 min

Logifaces plaster of Paris
casting

Tools: a number of blocks / person,
clay, plaster of Paris powder
Group work / Pair work
Keywords: mould, crafts, pattern

Erasmus+

ART / Characteristics of art
tools and visual impact

TEACHER
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
LESSON 1

The students create a wet clay casting mould out of the Logifaces by pushing them into the
clay. After having made the mould, they put a short stick in the middle of the mould to create a
hole in the cast. The students then mix plaster of Paris powder with water and pour it into the
mould. They need to knock the ﬁlled mould on the table to remove bubbles and to smoothen the
surface.

LESSON 2

After the cast has set, the students remove their pieces.

GUIDELINES / EXPECTATIONS
INSPIRATION ornaments
TECHNIQUE casting, painting
OBJECTIVE

Students learn how to create a mould and how to use plaster of Paris. They use ﬁne motor skills
and have to be precise, while they can also make mistakes and ﬁnd solutions to ﬁx them. The
students work in pairs. While one is creating their own Logifaces copy, the other helps. Then
they change roles. They need to be patient and focus on others as well.

PRIOR KNOWLEDGE
Knowledge of working with clay, then learning to use plaster of Paris
RECOMMENDATIONS / COMMENTS
PREFIGURATION
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STUDENT WORK
STUDENT WORK

Lauder Javne School, Budapest

Lauder Javne School, Budapest
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Grades 9 - 12
Duration: 2 x 45 min

Kaleidocycles by Logifaces

Tools: one Logifaces set / person
Individual / Group work
Keywords: Kaleidocycles, Geometry,
Mathematics, Crafts

Erasmus+

ART / Characteristics of art
tools and visual impact

TEACHER
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
LESSON 1

First students need to ﬁnd identical Logifaces blocks and arrange them in circular shapes. Then
they sketch their arrangements, while the teacher introduces the structures of kaleidocycles.
After this they pick a type of kaleidocycle that is similar to the arrangement they made before.
Then the pattern of the shape needs to be printed out, so they can cut them out and put them
together with glue.

LESSON 2

Students create their own paper structures copying the Logifaces blocks. They draw each side
of the blocks next to each other as a pattern for cutting out and gluing together. Or they use the
already existing Logifaces block templates. Then they create a composition with both
kaleidocycles and Logifaces blocks in groups.

GUIDELINES / EXPECTATIONS
INSPIRATION kaleidocycles geometrical structures
TECHNIQUE graphics, cutting
OBJECTIVE

From a spatial structure, creating a surface pattern. Composition between different geometrical
forms.

PRIOR KNOWLEDGE
Basic knowledge of the mathematics behind kaleidocycles
RECOMMENDATIONS / COMMENTS
PREFIGURATION
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STUDENTWORK:
WORK:Lauder
LauderJavne
JavneSchool,
School,Budapest
Budapest
STUDENT
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Grades 1 - 4
Grades 1 - 4
Duration: 2 x 45 min
Grades
1 - 4 2 x 45 min
Clay boxes
Duration:
Clay boxes
Tools: 3 Logifaces blocks / person,
Duration:
2
x
45
min
Erasmus+
Tools: 3 Logifaces blocks / person,
clay
Clay boxes
Erasmus+
clay
Tools:
3 Logifaces
Individual
work blocks / person,
ART / Arts & Craft
Erasmus+
clayIndividual work
ART / Arts & Craft
Logifaces
Keywords: 3D modelling, Design and
Logifaces
Individual
work3D modelling, Design and
Keywords:
ART / Arts & Craft
function
2019-1-HU01-KA201-0612722019-1
function
Logifaces
2019-1-HU01-KA201-0612722019-1
Keywords: 3D modelling, Design and
function
DESCRIPTION
2019-1-HU01-KA201-0612722019-1
DESCRIPTION
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The students build clay boxes using Logifaces blocks as inspiration. They can make small clay
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2
Clay
paint is applied to the dry clay. After ﬁrst ﬁring, the students may glaze their work,
GUIDELINES
/ EXPECTATIONS
depending
on the function of the box.
GUIDELINES
/ EXPECTATIONS
INSPIRATION Bauhaus pottery https://bauhaus-keramik.de/en/bauhaustoepferei/
GUIDELINES
/ EXPECTATIONS
INSPIRATION
Bauhaus pottery https://bauhaus-keramik.de/en/bauhaustoepferei/
TECHNIQUE clay modelling
INSPIRATION
Bauhaus
pottery https://bauhaus-keramik.de/en/bauhaustoepferei/
TECHNIQUE
clay modelling
OBJECTIVE ceramic modular design https://ﬂoydhome.com/blogs/livedin/back-to-the-future-bauhaus
TECHNIQUE
modelling
OBJECTIVEclayceramic
modular design https://ﬂoydhome.com/blogs/livedin/back-to-the-future-bauhaus
PRIOR KNOWLEDGE
OBJECTIVE
ceramic modular design https://ﬂoydhome.com/blogs/livedin/back-to-the-future-bauhaus
PRIOR KNOWLEDGE
Basic knowledge of surface modelling
PRIOR
KNOWLEDGE
Basic
knowledge of surface modelling
RECOMMENDATIONS / COMMENTS
Basic
knowledge of surface
modelling
RECOMMENDATIONS
/ COMMENTS
PREFIGURATION
PREFIGURATION
RECOMMENDATIONS / COMMENTS
PREFIGURATION
STUDENT WORK
Experience Workshop, Jyväskylä
STUDENT WORK
Experience Workshop, Jyväskylä

TEACHER
TEACHER
TEACHER

STUDENT WORK
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Experience Workshop, Jyväskylä

Grades 5 - 8
Duration: 1 x 45 min

Wall art - folded pyramids

Tools: one Logifaces set / person
Group work
Keywords: 3D modelling, Design and
function, Decorative surface

Erasmus+

TEACHER

ART/ Arts & Craft

Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
The groups create a continuous surface with a Logifaces set of 16 pieces. Then they fold A4 paper sheets into
pyramid pairs according to the image and create a simpliﬁed Logifaces model from paper pyramids. The
groups hang their artwork on the wall and see what kind of variations their classmates have created.
GUIDELINES / EXPECTATIONS
INSPIRATION KAZA projects https://www.kaza.com/
TECHNIQUE paper modelling
OBJECTIVE

modular design, tessellation https://mymodernmet.com/tessellation-art/

PRIOR KNOWLEDGE
Basic knowledge of paper modelling, origami
RECOMMENDATIONS / COMMENTS
PREFIGURATION
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STUDENT WORK

Experience Workshop, Jyväskylä

STUDENT WORK
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Experience Workshop, Jyväskylä

Grades 9 - 12
Duration: 3 x 45 min

Sensorial intervention

Tools: one Logifaces set / person
Individual work
Keywords: Geometric shapes, Visual
interpretation, Masses and visual
association

Erasmus+

ART / Spatial and temporal
relations

TEACHER
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
LESSON 1

The students create Logifaces combinations and take photographs of them from viewpoints
that create a complex and atypical spatial illusion of their arrangement. After this they search for
examples of architecture that may be visually associated to their work.

LESSON 2

The students observe and analyse the structural directions and mass relationships in what they
see.

LESSON 3

After the visual analysis and using the associative architectural scenes, they design an
architectural space that includes the presence of the Logifaces blocks.

GUIDELINES / EXPECTATIONS
INSPIRATION Stanley Tigerman https://tigerman-mccurry.com/project/instant-city
TECHNIQUE installation, 3 D modelling, design, engineering drawing, SketchUp
OBJECTIVE

Geometry in art and architecture
https://math.dartmouth.edu/~matc/math5.geometry/unit1/INTRO.html

PRIOR KNOWLEDGE
Knowledge about the relationship between planes and spatial forms, about creating a three-dimensional
drawing based on a ﬂoor plan, about space representation
RECOMMENDATIONS / COMMENTS
PREFIGURATION

Stanley Tigerman: Instant City, 1968-70
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STUDENT WORK
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Lauder Javne School, Budapest
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Grades 9 - 12
Duration: 3 x 45 min

Perceptual randomness

Tools: one Logifaces set / person
Individual work
Keywords: : Sensibility with respect to
space and form in architecture,
Environmental awareness

ART / Environment and
sustainability, environmental
awareness

Erasmus+

TEACHER
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
LESSON 1

First the students experiment with constructing various structures using the Logifaces blocks,
trying to create interesting spatial rhythms and dynamic lighting connected with the concept of
transit space (a passage or tunnel used for travelling through a building). By combining these
structures, they create the preliminary plan for the model and then they 3D model the design in
space.

LESSON 2

The goal is to create a transit space structure by concentrating on how we sense space and
form. In the design due to the discontinuities, the Logifaces surface lends itself to randomness
in perception. The students perform experiments with the discontinuous Logifaces surface, and
search for unstable balance points.

LESSON 3

The students place the focus on the function of the transit space design in the Logifaces
architectural construction.

GUIDELINES / EXPECTATIONS
INSPIRATION Greg Lynn, Arata Isozaki: Federation Square, Melbourne /Australia by the LAB architecture studio,
Kristina Shea, Neil Leach, c: the eifForm installation in Amsterdam
TECHNIQUE modelling, recycling, upcycling
OBJECTIVE

Geometry in art and architecture
https://math.dartmouth.edu/~matc/math5.geometry/unit1/INTRO.html

PRIOR KNOWLEDGE
Perspective and axonometric drawing knowledge, 3D modelling skills
RECOMMENDATIONS / COMMENTS
PREFIGURATION

LAB architecture studio: Federation Square, Melbourne /Australia; Neil Leach, Kristina Shea, Špela Videčnik and
Jeroen van Mechelen, eifFORM installation, Academie van Bouwkunst, Amsterdam, 2003
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STUDENT
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STUDENT
WORK
Javne
School,
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Grades 1 - 4

Cut-outs

Duration: 2 x 45 min
Tools: 3 Logifaces blocks / person
Individual / Pair work

Erasmus+

ART/ Plane and spatial works

Keywords: Geometric and organic
shapes, Cut-outs as artwork,
Decorative upcycling work

TEACHER
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
LESSON 1

Each student uses three Logifaces blocks. They draw around all the sides of the Logifaces
blocks and then cut out the geometrical shape of the ﬂoor plan.

LESSON 2

The students collage the paper cut-outs into various forms. They can combine them into new
shapes with existing cut-outs and add new materials to the composition (textiles, wire, dried
plants, etc.)

GUIDELINES / EXPECTATIONS
INSPIRATION Henri Matisse
TECHNIQUE cut-outs, collage, assemblage
OBJECTIVE

Henri Matisse & the cut-outs
https://www.moma.org/interactives/exhibitions/2014/matisse/the-cut-outs.html
https://www.biography.com/news/henri-matisse-the-cut-outs-moma

PRIOR KNOWLEDGE
Basic craft skills
RECOMMENDATIONS / COMMENTS
PREFIGURATION
Henri Matisse: The Parakeet and the Mermaid. 1952
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STUDENT WORK

Lauder Javne School, Budapest
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Grades 5 - 8

Cut-outs

Duration: 2 x 45 min
Tools: one Logifaces set / person

ART/ Plane and spatial works

Pair work
Keywords: Cut-outs as artwork,
Decorative upcycling work,Lighting
effect

Erasmus+

TEACHER
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
LESSON 1

Each student uses one Logifaces block set. They draw around any chosen sides of the Logifaces
blocks and then cut out the geometric form.

LESSON 2

The students arrange the cut out paper shapes in layers, then design compositions involving
colour and contrast effects, with the focus being on lighting and transparency.

GUIDELINES / EXPECTATIONS
INSPIRATION Henri Matisse
TECHNIQUE cut-outs, collage, assemblage
OBJECTIVE

Henri Matisse & the cut-outs
https://www.moma.org/interactives/exhibitions/2014/matisse/the-cut-outs.html
https://www.biography.com/news/henri-matisse-the-cut-outs-moma

PRIOR KNOWLEDGE
Basic craft skills
RECOMMENDATIONS / COMMENTS
PREFIGURATION
Matisse’s studio, Hôtel Régina, Nice, c. 1953 ; Matisse: The snail, 1953
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STUDENT WORK

Csík Ferenc School, Budapest
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Grades 7 - 12
Duration: 2 x 45 min
Tools: 1 Logifaces set / person

Manual pattern design
inspired by natural mesh
and net structures
Erasmus+

Individual work
Keywords: Shadow, Structure,
Silhouette, Contrast, Deconstruction

ART / Natural and Artiﬁcial
Environment

TEACHER
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
Lesson 1

The students research natural mesh and net systems. They select several inspirational photos,
pictures they can use during the design process. They start arranging the Logifaces in a
structure that resembles the natural mesh or net in the photograph they selected. After this, they
begin to sketch their block arrangements from different angles resulting in several drawn
patterns.

Lesson 2

The students design patterns using their sketches. These should be repetitive patterns, and they
can draw them by hand or use a computer.

GUIDELINES / EXPECTATIONS
INSPIRATION natural nets, mesh structures, voronoi
TECHNIQUE graphics, design
OBJECTIVE

creating structural patterns using spatial blocks

PRIOR KNOWLEDGE
Knowledge of visual structures, creativity, good manual skills
RECOMMENDATIONS / COMMENTS
PREFIGURATION
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STUDENT WORK

Lauder Javne School, Budapest
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Grades 9 - 12
Duration: 4 x 45 min
Tools: several Logifaces set / team

Accessory and object
design using Logifaces
for cut-pattern structure
Erasmus+

Individual / Group work
Keywords: Fashion, Pattern design,
Object

ART / Characteristics of art
tools and visual impact

TEACHER
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
LESSON 1

The goal of this exercise is to create a fashion accessory or an object based on a surface made
out of Logifaces. The students compose their own surfaces using the blocks. They need to
arrange them in a way so that it is possible to use the design as a pattern for cutting. For
example, arranging them in a rectangular form so it would be possible to put two pieces together
to form a bag.

LESSON 2

After arranging the blocks the students draw or take a picture of them from above to help them
form the geometric pattern. This will become the pattern for one or both sides of the accessory.

LESSON 3 and 4
Students create a mock up of the object or the accessory, by folding the lines on the
paper and gluing the sides together.
GUIDELINES / EXPECTATIONS
INSPIRATION fashion illustrations, fashion pieces
TECHNIQUE graphics, folding, design
OBJECTIVE

The main expectation is to have a complete mock up at the end of the 4 lessons.

PRIOR KNOWLEDGE
Basic visual skills, design thinking, craft and folding skills
RECOMMENDATIONS / COMMENTS
PREFIGURATION
Issey Miyake - Bao Bao Bags (https://www.isseymiyake.com/en/brands/baobao)

134

STUDENT WORK: Lauder Javne School, Budapest
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Grades 7 - 12
Duration: 2 x 45 min

Origami combined with
Logifaces

Tools: several Logifaces set / team
Group work
Keywords: Tessellation, Origami,
Surface

Erasmus+

ART / Characteristics of art
tools and visual impact

TEACHER
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
LESSON 1

The students try out basic origami tessellation tasks to see how they can form a surface. Using
the Logifaces blocks, they need to imitate the surface form using paper. They observe their
paper designs from above to be able to form their surfaces. Origami tessellations have very
strict rules about how they are formed. This is why we turn the exercise the other way around.

LESSON 2

They use the blocks and create copies of the blocks or geometrical shapes. They arrange these
pieces imitating the surface structure.

GUIDELINES / EXPECTATIONS
INSPIRATION origami surfaces, geometrical net
TECHNIQUE graphics, crafts, folding
OBJECTIVE

creating structural patterns using spatial blocks

PRIOR KNOWLEDGE
Visual structures, creativity, good manual skills
RECOMMENDATIONS / COMMENTS
Origami folding is complex and so some students may need more help than others.
PREFIGURATION

136

STUDENT WORK
STUDENT WORK

Lauder Javne School, Budapest
Lauder Javne School, Budapest
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Interdisciplinary

INTRODUCTION���������������������������������������������������������������������������������������� 140
Triangle dance............................................ Grades 1-12����������������������������141
Group forming with Logifaces................... Grades 1-12����������������������������142
Modelling with Logifaces........................... Grades 1-12����������������������������143
Act your Construction................................ Grades 1-12����������������������������144
Spatial identity map................................... Grades 9-12���������������������������145
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Introduction
In the Interdisciplinary section, we present exercises that focus on the relationship between Mathematics, Art,
Movement and Identity.
There are two different topics and the icons used are as follows:
IDENTITY

MOVEMENT
Each exercise consists of four parts: Description, Guidelines/Expectations, Prior Knowledge and
Recommendations/Comments. The Description contains the instructions for the exercises. Further guidelines
can be found in the Recommendations/Comments part alongside the list of exercises to be solved before or after
the exercise.
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Grades 1 - 12
Duration: 20 min
Tools: one Logifaces set

Triangle Dance

TEACHER

Group work
Keywords: Movement

Erasmus+

INTERDISCIPLINARY

Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
Students form groups of 3 (if the number of the students is not divisible by 3, there may be 4 in a group). Each
group stands in the shape of an equilateral triangle, 3 students stand at the vertices, and the extra student, if
any, at the centre. The students should move around so that they remain in the shape of an equilateral triangle,
they should change location, size, and orientation. Optionally the teacher may play music.
SOLUTIONS / EXAMPLES
This exercise serves as an icebreaker for further Logifaces movement exercises. It can also be used as short
energising break in between theoretical exercises.
PRIOR KNOWLEDGE
None
RECOMMENDATIONS / COMMENTS

141

Grades 1 - 12
Duration: 20 min
Tools: one Logifaces set

Group Forming With
Logifaces
Erasmus+

TEACHER

Group work
Keywords: Movement

INTERDISCIPLINARY

Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
The teacher asks questions connected to Logifaces. If the answer to the question is 6, for example, the
students should form groups of 6. After the last question, the teacher may retain the groups created for another
activity (so if the teacher needs groups of 3 for the next activity, the last question should have 3 as its answer).
For younger students use simple language and explain the terms, or modify the questions.
Sample questions:
1. How many vertices does a Logifaces piece have?
2. How many faces does a Logifaces piece have?
3. How many edges does a Logifaces piece have?
4. How many different heights can a Logifaces piece have at its corners?
SOLUTIONS / EXAMPLES
Question 1

The answer is 6.

Question 2

The answer is 5.

Question 3

The answer is 9.

Question 4

The answer is 3.

PRIOR KNOWLEDGE
None
RECOMMENDATIONS / COMMENTS

142

Grades 1 - 12

Modelling with Logifaces

Duration: 30 min
Tools: one block / group, audio player

Erasmus+

TEACHER

Group work
Keywords: Movement

INTERDISCIPLINARY

Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
PHASE 1

Students form groups of 3 (if not divisible by 3, there may be 4 in a group). They are asked to
model a Logifaces piece. Groups show their model to the whole class.

PHASE 2

The group agrees on one type of modelling system. The teacher plays music, students move
around in their groups. When the teacher stops the music, each group should immediately form a
Logifaces piece with three different corner heights, and freeze there.

SOLUTIONS / EXAMPLES
PHASE 1

Possible modelling systems:
1. each student is a vertex, they model height by squatting, stretching, standing on a chair, etc.
2. each student is an edge, they hold hands and form a triangle (the arms of each student held at
180 degrees to the two sides), the vertex is where they hold hands, and they hold hands at
varying heights, low / medium / high, according to the vertex height.
3. each student is a face.

PHASE 2

The game is the most comfortable with modelling system 1 (each student is a vertex).

PRIOR KNOWLEDGE
None
RECOMMENDATIONS / COMMENTS
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Grades 1 -12
Duration: 30 min / group

Act your Construction

Tools: one Logifaces set

Erasmus+

TEACHER

Group work

Logifaces

Keywords: Movement

INTERDISCIPLINARY

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
PHASE 1

Each student builds a structure from Logifaces pieces. It does not have to follow the rules of
smooth surfaces.

PHASE 2

The students form groups of 6 to 8 or as needed. One is the director, who directs students to
model the director's (or another student's) structure with their bodies.

NOTE

In phase 2 they can also use photos of structures.

OPTIONAL

The students work in groups of 3 to 4, and are asked to make up their own movement game.
Then they share their games with the whole class, the class can try some of them.

SOLUTIONS / EXAMPLES
PRIOR KNOWLEDGE
None
RECOMMENDATIONS / COMMENTS
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Grades 9 - 12
Duration: 4 x 45 min

Spatial identity map

Tools: one Logifaces set / person

Erasmus+

TEACHER

Individual work
Keywords: Connectivity, Non-linear
thinking, Infographic design

INTERDISCIPLINARY

Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
LESSON 1

Mediaeval and postmodern thinking have multiple links. We can start crafting the identity map
from this platform. For example, pandemics and migration are very similar phenomena in these
two periods. In mediaeval symbolic thinking interlaced triangles, one pointing upwards and the
other pointing downwards, symbolise the descent of the spirit into matter and its re-emergence
from the conﬁning limits of form. They also suggest the constant reﬂection of identity from the
point of view of the unity of spirit and matter. Each triangle may remind us of the triple aspects
of spirit: existence, consciousness and bliss, and the three aspects of matter: mobility,
resistance and rhythm. Each student produces 6 photographs, paintings or graphics for the 6
concepts.

LESSON 2

The students cut out 16 photograph details, those they think are important for them, and glue
them to the Logifaces surface following the concept diagram. For example, details cut from a
"mobility" photo are only pasted on the (M) surfaces, details cut from an "existence" photo are
only pasted on the (E) surfaces.

LESSON 3

Related to the collage of 16 photograph details they combine their own Logifaces surfaces,
which will constitute the relief surface. Between the image details and surface inclination has
subjective relevance.

LESSON 4

The last creative step is to join the relief surface with the collage and ﬁx it in space. The result
will be a relief identity map, which is a unique infographic work.

GUIDELINES / EXPECTATIONS
INSPIRATION Allan Kaprow, Allen Ruppersberg
https://www.latimes.com/entertainment/arts/la-et-cm-ca-robert-mcelroy-20140720-story.html
TECHNIQUE collage, 2D to 3D transformation
OBJECTIVE

concept art, social media, visual communication

PRIOR KNOWLEDGE
Visual representation of personal themes, thoughts corresponding to the intended expression using visual
devices.
RECOMMENDATIONS / COMMENTS
PREFIGURATION
“Words” by Allan Kaprow at Smolin Gallery, New York, 1962
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STUDENT
WORK
STUDENT
WORK
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Lauder
Javne
School,
Budapest
Lauder
Javne
School,
Budapest

The triple aspects of spirit:
(E) existence

The triple aspects of spirit:
(C) consciousness

(B) bliss

(E) existence

(C) consciousness

(B) bliss

The three aspects of matter:
(M) mobility
(M) mobility

The three aspects of matter:
(Re) resistance
(Rh) rhythm
(Re) resistance

(Rh) rhythm
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Maths

INTRODUCTION TO THE MATHS CHAPTERS�������������������������������� 153
CHAPTER 1: INTRO AND GAMES������������������������������������������������������� 157
101 - Categorise the Blocks............Grades 1-4 (S), 5-8 (S)����������������������157
102 - Identify the Block...................Grades 1-4 (S), 5-8 (S)����������������������159
103 - Discovering Logifaces...........Grades 1-4 (S), 5-8 (S), 9-12 (S)��������� 161
104 - Find a Rule..............................Grades 1-4 (S), 5-8 (S), 9-12 (S)���������163
105 - Properties of the Blocks........Grades 3-4 (A), 5-8 (S), 9-12 (S)��������165
106 - Growing Surface Game..........Grades 3-4 (A), 5-8 (S), 9-12 (S)��������167
107 - Battleship Game.....................Grades 1-4 (A), 5-8 (S), 9-12 (S)��������169
108 - Create Hexagons....................Grades 5-8 (S), 9-12 (S)��������������������173
109 - Complement it!.......................Grades 5-8 (S), 9-12 (S)��������������������175
110 - Twenty Questions Sketch......Grades 5-8 (S), 9-12 (S)��������������������177

CHAPTER 2: LOGICAL THINKING������������������������������������������������������ 179
201 - True, True, False.....................Grades 1-4 (SA)��������������������������������179
202 - Blind Block..............................Grades 1-4 (S), 5-8 (S)����������������������181
203 - Twenty Questions..................Grades 1-4 (S), 5-8 (SA)�������������������183
204 - True or False?.........................Grades 1-4 (S), 5-8 (S), 9-12 (S)���������185
205 - Odd One Out Game................Grades 3-4 (S), 4-8 (S), 9-12 (S)���������187
206 - Find the Right Set...................Grades 1-4 (S), 5-8 (S), 9-12 (S)���������189
207 - Straight Line...........................Grades 1-4 (S), 5-8 (SA), 9-12 (SA)����191
208 - Impossible Line......................Grades 7-8 (A), 9-12 (A)��������������������194
209 - Create and Code....................Grades 5-8 (S), 9-12 (S)��������������������197
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CHAPTER 3: NUMBERS AND SEQUENCES������������������������������������� 205
301 - Multiplication with Heights....Grades 2-4 (S)�����������������������������������205
302 - Secret Number.......................Grades 3-4 (A), 5-8 (S)����������������������207
303 - Floor Plan Puzzle...................Grades 2-4 (AS), 5 (AS)��������������������209
304 - Secret Base............................Grades 7-8 (A), 9-12 (S)��������������������214
305 - Secret Exponent.....................Grades 7-8 (A), 9-12 (S)��������������������216
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309 - Triangular Square Number....Grades 7-8 (A), 9-12 (S)��������������������225
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CHAPTER 4: 2D GEOMETRY���������������������������������������������������������������� 234
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402 - Angle.......................................Grades 5-8 (S)�����������������������������������237
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Measure Edges................................Grades 5-8 (AS)��������������������������������239
404 - Top Edges...............................Grades 5-8 (S), 9-12 (S)��������������������242
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532 - Rotating Blocks
in GeoGebra.....................................Grades 9-12 (AS)�������������������������������365
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534 - Upside down Blocks
in GeoGebra.....................................Grades 11-12 (A)�������������������������������375
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623 - Angle of Planes......................Grades 9-12 (AS)������������������������������ 458
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The book is designed to provide tasks for all age groups with different levels of prior knowledge, ability and diverse
interests. The exercises are grouped by topic. The levels of difficulty are noted as follows: S - standard, A - advanced,
AS - suitable for differentiation. The age groups are based on the Mathematics Syllabus of Hungary and are similar
to the grades in the UK and most European school systems. There are exercises for individual, pair and group work.
There are fourteen different topics and the icons used are as follows:
2D GEOMETRY

LOGIC

3D GEOMETRY

NET

COMBINATORICS

NUMBERS

COORDINATE GEOMETRY

PROBABILITY

GAME

SEQUENCES

GRAPHS

TRANSFORMATIONS

INTRO

TRIGONOMETRY

The exercises consist of 4 parts: Description, Solutions/Examples, Prior Knowledge and Recommendations/
Comments. The Description contains the instructions for the exercises which are often given in different Levels.
Unless otherwise stated in the Recommendations/Comments part, the Levels are in order of increasing difficulty.
Further guidelines can be found in the Recommendations/Comments part alongside the list of exercises to be
solved before or after the exercise. When there is an exercise recommended to be solved beforehand, the duration
is determined assuming that the solutions of the prerequisite are known. Each exercise has a teacher and a student
version.
CHAPTER 1: INTRO AND GAMES
The exercises found in the Intro topic are specifically designed to get students familiar with the Logifaces Set and
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with the rules of building Logifaces constructions. We recommend starting with these exercises to practise the
notations and terminology used throughout the whole Maths part. The games can be played to improve logical
thinking and spatial vision and also to have fun with the Logifaces Set whenever there is an opportunity to play in
the class.
CHAPTER 2: LOGICAL THINKING
This chapter contains a variety of exercises to improve logical thinking skills (from easier tasks for lower grades
to those requiring more complex mathematical thinking, like proofs) in the Logic topic, while the exercises of the
Graphs topic can be used as an introduction to this mathematical domain.
CHAPTER 3: NUMBERS AND SEQUENCES
This chapter contains fun and playful exercises to practise basic operations and arithmetics. Students can learn
about number systems and in the Sequences topic there are more challenging tasks, involving proofs.
CHAPTER 4: 2D GEOMETRY
In this chapter the reader can find exercises for practising basic geometrical concepts such as recognizing different
types of polygons, measuring angles, finding the perimeter and the area for polygons, using the Pythagorean
theorem and Heron’s formula. In addition to the tasks in the Intro part, these exercises provide further opportunity to
get familiar with the Logifaces Sets and the blocks themselves.
Additional practical information relating to this chapter:
•

If not mentioned otherwise, the parameters of the blocks are measured in standard units

•

The notation |AB| stands for the length of the segment AB

CHAPTER 5: 3D GEOMETRY
This chapter covers the following topics: Surface area and Volume calculations, Trigonometry, Transformations,
Coordinate geometry and Nets. Most tasks are designed to improve spatial vision, whether through craft,
manipulation of digital models or working through calculations.
Additional practical information relating to this chapter:
•

Axial symmetry means that the shape is symmetrical to the reflection about some line in 3D.

•

In the Transformations topic all rotations are anticlockwise rotations, unless otherwise stated.

•

In some exercises there is a need for other tools beside the Logifaces Sets, such as plasticine or straws.

•

Some exercises need access to GeoGebra. In all the other exercises we also recommend the use of GeoGebra,
as all the illustrations can be opened in it.

CHAPTER 6: COMBINATORICS AND PROBABILITY
This chapter contains exercises with a wide range of difficulty, where the emphasis is often on the reasoning, not
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just the final answer. As both Combinatorics and Probability are among the less intuitive topics, students often
struggle with it and need significant support from their teacher to understand and communicate their own thinking.
The Solutions/Examples parts in this chapter generally only show one way of approaching the task, please note that
at times there are several correct processes.
Additional practical information relating to this chapter:
•

Prism 333, 444 or 555 refers to a prism built from two Logifaces blocks that has a height of 3, 4 or 5 units.

•

We use the notation

for “n choose k”, the number of ways to choose an (unordered) subset of k elements

from a fixed set of n elements, so
•

.

Probability of an event:
, where all outcomes are equally likely.

•

By Total number of outcomes we refer to the whole 9 or 16 pcs Logifaces Set, instead of the total 11 different
existing Logifaces pieces.

•

The addition rule of probability states for two events A and

that

.
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MEASUREMENTS OF THE LOGIFACES BLOCKS
Measurements of the blocks in standard units
Block top edges

area
of the top face

areas of the total surface area
vertical faces

volume

111

4, 4, 4

4, 4, 4

222

4, 4, 4

4 3 ≈ 6. 928

12 + 8 3 ≈ 25. 86

4 3 ≈ 6. 928

333

12, 12, 12

112

4 3 ≈ 6. 928

36 + 8 3 ≈ 49. 86

3 × 4 3 ≈ 20. 785

2 13 ≈ 7. 211

6, 6, 8

2 13 ≈ 7. 211

10, 10, 12

122
223
233
113
133
123
132

8, 8, 8

4, 4, 4

4 3 ≈ 6. 928

4, 17, 17

2 13 ≈ 7. 211

4, 6, 6

2 13 ≈ 7. 211

8, 10, 10

8

4, 8, 8

8

8, 8, 12

2 15 ≈ 7. 746

6, 8, 10

4, 17, 17
4, 17, 17
4, 17, 17
4, 20, 20
4, 20, 20

17, 17, 20
17, 17, 20

2 15 ≈ 7. 746

6, 8, 10

24 + 8 3 ≈ 37. 86
16 + 4 3 + 2 13 ≈ 30. 14
20 + 4 3 + 2 13 ≈ 34. 14
28 + 4 3 + 2 13 ≈ 42. 14
32 + 4 3 + 2 13 ≈ 46. 14
20 + 4 3 + 8 ≈ 34. 93
28 + 4 3 + 8 ≈ 42. 93

2 × 4 3 ≈ 13. 856
4
3

× 4 3 ≈ 9. 24

7
3

× 4 3 ≈ 16. 17

5
3
8
3
5
3
7
3

× 4 3 ≈ 11. 55
× 4 3 ≈ 18. 48
× 4 3 ≈ 11. 55
× 4 3 ≈ 16. 17

24 + 4 3 + 2 15 ≈ 38. 67 2 × 4 3 ≈ 13. 86
24 + 4 3 + 2 15 ≈ 38. 67 2 × 4 3 ≈ 13. 86

Measurements of the blocks according to their real lengths
Please note that approximation errors can occur because of rounding or measurement errors.
Block top edges (cm) area of the top
face (cm2)

areas of the vertical
faces (cm2)

total surface area
(cm2)

volume (cm3)

111

5, 5, 5

10.83

6.25, 6.25, 6.25

40.41

13.54

222

5, 5, 5

10.83

12.5, 12.5, 12.5

59.16

27.08

333

5, 5, 5

10.83

18.75, 18.75, 18.75

77.91

40.62

112

5, 5.15, 5.15

11.27

6.25, 9.38, 9.38

47.11

18.05

122

5, 5.15, 5.15

11.27

9.38, 9.38, 12.5

53.36

22.56

223

5, 5.15, 5.15

11.27

12.5, 15.6, 15.6

65.8

31.59

233

5, 5.15, 5.15

11.27

15.6, 15.6, 18.75

72.05

36.11

113

5, 5.6, 5.6

12.5

6.25, 12.5, 12.5

54.58

22.56

133

5, 5.6, 5.6

12.5

12.5, 12.5, 18.75

67.08

31.59

123

5.15, 5.15, 5.6

12.1

9.38, 12.5, 15.6

60.41

27.08

132

5.15, 5.15, 5.6

12.1

9.38, 12.5, 15.6

60.41

27.08
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Grades 1-4 (S), 5-8 (S)

101 - Categorise the Blocks

Duration: 15-20 min
Tools: one 9 pcs or 16 pcs Set / pair

Erasmus+

Pair work

TEACHER

MATHS / INTRO

Keywords: Prisms

Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
Students work in pairs and discuss the following questions:
1. Compare a triangular prism (block 111 or block 222) to a truncated triangular prism (block 123) from a 9 pcs
or 16 pcs Set. What are the differences and the similarities between them? Compare other truncated pieces as
well to the triangular prism.
2. How many of the pieces from the set are truncated triangular prisms and how many are triangular prisms?
3. How many identical pieces can you ﬁnd in the 9 pcs or 16 pcs Set? Categorise the pieces.
SOLUTIONS / EXAMPLES
1.

Differences: The top faces are equilateral triangles in the triangular prisms, but not in the truncated
prisms. The vertical faces of the triangular prisms are congruent rectangles, while the truncated prisms
have two or three different height vertical edges.
Similarities: The base face is an equilateral triangle for all prisms.

2.

9 pcs Set has only one triangular prism (block 222), 16 pcs Set has two triangular prisms (block 111 and
block 333).

3.

9 pcs Set

How many

1

1

1

1

1

2

2

Blocks

16 pcs Set
How
many

1

1

2

1

1

2

1

3

2

2

Pieces

PRIOR KNOWLEDGE
Prisms and truncated prisms
RECOMMENDATIONS / COMMENTS
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Name:

101 - Categorise the Blocks

Date:

Erasmus+

Tools: one 9 pcs or 16 pcs Set / pair

MATHS / INTRO

STUDENT
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
Students work in pairs and discuss the following questions:
1. Compare a triangular prism (block 111 or block 222) to a truncated triangular prism (block 123) from a 9 pcs
or 16 pcs Set. What are the differences and the similarities between them? Compare other truncated pieces as
well to the triangular prism.
2. How many of the pieces from the set are truncated triangular prisms and how many are triangular prisms?
3. How many identical pieces can you ﬁnd in the 9 pcs or 16 pcs Set? Categorise the pieces.
SOLUTION(S)
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Grades 1-4 (S), 5-8 (S)
Duration: 15 min

102 - Identify the Block

Tools: one Logifaces Set / 1 or 2
students
Individual / Pair work

Erasmus+

MATHS / INTRO

Keywords: GeoGebra, 3D modeling

TEACHER
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
With the link below students can play with an online 3D version of a Logifaces block using their mobile devices:
https://www.geogebra.org/m/ew4n8hwb
They can change its size, turn it, look at it from all directions, and change the heights of the block. The teacher
can project the 3D model then set the heights and ask students to ﬁnd the right block from the sets given to
them.
SOLUTIONS / EXAMPLES

PRIOR KNOWLEDGE
None
RECOMMENDATIONS / COMMENTS
This exercise is recommended to get familiar with the Logifaces set.
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Name:

102 - Identify the Block

Date:
Tools: one Logifaces Set / 1 or 2
students

Erasmus+

MATHS / INTRO

STUDENT
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
With the link below students can play with an online 3D version of a Logifaces block using their mobile devices:
https://www.geogebra.org/m/ew4n8hwb
They can change its size, turn it, look at it from all directions, and change the heights of the block. The teacher
can project the 3D model then set the heights and ask students to ﬁnd the right block from the sets given to
them.
SOLUTION(S)
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Grades 1-4 (S), 5-8 (S), 9-12 (S)
Duration: 20-25 min

103 - Discovering Logifaces

Tools: one 9 pcs or 16 pcs Set /
student
Individual work

Erasmus+

MATHS / INTRO

Keywords: Introduction exercise

TEACHER
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
The Logifaces blocks are used to demonstrate the parts (base, face, edge, vertex, etc.) and properties of
prisms.
1.
Students work in pairs and each pair gets a Logifaces set to experiment with. Students measure and
compare the edges and sides of the blocks and notice that there are several types.
2.
Depending on the type, students notice that the vertical faces of the blocks differ: they can be
rectangles or right-angled trapeziums.
3.
Each student chooses a block and draws a picture of it, marking a vertex, the base and top face, a
vertical face and the different types of edges.
SOLUTIONS/EXAMPLES
Possible discoveries by subject:
MATHS

three heights, number of vertices, faces,
edges, equilateral triangle, prism, vertical
faces as polygons, etc.

SCIENCE

material of pieces, density, etc.

ARTS

form, texture, associations, etc.

PRIOR KNOWLEDGE
None
RECOMMENDATIONS/COMMENTS
This activity works best when students ﬁrst work with the set, before they know the rules of the game.
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Name:

103 - Discovering Logifaces

Date:
Tools: one 9 pcs or 16 pcs Set /
student

Erasmus+

MATHS / INTRO

STUDENT
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
The Logifaces blocks are used to demonstrate the parts (base, face, edge, vertex, etc.) and properties of
prisms.
1.
Students work in pairs and each pair gets a Logifaces set to experiment with. Students measure and
compare the edges and sides of the blocks and notice that there are several types.
2.
Depending on the type, students notice that the vertical faces of the blocks differ: they can be
rectangles or right-angled trapeziums.
3.
Each student chooses a block and draws a picture of it, marking a vertex, the base and top face, a
vertical face and the different types of edges.
SOLUTION(S)
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Grades 1-4 (S), 5-8 (S), 9-12 (S)
Duration: 20 min

104 - Find a Rule

Tools: one 9 pcs or 16 pcs Set /
student or group
Individual / Group work

Erasmus+

MATHS / INTRO

Keywords: Introduction exercise

TEACHER
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
1. Students work individually or in pairs, aiming to ﬁnd different rules in which pieces can be connected to each
other. They build a construction with their rules. (10 mins)
2. In small groups students walk around the classroom to look at each other's constructions. (10 mins)
SOLUTIONS/EXAMPLES
Examples of rules:
-

The oﬃcial rule of forming a smooth surface
Pairing or connecting pieces which have one height in common
Joining pieces in pairs to form a triangular prism (small Toblerone shape)
Arranging pieces in a triangular prism (Toblerone shape)
Putting the pieces in rainbow order (coloured set)

PRIOR KNOWLEDGE
None
RECOMMENDATIONS/COMMENTS
This activity should be done before students learn the oﬃcial rules of the game.
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Name:

104 - Find a Rule

Date:

Erasmus+

Tools: (copy the teacher’s version)

MATHS / INTRO

STUDENT
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
1. Students work individually or in pairs, aiming to ﬁnd different rules in which pieces can be connected to each
other. They build a construction with their rules. (10 mins)
2. In small groups students walk around the classroom to look at each other's constructions. (10 mins)
SOLUTION(S)

164

Grades 3-4 (A), 5-8 (S), 9-12 (S)
Duration: 30-45 min

105 - Properties of the
Blocks

Tools: one 9 pcs or 16 pcs Set / pair

Erasmus+

TEACHER

Pair work
Keywords: Prisms

MATHS / INTRO

Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
The Logifaces blocks are used to demonstrate the parts (base, face, edge, vertex, etc.) and properties of
prisms.
1.
Students work in pairs and each pair gets a Logifaces set to experiment with. Students measure and
compare edges and sides of the blocks and notice that there are several types.
2.
Depending on the type, students notice that the vertical faces of the blocks differ: they can be
rectangles or right-angled trapeziums.
3.
Each student chooses a block and draws a picture of it, marking a vertex, the base and top face, a
vertical face and the different types of edges.
SOLUTIONS / EXAMPLES
1.

Types of Logifaces blocks based on vertical edges:
- Blocks with vertical edges of the same height: block 111 and block 333 in the 16 pcs Set or block
222 in the 9 pcs Set
- Blocks with vertical edges of 2 different heights: block 112, block 113, block 133, block 233, block
122, block 223
- Blocks with vertical edges of 3 different heights: block 123 and block 132

2.

Types of Logifaces blocks based on vertical faces:
- Blocks with rectangular faces: block 111, block 222 and block 333
- Blocks with rectangular and trapezium faces: block 112, block 122, block 223, block 233, block 113,
block 133
- Blocks with only trapezium faces: block 123 and block 132

3.

Example of a drawing

PRIOR KNOWLEDGE
Basic geometrical knowledge of 2D shapes
RECOMMENDATIONS / COMMENTS
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Name:

105 - Properties of the
Blocks
Erasmus+

Date:

STUDENT

Tools: one 9 pcs or 16 pcs Set / pair

MATHS / INTRO

Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
The Logifaces blocks are used to demonstrate the parts (base, face, edge, vertex, etc.) and properties of
prisms.
1.
Students work in pairs and each pair gets a Logifaces set to experiment with. Students measure and
compare edges and sides of the blocks and notice that there are several types.
2.
Depending on the type, students notice that the vertical faces of the blocks differ: they can be
rectangles or right-angled trapeziums.
3.
Each student chooses a block and draws a picture of it, marking a vertex, the base and top face, a
vertical face and the different types of edges.
SOLUTION(S)

166

Grades 3-4 (S), 5-8 (S), 9-12 (S)

106 - Growing Surface
Game

Duration: 20 min
Tools: one 16 pcs Set / group, Paper,
Pen

Erasmus+

TEACHER

Group work

MATHS / GAME

Keywords: Game, Spatial vision

Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
Game:
A starting piece is chosen then the rest of the pieces are divided equally between the players. If a group of two
is playing, each person gets 7 pieces and the remaining one is put aside. If a group of three is playing, each
player gets 5 pieces. The starting piece is placed in the centre of the table. Now the game is played clockwise.
The person whose turn it is tries to match exactly one of his own pieces to the pieces on the table. A piece ﬁts
when the heights of the vertical edges are matching, i.e. when a continuous surface is created. If the player
succeeds in matching a piece, he/she receives one, two or three points. One point is received when only one
side ﬁts, two points when two sides ﬁt and three points when three sides ﬁt with the pieces that are already on
the table. If there is no piece to place the player's turn is over and the next person tries to match one of his
pieces. It makes the game more diﬃcult if the pieces are covered so the players can't see the opponent
players' pieces.
End of the game:
The game ends either when all the pieces have been placed or when no one can place any more pieces. The
player with the most points wins.
SOLUTIONS / EXAMPLES
Example for a group of three, starting piece: 122
Student A 113, 133, 233, 123, 132

Student B 112, 223, 233, 123, 132

Student C 111, 112, 223, 233, 333

Student A, Student B and Student C take turns in this particular order. In the following there is an example of
the order in which the pieces can be placed to create a continuous surface. 123(A-1) means that Student A
ﬁtted piece 123 and received 1 point for doing that.
123(A-1), 223(B-1), 233(C-1), 233(A-1), 233(B-1), 112(C-1), 113(A-1), 112(B-1), 333(C-1), 132(A-2), 123(B-1),
111(C-1), 133(A-1), 132(B-1), 223(C-1)
In this case Student A wins with 6 points.
PRIOR KNOWLEDGE None
RECOMMENDATIONS / COMMENTS
Playing this game is recommended with different age groups to train spatial vision in a playful way.
In addition, it can also be very valuable to explore the pieces with the players before the game begins, to label
them, to discuss the properties, to determine how many pieces are needed for a "circle" (a circle is when 6
pieces are matching in one point), or to try to ﬁnd out how many "circles" are possible (see exercise
combinatorics_04_03) at all or ﬁnding the maximum number of points a player can achieve in this game.
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Name:
Date:

106 - Growing Surface
Game
Erasmus+

STUDENT

Tools: one 16 pcs Set / group, Paper,
Pen

MATHS / GAME

Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
Game:
A starting piece is chosen then the rest of the pieces are divided equally between the players. If a group of two
is playing, each person gets 7 pieces and the remaining one is put aside. If a group of three is playing, each
player gets 5 pieces. The starting piece is placed in the centre of the table. Now the game is played clockwise.
The person whose turn it is tries to match exactly one of his own pieces to the pieces on the table. A piece ﬁts
when the heights of the vertical edges are matching, i.e. when a continuous surface is created. If the player
succeeds in matching a piece, he/she receives one, two or three points. One point is received when only one
side ﬁts, two points when two sides ﬁt and three points when three sides ﬁt with the pieces that are already on
the table. If there is no piece to place the player's turn is over and the next person tries to match one of his
pieces. It makes the game more diﬃcult if the pieces are covered so the players can't see the opponent
players' pieces.
End of the game:
The game ends either when all the pieces have been placed or when no one can place any more pieces. The
player with the most points wins.
SOLUTION(S)
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Grades 1-4 (S), 5-8 (S), 9-12 (S)
Duration: 45 min

107 - Battleship Game

Tools: two Logifaces Sets and two
triangular grids / Pair
Pair work
Keywords: Battleship

Erasmus+

MATHS / GAME

TEACHER
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
The game is similar to battleship, but played on a special triangular grid (which can be found at the end of the
exercise). The groups build a structure out of Logifaces blocks and the players have to guess the opponent's
structure.
Preparation before the game:
Each student gets a Logifaces Set and builds a structure (without the opponent seeing it) with a smooth
surface using all the pieces of the Logifaces set. Holes are allowed in the structures, but all the pieces have to
be connected by vertical faces (no corner connections or single blocks allowed). Students transfer the ﬂoor
plan of their structure onto a triangular grid.
The game:
Students guess alternately in their pairs, just like in battleship. For example, the ﬁrst student asks "Do you have
a piece on "6A+" ?", if he/she thinks there could be a piece in the intersection of line "6" and "A", that is marked
with a "+" (the + marking is needed as 6A could mean 2 triangles). If it's a "hit", the student can mark the block
in his/her grid and is allowed to guess again until he/she makes a wrong guess.
End of the game:
The game ends when a student creates a complete plan of the other student's structure. An additional task can
be to build the structure of the other student according to the plan.
Possible extension:
If students indicate the heights of the vertical edges on their ﬂoor plan, their opponent could be asked to
recreate their construction as well.
SOLUTIONS / EXAMPLES
See the ﬁgures for an example.
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PRIOR KNOWLEDGE
None
RECOMMENDATIONS / COMMENTS
It's a fun game to play on special occasions or to get familiar with the Logifaces pieces. It can develop logical
thinking skills.
If there aren’t enough sets to give to each student, the sets can be passed around after the ﬂoor plans are
created. Indicating the heights will help students to recreate their constructions if needed.
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Name:

107 - Battleship Game

Date:
Tools: two Logifaces Sets and two
triangular grids / Pair

Erasmus+

MATHS / GAME

STUDENT
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
The game is similar to battleship, but played on a special triangular grid (which can be found at the end of the
exercise). The groups build a structure out of Logifaces blocks and the players have to guess the opponent's
structure.
Preparation before the game:
Each student gets a Logifaces Set and builds a structure (without the opponent seeing it) with a smooth
surface using all the pieces of the Logifaces set. Holes are allowed in the structures, but all the pieces have to
be connected by vertical faces (no corner connections or single blocks allowed). Students transfer the ﬂoor
plan of their structure onto a triangular grid.
The game:
Students guess alternately in their pairs, just like in battleship. For example, the ﬁrst student asks "Do you have
a piece on "6A+" ?", if he/she thinks there could be a piece in the intersection of line "6" and "A", that is marked
with a "+" (the + marking is needed as 6A could mean 2 triangles). If it's a "hit", the student can mark the block
in his/her grid and is allowed to guess again until he/she makes a wrong guess.
End of the game:
The game ends when a student creates a complete plan of the other student's structure. An additional task can
be to build the structure of the other student according to the plan.
Possible extension:
If students indicate the heights of the vertical edges on their ﬂoor plan, their opponent could be asked to
recreate their construction as well.
SOLUTION(S)

172

Grades 5-8 (S), 9-12 (S)
Duration: 10-20 min

108 - Create Hexagons

Tools: one 9 pcs Set/student
Group work
Keywords: Hexagon

Erasmus+

MATHS / GAME

TEACHER
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
Each student gets a 9 pcs Set and aims to form a hexagon (with continuous surface). Students can exchange
pieces and work together to form as many hexagons as possible. As they exchange the pieces, they should
practise the standard notation of the blocks.
SOLUTIONS / EXAMPLES
A good strategy can be for different students to collect different types of pieces. E.g. one student collects only
the pieces 112 and 122, others only pieces 123 and 132 or 233 and 223.
The game can also be played with the 16 pcs Set or with both sets.
PRIOR KNOWLEDGE
None
RECOMMENDATIONS / COMMENTS
The goal of the exercise is to practise the standard notation of the blocks and to imagine what piece is needed
without trying it ﬁrst, which improves spatial vision.
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Name:

108 - Create Hexagons

Date:

Erasmus+

Tools: one 9 pcs Set/student

MATHS / GAME

STUDENT
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
Each student gets a 9 pcs Set and aims to form a hexagon (with continuous surface). Students can exchange
pieces and work together to form as many hexagons as possible. As they exchange the pieces, they should
practise the standard notation of the blocks.
SOLUTION(S)

174

Grades 5-8 (S), 9-12 (S)
Duration: 5-10 min

109 - Complement it!

Tools: one Logifaces Set / 2-4
students
Group work

Erasmus+

MATHS / GAME

TEACHER
Logifaces

Keywords: Prism

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
Each group of 2-4 students works with a Logifaces set. One student chooses a piece and the others have to
choose a piece that complements it to a prism. The student who ﬁnds a proper piece the fastest, can choose
the next piece, and the game continues.
SOLUTIONS / EXAMPLES
After playing 5-7 rounds of the game, the proper pairs can be written on the blackboard.
Other version: The teacher chooses the ﬁrst piece, and waits until every student ﬁnds a proper complementing
piece.
PRIOR KNOWLEDGE
None
RECOMMENDATIONS / COMMENTS
The goal of the game is to warm-up or rest after computing the areas and surfaces of the pieces.
Knowing the areas of the top triangles helps being successful in the game. See exercises 406 - Different
Triangles and 411 - Area of Triangles.
Or in the other way: knowing the complementing pairs in this game helps ﬁnding the congruent triangles before
computing all the edge lengths separately.
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Name:

109 - Complement it!

Date:
Tools: one Logifaces Set / 2-4
students

Erasmus+

MATHS / GAME

STUDENT
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
Each group of 2-4 students works with a Logifaces set. One student chooses a piece and the others have to
choose a piece that complements it to a prism. The student who ﬁnds a proper piece the fastest, can choose
the next piece, and the game continues.
SOLUTION(S)

176

Grades 5-8 (S), 9-12 (S)
Duration: 15-20 min

110 - Twenty Questions
Sketch

Tools: one Logifaces Set / class

Erasmus+

TEACHER

Group work
Keywords: Logical thinking, Geometry

Logifaces

MATHS / GAME

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
The teacher chooses a Logifaces piece and shows it to one student only. The other students can guess
according to the rules of the game "twenty questions" (Hungarian name of this game is "barchoba"): they ask
yes/no questions from the student who is hiding the block. The students draw the piece when they have
enough information from the answers to do so. The teacher checks the drawings.
When all / most of the students have a correct drawing, they can see the piece.
SOLUTIONS / EXAMPLES
This is a warm-up exercise before knowing anything about the Logifaces game. Before trying the game with a
Logifaces piece, it is recommended to try it ﬁrst with a more familiar polyhedron, like a hexahedron.
We recommend ﬁrst choosing the piece 111, 222 or 333 and then the piece 133, 122, 112 or 113. Pieces 111,
222 and 333 are known by the students as triangular prisms.
Finally, the piece 123 can also be chosen.
PRIOR KNOWLEDGE
Parts and properties of polyhedra.
RECOMMENDATIONS / COMMENTS
The goal of the exercise is to practise the correct terminology related to polyhedra.
Other possible versions of the game:
- The one student cannot see, just touch the chosen piece.
- The other students have to select the piece from the Logifaces set instead of drawing it.
- The other students have to select the piece from the Logifaces set but instead of seeing the pieces, they are
only allowed to touch them (e.g. selecting from a dark box).
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Name:
Date:

110 - Twenty Questions
Sketch
Erasmus+

STUDENT

Tools: one Logifaces Set / class

MATHS / GAME

Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
The teacher chooses a Logifaces piece and shows it to one student only. The other students can guess
according to the rules of the game "twenty questions" (Hungarian name of this game is "barchoba"): they ask
yes/no questions from the student who is hiding the block. The students draw the piece when they have
enough information from the answers to do so. The teacher checks the drawings.
When all / most of the students have a correct drawing, they can see the piece.
SOLUTION(S)

178

Grades 1-4 (SA)
Duration: 5-15 min

201 - True, True, False

Tools: one Logifaces Set / pair

Erasmus+

MATHS / LOGIC

Pair work
Keywords: Logic, Geometry

TEACHER
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
Students work in pairs.
1.

Each student chooses a piece or builds a construction.

2.

They write 1 false and 2 true statements about their piece / construction (without writing which one is
false), and give it to their partner.

3.

Students ﬁnd the false statement among their partner's statements.

4.

They check, discuss in pairs.

SOLUTIONS/EXAMPLE:
The following is an example when piece 233 is chosen:
TRUE:

Block 233 can be completed to a regular prism with block 112.

TRUE:

Block 233 has one plane of symmetry.

FALSE:

Sum of the areas of the lateral faces of block 233 is 33.

PRIOR KNOWLEDGE
None
RECOMMENDATIONS/COMMENTS
This is a great exercise to train logical thinking. Working with pieces is easier than with constructions - if
needed, start with individual pieces only. This exercise is suitable for differentiation between students.
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Name:

201 - True, True, False

Date:

Erasmus+

Tools: one Logifaces Set / pair

MATHS / LOGIC

STUDENT
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
Students work in pairs.
1.

Each student chooses a piece or builds a construction.

2.

They write 1 false and 2 true statements about their piece / construction (without writing which one is
false), and give it to their partner.

3.

Students ﬁnd the false statement among their partner's statements.

4.

They check, discuss in pairs.

SOLUTION(S)

180

Grades 1-4 (S), 5-8 (S)
Duration: 10-15 min

202 - Blind Block

Tools: one Logifaces Set / student
Individual work
Keywords: Game, Geometry

Erasmus+

MATHS / LOGIC

TEACHER
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
Preparation: each student has a Logifaces set, or some pieces in front of them. In the ﬁrst round the teacher is
the leader, then students take turns in being leaders. The other students close their eyes.
1.

The leader asks students to ﬁnd a piece with a certain property, e.g. 'has three different heights' or 'is
symmetrical'.

2.

Students ﬁnd a piece with their eyes closed and hold it up.

3.

Students open their eyes and check if the piece of their neighbour is correct.

SOLUTIONS / EXAMPLES
Possible properties (depending on the level of the students)
- The piece has three different heights
- Exactly one face is a rectangle
- Two faces are equilateral triangles
- The piece is symmetrical / has reﬂection symmetry / rotational symmetry / central symmetry
- The piece with the largest volume
PRIOR KNOWLEDGE
Depends on the properties asked (the leader should tailor the properties to the level of the class).
RECOMMENDATIONS / COMMENTS
This exercise is suitable for practising different geometric properties.
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Name:

202 - Blind Block

Date:

Erasmus+

Tools: one Logifaces Set / student

MATHS / LOGIC

STUDENT
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
Preparation: each student has a Logifaces set, or some pieces in front of them. In the ﬁrst round the teacher is
the leader, then students take turns in being leaders. The other students close their eyes.
1.

The leader asks students to ﬁnd a piece with a certain property, e.g. 'has three different heights' or 'is
symmetrical'.

2.

Students ﬁnd a piece with their eyes closed and hold it up.

3.

Students open their eyes and check if the piece of their neighbour is correct.

SOLUTION(S)

182

Grades 1-4 (S), 5-8 (SA)
Duration: 20 min

203 - Twenty Questions

Tools: one Logifaces Set / pairs

Erasmus+

Pair work
Keywords: Yes / no questions,
Exponents

MATHS / LOGIC

TEACHER
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
LEVEL 1

Students play in pairs. If using the 9 pcs Set each pair gets 7 different Logifaces pieces (as there
are 7 different pieces in the 9 pcs Set). If using the 16 pcs Set, each pair gets 10 different pieces
(as there are 10 different pieces in the 16 pcs Set).
Students put the pieces down on the table in front of them and one student thinks of a piece
without moving it from the table. The other student needs to ask yes/no questions to ﬁnd out
which piece the ﬁrst student is thinking of.

LEVEL 2

What is the least amount of questions that is always enough to ﬁnd the piece (even if you are not
lucky)? How many questions are needed to choose from 2, 4, 10, 16, 20 different pieces?

SOLUTIONS/EXAMPLES
LEVEL 2

To ﬁnd the least amount of questions, the optimal strategy is to approximately half the pieces
with each question: either by ﬁnding an appropriate question, or simply dividing the pieces into
two approximately equal groups, and asking if the piece is in one of them. This way, if we are
unlucky, we will need 4 questions, if we are playing with 10 pieces.
With less than 4 questions it is not possible to solve the problem (if we are unlucky), because 1
question is enough for at most 2 pieces, 2 questions are enough for at most 4 pieces, and 3
questions for at most 8.
If we are playing with 7 different pieces, we need only 3 questions.
So we need 1 question for 2 pieces, 2 questions for 4 pieces, 4 questions for 10 and 16 pieces,
and 5 questions for 20 pieces.

PRIOR KNOWLEDGE
None
RECOMMENDATIONS/COMMENTS
LEVEL 2

This is an additional question after the LEVEL 1 exercise.
If students have already learned exponents, the teacher can connect the number of questions
needed to the powers of 2.
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203 - Twenty Questions

Name:
Date:

Erasmus+

Tools: one Logifaces Set / pairs

MATHS / LOGIC

STUDENT
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
LEVEL 1

Students play in pairs. If using the 9 pcs Set each pair gets 7 different Logifaces pieces (as there
are 7 different pieces in the 9 pcs Set). If using the 16 pcs Set, each pair gets 10 different pieces
(as there are 10 different pieces in the 16 pcs Set).
Students put the pieces down on the table in front of them and one student thinks of a piece
without moving it from the table. The other student needs to ask yes/no questions to ﬁnd out
which piece the ﬁrst student is thinking of.

LEVEL 2

SOLUTION(S)

184

What is the least amount of questions that is always enough to ﬁnd the piece (even if you are not
lucky)? How many questions are needed to choose from 2, 4, 10, 16, 20 different pieces?

Grades 1-4 (S), 5-8 (S), 9-12 (S)
Duration: 10-20 min

204 - True or False?

Tools: one Logifaces Set
Group work
Keywords: Probability, Game

Erasmus+

MATHS / LOGIC

TEACHER
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
1.

Teacher or a student makes a statement.

2.

Teacher counts 1, 2, 3, and at 3 everyone holds their thumbs up (believe) or down (not believe).

3.

In pairs, students count or calculate the answer.

4.

The whole class can discuss the results.

SOLUTIONS/EXAMPLES:
Example statement for grades 1-8: There are more pieces with 3 different heights than pieces with 3 equal
heights.
Example statement for grades 9-12: If a piece from the set is selected at random, the probability of drawing a
piece which has at least two equal heights is greater than drawing one which has a height of length 2.
PRIOR KNOWLEDGE
1-8th grade: None
9-12th grade: Basic Probability
RECOMMENDATIONS/COMMENTS
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Name:

204 - True or False?

Date:

Erasmus+

Tools: one Logifaces Set

MATHS / LOGIC

STUDENT
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
1.

Teacher or a student makes a statement.

2.

Teacher counts 1, 2, 3, and at 3 everyone holds their thumbs up (believe) or down (not believe).

3.

In pairs, students count or calculate the answer.

4.

The whole class can discuss the results.

SOLUTION(S)

186

Grades 3-4 (S) 4-8 (S) 9-12 (S)
Duration: 10-15 min

205 - Odd One Out Game

Tools: 4-5 Logifaces blocks / group
Group work
Keywords: Odd one out

Erasmus+

TEACHER

MATHS / LOGIC

Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
Students form groups of 3 or 4. Each group gets 4-5 different Logifaces blocks. Taking turns the group
members choose a Logifaces block and explain why they think it’s an odd one out. Every choice is acceptable
if reasonably explained. The game will continue until no one can choose another odd one out.
SOLUTIONS / EXAMPLES
Possible odd one outs when the group gets blocks 222, 133, 113 and 132.
block 222 is the only block:

block 133 is the only block:

with vertical edges of the same height.

which has a rectangle as a vertical face with side
lengths 3 and 4 units.

which is a prism.
where the top face is an equilateral triangle.
where the top and the base faces are congruent.

where two vertical edges are 3 units long.
where the sum of the vertical edges is 7 units.

block 113 is the only block:

block 132 is the only block:

which has a rectangle as a vertical face with side
lengths 1 and 4 units.

with vertical edges of three different lengths.

where two vertical edges are 1 unit long.
where the sum of the vertical edges is 5 units.

with three different trapezium vertical faces.
where the top face is a scalene triangle.

PRIOR KNOWLEDGE None
RECOMMENDATIONS / COMMENTS
It is an exercise to improve logical thinking since every solution is accepted when supported by an explanation.
Students are encouraged to ﬁnd as many solutions as they can. It can be an introductory exercise to get
familiar with the Logifaces Set or it can be done when students already got through other Logifaces exercises.
In that case they can consider a lot more properties to ﬁnd odd one outs.
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Name:

205 - Odd One Out Game

Date:

Erasmus+

Tools: 4-5 Logifaces blocks / group

MATHS / LOGIC

STUDENT
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
Students form groups of 3 or 4. Each group gets 4-5 different Logifaces blocks. Taking turns the group
members choose a Logifaces block and explain why they think it’s an odd one out. Every choice is acceptable
if reasonably explained. The game will continue until no one can choose another odd one out.
SOLUTION(S)

188

Grades 1-4 (S), 5-8 (S), 9-12 (S)
Duration: 20 min

206 - Find the Right Set

Tools: one Logifaces Set / group

Erasmus+

Group work
Keywords: Sets, Subsets, Venn
diagrams

MATHS / LOGIC

TEACHER
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
Note: the following are three separate exercises, appropriate for different ages. Students form groups of 2, 3 or
4.
BASICS (Grades 1-4)
Students draw a large circle. Teacher says a property (eg. has 3 different heights), students sort matching
pieces inside the circle, and the rest outside.
Possible descriptions: Has 3 different heights / Has a height which is 2 / It stays the same if you mirror it / Has
a side which is a triangle / Has 8 corners (vertices)
VENN DIAGRAMS (Grades 5-12)
Students draw or the teacher hands out a large Venn diagram with 2 or 3 sets.
Possible labels for the sets (besides properties used above): Has rotational symmetry/Triangular
prism/Pyramid.
SUBSETS (Grades 5-12)
Students draw two concentric circles (a set which is a subset of another one), and ﬁnd possible labels (Eg. Has
a height which is 2, Has 3 different heights), then sort pieces.
SOLUTIONS / EXAMPLES
We recommend starting with easier properties, then proceeding to more complex ones e.g. ones that yield to all
pieces or no pieces.
For Venn diagrams start with instructions where there are pieces in all regions, then proceed to special ones
(where the intersection is empty, or one is the subset of the other, etc)
PRIOR KNOWLEDGE
1-4th grade: None
5-12th grade: Sets, Venn diagrams
RECOMMENDATIONS / COMMENTS
1-4th grade: It is a great exercise to practise the basics of classiﬁcation.
5-12th grade: It is a great exercise to practise sets and Venn diagrams.
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Name:

206 - Find the Right Set

Date:

Erasmus+

Tools: one Logifaces Set / group

MATHS / LOGIC

STUDENT
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
Note: the following are three separate exercises, appropriate for different ages. Students form groups of 2, 3 or
4.
BASICS (Grades 1-4)
Students draw a large circle. Teacher says a property (eg. has 3 different heights), students sort matching
pieces inside the circle, and the rest outside.
Possible descriptions: Has 3 different heights / Has a height which is 2 / It stays the same if you mirror it / Has
a side which is a triangle / Has 8 corners (vertices)
VENN DIAGRAMS (Grades 5-12)
Students draw or the teacher hands out a large Venn diagram with 2 or 3 sets.
Possible labels for the sets (besides properties used above): Has rotational symmetry/Triangular
prism/Pyramid.
SUBSETS (Grades 5-12)
Students draw two concentric circles (a set which is a subset of another one), and ﬁnd possible labels (Eg. Has
a height which is 2, Has 3 different heights), then sort pieces.
SOLUTION(S)
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Grades 1-4 (S), 5-8 (SA), 9-12 (SA)
Duration: 20 min

207 - Straight Line

Tools: one 9 pcs Set / 1-2 student
Individual / Pair work
Keywords: Proof

Erasmus+

MATHS / LOGIC

TEACHER
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
LEVEL 1

Leave out the block 222 and arrange the remaining blocks of the 9 pcs Set into a line. (Also level
1: leave out the block 112 or 133 or 123 or 132)

LEVEL 2

Leave out the block 221 and try to arrange the remaining blocks of the 9 pcs Set into a line. After
a few failed attempts, prove that it is impossible to arrange the blocks into a line.

LEVEL 3

Leave out the block 113 and try to arrange the remaining blocks of the 9 pcs Set into a line. After
a few failed attempts, prove that it is impossible to arrange the blocks into a line.

SOLUTIONS / EXAMPLES
LEVEL 1

See the ﬁgures for examples of possible solutions.

Block 222 left out:

Block 123 left out:

Block 132 left out:

Block 133 left out:
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LEVEL 2

The block 221 cannot be left out, because the block 222 can only be placed next to the block
221.

LEVEL 3

The block 222 can be placed only next to the block 221, hence the block 222 must be the ﬁrst (or
last) block in the line, followed by the block 221.
The block 112 cannot be the third block in the line, because it should be followed by a block with
an edge 11, and there is no other such block. Therefore the third block must be the block 123 (or
132 depending on the way of arrangement). In the following part of the argument, we continue
with the arrangement with block 123 in third place. The case of the other arrangement can be
proved similarly.
The fourth block cannot be block 133, because it should be followed by a block with an face 33,
and there is no other such block. Therefore the fourth block must be the block 132.
It is clear that the ﬁfth block must be the block 123.
The sixth block cannot be block 112 for the same reason as before. Thus the sixth block must be
the block 132. This can be followed only by block 133. The remaining block 112 cannot be placed
next to the block 133, hence there is no arrangement into a line.

PRIOR KNOWLEDGE
None
RECOMMENDATIONS / COMMENTS
Exercise 208 - Impossible Line is recommended as an advanced level additional question to this exercise.
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207 - Straight Line

Name:
Date:

Erasmus+

Tools: one 9 pcs Set / 1-2 student

MATHS / LOGIC

STUDENT
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
LEVEL 1

Leave out the block 222 and arrange the remaining blocks of the 9 pcs Set into a line. (Also level
1: leave out the block 112 or 133 or 123 or 132)

LEVEL 2

Leave out the block 221 and try to arrange the remaining blocks of the 9 pcs Set into a line. After
a few failed attempts, prove that it is impossible to arrange the blocks into a line.

LEVEL 3

Leave out the block 113 and try to arrange the remaining blocks of the 9 pcs Set into a line. After
a few failed attempts, prove that it is impossible to arrange the blocks into a line.

SOLUTION(S)
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Grades 7-8 (A), 9-12 (A)
Duration: 45 min

208 - Impossible Line

Tools: one 9 pcs Set / 1-2 student
Individual / Pair work
Keywords: Indirect proof

Erasmus+

MATHS / LOGIC

TEACHER
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
Students try to arrange the 9 pcs Set into a line with a continuous surface. If they do not succeed, they attempt
to prove why it is impossible.
SOLUTIONS / EXAMPLES
The line arrangement is an impossible pattern using the 9 pcs Set. The proof of this statement presented here
requires basic number theory (divisibility of numbers) and the logic of indirect proof.
Let us write the list of the blocks of the 9 pieces set, where every row represents a single block:
222
112 = 121 = 211
113 = 131 = 311
221 = 212 = 122
331 = 313 = 133
123 = 231 = 312
123 = 231 = 312
132 = 321 = 213
132 = 321 = 213
A proper line arrangement consisting of the blocks of the 9 pcs Set can be encoded by a sequence of length 11:
a1a2a3...a10a11, see the diagram.

We will show two facts that have to be true for any sequence given by a proper line arrangement, but they
cannot be true at the same time. It follows that there can be no proper sequence, and hence there is no proper
arrangement of the 9 pcs Set into a line.
FACT 1
The 222 block can be put only next to the block 122, hence in any proper line arrangement, the
222 block must be the ﬁrst or the last element. Thus one of the followings holds for any proper sequence:
a1=2, a2=2, a3=2, a4=1 or
a8=1, a9=2, a10=2, a11=2
Reversing a proper sequence gives a proper sequence, hence if there is a proper line arrangement, then there is
one with a1=2, a2=2, a3=2, a4=1.
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FACT 2
Let us make the following list: write down every second triples of the sequence of a line
arrangement starting from the ﬁrst one: a1a2a3, a3a4a5, …,a9a10a11 and write down all the remaining triples in the
reversed order, i.e. the triples a4a3a2, … , a10a9a8.
In that way, exactly one code of each block of the 9 pcs Set is written, hence the following numbers are written
down in the list (see the occurrence of the numbers in the list of the blocks of the 9 pcs Set):
10 lots of 1s
10 lots of 2s
7 lots of 3s
Seen from the point of view of the sequence a1a2a3...a10a11, the following numbers are written down in the list:
a1 and a11 once
a2 and a10 twice
a3,..., a9 three times
We compare Fact 1 and the properties of the list given in Fact 2.
If a1=2, a2=2, a3=2, a4=1, then these numbers already imply writing down 6 times the number “2” in the list. The
remaining 4 occurrences of “2” can happen only if one of them is a5,...,a8 or a9 (written three times) and one of
them is a11 (written once). Then the number a10 is either “1” or “3”.
If a10=1, then “3” occurs only among a3,..., a9, hence the number of 3’s in the list must be divisible by 3.
If a10=3, then “1” occurs only among a3,..., a9, hence the number of 1’s in the list must be divisible by 3.
Both cases contradict Fact 2, hence Facts 1 and 2 can not hold simultaneously. This proves that there can be
no line arrangement of the 9 pcs Set.
PRIOR KNOWLEDGE
Basic number theory, Indirect proof
RECOMMENDATIONS / COMMENTS
After laying out several patterns and counting the possible layouts of some pattern, this can be a more
challenging question. The proof of the impossibility is often a hard exercise and needs experience in proofs.
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Name:

208 - Impossible Line

Date:

Erasmus+

Tools: one 9 pcs Set / 1-2 student

MATHS / LOGIC

STUDENT
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
Students try to arrange the 9 pcs Set into a line with a continuous surface. If they do not succeed, they attempt
to prove why it is impossible.

SOLUTION(S)

196

Grades 5-8 (S), 9-12 (S)
Duration: 15-20 min

209 - Create and Code

Tools: one Logifaces Set / pair
Pair work
Keywords: Coding

Erasmus+

MATHS / LOGIC

TEACHER
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
Each pair builds a construction. They need to make a drawing on a piece of paper that will guide another pair to
build the same construction without seeing theirs (they may take a mental or real photo and ruin the
construction after creating the drawing).
SOLUTIONS / EXAMPLES
Possible codes:
Easier codes:
- Draw the construction from above, and at each triangle vertex write a number for the height.
- Draw the construction from different angles (from above and 3-4 sides).
More advanced:
- Axonometry
- Descriptive geometry

PRIOR KNOWLEDGE
None
RECOMMENDATIONS / COMMENTS
We recommend starting with basic constructions, but later students can also create more complex ones (e.g.
stacking pieces on top of each other).
The teacher can leave students complete freedom in designing their codes, or they can ask them to use a
speciﬁc one (we recommend starting with free coding ﬁrst).
The following tasks show examples of encoding with graphs: 211 - Graph from Shape and 212 - Shape from
Graph.
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Name:

209 - Create and Code
Erasmus+

Date:
Tools: one Logifaces Set / pair

MATHS / LOGIC

STUDENT
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
Each pair builds a construction. They need to make a drawing on a piece of paper that will guide another pair to
build the same construction without seeing theirs (they may take a mental or real photo and ruin the
construction after creating the drawing).
SOLUTION(S)
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Grades 5-8 (A), 9-12 (A)

210 - Blockology

Duration: 55-90 min
Tools: one Logifaces Set

Erasmus+

Individual / Group work
Keywords: Maths research, Proof

MATHS / LOGIC

TEACHER
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
PART 1
1. Optional: Students collect mathematical properties of Logifaces pieces (in small groups or as a whole class).
(5-15 mins)
2. Students write mathematical questions in connection with the Logifaces game (individual work). (5-10 mins)
3. In pairs or small groups, they share their questions and write more. (10-15 mins)
4. Groups share their questions with the whole class, the teacher writes them on the board or types them up,
indicating the name of the student who asked it. (10 mins)
PART 2 (this can happen on the same day or on a different day)
5. The teacher projects or prints out questions. Explains how mathematicians come up with and work on
questions. Some questions are evident, others take hundreds of years to solve. Mathematicians often come up
with partial results. (5 mins)
6. In groups, students assess questions as easy, moderate and difficult. (5 mins)
7. Each group chooses a different question to work on, with moderate difficulty. They think about it, and come
up with partial results. If they solve it or get stuck, they can choose another question. (15-25 mins)
8. Whole class discussion about the results. (10 mins)
SOLUTIONS / EXAMPLES
Examples of possible questions and (partial) answers:
- How can the volume of a piece be calculated? Answers can be found in exercises 515 - Simple Volumes and
516 - Truncated Volumes. Is there a formula that works in general? Why is that formula true? The answers can
be found in exercises 517 - Heights and Volumes and 518 - Proof of the Volume Formula. Can you give a more
general formula for other types of polyhedra?
- What ﬂoor plans can be built using the Logifaces pieces? How many ways are there to build a given ﬂoor plan?
Examples can be found in exercises 608 - 4 Block Triangles and 609 - Hexagon Count. Can you ﬁnd a general
formula that shows the number of different buildings for any given ﬂoor plan? Can you show if a given ﬂoor
plan is impossible? Exercise 208 - Impossible Line shows an example of an impossible ﬂoor plan and the proof
of the impossibility. Can you ﬁnd a general rule which can show easily whether a given ﬂoor plan is impossible
or not?
PRIOR KNOWLEDGE

None

RECOMMENDATIONS / COMMENTS
Most students are not used to posing mathematical questions, so they might struggle with it first.
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Name:

210 - Blockology

Date:

Erasmus+

Tools: one Logifaces Set

MATHS / LOGIC

STUDENT
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
PART 1
1. Optional: Students collect mathematical properties of Logifaces pieces (in small groups or as a whole class).
(5-15 mins)
2. Students write mathematical questions in connection with the Logifaces game (individual work). (5-10 mins)
3. In pairs or small groups, they share their questions and write more. (10-15 mins)
4. Groups share their questions with the whole class, the teacher writes them on the board or types them up,
indicating the name of the student who asked it. (10 mins)
PART 2 (this can happen on the same day or on a different day)
5. The teacher projects or prints out questions. Explains how mathematicians come up with and work on
questions. Some questions are evident, others take hundreds of years to solve. Mathematicians often come up
with partial results. (5 mins)
6. In groups, students assess questions as easy, moderate and difficult. (5 mins)
7. Each group chooses a different question to work on, with moderate difficulty. They think about it, and come
up with partial results. If they solve it or get stuck, they can choose another question. (15-25 mins)
8. Whole class discussion about the results. (10 mins)
SOLUTION(S)
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Grades 9-12 (S)
Duration: 15 min

211 - Graph from Shape

Tools: one Logifaces Set / 1-2 student
Individual / Pair work
Keywords: Graph, Edge, Vertex

Erasmus+

MATHS / GRAPHS

TEACHER
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
1. Every student (or pair) gets a Logifaces set, and builds a continuous surface of their choice.
2. Each student puts a tracing paper (or normal paper) above their construction, and draws a point in the
middle of each triangle. Teacher explains that these are called the vertices of the graph, and asks them to write
'vertex' pointing to some of them.
3. Students ﬁnd two pieces in their construction that touch back to back (with a whole face), and connect
corresponding vertices on the paper. They repeat this for all pieces. Teacher explains that these are called the
edges of the graph, and asks them to write 'edge' pointing to some of them.
4. Teacher asks students to choose a vertex, and count the number of edges arriving at that vertex. This is the
degree of the vertex. Students write the degree to each vertex, and write 'degree' pointing to some of them.
SOLUTIONS / EXAMPLES
Students make drawings like the one shown in the pictures below.

PRIOR KNOWLEDGE
None
RECOMMENDATIONS / COMMENTS
If the teacher wants to continue with the next graph theory exercises 212 - Shape from Graph, they should
collect students' graphs with their names at the end of the lesson.
During the session the teacher can ask students the difference between the vertex/edge of a Logifaces piece,
and a vertex/edge of their graph.
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Name:

211 - Graph from Shape

Date:
Tools: one Logifaces Set / 1-2
student

Erasmus+

MATHS / GRAPHS

STUDENT
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
1. Every student (or pair) gets a Logifaces set, and builds a continuous surface of their choice.
2. Each student puts a tracing paper (or normal paper) above their construction, and draws a point in the
middle of each triangle. Teacher explains that these are called the vertices of the graph, and asks them to write
'vertex' pointing to some of them.
3. Students ﬁnd two pieces in their construction that touch back to back (with a whole face), and connect
corresponding vertices on the paper. They repeat this for all pieces. Teacher explains that these are called the
edges of the graph, and asks them to write 'edge' pointing to some of them.
4. Teacher asks students to choose a vertex, and count the number of edges arriving at that vertex. This is the
degree of the vertex. Students write the degree to each vertex, and write 'degree' pointing to some of them.
SOLUTION(S)

202

Grades 9-12 (S)
Duration: 15 min

212 - Shape from Graph

Tools: one Logifaces Set / 1-2 student
Individual / Pair work
Keywords: Graph, Edge, Vertex

Erasmus+

MATHS / GRAPHS

TEACHER
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
If students previously did exercise 211 - Graph from Shape, then the teacher distributes graphs prepared in a
way that each student gets someone else's. They need to build a construction corresponding to that graph.
If students previously did not do exercise 211 - Graph from Shape, then each student builds a continuous
surface of their choice, and draws the corresponding graph: they put tracing paper (or normal paper) above the
construction, vertices will be the midpoints of triangles, and they will draw edges between them if the two
pieces touch back to back (with a whole face). Once the graphs are complete, students exchange the drawings
with their classmates. They need to build a construction corresponding to their new graph.
SOLUTIONS / EXAMPLES
Students create the construction according to the pictures below.

PRIOR KNOWLEDGE
None
RECOMMENDATIONS / COMMENTS
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Name:

212 - Shape from Graph
Erasmus+

Date:
Tools: one Logifaces Set / 1-2 student

MATHS / GRAPHS

STUDENT
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
If students previously did exercise 211 - Graph from Shape, then the teacher distributes graphs prepared in a
way that each student gets someone else's. They need to build a construction corresponding to that graph.
If students previously did not do exercise 211 - Graph from Shape, then each student builds a continuous
surface of their choice, and draws the corresponding graph: they put tracing paper (or normal paper) above the
construction, vertices will be the midpoints of triangles, and they will draw edges between them if the two
pieces touch back to back (with a whole face). Once the graphs are complete, students exchange the drawings
with their classmates. They need to build a construction corresponding to their new graph.
SOLUTION(S)

204

Grades 2-4 (S)
Duration: 10-15 min

301 - Multiplication with
Heights

Tools: one Logifaces piece / student

Erasmus+

TEACHER

Individual work
Keywords: Addition, Multiplication

MATHS / NUMBERS

Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
1. Each student takes a Logifaces piece.
2. The teacher thinks of a natural number up to 10.
3. The students check the three heights of their Logifaces piece, then multiply the given number with each
height, and add the three results.
4. The whole class can discuss who got identical results.
5. They can also discuss who got the smallest and largest numbers or they can put the results in ascending or
descending order.
6. Steps 2-4 can be repeated 3-4 times, then observe that always the same students got the same results discussion of the reason could follow.
SOLUTIONS / EXAMPLE
For example if the teacher thinks of number 7, and the heights of the Logifaces piece are 1, 2 and 2, students
should calculate the following: 7 × 1 + 7 × 2 + 7 × 2 = 35.
Students who got blocks with equal sums of heights will get the same results.

PRIOR KNOWLEDGE
Multiplication table, Addition
RECOMMENDATIONS / COMMENTS
This task can be used to deepen the understanding of multiplication.
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Name:

301 - Multiplication with
Heights

Date:

Erasmus+

STUDENT

Tools: one Logifaces piece / student

MATHS / NUMBERS

Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
1. Each student takes a Logifaces piece.
2. The teacher thinks of a natural number up to 10.
3. The students check the three heights of their Logifaces piece, then multiply the given number with each
height, and add the three results.
4. The whole class can discuss who got identical results.
5. They can also discuss who got the smallest and largest numbers or they can put the results in ascending or
descending order.
6. Steps 2-4 can be repeated 3-4 times, then observe that always the same students got the same results discussion of the reason could follow.
SOLUTION(S)

206

Grades 3-4 (A) 5-8 (S)
Duration: 10-20 min

302 - Secret Number

Tools: one 9 pcs or 16 pcs Set / group

Erasmus+

TEACHER

Group work
Keywords: Addition, Multiplication,
Distributive property

MATHS / NUMBERS

Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
1. Students form pairs within groups of 4. Each pair takes a Logifaces piece, and thinks of a secret number.
LEVELS 1-2: The secret number is a natural number or an integer up to 10.
LEVEL 3:

The secret number can be any real number. See 'Prior knowledge' and 'Recommendations' for
the description of Levels.

2. Each pair takes a Logifaces piece. The teacher says: “Check the three heights of your Logifaces piece,
multiply your secret number with each height, and add the three results.” (e.g. if your secret number is 7, and
the heights are 1, 2 and 2, then calculate 7 × 1 + 7 × 2 + 7 × 2 = 35)
3. Each pair gives their Logifaces piece and their ﬁnal result (e.g. 35) to the other pair in their group.

4. Each pair guesses the secret number of the other pair.
5. Steps 1-4 can be repeated 1-3 times. Meanwhile, teachers can give hints and input if needed, they can also
suggest students to think of more complicated or special secret numbers.
6. Whole class discussion: discussing, summarising and formalising strategies, discussing different types of
secret numbers (e.g. negative) and special secret numbers (e.g. 0)
SOLUTIONS / EXAMPLES
Distributive property: (𝑎𝑎 + 𝑏𝑏)𝑐𝑐 = 𝑎𝑎𝑐𝑐 + 𝑏𝑏𝑐𝑐. Students use this implicitly in Levels 1-2, and explicitly in Level 3.
PRIOR KNOWLEDGE
LEVELS 1-2

Addition, Multiplication

LEVEL 3

Distributive property

RECOMMENDATIONS / COMMENTS
The exercise can be used on different levels:
LEVEL 1

practise operations and their properties

LEVEL 2

(a) prepare the distributive property (b) discover the distributive property

LEVEL 3

practise the distributive property
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302 - Secret Number

Name:
Date:

Erasmus+

Tools: one 9 pcs or 16 pcs Set / group

MATHS / NUMBERS

STUDENT
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
1. Students form pairs within groups of 4. Each pair takes a Logifaces piece, and thinks of a secret number.
LEVELS 1-2: The secret number is a natural number or an integer up to 10.
LEVEL 3:

The secret number can be any real number. See 'Prior knowledge' and 'Recommendations' for
the description of Levels.

2. Each pair takes a Logifaces piece. The teacher says: “Check the three heights of your Logifaces piece,
multiply your secret number with each height, and add the three results.” (e.g. if your secret number is 7, and
the heights are 1, 2 and 2, then calculate
7 × 1 + 7 × 2 + 7 × 2 = 35)

3. Each pair gives their Logifaces piece and their ﬁnal result (e.g. 35) to the other pair in their group.
4. Each pair guesses the secret number of the other pair.
5. Steps 1-4 can be repeated 1-3 times. Meanwhile, teachers can give hints and input if needed, they can also
suggest students to think of more complicated or special secret numbers.
6. Whole class discussion: discussing, summarising and formalising strategies, discussing different types of
secret numbers (e.g. negative) and special secret numbers (e.g. 0)
SOLUTION(S)

208

Grades 2-4 (AS) 5 (AS)
Duration: 15-20 min

303 - Floor Plan Puzzle

Tools: one Logifaces Set / student,
Triangular grid

Erasmus+

Individual work
Keywords: Addition, Substraction,
Multiplication, Division

MATHS / NUMBERS

TEACHER
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
Each student gets a ﬂoor plan with different calculations on it. The goal here is to calculate the given examples
and build a Logifaces construction with a smooth surface.
The result of the calculations shows which element needs to be placed in any given triangle, using the
standard coding of the blocks. For example when the result of the calculation is 123, block 123 belongs to the
triangle. The orientation of the blocks is not given, they should be placed so that the result is a smooth
surface.
SOLUTIONS / EXAMPLES
See the figures for an example.
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A triangular grid can be found at the end of the exercise to create more constructions and below there are a
few suitable calculations for each block. The order of the numbers in the standard coding of the blocks can
also be changed for example from 132 to 321, to create more possibilities for the calculations.
111

+

11 + 100

54. 2 + 56. 8

×

3 × 37

30 × 3. 7

−

222

÷
+
−
×

333

÷
+
−
×

112

÷
+
−
×

122

÷
+
−
×

223

÷
+
−
×

233

÷
+
−
×

210

÷

150 − 39
333 ÷ 3

150 + 72
320 − 98
6 × 37

888 ÷ 4

300 + 33
350 − 17
3 × 111

999 ÷ 3

100 + 12
144 − 32
28 × 4

560 ÷ 5

112 + 10
170 − 48
61 × 2

244 ÷ 2

180 + 43
250 − 27
1 × 223

669 ÷ 3

12 + 221
256 − 23
1 × 233

699 ÷ 3

166. 3 − 55. 3
355. 2 ÷ 3. 2

21. 7 + 200. 3
250. 4 − 28. 4
60 × 3. 7

821. 4 ÷ 3. 7

302. 2 + 30. 8
333. 3 − 0. 3
92. 5 × 3. 6

765. 9 ÷ 2. 3
98. 4 + 13. 6

156. 8 − 44. 8
2. 8 × 40

705. 6 ÷ 6. 3
66. 6 + 55. 4

177. 5 − 55. 5
4 × 30. 5

292. 8 ÷ 2. 4

199. 1 + 23. 9
260. 1 − 37. 1
111. 5 × 2

914. 3 ÷ 4. 1

30. 5 + 202. 5
299. 4 − 66. 4
2. 5 × 93. 2

768. 9 ÷ 3. 3

113

+

50 + 63

72. 9 + 40. 1

×

1 × 113

56. 5 × 2

−

133

÷
+
−
×

123

÷
+
−
×

132

÷
+
−
×

PRIOR KNOWLEDGE

÷

175 − 62
452 ÷ 4
61 + 72

500 − 367
7 × 19

931 ÷ 7
45 + 78

245 − 122
3 × 41

492 ÷ 4
42 + 90

287 − 155
22 × 6

660 ÷ 5

168. 2 − 55. 2
508. 5 ÷ 4. 5

11. 3 + 121. 7

425. 7 − 292. 7
38 × 3. 5

851. 2 ÷ 6. 4
49. 2 + 73. 8

162. 5 − 39. 5
5 × 24. 6

664. 2 ÷ 5. 4

100. 2 + 31. 8
220. 8 − 88. 8
30 × 4. 4

897. 6 ÷ 6. 8

Basic arithmetics
RECOMMENDATIONS / COMMENTS
This exercise is recommended for practice of simple calculations and is suitable for differentiation since the
level of diﬃculty of the calculations can be adjusted to the students’ level of knowledge.
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Name:

303 - Floor Plan Puzzle

Date:
Tools: one Logifaces Set / student,
Triangular grid

Erasmus+

MATHS / NUMBERS

STUDENT
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
Each student gets a ﬂoor plan with different calculations on it. The goal here is to calculate the given examples
and build a Logifaces construction with a smooth surface.
The result of the calculations shows which element needs to be placed in any given triangle, using the
standard coding of the blocks. For example when the result of the calculation is 123, block 123 belongs to the
triangle. The orientation of the blocks is not given, they should be placed so that the result is a smooth surface.
SOLUTION(S)

213

Grades 7-8 (A) 9-12 (S)

304 - Secret Base

Duration: 15-25 min
Tools: one 9 pcs or 16 pcs Set

Erasmus+

Group work

MATHS / NUMBERS

Keywords: Exponent, Exponent
identities, nth root, Operations

TEACHER
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
1. Students form pairs within groups of 4. Each pair takes a Logifaces piece, and thinks of a secret number.
LEVEL 1:

The secret number is a natural number up to 5.

LEVEL 2:

The secret number is a one digit natural number or integer.

LEVEL 3:

The secret number can be any real number. See 'Prior knowledge' and 'Recommendations' for
the description of Levels.

2. Each pair takes a Logifaces piece. The teacher says: "Check the three heights of your Logifaces piece, raise
your secret number to the power of each height, and multiply the three results” (e.g. if your secret number is 7,
and the heights are 1, 2 and 2, then calculate 7

1

× 7

2

× 7

2

= 16 807)

3. Each pair gives their Logifaces piece and their ﬁnal result (eg. 16 807) to the other pair in their group.
4. Each pair guesses the secret number of the other pair.
5. Steps 1-4 can be repeated 1-3 times. Meanwhile, teachers can give hints and input if needed, they can also
suggest students to think of more complicated or special secret numbers.
6. Whole class discussion: discussing, summarising and formalising strategies, discussing different types of
secret numbers (e.g. negative) and special secret numbers (e.g. 0 and 1).
SOLUTIONS / EXAMPLES
𝑘𝑘

𝑚𝑚

𝑘𝑘+𝑚𝑚

Students use the identity: 𝑎𝑎 × 𝑎𝑎 = 𝑎𝑎
. They need to experiment with their calculator to ﬁnd the correct
base (secret number), or they can use the nth root if they have already learned them.
PRIOR KNOWLEDGE

LEVEL 1 Exponents

LEVEL 2 Exponent identities

LEVEL 3 nth root

RECOMMENDATIONS / COMMENTS
The exercise can be used on different levels:
LEVEL 1

practise exponents, discover the identity

LEVEL 2

(a) practise the identity (b) prepare the nth root

LEVEL 3

practise the nth root
𝑘𝑘

Variations: Other identities can also be used, e.g. (𝑎𝑎 )

𝑚𝑚

= 𝑎𝑎

𝑘𝑘𝑚𝑚

. Raise your secret number to the power of

(

1

one height, then the result to the second height, and then the result to the third height, e.g. (7 )
Variation to practise another exponent identity: exercise 305 - Secret Exponent.
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)

2

2

304 - Secret Base

Name:
Date:

Erasmus+

Tools: one 9 pcs or 16 pcs Set

MATHS / NUMBERS

STUDENT
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
1. Students form pairs within groups of 4. Each pair takes a Logifaces piece, and thinks of a secret number.
LEVEL 1:

The secret number is a natural number up to 5.

LEVEL 2:

The secret number is a one digit natural number or integer.

LEVEL 3:

The secret number can be any real number. See 'Prior knowledge' and 'Recommendations' for
the description of Levels.

2. Each pair takes a Logifaces piece. The teacher says: "Check the three heights of your Logifaces piece, raise
your secret number to the power of each height, and multiply the three results” (e.g. if your secret number is 7,
and the heights are 1, 2 and 2, then calculate
7

1

× 7

2

× 7

2

= 16 807)

3. Each pair gives their Logifaces piece and their ﬁnal result (eg. 16 807) to the other pair in their group.
4. Each pair guesses the secret number of the other pair.
5. Steps 1-4 can be repeated 1-3 times. Meanwhile, teachers can give hints and input if needed, they can also
suggest students to think of more complicated or special secret numbers.
6. Whole class discussion: discussing, summarising and formalising strategies, discussing different types of
secret numbers (e.g. negative) and special secret numbers (e.g. 0 and 1).
SOLUTION(S)
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Grades 7-8 (A) 9-12 (S)

305 - Secret Exponent

Duration: 15-25 min
Tools: one 9 pcs or 16 pcs Set

Erasmus+

Group work

MATHS / NUMBERS

Keywords: Exponent, Exponent
identities, Logarithm, Operations

TEACHER
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
1. Students form pairs within groups of 4. Each pair takes a Logifaces piece, and thinks of a secret number.
LEVEL 1:

The secret number is a natural number up to 5.

LEVEL 2:

The secret number is a one digit natural number or integer.

LEVEL 3:

The secret number can be any real number. See 'Prior knowledge' and 'Recommendation' for the
description of Levels.

2. Each pair takes a Logifaces piece. The teacher says: "Check the three heights of your Logifaces piece, raise
these numbers to the power of your secret number, and multiply the three results” (e.g. if your secret number is
5, and the heights are 1, 2 and 2, then calculate 1

5

× 2

5

× 2

5

= 4

5

= 1024)

3. Each pair gives their Logifaces piece and their ﬁnal result (eg. 1024) to the other pair in their group.
4. Each pair guesses the secret number of the other pair.
5. Steps 1-4 can be repeated 1-3 times. Meanwhile, teachers can give hints and input if needed, they can also
suggest students to think of more complicated or special secret numbers.
6. Whole class discussion: discussing, summarising and formalising strategies, discussing different types of
secret numbers (e.g. negative) and special secret numbers (e.g. 0 and 1)
SOLUTIONS / EXAMPLES
𝑘𝑘

𝑘𝑘

𝑘𝑘

Students use the identity 𝑎𝑎 × 𝑏𝑏 = (𝑎𝑎𝑏𝑏) . They need to experiment with their calculator to ﬁnd the correct
power (secret number), or they can use logarithms if they have already learned them.
PRIOR KNOWLEDGE

LEVEL 1 Exponents

LEVEL 2 Exponent identities

LEVEL 3 Logarithms

RECOMMENDATIONS / COMMENTS
The exercise can be used on different levels:
LEVEL 1

practise exponents, discover the identity

LEVEL 2

(a) practise the identity (b) prepare logarithms

LEVEL 3

practise logarithms

Variation to practise another exponent identity: exercise 304 - Secret Base.
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305 - Secret Exponent

Name:
Date:

Erasmus+

Tools: one 9 pcs or 16 pcs Set

MATHS / NUMBERS

STUDENT
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
1. Students form pairs within groups of 4. Each pair takes a Logifaces piece, and thinks of a secret number.
LEVEL 1:

The secret number is a natural number up to 5.

LEVEL 2:

The secret number is a one digit natural number or integer.

LEVEL 3:

The secret number can be any real number. See 'Prior knowledge' and 'Recommendation' for the
description of Levels.

2. Each pair takes a Logifaces piece. The teacher says: "Check the three heights of your Logifaces piece, raise
these numbers to the power of your secret number, and multiply the three results” (e.g. if your secret number is
5, and the heights are 1, 2 and 2, then calculate
1

5

× 2

5

× 2

5

= 4

5

= 1024)

3. Each pair gives their Logifaces piece and their ﬁnal result (eg. 1024) to the other pair in their group.
4. Each pair guesses the secret number of the other pair.
5. Steps 1-4 can be repeated 1-3 times. Meanwhile, teachers can give hints and input if needed, they can also
suggest students to think of more complicated or special secret numbers.
6. Whole class discussion: discussing, summarising and formalising strategies, discussing different types of
secret numbers (e.g. negative) and special secret numbers (e.g. 0 and 1)
SOLUTION(S)
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Grades 5-8 (S) 9 (S)

306 - Binary System

Duration: 10-20 min
Tools: one Logifaces Set / class

Erasmus+

Individual work

TEACHER

MATHS / NUMBERS

Keywords: Number system

Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
Heights of Logifaces blocks are marked with numbers 1, 2 and 3. In that way, we can get a three-digit number
that represents the Logifaces blocks as numbers in base 10. Students convert these numbers into numbers
written in the binary system.
SOLUTIONS / EXAMPLES
There are a few examples in the following lines.
EXAMPLE 1:
111(10)

1101111(2)

Procedure:
111 : 2 = 55
55 : 2 = 27
27 : 2 = 13
13 : 2 = 6
6:2=3
3:2=1
1:2=0
6

5

4

(1)
(1)
(1)
(1)
(0)
(1)
(1)
3

2

1

0

Proof: 1101111(2) = 1 × 2 + 1 × 2 + 0 × 2 + 1 × 2 + 1 × 2 + 1 × 2 + 1 × 2 =
64 + 32 + 0 + 8 + 4 + 2 + 1 = 111(10)

EXAMPLE 2:
311(10)

218

100110111(2)

Procedure:

311 : 2 = 155
155 : 2 = 77
77 : 2 = 38
38 : 2 = 19
19 : 2 = 9
9:2=4
4:2=2
2 : 2 =1
1:2=0
8

7

6

(1)
(1)
(1)
(0)
(1)
(1)
(0)
(0)
(1)
5

4

3

2

1

0

Proof: 100110111(2) = 1 × 2 + 0 × 2 + 0 × 2 + 1 × 2 + 1 × 2 + 0 × 2 + 1 × 2 + 1 × 2 + 1 × 2 =
256 + 32 + 16 + 4 + 2 + 1 = 311(10)
Note that if we represent the same block with a different sequence of numbers, we get a different numeric
value, for example:
113(10)

1110001(2)

131(10)

10000011(2)

PRIOR KNOWLEDGE
Exponentiation of numbers, Division of numbers, Remainder in division.
RECOMMENDATIONS / COMMENTS
As a similar exercise, we recommend exercise 307 - Number with Base 4. This exercise is suitable for drawing
students' attention to the fact that the same Logifaces block can be coded with different strings of numbers.
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Name:

306 - Binary System

Date:

Erasmus+

Tools: one Logifaces Set / class

MATHS / NUMBERS

STUDENT
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
Heights of Logifaces blocks are marked with numbers 1, 2 and 3. In that way, we can get a three-digit number
that represents the Logifaces blocks as numbers in base 10. Students convert these numbers into numbers
written in the binary system.
SOLUTION(S)
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Grades 5-8 (S), 9 (S)

307 - Number with Base 4

Duration: 10-20 min
Tools: one Logifaces Set / class

Erasmus+

Individual work

MATHS / NUMBERS

Keywords: Number systems

TEACHER
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
Heights of Logifaces blocks are marked with numbers 1, 2 and 3. Numbers 0, 1, 2, 3 are representing digits in
the number system with the basis 4. Students convert these numbers into numbers written in the base 10
number system.
SOLUTIONS / EXAMPLES
There are a few examples in the following lines.
EXAMPLE 1:
111(4)

21(10)
2

1

0

Proof: 111(4) = 1 × 4 + 1 × 4 + 1 × 4 = 16 + 4 + 1 = 21(10)
EXAMPLE 2:
311(4)

53(10)
2

1

0

Proof: 311(4) = 3 × 4 + 1 × 4 + 1 × 4 = 3 × 16 + 4 + 1 = 53(10)

Note that if we represent the same block with a different sequence of numbers, we get a different numeric value:

113(4)

23(10)

131(4)

29(10)

PRIOR KNOWLEDGE
Exponentiation of numbers, Division of numbers, Remainder in division.
RECOMMENDATIONS / COMMENTS
As a similar exercise, we recommend exercise 306 - Binary System. This exercise is suitable for drawing
students' attention to the fact that the same Logifaces block can be coded with different strings of numbers.
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Name:

307 - Number with Base 4
Erasmus+

Date:
Tools: one Logifaces Set / class

MATHS / NUMBERS

STUDENT
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
Heights of Logifaces blocks are marked with numbers 1, 2 and 3. Numbers 0, 1, 2, 3 are representing digits in
the number system with the basis 4. Students convert these numbers into numbers written in the base 10
number system.
SOLUTION(S)
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Grades 7-8 (S), 9-12 (AS)
Duration: 20 min

308 - What Comes Next?

Tools: one 16 pcs Set / 1-2 student

Erasmus+

Individual / Pair work
Keywords: Sequences, Arithmetic
and Geometric sequences

MATHS / SEQUENCES

TEACHER
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
Students build sequences using Logifaces blocks, in such a way that each term has more pieces than the
previous one and each term has a continuous surface.
The numbers of the blocks in the terms also form a sequence and satisfy the following requirements:
a) The ﬁrst term is 1, and the last term is 5. The rule is: Each term is 1 more than the previous one.
b) The ﬁrst term is 1, and the last term is 7. The rule is: Each term is 3 more than the previous one.
c) The ﬁrst term is 1, and the last term is 8. The rule is: Each term is twice as many as the previous one.
d) The ﬁrst term is 1, and the sequence has 3 terms. The rule is: Each term has three times as many as the
previous one.
SOLUTIONS/EXAMPLES
a)

b)

c)

d)

PRIOR KNOWLEDGE
Arithmetic and geometric sequences, Term, Rule of a sequence.
RECOMMENDATIONS/COMMENTS:
The problem can also be discussed as an introduction to the concept of arithmetic and geometric sequences.
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Name:

308 - What Comes Next?

Date:

Erasmus+

Tools: one 16 pcs Set / 1-2 student

MATHS / SEQUENCES

STUDENT
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
Students build sequences using Logifaces blocks, in such a way that each term has more pieces than the
previous one and each term has a continuous surface.
The numbers of the blocks in the terms also form a sequence and satisfy the following requirements:
a) The ﬁrst term is 1, and the last term is 5. The rule is: Each term is 1 more than the previous one.
b) The ﬁrst term is 1, and the last term is 7. The rule is: Each term is 3 more than the previous one.
c) The ﬁrst term is 1, and the last term is 8. The rule is: Each term is twice as many as the previous one.
d) The ﬁrst term is 1, and the sequence has 3 terms. The rule is: Each term has three times as many as the
previous one.
SOLUTION(S)
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Grades 7-8 (A), 9-12 (S)
Duration: 20 min
Tools: one 16 pcs Set / 1-2 student

309 - Triangular Square
Number
Erasmus+

TEACHER

Individual work
Keywords: Mathematical Induction,
Proof, Algebraic identities

Logifaces

MATHS / SEQUENCES

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
Observe the following: if large triangles are built from congruent triangles, the large triangle with 2 small
triangles on each side consists of 4 small triangles, the large triangle with 3 small triangles on each side
consists of 9 small triangles, the large triangle with 4 small triangles on each side consists of 16 small
triangles (see the ﬁgures below).
What can be said about a large triangle with
5, 10, 100, or, in general, n small triangles on
each side? Prove the resulting formula!

n=2
n=3
SOLUTIONS / EXAMPLES

n=4
2

The large triangle with 𝑛𝑛 small triangles on each side consists of 𝑛𝑛 small triangles. It can be proven in several
ways.

PROOF 1
The ﬁgures below show (on the examples 𝑛𝑛=3 and 𝑛𝑛=4) that the small triangles can be arranged
into an 𝑛𝑛 × 𝑛𝑛 square.

PROOF 2
By induction. Observe that increasing the number of small triangles on each side from 𝑛𝑛 to
𝑛𝑛 + 1 increases the number of small triangles by 2𝑛𝑛 + 1. Suppose that the triangle of side length 𝑛𝑛 consists
2

of 𝑛𝑛 small triangles. Then by the observation, the triangle with (𝑛𝑛 + 1) small triangles on each side consists of
2

2

𝑛𝑛 + 2𝑛𝑛 + 1 small triangles. This equals (𝑛𝑛 + 1) , as required.
PRIOR KNOWLEDGE
PROOF 1
PROOF 2

None
Algebraic identities, Proof, Mathematical Induction

RECOMMENDATIONS / COMMENTS
This is a very natural question after laying out the large triangles using the Logifaces set.
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309 - Triangular Square
Number

Name:
Date:

Erasmus+

STUDENT

Tools: one 16 pcs Set / 1-2 student

MATHS / SEQUENCES

Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
Observe the following: if large triangles are built from congruent triangles, the large triangle with 2 small
triangles on each side consists of 4 small triangles, the large triangle with 3 small triangles on each side
consists of 9 small triangles, the large triangle with 4 small triangles on each side consists of 16 small
triangles (see the ﬁgures below).
What can be said about a large triangle with
5, 10, 100, or, in general, n small triangles on
each side? Prove the resulting formula!

n=2
SOLUTION(S)
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n=3

n=4

Grades 5-8 (AS), 9-12 (AS)
Duration: 30-45 min

310 - How many Faces

Tools: one Logifaces set / group
Group work
Keywords: Faces of 3D solids

Erasmus+

MATHS / SEQUENCES

TEACHER
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
Warm-up question: How many faces does a block have?
LEVEL 1
Build a solid using 2 blocks, where two sides of the blocks have to ﬁt completely. How many
faces can this new solid have?
The union of two faces of different blocks is considered as one face of the new solid if the two
faces of the blocks have a common edge and lie in the same plane.
LEVEL 2
Build a solid using 2 blocks. How many faces can this new solid have if there are no building
constraints given?
LEVEL 3
How many faces can a solid built from 2 blocks have minimum and maximum?. What is your
explanation? What is the answer for the same questions when two sides of the blocks have to ﬁt
completely?
SOLUTIONS / EXAMPLES
One block has 5 faces.
LEVEL 1
When two sides of the blocks have to ﬁt completely, the solid can have 5, 6, 7 or 8 faces. See the
table below for examples.
EXAMPLES

number of faces: 5
blocks used in the example: 123, 132
Any two blocks ﬁtted together by
their base faces have 5 faces altogether.

number of faces: 7
blocks used in the example:122, 132

number of faces: 6
blocks used in the example:
123, 132 ﬁt by the vertical faces 31 and 13

number of faces: 8
blocks used in the example: 112, 113

LEVEL 2
When there are no building constraints using two blocks, then it is possible to build solids with 9,
10, 11, 12, 13, 14, 15 or 16 faces in addition to the examples mentioned in Level 1. See the table below for
examples.
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EXAMPLES

number of faces: 9
blocks used in the example:
123, 132

number of faces: 10
blocks used in the example:
112, 123

number of faces: 12
blocks used in the example:
123, 123

number of faces: 13
blocks used in the example:
123, 122

number of faces: 15
blocks used in the example:
132, 122

number of faces: 11
blocks used in the example:
132, 1 12

number of faces: 14
blocks used in the example:
123, 123 or 132, 132

number of faces: 16
blocks used in the example:
133, 132

LEVEL 3
The minimum number of faces that a solid can have when it's built from two blocks is 5. It’s true
in both cases, when two sides have to ﬁt completely and when a solid can be built without constraints.
The ﬁrst example shows that a solid can have 5 faces. The reason that a new solid cannot have fewer faces is
that one block has 5 faces and that can not decrease when two convex polyhedra are ﬁtted together. (Note
that this claim is not true in the case of non-convex polyhedra.)
The maximum number of faces that a solid can have when two sides of the blocks have to ﬁt completely is 8.
The reason for this is that the two blocks have 10 faces altogether, but two faces disappear when they are
ﬁtted together completely.
The maximum number of faces that a solid can have when it’s built from two blocks without constraints is 16.
The reason for this is that when a solid is built from two convex polyhedra, only one face of each polyhedron is
joined to the other. The two blocks have ten faces altogether, and when two quadrilateral faces are ﬁtted
together it can create 4 new faces for both blocks. (See the example above). Therefore the initial 10 faces are
decreased by 2 because they are ﬁtted together but 2 × 4 new faces are created, giving a total of 16 faces.
PRIOR KNOWLEDGE

Face of a polyhedron
RECOMMENDATIONS / COMMENTS
Level 1 is recommended for any age group. Levels 2 and 3 are recommended for students of grades 9-12.
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310 - How many Faces

Name:
Date:

Erasmus+

Tools: one Logifaces set / group

MATHS / SEQUENCES

STUDENT
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
Warm-up question: How many faces does a block have?
LEVEL 1

LEVEL 2
LEVEL 3

Build a solid using 2 blocks, where two sides of the blocks have to ﬁt completely. How many
faces can this new solid have?
The union of two faces of different blocks is considered as one face of the new solid if the two
faces of the blocks have a common edge and lie in the same plane.
Build a solid using 2 blocks. How many faces can this new solid have if there are no building
constraints given?
How many faces can a solid built from 2 blocks have minimum and maximum?. What is your
explanation? What is the answer for the same questions when two sides of the blocks have to ﬁt
completely?

SOLUTION(S)
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Grades 5-8 (AS), 9-12 (AS)
Duration: 45 min

311 - Growing Pine Trees

Tools: 1-2 Logifaces Set / group

Erasmus+

Group work
Keywords: Mathematical Induction,
Proof, Algebraic identities, Arithmetic
sequence

MATHS / SEQUENCES

TEACHER
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
LEVEL 1

Students work in teams, they can combine multiple Logifaces sets. They build a pine tree using
the blocks.

LEVEL 2

Students try to build larger and larger pine trees. If there are not enough Logifaces pieces to
build it, they make a drawing. They make rules to describe the building of the trees.

LEVEL 3

How many more pieces do we need to add to the 2nd tree to get the 3rd tree? What about the
3rd and the 4th tree? Students' task is to say the pattern, rather than the final answer.

LEVEL 4

How many more pieces do we need to add to the 99th tree to get to the 100th tree?

LEVEL 5

How many more pieces do we need to add to the (n-1)th tree to get to the nth tree?

LEVEL 6

How many pieces are there in the nth tree?

SOLUTIONS / EXAMPLES
LEVEL 1

Students can build various different constructions, and the teacher should accept all of them as
valid.
Two examples are shown in the Figures.
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LEVEL 2

Students can continue with their own construction, or the class can choose one specific
construction to work on. An example is shown in the figures.
Here we show answers for the example shown in the pictures. Note that the answers will be
different for different constructions.

An example of a rule describing the construction: To build the new tree from the previous one, take away the
bottom piece (trunk), copy the lower block (this had 3 rows for the 2nd tree), and add one more row (which is
two pieces longer than the previous one), then add the trunk back.
LEVEL 3
LEVEL 4
LEVEL 5

3+5+7+9 and 3+5+7+9+11. Observe that 9 = 2 × 3 + 3 and 11 = 2 × 4 + 3.

3+5+7+ ... +203, where 203 = 2 × 100 + 3, similarly to the solution of Level 3.

In general, the nth pine tree is created from the (n-1)th by adding n+1 new rows above the trunk.
The new rows consist of 3, 5, …, 2n+3 small triangles. Hence the number of pieces added to the
(n-1)th tree is 3 + 5 + 7 + ... + (2𝑛𝑛 + 3). This is the sum of an arithmetic sequence, which

can be calculated by the formula 𝑎𝑎1 +... + 𝑎𝑎𝑛𝑛 =
3 + 5 + 7 + ... + (2𝑛𝑛 + 3) =

(2𝑛𝑛+3+3)×(𝑛𝑛+1)
2

(𝑎𝑎1+𝑎𝑎𝑛𝑛)×𝑛𝑛
2

that gives

= (𝑛𝑛 + 3)(𝑛𝑛 + 1).

Another way to calculate this sum is to use the result of exercise 309 - Triangular Square Number: a large
2

triangle with 𝑛𝑛 small triangles on each side consists of 𝑛𝑛 small triangles. Here the rows added to the (n-1)th
tree form a large triangle with (n+2) small triangles on each side but without the top small triangle. Hence the
2

number of pieces added is (𝑛𝑛 + 2) − 1 = (𝑛𝑛 + 3)(𝑛𝑛 + 1).

LEVEL 6

The top part has 4 pieces, and the bottom part 1 piece. For the rest of the pieces we need
to calculate the following sum:

3+5+
3+5+7+
...
3+5+...+(2n+3)
First let's calculate the sum of the following (the numbers in bold are extra compared to the sum
above)
1+
1+3+
1+3+5+
...
1+3+5+ ... +(2n+3)
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The sum of each row is a square number (see exercise 309 - Triangular Square Number), and the sum of all
2

the rows is the sum of square numbers from 1 to (𝑛𝑛 + 2) .

Using the formula that the sum of the first n square numbers is
(𝑛𝑛+2)(𝑛𝑛+3)(2𝑛𝑛+5)
6

.

𝑛𝑛(𝑛𝑛+1)(2𝑛𝑛+1)
6

we get that the sum of all rows is

Now we need to subtract the extra numbers, which is a 1 in each row, and a 3 in the 2nd row, altogether
(𝑛𝑛+2)(𝑛𝑛+3)(2𝑛𝑛+5)
(𝑛𝑛 + 2) × 1 + 3 = 𝑛𝑛 + 5, so we get
− 𝑛𝑛 − 5.
6

At last we need to add the top part of the pine tree (4 pieces) and the trunk (1 piece), so we get
(𝑛𝑛+2)(𝑛𝑛+3)(2𝑛𝑛+5)
− 𝑛𝑛 for the total number of pieces in the nth tree.
6

PRIOR KNOWLEDGE
LEVELS 1-4
LEVEL 5
LEVEL 6

None
Sum of an arithmetic sequence
Sum of the ﬁrst n square numbers

RECOMMENDATIONS / COMMENTS
The levels are recommended for different age groups: Levels 1-5 for grades 5-12, Level 6 for grades 9-12. The
level 5-6 exercises are challenging questions.
Exercise 309 - Triangular Square Number is recommended before the Level 5-6 questions.
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311 - Growing Pine Trees

Name:

Erasmus+

Date:
Tools: 1-2 Logifaces Set / group

MATHS / SEQUENCES

STUDENT
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
LEVEL 1

Students work in teams, they can combine multiple Logifaces sets. They build a pine tree using
the blocks.

LEVEL 2

Students try to build larger and larger pine trees. If there are not enough Logifaces pieces to
build it, they make a drawing. They make rules to describe the building of the trees.

LEVEL 3

How many more pieces do we need to add to the 2nd tree to get the 3rd tree? What about the
3rd and the 4th tree? Students' task is to say the pattern, rather than the final answer.

LEVEL 4

How many more pieces do we need to add to the 99th tree to get to the 100th tree?

LEVEL 5

How many more pieces do we need to add to the (n-1)th tree to get to the nth tree?

LEVEL 6

How many pieces are there in the nth tree?

SOLUTION(S)
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Grades 1-4 (S), 5-8 (S)

401 - Quadrilateral Faces

Duration: 10-20 min
Tools: one Logifaces Set / 2-3
students

Erasmus+

Individual work

TEACHER

MATHS / 2D GEOMETRY

Keywords: Rectangle, Trapezium

Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
Students consider the vertical faces of the Logifaces blocks and collate the different rectangles and
trapeziums they ﬁnd, noting their side lengths.
SOLUTIONS / EXAMPLES
There are three different rectangles with height 1, 2 and 3.
There are three different trapeziums with bases 1 and 2, 1 and 3 and 2 and 3.
The table below shows the number of rectangular and trapezium faces of the blocks.
Logifaces
block

Rectangle
11

Trapezium

22

33

12

3

3

3

1
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2

13

23

Logifaces
block

Rectangle
11

Trapezium

22

33

12

1

13

23

2

1

2

1

2

1

2

1

2

1

1

1

1

1

1

PRIOR KNOWLEDGE
Rectangle, Trapezium
RECOMMENDATIONS / COMMENTS
Related task: 406 - Different Triangles categorise the top faces.
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Name:

401 - Quadrilateral Faces

Date:
Tools: one Logifaces Set / 2-3
students

Erasmus+

MATHS / 2D GEOMETRY

STUDENT
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
Students consider the vertical faces of the Logifaces blocks and collate the different rectangles and
trapeziums they ﬁnd, noting their side lengths.

SOLUTION(S)

236

Grades 5-8 (S)
Duration: 25 min

402 - Angle

Tools: one block / student
Individual / Group work
Keywords: Angles, Protractor

Erasmus+

MATHS / 2D GEOMETRY

TEACHER
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
Students measure the angles of the vertical faces of a Logifaces block with a protractor, then compare and
discuss their measuring method and results with other students.
SOLUTIONS / EXAMPLES
In the ﬁgures below you can see the steps that students need to take in order to measure the angles. Students
choose a Logifaces block, then trace a vertical face in their notebook and measure each angle in degrees.
They can discuss the results with each other, then repeat the same steps with a different block.
Below you can see the steps through the example of block 331. The easiest blocks to work with are 331, 112,
221 or 113.

PRIOR KNOWLEDGE
Angles, Use of protractor
RECOMMENDATIONS / COMMENTS
This is a basic Trigonometry exercise. The goal is to teach students how to measure angles with the help of a
protractor. It is a great exercise to practise the use of a protractor and to understand the concept of angles.
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Name:

402 - Angle

Date:

Erasmus+

Tools: one block / student

MATHS / 2D GEOMETRY

STUDENT
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
Students measure the angles of the vertical faces of a Logifaces block with a protractor, then compare and
discuss their measuring method and results with other students.

SOLUTION(S)

238

Grades 5-8 (AS)
Duration: 15-20 min

403 - Calculate and
Measure Edges

Tools: 2-4 blocks / student

Erasmus+

TEACHER

Individual / Group work
Keywords: Length,
Pythagorean theorem

Logifaces

MATHS / 2D GEOMETRY

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
LEVEL 1

Individual work: Each student chooses 2, 3 or 4 blocks. They measure the edges of each piece
with a ruler, they add up the lengths of the edges of each piece. The students’ task is to arrange
the pieces in an ascending order based on the calculated lengths.
Group work: Students complete the process outlined above for the entire 9 or 16 pcs Set and
arrange all of the pieces in the right order.

LEVEL 2

Students arrange the pieces without the use of a ruler, basing their work on a comparison of the
blocks.

LEVEL 3

(8th grade) Students calculate the lengths of the edges using the standard units, then arrange
the pieces in the right order.

SOLUTIONS / EXAMPLES
The ordering of the blocks and the sum of the edge lengths can be found in the table below. For the calculations
of the Level 3 question, see exercise 404 - Top Edges.
block

sum of edge lengths
(standard units)

sum of edge lengths
(real length in cm)

111

27

33.75

112

20 + 2 × 17 ≈ 28. 25

35.31

122

21 + 2 × 17 ≈ 29. 25

36.56

113

21 + 2 × 20 ≈ 29. 94

37.43

239

222

30

37.5

123
132

18 + 2 × 17 + 20 ≈
≈ 30. 72

38.4

223

23 + 2 × 17 ≈ 31. 25

39.06

133

23 + 2 × 20 ≈ 31. 94

39.93

233

24 + 2 × 17 ≈ 32. 25

40.31

333

33

41.25

PRIOR KNOWLEDGE
LEVEL 1

Edge of a solid, Measurement, Decimals

LEVEL 3

Pythagorean theorem

RECOMMENDATIONS / COMMENTS
For individual work the teacher can differentiate between students. Students can choose fewer or more pieces
to arrange based on the level of their knowledge. The lengths of the edges of blocks 111, 222 or 333 are easier
to calculate than the others.
Exercise is 404 - Top Edges recommended before the Level 3 question.
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403 - Calculate and
Measure Edges

Name:
Date:

Erasmus+

STUDENT

Tools: 2-4 blocks / student

MATHS / 2D GEOMETRY

Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
LEVEL 1

Individual work: Each student chooses 2, 3 or 4 blocks. They measure the edges of each piece
with a ruler, they add up the lengths of the edges of each piece. The students’ task is to arrange
the pieces in an ascending order based on the calculated lengths.
Group work: Students complete the process outlined above for the entire 9 or 16 pcs Set and
arrange all of the pieces in the right order.

LEVEL 2

Students arrange the pieces without the use of a ruler, basing their work on a comparison of the
blocks.

LEVEL 3

(8th grade) Students calculate the lengths of the edges using the standard units, then arrange
the pieces in the right order.

SOLUTION(S)

241

Grades 5-8 (S), 9-12 (S)

404 - Top Edges

Duration: 10-15 min
Tools: one Logifaces Set / 3-5 student

Erasmus+

TEACHER

Individual / Pair work

MATHS / 2D GEOMETRY

Keywords: Length, Pythagorean
theorem

Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
Students calculate the lengths of the top edges of the blocks, using the standard units.
SOLUTIONS / EXAMPLES
The length of the top edge depends on the length of the vertical edges connecting to the end vertices of the
edge.
SOLUTIONS

CALCULATIONS

vertical
edges

length of the top
edge
(in standard unit)

length of the top
edge
(real length in cm)

11

4

5

22

4

5

33

4

5

21
32
31

case 32:

case 31:

17 ≈ 4. 12

5 17
4

20 ≈ 4. 47

5 20
4

5 17
4

17 ≈ 4. 12

case 21:

≈ 5. 15
≈ 5. 15
≈ 5. 59

Calculating the lengths using Pythagorean theorem:
case 21 and case 32
case 31

2

2

+ 4

PRIOR KNOWLEDGE

2

= 𝑥𝑥

1

2

2

+ 4

⇒ 𝑥𝑥

2

2

= 𝑥𝑥

2

⇒ 𝑥𝑥

2

= 17 ⇒ 𝑥𝑥 = 17

= 20 ⇒ 𝑥𝑥 = 20

Pythagorean theorem
RECOMMENDATIONS / COMMENTS
The calculations can be veriﬁed using GeoGebra, see exercise 528 - Read the Results in GeoGebra.
For individual work the teacher can differentiate between students. Students can choose fewer or more pieces
to arrange based on the level of their knowledge. The lengths of the edges of blocks 111, 222 or 333 are easier
to calculate than the others.
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Name:

404 - Top Edges

Date:

Erasmus+

STUDENT

Tools: one Logifaces Set / 3-5 student

MATHS / 2D GEOMETRY

Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
Students calculate the lengths of the top edges of the blocks, using the standard units.

SOLUTION(S)

243

Grades 5-8 (S), 9-12 (S)
Duration: 10-20 min
Tools: one Logifaces Set / 2-3
students

405 - Different Polygons
Erasmus+

Individual work
Keywords: Equilateral triangle,
Isosceles triangle, Rectangle,
Trapezium

MATHS / 2D GEOMETRY

TEACHER
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
LEVEL 1

Students consider the block 111 (or 222 or 333) and decide whether it's a regular or a truncated
prism. They draw and name the different polygon faces.

LEVEL 2

Students consider the block 122 (or 112, 113, 133, 223, 233) and decide whether it's a regular or
a truncated prism. They draw and name the different polygon faces.

LEVEL 3

Students consider the block 123 (or 132) and decide whether it's a regular or a truncated prism.
They draw and name the different polygon faces.

SOLUTIONS / EXAMPLES
LEVEL 1
The top and bottom faces are equilateral triangles. There are also three vertical faces, which are
rectangles. Their bases are the same and their widths are also the same, so there are only two different
polygons. The block is a regular prism, because bases are the same and vertical faces are rectangles.
Equilateral triangle
(base and top faces)

Rectangle
(vertical faces)

LEVEL 2
It contains one equilateral triangle and one other triangle (isosceles triangle), and the sides are 2
trapeziums and a rectangle. The block is a truncated prism, because the top and bottom faces are different and
only one vertical face is a rectangle.
Equilateral triangle
(base face)
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Isosceles triangle
(top face)

Trapeziums
(vertical faces)

Rectangle
(vertical face)

LEVEL 3
It contains one equilateral triangle and one other triangle (isosceles triangle), and all vertical
faces are trapeziums. The block is a truncated prism, because the top and bottom faces are different and the
vertical faces are not rectangles.
Equilateral triangle
(base face)

Isosceles triangle
(top face)

Trapeziums
(vertical faces)

PRIOR KNOWLEDGE
Type of polygons, Regular and truncated prisms
RECOMMENDATIONS / COMMENTS
Related task: 406 - Different Triangles, to categorise the top faces.
Additional exercise is to categorise sides by congruence. You can ﬁnd it in exercise 401 - Quadrilateral Faces.
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405 - Different Polygons

Name:
Date:

Erasmus+

Tools: one Logifaces Set / 2-3
students

MATHS / 2D GEOMETRY

STUDENT
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
LEVEL 1

Students consider the block 111 (or 222 or 333) and decide whether it's a regular or a truncated
prism. They draw and name the different polygon faces.

LEVEL 2

Students consider the block 122 (or 112, 113, 133, 223, 233) and decide whether it's a regular or
a truncated prism. They draw and name the different polygon faces.

LEVEL 3

Students consider the block 123 (or 132) and decide whether it's a regular or a truncated prism.
They draw and name the different polygon faces.

SOLUTION(S)

246

Grades 5-8 (AS), 9-12 (S)
Duration: 15-25 min

406 - Different Triangles

Tools: one Logifaces Set / 2-3
students

Erasmus+

Individual work
Keywords: Equilateral triangle,
Isosceles triangle

MATHS / 2D GEOMETRY

TEACHER
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
LEVEL 1

Students choose a block from the 9 or 16 pcs Set and count the triangular faces.

LEVEL 2

Students consider, name and draw the different triangular faces of block 111 (or 222) and block
122.

LEVEL 3

Students repeat the process outlined in Level 2 for all blocks of the set.

LEVEL 4
Students group the blocks based on their triangular faces.
SOLUTIONS / EXAMPLES
LEVEL 1

In every block there are two triangles: the top and base faces.

LEVEL 2

The base faces are all equilateral triangles, the top faces are either equilateral triangles or
isosceles triangles.

LEVEL 3

You can ﬁnd the calculation of the lengths of the upper edges in exercise 2d_geometry_01_04.
The top faces of blocks 111, 222 and 333 are equilateral triangles, and the top faces of blocks
112, 113, 221, 223, 331, 332, 123 and 132 are isosceles triangles.

LEVEL 4

The equilateral triangles are congruent. The isosceles top triangles are congruent within the
following groups: 112, 221, 223, 332 / 113, 331 / 123, 132

Equilateral triangle
Blocks: 111, 222, 333

Isosceles triangle
Blocks: 112, 221, 223, 332

Isosceles triangle
Blocks: 113, 331

Isosceles triangle
Blocks: 123, 132

PRIOR KNOWLEDGE
Type of triangles, Congruent triangles
RECOMMENDATIONS / COMMENTS
It is not necessary to know the concept of congruence for the ﬁrst three levels.
The exercise can be solved without calculations by comparing the edge length of the blocks.
For the calculations, it is recommended to solve exercise 404 - Top Edges before this exercise.
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406 - Different Triangles

Name:
Date:

Erasmus+

Tools: one Logifaces Set / 2-3
students

MATHS / 2D GEOMETRY

STUDENT
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
LEVEL 1

Students choose a block from the 9 or 16 pcs Set and count the triangular faces.

LEVEL 2

Students consider, name and draw the different triangular faces of block 111 (or 222) and block
122.

LEVEL 3

Students repeat the process outlined in Level 2 for all blocks of the set.

LEVEL 4

Students group the blocks based on their triangular faces.

SOLUTION(S)

248

Grades 5-8 (S), 9-12 (S)

407 - Perimeter

Duration: 25 min
Tools: one block / student

Erasmus+

Individual / Pair work
Keywords: Perimeter, Polygon,
Triangle, Rectangle, Trapezium,
Pythagorean theorem

MATHS / 2D GEOMETRY

TEACHER
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
Each student gets a Logifaces block and calculates the perimeters of the polygon faces of the block. They draw
and name the polygons, and ﬁnd the lengths of the edges and the perimeter. For the sake of simplicity, they use
the standard units in their calculations.
Additional question: The students form pairs and both members of the pair get a block of the same type (see
the solution for the types). They compare the calculated perimeters and discuss the similarities and the
differences.
SOLUTIONS / EXAMPLES
base of each block:
equilateral triangle, perimeter: 4 + 4 + 4 = 12

BLOCKS OF TYPE I.
block 111:

vertical faces are rectangles, perimeter of each face: 4 + 1 + 4 + 1 = 10

top face: equilateral triangle, perimeter: 4 + 4 + 4 = 12

block 222:

vertical faces are rectangles, perimeter of each face: 4 + 2 + 4 + 2 = 12

top face: equilateral triangle, perimeter: 4 + 4 + 4 = 12

block 333:

vertical faces are rectangles, perimeter of each face: 4 + 3 + 4 + 3 = 14

top face: equilateral triangle, perimeter: 4 + 4 + 4 = 12

See exercise 404 - Top Edges for the detailed calculation of the lengths of the edges connecting the top
vertices of vertical edges with different lengths, used in the following blocks.
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BLOCKS OF TYPE II.
block 112:
vertical faces
- one rectangular face, perimeter: 4 + 1 + 4 + 1 = 10

- two trapezium faces, perimeter: 4 + 1 + 17 + 2 = 7 + 17 ≈ 11. 12
top face: isosceles triangle, perimeter: 4 + 17 + 17 ≈ 12. 24

block 122:

vertical faces
- one rectangular face, perimeter: 4 + 2 + 4 + 2 = 12

- two trapezium faces, perimeter: 4 + 1 + 17 + 2 = 7 + 17 ≈ 11. 12
top face: isosceles triangle, perimeter: 4 + 17 + 17 ≈ 12. 24

block 223:

vertical faces
- one rectangular face, perimeter: 4 + 2 + 4 + 2 = 12

- two trapezium faces, perimeter: 4 + 2 + 17 + 3 = 9 + 17 ≈ 13. 12
top face: isosceles triangle, perimeter: 4 + 17 + 17 ≈ 12. 24

block 233:

vertical faces
- one rectangular face, perimeter: 4 + 3 + 4 + 3 = 14

- two trapezium faces, perimeter: 4 + 2 + 17 + 3 = 9 + 17 ≈ 13. 12
top face: isosceles triangle, perimeter: 4 + 17 + 17 ≈ 12. 24

BLOCKS OF TYPE III.
block 113:
vertical faces

- one rectangular face, perimeter: 4 + 1 + 4 + 1 = 10

- two trapezium faces, perimeter: 4 + 1 + 20 + 3 = 8 + 20 ≈ 12. 47
top face: isosceles triangle, perimeter: 4 + 20 + 20 ≈ 12. 94
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block 133:
vertical faces
- one rectangular face, perimeter: 4 + 3 + 4 + 3 = 14

- two trapezium faces, perimeter: 4 + 1 + 20 + 3 = 8 + 20 ≈ 12. 47
top face: isosceles triangle, perimeter: 4 + 20 + 20 ≈ 12. 94

BLOCKS OF TYPE IV.
block 123 or 132:
vertical faces

- trapezium face 12, perimeter: 4 + 1 + 17 + 2 = 7 + 17 ≈ 11. 12
- trapezium face 23, perimeter: 4 + 2 + 17 + 3 = 9 + 17 ≈ 13. 12
- trapezium face 13, perimeter: 4 + 1 + 20 + 3 = 8 + 20 ≈ 12. 47
top face: isosceles triangle, perimeter: 17 + 17 + 20 ≈ 12. 72
PRIOR KNOWLEDGE

Perimeter of a polygon, Pythagorean theorem
RECOMMENDATIONS / COMMENTS
This exercise can be used to differentiate: the blocks of type I. (111, 222, 333) are the easiest to compute, the
blocks of type II-III. are more diﬃcult (122, 112, 113, 133, 223, 233), and the blocks of type IV. (123, 132) are the
most diﬃcult.
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Name:

407 - Perimeter

Date:

Erasmus+

Tools: one block / student

MATHS / 2D GEOMETRY

STUDENT
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
Each student gets a Logifaces block and calculates the perimeters of the polygon faces of the block. They
draw and name the polygons, and ﬁnd the lengths of the edges and the perimeter. For the sake of simplicity,
they use the standard units in their calculations.
Additional question: The students form pairs and both members of the pair get a block of the same type (see
the solution for the types). They compare the calculated perimeters and discuss the similarities and the
differences.
SOLUTION(S)

252

Grades 5-8 (S), 9-12 (S)

408 - Area Formulas of
Polygons

Duration: 10 min
Tools: one Logifaces Set / 2-3
students

Erasmus+

TEACHER

Individual work
Keywords: Triangle, Rectangle,
Trapezium, Area

MATHS / 2D GEOMETRY

Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
LEVEL 1

Students consider, name and draw the different polygons of the Logifaces blocks.

LEVEL 2

Students collate the area formulas of the polygons found in Level 1.

SOLUTIONS / EXAMPLES
Polygons that can be found: rectangle, trapezium, triangle (equilateral and isosceles triangle).
Rectangle

Trapezium

𝐴𝐴𝑟𝑟𝑒𝑒𝑎𝑎 = 𝑤𝑤 × ℎ

𝐴𝐴𝑟𝑟𝑒𝑒𝑎𝑎 =

1
2

Triangle

(𝑎𝑎 + 𝑏𝑏) × ℎ 𝐴𝐴𝑟𝑟𝑒𝑒𝑎𝑎 =

PRIOR KNOWLEDGE

1
2

× 𝑏𝑏 × ℎ

Heron’s formula:
𝐴𝐴𝑟𝑟𝑒𝑒𝑎𝑎 = 𝑠𝑠(𝑠𝑠 − 𝑎𝑎)(𝑠𝑠 − 𝑏𝑏)(𝑠𝑠 − 𝑐𝑐),
𝑎𝑎+𝑏𝑏+𝑐𝑐
where 𝑠𝑠 = 2

Polygon types, Area formula of polygons
RECOMMENDATIONS / COMMENTS
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408 - Area Formulas of
Polygons

Name:
Date:

Erasmus+

STUDENT

Tools: one Logifaces Set / 2-3
students

MATHS / 2D GEOMETRY

Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
LEVEL 1

Students consider, name and draw the different polygons of the Logifaces blocks.

LEVEL 2

Students collate the area formulas of the polygons found in Level 1.

SOLUTION(S)

254

Grades 5-8 (S), 9-12 (S)

409 - Area of Rectangular
Faces

Duration: 10-15 min
Tools: one block / student or pair

Erasmus+

TEACHER

Individual / Pair work
Keywords: Area, Rectangle, Trapezium

MATHS / 2D GEOMETRY

Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
Students calculate the areas of the vertical faces of the Logifaces blocks, using the standard units.
LEVEL 1

blocks 111, 222, 333

LEVEL 2

blocks 112, 122, 113, 133, 223, 233

LEVEL 3

blocks 123, 132

SOLUTIONS / EXAMPLES
LEVEL 1
block 111:
all faces are rectangles, area of each face: 4 × 1 = 4

block 222:

all faces are rectangles, area of each face: 4 × 2 = 8

block 333:

all faces are rectangles, area of each face: 4 × 3 = 12

LEVEL 2

block 112:
one rectangular face, area of each face: 4 × 1 = 4
two trapezium faces, area of one face:
block 122:

1
2

× (1 + 2) × 4 = 6

one rectangular face, area of each face: 4 × 2 = 8
two trapezium faces, area of one face:
block 223:

1
2

× (1 + 2) × 4 = 6

one rectangular face, area of each face: 4 × 2 = 8
two trapezium faces, area of one face:

1
2

× (2 + 3) × 4 = 10
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block 233:
one rectangular face, area of each face: 4 × 3 = 12

two trapezium faces, area of one face:
block 113:

1
2

× (2 + 3) × 4 = 10

one rectangular face, area of each face: 4 × 1 = 4
two trapezium faces, area of one face:
block 133:

1
2

× (1 + 3) × 4 = 8

one rectangular face, area of each face: 4 × 3 = 12

two trapezium faces, area of one face:
LEVEL 3

1
2

× (1 + 3) × 4 = 8

block 123 or 132:
three different trapezium faces:
perimeter of the trapezium face with vertical edges 12:
perimeter of the trapezium face with vertical edges 13:
perimeter of the trapezium face with vertical edges 23:
PRIOR KNOWLEDGE

1
2

× (1 + 2) × 4 = 6

1
2

× (2 + 3) × 4 = 10

1
2

× (1 + 3) × 4 = 8

Area of rectangle, Area of trapezium
RECOMMENDATIONS / COMMENTS
This exercise develops the skills of decomposition of 3D geometrical objects into 2D geometrical shapes and
develops visual perception.
Exercise 410 - Heights and Areas is recommended after this exercise. That exercise shows an interesting
connection between the sum of the areas of the quadrilateral faces and the sum of the lengths of the vertical
edges.
The different blocks can be given to different students.
The calculations can be veriﬁed using GeoGebra, see exercise 528 - Read the Results in GeoGebra.
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409 - Area of Rectangular
Faces

Name:
Date:

Erasmus+

STUDENT

Tools: one block / student or pair

MATHS / 2D GEOMETRY

Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
Students calculate the areas of the vertical faces of the Logifaces blocks, using the standard units.
LEVEL 1

blocks 111, 222, 333

LEVEL 2

blocks 112, 122, 113, 133, 223, 233

LEVEL 3

blocks 123, 132

SOLUTION(S)

257

Grades 5-8 (AS), 9-12 (S)
Duration: 30-40 min
Tools: one block / student or
pair

410 - Heights and Areas
Erasmus+

Individual / Pair work
Keywords: Area, Rectangle,
Trapezium, Algebraic
Expressions, Proof

MATHS / 2D GEOMETRY

TEACHER
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
After calculating the areas of the vertical faces of each block (see exercise 409 - Area of Rectangular
Faces), students look for the rule that connects the code of the block and the sum of the areas of the
vertical faces.
LEVEL 1

Students observe and formulate the connection. They can use the table shown in the
solution.

LEVEL 2

Students prove the connection in the case of blocks 111, 222 or 333.

LEVEL 3

Students prove the connection in general.

SOLUTIONS / EXAMPLES
Denote the three heights of the block by ℎ1, ℎ2, ℎ3 and the length of the base edge by 𝑎𝑎.
Observation of the connection:

LEVEL 1
Based on the calculation of the sums of the areas, we can conclude that there is a
connection between the sum of the heights and the sum of the areas:
Code of block

Sum of heights (in standard units)
ℎ1 + ℎ2 + ℎ3

Sum of the areas of the faces (in standard
units)

111

1+1+1=3

4+4+4=12 (=3x4)

112

1+1+2=4

4+6+6=16 (=4x4)

122

1+2+2=5

6+6+8=20 (=5x4)

113

1+1+3=5

4+8+8=20 (=5x4)

222

2+2+2=6

8+8+8=24 (=6x4)

123, 132

1+2+3=6

6+8+10=24 (=6x4)

133

1+3+3=7

8+8+12=28 (=7x4)

223

2+2+3=7

8+10+10=28 (=7x4)

233

2+3+3=8

10+10+12=32 (=8x4)

333

3+3+3=9

12+12+12=36 (=9x4)
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Based on the results in the table, the formula for the sum of the areas of the vertical faces is
(ℎ1 + ℎ2 + ℎ3) × 4, where 4 is the length of the base edge. If working with a general base length, 𝑎𝑎, the

formula becomes (ℎ1 + ℎ2 + ℎ3) × 𝑎𝑎.
Proof of the connection:

LEVEL 2
These blocks have rectangular vertical faces, hence the sum of their areas is
ℎ1 × 𝑎𝑎 + ℎ2 × 𝑎𝑎 + ℎ3 × 𝑎𝑎 = (ℎ1 + ℎ2 + ℎ3) × 𝑎𝑎.

LEVEL 3
We present two proofs. In the ﬁrst proof we do not assume that students are familiar with
the area formula of a trapezium and present a geometric argument. The second proof is more algebraic
and uses the area formula of a trapezium.
Please note that in both cases rectangles are treated as special trapeziums, where ℎ = ℎ1 = ℎ2, hence

the arguments and formulas stay correct.
Proof 1:

The vertical faces of the block are the trapeziums shown in the ﬁgure:

Divide the trapeziums into a rectangle and a triangle as shown in the ﬁgure. Then cut the triangles into
two parts, and ﬁt them to form rectangles.

Then the sum of the areas of the three rectangles can be calculated as follows:
𝑎𝑎ℎ1 + 𝑎𝑎 ×

ℎ2−ℎ1
2

+ 𝑎𝑎ℎ2 + 𝑎𝑎 ×

= 𝑎𝑎(ℎ1 + ℎ2 + ℎ3)

ℎ3−ℎ2
2

+ 𝑎𝑎ℎ1 + 𝑎𝑎 ×

This explains the observed connection (as 𝑎𝑎 = 4).

Proof 2:

ℎ3−ℎ1
2

= 𝑎𝑎

(

2ℎ1+ℎ2−ℎ1+2ℎ2+ℎ3−ℎ2+2ℎ1+ℎ+−ℎ1
2

) = 𝑎𝑎(

2ℎ1+2ℎ2+2ℎ3
2

)

To prove the connection between the sum of the heights and the sum of the areas of the vertical faces,
note that in a trapezium face, the heights (ℎ1, ℎ2) of the Logifaces blocks are the bases of the trapezium

and the base edge (𝑎𝑎) of the block is the height of the trapezium. Therefore, the area of a trapezium is
1
𝐴𝐴 = 2 (ℎ1 + ℎ2) × 𝑎𝑎.
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Note again that the formula of the area of the trapezium yields also for the area of a rectangular face:
1
𝐴𝐴 = 𝑎𝑎 × ℎ = 2 (ℎ' + ℎ2) × 𝑎𝑎, where ℎ = ℎ1 = ℎ2 is the length of the vertical edge of the rectangular
face.

Hence the sum of the areas of the vertical faces of a Logifaces block with heights
ℎ1, ℎ2, ℎ3 is
1
2

(ℎ1 + ℎ2) × 𝑎𝑎 +

1
2

(ℎ1 + ℎ3) × 𝑎𝑎 +

1
2

(ℎ2 + ℎ3) × 𝑎𝑎 =

This explains the observed connection (as 𝑎𝑎 = 4).

1
2

(2ℎ1 + 2ℎ2 + 2ℎ3) × 𝑎𝑎 = (ℎ1 + ℎ2 + ℎ3) × 𝑎𝑎

PRIOR KNOWLEDGE

Area formulas of rectangle and trapezium, Algebraic expressions
RECOMMENDATIONS / COMMENT
Exercise 409 - Area of Rectangular Faces is recommended before this exercise. That exercise included
the calculation of the areas of the vertical faces.
The proof of the connection (Level 3 exercise) is recommended to be discussed with the whole class.
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410 - Heights and Areas

Name:
Date:

Erasmus+

Tools: one block / student or pair

MATHS / 2D GEOMETRY

STUDENT
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
After calculating the areas of the vertical faces of each block (see exercise 409 - Area of Rectangular Faces),
students look for the rule that connects the code of the block and the sum of the areas of the vertical faces.
LEVEL 1

Students observe and formulate the connection. They can use the table shown in the
solution.

LEVEL 2

Students prove the connection in the case of blocks 111, 222 or 333.

LEVEL 3

Students prove the connection in general.

SOLUTION(S)
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Grades 5-8 (AS), 9-12 (S)
Duration: 15-20 min

411 - Area of Triangles

Tools: one Logifaces Set / class

Erasmus+

TEACHER

Individual work
Keywords: Pythagorean theorem,
Percent, Area of the triangle

MATHS / 2D GEOMETRY

Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
LEVEL 1

Students calculate the altitude of the top and the base triangles of the Logifaces blocks.

LEVEL 2

Students calculate the area of the top and the base triangles of the Logifaces blocks.

LEVEL 3

Students consider the percentage difference between the top and the base triangle.

SOLUTIONS / EXAMPLES
LEVEL 1
There are 4 different types of triangles. The base faces are all equilateral triangles, the top faces
are either equilateral triangles or isosceles triangles (3 types). The Pythagorean theorem is used to calculate
the altitude of the triangles.
Pythagorean theorem in an isosceles triangle:

( )

𝑏𝑏 2
2

2

𝑎𝑎 =

2

+ℎ

2

ℎ=

𝑎𝑎 −

( )

𝑏𝑏 2
2

When the face is an equilateral triangle with edge length 4, this gives ℎ =

2

2

4 − 2 = 12 = 2 3

When the face is an isosceles triangle, the altitudes can be found in the table below:
lengths of the edges
4,
4,

17,
20,

20,
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17
20

17,

altitude
ℎ=

17

ℎ=
ℎ=

2

2

2

2

17 − 2 = 13

20 − 2 = 16 = 4
2

17 −

( )
20
2

2

=

2

17 − 5 = 12

LEVEL 2
1
2

𝐴𝐴 =

The following formula is used to calculate the area of the triangles:

× 𝑏𝑏𝑎𝑎𝑠𝑠𝑒𝑒 × 𝑎𝑎𝑙𝑙𝑡𝑡𝑖𝑖𝑡𝑡𝑢𝑢𝑑𝑑𝑒𝑒

When the face is an equilateral triangle with edge length 4, this gives 𝐴𝐴 =

1
2

× 4 × 2 3= 4 3

When the face is an isosceles triangle, the areas can be found in the table below:
lengths of the edges

area

4,

𝐴𝐴 =

1
2

× 4 × 13 = 2 13

𝐴𝐴 =

1
2

× 20 × 12 = 2 15

4,

17,
20,

20,

17
20

17,

LEVEL 3

17

𝐴𝐴 =

1
2

× 4× 4= 8

All the bases are equilateral triangles, their area is 4 3.

- blocks 111, 222 and 333 have equilateral top faces: top triangle is 0% larger.
- blocks 112, 221, 223 and 332 have isosceles top faces with edges 4,
triangle is 4% larger.

- blocks 113 and 331 have isosceles top faces with edges 4,
larger.

20,

- blocks 123 and 132 have isosceles top faces with edges 20,

12% larger.

20:
17,

8

4 3

17:

=
2 15
4 3

2 13

17:

17,
2

3

4 3

=

39
6

≈ 1. 04 . Top

≈ 1. 15 . Top triangle is 15%

=

5
2

≈ 1. 12 . Top triangle is

PRIOR KNOWLEDGE
Pythagorean theorem, Percentage, Area
RECOMMENDATIONS / COMMENTS
Exercises 406 - Different Triangles and 409 - Area of Rectangular Faces are recommended before this exercise.
You ﬁnd the dimensions of the blocks Measurements of the Logifaces blocks.
The calculations can be veriﬁed using GeoGebra, see exercise 528 - Read the Results in GeoGebra.
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411 - Area of Triangles

Name:
Date:

Erasmus+

Tools: one Logifaces Set / class

MATHS / 2D GEOMETRY

STUDENT
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
LEVEL 1

Students calculate the altitude of the top and the base triangles of the Logifaces blocks.

LEVEL 2

Students calculate the area of the top and the base triangles of the Logifaces blocks.

LEVEL 3

Students consider the percentage difference between the top and the base triangle.

SOLUTION(S)
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Grades 5-8 (AS), 9-12 (AS)
Duration: 10 min

412 - Arrange by Area

Tools: one Logifaces Set / 3-4
students
Individual work
Keywords: Surface

Erasmus+

MATHS / 2D GEOMETRY

TEACHER
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
LEVEL 1

Students arrange the blocks in ascending order according to the sum of their vertical face areas.

LEVEL 2

Students arrange the blocks in ascending order according to their surface area.
Students can try to ﬁnd the ordering without exact calculations, only by comparing the areas
based on conclusions from the edge lengths. They verify this by calculations.

SOLUTIONS / EXAMPLES
LEVEL 1

To calculate the area of the vertical faces, see exercise 409 - Area of Rectangular Faces.

For some blocks, we get the same value. According to the calculated areas, the ascending order of the blocks
is as follows:
Sum of area

Blocks

12

111

16

112

20

122, 113

24

123, 132, 222

28

133, 223

32

233

36

333

Observe that the sum of the areas of the vertical faces depends only on the sum of the three heights (see
exercise 410 - Heights and Areas for the explanation).
LEVEL 2
Use the area of the top faces to distinguish between the whole surface areas of the blocks that
have the same area in the ordering of the Level 1 exercise.
To calculate the area of the base and the top triangles, see exercise 411 - Area of Triangles.
The areas of the top faces are as follows:
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top edge lengths

area of top triangle

blocks

4, 4, 4

4 3 ≈ 6. 93

111, 222, 333

8

113, 133

4,
4,

17,
20,

20,

17
20

17,

17

2 13 ≈ 7. 21

112, 122, 223, 233

2 15 ≈ 7. 75

123, 132

Because the difference between the area of the largest top triangle and the area of the smallest top triangle is
8 − 4 3 ≈ 1. 07, which is less than 4, adding the area of the triangles does not override the order in the Level 1
exercise, where the difference between two adjacent categories is always 4.
Surface area (vertical faces + base + top face)

Blocks

12 + 4 3 + 4 3 ≈ 25. 86

111

20 + 4 3 + 2 13 ≈ 34. 14

122

24 + 4 3 + 4 3 ≈ 37. 86

222

28 + 4 3 + 2 13 ≈ 42. 14

223

32 + 4 3 + 2 13 ≈ 46. 14

233

16 + 4 3 + 2 13 ≈30.14

112

20 + 4 3 + 8 ≈ 34. 93

113

24 + 4 3 + 2 15 ≈ 38. 67

123, 132

28 + 4 3 + 8 ≈ 42. 93

133

36 + 4 3 + 4 3 ≈ 49. 86

333

PRIOR KNOWLEDGE

Formula of the area of rectangle, trapezium and triangle
RECOMMENDATIONS / COMMENTS
Exercises 409 - Area of Rectangular Faces, 410 - Heights and Areas and 411 - Area of Triangles are
recommended before this exercise.
This task is suitable for differentiation, as Level 2 is much more diﬃcult than Level 1. The result of the Level 1
exercise helps the solution of the Level 2 exercise.
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412 - Arrange by Area

Name:
Date:

Erasmus+

Tools: one Logifaces Set / 3-4
students

MATHS / 2D GEOMETRY

STUDENT
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
LEVEL 1

Students arrange the blocks in ascending order according to the sum of their vertical face areas.

LEVEL 2

Students arrange the blocks in ascending order according to their surface area.
Students can try to ﬁnd the ordering without exact calculations, only by comparing the areas
based on conclusions from the edge lengths. They verify this by calculations.

SOLUTION(S)
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Grades 9-12 (A)
Duration: 15 min
Tools: one Logifaces Set / class

413 - Area with Heron's
Formula
Erasmus+

TEACHER

Individual work
Keywords: Square root, Heron’s
formula, Measurements

Logifaces

MATHS / 2D GEOMETRY

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
Students use Heron's formula to calculate the area of the top and the base triangles of the blocks.
LEVEL 1

Students measure the lengths of the edges, aiming for high accuracy. The class can discuss the
accuracy of the results and the size of the error depending on the measurements.

LEVEL 2

Students use the standard units to calculate the exact areas.

SOLUTIONS / EXAMPLES

Heron’s formula:
𝐴𝐴 = 𝑠𝑠(𝑠𝑠 − 𝑎𝑎)(𝑠𝑠 − 𝑏𝑏)(𝑠𝑠 − 𝑐𝑐),
where 𝑠𝑠 =
LEVEL 1

𝑎𝑎+𝑏𝑏+𝑐𝑐
2

Area of the equilateral triangle:

7. 5 × 2. 5 × 2. 5 × 2. 5 ≈ 10, 825 𝑐𝑐𝑚𝑚

2

Area of the top triangle of blocks 112, 122, 223, 233:
7. 65 × (7. 65 − 5) × (7. 65 − 5. 15) × (7. 65 − 5. 15) ≈ 11. 26 𝑐𝑐𝑚𝑚

2

Area of the top triangle of blocks 113, 133:

8. 09 × (8. 09 − 5) × (8. 09 − 5. 59) × (8. 09 − 5. 59) ≈ 12. 5 𝑐𝑐𝑚𝑚

2

Area of the top triangle of blocks 123, 132:

7. 95 × (7. 95 − 5. 15) × (7. 95 − 5. 15) × (7. 95 − 5. 59) ≈ 12. 1 𝑐𝑐𝑚𝑚
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2

LEVEL 2

See exercise 404 - Top Edges for calculations of the lengths of the top edges.
There are 4 different types of triangles. The base faces are all equilateral triangles, the top faces
are either equilateral triangles or isosceles triangles (3 types).

block 111, 222, 333

𝑠𝑠 =

4+4+4
2

= 6

𝐴𝐴 = 4 3

block 112, 122, 223, 233

𝑠𝑠 =

4+ 17+ 17
2

𝐴𝐴 = 2 13

CALCULATIONS

= 2 + 17

block 113, 133

𝑠𝑠 =

4+ 20+ 20
2

𝐴𝐴 = 8

block 123, 132

= 2 + 20 𝑠𝑠 =

20+ 17+ 17
2

𝐴𝐴 = 2 15

= 5 + 17

area of equilateral triangle:
𝐴𝐴 = 6(6 − 4)(6 − 4)(6 − 4) = 6 × 2 × 2 × 2 = 4 3

area of isosceles triangle with edges
4,

17,

17: 𝐴𝐴 =

(2 + 17)(2 + 17 − 4)(2 + 17 − 17)(2 + 17 − 17) =

20,

20: 𝐴𝐴 =

(2 + 20)(2 + 20 − 4)(2 + 20 − 20)(2 + 20 − 20) =

=

(2 + 17)(− 2 + 17) × 2 × 2 = 52 = 2 13

=

(2 + 20)(− 2 + 20) × 2 × 2 = 64 = 8

=

( 5 + 17)( 5 + 17 − 20) × 5 × 5 = 60 = 2 15

4,

20,

17,

17: 𝐴𝐴 = ( 5 + 17)( 5 + 17 − 20)( 5 + 17 − 17)( 5 + 17 − 17) =

PRIOR KNOWLEDGE
Square root, Triangle, Edge
RECOMMENDATIONS / COMMENTS
The area of a triangle can be calculated with the Heron's formula if all side lengths are known. There is no need
to calculate the altitude of the triangle.
In exercise 411 - Area of Triangles the same areas are calculated using the altitude of the triangle.
Level 1 is recommended when the goal is to calculate the area of the real object and discuss accuracy.
Level 2 is recommended when the goal is to practise calculations including square roots of integers.
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413 - Area with Heron's
Formula

Name:
Date:

Erasmus+

STUDENT

Tools: one Logifaces Set / class

MATHS / 2D GEOMETRY

Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
Students use Heron's formula to calculate the area of the top and the base triangles of the blocks.
LEVEL 1

Students measure the lengths of the edges, aiming for high accuracy. The class can discuss the
accuracy of the results and the size of the error depending on the measurements.

LEVEL 2

Students use the standard units to calculate the exact areas.

SOLUTION(S)

270

Grades 1-4 (S)
Duration: 45 min

501 - Build if from
Plasticine

Tools: one piece / student, plasticine

Erasmus+

TEACHER

Individual work
Keywords: Geometry, Craft

Logifaces

MATHS / TRANSFORMATIONS

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
Students create models of Logifaces blocks using plasticine.
SOLUTIONS / EXAMPLES
An example of a student’s solution:

PRIOR KNOWLEDGE
Basics of geometry, Taking part in hands-on activities
RECOMMENDATIONS / COMMENTS
This exercise can develop ﬁne motor skills and students can practise geometrical shapes.
This task is not as easy as it seems since students need to take into account the angles and irregular
geometrical shapes, like quadrilaterals. This exercise develops students' motor, visual and spatial abilities,
while learning about geometry.
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Name:

501 - Build if from
Plasticine
Erasmus+

Date:

STUDENT

Tools: one piece / student, plasticine

MATHS / TRANSFORMATIONS

Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
Students create models of Logifaces blocks using plasticine.
SOLUTION(S)

272

Grades 1-4 (S), 5-8 (S)

502 - Mirror Shape

Duration: 15 min
Tools: one Logifaces Set / student
Pair work

Erasmus+

MATHS / TRANSFORMATIONS

Keywords: Symmetry

TEACHER
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION:
Students are working in pairs. Each student gets one Logifaces set.
One student builds an object with some of the blocks, the other student tries to build the reﬂected object.
After they ﬁnish, they can place a pencil or paper between the two objects to represent the plane of symmetry
to check their work.
Then they swap roles and repeat the task.
POSSIBLE EXTENSION
and its symmetrical image.

Students observe whether the same blocks were used for the original structure

SOLUTIONS/EXAMPLES
See the ﬁgure for an example.
Answer for the possible extension:
Blocks 123 and 132 are each other’s mirrored images,
while all the other blocks are the mirrored images of
themselves. Hence if the original block is 123, the
corresponding block in the mirrored image is 132 (and
the other way around), while in every other case the
same block is present at the corresponding positions in
the original and the mirrored image.
When the structure contains an equal number of the
blocks 123 and 132, then the same blocks are used for
the symmetrical image. Otherwise the numbers of
blocks 123 and 132 differ in the structure and in its
symmetrical image.
PRIOR KNOWLEDGE
Symmetry in 3 dimensions
RECOMMENDATIONS / COMMENTS
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502 - Mirror Shape

Name:

Erasmus+

Date:
Tools: one Logifaces Set / student

MATHS / TRANSFORMATIONS

STUDENT
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
Students are working in pairs. Each student gets one Logifaces set.
One student builds an object with some of the blocks, the other student tries to build the reﬂected object.
After they ﬁnish, they can place a pencil or paper between the two objects to represent the plane of symmetry
to check their work.
Then they swap roles and repeat the task.
POSSIBLE EXTENSION
and its symmetrical image.
SOLUTION(S)
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Students observe whether the same blocks were used for the original structure

Grades 1-4 (S), 5-8 (S)
Duration: 20 min

503 - Matching Faces

Tools: one Logifaces Set and one
template of polygons / 3-4 students,
Blu Tack
Group work
Keywords: Polygons, Nets

Erasmus+

MATHS / NET

TEACHER
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
The faces of the blocks are different polygons such as triangles and quadrilaterals. Students work in groups of
3 or 4. Each group gets a Logifaces set and a template of polygons that can be found at the end of the
exercise. For the 9 pcs Set only the ﬁrst page is needed, for the 16 pcs Set both pages are needed. They cut out
the polygons of the template and ﬁt them to the faces of the blocks using Blu Tack.
SOLUTIONS / EXAMPLES
In the ﬁgures we see the polygons that the nets of the blocks consist of and the students' solutions by sticking
the polygons to the faces of the blocks.

PRIOR KNOWLEDGE
None
RECOMMENDATIONS / COMMENTS
With this exercise students learn the concept of congruence, by comparing the polygons and the faces of the
blocks. Also, they discuss and learn to recognise the different faces of the prisms.
Exercises 505 - Net Drawing and 510 - Nets of Prism are recommended after this exercise to draw or ﬁnd all
the nets of a block.
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Name:

503 - Matching Faces

Date:
Tools: one Logifaces Set and one
template of polygons / 3-4 students,
Blu Tack

Erasmus+

MATHS / NET

STUDENT
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
The faces of the blocks are different polygons such as triangles and quadrilaterals. Students work in groups of
3 or 4. Each group gets a Logifaces set and a template of polygons that can be found at the end of the
exercise. For the 9 pcs Set only the ﬁrst page is needed, for the 16 pcs Set both pages are needed. They cut out
the polygons of the template and ﬁt them to the faces of the blocks using Blu Tack.
SOLUTION(S)

278

Grades 1-4 (AD), 5-8 (AD), 9-12 (AD)
Duration: 20 min

504 - Quiz

Tools: one Logifaces Set / group

Erasmus+

Pair / Group work
Keywords: Area, Symmetry, Surface,
Volume, Prism

MATHS / 3D GEOMETRY

TEACHER
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
Students get a model of a few pieces connected in a continuous surface and cards with the description of each
piece of the model. The descriptions consist of mathematical features of the Logifaces pieces, which students
aim to pair with the correct prisms.
SOLUTIONS / EXAMPLES
Students have to be familiar with the features of prisms in order to ﬁnd the right piece in the continuous model.
For example, in the ﬁgure we can see a continuous model consisting of blocks 132, 112, 111 and 113.

The cards with the text could be as follows:
Grades 1-4:
Sum of the heights is 4. (answer: 112)

One height is larger than the sum of two others.
(answer: 113)

3 different heights (answer: 132)

Regular prism. (answer: 111)

Grades 5-7:
Regular prism (answer: 111)

Can be completed into a regular prism with block 233.
(answer: 112)

No symmetry (answer: 132)

One lateral face area is twice the area of another lateral
face. (answer: 113)

Grades 8-12:
Right regular prism (answer: 111)

Sum of the areas of the lateral faces is 30 cm2
(answer: 132)
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The sum of all the edge lengths is approximately 37.4
cm (answer: 113)

The sum of the areas of two lateral faces is
approximately 15,6 cm2 (answer: 112)

PRIOR KNOWLEDGE
Depending on the age and the particular questions: Properties of prisms, Symmetries, Calculation of area,
Surface area, Length, Volume

RECOMMENDATIONS / COMMENTS
This exercise can be used to differentiate by giving different cards to different groups or students.
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Name:

504 - Quiz

Date:

Erasmus+

Tools: one Logifaces Set / group

MATHS / 3D GEOMETRY

STUDENT
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
Students get a model of a few pieces connected in a continuous surface and cards with the description of
each piece of the model. The descriptions consist of mathematical features of the Logifaces pieces, which
students aim to pair with the correct prisms.
SOLUTION(S)
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Grades 5-8 (S)
Duration: 20 min

505 - Net Drawing

Tools: one block / student, ruler,
compass
Individual work

Erasmus+

MATHS / NET

TEACHER
Logifaces

Keywords: Polygons, Nets

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
Students choose a block from the set and draw a net of the block.
LEVEL 1

They place the block on a sheet of paper and trace the outline. Then they tilt the block around
one edge and draw the outline again, repeating this until the whole surface is drawn. Different
ways of drawing the surface can be compared. They need to pay attention not to draw any face
twice.

LEVEL 2

First students measure the lengths of the edges of the block, then draw the surface of the block
with the exact lengths of the sides using a ruler and a compass, using only the allowed steps of
geometric constructions.

SOLUTIONS / EXAMPLES
LEVEL 1
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The images below show the different phases of the solution for block 133.

LEVEL 2

Students use ruler and compass to draw the net, like in the ﬁgure below, where you can see an
example for the net of the block 133:

PRIOR KNOWLEDGE
Net of a polyhedron, Use of a ruler, Measuring with a compass
RECOMMENDATIONS / COMMENTS
Exercise 510 - Nets of Prism is recommended after this exercise to ﬁnd all the nets of a block.
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505 - Net Drawing

Name:
Date:

Erasmus+

Tools: one block / student, ruler,
compass

MATHS / NET

STUDENT
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
Students choose a block from the set and draw a net of the block.
LEVEL 1

They place the block on a sheet of paper and trace the outline. Then they tilt the block around
one edge and draw the outline again, repeating this until the whole surface is drawn. Different
ways of drawing the surface can be compared. They need to pay attention not to draw any face
twice.

LEVEL 2

First students measure the lengths of the edges of the block, then draw the surface of the block
with the exact lengths of the sides using a ruler and a compass, using only the allowed steps of
geometric constructions.

SOLUTION(S)

284

Grades 7-8 (S)
Duration: 90 min

506 - Build it from Straws

Tools: one piece / student, straws,
scissors
Individual work
Keywords: Craft, Similarity

Erasmus+

MATHS / TRANSFORMATIONS

TEACHER
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
Students' task is to create models of different Logifaces pieces using straws. They can build models that are
two or three or other times bigger than the original pieces, but the models have to be similar to the original
ones.
SOLUTIONS / EXAMPLES
Students measure the edges of the selected Logifaces piece with the help of a ruler. Next step is to build the
faces using straws based on the measured values. Students can also enlarge the measurements and use
those values to build their model. To create the models, scissors and tapes are also needed. After students are
done making the faces they can connect them together to ﬁnish their models. The ﬁgure shows a model based
on the Logifaces piece 132 with scale factor 4.

PRIOR KNOWLEDGE
Basic geometrical ﬁgures in 2D, Properties and application of similarity
RECOMMENDATIONS / COMMENTS
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Name:

506 - Build it from Straws

Date:
Tools: one piece / student, straws,
scissors

Erasmus+

MATHS / TRANSFORMATIONS

STUDENT
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
Students' task is to create models of different Logifaces pieces using straws. They can build models that are
two or three or other times bigger than the original pieces, but the models have to be similar to the original
ones.
SOLUTION(S)
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Grades 5-8 (A), 9 (S)

507 - Build it from Paper

Duration: 45 min
Tools: one piece / student, paper,
scissors
Individual work

Erasmus+

MATHS / TRANSFORMATION

Keywords: Geometry, Similarity

TEACHER
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
Each student selects a Logifaces piece.
LEVEL 1

Students enlarge and reduce the size of the original piece using the standard units. They
calculate the measurements for objects with the following scale factors: 2, 10, 20 and ½.

LEVEL 2

Students calculate the surface area and the volume of the pieces with scale factor 2 and ½.

LEVEL 3

Students build a model of an enlarged or reduced piece using paper.

SOLUTIONS / EXAMPLES
LEVEL 1:
Solution for block 112, using the notations of the ﬁgure below:

Block 112:
Scale factor 2:
Scale factor 10:
Scale factor 20:
Scale factor

1
2

𝑎𝑎

𝑏𝑏

8

2 17

80

20 17

4

40
2

17

10 17
1
2

17

ℎ1

ℎ2

2

4

1

10
20
1
2

2

20
40
1
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LEVEL 2
Triangles

Base

Top

Block 112:

𝐴𝐴 = 4 3

𝐴𝐴 = 2 13

Scale factor 2:
Scale factor

1
2

𝐴𝐴 =

:

𝐴𝐴 =

1
2

2

× 8 × 4 3=2 × 4 3

( )

1 2
2

× 4 3

2

𝐴𝐴 = 2 × 2 13
𝐴𝐴 =

( )

1 2
2

× 2 13

Side faces

Block 112:

𝐴𝐴 = 6

Scale factor 2:
Scale factor

1
2

:

Block 112:
Scale factor 2:
Scale factor
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1
2

𝐴𝐴 = 2

:

𝐴𝐴 =

2

( )
1
2

× 6
2

× 6

𝐴𝐴 = 4
𝐴𝐴 = 2
𝐴𝐴 =

2

( )
1
2

× 4
2

Surface area

Volume

𝑆𝑆𝑢𝑢𝑟𝑟𝑓𝑓𝑎𝑎𝑐𝑐𝑒𝑒 = 16 + 4 3 + 2 13 ≈ 30. 14

𝑉𝑉𝑜𝑜𝑙𝑙𝑢𝑢𝑚𝑚𝑒𝑒 =

𝑆𝑆𝑢𝑢𝑟𝑟𝑓𝑓𝑎𝑎𝑐𝑐𝑒𝑒 = 2
𝑆𝑆𝑢𝑢𝑟𝑟𝑓𝑓𝑎𝑎𝑐𝑐𝑒𝑒 =

2

( )
1
2

× (16 + 4 3 + 2 13) ≈ 120. 56
2

× (16 + 4 3 + 2 13) ≈ 120. 56

× 4

4
3

𝑉𝑉𝑜𝑜𝑙𝑙𝑢𝑢𝑚𝑚𝑒𝑒 = 2
𝑉𝑉𝑜𝑜𝑙𝑙𝑢𝑢𝑚𝑚𝑒𝑒 =

× 4 3
3

( )
1
2

×

3

4
3

×

× 4 3
4
3

× 4 3

LEVEL 3

PRIOR KNOWLEDGE
Similarity
RECOMMENDATIONS / COMMENTS
This exercise can be used to practise the concept of similarity. It is recommended to see exercises 513 - Surface
Area Calculation and 517 - Heights and Volumes ﬁrst.
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507 - Build it from Paper

Name:
Date:

Erasmus+

Tools: one piece / student, paper,
scissors

MATHS / TRANSFORMATION

STUDENT
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
Each student selects a Logifaces piece.
LEVEL 1

Students enlarge and reduce the size of the original piece using the standard units. They
calculate the measurements for objects with the following scale factors: 2, 10, 20 and ½.

LEVEL 2

Students calculate the surface area and the volume of the pieces with scale factor 2 and ½.

LEVEL 3

Students build a model of an enlarged or reduced piece using paper.

SOLUTION(S)
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Grades 7-8 (A), 9-12 (S)

508 - Net with GeoGebra

Duration: 20-45 min
Tools: one Logifaces Set / 4-8
students, GeoGebra
Individual work
Keywords: Polyhedra, Polygons, Nets,
GeoGebra

Erasmus+

MATHS / NET

TEACHER
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
Students choose a block from the set and draw a net of the block using GeoGebra.
SOLUTIONS/EXAMPLES:
One possible net for each block is shown in the ﬁgure below.
GUIDELINES FOR TEACHERS:
It is recommended to use this type of net, as starting from the base triangle and knowing the lengths of the
vertical edges suﬃces to draw and measure every edge.
The net of this type can be drawn in GeoGebra using the following steps:
- Draw the base triangle by ﬁrst drawing a segment of length 5, then using the Compass tool to ﬁnd the third
vertex.
- Draw the vertical faces by using the Perpendicular line tool to draw the lines of the vertical edges, then ﬁnd
their endpoints using the Compass tool.
- Draw the top base by using the Compass tool to ﬁnd the third vertex of the triangle.

111

112

212

113

291

222

123

132

313

323

333

232

PRIOR KNOWLEDGE
Basics of GeoGebra: segment, perpendicular lines, compass
RECOMMENDATIONS/COMMENTS:
Exercise 505 - Net Drawing is recommended for drawing the nets using the blocks or the steps of geometric
constructions.
See exercise 510 - Nets of Prism and 511 - Logifaces Nets for the other possible net types.
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Name:

508 - Net with GeoGebra

Date:
Erasmus+

Tools: one Logifaces Set / 4-8
students, GeoGebra

MATHS / NET

STUDENT
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
Students choose a block from the set and draw a net of the block using GeoGebra.
SOLUTION(S)
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Grades 7-8 (S), 9-12 (S)
Duration: 20 min

509 - Complement the Net

Tools: one Logifaces Set / class

Erasmus+

Individual work
Keywords: Logical thinking, All cases,
Nets

MATHS / NET

TEACHER
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
The following ﬁgures show nets of Logifaces blocks, with one of the faces removed.
a)

b)

c)

d)

LEVEL 1

Students identify the Logifaces blocks based on their incomplete nets.

LEVEL 2

Students identify the missing polygon, and complete the net.

LEVEL 3

Students ﬁnd all the possible ways the missing polygon can be placed to complete the net.

Two nets are different if they cannot be transformed into each other by reﬂection or rotation. (This can be told
to students as "you can not distinguish the nets after cutting them out of the paper").
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SOLUTIONS / EXAMPLES
LEVEL 1
a)
b)
c)
d)

113
122
112
123 or 132

LEVEL 2
The solutions are in the ﬁgures below.
Observe that the triangular faces can be drawn in 3 different places and the quadrilateral faces can be drawn in
4 different places.
a)

b)

c)

d)

PRIOR KNOWLEDGE
Logifaces blocks, Net of a polyhedron
RECOMMENDATIONS/COMMENTS
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509 - Complement the Net

Name:

Erasmus+

Date:
Tools: one Logifaces Set / class

MATHS / NET

STUDENT
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
The following ﬁgures show nets of Logifaces blocks, with one of the faces removed.
a)

b)

c)

d)

LEVEL 1

Students identify the Logifaces blocks based on their incomplete nets.

LEVEL 2

Students identify the missing polygon, and complete the net.

LEVEL 3

Students ﬁnd all the possible ways the missing polygon can be placed to complete the net.

Two nets are different if they cannot be transformed into each other by reﬂection or rotation. (This can be told
to students as "you can not distinguish the nets after cutting them out of the paper").
SOLUTION(S)
296

Grades 7-8 (AS), 9-12 (AS)
Duration: 20 min

510 - Nets of Prism

Tools: one Logifaces Set / 3-5
students
Individual / Pair work
Keywords: Logical thinking, Cases,
Nets

Erasmus+

MATHS / NET

TEACHER
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
LEVEL 1

Students consider the number of ways the ﬁgure below can be supplemented to obtain one of
the nets of block 222. Two nets are different if they cannot be transformed into each other by
reﬂection or rotation. (This can be told to students as "you can not distinguish the nets after
cutting them out of the paper").

LEVEL 2

Students draw all the different nets of the block 222.

SOLUTIONS / EXAMPLES
Students can ﬁnd a template for 9 pcs Set and 16 pcs Set that includes all the faces of each piece in exercise
503 - Matching Faces. They can cut out the polygons of the template and use them to ﬁnd all of the nets.
LEVEL 1

There are 4 nets. The symmetry by reﬂection or rotation can be discussed during the solution.

LEVEL 2

Block 222 has 9 nets: there are 4 nets found in the Level 1 exercise, and 5 other nets, see below.

PRIOR KNOWLEDGE
Net of a polyhedron
RECOMMENDATIONS / COMMENTS
This exercise can be used to develop spatial vision and systematic thinking.
The more diﬃcult exercise 511 - Logifaces Nets is recommended after this exercise or for differentiation.
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Name:

510 - Nets of Prism

Date:
Erasmus+

Tools: one Logifaces Set / 3-5
students

MATHS / NET

STUDENT
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
LEVEL 1

Students consider the number of ways the ﬁgure below can be supplemented to obtain one of
the nets of block 222. Two nets are different if they cannot be transformed into each other by
reﬂection or rotation. (This can be told to students as "you can not distinguish the nets after
cutting them out of the paper").

LEVEL 2

Students draw all the different nets of the block 222.

SOLUTION(S)
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Grades 7-8 (A), 9-12 (A)
Duration: 30-45 min

511 - Logifaces Nets

Tools: one Logifaces Set / 3-5
students

Erasmus+

Individual / Pair work

MATHS / NET

Keywords: Logical thinking, Cases,
Nets

TEACHER
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
In Levels 1-4 students consider the given net of the block 222 and ﬁnd the number of nets of this type only.
Two nets are different if they cannot be transformed into each other by reﬂection or rotation. (This can be told
to students as "you can not distinguish the nets after cutting them out of the paper").
diagram 1

diagram 2

They work with the following nets and blocks:
LEVEL 1

diagram 1 and blocks 123 or 132

LEVEL 2

diagram 1 and blocks 133, 122, 233, 113, 112 or 223

LEVEL 3

diagram 2 and blocks 123 or 132

LEVEL 4

diagram 2 and blocks 133, 122, 233, 113, 112 or 223

In Levels 5 and 6 students consider any type of nets and ﬁnd the
number of all different nets of the given block.
They work with the following blocks:
LEVEL 5

blocks 123 or 132

LEVEL 6

blocks 133, 122, 233, 113, 112 or 223

SOLUTIONS / EXAMPLES
It may be useful to emphasise what we mean by equivalent nets.
Note on the symmetries of the solutions: The nets of blocks 123 and 132 are exactly the same because of the
equivalence of the nets that can be transformed into each other by reﬂections.
The symmetries of block 133 imply less or equal number of nets than in the case of block 123.
In the solution the vertices of the given net type representing the same vertex are marked with the same letter
in the ﬁgure of the net type. The letters 𝐵𝐵𝑖𝑖 and 𝑇𝑇𝑖𝑖 stand for the base and top vertices of the block of an edge of
height 𝑖𝑖, respectively.

The solutions of Levels 1-4 are given both by a combinatorial argument and by the list of the solutions.

LEVELS 1-2 Each vertex on the ﬁgure is distinguishable, hence the number of nets can be counted by a
simple combinatorial argument.
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LEVEL 1

The vertex 𝐵𝐵1 can be chosen among the 6 vertices 𝐴𝐴1, 𝐴𝐴2, 𝐴𝐴3, 𝐶𝐶1, 𝐶𝐶2, 𝐶𝐶3. The vertex 𝐵𝐵2 must be a

neighbouring vertex with the same letter (one vertex of the same triangle), so there are 2 choices for this vertex
given the choice for 𝐵𝐵1. All other vertices are determined by 𝐵𝐵1 and 𝐵𝐵2, hence there are 6 × 2 = 12 different

nets of the given types for the blocks 123 or 132. The 12 different nets are listed below:
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ASSISTANCE FOR THE STUDENTS
The different nets are maybe too diﬃcult to draw. An easier way to list
the nets is to write the vertices in the diagram of the given net of the block 222. In this way, the diagram is the
same (which is easy to draw), and only the letters change. For example, the ﬁrst and the last net of the solution
of the Level 1 exercise are drawn below in this easier way.

LEVEL 2
The solution is given for block 133. For the other blocks it is similar, and the number of nets is
the same. The vertex 𝐵𝐵1 can be chosen among the 6 vertices 𝐴𝐴1, 𝐴𝐴2, 𝐴𝐴3, 𝐶𝐶1, 𝐶𝐶2, 𝐶𝐶3, and this choice determines

all other vertices, hence there are 6 different nets of the given type for block 133. The 6 different nets are listed
below:

LEVELS 3-4 The vertices of the net type are not distinguishable, because the perpendicular line through the
midpoint of the segment 𝐴𝐴1𝐶𝐶1 is an axis of symmetry of the diagram. Hence every choice of the vertices gives

the same net as the choice symmetrical to this axis. It follows that if the number of nets of this type is counted
by the same combinatorial argument as in the solutions of Levels 1-2, then every choice has a symmetrical pair
that gives the same net. It follows that the number of nets is half of the numbers in Levels 1 and 2: the number
of nets in Level 3 is 12/2 = 6, and in Level 4 is 6/2 = 3.
LEVEL 3

Block 123 has 6 nets of the given type, as seen in the ﬁgure below.
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LEVEL 4

Block 133 has 3 nets with the given type, as seen in the ﬁgure below.

GUIDELINES FOR STUDENTS
By repeating the method used in Levels 1-4 to all nets of block 222 (see
exercise 510 - Net of Prism), all possible nets can be found. The combinatorial argument using the symmetries
must be performed carefully when the axis of symmetry goes through some vertices.
LEVEL 5
The block 123 has 69 nets, see the number of nets for each net type in the tabular below.
In some of the net types, the upper vertex of the edge of length 1 can be any vertex of the triangles (6 cases)
and the upper vertex of the edge of length 2 can be any neighbour of it (2 cases). This determines the positions
of the remaining vertices, hence there are 12 nets. By symmetry, in some net types two such vertex labelings
give equivalent nets, this gives the net types of 6 cases, and in the net type with the most symmetries this
gives only 3 cases.
LEVEL 6
The block 133 has 39 nets, see the number of nets for each net type in the table below.
In some of the net types, the upper vertex of the edge of length 1 can be any vertex of the triangles (6 cases),
this determines the positions of the remaining vertices, hence there are 6 nets. By symmetry, in some net types
two such vertex labelings give equivalent nets, this gives the net types of 4, 3 or 2 cases.
Net type

Net type

Number of nets of block 123: 6
Number of nets of block 133: 3

Number of nets of block 123: 12
Number of nets of block 133: 6

Number of nets of block 123: 6
Number of nets of block 133: 3

Net type

Net type

Net type

Number of nets of block 123: 3
Number of nets of block 133: 2

Number of nets of block 123: 12
Number of nets of block 133: 6

Number of nets of block 123: 12
Number of nets of block 133: 6
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Net type

Net type

Net type

Net type

Number of nets of block 123: 12
Number of nets of block 133: 6

Number of nets of block 123: 6
Number of nets of block 133: 4

Number of nets of block 123: 6
Number of nets of block 133: 3

PRIOR KNOWLEDGE
Net of a polyhedron
RECOMMENDATIONS / COMMENTS
This exercise can be used to develop spatial vision and systematic thinking.
Exercise 510 - Net of Prism is recommended before this exercise.
This exercise is suitable for differentiation. Different blocks can be given to different students or pairs. The
Level 5 and 6 exercises are challenging questions.
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Name:

511 - Logifaces Nets

Date:

Erasmus+

Tools: one Logifaces Set / 3-5
students

MATHS / NET

STUDENT
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
In Levels 1-4 students consider the given net of the block 222 and ﬁnd the number of nets of this type only.
Two nets are different if they cannot be transformed into each other by reﬂection or rotation. (This can be told
to students as "you can not distinguish the nets after cutting them out of the paper").
diagram 1

diagram 2

They work with the following nets and blocks:
LEVEL 1

diagram 1 and blocks 123 or 132

LEVEL 2

diagram 1 and blocks 133, 122, 233, 113, 112 or 223

LEVEL 3

diagram 2 and blocks 123 or 132

LEVEL 4

diagram 2 and blocks 133, 122, 233, 113, 112 or 223

In Levels 5 and 6 students consider any type of nets and ﬁnd the
number of all different nets of the given block.
They work with the following blocks:

SOLUTION(S)
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LEVEL 5

blocks 123 or 132

LEVEL 6

blocks 133, 122, 233, 113, 112 or 223

Grades 5-8 (S), 9-12 (S)
Duration: 10 minutes
Tools: one Logifaces Set / 3-4
students

512 - Mutual Position of
Lines and Planes
Erasmus+

TEACHER

Pair / Group work
Keywords: Parallel, Perpendicular,
Intersecting lines and planes

MATHS / 3D GEOMETRY

Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
Each student takes a block from the set. They practise the mutual position of lines in the Level 1 exercise and
the mutual position of planes in the Level 2 exercise.
LEVEL 1

Students aim to ﬁnd the following:
- parallel edges
- perpendicular edges
- intersecting edges
- skew edges

LEVEL 2

Students aim to ﬁnd the following:
- parallel planes
- perpendicular planes
- intersecting planes

SOLUTIONS / EXAMPLES
LEVEL 1
The ﬁgures below show some examples for each type. The corresponding edges (marked in light
blue) were always drawn relative to a selected edge (marked in red).
Note that there are no parallel or perpendicular lines to those edges of the top triangle that are not 4 units long.
Parallel lines

Perpendicular lines
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Intersecting lines

Scew lines

LEVEL 2
The ﬁgures below show some examples for each type. The corresponding faces (marked in light
blue and blue) were always drawn relative to a selected face (marked in red). If the block is not a prism, it has no
parallel faces.
Parallel planes

Perpendicular planes

Intersecting planes

PRIOR KNOWLEDGE
Parallel, Perpendicular, Intersecting lines and planes
RECOMMENDATIONS / COMMENTS
We recommend this task as an introduction, during which students practise the basic concepts of
3-dimensional geometry they have learned.
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512 - Mutual Position of
Lines and Planes

Name:
Date:

Erasmus+

STUDENT

Tools: one Logifaces Set / 3-4
students

MATHS / 3D GEOMETRY

Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
Each student takes a block from the set. They practise the mutual position of lines in the Level 1 exercise and
the mutual position of planes in the Level 2 exercise.
LEVEL 1

Students aim to ﬁnd the following:
- parallel edges
- perpendicular edges
- intersecting edges
- skew edges

LEVEL 2

Students aim to ﬁnd the following:
- parallel planes
- perpendicular planes
- intersecting planes

SOLUTION(S)
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513 - Surface Area
Calculation

Grades 5-8 (S), 9-12 (S)
Duration: 10-15 min
Tools: one Logifaces piece / student

Erasmus+

TEACHER

Individual work

Logifaces

MATHS / 3D GEOMETRY

Keywords: Geometry, Measure, Area

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
Students choose a piece from the set and calculate the areas of the polygons found on that piece using the
standard units. Using these they also calculate the surface area of the piece.
SOLUTIONS / EXAMPLES
First we present detailed calculations of the polygon areas and hence the surface area for block 132.
Afterwards we summarise the results for all blocks in a table.
TRIANGLES
BASE

𝐴𝐴 =

TOP

1
2

× 4 × 2 3= 4 3

𝐴𝐴 =

1
2

× 20 × 12 = 2 15

TRAPEZIUMS
A

𝐴𝐴 =

B

1
2

× (1 + 3) × 4 = 8

C

𝐴𝐴 =

1
2

× (1 + 2) × 4 = 6

SURFACE = 4 3 + 2 15 + 8 + 6 + 10 ≈ 38. 67
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𝐴𝐴 =

1
2

× (2 + 3) × 4 = 10

In the table below, the results of the calculations are shown for every block.
Block

A

B

C

Base

Top

Total

111

4

4

4

222

8

8

8

4 3

4 3

12 + 8 3 ≈ 25. 86

333

12

12

12

112

4

6

6

4 3

4 3

36 + 8 3 ≈ 49. 86

122

6

6

8

223

8

10

10

233

10

10

12

113

4

8

8

133

8

8

12

123

6

8

10

132

6

8

10

4 3

4 3

4 3

2 13

4 3

2 13

4 3
4 3
4 3
4 3
4 3
4 3

2 13
2 13
8
8
2 15
2 15

24 + 8 3 ≈ 37. 86
16 + 4 3 + 2 13 ≈ 30. 14
20 + 4 3 + 2 13 ≈ 34. 14
28 + 4 3 + 2 13 ≈ 42. 14
32 + 4 3 + 2 13 ≈ 46. 14
20 + 4 3 + 8 ≈ 34. 93
28 + 4 3 + 8 ≈ 42. 93

24 + 4 3 + 2 15 ≈ 38. 67
24 + 4 3 + 2 15 ≈ 38. 67

PRIOR KNOWLEDGE
Area of triangles and trapeziums
RECOMMENDATIONS / COMMENTS
Complete exercises 409 - Area of Rectangular Faces and 411 - Area of Triangles to ﬁnd the areas of the
polygons.
The calculations can be veriﬁed using GeoGebra, see exercise 528 - Read the Results in GeoGebra.
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Name:

513 - Surface Area
Calculation

Date:

Erasmus+

STUDENT

Tools: one Logifaces piece / student

MATHS / 3D GEOMETRY

Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
Students choose a piece from the set and calculate the areas of the polygons found on that piece using the
standard units. Using these they also calculate the surface area of the piece.

SOLUTION(S)
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Grades 5-8 (S), 9-12 (S)
Duration: 30 min

514 - Surface Area Game

Tools: one Logifaces Set / student,
Surface maze
Individual work
Keywords: Surface, Game

Erasmus+

MATHS / 3D GEOMETRY

TEACHER
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
Students get a paper with Logifaces prisms and calculated surface area values on the arrows. They calculate
the surface areas using the standard units and follow the arrows with the right answers to get the blocks and
the right order to build a continuous surface at the end of the maze. A possible Surface maze can be found at
the end of the exercise.
SOLUTIONS / EXAMPLES
Below we can see the solution to the example Surface maze. By following the maze students get a continuous
surface as it is shown in the Figure below. The continuous Logifaces surface consists of blocks 112, 123, 133
and 233 in this order.

PRIOR KNOWLEDGE
Surface area of prisms and truncated prisms
RECOMMENDATIONS / COMMENTS
We recommend to ﬁrst see exercise 513 - Surface Area Calculation, it contains the surface area calculations for
all blocks.
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Name:

514 - Surface Area Game

Date:
Tools: one Logifaces Set / student,
Surface maze

Erasmus+

MATHS / 3D GEOMETRY

STUDENT
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
Students get a paper with Logifaces prisms and calculated surface area values on the arrows. They calculate
the surface areas using the standard units and follow the arrows with the right answers to get the blocks and
the right order to build a continuous surface at the end of the maze. A possible Surface maze can be found at
the end of the exercise.
SOLUTION(S)
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Grades 5-8 (S), 9-12 (S)

515 - Simple Volumes

Duration: 10-20 min
Tools: one Logifaces Set / class

Erasmus+

Individual work
Keywords: Regular prism, Volume

MATHS / 3D GEOMETRY

TEACHER
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
Students calculate the volume of the different Logifaces blocks.
For blocks 111, 222 or 333, the calculation of the volume is easy, since they have the shape of a regular prism.
However for blocks with a shape of a truncated prism the task of calculating the volume is a little more
complicated.
LEVEL 1

Find the volumes of the blocks 111, 222 or 333.

LEVEL 2

Find the volume of the blocks 123 or 132.

SOLUTIONS / EXAMPLES
LEVEL 1
𝑉𝑉 =

2

𝑎𝑎 3
4

If the block is in the shape of a regular prism, the following volume formula is used:
× ℎ.

block 111: 𝑉𝑉 =

block 222: 𝑉𝑉 =

block 333: 𝑉𝑉 =

2

4 3
4
2

4 3
4
2

4 3
4

× 1 = 4 3 ≈ 6. 928

× 2 = 8 3 ≈ 13. 856

× 3 = 12 3 ≈ 20. 785

LEVEL 2
Two blocks 123 form a regular prism 444. The volume of the regular prism is calculated by the
formula above, which is twice the volume of the block.
regular prism 444: 𝑉𝑉 =

2

4 3
4

block 123 (and 132): 𝑉𝑉 =
PRIOR KNOWLEDGE

2

× 4 = 16 3 ≈ 27. 713

4 3
4

× 4 : 2 = 8 3 ≈ 13. 856

Features and volume of solids (regular prism)
RECOMMENDATIONS / COMMENTS
Calculating the volume of other types of blocks is more diﬃcult, see exercise 516 - Truncated Volumes.
The calculations can be veriﬁed using GeoGebra, see exercise 528 - Read the Results in GeoGebra.
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515 - Simple Volumes

Name:
Date:

Erasmus+

Tools: one Logifaces Set / class

MATHS / 3D GEOMETRY

STUDENT
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
Students calculate the volume of the different Logifaces blocks.
For blocks 111, 222 or 333, the calculation of the volume is easy, since they have the shape of a regular prism.
However for blocks with a shape of a truncated prism the task of calculating the volume is a little more
complicated.
LEVEL 1

Find the volumes of the blocks 111, 222 or 333.

LEVEL 2

Find the volume of the blocks 123 or 132.

SOLUTION(S)

315

Grades 5-8 (AD), 9-12 (AD)

516 - Truncated Volumes

Duration: 20-30 min
Tools: one Logifaces Set / class

Erasmus+

Individual work

MATHS / 3D GEOMETRY

Keywords: Regular prism, Volume

TEACHER
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
Students calculate the volume of the different Logifaces blocks.
LEVEL 1

Consider the volume of block 112, 113 or 223.

LEVEL 2

Consider the volume of block 122, 133 or 233.

LEVEL 3

Consider the volume of block 123 by cutting it into smaller polyhedra.

SOLUTIONS / EXAMPLES
LEVEL 1

The volume of blocks 112, 113 and 223 can be calculated as follows:

Cut the block into two parts with a plane parallel to the base to obtain a regular
prism and a triangular-based pyramid. Calculate the volume of the regular prism
and the pyramid separately:
Volume of the regular prism: 𝑉𝑉 =

2

𝑎𝑎 3
4

× ℎ.

Volume of the triangular-based pyramid: 𝑉𝑉 =

𝐴𝐴×ℎ
3

block 112:
- regular prism: 𝑉𝑉 =
- pyramid: 𝑉𝑉 =

2

4 3
4

2

4 3
4

× 1:3 =

- block 112: 𝑉𝑉 = 4 3 +

block 113:

- regular prism: 𝑉𝑉 =
- pyramid: 𝑉𝑉 =

2

4 3
4

4
3

2

4 3
4

3=

4
3

16
3

3

3 ≈ 9. 234

× 1= 4 3

× 2:3 =

- block 113: 𝑉𝑉 = 4 3 +
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× 1= 4 3

8
3

3=

8
3

20
3

3

3 ≈ 11. 547

=

2

𝑎𝑎 3
4

×

ℎ
3

block 223:
- regular prism: 𝑉𝑉 =
- pyramid: 𝑉𝑉 =

2

4 3
4

2

4 3
4

× 1:3 =

- block 223: 𝑉𝑉 = 8 3 +

LEVEL 2

× 2= 8 3

4
3

3=

4
3

28
3

3

3 ≈ 16. 166

The volume of blocks 122, 133 and 233 can be calculated as follows:

Cut the block into two parts with a plane parallel to the base to obtain a regular
prism and a triangular-based pyramid. Note that in this case, the base of the
pyramid is a part of one of the block’s lateral faces. Calculate the volume of the
regular prism and the pyramid separately:
In all three cases the height of the pyramid is the height of the regular prism: ℎ =
block 122:

- regular prism: 𝑉𝑉 =

2

4 3
4

× 1= 4 3

- pyramid: 𝑉𝑉 = 1 × 4 × 2 3 : 3 =
- block 122: 𝑉𝑉 = 4 3 +

block 133:

- regular prism: 𝑉𝑉 =

8
3

2

4 3
4

3=

20
3

block 233:

- regular prism: 𝑉𝑉 =

16
3

2

4 3
4

3=

28
3

- block 233: 𝑉𝑉 = 8 3 +

LEVEL 3

8
3

16
3

3=

32
3

4 3
2

= 2 3

3

3

3 ≈ 16. 166

× 2= 8 3

- pyramid: 𝑉𝑉 = 1 × 4 × 2 3 : 3 =

=

3 ≈ 11. 547

× 1= 4 3

- pyramid: 𝑉𝑉 = 2 × 4 × 2 3 : 3 =
- block 133: 𝑉𝑉 = 4 3 +

8
3

𝑎𝑎 3
2

8
3

3

3 ≈ 18. 475

The volume of blocks 123 and 132 can be calculated as follows:

Cut the block into two parts with a plane parallel to the base to obtain a regular
prism and another polyhedron. The volume of the regular prism was calculated
before: 𝑉𝑉 =

2

4 3
4

× 1 = 4 3.

Cut the block into two parts with a plane parallel to the base through the vertex
of height 2. By joining the two parts, a block 111 can be obtained with a volume
of 4 3.
So the volume of the block 123 (and 132) is: 8 3 ≈ 13. 856.
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PRIOR KNOWLEDGE
Features and volume of solids (regular prism)
RECOMMENDATIONS / COMMENTS
For blocks 111, 222 or 333, the calculation of the volume is easier, see 515 - Simple Volumes. In this exercise,
there is also an easier method to calculate the volume of the blocks 123 and 132.
This task is also suitable for differentiation, as Level 3 is much more diﬃcult than the ﬁrst two.
The calculations can be veriﬁed using GeoGebra, see exercise 528 - Read the Results in GeoGebra.
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516 - Truncated Volumes

Name:
Date:

Erasmus+

Tools: one Logifaces Set / class

MATHS / 3D GEOMETRY

STUDENT
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
Students calculate the volume of the different Logifaces blocks.
LEVEL 1

Consider the volume of block 112, 113 or 223.

LEVEL 2

Consider the volume of block 122, 133 or 233.

LEVEL 3

Consider the volume of block 123 by cutting it into smaller polyhedra.

SOLUTION(S)

319

Grades 5-8 (S), 9-12 (S)

517 - Heights and Volumes

Duration: 10-20 min
Tools: one Logifaces Set / class

Erasmus+

Individual work

MATHS / 3D GEOMETRY

Keywords: Volume, Truncated prism,
Formula

TEACHER
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
Students consider blocks with shapes of truncated prisms and calculate their volumes using the formula:
𝑉𝑉 =

1
3

𝐴𝐴(ℎ1 + ℎ2 + ℎ3).

SOLUTIONS / EXAMPLES
All blocks have an equilateral triangle for a base face, with area: 𝐴𝐴 = 4 3
Block

Volume

111

𝑉𝑉 =

1
3

𝑉𝑉 =

1
3

222
333
112
113
223

𝑉𝑉 =
𝑉𝑉 =
𝑉𝑉 =
𝑉𝑉 =

1
3

1
3
1
3
1
3

Block

Volume

4 3(1 + 1 + 1) = 4 3 ≈ 6. 928

122

𝑉𝑉 =

1
3

4 3(1 + 2 + 2) =

20
3

3 ≈ 11. 547

4 3(3 + 3 + 3) = 12 3 ≈ 20. 785

233

𝑉𝑉 =

1
3

4 3(2 + 3 + 3) =

32
3

3 ≈ 18. 475

4 3(2 + 2 + 2) = 8 3 ≈ 13. 856
4 3(1 + 1 + 2) =

16
3

3 ≈ 9. 238

4 3(2 + 2 + 3) =

28
3

3 ≈ 16. 166

4 3(1 + 1 + 3) =

20
3

3 ≈ 11. 547

133

123
321

𝑉𝑉 =
𝑉𝑉 =
𝑉𝑉 =

1
3

1
3
1
3

4 3(1 + 3 + 3) =

28
3

3 ≈ 16. 166

4 3(1 + 2 + 3) = 8 3 ≈ 13. 856
4 3(3 + 2 + 1) = 8 3 ≈ 13. 856

PRIOR KNOWLEDGE
Volume, Area, Square root
RECOMMENDATIONS / COMMENTS
Alternative exercises are 515 - Simple Volumes and 516 - Truncated Volumes to calculate the volume of the
blocks in other ways.
Exercise 518 - Proof of the Volume Formula is the proof of the formula used in this exercise.
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517 - Heights and Volumes

Name:
Date:
Tools: (copy the teacher’s
version)Tools: one Logifaces Set /
class

Erasmus+

MATHS / 3D GEOMETRY

STUDENT
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
Students consider blocks with shapes of truncated prisms and calculate their volumes using the formula:
𝑉𝑉 =

1
3

𝐴𝐴(ℎ1 + ℎ2 + ℎ3).

SOLUTION(S)

321

Grades 5-8 (A), 9-12 (A)

518 - Proof of the Volume
Formula

Duration: 20 min
Tools: one Logifaces Set / class

Erasmus+

TEACHER

Pair / Class work
Keywords: Volume, Truncated prism,
Proof

Logifaces

MATHS / 3D GEOMETRY

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
Students prove the following formula for the volume of the truncated prism with triangular base:
1
3

𝐴𝐴(ℎ1 + ℎ2 + ℎ3), where ℎ1, ℎ2 and ℎ3 are the heights of the prism and 𝐴𝐴 is the area of the base triangle.

Observe that the proof works for an arbitrary base triangle, it is not necessary to have a regular base triangle.
SOLUTIONS / EXAMPLES

Let the three heights of the truncated prism be in the following order:
ℎ1 ≥ ℎ2 ≥ ℎ3.

If the truncated prism is cut from the regular prism with height ℎ1, a pyramid 𝐴𝐴𝐵𝐵𝐶𝐶𝐷𝐷𝐸𝐸 is obtained with edge

lengths |𝐶𝐶𝐸𝐸| = 𝑥𝑥 = ℎ1 − ℎ3 and |𝐵𝐵𝐷𝐷| = 𝑦𝑦 = ℎ1 − ℎ3 (see the ﬁgure).

The volume 𝑉𝑉𝑡𝑡𝑝𝑝 of the truncated prism with heights ℎ1, ℎ2 and ℎ3 will be calculated as the volume 𝑉𝑉𝑟𝑟𝑝𝑝 of the
regular prism of height ℎ1 minus the volume 𝑉𝑉𝑝𝑝𝑦𝑦𝑟𝑟 of the pyramid 𝐴𝐴𝐵𝐵𝐶𝐶𝐷𝐷𝐸𝐸.

The volume of the regular pism: 𝑉𝑉𝑟𝑟𝑝𝑝 = 𝐴𝐴 × ℎ1 , where 𝐴𝐴 =
𝐵𝐵𝐶𝐶 = 𝑎𝑎 and height ℎ (see the ﬁgure for the notations).

𝑎𝑎×ℎ
2

is the area of the base triangle 𝐴𝐴𝐵𝐵𝐶𝐶 with edge

The base of the pyramid 𝐴𝐴𝐵𝐵𝐶𝐶𝐷𝐷𝐸𝐸 is the trapezium 𝐵𝐵𝐶𝐶𝐸𝐸𝐷𝐷 with area 𝐴𝐴𝑡𝑡𝑟𝑟 =

pyramid 𝐴𝐴𝐵𝐵𝐶𝐶𝐷𝐷𝐸𝐸 is 𝑉𝑉𝑝𝑝𝑦𝑦𝑟𝑟 =
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𝐴𝐴𝑡𝑡𝑟𝑟×ℎ
3

=

1
3

×

(𝑥𝑥+𝑦𝑦)
2

× 𝑎𝑎 × ℎ =

1
3

× (𝑥𝑥 + 𝑦𝑦) ×

(𝑥𝑥+𝑦𝑦)
2
𝑎𝑎×ℎ
2

× 𝑎𝑎. Therefore the volume of the

=

1
3

(𝑥𝑥 + 𝑦𝑦)𝐴𝐴

Hence the volume of the truncated prism is:
𝑉𝑉𝑡𝑡𝑝𝑝 = 𝑉𝑉𝑟𝑟𝑝𝑝 − 𝑉𝑉𝑝𝑝𝑦𝑦𝑟𝑟 = 𝐴𝐴 × ℎ1 −

Notes on the proof:

1
3

𝐴𝐴(ℎ1 − ℎ3 + ℎ1 − ℎ2) = 𝐴𝐴 ×

3ℎ1−(2ℎ1−ℎ2−ℎ3)
3

=

1
3

𝐴𝐴(ℎ1 + ℎ2 + ℎ3)

Observe that the proof works even if there are vertical edges of the truncated prism of the same length.
The pyramid is a special case of a truncated prism with ℎ3 = 0. The formula is valid even in this case.
PRIOR KNOWLEDGE

Volume, Area, Volume of prisms and pyramids
RECOMMENDATIONS / COMMENTS
We recommend exercise 517 - Heights and Volumes to calculate the volume of the blocks using this formula.
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Name:

518 - Proof of the Volume
Formula

Date:

Erasmus+

STUDENT

Tools: one Logifaces Set / class

MATHS / 3D GEOMETRY

Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
Students prove the following formula for the volume of the truncated prism with triangular base:
1
3

𝐴𝐴(ℎ1 + ℎ2 + ℎ3), where ℎ1, ℎ2 and ℎ3 are the heights of the prism and 𝐴𝐴 is the area of the base triangle.

Observe that the proof works for an arbitrary base triangle, it is not necessary to have a regular base triangle.
SOLUTION(S)

324

Grade: 8 (SA), 9-12 (SA)
Duration: 10-20 min

519 - Nuclear Hazard

Tools: one Logifaces Set / group

Erasmus+

Pair / Group work
Keywords: Volume, Truncated prism,
Formula

MATHS / 3D GEOMETRY

TEACHER
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
LEVEL 1
Students form a hexagon using 6 blocks of their own choice such that the hexagon has a
continuous surface. They calculate and compare the sums of the volumes of the blocks marked with the same
colour in the ﬁgure.
LEVEL 2
Students prove that this is always true: the two sums are equal in any possible conﬁguration of a
continuous surface hexagon.

SOLUTIONS / EXAMPLES
LEVEL 1
See the solution of exercise 517 - Heights and Volumes or exercises 515 - Simple Volumes and
516 - Truncated Volumes for the volumes of the blocks.
After the calculation, observe that the two sums are equal.
LEVEL 2

Use the following formula to calculate the sum of the volumes:

1
3

𝐴𝐴(ℎ1 + ℎ2 + ℎ3)

The proof is based on the fact that when two blocks meet, they have two heights in common.

Let the middle height be ℎ0 and the outer heights be ℎ1, ℎ2, …., ℎ6 respectively, as shown in the ﬁgure.
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Sum of the volumes of the blocks marked in light colour:
1
3

𝐴𝐴(ℎ0 + ℎ1 + ℎ2) +

1
3

𝐴𝐴(ℎ0 + ℎ3 + ℎ4) +

1
3

𝐴𝐴(ℎ0 + ℎ5 + ℎ6) =

1
3

𝐴𝐴(3ℎ0 + ℎ1 + ℎ2 + ℎ3 + ℎ4 + ℎ5 + ℎ6)

1
3

𝐴𝐴(ℎ0 + ℎ2 + ℎ3) +

1
3

𝐴𝐴(ℎ0 + ℎ4 + ℎ5) +

1
3

𝐴𝐴(ℎ0 + ℎ6 + ℎ1) =

1
3

𝐴𝐴(3ℎ0 + ℎ1 + ℎ2 + ℎ3 + ℎ4 + ℎ5 + ℎ6)

Sum of the volumes of the blocks marked in dark colour:

The two sums are equal, hence the statement is proven.
PRIOR KNOWLEDGE
Volume formula for the truncated prism
RECOMMENDATIONS / COMMENTS

The calculations of the Level 1 exercise for the different blocks or colours can be given to different students.
After the calculations in Level 1, the whole group or the whole class can discuss the question of Level 2.
We recommend exercise 517 - Heights and Volumes as a previous exercise in order to be familiar with the
formula used in this exercise.
Exercise 518 - Proof of the Volume Formula is the proof of the formula used in this exercise.

326

Name:

519 - Nuclear Hazard

Date:

Erasmus+

Tools: one Logifaces Set / group

MATHS / 3D GEOMETRY

STUDENT
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
LEVEL 1
Students form a hexagon using 6 blocks of their own choice such that the hexagon has a
continuous surface. They calculate and compare the sums of the volumes of the blocks marked with the same
colour in the ﬁgure.
LEVEL 2
Students prove that this is always true: the two sums are equal in any possible conﬁguration of a
continuous surface hexagon.

SOLUTION(S)
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Grades 5-8 (S), 9-12 (S)
Duration: 10 min

520 - Arrange by Volume

Tools: one Logifaces Set / 3-4
students
Individual work

Erasmus+

MATHS / 3D GEOMETRY

Keywords: Volume

TEACHER
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
LEVEL 1

Students arrange the blocks in ascending order according to their volume without calculations.

LEVEL 2

Students arrange the blocks in ascending order according to their volume using calculations.
Students also consider what blocks of equal volume have in common.

LEVEL 3

Students arrange the blocks in ascending order according to their volume without calculating the
volume of the blocks but calculating (or just comparing) the differences of the volumes of any
two blocks.

HINT

Calculate the difference of the volumes of two blocks that have two heights in common but the
third heights differ by 1 unit.

SOLUTIONS / EXAMPLES
LEVEL 1

Some possible reasonings are listed below.
- Two blocks 123 (or 132) form a regular prism of height 4, hence one block 123 (or 132) has the
same volume as block 222.
- When two blocks have two heights in common but the third heights differ, the block with the
larger third height has larger volume, because a polyhedra can be cut off from it to get the other
block.
- The blocks 133 and 113 form a regular prism of height 4 together, and block 133 has larger
volume than block 113 by the previous reasoning. Hence block 133 has larger volume than block
222 and block 113 has smaller volume than block 222.

LEVEL 2

To calculate the volume of the blocks see exercices 515 - Simple Volumes and 516 - Truncated
Volumes.
For some blocks, we get the same value. According to the calculated volumes, the ascending
order of the blocks is as follows:

Volume

Blocks

𝑉𝑉 = 4 3 ≈ 6. 928

111

𝑉𝑉 =
𝑉𝑉 =
328

16
3
20
3

3 ≈ 9. 234

3 ≈ 11. 547

112
122, 113

123, 132, 222

𝑉𝑉 = 8 3 ≈ 13. 856
𝑉𝑉 =
𝑉𝑉 =

28
3
32
3

133, 223

3 ≈ 16. 166

233

3 ≈ 18. 475
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𝑉𝑉 = 12 3 ≈ 20. 785

LEVEL 3
When two blocks have two heights in common
but the third heights differ by 1 unit, then a polyhedra can be
cut off from the larger block to get the smaller one, see the
diagram below. The polyhedra cut off is a pyramid with a
triangle as a base. On the ﬁgures, the triangle 𝐴𝐴𝐵𝐵𝐷𝐷 is
considered as the base triangle, the edge 𝐴𝐴𝐷𝐷 has length 1
and the altitude of the triangle 𝐴𝐴𝐵𝐵𝐷𝐷 is the distance of the
lines 𝑎𝑎 and 𝑏𝑏, which is 4 units. The height of the pyramid from
the base to the apex 𝐶𝐶 is the distance of the line 𝑐𝑐 from the
plane of the lines 𝑎𝑎 and 𝑏𝑏, which equals 2 3. It follows that
the
volume
of
the
pyramid
is
𝑉𝑉 =

1
3

𝐴𝐴ℎ =

1
3

×

1×4
2

× 2 3=

4 3
3

.

The above reasoning holds in general for every pyramid deﬁned by the following 4 points: let 𝑎𝑎, 𝑏𝑏 and 𝑐𝑐 be the
lines through the vertical edges of a Logifaces block and let two points chosen on one of these lines such that
the distance of the points is 1, and let the two other points chosen on the two other lines. See the ﬁgure that
illustrates that the altitude of the base triangle and the height of the pyramid always have the same length,
regardless of the particular position of the points 𝐵𝐵 and 𝐶𝐶.
The above calculations imply that increasing one
height of a Logifaces block by 1 unit increases the
volume by

4 3
3

, and decreasing one height by 1

unit decreases the volume by

4 3
3

. Every two

blocks can be obtained from each other through
such steps, hence the blocks with equal sums of
heights have the same volume and the blocks with
larger sums of heights have larger volumes.
In fact, the volume is always
the three heights.

4 3
3

times the sum of

PRIOR KNOWLEDGE
Formula of the volume of prisms and pyramids
RECOMMENDATIONS / COMMENTS
This task is suitable for differentiation, as each level is more diﬃcult than the previous one.
Exercices 515 - Simple Volumes and 516 - Truncated Volumes are recommended before this exercise.
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520 - Arrange by Volume

Name:
Date:

Erasmus+

Tools: one Logifaces Set / 3-4
students

MATHS / 3D GEOMETRY

STUDENT
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
LEVEL 1

Students arrange the blocks in ascending order according to their volume without calculations.

LEVEL 2

Students arrange the blocks in ascending order according to their volume using calculations.
Students also consider what blocks of equal volume have in common.

LEVEL 3

Students arrange the blocks in ascending order according to their volume without calculating the
volume of the blocks but calculating (or just comparing) the differences of the volumes of any
two blocks.

HINT

Calculate the difference of the volumes of two blocks that have two heights in common but the
third heights differ by 1 unit.

SOLUTION(S)
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Grades 5-8 (S), 9-12 (S)
Duration: 30 min

521 - Volume Game

Tools: one Logifaces Set / student,
Volume maze
Individual work
Keywords: Volume, Game

Erasmus+

MATHS / 3D GEOMETRY

TEACHER
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
Students get a paper with Logifaces prisms and calculated volumes on the arrows. They calculate the volumes
using the standard units and follow the arrows with the right answers to get the blocks and the right order to
build a continuous surface at the end of the maze. A possible Volume maze can be found at the end of the
exercise.
SOLUTIONS / EXAMPLES
Below we can see the solution to the example Volume maze. By following the maze students get a continuous
surface as it is shown in the Figure below. The continuous Logifaces surface consists of blocks 112, 122, 223
and 123 in this order.

PRIOR KNOWLEDGE
Volume of prisms and truncated prisms
RECOMMENDATIONS / COMMENTS
We recommend to see ﬁrst exercise 517 - Heights and Volumes, it contains all the volumes of the blocks.
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Name:

521 - Volume Game

Date:
Tools: one Logifaces Set / student,
Volume maze

Erasmus+

MATHS / 3D GEOMETRY

STUDENT
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
Students get a paper with Logifaces prisms and calculated volumes on the arrows. They calculate the volumes
using the standard units and follow the arrows with the right answers to get the blocks and the right order to
build a continuous surface at the end of the maze. A possible Volume maze can be found at the end of the
exercise.
SOLUTION(S)

333

Grades 5-8 (S), 9-12 (S)
Duration: 15 min

522 - Planes of Symmetry

Tools: one Logifaces Set / 1-2 student

Erasmus+

Individual / Pair work
Keywords: Symmetry, Planes of
symmetry

MATHS / TRANSFORMATIONS

TEACHER
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
LEVEL 1

Students choose a Logifaces block and consider the planes of symmetry of it, they discuss the
results with their partner or with the whole class.
The students should try to specify the plane of symmetry by a few points of the plane that can
be described using the parts of the block.

LEVEL 2

The teacher asks the students to choose a block with a given number of planes of symmetry.
The students discuss their choice with their partner or with the whole class.

LEVEL 3

Students classify the blocks by the number of planes of symmetry. They discuss the connection
between the code of the block and the number of planes of symmetry.

SOLUTIONS / EXAMPLES
Blocks 111, 222 and 333 have 4 planes of symmetry.
Three planes of symmetry go through one vertical edge
and the midpoints of the two horizontal edges that do
not ﬁt on that vertical edge (𝑀𝑀𝑏𝑏 and 𝑀𝑀𝑡𝑡). These planes
are perpendicular to the base (one of these planes is
shown in the left side of the ﬁgure). The fourth plane is
parallel to the base and goes through the midpoints of
the vertical edges (𝑀𝑀1, 𝑀𝑀2, 𝑀𝑀3) (see the right side of the
ﬁgure).

Blocks 112, 113, 122, 223, 133, and 233 have one plane
of symmetry. It goes through the midpoints of the base
and top edges (𝑀𝑀𝑏𝑏 and 𝑀𝑀𝑡𝑡) connecting the vertical edges

of identical length and through the vertical edge with
different lengths.
Blocks 123 and 132 have no planes of symmetry.
PRIOR KNOWLEDGE
Plane symmetry
RECOMMENDATIONS/COMMENTS
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522 - Planes of Symmetry

Name:
Date:

Erasmus+

Tools: one Logifaces Set / 1-2
student

MATHS / TRANSFORMATIONS

STUDENT
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
LEVEL 1

Students choose a Logifaces block and consider the planes of symmetry of it, they discuss the
results with their partner or with the whole class.
The students should try to specify the plane of symmetry by a few points of the plane that can
be described using the parts of the block.

LEVEL 2

The teacher asks the students to choose a block with a given number of planes of symmetry.
The students discuss their choice with their partner or with the whole class.

LEVEL 3

Students classify the blocks by the number of planes of symmetry. They discuss the connection
between the code of the block and the number of planes of symmetry.

SOLUTION(S)
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Grades 5-8 (AS), 9-12 (AS)
Duration: 20 min

523 - Symmetry of two
Blocks

Tools: one Logifaces Set / 1-2 student

Erasmus+

TEACHER

Individual / Pair work
Keywords: Symmetry, Planes of
symmetry

Logifaces

MATHS / TRANSFORMATIONS

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
LEVEL 1

Students build a structure that has at least one plane of symmetry by joining two Logifaces
blocks. (When assembling, they keep the base of the blocks on the table and join the pieces
together in the usual way along the vertical faces so that their surface is continuous.) They
discuss the number of planes of symmetry of the built solid with their partner or with the whole
class.

LEVEL 2

The teacher draws the ﬂoor plan of two blocks with one or two lines that represent the planes of
symmetry of the solid. Students try to build a solid with the given symmetry and discuss it with
their partner.

LEVEL 3

Students ﬁnd all possibilities of joining two blocks in a way that the built solid has at least one
plane of symmetry. They classify the solids by the type of symmetries.

SOLUTIONS / EXAMPLES
All possibilities of joining two blocks together to build a solid with at least one plane of symmetry are listed
below. This list is the solution of the Level 3 question. Any of the listed constructions is a possible solution for
the Level 1 question. The ﬂoor plans of the Level 2 question are shown in the ﬁgure below and the solutions for
them are marked in the list of the constructions.

a)

b)

c)

The following symmetrical solids can be built:
CASE 1
Two congruent blocks
- If all heights are the same (two congruent blocks of type 111, 222 or 333), then the built solid has 3 planes of
symmetry, see the ﬁgure. This is a solution for the ﬂoor plan a) in the Level 2 question.
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- If the blocks have two identical and one different height (two congruent blocks of type 112, 113, 122, 223, 133
or 233), then there are two ways of joining them. The structure obtained by joining the rectangular faces has
two planes of symmetry. This is a solution for the ﬂoor plan a) in the Level 2 question. The structure obtained
by joining the trapezium faces has one plane of symmetry. This is a solution for the ﬂoor plan b) in the Level 2
question.
Solution for ﬂoor plan a)

Solution for ﬂoor plan b)

- Two blocks of type 123 or two blocks of type 132 cannot be joined.
CASE 2
Using block 123 or block 132
- The blocks 123 and 132 can be joined in three different ways. There is one plane of symmetry in all cases.
This is a solution for the ﬂoor plan b) in the Level 2 question.

- The block 123 or 132 cannot be joined to any other block to form a symmetrical solid.
CASE 3

Two non-congruent blocks with two vertical edges of the same and equal height

The following pairs fulﬁl this property: 233-133, 233-333, 133-333, 122-223, 122-222, 223-222, 112-113,
112-111 and 113-111. There is one plane of symmetry in each built solid, which goes through the two
mismatched vertical edges, see the ﬁgure. These are the solutions for the ﬂoor plan c) in the Level 2 question.

Other pairings of blocks can not be joined in any way to create a solid with plane symmetry.
PRIOR KNOWLEDGE
Plane of symmetry
RECOMMENDATIONS / COMMENTS
We recommend this exercise after 522 - Planes of Symmetry, which is an easier exercise.
Level 3 is a more diﬃcult exercise which can be used to differentiate.
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523 - Symmetry of two
Blocks

Name:

Erasmus+

Date:

STUDENT

Tools: one Logifaces Set / 1-2 studen

MATHS / TRANSFORMATIONS

Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
LEVEL 1

Students build a structure that has at least one plane of symmetry by joining two Logifaces
blocks. (When assembling, they keep the base of the blocks on the table and join the pieces
together in the usual way along the vertical faces so that their surface is continuous.) They
discuss the number of planes of symmetry of the built solid with their partner or with the whole
class.

LEVEL 2

The teacher draws the ﬂoor plan of two blocks with one or two lines that represent the planes of
symmetry of the solid. Students try to build a solid with the given symmetry and discuss it with
their partner.

LEVEL 3

Students ﬁnd all possibilities of joining two blocks in a way that the built solid has at least one
plane of symmetry. They classify the solids by the type of symmetries.

SOLUTION(S)
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Grades 5-8 (AS), 9-12 (AS)
Duration: 10 min
Tools: one Logifaces Set / 1-2
students

524 - Symmetry of Given
Blocks
Erasmus+

TEACHER

Individual / Pair work
Keywords: Symmetry, Planes of
symmetry

MATHS / TRANSFORMATIONS

Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
Students build structures with plane symmetry (and with continuous surface) using the following blocks from
the 16 pcs Set:
- three blocks 233
- two blocks 223 and two blocks 233
- two blocks 223 and three blocks 233
- two blocks 123 and two blocks 132
SOLUTIONS / EXAMPLES
Since the top faces are not all in the same plane, while the
base faces are, only vertical planes of symmetry are possible.
Three blocks 233:
Three blocks can only be placed next to each other to form a
row, so only one type of ﬂoor plan is possible. Then the plane
of symmetry passes through the middle block, so only one
arrangement is possible:
Two blocks 223 and two blocks 233:
The fourth block can be placed next to three assembled
blocks in two ways so that the ﬂoor plan remains axially
symmetric: we get either a triangle or a "croissant".
- In a triangular arrangement, either block can be in the middle. In both cases, there is only one arrangement
that has plane symmetry. In the ﬁgure, the congruent blocks are marked with identical colour.
- In the “croissant” arrangement, two blocks must be the same type when they are symmetrical with respect to
the plane of symmetry (this rule does not hold for the blocks 123 and 132, since they are the reﬂections of
each other). This gives four possible layouts:
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Two blocks 223 and three blocks 233:
Five blocks can be placed in either a row or a “croissant” shape. In both cases there is only one possible
arrangement, shown in the ﬁgure.

Two blocks 123 and two blocks 132:
Since no two congruent blocks can be joined together, only a “croissant” arrangement is possible in this case,
the two blocks alternately follow each other (the blocks 123 and 132 are the reﬂections of each other). The ﬁrst
block can be chosen in two ways and then placed in three different ways, so we get six possible cases:

PRIOR KNOWLEDGE
Plane symmetry
RECOMMENDATIONS / COMMENTS
We recommend this exercise after 522 - Planes of Symmetry and 523 - Symmetry of two Blocks, which are easier
exercises.
The exercises with different numbers of blocks can be given to different students or pairs.
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Name:
Date:

524 - Symmetry of Given
Blocks
Erasmus+

STUDENT

Tools: one Logifaces Set / 1-2
students

MATHS / TRANSFORMATIONS

Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
Students build structures with plane symmetry (and with continuous surface) using the following blocks from
the 16 pcs Set:
- three blocks 233
- two blocks 223 and two blocks 233
- two blocks 223 and three blocks 233
- two blocks 123 and two blocks 132
SOLUTION(S)
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Grades 5-8 (S), 9-12 (S)

525 - Given Symmetries

Duration: 20 min
Tools: one Logifaces Set / class

Erasmus+

Individual work
Keywords: Planes of symmetry, Axes
of symmetry

MATHS / TRANSFORMATIONS

TEACHER
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
Students build continuous surface structures according to the given aspects. They use the given blocks and
complement them with appropriate block(s) of their choice.
Number of blocks

Block(s)

Number of the planes of symmetry

Axial symmetry

a)

2

113

2

yes

b)

3

111

1

no

c)

4

333

3

no

d)

4

112 and 123

1

no

e)

4

233

0

yes

f)

6

233 and 333

2

yes

SOLUTIONS / EXAMPLES
The ﬁgure below shows an example of a correct arrangement for each question from aerial view. The planes
and the axes of symmetry are drawn in the ﬁgures as lines and points. Other solutions are also possible.
a)

b)

e)

f)
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c)

d)

PRIOR KNOWLEDGE
Properties of symmetry, Plane symmetry, Axial symmetry
RECOMMENDATIONS / COMMENTS
We recommend this exercise after 522 - Planes of Symmetry and 523 - Symmetry of two Blocks, which are
easier exercises.
Students tend to struggle with the concept of axial symmetry, we recommend going through the concept of
central symmetry (reﬂection about a point) and axial symmetry (reﬂection about a line) before this exercise.
Alternatively, the solution of task 3 can be presented as an example of a solid/construction, that has axial
symmetry, but no rotational symmetry.
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525 - Given Symmetries

Name:

Erasmus+

Date:
Tools: one Logifaces Set / class

MATHS / TRANSFORMATIONS

STUDENT
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
Students build continuous surface structures according to the given aspects. They use the given blocks and
complement them with appropriate block(s) of their choice.
Number of blocks

Block(s)

Number of the planes of symmetry

Axial symmetry

a)

2

113

2

yes

b)

3

111

1

no

c)

4

333

3

no

d)

4

112 and 123

1

no

e)

4

233

0

yes

f)

6

233 and 333

2

yes

SOLUTION(S)
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Grades 9-12 (S)
Duration: 10 min

526 - Calculate the
Coordinates

Tools: one Logifaces set / class

Erasmus+

Individual work
Keywords: Coordinates, 3D
coordinate system

MATHS / COORDINATE
GEOMETRY

TEACHER
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
Students position a Logifaces block in a 3-dimensional rectangular coordinate system so that one vertex of the
base is at the origin and another vertex of the base is at (4, 0, 0), then calculate the coordinates of the other
vertices of the block.
SOLUTIONS / EXAMPLES
The coordinates of the bases are the same for all blocks:
(0, 0, 0), (4, 0, 0), (2, 2 3, 0), since in an equilateral triangle the altitude is: 𝑎𝑎𝑙𝑙𝑡𝑡𝑖𝑖𝑡𝑡𝑢𝑢𝑑𝑑𝑒𝑒 =

𝑏𝑏𝑎𝑎𝑠𝑠𝑒𝑒× 3
2

=

4× 3
2

= 2 3

The x and y coordinates of the top vertices are the same as the x and y coordinates of the corresponding base
vertices. The values of the z coordinates (a, b, and c in the ﬁgure) depend on the lengths of the vertical edges
of the block.

The coordinates of the top vertices of the blocks 111, 222 and 333 are uniquely determined:
- 111: (0, 0, 1), (4, 0, 1), (2, 2 3, 1)

- 222: (0, 0, 2), (4, 0, 2), (2, 2 3, 2)
- 333: (0, 0, 3), (4, 0, 3), (2, 2 3, 3)
The vertex coordinates of the remaining blocks are not uniquely determined, because rotation of the vertical
edges rotates the z coordinates of the top vertices. There are three possible rotations for each block. All three
possibilities of the coordinates of the top vertices are listed in the table below:
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Block
112
122
223
233
113
133
123
132

(0, 0, 1), (4, 0, 1), (2, 2 3, 2)

(0, 0, 1), (4, 0, 2), (2, 2 3, 1)

(0, 0, 2), (4, 0, 1), (2, 2 3, 1)

(0, 0, 2), (4, 0, 2), (2, 2 3, 3)

(0, 0, 2), (4, 0, 3), (2, 2 3, 2)

(0, 0, 3), (4, 0, 2), (2, 2 3, 2)

(0, 0, 1), (4, 0, 2), (2, 2 3, 2)
(0, 0, 2), (4, 0, 3), (2, 2 3, 3)
(0, 0, 1), (4, 0, 1), (2, 2 3, 3)
(0, 0, 1), (4, 0, 3), (2, 2 3, 3)
(0, 0, 1), (4, 0, 2), (2, 2 3, 3)
(0, 0, 1), (4, 0, 3), (2, 2 3, 2)

PRIOR KNOWLEDGE

(0, 0, 2), (4, 0, 2), (2, 2 3, 1)
(0, 0, 3), (4, 0, 3), (2, 2 3, 2)
(0, 0, 1), (4, 0, 3), (2, 2 3, 1)
(0, 0, 3), (4, 0, 3), (2, 2 3, 1)
(0, 0, 2), (4, 0, 3), (2, 2 3, 1)
(0, 0, 3), (4, 0, 2), (2, 2 3, 1)

(0, 0, 2), (4, 0, 1), (2, 2 3, 2)
(0, 0, 3), (4, 0, 2), (2, 2 3, 3)
(0, 0, 3), (4, 0, 1), (2, 2 3, 1)
(0, 0, 3), (4, 0, 1), (2, 2 3, 3)
(0, 0, 3), (4, 0, 1), (2, 2 3, 2)
(0, 0, 2), (4, 0, 1), (2, 2 3, 3)

Coordinates of points in the 3 dimensional coordinate system, Pythagorean theorem
RECOMMENDATIONS/COMMENTS
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Name:

526 - Calculate the
Coordinates
Erasmus+

Date:
Tools: one Logifaces set / class

MATHS / COORDINATE
GEOMETRY

STUDENT
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
Students position a Logifaces block in a 3-dimensional rectangular coordinate system so that one vertex of the
base is at the origin and another vertex of the base is at (4, 0, 0), then calculate the coordinates of the other
vertices of the block.
SOLUTION(S)
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Grades 9-12 (S)
Duration: 20 min

527 - Coordinates in
GeoGebra

Tools: one Logifaces Set / class,
Geogebra
Individual work
Keywords: GeoGebra, Coordinates,
Polygons, 3D coordinate system

Erasmus+

MATHS / COORDINATE
GEOMETRY

TEACHER
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
Students draw the Logifaces blocks in GeoGebra so that one vertex of the base is at the origin and another
vertex of the base is at (4, 0, 0).
LEVEL 1

Students calculate the coordinates of the vertices, plot them and connect the endpoints of the
edges by a segment in GeoGebra.

LEVEL 2

Students calculate the coordinates of the vertices, then connect the vertices of each face using
the polygon command in GeoGebra.
This step allows us to determine the areas of the polygons or the surface area of the polyhedron
easily, see exercise 528 - Read the Results in GeoGebra.

LEVEL 3

Students calculate the coordinates of the vertices, then connect the vertices of the polyhedron.

HINT

For the blocks of truncated prism shape, create a prism and a pyramid, these are built-in
commands in GeoGebra.

This step allows us to calculate the volume of the polyhedron easily, see exercise 528 - Read the Results in
GeoGebra.
SOLUTIONS / EXAMPLES
To calculate the vertex coordinates of each block, see exercise 526 - Calculate the Coordinates.
We show below the solutions for block 123.
LEVEL 1
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Use the Point and Segment commands to represent vertices and edges.

LEVEL 2

Use the Polygons command to represent the faces as polygons.

LEVEL 3

Use the Prism and Pyramid commands to represent the block.

PRIOR KNOWLEDGE
Coordinates of points in the 3 dimensional coordinate system, Basic GeoGebra skills
RECOMMENDATIONS / COMMENTS
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527 - Coordinates in
GeoGebra

Name:
Date:

Erasmus+

Tools: one Logifaces Set / class,
Geogebra

MATHS / COORDINATE
GEOMETRY

STUDENT
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
Students draw the Logifaces blocks in GeoGebra so that one vertex of the base is at the origin and another
vertex of the base is at (4, 0, 0).
LEVEL 1

Students calculate the coordinates of the vertices, plot them and connect the endpoints of the
edges by a segment in GeoGebra.

LEVEL 2

Students calculate the coordinates of the vertices, then connect the vertices of each face using
the polygon command in GeoGebra.
This step allows us to determine the areas of the polygons or the surface area of the polyhedron
easily, see exercise 528 - Read the Results in GeoGebra.

LEVEL 3

Students calculate the coordinates of the vertices, then connect the vertices of the polyhedron.

HINT

For the blocks of truncated prism shape, create a prism and a pyramid, these are built-in
commands in GeoGebra.

This step allows us to calculate the volume of the polyhedron easily, see exercise 528 - Read the Results in
GeoGebra.
SOLUTION(S)
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Grades 9-12 (S)
Duration: 20 min

528 - Read the Results in
GeoGebra

Tools: one Logifaces Set / class,
GeoGebra
Individual work
Keywords: GeoGebra 3D, Coordinates,
Polygons, 3D coordinate system

Erasmus+

MATHS / COORDINATE
GEOMETRY

TEACHER
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
Students draw a Logifaces block in GeoGebra 3D so that one vertex of the base is at the origin and another
vertex of the base is at (4, 0, 0), then use GeoGebra to read the following data (or to check previous

calculations).
a)

Edge lengths.

b)

Face areas.

c)

Total surface area.

d)

Volume.

e)

Angles between edges.

f)

Angle between the plane of the base and the top triangle.

SOLUTIONS / EXAMPLES
We show solutions for block 123.
a.)

Use the Distance command to measure the distances.

b.)

Use the Area command to find the areas.
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c.)

Use the Area command to find the areas of the faces and add them to get the total surface area.

d.)

Use the Volume command to find the volume of the prism and the pyramid and add them to get the
volume of the block.

e.)

Use the Angle command to find the angles between the edges.

f.)
Use the Plane, Intersect, Perpendicular Plane and
Angle commands (and pick up auxiliary points D - any
point of the intersection line of the planes, E - any point of
the line in the plane of the top face perpendicular to the
intersection of the planes, and F - any point of the line in
the plane of the base perpendicular to the intersection of
the planes) to measure the angle between the planes.

Notice that by moving the point D (taken on the line
of intersection of the two planes), it turns out that the
angle between one of the edges of the base and the
edge connecting the top vertices of the vertical
edges of length 1 and 3 is exactly the angle
between the two planes, as seen in the figure below.
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PRIOR KNOWLEDGE
GeoGebra commands, General geometric knowledge
RECOMMENDATIONS / COMMENTS
These tasks can also be used to verify previous calculations. The non-GeoGebra versions of the results for
each subtasks are:
a)

lengths: 404 - Top Edges

b)

areas: 409 - Area of Rectangular Faces and 411 - Area of Triangles

c)

total surface area: 513 - Surface Area Calculation

d)

volume: 515 - Simple Volumes and 516 - Truncated Volumes

e)

angles between edges: 535 - Calculating Angles

f)
angle between the base and top planes: 537 - Ratio of Heights, 538 - Ratio of Areas and 539 - Angle of
Planes
We recommend sorting by object type in the algebra window in order to make the comparison of the calculated
values easier.
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528 - Read the Results in
GeoGebra

Name:
Date:

Erasmus+

Tools: one Logifaces Set / class,
GeoGebra

MATHS / COORDINATE
GEOMETRY

STUDENT
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
Students draw a Logifaces block in GeoGebra 3D so that one vertex of the base is at the origin and another
vertex of the base is at (4, 0, 0), then use GeoGebra to read the following data (or to check previous

calculations).
a)

Edge lengths.

b)

Face areas.

c)

Total surface area.

d)

Volume.

e)

Angles between edges.

f)

Angle between the plane of the base and the top triangle.

SOLUTION(S)
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Grades 9-12 (A)
Duration: 20 min

529 - Coordinates of a
Rotated Block

Tools: one Logifaces Set / class

Erasmus+

Individual work
Keywords: Coordinates, 3D
coordinate system, Spatial vision

MATHS / COORDINATE
GEOMETRY

TEACHER
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
Students rotate the Logifaces blocks to position them into the 3-dimensional coordinate system in particular
ways. The terms “vertical edge”, “base” and “vertical face” will be used for the normally placed block (see the
introduction).
LEVEL 1

Students position a Logifaces block into the 3-dimensional coordinate system so that one of the
vertical faces fits in the plane of the x and y axes, one base edge fits on the x-axis and one
vertical edge fits on the y-axis. They calculate the coordinates of the other vertices of the block.

LEVEL 2

Students position a Logifaces block into the 3-dimensional coordinate system so that one of the
vertical faces fits in the plane of the x and y axes, one base edge fits on the y-axis and one
vertical edge fits on the x-axis. They calculate the coordinates of the other vertices of the block.

POSSIBLE EXTENSION
Students discuss within small groups or with the whole class the relationship of the solutions of the Level 1 and
Level 2 exercises. They also compare the results with exercise 526 - Calculate the Coordinates.
SOLUTIONS / EXAMPLES
LEVEL 1
Blocks 111, 222 and 333 are the easiest:

-

111

-

222

-

333

(0, 0, 0), (4, 0, 0), (4, 1, 0), (0, 1, 0), (2, 0, 2 3), (2, 1, 2 3)

(0, 0, 0), (4, 0, 0), (4, 2, 0), (0, 2, 0), (2, 0, 2 3), (2, 2, 2 3)
(0, 0, 0), (4, 0, 0), (4, 3, 0), (0, 3, 0), (2, 0, 2 3), (2, 3, 2 3)

In the notations of the figure the variable 𝑎𝑎 is 1 in the case of
block 111, 2 in the case of block 222 and 3 in the case of block
333.
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The other blocks’ vertical edges have different heights (denoted by 𝑎𝑎, 𝑏𝑏 and 𝑐𝑐), so we use the notations of the
figure below. These blocks can be placed into the coordinate system in three different ways by rotating the
block, so that in each case a different vertical face is in the plane of the x and y axes.

The coordinates are listed in the table below:
block

case 1

case 2

case 3

112

(0, 0, 0), (4, 0, 0), (2, 0, 2 3),
(0, 2, 0), (4, 1, 0), (2, 1, 2 3)

(0, 0, 0), (4, 0, 0), (2, 0, 2 3),
(0, 1, 0), (4, 2, 0), (2, 1, 2 3)

(0, 0, 0), (4, 0, 0), (2, 0, 2 3),
(0, 1, 0), (4, 1, 0), (2, 2, 2 3)

(0, 0, 0), (4, 0, 0), (2, 0, 2 3),
(0, 3, 0), (4, 2, 0), (2, 2, 2 3)

(0, 0, 0), (4, 0, 0), (2, 0, 2 3),
(0, 2, 0), (4, 3, 0), (2, 2, 2 3)

(0, 0, 0), (4, 0, 0), (2, 0, 2 3),
(0, 2, 0), (4, 2, 0), (2, 3, 2 3)

122

(0, 0, 0), (4, 0, 0), (2, 0, 2 3),
(0, 2, 0), (4, 2, 0), (2, 1, 2 3)

223

233

(0, 0, 0), (4, 0, 0), (2, 0, 2 3),
(0, 3, 0), (4, 3, 0), (2, 2, 2 3)

113

(0, 0, 0), (4, 0, 0), (2, 0, 2 3),
(0, 3, 0), (4, 1, 0), (2, 1, 2 3)

133

(0, 0, 0), (4, 0, 0), (2, 0, 2 3),
(0, 3, 0), (4, 3, 0), (2, 1, 2 3)

123

(0, 0, 0), (4, 0, 0), (2, 0, 2 3),
(0, 3, 0), (4, 2, 0), (2, 1, 2 3)

132

LEVEL 2
-
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(0, 0, 0), (4, 0, 0), (2, 0, 2 3),
(0, 2, 0), (4, 3, 0), (2, 1, 2 3)

(0, 0, 0), (4, 0, 0), (2, 0, 2 3),
(0, 1, 0), (4, 2, 0), (2, 2, 2 3)

(0, 0, 0), (4, 0, 0), (2, 0, 2 3),
(0, 2, 0), (4, 3, 0), (2, 3, 2 3)
(0, 0, 0), (4, 0, 0), (2, 0, 2 3),
(0, 1, 0), (4, 3, 0), (2, 1, 2 3)
(0, 0, 0), (4, 0, 0), (2, 0, 2 3),
(0, 1, 0), (4, 3, 0), (2, 3, 2 3)
(0, 0, 0), (4, 0, 0), (2, 0, 2 3),
(0, 1, 0), (4, 3, 0), (2, 2, 2 3)
(0, 0, 0), (4, 0, 0), (2, 0, 2 3),
(0, 1, 0), (4, 2, 0), (2, 3, 2 3)

111: (0, 0, 0), (1, 0, 0), (1, 4, 0), (0, 4, 0), (0, 2, 2 3), (1, 2, 2 3)

222: (0, 0, 0), (2, 0, 0), (2, 4, 0), (0, 4, 0), (0, 2, 2 3), (2, 2, 2 3)
333: (0, 0, 0), (3, 0, 0), (3, 4, 0), (0, 4, 0), (0, 2, 2 3), (3, 2, 2 3)

(0, 0, 0), (4, 0, 0), (2, 0, 2 3),
(0, 2, 0), (4, 1, 0), (2, 2, 2 3)

(0, 0, 0), (4, 0, 0), (2, 0, 2 3),
(0, 3, 0), (4, 2, 0), (2, 3, 2 3)
(0, 0, 0), (4, 0, 0), (2, 0, 2 3),
(0, 1, 0), (4, 1, 0), (2, 3, 2 3)
(0, 0, 0), (4, 0, 0), (2, 0, 2 3),
(0, 3, 0), (4, 1, 0), (2, 3, 2 3)
(0, 0, 0), (4, 0, 0), (2, 0, 2 3),
(0, 2, 0), (4, 1, 0), (2, 3, 2 3)
(0, 0, 0), (4, 0, 0), (2, 0, 2 3),
(0, 3, 0), (4, 1, 0), (2, 2, 2 3)

In the notations of the figure the variable 𝑎𝑎 is 1
in the case of block 111, 2 in the case of block
222 and 3 in the case of block 333.

The other blocks’ vertical edges have different heights (denoted by 𝑎𝑎, 𝑏𝑏 and 𝑐𝑐), so we use the notations of the
figure below. These blocks can be placed into the coordinate system in three different ways by rotating the
block, so that in each case a different vertical face is in the plane of the x and y axes.

The coordinates are listed in the table below:
block

case 1

case 2

case 3

112

(0, 0, 0), (0, 4, 0), (0, 2, 2 3),
(1, 0, 0), (2, 4, 0), (1, 2, 2 3)

(0, 0, 0), (0, 4, 0), (0, 2, 2 3),
(2, 0, 0), (1, 4, 0), (1, 2, 2 3)

(0, 0, 0), (0, 4, 0), (0, 2, 2 3),
(1, 0, 0), (1, 4, 0), (2, 2, 2 3)

(0, 0, 0), (0, 4, 0), (0, 2, 2 3),
(2, 0, 0), (3, 4, 0), (2, 2, 2 3)

(0, 0, 0), (0, 4, 0), (0, 2, 2 3),
(3, 0, 0), (2, 4, 0), (2, 2, 2 3)

(0, 0, 0), (0, 4, 0), (0, 2, 2 3),
(2, 0, 0), (2, 4, 0), (3, 2, 2 3)

122

223

233

113

133

123

132

(0, 0, 0), (0, 4, 0), (0, 2, 2 3),
(2, 0, 0), (2, 4, 0), (1, 2, 2 3)

(0, 0, 0), (0, 4, 0), (0, 2, 2 3),
(3, 0, 0), (3, 4, 0), (2, 2, 2 3)
(0, 0, 0), (0, 4, 0), (0, 2, 2 3),
(1, 0, 0), (3, 4, 0), (1, 2, 2 3)
(0, 0, 0), (0, 4, 0), (0, 2, 2 3),
(3, 0, 0), (3, 4, 0), (1, 2, 2 3)
(0, 0, 0), (0, 4, 0), (0, 2, 2 3),
(2, 0, 0), (3, 4, 0), (1, 2, 2 3)
(0, 0, 0), (0, 4, 0), (0, 2, 2 3),
(3, 0, 0), (2, 4, 0), (1, 2, 2 3)

(0, 0, 0), (0, 4, 0), (0, 2, 2 3),
(2, 0, 0), (1, 4, 0), (2, 2, 2 3)

(0, 0, 0), (0, 4, 0), (0, 2, 2 3),
(3, 0, 0), (2, 4, 0), (3, 2, 2 3)
(0, 0, 0), (0, 4, 0), (0, 2, 2 3),
(3, 0, 0), (1, 4, 0), (1, 2, 2 3)
(0, 0, 0), (0, 4, 0), (0, 2, 2 3),
(3, 0, 0), (1, 4, 0), (3, 2, 2 3)
(0, 0, 0), (0, 4, 0), (0, 2, 2 3),
(3, 0, 0), (1, 4, 0), (2, 2, 2 3)
(0, 0, 0), (0, 4, 0), (0, 2, 2 3),
(2, 0, 0), (1, 4, 0), (3, 2, 2 3)

(0, 0, 0), (0, 4, 0), (0, 2, 2 3),
(1, 0, 0), (2, 4, 0), (2, 2, 2 3)

(0, 0, 0), (0, 4, 0), (0, 2, 2 3),
(2, 0, 0), (3, 4, 0), (3, 2, 2 3)
(0, 0, 0), (0, 4, 0), (0, 2, 2 3),
(1, 0, 0), (1, 4, 0), (3, 2, 2 3)
(0, 0, 0), (0, 4, 0), (0, 2, 2 3),
(1, 0, 0), (3, 4, 0), (3, 2, 2 3)
(0, 0, 0), (0, 4, 0), (0, 2, 2 3),
(1, 0, 0), (2, 4, 0), (3, 2, 2 3)
(0, 0, 0), (0, 4, 0), (0, 2, 2 3),
(1, 0, 0), (3, 4, 0), (2, 2, 2 3)
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POSSIBLE EXTENSION
Given any block and any fixed vertex of the block, the values of the coordinates are the same in the three
solutions (Level 1, Level 2 and exercise 526 - Calculate the Coordinates), only the order of the coordinates
differs. Comparing any two solutions, one can be obtained from another by performing the same rearrangement
of the coordinates for each vertex.
The reason for this observation is that only the axes were rearranged.
PRIOR KNOWLEDGE
Coordinates of points in the 3 dimensional coordinate system
RECOMMENDATIONS / COMMENTS
Exercise 526 - Calculate the Coordinates is recommended before this exercise.
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529 - Coordinates of a
Rotated Block

Name:
Date:

Erasmus+

Tools: one Logifaces Set / class

MATHS / COORDINATE
GEOMETRY

STUDENT
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
Students rotate the Logifaces blocks to position them into the 3-dimensional coordinate system in particular
ways. The terms “vertical edge”, “base” and “vertical face” will be used for the normally placed block (see the
introduction).
LEVEL 1

Students position a Logifaces block into the 3-dimensional coordinate system so that one of the
vertical faces fits in the plane of the x and y axes, one base edge fits on the x-axis and one
vertical edge fits on the y-axis. They calculate the coordinates of the other vertices of the block.

LEVEL 2

Students position a Logifaces block into the 3-dimensional coordinate system so that one of the
vertical faces fits in the plane of the x and y axes, one base edge fits on the y-axis and one
vertical edge fits on the x-axis. They calculate the coordinates of the other vertices of the block.

POSSIBLE EXTENSION
Students discuss within small groups or with the whole class the relationship of the solutions of the Level 1 and
Level 2 exercises. They also compare the results with exercise 526 - Calculate the Coordinates.
SOLUTION(S)
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Grade: 9-12 (S)

530 - Planes of Symmetry
in GeoGebra

Duration: 20 min
Tools: one Logifaces Set / class
Individual work
Name:
Keywords: GeoGebra 3D, Coordinates,
Date:
Reﬂection about Plane

530 - Planes of Symmetry
in GeoGebra
MATHS / TRANSFORMATIONS

TEACHER
Logifaces
Erasmus+

STUDENT

2019-1-HU01-KA201-0612722019-1

Tools: one Logifaces Set / class

MATHS / TRANSFORMATIONS

DESCRIPTION

Erasmus+

Logifaces

Students draw a plane-symmetric Logifaces block and all possible planes of symmetry2019-1-HU01-KA201-0612722019-1
in GeoGebra.
SOLUTIONS/EXAMPLES
DESCRIPTION
To create a Logifaces block in GeoGebra see exercise 527 - Coordinates in GeoGebra.
Select three points then use the Plane command to create a plane through the three points. Use the Midpoint
command to ﬁnd suitable points. The following ﬁgures show the solutions for blocks 113 and 222.
Block 113:

Block 222:

SOLUTION(S)
PRIOR KNOWLEDGE:
Geometric transformations in 3D, GeoGebra commands
RECOMMENDATIONS/COMMENTS
The exercise 522 - Planes of Symmetry is a similar exercise without using GeoGebra.
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Name:

530 - Planes of Symmetry
in GeoGebra
Erasmus+

Date:

STUDENT

Tools: one Logifaces Set / class

MATHS / TRANSFORMATIONS

Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
Students draw a plane-symmetric Logifaces block and all possible planes of symmetry in GeoGebra.
SOLUTION(S)
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Grades 9-12 (S)
Duration: 45 min
Tools: one Logifaces Set / class

531 - 3D Congruence in
GeoGebra
Erasmus+

TEACHER

Individual work
Keywords: GeoGebra 3D,
Coordinates, Translation, Rotation,
Reflection

MATHS / TRANSFORMATIONS

Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
Students choose a block from the set and draw it in GeoGebra 3D (see exercise 527 - Coordinates in GeoGebra).
The task is to perform and examine the following transformations in GeoGebra.
LEVEL 1
- Draw an arbitrary vector and use the Translate by Vector Tool to translate the block by that vector.
- Draw an arbitrary line and use the Rotate around Line Tool to rotate the block around an axis, through a
chosen angle.
- Draw an arbitrary plane and use the Reﬂect about Plane Tool to reﬂect the block about the plane.
- Draw a point and use the Reﬂect about Point Tool to reﬂect the block about the point.
Students can choose different vectors, lines, angles, planes and points. They can play and examine the different
settings.
LEVEL 2

Discuss which transformations reverse the orientation and which transformations preserve the
orientation.

SOLUTIONS / EXAMPLES
Guidelines for teachers: The diﬃculty of the task in Level 2 depends on which block is selected. Labelling the
vertices can help students observe the orientation.
LEVEL 1

Some examples are presented in the ﬁgures below.

Translation by Vector:
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Rotation around Line:

Reﬂexion about Plane:

Reflexion about Point:

LEVEL 2
Orientation reversing transformations: reﬂection about a plane, reﬂection about a point
Orientation preserving transformations: translation, rotation around an axis
PRIOR KNOWLEDGE
Geometric transformations in 3D, GeoGebra commands
RECOMMENDATIONS / COMMENTS
Exercise 526 - Calculate the Coordinates is recommended before this exercise to draw a block in GeoGebra.
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531 - 3D Congruence in
GeoGebra

Name:
Date:

Erasmus+

STUDENT

Tools: one Logifaces Set / class

MATHS / TRANSFORMATIONS

Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
Students choose a block from the set and draw it in GeoGebra 3D (see exercise 527 - Coordinates in GeoGebra).
The task is to perform and examine the following transformations in GeoGebra.
LEVEL 1
- Draw an arbitrary vector and use the Translate by Vector Tool to translate the block by that vector.
- Draw an arbitrary line and use the Rotate around Line Tool to rotate the block around an axis, through a
chosen angle.
- Draw an arbitrary plane and use the Reﬂect about Plane Tool to reﬂect the block about the plane.
- Draw a point and use the Reﬂect about Point Tool to reﬂect the block about the point.
Students can choose different vectors, lines, angles, planes and points. They can play and examine the different
settings.
LEVEL 2

SOLUTION(S)

364

Discuss which transformations reverse the orientation and which transformations preserve the
orientation.

Grades 9-12 (AS)
Duration: 20 min
Tools: one Logifaces Set / group

532 - Rotating Blocks in
GeoGebra
Erasmus+

Group work
Keywords: Transformations, Rotation
around a line, Reﬂection in a plane,
Translation

TEACHER
MATHS / TRANSFORMATIONS

Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
Students' task is to start with a Logifaces block of truncated prism shape drawn in GeoGebra and move it by
transformations to another given target position. See exercises 526 - Calculate the Coordinates for the
particular coordinates and 527 - Coordinates in GeoGebra for the drawings in GeoGebra.
This table shows the coordinates of the top vertices when the base vertices have the coordinates
(0, 0, 0), (4, 0, 0), (2, 2 3, 0) in each case.
Block
112
122
223
233
113
133
123
132
LEVEL 1
LEVEL 2

(0, 0, 1), (4, 0, 1), (2, 2 3, 2)

(0, 0, 1), (4, 0, 2), (2, 2 3, 1)

(0, 0, 2), (4, 0, 1), (2, 2 3, 1)

(0, 0, 2), (4, 0, 2), (2, 2 3, 3)

(0, 0, 2), (4, 0, 3), (2, 2 3, 2)

(0, 0, 3), (4, 0, 2), (2, 2 3, 2)

(0, 0, 1), (4, 0, 2), (2, 2 3, 2)
(0, 0, 2), (4, 0, 3), (2, 2 3, 3)
(0, 0, 1), (4, 0, 1), (2, 2 3, 3)
(0, 0, 1), (4, 0, 3), (2, 2 3, 3)
(0, 0, 1), (4, 0, 2), (2, 2 3, 3)
(0, 0, 1), (4, 0, 3), (2, 2 3, 2)

(0, 0, 2), (4, 0, 2), (2, 2 3, 1)
(0, 0, 3), (4, 0, 3), (2, 2 3, 2)
(0, 0, 1), (4, 0, 3), (2, 2 3, 1)
(0, 0, 3), (4, 0, 3), (2, 2 3, 1)
(0, 0, 2), (4, 0, 3), (2, 2 3, 1)
(0, 0, 3), (4, 0, 2), (2, 2 3, 1)

(0, 0, 2), (4, 0, 1), (2, 2 3, 2)
(0, 0, 3), (4, 0, 2), (2, 2 3, 3)
(0, 0, 3), (4, 0, 1), (2, 2 3, 1)
(0, 0, 3), (4, 0, 1), (2, 2 3, 3)
(0, 0, 3), (4, 0, 1), (2, 2 3, 2)
(0, 0, 2), (4, 0, 1), (2, 2 3, 3)

Start: any given coordinates in 526 - Calculate the Coordinates (see the table above), target
position: any other given coordinates of the same block.
Start: any given coordinates of block 123 (or 132) in 526 - Calculate the Coordinates (see the
table above), target position: any other given coordinates of the block 132 (or 123).

HINT It is enough to ﬁnd transformations in the plane that transform an equilateral triangle with labelled
vertices into a congruent triangle at the same position, but with permuted labels at the vertices. Then the 3
dimensional equivalents of the transformations give the solution.
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SOLUTIONS / EXAMPLES
We present one example for a possible solution for one block. The solutions for the other blocks are similar.
Note on the use of GeoGebra:
In GeoGebra, it is impossible yet to rotate or translate a truncated prism as a whole. Instead, one can divide a
truncated prism into a regular prism and a pyramid (see exercise 527 - Coordinates in GeoGebra) and perform
the transformations on these two polyhedra separately. In this exercise only the pyramid needs to be
transformed, because the base face is the same in the start and target location.
LEVEL 1
Start: block 112 with top vertices:
(0, 0, 1), (4, 0, 1), (2, 2 3, 2)

Target: block 112 with top vertices:
(0, 0, 1), (4, 0, 2), (2, 2 3, 1)

FIRST SOLUTION
1. Rotation around the z-axis by -120°.
2. Translation by the vector

.

SECOND SOLUTION
1. Draw the centre C of the base triangle by connecting each vertex with the midpoint of the opposite edge, and
taking the intersection of these lines.
2. Draw a line perpendicular to the plane xy through the point C.
3. Rotation around the line by 120°.
LEVEL 2
Start: block 123 with top vertices:
(0, 0, 1), (4, 0, 2), (2, 2 3, 3)
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Target: block 132 with top vertices:
(0, 0, 3), (4, 0, 2), (2, 2 3, 1)

SOLUTION
1.
2.

Draw a plane through the points 𝐵𝐵2 and 𝑇𝑇2 and the midpoint of the segment 𝐵𝐵1𝐵𝐵3.

Reflection of the truncated prism (or just the pyramid part of the truncated prism) in this plane.

PRIOR KNOWLEDGE
Reﬂection in a plane, Rotation around an axis, Transformations in GeoGebra
RECOMMENDATIONS / COMMENTS
Exercises 526 - Calculate the Coordinates and 527 - Coordinates in GeoGebra are recommended before this
exercise.
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532 - Rotating Blocks in
GeoGebra

Name:

Erasmus+

Date:

STUDENT

Tools: one Logifaces Set / group

MATHS / TRANSFORMATIONS

Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
Students' task is to start with a Logifaces block of truncated prism shape drawn in GeoGebra and move it by
transformations to another given target position. See exercises 526 - Calculate the Coordinates for the
particular coordinates and 527 - Coordinates in GeoGebra for the drawings in GeoGebra.
This table shows the coordinates of the top vertices when the base vertices have the coordinates
(0, 0, 0), (4, 0, 0), (2, 2 3, 0) in each case.
Block
112
122
223
233
113
133
123
132
LEVEL 1

(0, 0, 1), (4, 0, 1), (2, 2 3, 2)

(0, 0, 1), (4, 0, 2), (2, 2 3, 1)

(0, 0, 2), (4, 0, 1), (2, 2 3, 1)

(0, 0, 2), (4, 0, 2), (2, 2 3, 3)

(0, 0, 2), (4, 0, 3), (2, 2 3, 2)

(0, 0, 3), (4, 0, 2), (2, 2 3, 2)

(0, 0, 1), (4, 0, 2), (2, 2 3, 2)
(0, 0, 2), (4, 0, 3), (2, 2 3, 3)
(0, 0, 1), (4, 0, 1), (2, 2 3, 3)
(0, 0, 1), (4, 0, 3), (2, 2 3, 3)
(0, 0, 1), (4, 0, 2), (2, 2 3, 3)
(0, 0, 1), (4, 0, 3), (2, 2 3, 2)

LEVEL 2

(0, 0, 2), (4, 0, 2), (2, 2 3, 1)
(0, 0, 3), (4, 0, 3), (2, 2 3, 2)
(0, 0, 1), (4, 0, 3), (2, 2 3, 1)
(0, 0, 3), (4, 0, 3), (2, 2 3, 1)
(0, 0, 2), (4, 0, 3), (2, 2 3, 1)
(0, 0, 3), (4, 0, 2), (2, 2 3, 1)

(0, 0, 2), (4, 0, 1), (2, 2 3, 2)
(0, 0, 3), (4, 0, 2), (2, 2 3, 3)
(0, 0, 3), (4, 0, 1), (2, 2 3, 1)
(0, 0, 3), (4, 0, 1), (2, 2 3, 3)
(0, 0, 3), (4, 0, 1), (2, 2 3, 2)
(0, 0, 2), (4, 0, 1), (2, 2 3, 3)

Start: any given coordinates in 526 - Calculate the Coordinates (see the table above), target
position: any other given coordinates of the same block.
Start: any given coordinates of block 123 (or 132) in 526 - Calculate the Coordinates (see the
table above), target position: any other given coordinates of the block 132 (or 123).

HINT It is enough to ﬁnd transformations in the plane that transform an equilateral triangle with labelled
vertices into a congruent triangle at the same position, but with permuted labels at the vertices. Then the 3
dimensional equivalents of the transformations give the solution.
SOLUTION(S)
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Grades 9-12 (AS)
Duration: 30 min
Tools: one Logifaces Set / group

533 - Relocating Blocks in
GeoGebra
Erasmus+

TEACHER

Group work
Keywords: Transformations, Rotation
around a line, Reflection in a plane,
Translation

MATHS / TRANSFORMATIONS

Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
Students' task is to start with a Logifaces block drawn in GeoGebra and move it by transformations to another
given target location. See exercises 526 - Calculate the Coordinates and 529 - Coordinates of a Rotated Block
for the particular coordinates and 527 - Coordinates in GeoGebra for the drawings in GeoGebra.
LEVEL 1

See the pairs in the table below.

block

Start

Target location I.

Target location II.

111

(0, 0, 0), (4, 0, 0), (2, 2 3, 0),
(0, 0, 1), (4, 0, 1), (2, 2 3, 1)

(0, 0, 0), (4, 0, 0), (4, 1, 0),
(0, 1, 0), (2, 0, 2 3), (2, 1, 2 3)

(0, 0, 0), (1, 0, 0), (1, 4, 0),
(0, 4, 0), (0, 2, 2 3), (1, 2, 2 3)

(0, 0, 0), (4, 0, 0), (2, 2 3, 0),
(0, 0, 3), (4, 0, 3), (2, 2 3, 3)

(0, 0, 0), (4, 0, 0), (4, 3, 0),
(0, 3, 0), (2, 0, 2 3), (2, 3, 2 3)

(0, 0, 0), (3, 0, 0), (3, 4, 0),
(0, 4, 0), (0, 2, 2 3), (3, 2, 2 3)

222

333

(0, 0, 0), (4, 0, 0), (2, 2 3, 0),
(0, 0, 2), (4, 0, 2), (2, 2 3, 2)

(0, 0, 0), (4, 0, 0), (4, 2, 0),
(0, 2, 0), (2, 0, 2 3), (2, 2, 2 3)

(0, 0, 0), (2, 0, 0), (2, 4, 0),
(0, 4, 0), (0, 2, 2 3), (2, 2, 2 3)

LEVEL 2
See the pairs in the table below. In the last two lines, the start and the target II. blocks are not the
same, they are the reﬂected images of each other.
Block

Start

Target location I.

Target location II.

112

(0, 0, 0), (4, 0, 0), (2, 2 3, 0),
(0, 0, 1), (4, 0, 1), (2, 2 3, 2)

(0, 0, 0), (4, 0, 0), (2, 0, 2 3),
(0, 1, 0), (4, 1, 0), (2, 2, 2 3)

(0, 0, 0), (0, 4, 0), (0, 2, 2 3),
(1, 0, 0), (1, 4, 0), (2, 2, 2 3)

(0, 0, 0), (4, 0, 0), (2, 2 3, 0),
(0, 0, 2), (4, 0, 2), (2, 2 3, 3)

(0, 0, 0), (4, 0, 0), (2, 0, 2 3),
(0, 2, 0), (4, 2, 0), (2, 3, 2 3)

(0, 0, 0), (0, 4, 0), (0, 2, 2 3),
(2, 0, 0), (2, 4, 0), (3, 2, 2 3)

122

223

233

113

133

(0, 0, 0), (4, 0, 0), (2, 2 3, 0),
(0, 0, 1), (4, 0, 2), (2, 2 3, 2)

(0, 0, 0), (4, 0, 0), (2, 2 3, 0),
(0, 0, 2), (4, 0, 3), (2, 2 3, 3)
(0, 0, 0), (4, 0, 0), (2, 2 3, 0),
(0, 0, 1), (4, 0, 1), (2, 2 3, 3)
(0, 0, 0), (4, 0, 0), (2, 2 3, 0),
(0, 0, 1), (4, 0, 3), (2, 2 3, 3)

(0, 0, 0), (4, 0, 0), (2, 0, 2 3),
(0, 1, 0), (4, 2, 0), (2, 2, 2 3)

(0, 0, 0), (4, 0, 0), (2, 0, 2 3),
(0, 2, 0), (4, 3, 0), (2, 3, 2 3)
(0, 0, 0), (4, 0, 0), (2, 0, 2 3),
(0, 1, 0), (4, 1, 0), (2, 3, 2 3)
(0, 0, 0), (4, 0, 0), (2, 0, 2 3),
(0, 1, 0), (4, 3, 0), (2, 3, 2 3)

(0, 0, 0), (0, 4, 0), (0, 2, 2 3),
(1, 0, 0), (2, 4, 0), (2, 2, 2 3)

(0, 0, 0), (0, 4, 0), (0, 2, 2 3),
(2, 0, 0), (3, 4, 0), (3, 2, 2 3)
(0, 0, 0), (0, 4, 0), (0, 2, 2 3),
(1, 0, 0), (1, 4, 0), (3, 2, 2 3)
(0, 0, 0), (0, 4, 0), (0, 2, 2 3),
(1, 0, 0), (3, 4, 0), (3, 2, 2 3)
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123

132

(0, 0, 0), (4, 0, 0), (2, 2 3, 0),
(0, 0, 1), (4, 0, 2), (2, 2 3, 3)
(0, 0, 0), (4, 0, 0), (2, 2 3, 0),
(0, 0, 1), (4, 0, 3), (2, 2 3, 2)

(0, 0, 0), (4, 0, 0), (2, 0, 2 3),
(0, 1, 0), (4, 2, 0), (2, 3, 2 3)
(0, 0, 0), (4, 0, 0), (2, 0, 2 3),
(0, 1, 0), (4, 3, 0), (2, 2, 2 3)

(0, 0, 0), (0, 4, 0), (0, 2, 2 3),
(1, 0, 0), (2, 4, 0), (3, 2, 2 3)
(0, 0, 0), (0, 4, 0), (0, 2, 2 3),
(1, 0, 0), (3, 4, 0), (2, 2, 2 3)

LEVEL 3
This table shows the coordinates of the top vertices of the starting locations and the
coordinates of all vertices of the target location. The base vertices of the starting location have the
coordinates (0, 0, 0), (4, 0, 0), (2, 2 3, 0) in each case.

Block

Starting top
coordinates

Starting top
coordinates

Target location I.

Target location II.

112

(0, 0, 1), (4, 0, 2), (2, 2 3, 1)

(0, 0, 2), (4, 0, 1), (2, 2 3, 1)

122

(0, 0, 2), (4, 0, 2), (2, 2 3, 1)

(0, 0, 2), (4, 0, 1), (2, 2 3, 2)

(0, 0, 0), (4, 0, 0), (2, 0, 2 3),
(0, 1, 0), (4, 1, 0), (2, 2, 2 3)

(0, 0, 0), (0, 4, 0), (0, 2, 2 3),
(1, 0, 0), (1, 4, 0), (2, 2, 2 3)

223

(0, 0, 2), (4, 0, 3), (2, 2 3, 2)

(0, 0, 3), (4, 0, 2), (2, 2 3, 2)

233

(0, 0, 3), (4, 0, 3), (2, 2 3, 2)

(0, 0, 3), (4, 0, 2), (2, 2 3, 3)

(0, 0, 0), (4, 0, 0), (2, 0, 2 3),
(0, 2, 0), (4, 2, 0), (2, 3, 2 3)

(0, 0, 0), (0, 4, 0), (0, 2, 2 3),
(2, 0, 0), (2, 4, 0), (3, 2, 2 3)

113

(0, 0, 1), (4, 0, 3), (2, 2 3, 1)

(0, 0, 3), (4, 0, 1), (2, 2 3, 1)

133

(0, 0, 3), (4, 0, 3), (2, 2 3, 1)

(0, 0, 3), (4, 0, 1), (2, 2 3, 3)

123

(0, 0, 2), (4, 0, 3), (2, 2 3, 1)

(0, 0, 3), (4, 0, 1), (2, 2 3, 2)

132

(0, 0, 3), (4, 0, 2), (2, 2 3, 1)

(0, 0, 2), (4, 0, 1), (2, 2 3, 3)

SOLUTIONS / EXAMPLES

(0, 0, 0), (4, 0, 0), (2, 0, 2 3),
(0, 1, 0), (4, 2, 0), (2, 2, 2 3)

(0, 0, 0), (4, 0, 0), (2, 0, 2 3),
(0, 2, 0), (4, 3, 0), (2, 3, 2 3)
(0, 0, 0), (4, 0, 0), (2, 0, 2 3),
(0, 1, 0), (4, 1, 0), (2, 3, 2 3)
(0, 0, 0), (4, 0, 0), (2, 0, 2 3),
(0, 1, 0), (4, 3, 0), (2, 3, 2 3)
(0, 0, 0), (4, 0, 0), (2, 0, 2 3),
(0, 1, 0), (4, 2, 0), (2, 3, 2 3)
(0, 0, 0), (4, 0, 0), (2, 0, 2 3),
(0, 1, 0), (4, 3, 0), (2, 2, 2 3)

(0, 0, 0), (0, 4, 0), (0, 2, 2 3),
(1, 0, 0), (2, 4, 0), (2, 2, 2 3)

(0, 0, 0), (0, 4, 0), (0, 2, 2 3),
(2, 0, 0), (3, 4, 0), (3, 2, 2 3)
(0, 0, 0), (0, 4, 0), (0, 2, 2 3),
(1, 0, 0), (1, 4, 0), (3, 2, 2 3)
(0, 0, 0), (0, 4, 0), (0, 2, 2 3),
(1, 0, 0), (3, 4, 0), (3, 2, 2 3)
(0, 0, 0), (0, 4, 0), (0, 2, 2 3),
(1, 0, 0), (2, 4, 0), (3, 2, 2 3)
(0, 0, 0), (0, 4, 0), (0, 2, 2 3),
(1, 0, 0), (3, 4, 0), (2, 2, 2 3)

We show one example for each level using one block. The solutions for the other blocks are similar. Note that
there are many other solutions for the example blocks as well.
Note on the use of GeoGebra:
In GeoGebra, it is impossible yet to rotate or translate a truncated prism as a whole. Instead, one can divide the
truncated prism in Levels 2 and 3 into a regular prism and a pyramid (see exercise 527 - Coordinates in
GeoGebra) and perform the transformations on these two polyhedra separately
LEVEL 1
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Start: block 111 with vertices (0, 0, 0), (4, 0, 0), (2, 2 3, 0), (0, 0, 1), (4, 0, 1), (2, 2 3, 1)

Target I: block 111 with vertices
(0, 0, 0), (4, 0, 0), (4, 1, 0),
(0, 1, 0), (2, 0, 2 3), (2, 1, 2 3)

1. Rotation around the x-axis by 90°

Target II: block 111 with vertices
(0, 0, 0), (1, 0, 0), (1, 4, 0),
(0, 4, 0), (0, 2, 2 3), (1, 2, 2 3)

1. Rotation around the x-axis by 90°
2. Rotation around the z-axis by 90°

2. Translation by the vector
LEVEL 2

Start: block 112 with top vertices (0, 0, 1), (4, 0, 1), (2, 2 3, 2)

Target I: block 112 with vertices
(0, 0, 0), (4, 0, 0), (2, 0, 2 3),
(0, 1, 0), (4, 1, 0), (2, 2, 2 3)

1. Rotation around the x-axis by 90°
2. Reﬂection in the xz-plane

Target II: block 112 with vertices
(0, 0, 0), (0, 4, 0), (0, 2, 2 3),
(1, 0, 0), (1, 4, 0), (2, 2, 2 3)

1.Rotation around the x-axis by 90°
2. Rotation around the z-axis by 90°
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LEVEL 3: Start: block 112 with top vertices (0, 0, 1), (4, 0, 2), (2, 2 3, 1)

Target I: block 112 with vertices
(0, 0, 0), (4, 0, 0), (2, 0, 2 3),
(0, 1, 0), (4, 1, 0), (2, 2, 2 3)

1. Rotation around the z-axis by -60°
2. Rotation around the x-axis by -90°

Target II: block 112 with vertices
(0, 0, 0), (0, 4, 0), (0, 2, 2 3),
(1, 0, 0), (1, 4, 0), (2, 2, 2 3)

1. Rotation around the z-axis by 30°
2. Rotation around the y-axis by -90°
3. Reﬂection in the yz-plane

PRIOR KNOWLEDGE
Reﬂection in a plane, Rotation around an axis, Transformations in GeoGebra
RECOMMENDATIONS / COMMENTS
Exercises 526 - Calculate the Coordinates, 527 - Coordinates in GeoGebra and 529 - Coordinates of a Rotated
Block are recommended before this exercise.
Exercise 532 - Rotating Blocks in GeoGebra is an easier exercise to practise 3-dimensional transformations
that are just generalisations of transformations of a plane.
Exercise 534 - Upside down Blocks in GeoGebra is recommended after this exercise as an advanced level
exercise to practise more diﬃcult transformations.
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533 - Relocating Blocks in
GeoGebra

Name:

Erasmus+

Date:

STUDENT

Tools: one Logifaces Set / group

MATHS / TRANSFORMATIONS

Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
Students' task is to start with a Logifaces block drawn in GeoGebra and move it by transformations to another
given target location. See exercises 526 - Calculate the Coordinates and 529 - Coordinates of a Rotated Block
for the particular coordinates and 527 - Coordinates in GeoGebra for the drawings in GeoGebra.
LEVEL 1

See the pairs in the table below.

block

Start

Target location I.

Target location II.

111

(0, 0, 0), (4, 0, 0), (2, 2 3, 0),
(0, 0, 1), (4, 0, 1), (2, 2 3, 1)

(0, 0, 0), (4, 0, 0), (4, 1, 0),
(0, 1, 0), (2, 0, 2 3), (2, 1, 2 3)

(0, 0, 0), (1, 0, 0), (1, 4, 0),
(0, 4, 0), (0, 2, 2 3), (1, 2, 2 3)

(0, 0, 0), (4, 0, 0), (2, 2 3, 0),
(0, 0, 3), (4, 0, 3), (2, 2 3, 3)

(0, 0, 0), (4, 0, 0), (4, 3, 0),
(0, 3, 0), (2, 0, 2 3), (2, 3, 2 3)

(0, 0, 0), (3, 0, 0), (3, 4, 0),
(0, 4, 0), (0, 2, 2 3), (3, 2, 2 3)

222

333

(0, 0, 0), (4, 0, 0), (2, 2 3, 0),
(0, 0, 2), (4, 0, 2), (2, 2 3, 2)

(0, 0, 0), (4, 0, 0), (4, 2, 0),
(0, 2, 0), (2, 0, 2 3), (2, 2, 2 3)

(0, 0, 0), (2, 0, 0), (2, 4, 0),
(0, 4, 0), (0, 2, 2 3), (2, 2, 2 3)

LEVEL 2
See the pairs in the table below. In the last two lines, the start and the target II. blocks are not the
same, they are the reﬂected images of each other.
Block

Start

Target location I.

Target location II.

112

(0, 0, 0), (4, 0, 0), (2, 2 3, 0),
(0, 0, 1), (4, 0, 1), (2, 2 3, 2)

(0, 0, 0), (4, 0, 0), (2, 0, 2 3),
(0, 1, 0), (4, 1, 0), (2, 2, 2 3)

(0, 0, 0), (0, 4, 0), (0, 2, 2 3),
(1, 0, 0), (1, 4, 0), (2, 2, 2 3)

(0, 0, 0), (4, 0, 0), (2, 2 3, 0),
(0, 0, 2), (4, 0, 2), (2, 2 3, 3)

(0, 0, 0), (4, 0, 0), (2, 0, 2 3),
(0, 2, 0), (4, 2, 0), (2, 3, 2 3)

(0, 0, 0), (0, 4, 0), (0, 2, 2 3),
(2, 0, 0), (2, 4, 0), (3, 2, 2 3)

122

223

233

113

(0, 0, 0), (4, 0, 0), (2, 2 3, 0),
(0, 0, 1), (4, 0, 2), (2, 2 3, 2)

(0, 0, 0), (4, 0, 0), (2, 2 3, 0),
(0, 0, 2), (4, 0, 3), (2, 2 3, 3)
(0, 0, 0), (4, 0, 0), (2, 2 3, 0),
(0, 0, 1), (4, 0, 1), (2, 2 3, 3)

(0, 0, 0), (4, 0, 0), (2, 0, 2 3),
(0, 1, 0), (4, 2, 0), (2, 2, 2 3)

(0, 0, 0), (4, 0, 0), (2, 0, 2 3),
(0, 2, 0), (4, 3, 0), (2, 3, 2 3)
(0, 0, 0), (4, 0, 0), (2, 0, 2 3),
(0, 1, 0), (4, 1, 0), (2, 3, 2 3)

(0, 0, 0), (0, 4, 0), (0, 2, 2 3),
(1, 0, 0), (2, 4, 0), (2, 2, 2 3)

(0, 0, 0), (0, 4, 0), (0, 2, 2 3),
(2, 0, 0), (3, 4, 0), (3, 2, 2 3)
(0, 0, 0), (0, 4, 0), (0, 2, 2 3),
(1, 0, 0), (1, 4, 0), (3, 2, 2 3)
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133

123

132

(0, 0, 0), (4, 0, 0), (2, 2 3, 0),
(0, 0, 1), (4, 0, 3), (2, 2 3, 3)

(0, 0, 0), (4, 0, 0), (2, 0, 2 3),
(0, 1, 0), (4, 3, 0), (2, 3, 2 3)

(0, 0, 0), (0, 4, 0), (0, 2, 2 3),
(1, 0, 0), (3, 4, 0), (3, 2, 2 3)

(0, 0, 0), (4, 0, 0), (2, 2 3, 0),
(0, 0, 1), (4, 0, 3), (2, 2 3, 2)

(0, 0, 0), (4, 0, 0), (2, 0, 2 3),
(0, 1, 0), (4, 3, 0), (2, 2, 2 3)

(0, 0, 0), (0, 4, 0), (0, 2, 2 3),
(1, 0, 0), (3, 4, 0), (2, 2, 2 3)

(0, 0, 0), (4, 0, 0), (2, 2 3, 0),
(0, 0, 1), (4, 0, 2), (2, 2 3, 3)

(0, 0, 0), (4, 0, 0), (2, 0, 2 3),
(0, 1, 0), (4, 2, 0), (2, 3, 2 3)

(0, 0, 0), (0, 4, 0), (0, 2, 2 3),
(1, 0, 0), (2, 4, 0), (3, 2, 2 3)

LEVEL 3
This table shows the coordinates of the top vertices of the starting locations and the
coordinates of all vertices of the target location. The base vertices of the starting location have the
coordinates (0, 0, 0), (4, 0, 0), (2, 2 3, 0) in each case.

Block

Starting top
coordinates

Starting top
coordinates

Target location I.

Target location II.

112

(0, 0, 1), (4, 0, 2), (2, 2 3, 1)

(0, 0, 2), (4, 0, 1), (2, 2 3, 1)

122

(0, 0, 2), (4, 0, 2), (2, 2 3, 1)

(0, 0, 2), (4, 0, 1), (2, 2 3, 2)

(0, 0, 0), (4, 0, 0), (2, 0, 2 3),
(0, 1, 0), (4, 1, 0), (2, 2, 2 3)

(0, 0, 0), (0, 4, 0), (0, 2, 2 3),
(1, 0, 0), (1, 4, 0), (2, 2, 2 3)

223

(0, 0, 2), (4, 0, 3), (2, 2 3, 2)

(0, 0, 3), (4, 0, 2), (2, 2 3, 2)

233

(0, 0, 3), (4, 0, 3), (2, 2 3, 2)

(0, 0, 3), (4, 0, 2), (2, 2 3, 3)

(0, 0, 0), (4, 0, 0), (2, 0, 2 3),
(0, 2, 0), (4, 2, 0), (2, 3, 2 3)

(0, 0, 0), (0, 4, 0), (0, 2, 2 3),
(2, 0, 0), (2, 4, 0), (3, 2, 2 3)

113

(0, 0, 1), (4, 0, 3), (2, 2 3, 1)

(0, 0, 3), (4, 0, 1), (2, 2 3, 1)

133

(0, 0, 3), (4, 0, 3), (2, 2 3, 1)

(0, 0, 3), (4, 0, 1), (2, 2 3, 3)

123

(0, 0, 2), (4, 0, 3), (2, 2 3, 1)

(0, 0, 3), (4, 0, 1), (2, 2 3, 2)

132

(0, 0, 3), (4, 0, 2), (2, 2 3, 1)

(0, 0, 2), (4, 0, 1), (2, 2 3, 3)

SOLUTION(S)

374

(0, 0, 0), (4, 0, 0), (2, 0, 2 3),
(0, 1, 0), (4, 2, 0), (2, 2, 2 3)

(0, 0, 0), (4, 0, 0), (2, 0, 2 3),
(0, 2, 0), (4, 3, 0), (2, 3, 2 3)
(0, 0, 0), (4, 0, 0), (2, 0, 2 3),
(0, 1, 0), (4, 1, 0), (2, 3, 2 3)
(0, 0, 0), (4, 0, 0), (2, 0, 2 3),
(0, 1, 0), (4, 3, 0), (2, 3, 2 3)
(0, 0, 0), (4, 0, 0), (2, 0, 2 3),
(0, 1, 0), (4, 2, 0), (2, 3, 2 3)
(0, 0, 0), (4, 0, 0), (2, 0, 2 3),
(0, 1, 0), (4, 3, 0), (2, 2, 2 3)

(0, 0, 0), (0, 4, 0), (0, 2, 2 3),
(1, 0, 0), (2, 4, 0), (2, 2, 2 3)

(0, 0, 0), (0, 4, 0), (0, 2, 2 3),
(2, 0, 0), (3, 4, 0), (3, 2, 2 3)
(0, 0, 0), (0, 4, 0), (0, 2, 2 3),
(1, 0, 0), (1, 4, 0), (3, 2, 2 3)
(0, 0, 0), (0, 4, 0), (0, 2, 2 3),
(1, 0, 0), (3, 4, 0), (3, 2, 2 3)
(0, 0, 0), (0, 4, 0), (0, 2, 2 3),
(1, 0, 0), (2, 4, 0), (3, 2, 2 3)
(0, 0, 0), (0, 4, 0), (0, 2, 2 3),
(1, 0, 0), (3, 4, 0), (2, 2, 2 3)

Grades 11-12 (A)
Duration: 40 min

534 - Upside down Blocks
in GeoGebra

Tools: one 9 pcs Set / class

Erasmus+

TEACHER

Individual / Pair work
Keywords: Transformations,
GeoGebra

MATHS / TRANSFORMATIONS

Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
LEVEL 1

Students start with the GeoGebra model of the block 123 (see exercises 526 - Calculate the
Coordinates and 527 - Coordinates in GeoGebra). The task is to ﬁnd transformations to move the
block in such a way that the top face lies in the xy-plane, one edge lies on the x-axis, one vertex
is in the origin and the whole block is contained in the upper half-space.

HINTS

- Recommended steps of transformations: reﬂection, rotation around a line, translation
- It is recommended to start with the model where the vertical edge of length 1 has coordinates
x=0, y=0, and the vertical edge of height 3 has coordinates x=4, y=0.

LEVEL 2

Students calculate the exact values of the coordinates of the block placed as in the Level 1
exercise. They can use the transformations to help the calculations.

SOLUTIONS / EXAMPLES
The following notations are used for the vertices in the solution:
The points 𝑀𝑀𝑏𝑏 and 𝑀𝑀𝑡𝑡 are the midpoints of the segments 𝐵𝐵1𝐵𝐵3 and
𝑇𝑇1𝑇𝑇3 respectively.

The same notations are used after the reﬂection. After the rotations,
the notations 𝑇𝑇'𝑖𝑖 are used, and after the translation, the notations 𝑇𝑇''𝑖𝑖
are used.

LEVEL 1
The task can be performed in three steps, as the diagrams show below (see also the following
GeoGebra link: https://www.geogebra.org/classic/sdhgtdg4):
1.

Reﬂection in the xy-plane

2.
Rotation around the intersection line of the planes of the top and base planes with the angle of the two
planes. The rotation can be performed as follows: the x-axis and the line 𝑇𝑇'1𝑇𝑇'3 are both perpendicular to the
line of intersection of the planes of the top and base faces. The angle of the two planes can be measured as
the angle of these two lines.
After this transformation the top face lies in the xy-plane, the whole block lies in the upper half-plane, but there
is no vertex in the origin.

3.

Translation by the vector

. This transformation moves the vertex 𝑇𝑇'1 to the origin.
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STEP 1

Reflexion to the xy-plane

STEP 2

Rotation

STEP 3

Translation:

LEVEL 2

376

The diagram below shows the xz-cross-section of the rotation step.

We use the notation α for the angle between the planes of the top and base faces. We do not need the exact
value of α, only the values of the trigonometric ratios of it.
The lengths of the segments on the diagram are 𝐴𝐴𝐵𝐵1 = 𝐵𝐵1𝑀𝑀𝑏𝑏 = 𝑀𝑀𝑏𝑏𝐵𝐵3 = 2 and 𝐴𝐴𝑇𝑇1 = 𝑇𝑇1𝑀𝑀𝑡𝑡 = 𝑀𝑀𝑡𝑡𝑇𝑇3 = 5 by

prior calculations and similarity, and the same holds for their images by rotation.
By the deﬁnitions of the trigonometric ratios in the right-angled triangle:
𝑠𝑠𝑖𝑖𝑛𝑛(α) =

𝐵𝐵1𝑇𝑇1
𝐴𝐴𝑇𝑇1

=

1

and 𝑐𝑐𝑜𝑜𝑠𝑠(α) =

5

𝐴𝐴𝐵𝐵1

calculated as follows:
𝑠𝑠𝑖𝑖𝑛𝑛(α) =

𝑧𝑧
𝐴𝐴𝐵𝐵'1

=

𝑧𝑧
2

=

1

5

⇒ 𝑧𝑧 =

=

𝐴𝐴𝑇𝑇1

2

5

2

5

2 5
5

=

, hence the lengths 𝑧𝑧 and 𝐴𝐴𝑃𝑃1 needed for the coordinates can be

and 𝑐𝑐𝑜𝑜𝑠𝑠(α) =

𝐴𝐴𝑃𝑃1

𝐴𝐴𝐵𝐵'1

𝐴𝐴𝑃𝑃1

=

2

=

2

5

⇒ 𝐴𝐴𝑃𝑃1 =

4

5

=

4 5
5

.

The coordinates of the image of the block after the reﬂection and the rotation are the following:

(

𝑇𝑇'1( 5 − 2, 0, 0), 𝑇𝑇'3(3 5 − 2, 0, 0), 𝐵𝐵'1

4 5
5

− 2, 0,

2 5
5

), 𝐵𝐵' (
3

12 5
5

− 2, 0,

6 5
5

)

The vertices 𝑇𝑇2 and 𝐵𝐵2 lie on the plane perpendicular to the y-axes through the point (0, 2 3, 0) during the
reﬂection and rotation, because the plane of the reﬂection and the axis of rotation are perpendicular to that
plane. Furthermore, the x and z coordinates of the points 𝑇𝑇2 and 𝐵𝐵2 are the same as that of 𝑀𝑀'𝑡𝑡 and 𝑀𝑀'𝑏𝑏,

(

respectively, so the coordinates are: 𝑇𝑇'2(2 5 − 2, 2 3, 0) and 𝐵𝐵'2

8 5
5

− 2, 2 3,

4 5
5

).

Finally, a translation is needed by the vector
, which is parallel to the x-axis, points toward the negative
direction and has length 5 − 2. This results in the coordinates
𝑇𝑇''1(0, 0, 0), 𝑇𝑇''3(2 5, 0, 0), 𝑇𝑇''2( 5, 2 3, 0)

(

and 𝐵𝐵''1 −

5
5

, 0,

2 5
5

PRIOR KNOWLEDGE

), 𝐵𝐵'' (
3

7 5
5

, 0,

6 5
5

), 𝐵𝐵'' (
2

3 5
5

, 2 3,

4 5
5

)

Reﬂection in a plane, Rotation around an axis, Transformations in GeoGebra
RECOMMENDATIONS / COMMENTS
Exercises 526 - Calculate the Coordinates and 527 - Coordinates in GeoGebra are recommended before this
exercise.
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534 - Upside down Blocks
in GeoGebra

Name:
Date:

Erasmus+

STUDENT

Tools: one 9 pcs Set / class

MATHS / TRANSFORMATIONS

Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
LEVEL 1

HINTS

LEVEL 2

SOLUTION(S)

378

Students start with the GeoGebra model of the block 123 (see exercises 526 - Calculate the
Coordinates and 527 - Coordinates in GeoGebra). The task is to ﬁnd transformations to move the
block in such a way that the top face lies in the xy-plane, one edge lies on the x-axis, one vertex
is in the origin and the whole block is contained in the upper half-space.
- Recommended steps of transformations: reﬂection, rotation around a line, translation
- It is recommended to start with the model where the vertical edge of length 1 has coordinates
x=0, y=0, and the vertical edge of height 3 has coordinates x=4, y=0.
Students calculate the exact values of the coordinates of the block placed as in the Level 1
exercise. They can use the transformations to help the calculations.

Grades 9-12 (AS)
Duration: 30 min

535 - Calculating Angles

Tools: one Logifaces Set / class
Erasmus+

Individual / Group work
Keywords: Right-angled Trigonometry,
Angles, Trapezium, Rectangle,
Triangle

MATHS / TRIGONOMETRY

TEACHER
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
Students choose a block from the 9 pcs or 16 pcs Set, draw the polygons that make it up, then
a)

calculate the angles of the quadrilateral faces.

b)

calculate the angles of the triangular faces.

SOLUTIONS / EXAMPLES
The deﬁnitions of the trigonometric ratios in a right-angled triangle or the cosine rule can be used to calculate
the angles.
a)
The types of quadrilateral faces that are possible are listed in the ﬁgure below (see the reasons in 401 Quadrilateral Faces):

All the angles of the rectangles and the angles on the 4 unit length legs of the trapeziums are 90°.
The angles on the other leg of the trapeziums can be calculated as follows. Draw parallels with the 4 unit
length leg as shown in the ﬁgure. The hypotenuse of the resulting right-angled triangle is calculated by the
Pythagorean theorem. (Calculations of the length of the edges can be found in exercise 404 - Top Edges). Use
trigonometric ratios to calculate each angle.

(
(
(
(

−1

α = 𝑠𝑠𝑖𝑖𝑛𝑛

β = 𝑠𝑠𝑖𝑖𝑛𝑛
γ = 𝑠𝑠𝑖𝑖𝑛𝑛

−1

−1

−1

δ = 𝑠𝑠𝑖𝑖𝑛𝑛

1

17

4

17

2

20
4

20

) = 𝑐𝑐𝑜𝑜𝑠𝑠
) = 𝑐𝑐𝑜𝑜𝑠𝑠
) = 𝑐𝑐𝑜𝑜𝑠𝑠
) = 𝑐𝑐𝑜𝑜𝑠𝑠

(
(
(
(

−1

−1

−1

−1

4

17

1

17

4

20
2

20

) = 𝑡𝑡𝑎𝑎𝑛𝑛
) = 𝑡𝑡𝑎𝑎𝑛𝑛
) = 𝑡𝑡𝑎𝑎𝑛𝑛
) = 𝑡𝑡𝑎𝑎𝑛𝑛

(
(
(
(

−1 1
4

−1 4
1

−1 2
4

−1 4
2

) ≈ 14. 0° and β = 90° − α ≈ 90° − 14. 0° = 76. 0°
) ≈ 76. 0° and α = 90° − β ≈ 90° − 76. 0° = 14. 0°
) ≈ 26. 6° and δ = 90° − γ ≈ 90° − 26. 6° = 63. 4°
) ≈ 63. 4° and γ = 90° − δ ≈ 90° − 63. 4° = 26. 6°
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All the angles are marked in the ﬁgure below:

b)
All of the base faces are equilateral triangles, and the top faces are either equilateral triangles or
isosceles triangles. The types of top faces are listed in the table below (see the reasons in exercise 404 - Top
Edges):

Blocks: 111, 222, 333

Blocks: 112, 221, 223,
332

Blocks: 113, 331

Blocks: 123, 132

The equilateral triangles have equal angles, all of them are 60°. For the isosceles triangles: draw the altitudes
and use trigonometric ratios in the arising right-angled triangle to calculate each angle. (See exercise 411 Area of Triangles for the calculations of the altitudes):

(
(
(
(

−1

α = 𝑠𝑠𝑖𝑖𝑛𝑛

β = 𝑠𝑠𝑖𝑖𝑛𝑛
γ = 𝑠𝑠𝑖𝑖𝑛𝑛

−1

δ = 𝑠𝑠𝑖𝑖𝑛𝑛

ε = 𝑠𝑠𝑖𝑖𝑛𝑛

−1

−1
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17

13

17

2

20
4

20

) = 𝑐𝑐𝑜𝑜𝑠𝑠
) = 𝑐𝑐𝑜𝑜𝑠𝑠
) = 𝑐𝑐𝑜𝑜𝑠𝑠
) = 𝑐𝑐𝑜𝑜𝑠𝑠

( )

−1

φ = 𝑠𝑠𝑖𝑖𝑛𝑛

2

20
2

17

−1

−1

−1

12

17

−1

= 𝑐𝑐𝑜𝑜𝑠𝑠

( )

−1

(
(
(
(
(

−1

17

2

17

4

20
2

20

12

17

) = 𝑡𝑡𝑎𝑎𝑛𝑛
) = 𝑡𝑡𝑎𝑎𝑛𝑛
) = 𝑡𝑡𝑎𝑎𝑛𝑛
) = 𝑡𝑡𝑎𝑎𝑛𝑛
) = 𝑡𝑡𝑎𝑎𝑛𝑛

( )

−1

= 𝑐𝑐𝑜𝑜𝑠𝑠

13

20
2

17

( ) ≈ 29. 0 and β = 90° − α ≈ 90° − 29. 0° = 61°

−1

2

13

( ) ≈ 61. 0 and α = 90° − β ≈ 90° − 61. 0° = 29°

−1

13
2

( ) ≈ 26. 6 and δ = 90° − γ ≈ 90° − 26. 6° = 63. 4°
( ) ≈ 63. 4 and γ = 90° − δ ≈ 90° − 63. 4° = 26. 6°

−1 2
4

−1 4
2

( )

−1

12

≈ 22. 8 and φ = 90° − ε ≈ 90° − 22. 8° = 67. 2°

( )

−1

= 𝑡𝑡𝑎𝑎𝑛𝑛

20
2

12
20
2

≈ 67. 2 and ε = 90° − φ ≈ 90° − 67. 2° = 22. 8°

2

2

2

Alternative solution: cosine rule 𝑐𝑐 = 𝑎𝑎 + 𝑏𝑏 − 2𝑎𝑎𝑏𝑏 × 𝑐𝑐𝑜𝑜𝑠𝑠(γ)
To calculate the angle rearrange the formula: 𝑐𝑐𝑜𝑜𝑠𝑠(γ) =
Use the following notations:

(
((
((
((
((
((

−1

α = 𝑐𝑐𝑜𝑜𝑠𝑠

β = 𝑐𝑐𝑜𝑜𝑠𝑠

−1

−1

γ = 𝑐𝑐𝑜𝑜𝑠𝑠

δ = 𝑐𝑐𝑜𝑜𝑠𝑠

ε = 𝑐𝑐𝑜𝑜𝑠𝑠

−1

−1

−1

φ = 𝑐𝑐𝑜𝑜𝑠𝑠

(

2

2

)
)
)
)
)
)

17) +( 17) −4
2 17× 17
2

17) +4 −( 17
2

2 17×4
2

2

2

2

20) +( 20) −4
2 20× 20
2

20) +4 −( 20
2

2 20×4
2

2

2

2

2

2

)
)
)

PRIOR KNOWLEDGE

2

2

(

−1

= 𝑐𝑐𝑜𝑜𝑠𝑠

17) +( 20) −( 17
2 17× 20

(

16

8× 17
16

8× 20

(

(

−1

= 𝑐𝑐𝑜𝑜𝑠𝑠

2

and hence γ = 𝑐𝑐𝑜𝑜𝑠𝑠

(

2

2

−1 𝑎𝑎 +𝑏𝑏 −𝑐𝑐
2𝑎𝑎𝑏𝑏

2

)

−1 18
34

) = 𝑐𝑐𝑜𝑜𝑠𝑠 ( ) ≈ 53. 1°
−1 24
40

) ≈ 63. 4. 0°

−1 17+17−20
2×17

= 𝑐𝑐𝑜𝑜𝑠𝑠

2

) = 𝑐𝑐𝑜𝑜𝑠𝑠 ( ) ≈ 58. 0°

) ≈ 61. 0°

−1 20+20−16
2×20

= 𝑐𝑐𝑜𝑜𝑠𝑠

17) +( 17) −( 20)
2 17× 17

(

−1

= 𝑐𝑐𝑜𝑜𝑠𝑠

(

−1 17+17−16
2×17

= 𝑐𝑐𝑜𝑜𝑠𝑠

2

𝑎𝑎 +𝑏𝑏 −𝑐𝑐
2𝑎𝑎𝑏𝑏

20

2 17× 20

) = 𝑐𝑐𝑜𝑜𝑠𝑠 ( ) ≈ 65. 7°
−1 14
34

) ≈ 57. 2. 0°

Properties of isosceles triangles, Trapeziums, Equilateral triangles, Rectangles, Right-angled Trigonometry
RECOMMENDATIONS / COMMENTS
This exercise is suitable for differentiation. Each team can be given a block, different students use different
trigonometric functions or rules to calculate the angles. They can compare the results and check whether they
are consistent.
The calculations can be veriﬁed using GeoGebra, see exercise 528 - Read the Results in GeoGebra.
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535 - Calculating Angles

Name:
Date:

Erasmus+

Tools: one Logifaces Set / class

MATHS / TRIGONOMETRY

STUDENT
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
Students choose a block from the 9 pcs or 16 pcs Set, draw the polygons that make it up, then
a)

calculate the angles of the quadrilateral faces.

b)

calculate the angles of the triangular faces.

SOLUTION(S)

382

Grades 9-12 (S)
Duration: 15 min

536 - Different Slopes

Tools: one Logifaces Set / 2-3 pairs or
4-6 students
Individual / Pair work

Erasmus+

MATHS / TRIGONOMETRY

Keywords: Cosine, Angle of planes

TEACHER
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
In the 9 pcs or 16 pcs Set, students choose those blocks that have two vertical edges with the same height and
one with different height. These are blocks 112, 113, 122, 133, 223 and 233.
They draw the block and mark the following two angles on the diagram: let α be the angle of the inclination of
the planes of the triangular faces, and let β be the angle of the two legs of the trapezium face.
They then calculate the sizes of the angles α and β.

SOLUTIONS / EXAMPLES

The pictures below show the drawings of the two types of blocks with the notations used in the calculations.
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To calculate the angles, let 𝐺𝐺1 and 𝐺𝐺2 be points on the line 𝐴𝐴1𝐸𝐸1 and 𝐴𝐴2𝐸𝐸2, respectively, such that 𝐵𝐵1𝐺𝐺1 and 𝐵𝐵2𝐺𝐺2
are parallel to the plane of the base triangle.

The triangles 𝐴𝐴1𝐵𝐵1𝐺𝐺1 and 𝐴𝐴2𝐵𝐵2𝐺𝐺2 are right-angled triangles with angles ∠𝐴𝐴1𝐵𝐵1𝐺𝐺1 = α and ∠𝐴𝐴2𝐵𝐵2𝐺𝐺2 = β , thus
by deﬁnition, 𝑐𝑐𝑜𝑜𝑠𝑠(α) =

segment).

|𝐺𝐺1𝐵𝐵1|

|𝐴𝐴1𝐵𝐵1|

and 𝑐𝑐𝑜𝑜𝑠𝑠(β) =

|𝐺𝐺2𝐵𝐵2|

|𝐴𝐴2𝐵𝐵2|

(where the notation |𝐴𝐴𝐵𝐵| is used for the length of the AB line

As seen in the diagram 𝐵𝐵1𝐺𝐺1 is the altitude of the base triangle (𝑎𝑎𝑏𝑏) and 𝐴𝐴1𝐵𝐵1 is the altitude of the top triangle
(𝑎𝑎𝑡𝑡). 𝐵𝐵2𝐺𝐺2 is the length of the base triangle’s edge (𝑎𝑎) and 𝐴𝐴2𝐵𝐵2 is the top triangle’s not horizontal edge (𝑏𝑏).

So 𝑐𝑐𝑜𝑜𝑠𝑠(α) is the ratio of the altitudes of the base (𝑎𝑎𝑏𝑏) and top triangles (𝑎𝑎𝑡𝑡), and 𝑐𝑐𝑜𝑜𝑠𝑠(β) is the ratio of the length

of the base triangle’s edge (𝑎𝑎) and the top triangle’s not horizontal edge (𝑏𝑏): 𝑐𝑐𝑜𝑜𝑠𝑠(α) =
Based on this formula, the angles can be calculated:
Block
112
113
122
133
223
233

𝑎𝑎𝑏𝑏

𝑎𝑎𝑡𝑡

α

𝑎𝑎

2 3

4

α = 30 °

4

2 3

4

2 3
2 3
2 3
2 3

PRIOR KNOWLEDGE

13
13
13
13

α ≈ 16 °
α ≈ 16 °

α = 30 °
α ≈ 16 °
α ≈ 16 °

4
4
4
4
4

𝑏𝑏

𝑎𝑎𝑏𝑏
𝑎𝑎𝑡𝑡

and 𝑐𝑐𝑜𝑜𝑠𝑠(β) =

17
20
17
20
17
17

𝑎𝑎
𝑏𝑏

.

β

β ≈ 14 °
β ≈ 27 °
β ≈ 14 °
β ≈ 27 °
β ≈ 14 °
β ≈ 14 °

Calculation of altitude of triangles, Trigonometric ratios (speciﬁcally cosine), Measurements of angles
RECOMMENDATIONS / COMMENTS
Exercises 537 - Ratio of Heights and 538 - Ratio of Areas are recommended to calculate the angle
α in a different approach.

Exercise 539 - Angle of Planes is recommended to calculate the angle between the planes of the base and top
triangles in blocks 123 and 132.
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Name:

536 - Different Slopes

Date:
Tools: one Logifaces Set / 2-3 pairs or
4-6 students

Erasmus+

MATHS / TRIGONOMETRY

STUDENT
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
In the 9 pcs or 16 pcs Set, students choose those blocks that have two vertical edges with the same height and
one with different height. These are blocks 112, 113, 122, 133, 223 and 233.
They draw the block and mark the following two angles on the diagram: let α be the angle of the inclination of
the planes of the triangular faces, and let β be the angle of the two legs of the trapezium face.
They then calculate the sizes of the angles α and β.

SOLUTION(S)

385

Grades 9-12 (AS)

537 - Ratio of Heights

Duration: 30 min
Tools: one Logifaces Set / 2-3 pairs
or 4-6 students
Individual / Pair work

Erasmus+

TEACHER

MATHS / TRIGONOMETRY

Logifaces

Keywords: Cosine, Formula, Proof

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
In the 9 pcs or 16 pcs Set students choose those blocks that have two vertical edges with the same height and
one with different height. These are blocks 112, 113, 122, 133, 223 and 233.
They denote the altitude of the base triangle by 𝑎𝑎1 and the altitude of the top triangle starting from the vertex
of the different height by 𝑎𝑎𝑡𝑡. The following connection holds between the angle of the planes of the top and
base triangles (α) and the altitudes 𝑎𝑎𝑏𝑏 and 𝑎𝑎𝑡𝑡: 𝑐𝑐𝑜𝑜𝑠𝑠(α) =

𝑎𝑎𝑏𝑏
𝑎𝑎𝑡𝑡

.

LEVEL 1
Students use this formula to complete the table below. The two altitudes can be measured or
calculated (see exercise 411 - Area of Triangles for the calculated values), the angle in the last column (with
grey background) can be found using the formula above .
Block
112

𝑎𝑎𝑏𝑏

𝑎𝑎𝑡𝑡

α

113
122
133
223
233
LEVEL 2

Students prove the formula 𝑐𝑐𝑜𝑜𝑠𝑠(α) =

𝑎𝑎𝑏𝑏
𝑎𝑎𝑡𝑡

.

Hint: Use the fact that both triangles have an edge that is parallel to the common line of the two planes and the
heights 𝑎𝑎𝑏𝑏 and 𝑎𝑎𝑡𝑡 are perpendicular to that edge. In fact, the proof works for any triangle with this property.
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SOLUTIONS / EXAMPLES
LEVEL 1
The solutions are given in standard units, but can also be calculated using the real lengths. The
results in the last column of the table are the same in both cases.
Block
112

𝑎𝑎𝑡𝑡

α

2 3

4

α = 30 °

2 3

4

2 3

113
122

2 3

133
223

2 3

233
LEVEL 2

𝑎𝑎𝑏𝑏

2 3

α ≈ 16 °

13

α ≈ 16 °

13

α = 30 °
α ≈ 16 °

13

α ≈ 16 °

13

Let |𝐶𝐶𝐷𝐷| = 𝑎𝑎𝑏𝑏 and |𝐴𝐴𝐵𝐵| = 𝑎𝑎𝑡𝑡 be the two altitudes given in the exercise, as seen in the ﬁgure. First

note that the intersection of the planes of the base and top triangles is perpendicular to the lines through 𝐴𝐴𝐵𝐵
and 𝐶𝐶𝐷𝐷, hence the angle α in the ﬁgure is the angle between the planes.
Let 𝐸𝐸 be a point on the line 𝐴𝐴𝐷𝐷 such that 𝐵𝐵𝐸𝐸 is parallel to 𝐶𝐶𝐷𝐷. The triangle 𝐴𝐴𝐵𝐵𝐸𝐸 is a right-angled triangle, with
hypotenuse 𝐴𝐴𝐵𝐵 of length 𝑎𝑎𝑡𝑡 and angle α adjacent to the leg 𝐵𝐵𝐸𝐸 of length 𝑎𝑎𝑏𝑏. By deﬁnition, the cosine of the
angle α in the triangle 𝐴𝐴𝐵𝐵𝐸𝐸 is given by the formula 𝑐𝑐𝑜𝑜𝑠𝑠(α) =

𝑎𝑎𝑏𝑏
𝑎𝑎𝑡𝑡

.

PRIOR KNOWLEDGE
Angle between two planes, Altitude of triangles, Trigonometric ratios, Angles in parallel lines
RECOMMENDATIONS / COMMENT
The exercise is suitable for differentiation, as proving the formula is more diﬃcult than applying it.
Exercise 411 - Area of Triangles is recommended before this exercise to calculate the lengths of the altitudes
and the areas of the triangles.
Exercise 536 - Different Slopes is recommended before this exercise in order to clarify the concept of the angle
between two planes and the diﬃculty of measuring this angle.
The calculations can be veriﬁed using GeoGebra, see exercise 528 - Read the Results in GeoGebra.
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537 - Ratio of Heights

Name:
Date:

Erasmus+

Tools: one Logifaces Set / 2-3 pairs or
4-6 students

STUDENT

MATHS / TRIGONOMETRY

Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
In the 9 pcs or 16 pcs Set students choose those blocks that have two vertical edges with the same height and
one with different height. These are blocks 112, 113, 122, 133, 223 and 233.
They denote the altitude of the base triangle by
𝑎𝑎1 and the altitude of the top triangle starting from the vertex of the different height by 𝑎𝑎𝑡𝑡. The following
connection holds between the angle of the planes of the top and base triangles (α) and the altitudes 𝑎𝑎𝑏𝑏 and 𝑎𝑎𝑡𝑡:
𝑐𝑐𝑜𝑜𝑠𝑠(α) =

𝑎𝑎𝑏𝑏
𝑎𝑎𝑡𝑡

.

LEVEL 1
Students use this formula to complete the table below. The two altitudes can be measured or
calculated (see exercise 411 - Area of Triangles for the calculated values), the angle in the last column (with
grey background) can be found using the formula above .
Block
112

𝑎𝑎𝑏𝑏

𝑎𝑎𝑡𝑡

α

113
122
133
223
233
LEVEL 2

Students prove the formula 𝑐𝑐𝑜𝑜𝑠𝑠(α) =

𝑎𝑎𝑏𝑏
𝑎𝑎𝑡𝑡

.

HINT
Use the fact that both triangles have an edge that is parallel to the common line of the two
planes and the heights 𝑎𝑎𝑏𝑏 and 𝑎𝑎𝑡𝑡 are perpendicular to that edge. In fact, the proof works for any triangle with
this property.

SOLUTION(S)

388

Grade: 9-12 (AS)

538 - Ratio of Areas

Duration: 30 min
Tools: one Logifaces Set / 2-3 pairs or
4-6 students

Erasmus+

Individual / Pair work

MATHS / TRIGONOMETRY

Keywords: Cosine, Formula, Proof,
Heron’s formula

TEACHER
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
In the 9 pcs or 16 pcs Set students choose those blocks that have two vertical edges with the same height and
one with different height. These are blocks 112, 113, 122, 133, 223 and 233.
They denote the area of the base triangle by 𝐴𝐴𝑏𝑏 and the area of the top triangle by 𝐴𝐴𝑡𝑡. The following connection
holds between the angle between the planes of the top and base triangles (α) and the areas 𝐴𝐴𝑏𝑏 and 𝐴𝐴𝑡𝑡:
𝑐𝑐𝑜𝑜𝑠𝑠(α) =

𝐴𝐴𝑏𝑏
𝐴𝐴𝑡𝑡

.

LEVEL 1
Students use this formula to complete the table below. Enter the data in the table by
measurement or calculation, and then use the formula above to calculate the angle in the last column (with
grey background).
To calculate the area of the triangles use Heron’s formula: 𝐴𝐴 = 𝑠𝑠(𝑠𝑠 − 𝑎𝑎)(𝑠𝑠 − 𝑏𝑏)(𝑠𝑠 − 𝑐𝑐), where 𝑎𝑎, 𝑏𝑏 and 𝑐𝑐 are
𝑎𝑎+𝑏𝑏+𝑐𝑐
the edges of the triangle and 𝑠𝑠 = 2 .
Block

112

Base triangle
( 𝑎𝑎 = 𝑏𝑏 = 𝑐𝑐 = 4)
𝐴𝐴𝑏𝑏

Top triangle

𝑎𝑎

𝑏𝑏

𝑐𝑐

𝑠𝑠

𝐴𝐴𝑡𝑡

Angle of the
planes
α

113
122
133
223
233
LEVEL 2

Students prove the formula 𝑐𝑐𝑜𝑜𝑠𝑠(α) =

𝐴𝐴𝑏𝑏
𝐴𝐴𝑡𝑡

.

Hint: Use the results of 537 - Ratio of Heights and the fact that both triangles have an edge that is parallel to
the common line of the two planes and the heights 𝑎𝑎𝑏𝑏 and 𝑎𝑎𝑡𝑡 are perpendicular to that edge. In fact, the proof
works for any triangle with this property.
SOLUTIONS / EXAMPLES

LEVEL 1

The solutions are given in standard units, but can also be calculated with real lengths (see
exercise 404 - Top Edges for the calculated edge lengths and exercise 413 - Area with Heron's Formula for the
areas calculated using Heron’s formula). The results in the last column of the table are the same in both cases. 389
Block

Base triangle
( 𝑎𝑎 = 𝑏𝑏 = 𝑐𝑐 = 4)

Top triangle

Angle of the
planes

SOLUTIONS / EXAMPLES
SOLUTIONS / EXAMPLES
LEVEL 1
The solutions are given in standard units, but can also be calculated with real lengths (see
exercise1404 -The
Top solutions
Edges forare
the given
calculated
edge lengths
Area with Heron's
Formula
for(see
the
LEVEL
in standard
units, and
but exercise
can also413
be- calculated
with real
lengths
areas calculated
using
Heron’s
formula).
The edge
results
in the and
last column
the- table
are the
sameFormula
in both cases.
exercise
404 - Top
Edges
for the
calculated
lengths
exerciseof
413
Area with
Heron's
for the
areas calculated using Heron’s formula). The results in the last column of the table are the same in both cases.
Block
Block

112
112
113
113
122
122
133
133
223
223
233
233

Base triangle
( 𝑎𝑎Base
= 𝑏𝑏 triangle
= 𝑐𝑐 = 4)
( 𝑎𝑎 = 𝑏𝑏 = 𝑐𝑐 = 4)
𝐴𝐴𝑏𝑏
𝐴𝐴𝑏𝑏
4
4
4
4
4
4
4
4
4
4
4
4

Top triangle
Top triangle
𝑎𝑎
𝑎𝑎
4
4
4
4
4
4
4
4
4
4
4
4

3
3
3
3
3
3
3
3
3
3
3
3

𝑏𝑏
𝑏𝑏

17
17
20
20
17
17
20
20
17
17
17
17

𝑐𝑐
𝑐𝑐

17
17
20
20
17
17
20
20
17
17
17
17

LEVEL 2
We use the results of exercise 537 - Ratio of
Heights2 whereWe
in use
Levelthe
2 we
proved
following.
LEVEL
results
of the
exercise
537 Denote
- Ratio the
of
altitude of
the base
triangle
𝑎𝑎𝑏𝑏 and
altitude Denote
of the top
Heights
where
in Level
2 we by
proved
thethe
following.
the
altitude of
the base
by 𝑎𝑎of
and the altitude of the top
triangle
starting
fromtriangle
the vertex
𝑏𝑏 the different height by 𝑎𝑎 .

2
2
2
2
2
2
2
2
2
2
2
2

𝑠𝑠
𝑠𝑠

+
+
+
+
+
+
+
+
+
+
+
+

17
17
20
20
17
17
20
20
17
17
17
17

𝐴𝐴𝑡𝑡
𝐴𝐴𝑡𝑡

2 13
2 13
8
8
2 13
2 13
8
8
2
2
2
2

13
13
13
13

Angle of the
planes
Angle
of the
α
planes
α
α
α
α
α
α
α
α
α
α
α
α
α

≈
≈
=
=
≈
≈
=
=
≈
≈
≈
≈

16 °
16 °
30 °
30 °
16 °
16 °
30 °
30 °
16 °
16 °
16 °
16 °

𝑡𝑡

triangle
from
the vertex
of between
the different
height
by 𝑎𝑎𝑡𝑡.
Then thestarting
following
connection
holds
the angle
between
the planes
of the top
and baseholds
triangles
(α) and
altitudes
𝑎𝑎𝑏𝑏
Then
the following
connection
between
thethe
angle
between
the planes of the 𝑎𝑎top
and
base
triangles
(
α
)
and
the
altitudes
𝑎𝑎𝑏𝑏
and 𝑎𝑎𝑡𝑡: 𝑐𝑐𝑜𝑜𝑠𝑠(α) = 𝑎𝑎𝑏𝑏 .
𝑡𝑡
and 𝑎𝑎𝑡𝑡: 𝑐𝑐𝑜𝑜𝑠𝑠(α) = 𝑎𝑎𝑏𝑏 .
The edges of the base
and top triangles perpendicular to the altitudes 𝑎𝑎𝑏𝑏 and 𝑎𝑎𝑡𝑡 have equal length. Denote this
𝑡𝑡
The
edges
of
the
base
andthe
topproportion
triangles of
perpendicular
the depends
altitudes only
𝑎𝑎𝑏𝑏 and
have
equal length.
Denote
this
length by 𝑎𝑎. It follows that
the triangle to
areas
on𝑎𝑎the
proportion
of their
altitudes.
𝑡𝑡

𝐴𝐴 the proportion
𝑎𝑎
length by 𝑎𝑎. It follows that
of the triangle areas depends only on the proportion of their altitudes.
2
×𝑎𝑎
= 𝑎𝑎𝑏𝑏 = 𝑐𝑐𝑜𝑜𝑠𝑠(α), as required.
This gives the formula 𝐴𝐴𝑏𝑏 = 𝑎𝑎𝑎𝑎×𝑎𝑎
𝑡𝑡
𝑡𝑡
2
2
= 𝑎𝑎𝑏𝑏 = 𝑐𝑐𝑜𝑜𝑠𝑠(α), as required.
This gives the formula 𝐴𝐴𝑏𝑏 = 𝑎𝑎×𝑎𝑎
𝑡𝑡
𝑡𝑡
PRIOR KNOWLEDGE
2
PRIOR KNOWLEDGE
Angle between two planes, Area of triangle, Trigonometric ratios
Angle between two planes, Area of triangle, Trigonometric ratios
RECOMMENDATIONS / COMMENTS
RECOMMENDATIONS / COMMENTS
The exercise is suitable for differentiation, as proving the formula is more diﬃcult than applying it.
The exercise is suitable for differentiation, as proving the formula is more diﬃcult than applying it.
The following exercises are recommended before this exercise: exercises 404 - Top Edges for calculating the
edgefollowing
lengths, exercise
Area with Heron's
Formula
for calculating
the 404
areas
of the
triangles
using Heron’s
The
exercises413
are- recommended
before
this exercise:
exercises
- Top
Edges
for calculating
the
formula,
537
Ratio
of
Heights
for
another
way
to
calculate
the
angle
between
the
planes
and
for
the proof
of
edge lengths, exercise 413 - Area with Heron's Formula for calculating the areas of the triangles using
Heron’s
the
formula.
formula, 537 - Ratio of Heights for another way to calculate the angle between the planes and for the proof of
the formula.
While discussing the proof, it is worth drawing students’ attention to the fact that there is more than one way to
determine
the area
ofproof,
a triangle.
While
discussing
the
it is worth drawing students’ attention to the fact that there is more than one way to
determine the area of a triangle.
Exercise 536 - Different Slopes is recommended before this exercise in order to clarify the concept of the angle
between two
andSlopes
the diﬃculty
of measuring
this angle.
Exercise
536 planes
- Different
is recommended
before
this exercise in order to clarify the concept of the angle
The
calculations
can
be
veriﬁed
using
GeoGebra,
see
exercise
between two planes and the diﬃculty of measuring this
angle. 528 - Read the Results in GeoGebra.
The calculations can be veriﬁed using GeoGebra, see exercise 528 - Read the Results in GeoGebra.
𝑎𝑎 ×𝑎𝑎𝑏𝑏
𝑏𝑏
𝑡𝑡
𝑡𝑡
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538 - Ratio of Areas

Name:
Date:

Erasmus+

Tools: one Logifaces Set / 2-3 pairs
or 4-6 students

MATHS / TRIGONOMETRY

STUDENT
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
In the 9 pcs or 16 pcs Set students choose those blocks that have two vertical edges with the same height and
one with different height. These are blocks 112, 113, 122, 133, 223 and 233.
They denote the area of the base triangle by
𝐴𝐴𝑏𝑏 and the area of the top triangle by 𝐴𝐴𝑡𝑡. The following connection holds between the angle between the planes

of the top and base triangles (α) and the areas 𝐴𝐴𝑏𝑏 and 𝐴𝐴𝑡𝑡: 𝑐𝑐𝑜𝑜𝑠𝑠(α) =

𝐴𝐴𝑏𝑏
𝐴𝐴𝑡𝑡

.

LEVEL 1
Students use this formula to complete the table below. Enter the data in the table by
measurement or calculation, and then use the formula above to calculate the angle in the last column (with
grey background).
To calculate the area of the triangles use Heron’s formula: 𝐴𝐴 = 𝑠𝑠(𝑠𝑠 − 𝑎𝑎)(𝑠𝑠 − 𝑏𝑏)(𝑠𝑠 − 𝑐𝑐), where 𝑎𝑎, 𝑏𝑏 and 𝑐𝑐 are
𝑎𝑎+𝑏𝑏+𝑐𝑐
the edges of the triangle and 𝑠𝑠 = 2 .
Block

Base triangle
( 𝑎𝑎 = 𝑏𝑏 = 𝑐𝑐 = 4)

112

𝐴𝐴𝑏𝑏

Top triangle

𝑎𝑎

𝑏𝑏

𝑐𝑐

𝑠𝑠

𝐴𝐴𝑡𝑡

Angle of the
planes
α

113
122
133
223
233
LEVEL 2

Students prove the formula 𝑐𝑐𝑜𝑜𝑠𝑠(α) =

𝐴𝐴𝑏𝑏
𝐴𝐴𝑡𝑡

.

HINT
Use the results of 537 - Ratio of Heights and the fact that both triangles have an edge that is
parallel to the common line of the two planes and the heights 𝑎𝑎𝑏𝑏 and 𝑎𝑎𝑡𝑡 are perpendicular to that edge. In fact,
the proof works for any triangle with this property.
SOLUTION(S)
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Grades 9-12 (AS)
Duration: 30 min
Tools: one Logifaces Set / 2-3 pairs or
4-6 students

539 - Angle of Planes
Erasmus+

Individual / Pair work
Keywords: Cosine, Formula, Proof,
Perpendicular projection, Angle of
planes

MATHS / TRIGONOMETRY

TEACHER
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
In the 9 pcs or 16 pcs Set students choose those blocks whose vertical edges have different lengths (these are
blocks 123 and 132) and calculate the angle between the planes of the base and top triangles.
Take a triangle 𝐴𝐴𝐵𝐵𝐶𝐶 on one of the two intersecting planes and let 𝐴𝐴1𝐵𝐵1𝐶𝐶1 be the perpendicular projection of the
triangle ABC to the other plane. If the angle of inclination of the two planes is α, then 𝑐𝑐𝑜𝑜𝑠𝑠(α) =
𝐴𝐴(𝐴𝐴1𝐵𝐵1𝐶𝐶1) and 𝐴𝐴(𝐴𝐴𝐵𝐵𝐶𝐶) denote the areas of the triangles.

𝐴𝐴(𝐴𝐴1𝐵𝐵1𝐶𝐶1)
𝐴𝐴(𝐴𝐴𝐵𝐵𝐶𝐶)

, where

LEVEL 1

Using the given formula students calculate the angle between the planes of the base and top
triangles in block 123 or 132.

LEVEL 2

Students calculate the angle between the planes of the base and top triangles in block 123 or
132 without knowing the formula, using their knowledge about angles between planes and the
symmetry of the block.

LEVEL 3

Students prove the formula 𝑐𝑐𝑜𝑜𝑠𝑠(α) =

SOLUTIONS / EXAMPLES

𝐴𝐴(𝐴𝐴1𝐵𝐵1𝐶𝐶1)
𝐴𝐴(𝐴𝐴𝐵𝐵𝐶𝐶)

.

LEVEL 1
Observe that the perpendicular projection of the top triangle to the plane of the base triangle is
the base triangle.
However, the other direction does not hold: the perpendicular projection of the base triangle to the plane of the
top triangle is not the top triangle.
The area of the base triangle in standard units is
4 3, and the area of the top triangle is 2 15. Using the formula we get α ≈ 27 °.

LEVEL 2
In the top triangle of block 123 (or 132) denote by 𝐴𝐴, 𝐵𝐵 and 𝐶𝐶 the vertices corresponding to the
vertical edges of lengths 3, 2 and 1, respectively. Let 𝐸𝐸 be the midpoint of the edge 𝐴𝐴𝐶𝐶. Note that 𝐵𝐵𝐸𝐸 is parallel
to the plane of the base triangle. Furthermore, the vertical face through the vertices 𝐴𝐴 and 𝐶𝐶 is perpendicular to
both the base triangle and the line 𝐵𝐵𝐸𝐸. Therefore the angle between the planes of the triangles is the same as
the angle between the non-parallel sides of the trapezium vertical face.
Using this fact, we can calculate the angle as follows. Let 𝐷𝐷 be a point on the vertical edge through 𝐴𝐴 such that
|𝐷𝐷𝐸𝐸|
2
𝐴𝐴𝐷𝐷 is perpendicular to 𝐷𝐷𝐸𝐸. Thus 𝑐𝑐𝑜𝑜𝑠𝑠(α) = |𝐴𝐴𝐸𝐸| =
, hence α ≈ 27°.
5
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LEVEL 3

If two of the segments 𝐴𝐴𝐴𝐴1, 𝐵𝐵𝐵𝐵1 and 𝐶𝐶𝐶𝐶1 have the same length, then the truncated prism

𝐴𝐴𝐵𝐵𝐶𝐶𝐴𝐴1𝐵𝐵1𝐶𝐶1 satisﬁes the conditions of the Level 2 exercise in 538 - Ratio of Areas, hence the proof of the

statement can be found in the solution of that exercise.

The other case is when 𝐴𝐴𝐵𝐵𝐶𝐶 and 𝐴𝐴1𝐵𝐵1𝐶𝐶1 are two triangles such that their planes intersect, 𝐴𝐴1𝐵𝐵1𝐶𝐶1 is the
perpendicular projection of 𝐴𝐴𝐵𝐵𝐶𝐶 and |𝐴𝐴𝐴𝐴1| > |𝐵𝐵𝐵𝐵1| > |𝐶𝐶𝐶𝐶1| (this is the case of the blocks 123 and 132).

Let 𝐸𝐸 be a point on the edge 𝐴𝐴𝐶𝐶 such that 𝐵𝐵𝐸𝐸 is parallel to the plane of the triangle 𝐴𝐴1𝐵𝐵1𝐶𝐶1 (hence also parallel

to the common line of the planes). Such point 𝐸𝐸 exists, because the assumption |𝐴𝐴𝐴𝐴1| > |𝐵𝐵𝐵𝐵1| > |𝐶𝐶𝐶𝐶1| implies

that there must be a point 𝐸𝐸 on the segment 𝐴𝐴𝐶𝐶 with distance |𝐵𝐵𝐵𝐵1| from the plane of the triangle 𝐴𝐴1𝐵𝐵1𝐶𝐶1.

Cut the truncated prism 𝐴𝐴𝐵𝐵𝐶𝐶𝐴𝐴1𝐵𝐵1𝐶𝐶1 into two parts with a plane through 𝐵𝐵𝐸𝐸 which is perpendicular to the plane

of triangle 𝐴𝐴1𝐵𝐵1𝐶𝐶1. Then we get two truncated prisms with two edges (𝐵𝐵𝐸𝐸 and 𝐵𝐵1𝐸𝐸1) parallel to the common

line of the planes, thus the statement holds for both of them (see the proof of Level 2 in 538 - Ratio of Areas):
𝑐𝑐𝑜𝑜𝑠𝑠(α) =
𝐴𝐴𝑏𝑏
𝐴𝐴𝑡𝑡

=

𝑇𝑇1
𝑇𝑇2

𝑇𝑇1+𝑇𝑇3
𝑇𝑇2+𝑇𝑇4

and

=

𝑐𝑐𝑜𝑜𝑠𝑠(α) =

𝑇𝑇2𝑐𝑐𝑜𝑜𝑠𝑠(α)+𝑇𝑇4𝑐𝑐𝑜𝑜𝑠𝑠(α)
𝑇𝑇2+𝑇𝑇4

=

𝑇𝑇3
𝑇𝑇4

.

It

(𝑇𝑇2+𝑇𝑇4)𝑐𝑐𝑜𝑜𝑠𝑠(α)
𝑇𝑇2+𝑇𝑇4

follows

that

= 𝑐𝑐𝑜𝑜𝑠𝑠(α).

𝑇𝑇1 = 𝑇𝑇2𝑐𝑐𝑜𝑜𝑠𝑠(α)

and

𝑇𝑇3 = 𝑇𝑇4𝑐𝑐𝑜𝑜𝑠𝑠(α),

thus

PRIOR KNOWLEDGE
Angle between two planes, Area of triangle, Trigonometric ratios
RECOMMENDATIONS / COMMENTS
The exercise is suitable for differentiation, as proving the formula is more diﬃcult than applying it.
Exercise 538 - Ratio of Areas is recommended before this exercise. In particular, Level 2 of that exercise is
necessary before Level 3 of this exercise.
The calculations can be veriﬁed using GeoGebra, see exercise 528 - Read the Results in GeoGebra.
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539 - Angle of Planes

Name:
Date:

Erasmus+

Tools: one Logifaces Set / 2-3 pairs or
4-6 students

MATHS / TRIGONOMETRY

STUDENT
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
In the 9 pcs or 16 pcs Set students choose those blocks whose vertical edges have different lengths (these are
blocks 123 and 132) and calculate the angle between the planes of the base and top triangles.
Take a triangle
𝐴𝐴𝐵𝐵𝐶𝐶 on one of the two intersecting planes and let 𝐴𝐴1𝐵𝐵1𝐶𝐶1 be the perpendicular projection of the triangle ABC to
the other plane. If the angle of inclination of the two planes is α, then 𝑐𝑐𝑜𝑜𝑠𝑠(α) =
𝐴𝐴(𝐴𝐴𝐵𝐵𝐶𝐶) denote the areas of the triangles.

𝐴𝐴(𝐴𝐴1𝐵𝐵1𝐶𝐶1)
𝐴𝐴(𝐴𝐴𝐵𝐵𝐶𝐶)

, where 𝐴𝐴(𝐴𝐴1𝐵𝐵1𝐶𝐶1) and

LEVEL 1

Using the given formula students calculate the angle between the planes of the base and top
triangles in block 123 or 132.

LEVEL 2

Students calculate the angle between the planes of the base and top triangles in block 123 or
132 without knowing the formula, using their knowledge about angles between planes and the
symmetry of the block.

LEVEL 3

Students prove the formula 𝑐𝑐𝑜𝑜𝑠𝑠(α) =

SOLUTION(S)
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𝐴𝐴(𝐴𝐴1𝐵𝐵1𝐶𝐶1)
𝐴𝐴(𝐴𝐴𝐵𝐵𝐶𝐶)

.

Grade: 3-4 (A)
Topic: Combinatorics
Duration: 20 min

601 - Matchmaking
Erasmus+

Tools: one Logifaces Set / 3-4
students
Individual work

MATHS / COMBINATORICS

Keywords: Pairing

TEACHER
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
Every 3-4 students should get a Logifaces Set which they can use together, but the exercise is for individual
work.
The exercise contains 3 different tasks:
a) Students ﬁnd the pairs of different standard codings that mark the same Logifaces piece from the following
list: 112, 113, 222, 212, 133, 323, 122, 211, 311, 232, 333, 313, 111, 223, 233. Note that not every piece has a
pair.
b) Students consider whether 123, 321, 213, 231, 312, 132 all mark the same Logifaces piece and provide
reasoning for their answer.
c) Students ﬁnd the number of different standard codings possible to mark a Logifaces piece and write down
all of the possible standard codings for each Logifaces piece.
SOLUTIONS / EXAMPLES
TASK a)
Piece 111, piece 222 and piece 333 do not have a pair.
Pairs to ﬁnd: 112-211, 122-212, 223-232, 233-323, 113-311, 133-313.

TASK b)
The six standard codings stand for two different Logifaces pieces. The standard codings can be grouped in
two: 123-231-312 and 132-321-213. The explanation for this is that the orientation is different in piece 123 and
piece 132 and they can’t be rotated into each other. The two pieces are reﬂections of each other. For students
it can be explained through an example: this is the same phenomenon as putting on different shoes for your
left and right foot.
If students are confused whether 123 and 132 are different, the teacher can also play the following game: the
teacher presents the two blocks and students memorise them. Then the teacher hides both, puts one forward
and asks: can you tell which one is this?

395

TASK c)
Pieces with only one possible standard coding: 111, 222, 333
Pieces with three possible standard codings:
112

121

211

122

221

212

223

232

322

233

332

323

113

131

311

133

331

313

123

231

312

132

321

213

PRIOR KNOWLEDGE
Standard coding of the Logifaces pieces.

RECOMMENDATIONS / COMMENTS
It is recommended to follow the order of the tasks, but if a student gets stuck in task a) of the exercise, he or she
can be asked to prepare a few lines from task c).
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Name:

601 - Matchmaking

Date:
Tools: one Logifaces Set / 3-4
students

Erasmus+

MATHS / COMBINATORICS

STUDENT
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
Every 3-4 students should get a Logifaces Set which they can use together, but the exercise is for individual
work.
The exercise contains 3 different tasks:
a) Students ﬁnd the pairs of different standard codings that mark the same Logifaces piece from the following
list: 112, 113, 222, 212, 133, 323, 122, 211, 311, 232, 333, 313, 111, 223, 233. Note that not every piece has a
pair.
b) Students consider whether 123, 321, 213, 231, 312, 132 all mark the same Logifaces piece and provide
reasoning for their answer.
c) Students ﬁnd the number of different standard codings possible to mark a Logifaces piece and write down
all of the possible standard codings for each Logifaces piece.
SOLUTION(S)
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Grade: 1-4 (S), 5-8 (S), 9-12 (S)
Duration: 10-20 min

602 - Pairing 9pcs

Tools: one 9 pcs Set / 1-2 student
Individual / Pair work
Keywords: Regular prism

Erasmus+

MATHS / COMBINATORICS

TEACHER
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
Students arrange the blocks of the 9 pcs Set into pairs to form regular prisms by measuring and comparing
edges and sides, see the diagram for an example.

SOLUTIONS / EXAMPLES
In the 9 pcs Set there is one block that is already a regular prism. That is block 222.

From the blocks 112 and 122 we get the regular prism 333.

From the blocks 113 and 133 we get the regular prism 444.

398

From the blocks 123 and 123 we get the regular prism 444.

From the blocks 321 and 321 we get the regular prism 444.

Observe that the addition of the numbers 112+221=333 seems like it works, but in the case of 123 and 321 it
does not work: the blocks 123 and 321 do not form a regular prism, but the blocks 123 and 123 do. The reason
is that in the formation of the prism from the blocks abc and def, one gets a prism with heights a+f=b+e=c+d.
The addition 112+221 works because the block 221 can also be written as block 122.
PRIOR KNOWLEDGE
Regular prism
RECOMMENDATIONS / COMMENTS
For students of grade 5-8 this can be a warm-up exercise before the more diﬃcult combinatorics problems.
The task can be used to differentiate within a class.
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Name:

602 - Pairing 9pcs

Date:

Erasmus+

Tools: one 9 pcs Set / 1-2 student

MATHS / COMBINATORICS

STUDENT
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
Students arrange the blocks of the 9 pcs Set into pairs to form regular prisms by measuring and comparing
edges and sides, see the diagram for an example.

SOLUTION(S)

400

Grades 1-4 (A), 5-8 (S), 9-12 (S)

603 - Pairing 16pcs

Duration: 20-45 min
Tools: one 16 pcs Set / 1-2 student
Individual / Pair work
Keywords: Regular prism

Erasmus+

MATHS / COMBINATORICS

TEACHER
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
Students arrange the blocks of the 16 pcs Set into pairs to form regular prisms. By measuring and comparing
edges and sides, students connect two Logifaces blocks and compose regular prisms.
Students consider the number of possible pairings of the blocks. (Two pairings are different, if there is at least
one pair present in one pairing and not present in the other.)
LEVEL 1

Students ﬁrst ﬁnd two pairs that form regular prisms 555, then a pair that forms a regular prism
333. Arranging the remaining blocks into pairs gives one possible pairing of the blocks.

LEVEL 2

Students ﬁnd a pairing with only one pair that forms a regular prism 555 and without a pair that
forms the regular 333. This gives another possible pairing of the blocks.

LEVEL 3

Students ﬁnd the blocks that can only be paired with one other block then ﬁnd the possible
pairings of the remaining blocks.

LEVEL 4

Students ﬁnd all the possible pairings without the assistance given in the Level 1-3 exercises.

SOLUTIONS / EXAMPLES

Blocks 321 and 321 form the regular prism 444

Blocks 233 and 112 form the regular prism 444

LEVEL 1
The pairs forming regular prism 555: two pairs of 223 - 233
The pair forming regular prism 333: 112 - 122
The remaining pairs, all form regular prisms 444: 112 - 233, 111 - 333, 113 - 133, 123 - 123, 132 - 132
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Observe that the addition of the numbers 112+221=333 seems like it works, but in the case of 123 and 321 it
does not work: the blocks 123 and 321 do not form a regular prism, but the blocks 123 and 123 do. The
reason is that in the formation of the prism from the blocks abc and def, one gets a prism with heights
a+f=b+e=c+d. The addition 112+221 works because the block 221 can also be written as block 122.
LEVEL 2
The pair forming regular prism 555: 223 - 233
The remaining pairs, all form regular prisms 444: 112 - 233, 112 - 233, 122 - 223, 111 - 333, 113 - 133, 123 123, 132 - 132
LEVELS 3 and 4
There are 8 blocks that can be paired with only one block. These blocks form the following prisms:
blocks 111 and 333 → prism 444

blocks 113 and 133 → prism 444

blocks 123 and 123 → prism 444

blocks 321 and 321 → prism 444

The remaining 8 blocks can be paired in two ways, these are Case 1 and Case 2. The students can be helped
to ﬁnd both of the possible pairings by asking them to ﬁnd pairings with 1 or 2 regular prisms 555.
CASE 1
122 and 112 → prism 333

CASE 2

402

112 and 233 → prism 444

223 and 233 → prism 555 (there
are 2 pairs of this type)

122 and 223 → prism 444

223 and 233 → prism 555

112 and 233 → prism 444 (there
are 2 pairs of this type)

PRIOR KNOWLEDGE
Regular prism
RECOMMENDATIONS / COMMENTS
For students in grade 1-4 this would be an advanced lesson.
For students in grade 5-12 this can be a warm-up exercise before the more diﬃcult combinatorics problems.
The exercise can be used to differentiate within a class: Level 1 and Level 2 are easier exercises of almost the
same diﬃculty. Level 3 is the combination of Levels 1 and 2 with an assistance to the solution. Level 4 is the
most diﬃcult version of this question without any assistance.
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603 - Pairing 16pcs

Name:
Date:

Erasmus+

Tools: one 16 pcs Set / 1-2 student

MATHS / COMBINATORICS

STUDENT
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
Students arrange the blocks of the 16 pcs Set into pairs to form regular prisms. By measuring and comparing
edges and sides, students connect two Logifaces blocks and compose regular prisms.
Students consider the number of possible pairings of the blocks. (Two pairings are different, if there is at least
one pair present in one pairing and not present in the other.)
LEVEL 1

Students ﬁrst ﬁnd two pairs that form regular prisms 555, then a pair that forms a regular prism
333. Arranging the remaining blocks into pairs gives one possible pairing of the blocks.

LEVEL 2

Students ﬁnd a pairing with only one pair that forms a regular prism 555 and without a pair that
forms the regular 333. This gives another possible pairing of the blocks.

LEVEL 3

Students ﬁnd the blocks that can only be paired with one other block then ﬁnd the possible
pairings of the remaining blocks.

LEVEL 4

Students ﬁnd all the possible pairings without the assistance given in the Level 1-3 exercises.

SOLUTION(S)

404

Grades 5-8 (S), 9-12 (S)

604 - Variety of Blocks

Duration: 10-20 minutes
Tools: one Logifaces Set / class
Individual work

Erasmus+

MATHS / COMBINATORICS

Keywords: Edges

TEACHER
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
The vertical edges of the Logifaces blocks are 1, 2 or 3 units high. Students consider the number
of the different possible Logifaces blocks.
LEVEL 1

Given the table of the 27 possible variations of the numbers 1, 2 and 3, ﬁnd the variations in the
table that represent the same blocks.

LEVEL 2

Students examine the blocks 222, 133, 123, then consider the number of the different possible
Logifaces blocks, given that each vertical edge has length 1, 2 or 3, but without any further
instructions.

SOLUTIONS / EXAMPLES
Notes on formulating what we mean by different blocks:
- We recommend that the teacher does not specify this when raising the question, as students may ask the
question themselves.
- If students are confused whether 123 and 132 are different the teacher can play the following game: the
teacher presents the two blocks and students memorise them. Then the teacher hides both, puts one forward
and asks: can you tell which one is this? The idea of orientation can also be discussed, see Part b) of exercise
601 - Matchmaking for more details.
LEVEL 1
The overall number of possibilities of three digit numbers with digits 1, 2 and 3 can be calculated
with the formula of the variation with repetition and it is equal to 33 = 27. These cases are shown in the table
below:
111

121

131

211

221

231

311

321

331

112

122

132

212

222

232

312

322

332

113

123

133

213

223

233

313

323

333

Some of these three digit numbers represent the same blocks.
Three digit numbers with three identical digits are listed only once in the table:
111

121

131

211

221

231

311

321

331

112

122

132

212

222

232

312

322

332

113

123

133

213

223

233

313

323

333

From this type there are 3 different blocks.
Three digit numbers with two identical and one different digit that represent the same block are listed three
times in the table. For example 112, 121 and 211 represent the same block. We mark the three digit numbers
that represent the same block with identical colours.
111

121

131

211

221

231

311

321

331

112

122

132

212

222

232

312

322

332

113

123

133

213

223

233

313

323

333

From this type there are 6 different blocks.
Three digit numbers with three different digits that represent the same block are listed three times in the table.
For example 123, 231 and 312 represent the same block.
111

121

131

211

221

231

311

321

331

112

122

132

212

222

232

312

322

332

113

123

133

213

223

233

313

323

333

From this type there are 2 different blocks.
Hence altogether there are 3+6+2 = 11 different blocks.
LEVEL 2

There are 11 different blocks: 111, 222, 333, 122, 112, 133, 113, 223, 233, 123, 132.

PRIOR KNOWLEDGE
None
RECOMMENDATIONS / COMMENTS
The goal of the exercise is to develop systematic counting and thinking, spatial vision and the notion of
equivalence of polyhedra by rotations. Before the counting, a short and practical notation should be introduced
for the different pieces. It can be proposed either by the students or by the teacher. The Level 1 exercise helps
understand that one block can have multiple notations. The Level 2 exercise can be viewed as a more diﬃcult
exercise without the Level 1 part.
It is not necessary to know the complete Logifaces set for this task. Let’s show a few pieces ﬁrst (for example
222, 133, 123), then ask the question of this exercise!
During the discussion of the difference between the blocks 123 and 132 the idea of orientation can be
discussed, see Part b) of exercise 601 - Matchmaking for more details.
We recommend exercise 618 - Variety with Formulas as an additional question, where the task is to ﬁnd a
formula for the number possibilities.
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604 - Variety of Blocks

Name:
Date:

Erasmus+

Tools: one Logifaces Set / class

MATHS / COMBINATORICS

STUDENT
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
The vertical edges of the Logifaces blocks are 1, 2 or 3 units high. Students consider the number
of the different possible Logifaces blocks.
LEVEL 1

Given the table of the 27 possible variations of the numbers 1, 2 and 3, ﬁnd the variations in the
table that represent the same blocks.

LEVEL 2

Students examine the blocks 222, 133, 123, then consider the number of the different possible
Logifaces blocks, given that each vertical edge has length 1, 2 or 3, but without any further
instructions.

SOLUTION(S)

407

Grades 5-8 (A), 9-12 (A)
Duration: 10-20 min

605 - Stacking Toblerone
9pcs

Tools: one 9 pcs Set / 1-2 student

Erasmus+

TEACHER

Individual / Pair work
Keywords: Regular prism

MATHS / COMBINATORICS

Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
Students stack all the blocks in the 9 pcs Set into a regular prism then consider the number of different
stackings (two packings are different if the order of the elements is different).
SOLUTIONS / EXAMPLES
2

5! × 2 = 480.

DETAILS Each stacking has 4 ﬁxed pairs: 112-122, 113-331, 123-123, 132-132 (see exercise 602 - Pairing
9pcs). The 4 pairs and the piece 222 have 5! permutations. In the pairs consisting of two different elements
2

the order can be switched, that gives the factor 2 .
ASSISTANCE FOR STUDENTS

First arrange the blocks into pairs! (This is exercise 602 - Pairing 9pcs.)
Calculate the number of the different orders of the 4 pairs and the block 222! (There are 5! permutations.)
In some pairs, the order of the blocks of the pair can be switched. Which pairs are these? (112-122 and
113-331)
PRIOR KNOWLEDGE
Basic exercises in combinatorics
RECOMMENDATIONS / COMMENTS
This is a diﬃcult Combinatorics problem.
Exercise 602 - Pairing 9pcs is recommended before this exercise.
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Name:

605 - Stacking Toblerone
9pcs

Date:

Erasmus+

STUDENT

Tools: one 9 pcs Set / 1-2 student

MATHS / COMBINATORICS

Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
Students stack all the blocks in the 9 pcs Set into a regular prism then consider the number of different
stackings (two packings are different if the order of the elements is different).

SOLUTION(S)

409

Grades 5-8 (A), 9-12 (A)
Duration: 20-30 min

606 - Stacking Toblerone
16pcs

Tools: one 16 pcs Set / 1-2 students

Erasmus+

TEACHER

Individual / Pair work
Keywords: Regular prism

Logifaces

MATHS / COMBINATORICS

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
Students stack all the blocks in the 16 pcs Set into a regular prism then consider the number of different
stackings (two packings are different if the order of the elements is different).
SOLUTIONS / EXAMPLES
2×

9!
2

× 2

5

= 32 × 9! = 11612160

DETAILS The blocks can be paired in two different ways, this gives the factor 2. For the two different pairings
see exercise 603 - Pairing 16pcs, or the following argument. Some blocks have a ﬁxed pair: 113-331, 123-123,
132-132, 332-112. There are two ways of pairing the remaining blocks 332, 332, 221, 112, 223, 223.
The 7 pairs and the pieces 111 and 333 have

9!
2

permutations, because in both cases of the pairings there are

2 pairs which occur twice. In the pairs consisting of two different elements the order can be switched, that
5

gives the factor 2 .

ASSISTANCE FOR STUDENTS
First arrange the blocks into pairs! (This is exercise 603 - Pairing 16pcs.)
Calculate the number of the different orders of the 7 pairs and the blocks 111 and 333!
In some pairs, the order of the blocks of the pair can be switched. Which pairs are these?
(113-331, 332-112, 122-112 (occurs in only one case), 112-233, 223-233)
PRIOR KNOWLEDGE
Basic exercises in combinatorics
RECOMMENDATIONS / COMMENTS
This is a diﬃcult Combinatorics problem. It can be given as an extra exercise only to students who have already
answered the other exercises.
Exercise 603 - Pairing 16pcs is recommended before this exercise.
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Name:

606 - Stacking Toblerone
16pcs

Date:

Erasmus+

STUDENT

Tools: one 16 pcs Set / 1-2 students

MATHS / COMBINATORICS

Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
Students stack all the blocks in the 16 pcs Set into a regular prism then consider the number of different
stackings (two packings are different if the order of the elements is different).

SOLUTION(S)

411

Grades 5-8 (S), 9-12 (S)
Duration: 10 minutes

607 - Block in the Middle

Tools: one 9 pcs Set / 1-4 student
Individual / Pair / Group work
Keywords: Impossible

Erasmus+

MATHS / COMBINATORICS

TEACHER
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
Using the 9 pcs Set, students arrange blocks in the form shown in the diagram with a continuous surface,
considering which block can or cannot be in the middle.

SOLUTIONS / EXAMPLES
Blocks 222 and 331 cannot be in the middle, the others can.
GUIDELINES FOR TEACHERS:
Discuss what it means to be in the middle. For example if 112 is in the middle, that means that we have to ﬁnd
3 other blocks such that one block has a vertical face 11 and two blocks have a vertical face 12.
PRIOR KNOWLEDGE
None
RECOMMENDATIONS / COMMENTS
This exercise provides the foundation for exercise 608 - 4 Block Triangles.
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Name:

607 - Block in the Middle

Date:

Erasmus+

Tools: one 9 pcs Set / 1-4 student

MATHS / COMBINATORICS

STUDENT
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
Using the 9 pcs Set, students arrange blocks in the form shown in the diagram with a continuous surface,
considering which block can or cannot be in the middle.

SOLUTION(S)

413

Grades 5-8 (SA), 9-12 (S)
Duration: 20-40 min

608 - Four Block Triangles

Tools: one 9 pcs Set / 1-4 student
Individual / Pair / Group work
Keywords: All cases

Erasmus+

MATHS / COMBINATORICS

TEACHER
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
Using the 9 pcs Set, students ﬁnd the number of possibilities of arranging blocks in the form shown in the
diagram with a continuous surface. (We say that two arrangements are the same, if they can be rotated into
each other.)

LEVEL 1

Let block 112, 113 or 122 be in the middle. How many arrangements are there with this ﬁxed
middle block?

LEVEL 2

Let block 123 or 132 be in the middle. How many arrangements are there with this ﬁxed middle
block?

LEVEL 3

Count the number of arrangements for all possible middle blocks.

SOLUTIONS / EXAMPLES
There are 25 arrangements altogether.
Blocks 222, 331 cannot be in the middle, the others can (see exercise 607 - Block in the Middle).
Number of arrangements by the block in the middle (block in the middle - number of arrangements):
112 - 3, 113 - 3, 122 - 3, 123 - 8, 132 - 8, see the Figures.
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112 in the middle: 3 arrangements

113 in the middle: 3 arrangements

122 in the middle: 3 arrangements

415

123 in the middle: 8 arrangements
Arrangements with 132 in the middle are the reﬂexions of these arrangements.

PRIOR KNOWLEDGE
None
RECOMMENDATIONS / COMMENTS
We recommend exercise 607 - Block in the Middle before this exercise as a warm up.
Tasks with different blocks ﬁxed to be in the middle can be given to different students/groups.
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608 - Four Block Triangles

Name:
Date:

Erasmus+

Tools: one 9 pcs Set / 1-4 student

MATHS / COMBINATORICS

STUDENT
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
Using the 9 pcs Set, students ﬁnd the number of possibilities of arranging blocks in the form shown in the
diagram with a continuous surface. (We say that two arrangements are the same, if they can be rotated into
each other.)

LEVEL 1

Let block 112, 113 or 122 be in the middle. How many arrangements are there with this ﬁxed
middle block?

LEVEL 2

Let block 123 or 132 be in the middle. How many arrangements are there with this ﬁxed middle
block?

LEVEL 3

Count the number of arrangements for all possible middle blocks.

SOLUTION(S)

417

Grades 5-8 (AS), 9-12 (AS)

609 - Hexagon Count

Duration: 40 min
Tools: one 9 pcs Set / pair or group

Erasmus+

Pair / Group work
Keywords: Combinatorics, Proof,
Impossible

MATHS / COMBINATORICS

TEACHER
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
In Levels 1-3 students' task is to leave out the given 3 blocks and arrange the remaining blocks into a hexagon
shape (as shown in the diagram) with a continuous surface.

The triples to leave out are:
LEVEL 1

blocks 222, 133, 123 or 222, 133, 132

LEVEL 2

blocks 222, 113, 112 or 222, 123, 132 or 222, 122, 123 or 222, 122, 132

LEVEL 3

blocks 222, 122, 112
An additional question for the Level 1-3 tasks is to ﬁnd the number of different possibilities to
arrange the remaining blocks into hexagons. (Two hexagons are different, if they cannot be
moved into each other.)

LEVEL 4

Students’ task is to ﬁnd 6 blocks that form a hexagon shape. How many combinations are there?
(Two hexagons are different, if they cannot be moved into each other.)
Which blocks can be left out?

SOLUTIONS / EXAMPLES
LEVEL 1

There is only one way to arrange the blocks into a hexagon.

LEVEL 2

There are two ways to arrange the blocks into a hexagon.

LEVEL 3

The remaining blocks cannot form a hexagon. After a number of failed attempts the students
can be asked to prove the impossibility of forming a hexagon from those blocks. See Case 3
below for a possible proof.

LEVEL 4

The hexagon cannot contain the block 222, because there is only one other block with a vertical
face 22.

418

CASE 1
The hexagon contains the block 122. In this case, the vertices in the middle must have length 1,
because there is no other block with a vertical face 22. There are 6 hexagons that contain the block 122, the
lengths of the outer vertical edges are listed in counterclockwise order:
223213 (blocks 222, 133, 123 are left out),
223123 (blocks 222, 133, 132 are left out),
223323 (blocks 222, 113, 112 are left out),
223233 (blocks 222, 113, 112 are left out),
223231 (blocks 222, 123, 132 are left out),
221323 (blocks 222, 123, 132 are left out).
CASE 2
The hexagon does not contain the block 122 but contains the block 112. If the vertical edges in
the middle have length 1, then there are 4 hexagons:
123233 (blocks 222, 122, 132 are left out),
332321 (blocks 222, 122, 123 are left out),
123323 (blocks 222, 122, 132 are left out),
323321 (blocks 222, 122, 123 are left out).
The vertical edge in the middle cannot have length 2, because there are only 5 blocks that have a vertical edge
of length 2 in this case.
CASE 3
The hexagon does not contain the blocks 122 and 112. The vertical edge in the middle can not
have length 2, because only 4 blocks have a vertical edge of length 2. The vertical edge in the middle cannot
have length 1 or 3, because only one block has a vertical face 11 or 33, respectively.
In summary, there are 10 different hexagons.
PRIOR KNOWLEDGE
None
RECOMMENDATIONS / COMMENTS
Finding all the cases given 6 blocks is an easier problem, and can be used to differentiate.
Finding a proof of the impossibility of arranging 6 given blocks into a hexagon is an advanced problem.
Finding all the cases is a diﬃcult Combinatorics problem.

419

609 - Hexagon Count

Name:
Date:

Erasmus+

Tools: one 9 pcs Set / pair or group

MATHS / COMBINATORICS

STUDENT
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
In Levels 1-3 students' task is to leave out the given 3 blocks and arrange the remaining blocks into a hexagon
shape (as shown in the diagram) with a continuous surface.

The triples to leave out are:
LEVEL 1

blocks 222, 133, 123 or 222, 133, 132

LEVEL 2

blocks 222, 113, 112 or 222, 123, 132 or 222, 122, 123 or 222, 122, 132

LEVEL 3

blocks 222, 122, 112
An additional question for the Level 1-3 tasks is to ﬁnd the number of different possibilities to
arrange the remaining blocks into hexagons. (Two hexagons are different, if they cannot be
moved into each other.)

LEVEL 4

Students’ task is to ﬁnd 6 blocks that form a hexagon shape. How many combinations are there?
(Two hexagons are different, if they cannot be moved into each other.)
Which blocks can be left out?

SOLUTION(S)

420

Grades 5-8 (SA), 9-12 (SA)
Duration: 30-45 min
Tools: one 111, 222 or 333 block / 1-3
student

610 - Colouring Vertices
222
Erasmus+

TEACHER

Individual / Pair / Group work

MATHS / COMBINATORICS

Keywords: Colouring vertices, All
cases, Spatial vision, Symmetry

Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
Students colour the vertices of the block 222 (or 111 or 333) with 2 colours (red and blue) and consider the
number of possible colourings. (Two colourings are different, if they cannot be moved into each other.)
LEVEL 1

1 red vertex or 1 blue vertex.

LEVEL 2

2 red vertices or 2 blue vertices.

LEVEL 3

3 red vertices or 3 blue vertices.

LEVEL 4

All possibilities.

SOLUTIONS / EXAMPLES
SOLUTION

There are 16 colourings of the vertices of the block 222.

There are 1, 1, 4, 4, 4, 1, 1 vertex colourings with 0, 1, 2, 3, 4, 5, 6 red vertices respectively, see the Figure. By
symmetry, the number of colorings with 𝑘𝑘 red vertices is the same as with 6 − 𝑘𝑘 red vertices.

Level 2 and 3: It is worth discussing that the last two colourings with 2 red vertices are really different, and the
same holds for the 2nd and 3rd with 3 red vertices. One possible reasoning is that the two red vertices can be
connected with a diagonal of the rectangular face and the top right – bottom left diagonal and the top left –
bottom right diagonal cannot be moved to each other, they are the mirror images of each other. It is a similar
phenomenon to the fact that the blocks 123 and 132 are not the same, see exercise 601 - Matchmaking.

0 red vertex

1 red vertex

421

2 red vertices

3 red vertices

GUIDELINES FOR TEACHERS
Discuss the symmetries that imply that there is only one colouring with one red vertex.
Discuss the symmetries in the case of 2 red vertices.
Discuss that by symmetry, there is the same number of colourings with n red vertices as with n blue vertices.
PRIOR KNOWLEDGE
Vertex of polyhedron, Symmetry
RECOMMENDATIONS / COMMENTS
This exercise develops combinatorial and logical thinking, while also builds on spatial vision.
Levels 1-3 can be given to different students or groups, each level is more diﬃcult than the previous one.
The previous level helps answer the next one, but each question can be asked independently of the others.
Level 4 is the combination of Levels 1-3.
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610 - Colouring Vertices
222

Name:
Date:

Erasmus+

STUDENT

Tools: one 111, 222 or 333 block / 1-3
student

MATHS / COMBINATORICS

Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
Students colour the vertices of the block 222 (or 111 or 333) with 2 colours (red and blue) and consider the
number of possible colourings. (Two colourings are different, if they cannot be moved into each other.)
LEVEL 1

1 red vertex or 1 blue vertex.

LEVEL 2

2 red vertices or 2 blue vertices.

LEVEL 3

3 red vertices or 3 blue vertices.

LEVEL 4

All possibilities.

SOLUTION(S)

423

Grades 5-8 (SA), 9-12 (SA)
Duration: 10-15 min

611 - Colouring Vertices 133

Tools: one block / 1-3 student (block
113, 112, 122, 133, 223 or 233)
Individual / Pair / Group work
Keywords: Colouring vertices, All
cases, Spatial vision, Symmetry

Erasmus+

MATHS / COMBINATORICS

TEACHER
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
Students colour the vertices of the block 133 or 123 (or 113, 112, 122, 223, 233, 321) with 2 colours (red and
blue) and consider the number of possible colourings. (Two colourings are different, if they cannot be moved
into each other.)
LEVEL 1

1 red vertex or 1 blue vertices

LEVEL 2

2 red vertices or 2 blue vertices

LEVEL 3

All possibilities.

SOLUTIONS / EXAMPLES
SOLUTION
There are 64 colourings of the vertices of the blocks 133 and 123. Since the vertices of the block 133 can be
6

distinguished, the number of colourings of the vertices is 2 = 64.
There are 1, 6, 15, 20, 15, 6, 1 vertex colourings with 0, 1, 2, 3, 4, 5, 6 red vertices respectively.

ASSISTANCE FOR STUDENTS

Try to ﬁnd the number of colourings with 0, 1, 2, etc. red vertices separately.
Can we distinguish the vertices? How?
GUIDELINES FOR TEACHERS
After answering the Level 1 question, discuss that the vertices are distinguishable. The students should be
encouraged to ﬁnd a distinctive description for each vertex.
Discuss that the number of colourings with k red vertices equals the number of the k element subsets of a set
of cardinality 6.
PRIOR KNOWLEDGE
Vertex of polyhedron, Number of the subsets of a set of a given cardinality
RECOMMENDATIONS / COMMENTS
This exercise develops combinatorial and logical thinking, while also builds on spatial vision.
The previous level helps answer the next one, but each question can be asked independently of the others.
Level 3 is a more diﬃcult exercise without the Level 1-2 questions.
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611 - Colouring Vertices 133

Name:
Date:

Erasmus+

Tools: one block / 1-3 student (block
113, 112, 122, 133, 223 or 233)

MATHS / COMBINATORICS

STUDENT
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
Students colour the vertices of the block 133 or 123 (or 113, 112, 122, 223, 233, 321) with 2 colours (red and
blue) and consider the number of possible colourings. (Two colourings are different, if they cannot be moved
into each other.)
LEVEL 1

1 red vertex or 1 blue vertices

LEVEL 2

2 red vertices or 2 blue vertices

LEVEL 3

All possibilities.

SOLUTION(S)

425

Grades 5-8 (SA), 9-12 (SA)
Topic: Combinatorics
Duration: 60-90 min

612 - Colouring Edges 222

Tools: 1 block / 1-3 student (block
111, 222 or 333)
Individual / Pair / Group work

Erasmus+

MATHS / COMBINATORICS

Keywords: Colouring edges, All cases,
Spatial vision, Symmetry

TEACHER
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
Students colour the edges of the block 222 (or 111 or 333) with 2 colours (red and blue) and consider the
number of possible colourings. (Two colourings are different, if they cannot be moved into each other.)
LEVEL 1

1 red edge or 1 blue edge.

LEVEL 2

2 red edges or 2 blue edges.

LEVEL 3

3 red edges or 3 blue edges.

LEVEL 4

All possibilities.

SOLUTIONS / EXAMPLES
SOLUTION

There are 104 colourings of the edges of the block 222.

There are 1, 2, 8, 17, 24, 24, 17, 8, 2, 1 edge colourings with 0, 1, 2, ..., 9 red edges respectively, see the ﬁgures
below. By symmetry, the number of colourings with 𝑘𝑘 red edges is the same as with 9 − 𝑘𝑘 red edges.

LEVELS 2 AND 3

It is worth discussing that there are colourings that are the mirror images, but they can not be moved to each
other. This is a similar phenomenon to the fact that the blocks 123 and 132 are not the same, see exercise 601
- Matchmaking.
LEVEL 2
The mutual position of the edges can be discussed, see also exercise 512 - Mutual Position of Lines and
Planes. The usage of the correct terminology helps discuss the solutions.
1 red edge

426

2 red edges

3 red edges

427

4 red edges

GUIDELINES FOR THE TEACHER
Discuss the symmetries that imply that there are only two colourings with one red edge.
Discuss the symmetries in the case of 2 red edges.
Discuss that by symmetry, there is the same number of colourings with n red edges as with n blue edges.
PRIOR KNOWLEDGE
Edge of polyhedron, Symmetry
RECOMMENDATIONS / COMMENTS
This exercise develops combinatorial and logical thinking, while also builds on spatial vision.
Levels 1-3 can be given to different students or groups, each level is more diﬃcult than the previous one.
The previous level helps answer the next one, but each question can be asked independently of the others.
Level 4 is the combination of Levels 1-3 and a few more diﬃcult cases. This is a very diﬃcult exercise.
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612 - Colouring Edges 222

Name:
Date:

Erasmus+

Tools: 1 block / 1-3 student (block
111, 222 or 333)

MATHS / COMBINATORICS

STUDENT
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
Students colour the edges of the block 222 (or 111 or 333) with 2 colours (red and blue) and consider the
number of possible colourings. (Two colourings are different, if they cannot be moved into each other.)
LEVEL 1

1 red edge or 1 blue edge.

LEVEL 2

2 red edges or 2 blue edges.

LEVEL 3

3 red edges or 3 blue edges.

LEVEL 4

All possibilities.

SOLUTION(S)

429

Grades 5-8 (SA), 9-12 (SA)
Topic: Combinatorics
Duration: 10-15 min

613 - Colouring Edges 133

Tools: one block / 1-3 student (block
113, 112, 122, 133, 223 or 233)
Individual / Pair / Group work

Erasmus+

MATHS / COMBINATORICS

Keywords: Colouring edges, All cases,
Spatial vision, Symmetry

TEACHER
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
Students colour the edges of the block 133 or 123 (or 113, 112, 122, 223, 233, 321) with 2 colours (red and
blue) and consider the number of possible colourings. (Two colourings are different, if they cannot be moved
into each other.)
LEVEL 1

1 red edge or 1 blue edges

LEVEL 2

2 red edge or 2 blue edges

LEVEL 3

All possibilities.

SOLUTIONS / EXAMPLES
There are 512 colourings of the edges of the blocks 133 and 123. Since the edges of the block 133 or 123 can
be distinguished, the number of colourings of the edges is 2

9

= 512.

There are 1, 9, 36, 84, 126, 126, 84, 36, 9, 1 edge colourings with 0, 1, 2, 3, 4, 5, 6, 7, 8, 9 red edges respectively.
ASSISTANCE FOR STUDENTS
Try to ﬁnd the number of colourings with 0, 1, 2, etc. red edges separately.
Can we distinguish the edges? How?
GUIDELINES FOR TEACHERS
After answering the Level 1 question, discuss that the edges are distinguishable. The students should be
encouraged to ﬁnd a distinctive description for each edge.
Discuss that the number of colourings with k red edges equals the number of the k element subsets of a set of
cardinality 9.
PRIOR KNOWLEDGE
Edge of polyhedron, Number of the subsets of a set of a given cardinality
RECOMMENDATIONS / COMMENTS
This exercise develops combinatorial and logical thinking, while also builds on spatial vision.
The previous level helps answer the next one, but each question can be asked independently of the others.
Level 3 is a more diﬃcult exercise without the Level 1-2 questions.
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613 - Colouring Edges 133

Name:
Date:

Erasmus+

Tools: one block / 1-3 student (block
113, 112, 122, 133, 223 or 233)

MATHS / COMBINATORICS

STUDENT
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
Students colour the edges of the block 133 or 123 (or 113, 112, 122, 223, 233, 321) with 2 colours (red and
blue) and consider the number of possible colourings. (Two colourings are different, if they cannot be moved
into each other.)
LEVEL 1

1 red edge or 1 blue edges

LEVEL 2

2 red edge or 2 blue edges

LEVEL 3

All possibilities.

SOLUTION(S)
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Grades 8 (S), 9-12 (S)

614 - Pick one Block

Duration: 15 min
Tools: one 9 pcs Set / pair

Erasmus+

TEACHER

Individual / Pair work

MATHS / PROBABILITY

Keywords: Probability, Favourable
outcome, Total outcome

Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
Students consider the probability of the following events:
1. Picking the 123 piece from the 9 pcs Set as a random choice.
2. Picking the 222 piece from the 9 pcs Set as a random choice.
3. Picking the 123 or 222 piece from the 9 pcs Set as a random choice.
SOLUTIONS/EXAMPLES
Start by ﬁnding the identical pieces.
1. The 9 pcs Set contains two 123 pieces, so the probability to pick a 123 piece from the set is
2
9

=

.

1
9

=

.

2
9

+

2. The 9 pcs Set contains one 222 piece, so the probability to pick the 222 piece from the set is

3. The 9 pcs Set contains two 123 pieces and one 222 piece, so the probability to pick 123 or 222 is
1
9

=

3
9

How many

=

1
3

1

=

.
1

Pieces

PRIOR KNOWLEDGE:
The traditional model of probability
RECOMMENDATION/COMMENTS
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1

1

1

2

2

Name:

614 - Pick one Block

Date:

Erasmus+

Tools: one 9 pcs Set / pair

MATHS / PROBABILITY

STUDENT
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
Students consider the probability of the following events:
1. Picking the 123 piece from the 9 pcs Set as a random choice.
2. Picking the 222 piece from the 9 pcs Set as a random choice.
3. Picking the 123 or 222 piece from the 9 pcs Set as a random choice.
SOLUTION(S)
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Grades 8 (A), 9-12 (A)

615 - Pick three Blocks

Duration: 15 min
Tools: one 16 pcs Set / pair

Erasmus+

TEACHER

Individual / Pair work

MATHS / PROBABILITY

Keywords: Probability, Favourable
outcome, Total outcome, Conditional
probability

Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION:
1. Students consider the probability of the following events if three random pieces are taken from the 16 pcs
Set without replacement:
a) the ﬁrst piece is block 113.
b) the second piece is block 112, given that the ﬁrst was block 113.
c) the third piece is block 111, given that the ﬁrst was block 113, and the second was block 112.
2. The ﬁrst piece is block 113, the second is block 112 and the third is block 111 if three random pieces are
taken from the 16 pcs Set without replacement.
SOLUTIONS/EXAMPLES:
In the 16 pcs Set there are one block 113, one block 111 and two blocks 112.
1. a) The probability of picking block 113 is 1/16.
b) The probability of picking block 112 given that the ﬁrst was block 113, is 2/15.
c) The probability of picking block 111 given that the ﬁrst was block 113 and the second was block 112, is
1/14.
2.

1
16

The
×

How
many

2
15

required
probability
is
×
≈ 0. 000595 ≈ 0. 06%
1

1
14

1

2

the

1

Pieces

PRIOR KNOWLEDGE
Conditional probability
RECOMMENDATIONS/COMMENTS:
Discuss the concept of conditional probability.
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product

of

1

2

the

probabilities

1

3

calculated

2

above:

2

Name:

615 - Pick three Blocks
Erasmus+

Date:
Tools: one 16 pcs Set / pair

MATHS / PROBABILITY

STUDENT
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
1. Students consider the probability of the following events if three random pieces are taken from the 16 pcs
Set without replacement:
a) the ﬁrst piece is block 113.
b) the second piece is block 112, given that the ﬁrst was block 113.
c) the third piece is block 111, given that the ﬁrst was block 113, and the second was block 112.
2. The ﬁrst piece is block 113, the second is block 112 and the third is block 111 if three random pieces are
taken from the 16 pcs Set without replacement.
SOLUTION(S)
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Grades 7-8 (S), 9-12 (A)
Duration: 10-20 min

616 - Pick a Pair

Tools: one 9 pcs Set / pair

Erasmus+

Individual / Pair work
Keywords: Probability, Favourable
outcome, Total outcome

MATHS / PROBABILITY

TEACHER
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
Students should use all blocks from the 9 pcs Set.
LEVEL 1

Students arrange the blocks into 5 regular prisms
(see exercise 602 - Pairing 9pcs), then ﬁnd the probability that a
randomly chosen prism has
- height 3
- height 4

LEVEL 2

(from grade 10)
Students choose two different blocks at random and ﬁnd the probability
that the selected pair can be joined to form a regular prism of
- height 3
- height 4 (For example the blocks 113 and 331 are chosen, see the ﬁgure).

SOLUTIONS / EXAMPLES
LEVEL 1
The total number of outcomes is the number of the regular prisms, which is 5.
For the ﬁrst question, there is 1 favourable outcome compiled from the blocks 112 and 122, hence the
1
probability is 5 = 0. 2.

For the second question, there are 3 favourable outcomes compiled from the blocks 113 and 133, or 123 and
3
123, or 132 and 132, hence the probability is 5 = 0. 6.

LEVEL 2
The questions can be answered by considering either ordered or unordered pairs. We present the
details of the solution for ordered pairs, but at the end of the solution, the numbers corresponding to the
unordered pairs are given as well.
There are 9 blocks in the set. Hence the total outcome is the number of ordered pairs, which is 9 × 8 = 72.
We use the notation (a,b) for the ordered pair of a and b (note that (a,b)≠(b,a) ).

GUIDELINE FOR THE TEACHER
At this point, it is worth noting that while considering ordered (or
unordered) pairs, the blocks of the same type must be distinguished. One way to explain this is the following: if
we colour one of the blocks 123 red, the probabilities must remain the same, but in this case the two blocks
can be clearly distinguished. In the following, we distinguish the blocks of the same type by using the notations
123a, 123b, 132a and 132b.
For the ﬁrst question, the favourable outcomes are (112, 122) and (122, 112), hence the probability is
2
1
= 36 ≈ 0. 0278.
72
436

For the second question, the favourable outcomes are (113, 133), (133, 113), (123a, 123b), (123b, 123a), (132a,
6
1
132b) and (132b, 132a), hence the probability is 72 = 12 ≈ 0. 0833.

The questions can be answered also by considering unordered pairs. In that solution, the probabilities are the
same, but the total outcome is 36, and the numbers of the favourable outcomes are 1 and 3, respectively.
PRIOR KNOWLEDGE
The traditional model of probability
RECOMMENDATIONS / COMMENTS
Exercise 602 - Pairing 9pcs is recommended before this exercise to ﬁnd the possible pairs of blocks that can be
combined into a regular prism of height 4.
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616 - Pick a Pair

Name:
Date:

Erasmus+

Tools: one 9 pcs Set / pair

MATHS / PROBABILITY

STUDENT
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
Students should use all blocks from the 9 pcs Set.
LEVEL 1

Students arrange the blocks into 5 regular prisms
(see exercise 602 - Pairing 9pcs), then ﬁnd the probability that a
randomly chosen prism has
- height 3
- height 4

LEVEL 2

(from grade 10)
Students choose two different blocks at random and ﬁnd the probability
that the selected pair can be joined to form a regular prism of
- height 3
- height 4 (For example the blocks 113 and 331 are chosen, see the ﬁgure).

SOLUTION(S)
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Grades 8 (A), 9-12 (AS)

617 - Can you Match
Them?

Duration: 30-45 min
Tools: one 16 pcs Set / group

Erasmus+

TEACHER

Pair / Group work
Keywords: Faces, Favourable
outcome, Total outcome

MATHS / PROBABILITY

Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
Students ﬁx one block, e.g. the block 223 and choose one other block from the 16 pcs Set at random and ﬁnd
the probability that the chosen block
a) can be ﬁt to the block 223 by the top face
b) can be ﬁt to the block 223 by at least one vertical face
c) can be ﬁt to the block 223 by at least one face
d) can be ﬁt to two or more faces of the block 223
e) cannot be ﬁt to the block 223
Fitting the base faces is not permitted, as all base faces are congruent equilateral triangles. Fitting by a face
means that the whole face ﬁts together.
The above questions have the following diﬃculty levels:
LEVEL 1

part a)

LEVEL 2

part b) and e)

LEVEL 3

part c) and d)

Fixing other blocks instead of the block 223 gives different diﬃculty levels, as follows:
LEVEL 1

blocks 111, 333

LEVEL 2

blocks 113, 133

LEVEL 3

blocks 112, 122, 223, 233, 123, 132

SOLUTIONS / EXAMPLES
The traditional model of probability is used in the solution, because all elementary events are equally likely.
Hence the probability of an event is calculated using the formula
𝑃𝑃𝑟𝑟(𝑒𝑒𝑣𝑣𝑒𝑒𝑛𝑛𝑡𝑡) =

𝑛𝑛𝑢𝑢𝑚𝑚𝑏𝑏𝑒𝑒𝑟𝑟 𝑜𝑜𝑓𝑓 𝑓𝑓𝑎𝑎𝑣𝑣𝑜𝑜𝑢𝑢𝑟𝑟𝑎𝑎𝑏𝑏𝑙𝑙𝑒𝑒 𝑜𝑜𝑢𝑢𝑡𝑡𝑐𝑐𝑜𝑜𝑚𝑚𝑒𝑒𝑠𝑠
𝑡𝑡𝑜𝑜𝑡𝑡𝑎𝑎𝑙𝑙 𝑛𝑛𝑢𝑢𝑚𝑚𝑏𝑏𝑒𝑒𝑟𝑟 𝑜𝑜𝑢𝑢𝑡𝑡𝑐𝑐𝑜𝑜𝑚𝑚𝑒𝑒𝑠𝑠

.

Total number of outcomes is 15 for every question.
Note that the orientation of the faces matters. For example, the vertical faces 12 and 21 are reﬂections of each
other. The block 123 has a vertical face 12 but does not have a vertical face 21
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The numbers of favourable outcomes are listed in the table below. For more details and hints see the solution
of exercise 621 - Fitting Faces.
Level

1

3

3

2

2

3

3

3

3

1

ﬁx block

111

112(2)

122

113

133

223(2
)

233(3)

123(2)

132(2)

333

a) blocks

333

112(1),
122,
223(2),
233(3)

112(2),
223(2),
233(3)

133

113

112(2),
122,
223(1),
233(3)

112(2),
122,
223(2),
233(2)

123(1),
132(2)

123(2),
132(1)

111

a) fav.o.

1

7

7

1

1

7

7

3

3

1

b) blocks

112(2),
113

111,
112(1),
122,
113,
123(2),
132(2)

112(2),
223(2),
123(2),
132(2)

111,
112(2),
133,
123(2),
132(2)

113,
123(2),
132(2),
233(3),
333

122,
223(1),
233(3),
123(2),
132(2)

223(2),
233(2),
133,
123(2),
132(2),
333

112(2),
122,
113,
133,
223(2),
233(3),
132(2)

112(2),
122,
113,
133,
223(2),
233(3),
123(2)

133,
233(3)

b) fav.o.

3

8

8

8

9

9

10

12

12

4

c) blocks

112(2),
113,
333

111,
112(1),
122,
113,
123(2),
132(2),
223(2),
233(3)

112(2),
223(2),
123(2),
132(2),
233(3)

111,
112(2),
133,
123(2),
132(2)

113,
123(2),
132(2),
233(3),
333

112(2),
122,
223(1),
233(3),
123(2),
132(2)

112(2),
122,
223(2),
233(2),
133,
123(2),
132(2),
333

112(2),
122,
113,
133,
223(2),
233(3),
123(1),
132(2)

112(2),
122,
113,
133,
223(2),
233(3),
123(2)
132(1)

133,
233(3),
111

c) fav.o.

4

13

11

8

9

11

13

13

13

5

d) blocks

112(2),
113

112(1),
122

112(2),
223(2)

133

113

122,
223(1),
233(3)

223(2),
233(2)

132(2)

123(2)

113,
233(3)

d) fav.o.

3

2

4

1

1

5

4

2

2

4

e) blocks

122,
133,
223(2),
233(3),
123(2),
132(2)

133,
333

111,
113, 133

122,
223(2),
233(3),
333

111,
112(2),
122,
223(2)

111,
113,
133,
333

111,
113

111,
333

111,
333

112(2),
122,
113,
223(2),
123(2),
132(2)

e) fav.o.

11

2

3

7

6

4

2

2

2

10

The notation fav.o. stands for the number of favourable outcomes. The notation ABC(D) is used for repeated
block types, where D notes the number of blocks ABC that can be considered as favourable outcomes.
The probabilities can be derived from this table by dividing the number of favourable outcomes by 15 (the total
number of outcomes).
PRIOR KNOWLEDGE
The traditional model of probability
RECOMMENDATIONS / COMMENTS
This exercise is suitable for differentiation and group work. Different blocks and questions can be given to
students with different levels of knowledge and they can be encouraged to discuss their results.
Exercise 621 - Fitting Faces consists of more general questions of this type and an overview to answer the
questions with fewer calculations.
Exercise 622 - Addition Rule of Probability is recommended after this exercise where students will encounter
the addition rule of probability.
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617 - Can you Match Them?

Name:
Date:

Erasmus+

Tools: one 16 pcs Set / group

MATHS / PROBABILITY

STUDENT
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
Students ﬁx one block, e.g. the block 223 and choose one other block from the 16 pcs Set at random and ﬁnd
the probability that the chosen block
a) can be ﬁt to the block 223 by the top face
b) can be ﬁt to the block 223 by at least one vertical face
c) can be ﬁt to the block 223 by at least one face
d) can be ﬁt to two or more faces of the block 223
e) cannot be ﬁt to the block 223
Fitting the base faces is not permitted, as all base faces are congruent equilateral triangles. Fitting by a face
means that the whole face ﬁts together.
The above questions have the following diﬃculty levels:
LEVEL 1

part a)

LEVEL 2

part b) and e)

LEVEL 3

part c) and d)

Fixing other blocks instead of the block 223 gives different diﬃculty levels, as follows:
LEVEL 1

blocks 111, 333

LEVEL 2

blocks 113, 133

LEVEL 3

blocks 112, 122, 223, 233, 123, 132

SOLUTION(S)

441

Grades 9-12 (A)
Topic: Combinatorics

618 - Variety with Formulas

Duration: 30 min
Erasmus+

Tools: one Logifaces Set / class
Individual / Pair work

MATHS / COMBINATORICS

TEACHER
Logifaces

Keywords: Counting principles, Logic

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
Logifaces blocks have 3 possible heights: 1, 2 and 3 standard units. In exercise 617 - Can you Match them? We
counted all the different Logifaces blocks that are possible with these restraints.
Now students consider the number of possible different Logifaces blocks that have the following possible
heights (but that are still triangular based prisms or truncated prisms):
LEVEL 1

1, 2, 3 and 4 standard units

LEVEL 2

1, 2, 3, …, 10 standard units

LEVEL 3

1, 2, 3, …, n standard units

Hint: as a Level 0 exercise ﬁrst consider the original case, with 1, 2 or 3 standard units as heights
SOLUTIONS / EXAMPLES
LEVEL 0

n=3:

Number of different Logifaces blocks possible for 3 different heights, n=3
All heights are the same: 𝑛𝑛 = 3

Two different heights: 3 × 2 = 6 (ﬁrst choose the two identical heights, then the third different one)
Three different heights: 1 × 2 = 2

(ﬁrst choose the three different heights then the order)

In total: 3 + 6 + 2 = 11.

LEVEL 1

n=4:

Number of different Logifaces blocks possible for 4 different heights, n=4
All heights are the same: 𝑛𝑛 = 4

Two different heights: 4 × 3 = 12 (ﬁrst choose the two identical heights, then the third different one)

Three different heights: 𝐶𝐶

In total: 4 + 12 + 8 = 24.

The notation 𝐶𝐶

𝑘𝑘

𝑛𝑛

4

× 2 = 4 × 2 = 8 (ﬁrst choose the three different heights then the order)

stands for the number of possibilities of choosing k elements from a ﬁxed set of n elements. In

particular, for 𝑘𝑘 = 3, 𝐶𝐶
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3

3

𝑛𝑛

=

𝑛𝑛(𝑛𝑛−1)(𝑛𝑛−2)
3×2×1

.

LEVEL 2

n=10:

Number of different Logifaces blocks possible for 10 different heights, n=10
All heights are the same: 𝑛𝑛 = 10

Two different heights: 𝑛𝑛 × (𝑛𝑛 − 1) = 10 × 9 = 90 (ﬁrst choose the two identical heights, then the third different
one)
Three different heights: 𝐶𝐶

order)

3

𝑛𝑛

× 2 = 𝐶𝐶

3

10

× 2 = 120 × 2 = 240 (ﬁrst choose the three different heights then the

In total: 10 + 90 + 240 = 340 or with formula:
LEVEL 3

general n:

𝑛𝑛 + 𝑛𝑛 × (𝑛𝑛 − 1) + 𝐶𝐶

3

𝑛𝑛

× 2

Therefore in general for n different heights the formula is 𝑛𝑛 + 𝑛𝑛 × (𝑛𝑛 − 1) + 𝐶𝐶
NOTES ON COUNTING

3

𝑛𝑛

× 2.

- Students do not need to know or use counting principles for the original question.
- They can systematically count the pieces based on multiple aspects, e.g. number of different heights (outlined
above), sum of the heights (3 to 9), or the lowest height (1, 2 or 3)
PRIOR KNOWLEDGE
Counting principles
RECOMMENDATIONS / COMMENTS
It is recommended to ﬁrst solve the exercise 617 - Can you Match them? where the task is to count the
different possibilities.
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618 - Variety with Formulas

Name:
Date:

Erasmus+

Tools: one Logifaces Set / class

MATHS / COMBINATORICS

STUDENT
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
Logifaces blocks have 3 possible heights: 1, 2 and 3 standard units. In exercise 617 - Can you Match them? We
counted all the different Logifaces blocks that are possible with these restraints.
Now students consider the number of possible different Logifaces blocks that have the following possible
heights (but that are still triangular based prisms or truncated prisms):
LEVEL 1

1, 2, 3 and 4 standard units

LEVEL 2

1, 2, 3, …, 10 standard units

LEVEL 3

1, 2, 3, …, n standard units

Hint: as a Level 0 exercise ﬁrst consider the original case, with 1, 2 or 3 standard units as heights
SOLUTION(S)

444

Grades 11-12 (AS)
Duration: 15 min

619 - Probability of Given
Height

Tools: one 16 pcs Set / group

Erasmus+

TEACHER

Individual / Group work
Keywords: Probability, Favourable
outcome, Total outcome

MATHS / PROBABILITY

Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
Students put aside the repeated blocks of the 16 pcs Set and work with the remaining 10 blocks. They choose
two blocks at random and ﬁnd the probability that the selected pair of blocks can be joined to form a regular
prism of
- height 5
- height 4 (For example the blocks 113 and 331 are chosen, see the ﬁgure.)

SOLUTIONS / EXAMPLES
As there are 10 different blocks in the 16 pcs Set, the total number of outcomes is the number of ordered pairs,
which is 10 × 9 = 90.
For the ﬁrst question, the favourable outcomes are (223, 332) and (332, 223), hence the probability is
2
1
= 45 ≈ 0. 0222.
90

For the second question, the favourable outcomes are (111, 333), (333, 111), (113, 331), (331,113), (112, 233),
8
4
(233, 112), (122, 223) and (223,122), hence the probability is 90 = 45 ≈ 0. 0889.

Note that the blocks 123 and 132 do not form a prism.

The questions can be answered also by considering unordered pairs. In that solution, the probabilities are the
same, but the total outcome is 45, and the numbers of the favourable outcomes are 1 and 4, respectively.
PRIOR KNOWLEDGE
The traditional model of probability
RECOMMENDATIONS / COMMENTS
Exercise 603 - Pairing 16pcs is recommended before this exercise to ﬁnd the possible pairs of blocks that can
be combined into a regular prism of height 4.
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Name:

619 - Probability of Given
Height
Erasmus+

Date:

STUDENT

Tools: one 16 pcs Set / group

MATHS / PROBABILITY

Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
Students put aside the repeated blocks of the 16 pcs Set and work with the remaining 10 blocks. They choose
two blocks at random and ﬁnd the probability that the selected pair of blocks can be joined to form a regular
prism of
- height 5
- height 4 (For example the blocks 113 and 331 are chosen, see the ﬁgure.)

SOLUTION(S)

446

Grades 11-12 (AS)
Duration: 20 min

620 - Conditional Probability

Tools: one 16 pcs Set

Erasmus+

TEACHER

Individual / Group work
Keywords: Probability, Favourable
outcome, Total outcome, Conditional
probability

MATHS / PROBABILITY

Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
Students put aside the repeated blocks of the 16 pcs Set and work with the remaining 10 blocks. They choose
two blocks at random. They recall the deﬁnition of conditional probability, and answer the following questions:
a)

What is the probability that one of the chosen blocks is 223, given that the selected pair of blocks can
be joined to form a regular prism of height 5?

b)

What is the probability that one of the chosen blocks is 223, given that the selected pair of blocks can
be joined to form a regular prism of height 4? (See the diagram for a favourable outcome.)

c)

What is the probability that one of the chosen blocks is 113, given that the selected pair of blocks can
be joined to form a regular prism of height 5?

d)

What is the probability that one of the chosen blocks is 113, given that the selected pair of blocks can
be joined to form a regular prism of height 4?
They then consider the following “reverse” conditional probability questions, and discuss the
difference between these and the previous questions.

e)

What is the probability that the selected pair of blocks can be joined to form a
regular prism of height 5, given that one of the chosen blocks is 223?

f)

What is the probability that the selected pair of blocks can be joined to form a
regular prism of height 4, given that one of the chosen blocks is 223?

g)

What is the probability that the selected pair of blocks can be joined to form a
regular prism of height 5, given that one of the chosen blocks is 113?

h)

What is the probability that the selected pair of blocks can be joined to form a
prism of height 4, given that one of the chosen blocks is 113?
SOLUTIONS / EXAMPLES

There are 10 different blocks in the 16 pieces set. Hence the total number of outcomes is the number of
ordered pairs, which is 10 × 9 = 90.
The following notations are used in the solution:

A = one of the chosen blocks is 223
B = one of the chosen blocks is 113
C = the selected pair of blocks can be joined to form a regular prism of height 5
D = the selected pair of blocks can be joined to form a regular prism of height 4
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The numbers of favourable outcomes are listed for these events below:
- The events A and B has both 9 × 2 = 18 outcomes, because one of the picked blocks is ﬁxed and the other
can be any of the remaining 9 blocks, and the two blocks can be picked in both orders, this gives the factor 2.

- C={(233, 223), (223, 233)}, hence the number of favourable outcomes is 2.

- D={(111, 333), (333, 111), (113, 133), (133, 113), (233, 112), (112, 233), (223, 122), (122, 223)}, hence the
number of favourable outcomes is 8.
To calculate the conditional probabilities, we also need the favourable outcomes of the intersections of the
events:
- 𝐴𝐴
- 𝐴𝐴
- 𝐵𝐵
- 𝐵𝐵

∩
∩
∩
∩

𝐶𝐶 = 𝐶𝐶 = {(233, 223), (223, 233)}
𝐷𝐷 = {(223, 112), (112, 223)}
𝐶𝐶 = { }
𝐷𝐷 = {(113, 133), (133, 113)}

The solutions are the following conditional probabilities:
a)
b)
c)
d)
e)
f)
g)
h)

𝑃𝑃(𝐴𝐴|𝐶𝐶) =

𝑃𝑃(𝐴𝐴|𝐷𝐷) =

𝑃𝑃(𝐵𝐵|𝐶𝐶) =

𝑃𝑃(𝐵𝐵|𝐷𝐷) =

𝑃𝑃(𝐶𝐶|𝐴𝐴) =

𝑃𝑃(𝐷𝐷|𝐴𝐴) =
𝑃𝑃(𝐶𝐶|𝐵𝐵) =

𝑃𝑃(𝐷𝐷|𝐵𝐵) =

𝑃𝑃(𝐴𝐴∩𝐶𝐶)
𝑃𝑃(𝐶𝐶)
𝑃𝑃(𝐴𝐴∩𝐷𝐷)
𝑃𝑃(𝐷𝐷)
𝑃𝑃(𝐵𝐵∩𝐶𝐶)
𝑃𝑃(𝐶𝐶)
𝑃𝑃(𝐵𝐵∩𝐷𝐷)
𝑃𝑃(𝐷𝐷)
𝑃𝑃(𝐴𝐴∩𝐶𝐶)
𝑃𝑃(𝐴𝐴)
𝑃𝑃(𝐴𝐴∩𝐷𝐷)
𝑃𝑃(𝐴𝐴)
𝑃𝑃(𝐵𝐵∩𝐶𝐶)
𝑃𝑃(𝐵𝐵)
𝑃𝑃(𝐵𝐵∩𝐷𝐷)
𝑃𝑃(𝐵𝐵)

=

=

=

=

=

=

=

=

2/90
= 1
2/90
2/90
1
= 4
8/90
0
= 0
2/90
2/90
1
= 4
8/90
2/90
1
= 9
18/90
2/90
1
= 9
18/90
0
= 0
18/90
2/90
1
= 9
18/90

Observe that the conditional probabilities differ from the “reverse” conditional probabilities, for example
𝑃𝑃(𝐴𝐴|𝐶𝐶) ≠ 𝑃𝑃(𝐶𝐶|𝐴𝐴). The reason is that the conditions differ, hence the denominators differ. Nevertheless,
𝑃𝑃(𝐵𝐵|𝐶𝐶) = 𝑃𝑃(𝐶𝐶|𝐵𝐵) = 0, because the numerators are 0 in this case. In fact, the events 𝐵𝐵 and 𝐶𝐶 are mutually
exclusive events.
PRIOR KNOWLEDGE

The traditional model of probability, Conditional probability.
RECOMMENDATIONS / COMMENTS
Exercise 603 - Pairing 16pcs is recommended before this exercise to ﬁnd the possible pairs of blocks that can be
combined into a regular prism of height 4 or 5.
Exercise 616 - Pick a Pair is recommended before this exercise to calculate the unconditional probabilities.
Different questions or pairs of questions can be given to different students. The number of favourable outcomes
can be discussed with the whole class. After calculating the conditional probabilities, we recommend discussing
the connection between the results for the different questions.
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620 - Conditional Probability

Name:
Date:

Erasmus+

STUDENT

Tools: one 16 pcs Set

MATHS / PROBABILITY

Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
Students put aside the repeated blocks of the 16 pcs Set and work with the remaining 10 blocks. They choose
two blocks at random. They recall the deﬁnition of conditional probability, and answer the following questions:
a)

What is the probability that one of the chosen blocks is 223, given that the selected pair of blocks can
be joined to form a regular prism of height 5?

b)

What is the probability that one of the chosen blocks is 223, given that the selected pair of blocks can
be joined to form a regular prism of height 4? (See the diagram for a favourable outcome.)

c)

What is the probability that one of the chosen blocks is 113, given that the selected pair of blocks can
be joined to form a regular prism of height 5?

d)

What is the probability that one of the chosen blocks is 113, given that the selected pair of blocks can
be joined to form a regular prism of height 4?
They then consider the following “reverse” conditional probability questions, and discuss the
difference between these and the previous questions.

e)

What is the probability that the selected pair of blocks can be joined to form a
regular prism of height 5, given that one of the chosen blocks is 223?

f)

What is the probability that the selected pair of blocks can be joined to form a
regular prism of height 4, given that one of the chosen blocks is 223?

g)

What is the probability that the selected pair of blocks can be joined to form a
regular prism of height 5, given that one of the chosen blocks is 113?

h)

What is the probability that the selected pair of blocks can be joined to form a
prism of height 4, given that one of the chosen blocks is 113?

SOLUTION(S)
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Grade: 9-12 (AS)

621 - Fitting Faces

Duration: 45 min
Tools: one 16 pcs Set / group

Erasmus+

Group work

MATHS / PROBABILITY

Keywords: Faces, Favourable
outcome, Total outcome

TEACHER
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
Students select a block ﬁrst and choose one other block at random, then consider which block should be
selected to get the largest or smallest possible probability for the following questions.
What is the probability that the chosen block
LEVEL 1

cannot be ﬁt to the ﬁrst block?

LEVEL 2

can be ﬁt to the ﬁrst block by at least one face?

LEVEL 3

can be ﬁt to two or more faces of the ﬁrst block?

Fitting the base faces is not permitted, as all base faces are congruent equilateral triangles. Fitting by a face
means that the whole face ﬁts together. Students are encouraged to use a strategic and systematic method to
avoid unnecessary calculations, for example by distributing the task between the group members.
SOLUTIONS / EXAMPLES
The traditional model of probability is used in the solution, because all elementary events are equally likely.
Hence the probability of an event is calculated using the formula
𝑃𝑃𝑟𝑟(𝑒𝑒𝑣𝑣𝑒𝑒𝑛𝑛𝑡𝑡) =

𝑛𝑛𝑢𝑢𝑚𝑚𝑏𝑏𝑒𝑒𝑟𝑟 𝑜𝑜𝑓𝑓 𝑓𝑓𝑎𝑎𝑣𝑣𝑜𝑜𝑢𝑢𝑟𝑟𝑎𝑎𝑏𝑏𝑙𝑙𝑒𝑒 𝑜𝑜𝑢𝑢𝑡𝑡𝑐𝑐𝑜𝑜𝑚𝑚𝑒𝑒𝑠𝑠
𝑡𝑡𝑜𝑜𝑡𝑡𝑎𝑎𝑙𝑙 𝑛𝑛𝑢𝑢𝑚𝑚𝑏𝑏𝑒𝑒𝑟𝑟 𝑜𝑜𝑢𝑢𝑡𝑡𝑐𝑐𝑜𝑜𝑚𝑚𝑒𝑒𝑠𝑠

.

Total number of outcomes is 15 in every case.
A possible way to ﬁnd the number of favourable outcomes is to count the blocks that can be ﬁtted to a
particular face.
The blocks sorted by the top face are listed below in the table (see also exercise 406 - Different Triangles). The
notation 112(2) means that there are two blocks of type 112.
top face

number of blocks in the 16
pcs Set

2

8

2

4

list of blocks in the 16 pcs Set

111, 333

112(2), 122,
223(2), 233(3)

113,133

123(2), 132(2)
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The blocks sorted by the vertical faces are listed below in the table.
Note that the orientation of the faces matters. For example, the vertical faces of 12 and 21 are reﬂections of
each other. The block 123 has a vertical face 12 but does not have a vertical face 21.
vertical face by
heights

11

12

21

13

31

22

23

32

33

number of blocks in
the 16 pcs Set

4

5

5

4

4

3

7

7

4

list of blocks in the
16 pcs Set

111,
112(2),
113

112(2),
122,
123(2)

112(2),
122,
132(2)

113,
133,
132(2)

113,
133,
123(2)

122,
223(2)

223(2),
233(3),
123(2)

223(2),
233(3),
132(2)

133,
233(3),
333

To count the number of favourable outcomes, note that an axially symmetric face (11, 22, 33) can be ﬁtted to the
same type of face, but an asymmetric face ﬁts to its reﬂection (for example, the vertical face 12 ﬁts to the face
21). The asymmetric faces are marked in the table by a darker background.
LEVEL 1
HINT

First listing the blocks that do not ﬁt by the top face helps reducing the possible cases.
The favourable outcomes and the probabilities are listed in the table below.

block

111

112
(2)

122

113

133

223(2)

233
(3)

123
(2)

132
(2)

333

blocks that do not ﬁt

122, 133,
223(2),
233(3),
123(2),
132(2)

133,
333

111,
113,
133

122,
223(2),
233(3),
333

111,
112(2),
122, 223(2)

111, 113,
133, 333

111,
113

111,
333

111,
333

112(2),
122,
113,
223(2),
123(2),
132(2)

favourable outcome

11

2

3

7

6

4

2

2

2

10

probability

11
15

2
15

3
15

7
15

6
15

Selecting the blocks 112, 233, 123 or 132 gives the smallest probability.
Selecting the block 111 gives the largest probability.

4
15

2
15

2
15

2
15

10
15

LEVEL 2
HINT

Listing separately the following three types helps ﬁnd all favourable outcomes:
-

NOTE

I. the blocks that ﬁt both to the top face and to some vertical faces
II. the blocks that ﬁt only to the top face
III. the blocks that ﬁt only to some vertical faces.

At ﬁrst sight it seems easier to list the favourable outcomes by the following two types: the
blocks that ﬁt to the top face, the blocks that ﬁt to some vertical faces. But listing in such a way
requires more attention, because some blocks are counted twice, see exercise 616 - Pick a Pair.

The probabilities are listed in the table below. The notation fav.o. stands for the number of favourable
outcomes.
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block

111

112(2)

122

113

133

223(2)

233(3)

123(2)

132(2)

333

I. both top and
vertical face

-

112(1),
122

112(2),
223(2)

133

113

122,
223(1),
233(3)

223(2),
233(2)

132(2)

123(2)

-

II. only top face

333

223(2),
233(3)

233(3)

-

-

112(2)

112(2),
122

123(1)

132(1)

111

III. only vertical
face

112(2),
113

111,
113,
123(2),
132(2)

123(2),
132(2)

111,
112(2),
123(2),
132(2)

123(2),
132(2),
233(3),
333

123(2),
132(2)

133,
123(2),
132(2),
333

112(2),
122,
113, 133,
223(2),
233(3)

112(2),
122, 113,
133,
223(2),
233(3)

133,
233(3)

fav. o.

4

13

11

8

9

11

13

13

13

5

13
15

11
15

11
15

13
15

13
15

13
15

prob.

4
15

8
15

9
15

Selecting the block 111 gives the smallest probability.
Selecting the blocks 112, 233, 123 or 132 gives the largest probability.
LEVEL 3
HINT

5
15

Listing separately the following two types helps ﬁnd all favourable outcomes:
-

I. the blocks that ﬁt both to the top face and to some vertical faces
II. the blocks that ﬁt to at least two vertical faces but not to the top face

The probabilities are listed in the table below.
block

111

112(2)

122

113

133

223(2)

233(3)

123(2)

132(2)

333

I. top and vertical face

-

112(1),
122

112(2),
223(2)

133

113

122,
223(1),
233(3)

223(2),
233(2)

132(2)

123(2)

-

II. only vertical faces

112(2),
113

-

-

-

-

-

-

-

-

133,
233(3)

fav. o.

3

2

4

1

1

5

4

2

2

4

prob.

3
15

2
15

4
15

1
15

Selecting the block 113 or 133 gives the smallest probability.
Selecting the block 223 gives the largest probability.

1
15

5
15

4
15

2
15

2
15

4
15

PRIOR KNOWLEDGE
The traditional model of probability
RECOMMENDATIONS / COMMENTS
This exercise is suitable for differentiation and group work. The groups can be encouraged to ﬁrst make a plan
and then divide the calculation tasks between the members.
Exercise 617 - Can you Match them? can be considered as a warm-up exercise to this one.
Exercise 622 - Addition Rule of Probability is recommended after this exercise to practise the addition rule of
probability.
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621 - Fitting Faces

Name:
Date:

Erasmus+

Tools: one 16 pcs Set / group

MATHS / PROBABILITY

STUDENT
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
Students select a block ﬁrst and choose one other block at random, then consider which block should be
selected to get the largest or smallest possible probability for the following questions.
What is the probability that the chosen block
LEVEL 1

cannot be ﬁt to the ﬁrst block?

LEVEL 2

can be ﬁt to the ﬁrst block by at least one face?

LEVEL 3

can be ﬁt to two or more faces of the ﬁrst block?

Fitting the base faces is not permitted, as all base faces are congruent equilateral triangles. Fitting by a face
means that the whole face ﬁts together. Students are encouraged to use a strategic and systematic method to
avoid unnecessary calculations, for example by distributing the task between the group members.
SOLUTION(S)
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Grades 9-12 (A)

622 - Addition Rule of
Probability

Duration: 30 min
Tools: one 9 pcs Set / pair

Erasmus+

Individual / Pair work
Keywords: Faces, Favourable
outcome, Total outcome, Addition
rule of probability

TEACHER
Logifaces

MATHS / PROBABILITY

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
LEVEL 1
Students discuss the following observation: ﬁxing for example the block 223 and choosing one
other block from the 16 pcs Set at random, the following occurs:
Probability that the chosen block can be ﬁt to
a) the top face

7
15

b) any vertical face

9
15

c) any face

11
15

The sum of the probabilities in parts a) and b) is
explanation of this phenomenon?

16
15

, which is more than the probability in part c). What is the

LEVEL 2
Students discuss the following observation: ﬁxing for example the block 223 and choosing one
other block from the 16 pcs Set at random, the following occurs:
Probability that the chosen block can be ﬁt to
a) the top face

7
15

b) the vertical face 22

2
15

c) the vertical face 23

6
15

d) the vertical face 32

6
15

e) neither of the faces

The sum of the probabilities is

4
15
25
15

, because the sum of the numbers of favourable outcomes is 25, which is

more than the number of blocks in the Set. What is the explanation of this phenomenon?
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SOLUTIONS / EXAMPLES
LEVEL 1
Reason: there are some blocks (marked with bold letters) that are counted in the favourable
outcomes both in part a) and b), see the table below. The notation 112(2) means that there are two blocks of
type 112.
part
a)
b)
c)

probability

favourable outcomes

7
15

112(2), 122, 223(1), 233(3)

11
15

112(2), 122, 223(1), 233(3), 123(2), 132(2)

9
15

122, 223(1), 233(3), 123(2), 132(2)

The addition rule of probability states for two events 𝐴𝐴 and 𝐵𝐵 that

𝑃𝑃(𝐴𝐴 ∪ 𝐵𝐵) = 𝑃𝑃(𝐴𝐴) + 𝑃𝑃(𝐵𝐵) − 𝑃𝑃(𝐴𝐴 ∩ 𝐵𝐵).

Here the events are the following:
A = the chosen block can be ﬁt to the top face
B = the chosen block can be ﬁt to some vertical face
𝐴𝐴 ∪ 𝐵𝐵 = the chosen block can be ﬁt to any face
𝐴𝐴 ∩ 𝐵𝐵 = the chosen block can be ﬁt both to the top face and to a vertical face

LEVEL 2
Reason: there are some blocks that are counted in the favourable outcomes more than once in
parts a)-e), see the table below.
part
a)
b)
c)
d)
e)

probability

favourable outcomes

7
15

112(2), 122, 223(1), 233(3)

6
15

223(1), 233(3), 123(2)

4
15

111, 113, 133, 333

2
15

122, 223(1)

6
15

223(1), 233(3), 132(2)

The following notations are used in the solution:
𝐴𝐴 = the chosen block can be ﬁt to the top face
𝐵𝐵22 = the chosen block can be ﬁt to the vertical face 22

𝐵𝐵23 = the chosen block can be ﬁt to the vertical face 23
𝐵𝐵32 = the chosen block can be ﬁt to the vertical face 32

𝐸𝐸 = the chosen block cannot be ﬁt to the block 223

The event 𝐸𝐸 is mutually exclusive from the remaining events, and in fact it is the complementary event of the
event 𝐴𝐴 ∪ 𝐵𝐵22 ∪ 𝐵𝐵23 ∪ 𝐵𝐵32 =
the chosen block can be ﬁt to some face. Hence

𝑃𝑃(𝐴𝐴 ∪ 𝐵𝐵22 ∪ 𝐵𝐵23 ∪ 𝐵𝐵32) + 𝑃𝑃(𝐸𝐸) = 1 and the sum of the number of blocks corresponding to the two events is

15, the number of total outcomes.
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The probability 𝑃𝑃(𝐴𝐴 ∪ 𝐵𝐵22 ∪ 𝐵𝐵23 ∪ 𝐵𝐵32) can be derived from the Addition rule of probability for the four events
𝐴𝐴, 𝐵𝐵22, 𝐵𝐵23, 𝐵𝐵32:

𝑃𝑃(𝐴𝐴 ∪ 𝐵𝐵22 ∪ 𝐵𝐵23 ∪ 𝐵𝐵32) = 𝑃𝑃(𝐴𝐴) + 𝑃𝑃(𝐵𝐵22) + 𝑃𝑃(𝐵𝐵23) + 𝑃𝑃(𝐵𝐵32)

[
+ [𝑃𝑃(𝐴𝐴 ∩ 𝐵𝐵22 ∩ 𝐵𝐵23) + 𝑃𝑃(𝐴𝐴 ∩ 𝐵𝐵22 ∩ 𝐵𝐵32) + 𝑃𝑃(𝐴𝐴 ∩ 𝐵𝐵23 ∩ 𝐵𝐵32) + 𝑃𝑃(𝐵𝐵22 ∩ 𝐵𝐵23 ∩ 𝐵𝐵32)]

]

− 𝑃𝑃(𝐴𝐴 ∩ 𝐵𝐵22) + 𝑃𝑃(𝐴𝐴 ∩ 𝐵𝐵23) + 𝑃𝑃(𝐴𝐴 ∩ 𝐵𝐵32) + 𝑃𝑃(𝐵𝐵22 ∩ 𝐵𝐵23) + 𝑃𝑃(𝐵𝐵22 ∩ 𝐵𝐵32) + 𝑃𝑃(𝐵𝐵23 ∩ 𝐵𝐵32)

− 𝑃𝑃(𝐴𝐴 ∩ 𝐵𝐵22 ∩ 𝐵𝐵23 ∩ 𝐵𝐵32)

=

7
15

+

2
15

+

6
15

+

6
15

2

− ⎡ 15 +
⎣

4
15

+

4
15

+

1
15

+

1
15

+

4
15

1

⎤ + ⎡ 15 +
⎦ ⎣

1
15

+

4
15

+

1
15

⎤−
⎦

1
15

=

11
15

.

The Addition rule of probability can also be examined for other blocks. The probabilities for the other blocks
can be found in the solution of exercise 621 - Fitting Faces.
PRIOR KNOWLEDGE
The traditional model of probability, Addition rule of probability
RECOMMENDATIONS / COMMENTS

Exercise 617 - Can you Match them? can be considered as a warm-up exercise to this one.
Exercise 618 - Variety with Formulas consists of more general questions of this type and an overview to
answer the questions with fewer calculations.
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622 - Addition Rule of
Probability

Name:
Date:

Erasmus+

STUDENT

Tools: one 9 pcs Set / pair

Logifaces

MATHS / PROBABILITY

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
LEVEL 1
Students discuss the following observation: ﬁxing for example the block 223 and choosing one
other block from the 16 pcs Set at random, the following occurs:
Probability that the chosen block can be ﬁt to
a) the top face

7
15

b) any vertical face

9
15

c) any face

11
15

The sum of the probabilities in parts a) and b) is
explanation of this phenomenon?

16
15

, which is more than the probability in part c). What is the

LEVEL 2
Students discuss the following observation: ﬁxing for example the block 223 and choosing one
other block from the 16 pcs Set at random, the following occurs:
Probability that the chosen block can be ﬁt to
a) the top face

7
15

b) the vertical face 22

2
15

c) the vertical face 23

6
15

d) the vertical face 32

6
15

e) neither of the faces

The sum of the probabilities is

4
15
25
15

, because the sum of the numbers of favourable outcomes is 25, which is

more than the number of blocks in the Set. What is the explanation of this phenomenon?
SOLUTION(S)
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Grades 9-12 (A)
Duration: 40 min

623 - Cutting along Edges

Tools: one Logifaces block / student

Erasmus+

Pair / Group work
Keywords: Probability, Favourable
outcome, Total outcome

MATHS / PROBABILITY

TEACHER
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
WARM-UP QUESTION
Imagine that we have a Logifaces block made of paper. We want to cut along a few edges to get a net of the
block. How many edges should we cut along?
MAIN QUESTION
Choose 5 edges of a Logifaces block at random and cut along these edges. What is the probability that we get
a net of the block?
SOLUTIONS / EXAMPLES
Any block can be chosen, because only the relative location of the faces is important. All the blocks have 9
types of nets (see exercise 510 - Nets of Prism).
WARM-UP QUESTION
To get a net, we need to cut along exactly 5 edges. Then there are four edges that are not cut.
One way to see that exactly 5 edges are needed to be cut is to check that this holds for each net of the blocks
(see exercise 510 - Nets of Prism for the list of all nets).
We show another reasoning, because these observations help answer the main question.
- More than 5 edges cannot be cut, because at least 4 edges are needed not to be cut. To see this, one can
think reversed: one edge is needed to glue two faces together to form a polygon. Adding one more face needs
one more edge to glue along. Altogether 4 edges are needed to glue together 5 faces to form a potential net of
the block.
- Less than 5 edges cannot be cut, because at most 4 edges are needed not to be cut. To see this, we continue
the reverse thinking: suppose that 5 faces are glued together along 4 edges to form a polygon. To add one
more edge would mean to glue together 2 more edges of the polygon. This cannot be performed in such a way
that it remains a 2 dimensional shape, hence it cannot be a net of the block.
In fact, each net is a polygon consisting of the 5 faces in such a way that they are glued together to form a
connected polygon. Based on this, if we get a connected polygon after performing the ﬁve cuts, it must be a
net.
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MAIN QUESTION
Total outcome: 5 different edges can be chosen from the 9 edges of the block in 𝐶𝐶

5
9

=

9×8×7×6×5
5×4×3×2×1

= 126 ways.

We calculate the number of favourable outcomes by counting the unfavourable outcomes ﬁrst. The
unfavourable outcomes are the cases when the paper falls into two separate parts. This happens when the cut
edges form at least one cycle. The 5 cut edges can only form one cycle, and in each case, the paper falls into
two parts consisting of different numbers of faces. We count the cases by the part consisting of fewer faces.
In that way, the following list consists of every unfavourable outcome exactly once.
First, if all edges of a face are chosen, then this face is separated from the other faces:
- A triangular face has 3 edges, and the remaining two edges are chosen from the other 6 edges. Since there
are two triangular faces, this gives 2 × 𝐶𝐶

2
6

= 30 cases.

- A quadrilateral face has 4 edges, and the remaining one edge is chosen from the other 5 edges. Since there
are three quadrilateral faces, this gives 3 × 5 = 15 cases.

Second, when the part consisting of fewer faces consists of 2 adjacent faces:

- When this part consists of a triangular and a quadrilateral face, then every choice of a triangular and a
quadrilateral face gives a proper case, see the diagram. This gives 2 × 3 = 6 cases.

- This part cannot consist of two adjacent quadrilateral faces, 6 cut edges would be needed to separate them
from the other three faces, see the diagram.

The number of unfavourable outcomes is 30 + 15 + 6 = 51.
Hence there are 126 − 51 = 75 cases when cutting ﬁve edges at random results in a net, so the probability of
75
this event is 120 = 0. 625.
PRIOR KNOWLEDGE

The traditional model of probability, Net of a polyhedron
RECOMMENDATIONS / COMMENTS
Before the exercise, it is worth familiarising students with the nets of the blocks (see exercise 510 - Nets of
Prism).
This exercise is suitable for differentiation and group work. The groups can be encouraged to ﬁrst make a plan
and then divide the calculation tasks between the members.
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Name:

623 - Cutting along Edges
Erasmus+

Date:
Tools: one Logifaces block / student

MATHS / PROBABILITY

STUDENT
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
WARM-UP QUESTION
Imagine that we have a Logifaces block made of paper. We want to cut along a few edges to get a net of the
block. How many edges should we cut along?
MAIN QUESTION
Choose 5 edges of a Logifaces block at random and cut along these edges. What is the probability that we get
a net of the block?
SOLUTION(S)
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Introduction
In the Science chapter, we present exercises that focus primarily on Physics.
There are six different icons that refer to the topics of the exercises.
The icons indicate:
BALANCE

DENSITY

ENERGY

OPTICS

PRESSURE

VOLUME
Each exercise consists of four parts: Description, Solutions/Examples, Prior Knowledge and Recommendations/
Comments. The Description contains the instructions for the exercises. Further guidelines can be found in the
Recommendations/Comments part alongside the list of exercises to be solved before or after the exercise. Each
exercise has a teacher and a student version.
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Exercises

Grades 5 - 8
Duration: 20 min

Balancing Blocks

Tools: one 16 pcs Set / 1 to 4
students
Individual / Pair / Group work
Keywords: Balance, Equilibrium,
Balance scale

Erasmus+

PHYSICS

TEACHER
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
Take some blocks and a balance scale. Try to create a balance with different blocks on each side. The
challenge is to use more than one block on each side. Try to create a formula that correlates the heights of the
blocks with their weights.
SOLUTIONS / EXAMPLES
One method is pairing the blocks in order to create prisms with similar heights. Eg. 113+331 equals 233+112.
See the solution of exercise 603 - Pairing 16pcs for the possible pairing options of the blocks.
For example, blocks 113 and 133 are placed in one pan, and blocks 112 and 233 are placed in the other pan.
PRIOR KNOWLEDGE
None
RECOMMENDATIONS / COMMENTS
Exercise 603 - Pairing 16pcs is recommended before this exercise.
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Name:

Balancing Blocks

Date:
Tools: one 16 pcs Set / 1 to 4
students

Erasmus+

PHYSICS

STUDENT
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
Take some blocks and a balance scale. Try to create a balance with different blocks on each side. The
challenge is to use more than one block on each side. Try to create a formula that correlates the heights of the
blocks with their weights.
SOLUTION(S)
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Grades 5 - 8

Density, Volume

Duration: 20 min
Tools: one 16 pcs Set / 1 to 4
students, ruler, precision scale
Individual / Pair / Group work
Keywords: Precision scale, Average,
Mass

Erasmus+

PHYSICS

TEACHER
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
Students take the blocks and a precision scale with a resolution of 0.1 g and measure the weight of each type
of block. They compare the measurements of each group. What is the average of your measurements for each
block? Calculate the density of the beech wood material.
SOLUTIONS / EXAMPLES
After measuring the weights of the blocks, calculate the volume of them using the formula
1
= 3 (ℎ1 + ℎ2 + ℎ3) (see exercise 517 - Heights and Volumes for the formula and the Measurements of the

logifaces blocks for the results).

The results are listed in the table below.
Block

Volume (cm3)

Mass (g)

111

13.54

10

222

27.08

20

333

40.62

29

112

18.05

14

122

17.57

17

223

31.59

23

233

36.11

27

113

17.57

17

133

31.59

23

123, 132 27.08

20

Use the formula ρ =

to compute the density ρ of each block, where

stands for the mass and

for the

volume of the block.. Remember to convert cubic centimetres to cubic metres. The density is approximately
ρ = 0. 74 /

3

= 740

/

3

for each block.
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PRIOR KNOWLEDGE
None
RECOMMENDATIONS / COMMENTS
Exercise 517 - Heights and Volumes is recommended before this exercise to familiarise the students with
calculation of volume.
Exercise Pressure of Faces is recommended after this exercise as a related Physics exercise.
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Name:

Density, Volume

Date:
Tools: one 16 pcs Set / 1 to 4
students, ruler, precision scale

Erasmus+

PHYSICS

STUDENT
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
Students take the blocks and a precision scale with a resolution of 0.1 g and measure the weight of each type
of block. They compare the measurements of each group. What is the average of your measurements for each
block? Calculate the density of the beech wood material.
SOLUTION(S)
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Grades 5 - 8
Duration: 20 min

Energy

Tools: one 16 pcs Set / 1 to 4
students
Individual / Pair / Group work
Keywords: Precision scale, Average

Erasmus+

PHYSICS

TEACHER
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
Build a continuous surface and think about potential energy at the corners of the blocks, as well as at the
locations where a marble would have equilibrium or which locations are reachable from another location
without adding energy to the marble.
SOLUTIONS / EXAMPLES
The possible uses of Logifaces as game pieces were presented to the students and the rules of these games
were brieﬂy explained. Then the students were asked to build any surface with the blocks, and they should also
ﬁnd out about the movement of a marble from and at different locations.
PRIOR KNOWLEDGE
None
RECOMMENDATIONS / COMMENTS
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Name:

Energy

Date:
Tools: one 16 pcs Set / 1 to 4
students

Erasmus+

PHYSICS

STUDENT
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
Build a continuous surface and think about potential energy at the corners of the blocks, as well as at the
locations where a marble would have equilibrium or which locations are reachable from another location
without adding energy to the marble.
SOLUTION(S)

471

Grades 5 - 8
Duration: 20 min

Optics

Tools: one 9 pcs Set / 1 to 4 students
Individual / Pair / Group work
Keywords: Light, Shadow

Erasmus+

PHYSICS

TEACHER
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
1. Examine the shadow of a point light source (e.g. phone torch)
a. What do the shadows look like that you can create with it?
b. What happens to the shadow when you move the block towards or away from the light source?
c. How does the shadow change when you change the angle of the light source?

2. Examine the shadow of an extended light source (e.g. 2 phone torches)
a. What do the shadows look like that you can create?
b. What happens to the shape of the shadow when you move the blocks towards or away from the light
sources?
c. How does the shadow change when you change the angle of the light sources?
SOLUTIONS / EXAMPLES
1. one light source: you can see the block casts a sharp shadow, which gets bigger when you move the block
away from the light source
2. two light sources/extended light source: you can see a dark shadow (core shadow) and lighter shadows
(partial shadow), which also change by moving the block.

PRIOR KNOWLEDGE
None
RECOMMENDATIONS / COMMENTS
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Name:

Optics

Date:

Erasmus+

Tools: one 9 pcs Set / 1 to 4 students

PHYSICS

STUDENT
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
1. Examine the shadow of a point light source (e.g. phone torch)
a. What do the shadows look like that you can create with it?
b. What happens to the shadow when you move the block towards or away from the light source?
c. How does the shadow change when you change the angle of the light source?

2. Examine the shadow of an extended light source (e.g. 2 phone torches)
a. What do the shadows look like that you can create?
b. What happens to the shape of the shadow when you move the blocks towards or away from the light
sources?
c. How does the shadow change when you change the angle of the light sources?
SOLUTION(S)
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Grades 5 - 8

Pressure of Faces

Duration: 20 min
Tools: one 16 pcs Set / 1 to 4
students, Ruler, Precision scale
Individual / Pair / Group work

Erasmus+

PHYSICS

Keywords: Area, Precision scale

TEACHER
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
Based on your previous measurements in the exercise Density, Volume, the students calculate the pressure
acting on each block side.
SOLUTIONS / EXAMPLES
1. Calculate the force exerted by the object.
Measure the mass and then convert the mass to force. (100 g = 1 N)

Block

Mass (g)

Force (N)

111

10

0.1

222

20

0.2

333

29

0.29

112

14

0.14

122

17

0.17

223

23

0.23

233

27

0.27

113

17

0.17

133

23

0.23

123, 132

20

0.2

2. The students calculate the areas of the faces of the blocks (see exercise 408 - Area Formulas for Polygons
for the formulas and Parameters of the logifaces blocks for the results).
3. Students calculate the pressure 𝑝𝑝 using the formula 𝑝𝑝 =

𝐹𝐹
𝐴𝐴

, where 𝐹𝐹 is force and 𝐴𝐴 is the area of the surface

that is in contact with the desk. Remember to convert square centimetres to square metres. Some example
results are listed in the table below.
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Block

Face

Force (N)

Area of the face

Pressure (Pa)

111

base triangle

0.1

10.83 cm2 = 0.1083 m2

0.923

111

vertical face

0.1

6.25 cm2 = 0.0625 m2

0.16

133

base triangle

0.23

10.83 cm2 = 0.1083 m2

2.124

133

top triangle

0.23

12.5 cm2 = 0.125 m2

1.84

133

rectangular face

0.23

18.75 cm2 = 0.1875 m2

1.227

4. Note that the smaller the surface, the greater the pressure when the force is the same.
PRIOR KNOWLEDGE
Mass, Force, Area, Pressure
RECOMMENDATIONS / COMMENTS
Exercises 408 - Area Formulas for Polygons and 517 - Heights and Volumes are recommended before this
exercise to familiarise the students with the formulas used to calculate the areas of the faces and the volumes
of the blocks.
Exercise Density, Volume is recommended before this exercise as a related exercise in Physics.
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Name:

Pressure of Faces

Date:
Tools: one 16 pcs Set / 1 to 4
students, Ruler, Precision scale

Erasmus+

PHYSICS

STUDENT
Logifaces

2019-1-HU01-KA201-0612722019-1

DESCRIPTION
Based on your previous measurements in the exercise Density, Volume, the students calculate the pressure
acting on each block side.

SOLUTION(S)
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Contacts

If you have any questions or comments, please contact us at:
Planbureau Ltd, Budapest

Daniel Lakos

daniel@planbureau.hu

Experience Workshop, Jyväskylä

Nóra Somlyódy

nora.somlyody@experienceworkshop.org

Lauder Javne School, Budapest

Ildikó Szarvas

szarvasildi@lauder.hu

Johannes Kepler University, Linz

Eva Ulbrich

eva.ulbrich@gmx.at

Petro Kuzmjak Primary and Secondary
Natalia Budinski
School, Ruski Krstur
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nbudinski@yahoo.com

Recommendations

coolmaterial
Logifaces, the „analogue game
for digital minds” uses sixteen
prisms and the idea of a tangram
to create one of the most
engaging puzzle games we’ve
seen in a while.
This sure as hell beats sudoku
as a way to wake up your brain in
the morning.
design milk
Logifaces is a new geometric
puzzle that stimulates the mind,
while also acting with some
nice-looking home decor.
altanimus
We want to get our hands on
these little prisms. Which is to
say, they look like they are really
fun to touch and play around
with. These blocks provide
a uniquely pleasing tactile
experience.

betterlivingthroughdesign
A game that looks like a tabletop
sculpture? Sure, why not?
mijlo
Logifaces serves as a unique,
mind-bending challenge, and an
eye-catching piece of interactive
home decor.
the freshpreneur
To push to completely go digital
has met the pull back of some
analogue systems and traditions.
We are currently somewhere in
between.
nido
Whether children or parents,
this is a great way to kill time
or simply treat yourself to a bit
of rest and ground yourself with
prism tinkering.

