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Abstract 

 
This article presents examples of the mathematics inherent in lives of the Negev 
Bedouins and examines interlacing of ethnomathematics in school mathematics.  
The particular descriptions of the Bedouin women’s craftwork in embroidery, 
weaving, and similar pursuits is based on theories of frieze and wallpaper groups 
and symmetries of color to elucidate the mathematics that occurs naturally in 
those pursuits. Another domain refers to the Bedouins’ heritage, as expressed in 
various games played by the Negev Bedouins, one of which this article describes 
fully, and with an eye toward using it as a math class activity. Brief discussion 
suggests a process for introducing ethnomathematics into a mathematics 
curriculum to promote likelihood of students’ understanding of mathematics that 
is present in current practices originating in the cultural tradition of the learners.   
 

Keywords: Negev Bedouins; Culture and Mathematics; Women’s Craftwork; Teaching 

Introduction 

A Case Study of the Role of Ethnomathematics among Teacher Education Students from Highly 

Diverse Cultural Backgrounds (Katsap and Silverman, 2008) was published in JMC (3, 1).  It 

describes the research methodology and findings with mathematics prospective teachers (MPT), 

Jewish and Bedouin alike, who came together in the Ethnomathematics Program (EP) in the 

Kaye College of Education in Beer Sheva, the Negev, Israel. The population demographics from 

which Kaye College derives its students leads to a student body of Negev Arab-Bedouin Muslim 

and Jewish students in approximately equal numbers. The Bedouin MPT attending the College 



Journal of Mathematics and Cultture  
)2(10 2016 August  

 017 5336-1558 -ISSN  

105  

from the Negev settlements come from families that follow the traditional ways of life and 

preserve the ancient customs and traditions, including the religious imperatives of Islam. Some 

Jewish MPT have religious backgrounds, others have secular. These variations, Jewish and 

Bedouin alike, among all the students in the course, explain the differences in the traditional 

practical mathematical knowledge from their own heritages.   

Moreover, that article (Katsap and Silverman, 2008) describes the program’s impact and shows 

examples of MPT’s learning of naturally occurring mathematics in the cultures of their own 

people and that of their peers. It also reveals various ethnomathematics activities derived directly 

from cultural experiences, outlines mathematics content of the course, and indicates mathematics 

pedagogy. An exposure to ethnomathematics assisted MPT to better understanding of 

mathematics rooted in socio-cultural settings and pointed to a new way for them to view 

mathematical concepts, one that can and should be used for linking school mathematics and 

naturally occurring mathematics in people’s lives. The article gives an account of academic 

mathematics topics brought to light in the course, on the one hand, and on the other, practical 

mathematics identified by each culture, Jewish and Bedouin. The intercultural dialogue that took 

place in the course was unique because it is not common in Israel that Arabic and Jewish 

mathematics students will listen, question, and conduct discussions across the cultural separation 

with such a high level of respect for one another as was evident in this course.  The summary 

indicated that the research demonstrated that Ethnomathematics in mathematics teacher 

education can influence the MPT’s professional development in such a way that they became 

more likely to incorporate humanistic and social aspects of mathematics in their transition from 

teacher education students to contractually employed teachers in schools. 

 

How did that research we presented in 2008 impact us in the ensuing years?  The 

ethnomathematics revealed in the Bedouin culture during the research period had a strong appeal 
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to us, leading to greater desire to learn it in depth, study, understand, and bring the 

ethnomathematics of the Negev Bedouins to the eyes of many.  We toyed with the idea of 

writing a book.  And so began Ada Katsap’s visits with many Bedouins of the Negev, Israel, to 

interview them and to collect original materials from them about their lives.  She took numerous 

photographs and wrote extensive notes that became the cornerstone for our book, published in 

2016: Ethnomathematics of Negev Bedouins’ Existence in Forms, Symbols, and Geometric 

Patterns.  Below is an image of the book’s cover and as it appears on the website of Sense 

Publishers, providing a glimpse into the book's content.  One of the topics in the book deals with 

a question, “Why and how might it be possible to use the naturally occurring mathematics of the 

Bedouins for enhancing the teaching and learning of school mathematics?”    

 

 
Link to SENSE Publishers Website for this Book 
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The book Ethnomathematics of Negev Bedouins’ Existence in Forms, Symbols, and 
Geometric Patterns overview   

The book presents an abundance of mathematics inherent in the lives of Bedouins of the Negev.  

The math can be explained within the fields of ethnomathematics and academic mathematics, 

thus being useful to explore interlacing of ethnomathematics motifs in school mathematics.  The 

reader will be able to recognize the ethnomathematical narrative gleaming throughout the Negev 

Bedouin culture; it can provoke a journey into their world, as well as attest to the beauty and 

sophistication of mathematics that occurs naturally especially in the women’s craftwork, and also 

in built structures, games, and in many other aspects of Bedouin life.   

The book opens with a narrative of Bedouin history followed by a brief overview of 

ethnomathematics. The essence of the book is an in-depth view of Bedouin women’s traditional 

handicraft through which they reflect social and cultural activities in weaving, embroidering, and 

similar pursuits. Their creations reveal mathematical ideas incorporated in embroidery 

compositions of repeated patterns of flowers and geometric figures in varying scales. Bedouin 

men construct dwellings, tents, desert wells, and such. They and their children play games 

attuned to sand and other features of the desert environment.   

The collected empirical data about the mathematical practices of the Bedouins of the Negev was 

examined.  The structures and systems that we discerned in the data are the bases for within 

which our work presents the various activities.  Those organizing structures and systems include 

symmetry groups, color symmetry groups, and others. Photographs document the examples of 

Bedouin ethnomathematics, are the subject of considerable analysis, and appear throughout the 

book. The book’s two concluding chapters include discussion about bridging the gap between 

mathematics experiences in school and those outside school. Also considered toward the end of 

the book are mathematically problematic situations embedded in Bedouin sociocultural heritage 

likely to appeal to teachers for use with school students from basic school level. The book 
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encourages readers to attend to the effort to utilize its findings to facilitate learning and teaching 

mathematics in the precollege grades. The following paragraphs recount some aspects of the 

subjects from our book.   

Ethnomathematics of Bedouin women craftwork 
 

The search for Bedouin embroideries in the Negev led to focusing on three scenes, the first one 

being the Desert Embroidery Factory, which commenced operation in the Negev Bedouin town 

of Laqye, and gives expression to a unique combination of art, culture, and employment for 

Bedouin women. Embroidery motifs created there are based on uniquely traditional Bedouin 

embroidery from the Negev area. The factory has a small yard and includes a visitor center and 

store, and serves as the gathering place for social meetings and lectures for both the embroidery 

and those who take an interest in it.   

The second scene was the Negev markets where women bring their merchandise: dresses, 

cushions, and decorations whose most prominent characteristic is an embroidery of many colors 

and patterns.  

And the third scene is the dwellings in the villages unrecognized by Israel and in the Bedouin 

towns in the Negev.  Of course, in reality those settlements exist.   “Unrecognized villages” is a 

political statement about some Bedouin settlements in the Negev that the government of Israel 

does not accept as legal.  Although the embroideries were the product of work of women from 

various settlements, we have found a common denominator characterizing the Bedouin 

embroidery in the Negev as a whole, one that sets it apart from those of their Bedouin 

counterparts in other regions, such as in Northern Israel and in Hebron with the Palestinian 

Bedouins. Our book provides a detailed description of the uniqueness of the Negev region 

embroidery and compares it with embroidery patterns originating among Bedouins from other 

regions.   
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Following are several examples from "Transformations, shapes and patterns analysis in the 

Negev Bedouins’ Embroideries," Chapter 6 of our book.  The symmetries of frieze and wallpaper 

groups theories come into use for particular descriptions of Bedouin women’s handicraft.  

We began by displaying frieze group features of the patterns of the commonly occurring strips in 

the Bedouins’ embroideries we collected. A frieze group is a mathematical concept used to 

classify designs that are characterized by repetition in one direction, based on the symmetries in 

the pattern. There are seven symmetry groups of Frieze patterns (Washburn and Crowe, 1988). 

We use the names of frieze groups and the notation for the symmetry group that were 

standardized and adopted by the International Union of Crystallography (IUC) in 1952. The 

symmetry groups of frieze patterns are named in the four-symbol format of the IUC notation: p, 

m or a, and numbers 1 or 2.  

All labels begin with "p," which denotes pattern, followed by "m" or "a," and conclude with “1” 

or “2.” For example, in pmm2, “p” means pattern, the first "m" means vertical reflection, the 

second "m" means horizontal reflection, and the last number "2" means a 180° rotation. The 

different quartet combinations indicate the kinds of motions that create the patterns.    

Examination of the frieze strips revealed that the most prevalent pattern in the Bedouin strips 

belongs to the frieze group denoted p1m1.  These strips have a horizontal reflection symmetry.  

Whether imaginary or real, a horizontal line in the middle of each strip acts as an axis of the 

symmetry that enables creation of equal twin parts. See the figures 1-4 below.  

 

 
Figure 1. Strip with symbolic notation p1m1- horizontal reflection symmetry 
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Figure 2. Strip with symbolic notation p1m1 - horizontal reflection symmetry     

 

 

 
Figure 3. Strip with symbolic notation p1m1- horizontal reflection symmetry    

  

 

 
Figure 4. Strip with symbolic notation p1m1 – horizontal reflection symmetry   

 

Two examples of kinds of frieze symmetry groups appear in the next two figures, 5 and 6.  

Figure 5 contains a combination of vertical and horizontal reflections (denoted pmm2), that is to 

say, the design simultaneously has horizontal and vertical reflection symmetry (without attention 

to the colors of the cells). This means that it is possible to imagine two perpendicular lines in the 

middle of the strip, and two axes of symmetry intersecting at 90°.  
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Figure 5. Strip with symbolic notation pmm2 –  horizontal reflection, vertical reflection, & 180° rotation    

In Figure 6, the frieze group of the strip has vertical reflection symmetry only (denoted pm11).   

This means that it is feasible to imagine a vertical line, an axis of symmetry, in the middle of the 

strip.   

 

 

 
 

Figure 6. Strip with symbolic notation pm11 - translation, vertical reflection only, no rotation    

A very rich and complex world comes into view from Bedouin women’s embroideries on the 

dresses and cushion pillows. We characterized the components of them through the features of 

the 17 wallpaper symmetric groups, according to IUC notation (Fedorov, 1891, completed by 

Polya, 1924/published in English in 1971). The emphasis was on the chest part (called toubs) of 

the dresses, and cushion pillows, as shown in Figures 7-9.   

In mathematics, a wallpaper pattern is any subset of the plane whose translational symmetry 

group is repetitive in two independent directions. A plane symmetry group, termed wallpaper 

group, is a mathematical classification of two-dimensional repetitive patterns, based on the 

symmetries in the patterns and having two independent translations. The symmetry groups of 

wallpaper patterns are denoted, according to the Hermann–Mauguin or International 

crystallographic notation (Hermann, 1928, and Mauguin, Ch. 1931) in the form of a two-symbol 
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to four-symbol system that combines the following letters and numerals: c, g, m, p, 1, 2, 3, 4, 6. 

In the standard crystallographic notation, the numerals 2, 3, 4, and 6 refer to rotations through 

angles of 180°(2), 120°(3), 90°(4), 60°(6). The crystallographic theorem in its basic form was 

based on the observation that the rotational symmetries of a crystal are limited to 2-fold, 3-fold, 

4-fold, and 6-fold, hence, the numeral 5 does not preserve the translational symmetry and 

therefore does not appear in the system.  All 17 groups have been used in the art and craft of the 

Muslim world for generations.  Our book presents details and references for this system.   

 

 
Figure 7. A chest part of dress for a woman 
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Figure 8. A full dress 
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Figure 9. A cushion pillow 

Figures 7 and 10 show the chest part of dresses, and corresponding IUC notation p4m (Washburn 

and Crowe, 1988). Their lattice type is square and has a rotation of order 4; the reflection axes 

intersect at 45°, and all rotation centers lie on reflection axes. 

 

 
Figure 10. A chest part of dress 

Figure 11 shows the chest part of a dress for which the corresponding IUC notation is p1.  The 

lattice type is rectangular, without rotation, and with translational symmetry only.  
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Figure 11. A chest part of dress 

The study of color symmetry groups has occupied, and still occupies, many researchers.  An 

example of two-color symmetry groups is provided by Ascher (1991), where analysis revealed 

symmetry groups in strip decorations that have been created by the Inca.  Figure 12 is an 

example of Bedouin handmade knitted decoration.  That knitting uses two types of patterns, right 

isosceles triangles and diamonds.  Negev Bedouin women invite the observer’s direct attention 

to the motif in which the particular coloring of the patterns in the embroidery influences the 

symmetry groups that one can recognize in the motifs.  Figure 12 shows a decoration that 

enables viewers to see in two different images, according to the selection of the background of 

the motif.  

 

 

Figure 12. A handmade knitted decoration 
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Chapter 7, “Patterns, colors, and designs in Bedouins rugs and decorations” of our book presents 

other Bedouin crafts, rugs, and decorations made by weaving.  Resources for these products were 

markets and also Bedouin lodgings, the same as for products described earlier.  The Laqye Negev 

Weaving Project in Laqye was an additional resource for information.    

   

   
Figure 13. Carpets and cushions in Laqye Negev Weaving showroom 

Our book presents a collection of original stripe patterns found in the Negev Bedouin rugs, 

carpets, and other belongings, a sampling of which appears in Figure 13 that were organized 

systematically by product type and available for purchase. Below we present some examples of 

the weaving products with explanations. Katsap and Silverman (2016, pp. 178-180) present a 

table that delineates the Bedouin strip patterns and shows their variations.  Figure 14 shows a 

carpet piece comprised of 5 patterns that appear in the table:   (a) 3 color segments with 

translation symmetry, (b) ladder pattern with bars, (c) ladder pattern without bars, (d) one-side 

comb, and (e) vertical line.  
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Figure 14. A portion of a carpet that the purchaser uses as desired 

The Bedouins who settled throughout the Negev desert wove many practical items which served 

their needs in the nomadic environment.  Figure 15 shows a woven cushion that reveals different 

combinations of the same colors. The weaver knew how to divide the colors between the 

combinations of groups and choose the appropriate color for the middle of the design to create a 

symmetrical and harmonious design.     

        
Figure 15. A woven cushion 

Figures 16 and 17 show a donkey bag and junk bag. Such accessories are very common in the 

unrecognized villages across the Negev.       	
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Figure 16. A donkey bag                                    Figure 17. A junk bag 

The foregoing section portrayed the embroidering and weaving products of the Negev Bedouin 

weavers and embroidery women.  Sole patterns and combinations of some patterns and colors in 

the artifacts expose the suggestive language of symbols of Bedouin society, descriptions of 

which appear in our book.   

Bedouins desert games as an educational tool 

Games are susceptible to mathematical and logical analyses, some relationships being evident, 

others not obvious. "Culture arises and unfolds in as play” (Huizinga, 1984, p. ix).   Hence, play 

is an activity integrally connected to cultural heritage and to the world that surrounds the players.  

Many games induce competition, along with a drive to improve one's play, and as a result, 

players may apply analytical thinking to further their understandings of games for which strategy 

might be possible.   Games may relate to players' cultural heritage, which is an integral part of 

the society to which they belong.  Various games played by the Negev Bedouins, elders and 

children's alike are a major part of leisure culture in the desert. Figure 18 shows a Bedouin child 

playing with stones.  
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Figure 18. This picture was published on 6/4/2008 in the section “Bedouin Children” 
 

Another domain draws upon Bedouin heritage, as expressed in various games played by the 

Negev Bedouins, one of which this article describes fully and with an eye toward using it as a 

math class activity. Six games played by the Negev Bedouins are presented in our book in a form 

suitable for implementing as a math class activity with children aged 6 to 14 years, according to 

the level of the class.  Play can be outdoors, at a sand station indoors, or simply indoors with the 

pieces on a classroom table or the floor.  Following is one of the six games described in our 

book, chosen because the game fascinated us, is common, as are the other 5, is challenging, and 

has this photo that engaged us (Katsap and Silverman, 2016, pp. 264-267).   

Noked or Mozkat - 5 Stone Game 

The Bedouin game Mozkat uses 4 small stones of equal size and 1 large stone, as in Figure 19. 

The large stone, known as Mozkat, which is in the top center of the figure, gave the game its 

name.  
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Figure 19. Bedouin 5 Stones in Mozkat Game 

 

Game description  

The players use their judgment to discriminate between “little” and “large,” comparatively sized 

as in the photo. The game is intended for two or more players, each of whom, in his turn, throws 

the Mozkat and distributes the little stones according to the rules of each stage.  The description 

below applies to two players, but by turns it can include more than two players. The objective is 

to do two things simultaneously: catch the Mozkat and arrange the stones, each stage offering 

different combinations. Each player tries to go through all the six stages, and if the player 

accomplishes them successfully, he wins 4 points. The winning player is the one who scores the 

most points.  Before they begin the game, the players decide on the winning number of points.   

We did not collect information about whether the number of players has any effect on 

determining the number of points required to win the game.  It was said that the number of 

points required to win the game does have implications for the number of rounds to play.  One 

complete round includes attempts at all six stages, unless players decide otherwise.  Our 

interviews led us to conclude that games usually consist of 12 to 16 points.  

Six point-scoring stages in stone arrangement and Mozkat throwing 

1. Stage one: 1+3 stone division means pick up 1 and then pick up 3, and throwing 

and catching the Mozkat.   

2. Stage two: 2+2 stone grouping and throwing and catching the Mozkat.   

3. Stage three: 3+1 stone grouping and throwing and catching the Mozkat.   
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4. Stage four: 4 stones grouping and throwing and catching the Mozkat.   

5. Touza Stage   

6. Gababa Stage   

Game Rules 

Starting the game:  Four little stones are scattered on the sand. 

 
1.  The first player puts the stones into a 1+3 grouping, throws the Mozkat into the air, and 

immediately throws 1 stone into the air. The players adjust height for their skill level and 

according to their perceptions of fairness.    He catches the stone, and while doing that must also 

catch the falling Mozkat with the same hand.  If he misses, the turn goes to his opponent; if he 

succeeds, he continues to stage 2.  We do not know one way or the other whether the stones are 

replaced to the original positions after each player’s turn, but we speculate that the players likely 

decide that question for themselves.  Furthermore, we speculate that the players decide whether 

one who did not succeed at any given stage has the chance next time at that same stage or must 

start over from the beginning.    

 

2.  The player – kneeling, sitting, or whatever comfortable position - puts the stones into a 2 + 2 

grouping, throws the Mozkat into the air, and immediately throws two stones into the air. He 

catches the two stones, and while the Mozkat is in the air catches two stones in one hand and 

while doing that must also catch the falling Mozkat with the same hand. Counting the Mozkat, 3 

stones will be in the air.  If he misses, the turn goes to his opponent; if he succeeds, he continues 

to stage 3.  

 

3.  The player puts the stones into a 3+1 grouping, throws the Mozkat into the air, and 

immediately throws 3 stones into the air.  He catches the three the stones, and while doing that 

must also catch the falling Mozkat with the same hand.  Counting the Mozkat, 4 stones will be in 

the air. If he misses, the turn goes to his opponent; if he succeeds, he continues to stage 4.    
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4.  The player throws the Mozkat into the air, and immediately throws 4 stones into the air. He 

must catch the four stones, and while doing that must also catch the falling Mozkat with the 

same hand. Counting the Mozkat, 5 stones will be in the air. If he misses, the turn goes to his 

opponent; if he succeeds, he continues to stage 5.  

5.  This stage is called Touza. Two fingers, the thumb and any other finger, of one hand are 

arranged to create a semi-circle on the sand. The distance between any two stones is 

approximately one shib’r, about the span of one hand.  The four stones are cast upwards behind 

the hand laid on the ground with the half-circle of the finger shape. Once the stones touch the 

ground, the player throws the Mozkat into the air.  He must sweep the four stones on the ground 

with one stroke through the half-circled fingers of the hand laid on the ground and must 

immediately catch the falling Mozkat before it hits the ground.  If he misses, the turn goes to his 

opponent; if he succeeds, he continues to stage 6.   

 

6.  This final stage is called Gababa.  At this stage, the player takes all four stones into both 

hands with open palms, throws the four stones into the air, and quickly turns his hands over, and 

tries to catch the stones on the back of the hands.  Apparently, Gababa does not involve the 

Mozkat.  Neither of our two sources mentioned it for this stage.  Completion of all the 6 stages 

scores points.   

The game continues until one of the players completes the pre-determined number of rounds, 

each of the 6 stages, unless decided otherwise at the start, and thus scores the number of points 

determined at the beginning as sufficient for winning, 4 points per round, and with 12 or 16 

points usually the agreed total to win. 

  
Game objectives in the area of mathematics: 

1.  Counting and adding of numbers.   

2.  Grouping the four pebbles into possible, allowable permutations, which are a subset of 

the complete set of partitions that sum to 4.   
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Obviously, this game requires considerable concentration ability.   

Ethnomathematics in math curriculum 

The brief discourse below is to suggest possibilities for incorporating mathematics, curriculum, 

teachers, and students with an ethnomathematical approach.  Izmirli (2011) explained broadly 

the connections between ethnomathematics and its potential for learning and teaching 

mathematics:  

The ethnomathematical perspective is cognizant and receptive of the impact of 
various cultural conventions and inclinations, including linguistic practices, social 
and ideological surroundings, for doing and learning mathematics. It regards 
mathematics education as a potent structure that helps learners and teachers to 
critique and transform personal, social, economic, and political constructs and 
other cultural patterns (p. 39).   

Introducing ethnomathematical approaches into mathematics curriculum and pedagogy is 

intended to make school mathematics more relevant and meaningful, and to develop 

ethnoknowledge, a term coined by Borba (1990), which is "acquired by students in the 

pedagogical action process of learning mathematics in a culturally relevant educational system" 

(Rosa and Orey, 2011, p. 48).  Integration of ethnomathematics in mathematics curriculum can 

lead to higher regard for mathematics among students, given its "inherent mathematical value in 

special cultures and societies" (Zhang and Zhang, 2010, p. 157). Taking that standpoint into 

account, education must enhance cultural dignity (D'Ambrosio, 2002), and it should base 

learning and understanding of mathematics on recognition that students learn better than 

otherwise when they can use sources created by their communal peers to complement other 

materials, including textbooks (Darling-Hammond & Bransford, 2005).   

One of the classroom activities that Katsap and Silverman (2008) explained pertains to 

preservice teachers reproducing the process that Bedouin women use to weave a specific carpet 

pattern.  These teacher education students described and showed the Bedouin women’s process 

as follows:  "measure the width of each part of carpet, starting at the right-hand edge of the 

carpet and proceeding successively… to the midline of the image;” [the actions] "require careful 
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measuring and counting of stitches.”  In this activity, the MPTs teachers identified with Bedouin 

women who do such carpet weaving, as expressed by this comment from one of the MPTs: 

 The conversation conducted inside the college class about the geometric figures 
and the kinds of geometric transformations [that] appeared in the carpets built a 
bridge between academic mathematics and outside classroom life, and it 
permitted mathematical-socio-cultural dialogue, thus facilitating better 
understanding of several transformations. (p. 86).   

 

Our research indicates that creation of a linkage between the prospective teacher's culture and 

academic mathematical concepts in school curricula can lead to a special sense of satisfaction 

with their learning of mathematics, as well as with their teaching it.   The teachers’ personal 

stories of naturally occurring mathematics in their own life experiences can be a model for the 

same to arise in the math learning of their students.  Ethnomathematics can serve teachers well 

for eliciting students’ authentic examples and problems couched, first, in common language, and 

later in the language and symbolism of formal mathematics associated with mathematics content 

courses.   

A Summary 

We advocate that the purpose of education is to create a sound basis for individual growth and 

development of the learners, so that learning will remain an inseparable part of their lives. 

Ethnomathematics opens doors, new to some, into the understanding of mathematics with 

respect to culture and personal experience.  Thus, heritage - in the form of enduring practices, 

traditions, and general cultural elements of the learners - gains a substantive place in the teaching 

and learning of mathematics.   

Our book brings forth examples of the mathematics embedded unobtrusively, that is, naturally 

occurring, in the daily lives of the Bedouins of the Negev. It furthers the realization that 

mathematics, the academic discipline, has its roots in the everyday experiences of everyone, 

across time and cultures, and is evident, in particular, in the Negev of Israel among the Bedouins 
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who inhabit those glorious desert expanses.  Our book's examples may support, or even inspire, 

teachers of school mathematics, university faculty in mathematics education and content, and in 

some instances educators in other subject areas.  In particular, though, a desirable outcome is to 

motivate educators to do more than is common with respect to linking mathematics and culture 

in teaching and learning mathematics in ways that benefit both students and teachers, thereby 

utilising the complementary relationship between ethnomathematics and academic mathematics.   
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