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1Introduction

Thispapergivesapersonalformalizationofthestringfiguresin
Chapters2and3ofJayne’sStringFigures:AStudyofCat’s-
CradleinManyLands[4]usingTomStorer’sstringfigurecalcu-
lus[9].Thisisa“personal”formalizationbecausetheconstruc-
tionsgivenbelowarenotexactly,moveformove,thesameas
thosegiveninJayne.Therearemultiplereasonsforthediffer-
encesinthecalculushereandtheconstructionsgivenbyJayne.

First,therearemoveswhichJaynedescribesstep-by-step
whichthecalculusallowsustonotatedirectly.Togiveacon-
creteexampleofthis,Jaynedoesnotusetheterm“tonavaho
aloop”andexplainstheoperationeachtime(e.gManyStars,
Sixthmove,p.50).Althoughshedoesnotusethetermin
herwriting,sheremarksthat,“followingDr.Haddon”,one
usestheverb“tonavaho”conversationally(p.20).Thestring
figurecalculushasnotationfornavahoingaloopandweuse
thisnotationbelow.Bydoingso,welosepotentiallyinterest-
inganthropologicalinformationaboutwhetherastringfigure
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practitioner performed a navaho move with their mouth, or the
opposite hand, or by a slight rotation of the wrists.

Second, Jayne gives step-by-step instructions for performing
manipulations that can be easily summarized. For example,
Jayne writes:

Third : Transfer the thumb loops to the index fingers
by taking up from below with the back of each index
the far thumb string. (Bogobo Diamonds, p. 43)

We can summarize this in the calculus as:

3
−→
1∞→ 2 ≡ −→2 (1f)# : 21.

If we only gave the loop-transfer formula, then there would be
a loss of information. The right hand side of the equivalence
tells us about a particular manipulation to accomplish the loop-
transfer.

Third, there are moves in Jayne which are difficult to notate
directly using the calculus. If I’ve found a simpler and equiv-
alent way to notate the figure, then I give that description of
it. An amusing instance of this kind of alteration is Two Elks
(§3.12). Jayne comments: “The Fifth and Sixth movements of
this figure exhibit what appear to be artificial methods, and yet
it is difficult to see how the same results could be produced in
any quicker or more simple procedure.” (p. 79) After some ex-
perimentation, I found that these moves were equivalent to a
double-navaho move ℓ1∞→ u1∞ (over) : N1 and so I’ve writ-
ten this simpler manipulation. To the best of my ability, I’ve
noted where these completely fabricated moves occur.

Given these differences, this paper represents my own per-
sonal interpretation of Jayne’s String Figures. It has no an-
thropological value per se and should not be used directly as a
basis for comparison of string figure corpora. However, it can
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beusedasaguidetovariousmovesoccurringintheliterature
andpossiblewaystonotatethemusingStorer’sstringfigure
calculus.

1.1Whoisthispaperfor?

Stringfiguresareararehobby.Inmyexperience,veryfewpeo-
pleareinterestedinlearningstringfiguresfrombooks.Even
feweryetareinterestedinnotatingstringfigures.Theamount
oftimeneededtolearnastringfigurenotationsystemsuch
asStorer’sstringfigurecalculus(orArrowCode[1],orMizz
Code[5])issohigh,andtherewardsaresoslight,thatveryfew
stringfigureenthusiastsinvestthetimetolearnasystem.To
thebestofmyknowledge,thereareonlytwopublicationswhich
haveseriouslydeployedStorer’sstringfigurecalculus:Mark
Sherman’sRationallyDesignedStringFigures[8]andEricVan-
dendriessche’sStringFiguresasMathematics[10].Thelatter
primarilyusesStorer’sconceptofaheartsequence(orconstruc-
tionusingloop-centricmoves)toanalyzestringfigureconstruc-
tionsfromananthropologicalpointofview.Toseethesort
ofanalysisthatthecalculusenables,seetheclosingsectionon
CarolineIslandDiamonds(§4).

Who,then,isthispaperfor?Itisforthestringfigurecom-
munityasaproofofconceptandasign.Thispapershowsthat
thestringfigurecalculusisarichandexpressivesystemcapable
ofbeingusedbypeopleotherthanitsauthorforavarietyof
purposes.ItshowsthatLATEXcanhandletypesettingthestring
figurecalculus.

Theidealreaderissomeonewhoserepertoireincludesahand-
fuloffiguresfromJaynebutwhodoesnotyetknowStorer’s
calculus.Onepossiblewaytousethispaperwouldbetoplay
throughsomefiguresthatyouknowandfollowalongwiththe
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notation. This is essentially Pete Seeger’s advice for learning
how to read sheet music: sing through a printed collection of
songs that you already know and follow the notation [7].

A word of warning is necessary here. The string figure cal-
culus is not well suited to learning figures. It is much better
suited for remembering the steps of a figure that you’ve learned
from some other source. The written calculus can help jog the
memory and help the fingers remember.

And so, this paper is for someone who wants to learn Storer’s
string figure calculus. The figures in Jayne are generally well
known in the string figure community. If you’re curious about
the string figure calculus, then you can “read” along with the
figures that you already know. When I first started learning
Storer’s calculus, it would have been immensely encouraging to
have such a source. I would have appreciated seeing more cal-
culus and various ways of employing the calculus. And so, this
article is written for someone who was like me about five or ten
years ago. That is to say, it is for a person with mathematical or
computational inclinations, who is curious about string figures
and finds Storer’s calculus exciting.

1.2 Why formalize Jayne?

Jayne’s monograph is the foundational work of the study of
string figures. It launched the enterprise of serious large-scale
collecting and recording string figures. The articles that pro-
ceeded Jayne’s work were brief and isolated, each containing
only a few figures from specific regions. Jayne contains many
figures from around the world, which she gathered at the 1904
World’s Fair in St. Louis. In particular, Chapter 3 contains a
beautiful complex of Navaho figures.

Everyone who endeavours to learn string figures eventually
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the 1∞ is twisted. Correcting for this twist gives the following
equivalence:

O.X : 5∞←−↑(1∞)→ 5 :<1∞ ≡ O.A : 25 :
−→
2∞→ 5

This is an equivalence of manipulations, none of which involve
W . Moreover, the left hand side of the equivalence consists
entirely of loop manipulation moves. Storer calls this kind of
loop manipulation construction is called a heart sequence con-
struction. An important property of loop specific manipulation
moves is that they are formally invertible. Thus, we can formally
write:

O.X ≡ 1 2

≡ O.A : 25 :
−→
2∞→ 5 : [5∞←−↑(1∞)→ 5 : <1∞]−1

≡ O.A : 25 :
−→
2∞→ 5 : >1∞ :

←−
5∞↓(1∞)→ 5

Thus, we have a constuction of O.X which consists almost en-
tirely of loop manipulation moves. The original construction
continues 3

←−
1 (5n) # 4 P . Adding these steps, we get an

alternative (re)construction of Caroline Island Diamonds.

O.A : 25 :
−→
2∞→ 5 : >1∞ :

←−
5∞↓(1∞)→ 5 :

←−
1 (5n) : P
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acquiresacopy(orseveral)ofJayne.Andso,itisthecom-
monheritageofthestringfigurecommunity.FormalizingJayne,
readingeverylinecarefully,tryingandre-tryingeveryconstruc-
tion,wasawayformetohonourthatheritage.Thisworkis
technicalandformulaheavy,butáchacunsongoût[3].

1.3Ontheformalityofthecalculus

Myperspectiveonthestringfigurecalculusisthatitisasemi-
formaldomainspecificlanguagefornotatingstringfigures.Much
likethenotationusedinknitting,thestringfigurecalculusis
well-suitedtodescribingthemanipulationsinvolvedinitsdo-
main.Itisnotatotalandallencompassingformalsystem.

Theworldofstringfiguresissovariedanddiversethatthere
arethingswhicharedifficultorimpossibletoannotateinthe
calculus.Whennecessary,I’veusedEnglishtodescribesomeof
thesemanipulations.Ihavealsotakenthelibertyofre-working
somefigurestomakethemeasiertoannotate.Re-workingfig-
uresisoneofthegreatjoysofplayingwithstringfigures;it
issimilartogivingconstructionsforfiguresknownonlyfrom
theirfinalpositionsbutwiththeaddedadvantagethatonehas
aconstructiononhand.Itisapleasant,methodical,sortof
tinkering.

Evenatitsmostformal,thestringfigurecalculusisrich
andexpressive.Thereareoftenmultiplewaystowritedowna
manipulation.Onecanincludeoromitinformationtomakethe
calculusmoreorlessinformative.Topickaconcreteexample,
Inotateddroppingboththumbloopsas21∞

(2)
inthefigure

OsageDiamonds(givenbelowin§2.4)eventhoughthedefault
interpretationof2FistoreleasealltheloopsonF.Oneisfree
towrite21or21∞

(2)
.Throughoutthispaper,I’vepreferred

annotationswhicharemoreinformativeastheycanbeused
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4CarolineIslandsDiamonds

“Agoodnotationhasasubtletyandsuggestiveness
whichattimesmakeitalmostseemlikealiveteacher.”
—BertrandRussell[6].

Thepointofthisfinalsectionistoshowhowthecalculuscan
beusedtoanalyzestringfigures.Weturnourattentiontothe
figureCarolineIslandDiamonds(p.260)fromChapterVIof
Jayne.Throughoutthischapter,therearemanyopeningsother
thanO.1andO.A.Generally,itisdifficulttorenderopenings
usingthestringfigurecalculus.Themanipulationsinvolved
usuallydonotlendthemselvestoannotation.However,itis
oftenpossibletogiveanalternativeconstructionofopenings.

CarolineIslandDiamondsisawonderfulexampleofafigure
withasimplere-construction.Themanipulationsbeloware
entirelyfabricated,andbearlittleresemblencetomovesused
intheoriginalfigure.Thefigurebeginswithauniqueopening
showninFigure606(p.262)ofJayne.Onecanconstructthis
openingfromO.Aasfollows:

O.A:25:>1∞→W:−→2∞→5

Theoriginalconstructionthencontinues2W∞→1(over).
LetuscallthispositionO.X.

O.X≡O.A:25:>1∞→W:−→2∞→5:W∞→1(over)≡12

Inthisconstruction,theWmovesfeelextraneous.Wemove
alooptoWonlytoimmediatelymoveitback.Noticethatthe
positionO.XiscloselyrelatedtoO.A.Wewouldliketomake
somemovestoget“closer”toO.A.Todoso,weliftthe5∞
throughthe1∞andreturnittothe5.ThisisclosertoO.Abut

20



to check the validity of a string figure construction “on your
hands”. If there are not two loops to drop, and one encounters
21∞(2), then something has gone wrong.

As I worked on these figures, I found it helpful to freely
add line breaks to the calculus. As in poetry, line breaks can
impact rhythm and flow. Adding line breaks was both a stylistic
choice to improve readability, and a technique for highlighting
“phrases” or “passages” (to use Braunstein’s term [2]) in the
constructions.

I hope that this paper inspires others to learn the string figure
calculus and use it for analysis. It is a wonderful framework for
writing, storing, and comparing figures. I feel that it is under-
utilized in the string figure literature because it has a significant
learning curve and is difficult to typeset. However, it is now
possible to typeset the calculus in LATEX. This paper is intended
to help ease the learning curve of the string figure calculus.

1.4 Table of Notation

The following table shows what notation we use in this pa-
per. This table is not meant to be used as an introduction to
the string figure calculus. The reader is encouraged to consult
Storer [9] for a more detailed discussion.

Notation Interpretation

O.X Opening X. Usually, O.A or O.1.

: Continue the construction.
−→
F The functor F passes away (in the ulnar di-

rection) over the strings.

6

3.13 A Rabbit (p. 79)

1 O.A

2
←−−
2 ∗ 3(1f) :←−2 (1n) # : 21|

3 1−→↑(5∞) : 1−→(5n+ u2f + ℓ2∞)#

4
−→
1 (2n) : 21∞(4) : 1−→(5f)#

5
−→
1 (u2n)# : N1

6 2u2∞

7
←−−−
H234 ↓ (1∞) : 25 (gently) #(H234)
←−
2 (1n) : 21

3.14 The Sun (p. 82)

1 O.A

2
←−−
2 ∗ 3(1f) :←−2 (1n) # : 21| [≡ −→1∞→ 2]

3 1−→(ℓ2∞) ̸= #

4
−→
1 ↓ (u2∞) : 1−→(5f)#

5 25|
6 H345←−−−(1f) : 21#(H345)

7
−→
1 (u2n) #(H345)
←−
H3(u2f + ℓ2∞)#(H45) : 2H45→ h∞
←−−
H45(u2f + ℓ2∞)#(H45)

8 Raise thumbs to extend until “The sun appears.”

When h∞ pulls through, “The sun sets.”
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F←−ThefunctorFpassestowards(intheradial
direction)underthestrings.

=⇒
FPassthefunctorFtotherightoverany

strings.

F⇐=PassthefunctorFtotheleftunderany
strings.

△sAsmalltriangleinthefigure.

♢Adiamondinsideafigure.

∞Aloopsurroundingafinger.

<F∞RotatetheFloophalfaturntowards.

>F∞RotatetheFloophalfaturnaway.

#Returnhandstonormalposition.

|Separatethehandsandextendthefigure.

IPerformafinalextensionofthefigure.

2Releasethespecifiedloops.

F1⋆F2UsefunctorsF1andF2topinchthestring.

̸=Loopsneednotbekeptdistinct.

nThenthmoveinJayne’sconstruction.

▽Asmalltriangleinthefigure.

PThePindikiextension.
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3.12TwoElks(p.75)

1O.A

2−→2(5n):−→1(ℓ2∞):1−→(5f)#:2u2∞

3←−− 2∗3↓(u1∞):←−2(ℓ1n)#:21∞
(2)
|

4←−− u2∞→1

5′−→1(5f)#:ℓ1∞→u1∞(over):N1

6′−→1(5n)#:ℓ1∞→u1∞(over):N1

722Itightlywhilerotatingwristsbackandforth

Themoves5′and6′arenottraditional.Theyareloop-move
equivalentstotheFifthandSixthmovesinJayne’sconstruc-
tion.Jaynecomments:“TheFifthandSixthmovementsofthis
figureexhibitwhatappeartobeartificialmethods,andyetitis
difficulttoseehowthesameresultscouldbeproducedinany
quickerormoresimpleprocedure”(p.79).Toturnthisprob-
lemonitshead,wenotethatitisdifficulttopresentthegiven
movesusingthestringfigurecalculus.
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2 Jayne’s Chapter 2

2.1 Apache Door (p. 12)

1 O.A

2 2∞ −→ W (over)

3
−→
1 (5n) ̸= # :

←−
5 (1f) ̸= #

4′
←−−−
1∞(2)(Wn) : 1∞(2)

−−−→(Wf) :
←−−−
1∞(2) → 1

5 2W and rub hands together magically : I

The move 4′ is non-traditional. It is loop-move equivalent to
the Fourth move in Jayne’s construction. Traditionally, this is
accomplished by positioning the hands so that all the strings
of the figure run between R1 and R2 and then lifting off 1∞(2)

carrying them over this mass of strings and then resetting them
on 1.

8

3.9 North Star (p. 65)

1 O.A

2
←−
3 (1f) # : 21 |

3 − 7 as in Many Stars.

3.10 Carrying Wood (p. 66)

1 O.A

2
−→
12(2f) : 12−→(5n)# : 25|

3 N1 : N2

4 > 1 hook down base of△s near thumb and extend.

3.11 Owl’s Net (p. 69)

1 O.A

2
−→
1 (2f)#

3
←−−
2 ∗ 3↓(u1∞) :

←−
2 (ℓ1n)# : 21∞(2)|

4
−→
1 ↓ (ℓ2∞) : 1−→(5f)# : 25|

5 H345←−−−(1n)#(H345) : 21| :←−−u2∞→ 1

6 H3←−(1f)#(H345) : 2H45∞ :
←−−
H45 ↑ (H3∞) : 2H3∞

7
←−
H3(s : lower string of pendant loop on s : 1f −H45)

2H45 :
←−−
H45 ↓ (H3∞) #H345

8 3←−↑(2∞) :
←−−
2 ∗ 3(1n) : 21 I
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2.2FightingHead-Hunters(p.16)

1O.A

2←−5(1n)̸=#21|
31−→(5n

(2)
)#25∞

(2)
|

4←−5(1f(2)
)#

5Arrangesothatacentral▽appears.
−→2↑(▽):←−2(s(2):1n)#

6Nℓ2∞:21∞
(2)
|

7[≫2]
3
untiltight:22∞

(2)

8Use5totugfigureapart.“Theyfightandtheyfight...”

Foradditionalnarration,toaddcolorto8,seeJaynep.20.
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3.6Two-HornedStar(p.58)

1−5asinManyStars.

62u1∞|
7N2

8−→1(2n)#:N1

9H3 ←−↑(1∞(2)):←−H3(s:uppertransversestringof▽)

21∞:−→2(2f)#(H3)

3.7TwoCoyotes(p.63)

1−3asinManyStars.

41−→↑(2∞):1−→(5f)#:25|
512−→(3n):2−→(3n)#:23|
6N2

7−→1(2n)#:N1

8H3 ←−↑(1−▽):
←−
H3(s:uppertransversestringof▽)

3.8BigStar(p.64)

1O.A

2−→1↓(2∞):1−→(5f)#

3−7asinManyStars.
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2.3 Sunset (p. 21)

This figure requires a longer than normal string.

1 − 4 as in Fighting Head-Hunters.

5 X2

6
←−
3 ↓(2∞) :

−→
3 (1f (2)) #

21∞(2) : 22 :
←−
3∞(2) → 1

7 Locate ▽ with base 5f (2).
←−
2
(
s(2) : sides of ▽

)
#

8
←−
3 ↓

(
2∞(2)

)
:
←−
3
(
1f (2)

)
#

9 21 : 22 : Extend via 2−→↑
(
3∞(2)

)
#

10

3.2 An Owl (p. 53)

1 O.1

2
⇐=
R2(Lp) # :≪R2∞

3
=⇒
L2(on the near side of R2) :

=⇒
L2(Rp) #

4 as in Many Stars 2 − 7 .

3.3 A Second Owl (p. 54)

1 O.A

2 ≫ 2∞
3 as in Many Stars 2 − 7 .

3.4 A Third Owl (p. 55)

1 − 3 as in Many Stars.

4 1−→↑(2∞) : 1−→(5n) : 25 |
5 − 7 as in Many Stars.

3.5 Seven Stars (p. 56)

1 − 5 as in Many Stars.

6 2u1∞
7 1−→

(
2n(2)

)
̸= # : Nℓ1∞

8 H3←−↑
(
1∞(2)

)
: (s : upper transverse string of ▽)

21∞(2) :
−→
2 (2f) #(H3)
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2.4OsageDiamonds(p.24)

1O.A

221|
31−→(5f)#

4−→1(2f)#
525|
6←−5(2n):←−5(ℓ1f)#
721∞

(2)
|

8−→1(5n)#
9′−→1(2n)#
10N1

11←−2↓(1−△s):<2(#):25I(palmsaway)

Forathoroughanalysisofthisfigure,seeStorerp.55-106.
Forthesakeofcomparison,hereisthecalculusgivenforthis
figure.

Noticethestylisticdifferences.Theoriginalversiondoes
noteincludelinebreaksandstepnumbers.Thetextismuch
morecompact.Onemightsaythatthenotationgivenhereisa
dialectoftheoriginalstringfigurecalculus.
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2.10BagoboTwoDiamonds(p.46)

1O.A

221|
3−→2(5n)#:25|
4−→1(ℓ2n):−→1(ℓ2f)#

5−→1(u2n):−→1(u2f)#

6←−3(u2n):←−3(ℓ2n)#
7N1I

3Jayne’sChapter3

3.1ManyStars(p.48)

1O.A

2−→1(5n)#
3←−3↓(u1∞):←−3(ℓ1f)#:21∞

(2)
|

4−→1↓(2∞):1−→(5f)#:25|
512−→(3f)#:23|
6N1:N2

7>1andhookdownbaseof△snearthumbtoextend.
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2.5 Osage Two Diamonds (p. 28)

1 O.A

2 21 |
3
−→
1 (5f) #

4
−→
1 (2n) #

5 N1

6
←−
2 ↓

(
1−△s

)
: 25 : <2(#) : I (palms away)

2.6 Dressing a Skin (p. 30)

1 O.A

2 25→ h∞

3
←−−
h∞(1n) by swinging loop over figure.

4
−→
1 (s : 2f − h∞)

−→
1 ↓(1∞) : 2ℓ1∞ I

2.7 A Fish-Spear (p. 32)

1 O.1

2
⇐=
R2(Lp)# : ≪ R2∞

3
=⇒
L2↓(R2∞) :

=⇒
L2(Rp) #

4 2R1 : 2R5 I
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2.8 King Fish (p. 39)

1 O.A

2 2R2 |

3
==⇒
HL2(Lp) :

==⇒
HL2↓(L2∞)

==⇒
HL2(Lp) #(H2) 2L1 : 2L5 |
#(HL2)

4 HL2∞→ L15

5′
=⇒
L2(Rp) #

6
←−
R2↓(R1∞) :

−→
R2(R5n) #

7


←−−
HL5(L2f)
−−−→
HR5

(
s : base of△s on R2∞

)
#(H5)

8 21 I

2.9 Bagobo Diamonds (p. 43)

1 O.A

2 25|
3
←−
2 (1f)# : 21

4
−→
1 (ℓ2n) :

−→
1 (ℓ2f) #

5
−→
1 (u2n) :

−→
1 (u2f) #

6
←−
3 (u2n) :

←−
3 (ℓ2n) #

7 N1

8 > L relative to R to extend.
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