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Title: Blueprint 

Topic symmetries, congruent planar projections, 

plant structures and organs, chemical structure of 

liquids, mechanical dyeing of fabrics, polar and 

non-polar liquids 

Time: four 45-minute 

lessons; not 

necessarily 

consecutive 

Age: 13-16  

years 

 

Differentiation 
 

Manipulative techniques are 

very easily performed. 
Topic motivates creativity 

towards original creative 

projects. 

 

 

 

Guidelines, ICT support etc. 

 space and time for pupils’ individual creative 

work 

 

Equipment needed for this 

activity 
Plastic stamps with various motifs, 

stamp colours, ink, white paper, grid 

paper, computer and beamer for 

teacher; computer laboratory 
eventually, chemicals: water, oil, 

methanol, 3 flasks, 3 burettes, funnel, 

plastic comb, wool (or paper towel), 
glass sticks 

 

Required knowledge 
symmetry, plant structures and 

organs, properties of liquids, 
molecules, electric charge 

 

Health and Safety 
Working with ink and colors (stamps, 

coloring flowers, dyeing fabric) can 

cause dirty clothes or parts of body or 
pupils working place. 

 Learning outcomes for this activity 

 

Pupils get the key information how to create the 

original geometrical pattern using stamps and grid 

paper. 

Pupils understand the principle of geometrical 

pattern repetitions and the role of geometric 

projections within the process of rhythmical 

patterns creation. 

Pupils are able to create patterns using ICT tools 

(GeoGebra). 
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Lessons description 

Starter Activity 

Discussing the blue print history.  Short video about blue print manufacturing. Postcards with 

blue print patterns produced by Slovak National Centre for Folk Art Production. 

Main Activity  

The first lesson - mathematics 

Worksheets 1A and 1B. 

Every pupil creates several (2-3) own compositions by stamping white paper. The aim is to 

become familiar with stamp figures; some figures are symmetrical. The first composition could 

be chaotic, the second and the third composition could be a little “organized”. Organization 

means finding symmetries or rhythms in the composition. Compositions are placed on a 

classroom wall or notice board.  Some pupils (teacher chooses them according to “the best 

composition” criterion) explain their ideas in composition creation and describe the symmetry 

or other geometric patterns the composition follows. 

The second lesson - mathematics 

Worksheets 2A-2C. 

Geometric symmetries introduction or previous knowledge revision (depends on the age of 

pupils and their familiarity with mathematics topics). Grid paper symmetrical ornament 

patterns are introduced. Pupils create ornaments using worksheets (ornament patterns 

completion) and/or create their own original ornament patterns. 

The third lesson – mathematics, ICT 

Worksheets 2D and 2E. 

GeoGebra is used for creation symmetrical ornament patterns. The level of GeoGebra files 

depends on how experienced pupils are with the software. The activity can be also used for 

introduction of specific GeoGebra functions. 

The fourth lesson - mathematics 

Gallery of compositions, discussion about patterns, pattern analysis from the point of geometry 

symmetries (axes of symmetry) identification. 

The fifth lesson – biology 

Worksheet 3 

The six lesson –mathematics and chemistry 

Worksheet 4 

Chemistry behind the process of creating patterns on the fabrics, white cold printing and 

dyeing fabrics with blue colour – discussion. Technology and the equipment of the blueprint 

workshop introduction. 
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Plenary 

Plenary is recommended after each lesson. 

Extension activities 

Museum visit. Folk art expert invitation and discussion. Newly established blueprint 

workshop visit. 

Extension text for teacher 

1. What is blueprint? 

It was the Dutch who on their trade voyages encountered a new way of fabric cold-

printing with the use of indigo blue. In the 17th century, the technique was further 

spread to German towns and eastwards to the rest of Europe. 

The first mention of blueprint use in the Slovak region is dated back to 1798, having 

been identified in a book of the fabric dyeing guild in Levoča. The oldest preserved 

piece of blueprint from our region is estimated to be made in Kremnica (1783) and in 

Dobšiná (1784). 

The natural source of the blue dye used in blueprint is Isatistinctoria, or woad. This 

plant was shipped to Europe from India at the end of the 17th century by the Dutch 

seafarers and traders. 

In 1771 there was a booklet published in Karlsruhe, Germany, which provided readers 

with information about techniques of dyeing linen with the use of indigo blue, 

although this information had been kept in secret by the fabric dyers for a long time. 

There are two ways of blueprinting – the negative blueprint for which bright patterns 

on dark blue background are typical, and the positive blueprint for which the opposite 

is characteristic. The former one is more popular and more used in Slovak folk 

blueprint. Blueprinted fabrics were used for dress tailoring, curtains, bed clothing and 

other home accessories. The positive blueprint is typical decoration of fabrics and 

other products in the Netherlands and Germany. 

From the half of the 19th century to 1946 there were blueprinting workshops in almost 

all Slovak towns. Nowadays, the blueprinting trade is becoming more and more 

popular again. 

The patterns and ornaments were painted on linen by hand, or imprinted from wooden 

stamps. In the past a mixture of kaolin and gum Arabic used to be applied for painting 

the patterns; these days semi-liquid aluminium acetate solutions are used for this sake. 

Next, the linen is bathed over and over in the indigo blue. After the fabric is taken out 

from the dye, the indigo reacts with the air, oxidise and the linen turns blue. The 

intensity of the colour depends on how many times the fabric was dipped in the dye. 
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The patterns, which had been painted with a brush or imprinted from a stamp, remain 

white (or have the original colour of the fabric). The patterns varied in the many 

Slovak regions. There are only a few preserved patterns in form of the original linen, 

stamps and other products, or in form of their pictures and photos. 

2. Theory of wallpaper symmetry groups in blueprint ornaments 

Some blueprint patterns (Figure 1) can be referred to as elements of wallpaper 

symmetry groups, which actually represent the mathematical term for re-appearing 

plane patterns. These groups are based on symmetries of the patterns. A wallpaper 

pattern is an ornament formed in an infinite bidirectional repetition of a single motif. 

Following these terms, it can be said that a wallpaper pattern is a kind of 

ornamentation with internal order. The ornament formation is not that simple; it 

requires abstraction, fantasy and imagination of some extent, and also intuitive or 

conscious geometric knowledge. 

    

Fig. 1 Original blueprint patterns used on gift postcards, The Centre for Folk Art 

Production 

The theory of wallpaper symmetry groups assumed importance at the end of the 19th 

century, simultaneously with the numerical theory of crystallographic groups. That is 

why the very first thinkers of the wallpaper symmetry groups were crystallographers, 

such as A. Bravais, E. S. Fjodorov, A. Schoenflies, W. Barlow, and H. Hilton. Besides 

wallpaper plane symmetry groups, they studied groups in three dimensional space. In 

1891, seventeen wallpaper groups were classified for the first time by the Russian 

crystallographer E. S. Fedorov. Since then, more and more works by designers and 

historians have appeared, studying the ornament development in various cultures from 

both the artistic and the mathematical point of view. 

The most important term for patterns designing activities is the term of symmetry. The 

symmetry of a pattern is defined as an congruent planar geometric projection which 

reflects the pattern to a congruent figure. The wallpaper groups serve for identification 

of the single patterns in ornaments, using principles of symmetries. On the other hand, 

symmetries of a pattern can be classified in terms of groups. In this case, symmetries 

of blueprint wallpaper correspond to an identity subgroup of Euclidean space, elements 

of which are congruent planar geometric projections. Thus, blueprint ornaments might 
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be analysed according to congruent geometric projections, i. e. axial and central 

symmetry, rotation, translation, glide reflection, and identity. 

Figure 2 depicts a brief analysis of two blueprint patterns with the use of wallpaper 

symmetry group theory. There is one elementary area marked in each of the patterns, 

and this area is periodically repeated, thus forming the pattern. 

  

Fig. 2 Elementary areas of Slovak blueprint historical patterns 
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Fig. 3 Dutch blueprint samples 
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Create a blueprint pattern with the use of stamps. 
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Create a symmetrical blueprint pattern with the use of stamps.
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Match motifs from the left with blueprint patterns on the right in which the motifs can be 

found. 
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Parts of motifs have been cut out from blueprint patterns. Complete the motifs in the grid 

using congruent planar geometric projections in order to draw the blueprint pattern. Write a 

brief construction protocol.  
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 WORKSHEET 2 C 
NAME   

AGE 

DATE 
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Choose a blueprint pattern, draw one part of it in the upper grid and the other part in the 

lower grid. Project the motifs using congruent planar geometric projections repeatedly, so 

that the whole grids are filled with the motifs and the product is a new blueprint pattern.
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Design your own blueprint patterns which consist of geometric planar shapes. Draw one 

motif in the upper grid and another one in the lower grid. Project the motifs using congruent 

planar projections, so that the whole grids are filled with them and the product is a new 

blueprint pattern. 
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Design your own blueprint patterns which consist of geometric planar shapes. Draw one 

geometric motif in each of the three grids below. Project the motifs using congruent planar 

projections, so that the whole grids are filled with them and the product is a new blueprint 

pattern.  Draw three blueprint patterns using a ruler and compasses and meeting the 

following requirements:  

a. The first pattern is drawn with the use of at least four parallel axes of 

symmetry.  

b. The second pattern is drawn with the use of at least four axes of symmetry 

which intersect in one common point and which form angles of equal sizes.  

c. The third pattern is drawn with the use of at least four axes of symmetry, 

while some of the axes are parallel to each other and some of the axes 

intersect them.  

 

Each of the ornaments should be a stylization of geometric planar shapes. It means 

that with the use of circles, lines, or their segments you should draw, for example, 

a flower, a mushroom, a plant, an animal, etc.  
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Blueprint is a special technique that arrived to Europe (also Slovakia) from the 

Orient. The important component of the process of blueprinting is Indigo, which was 

originally extracted from the Indigofera Sumatrana plant found primarily in India. 

Indofera Sumatrana belongs to a large genus Indigofera containing over 750 species 

of flowering plants belonging to the family Fabaceae. They are widely distributed 

throughout the tropical and subtropical regions of the world. 

 

 

Morphology of plants 

 

Task 1: Identification of plant structures and organs of Indigofera Sumatrana. 

 

In this task, you are required to answer the following questions and choose the right 

answer (to resolve this task use the picture of  Indigofera Sumatrana shown below). 
 

 

 
 

Figure 1. Indigofera Sumatrana. 
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1. Which kind of leaf lamina is typical for Indigoferia Sumatrana? 
 

a) acicular      b) elliptical     c) ovate   d) rotund e) cordate

  

 

 
 

 

2. Which kind of compound leaf is typical for Indigoferia Sumatrana? 

a)Unipinnate 

paripinnate 

b) Unipinnate 

imparipinnate  

c) Bipinnate d) Tripinnate e) Decompound 

 

 

 
 

3. Which kind of inflorescence is typical for Indigoferia Sumatrana? 

 

  a) Racema                     b) Panicle              c) Spike          d) Umbel                   e) Compound umbel 
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4. Which kind of corolla is typical for Indigoferia Sumatrana? 
 

  a) Campanulate b) Tubular                   c) Infundibuliform                      d) Papilionaceous 

 

 
 

5. Which kind of fruit is typical for Indigoferia Sumatrana? 
 

  a) Legume                        b) Siliqua                     c) Silicula                      d) follicle        e) Lomentum 
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Blueprint is a special technique that arrived to Europe from the Orient. A clean linen cloth is 

dyed in a mixture of kaolin and gum Arabic (or today rather semi-liquid aluminium acetate), then 

painted  by hand or a wooden form and then immersed several times into a cold dying solution of 

indigo, lime and copperas.  When exposed to oxygen in the air, the cloth changes colour to blue. 

Indigo is a challenging dye, because it is not soluble in water, but is easily reduced by 

sodium dithionite (sodium hydrosulphite, Na2S2O4) in a strong alkaline solution to produce a 

water-soluble leucoindigo.  

 

 
 

This leuco base is strongly attracted to cellulose as it has large pores into which the dye 

molecules easily fit.  Upon exposure to oxygen in the air, the dye molecule rapidly oxidizes to its 

insoluble form, but by then it has already been trapped inside the cellulose fibre; due to its immense 

size, it cannot be removed at all easily.  When a fibre is placed in the indigo white solution, the indigo 

white penetrates into the fibres and makes loose chemical combination which is oxidized back to the 

insoluble indigo blue. The colours from this dyeing process, the vat method, are very resistant to 

washing because the dye is insoluble in water. 

 

The most important point in these pathways is solubility of leucoindigo and non solubility of 
indigo in water. What rule is there to determine if substances (indigo and leuco indigo) will form 

solutions with water? To understand the process of indigo dyeing and its solubility, we must first look 

at the chemistry and physics behind it. 

 
Task 1: The chemical structure of liquids. 
Chemicals: water, oil, methanol 

Materials: 3 flasks, 3 burettes, funnel, plastic comb, wool (or paper towel) 
 

Instructions: 

1. Fill the burette with water and let flow steady stream of water. 

2. Rub the comb with wool (or paper towel) for about 10 seconds. 

3. Bring the comb near the stream of water, but do not let the comb touch the water 

4. Note what happens to the stream 

5. Repeat the same process with oil and methanol. 

 

Results: The comb causes the change in flow of water and methanol, but does not influence the flow of 

oil. 

 



 WORKSHEET 4 Blueprint chemistry, physics 
NAME   

AGE 

DATE 

 

 

2 

 
 

 

 

Mechanism:  

When you rub the comb with wool, some of 

the electrons from wool are transferred to 

the comb. This gives the comb a negative 

charge.  

 

 
 

 

The water (and methanol) shows to be 

attracted by the negative charge comb, 

which means that molecules of water (and 

methanol) are polarized (oil does not 

interact with comb, so oil has to be non-

polar).   

 

 

 
 

 

 

 

Explanation: The water molecule, as a whole, has 10 protons and 10 electrons, so it 

is neutral. In the water molecule (also methanol), the oxygen atom and hydrogen 

atoms share electrons in covalent bonds, but the sharing is not equal. In the covalent 

bond between oxygen and hydrogen, the oxygen atom attracts electrons a bit more 

strongly than the hydrogen atoms. The unequal sharing of electrons gives the water 

molecule (also methanol) a slight negative charge near its oxygen atom and a slight 

positive charge near its hydrogen atoms. When a neutral molecule has a positive area 

at one end and a negative area at the other, it is a polar molecule.  

Task 2: Solubility of polar and non-polar liquids. 
Chemicals: water, oil, methanol 

Materials: 2 flasks, glass sticks 
 

Instructions: 

1. Fill both flasks with water. 

2. Add methanol into the first flask and carefully mix the content. 

3. Add oil into the second flask and also carefully mix the content. 

4. Describe what happens in both flasks. 
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Results: We noticed that if we add oil to a flask with water, it floats on the surface instead of mixing. 
On the other hand methanol and water are homogeneously mixed in the second flask. 

 
Explanation: The rule for determining if a mixture becomes a solution is that polar molecules will mix 

to form solutions, but a polar and non-polar combination will not form a solution. 

In comparison with previous explanations we could conclude that: 
 

 

- Molecule of Indigo is non-polar. 
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Molecule of leucoindigo is polar, because 
the leucoindigo molecule has a slight 

negative charge near its oxygen atom and a 

slight positive charge near its sodium 

atoms. 

 

 

Indigo is a non-polar molecule and this is a key reason why water and indigo do not mix. 

Only other polar molecules can dissolve in water, therefore leucoindigo as polar liquid is 

soluble in water. 
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