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Postage stamps are occasionally issued in sheetlets of n dif-
ferent stamps printed in an n× n array containing n of each
of the n stamps. Sometimes the n × n array forms what we
call a philatelic Latin square (PLS): each of the n stamps
appears exactly once in each row and exactly once in each
column. In Figure 1 we display such a sheetlet (in full with
selvage) with n = 4.
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Figure 1. Four international scientific congresses:
Canada 1972, PLS type a324.

In July–August 1972, Canada hosted four international
congresses concerned with the exploration and development
of the earth and man’s activities on the planet. Featured on
the stamps in Figure 1 (top row, left to right) are: (1) aerial
map photography, for the 12th Congress of the International
Society of Photogrammetry, (2) contour lines, the 6th Inter-
national Conference of the International Cartographic Asso-
ciation, (3) a geological fault (cross-section of the crust of
the earth, showing different layers of material), for the 24th
International Geological Congress, (4) aerial view, for the
22nd International Geographical Congress.

The 4×4 Latin Squares
There are just four 4 × 4 Latin square matrices in reduced-
form, i.e., 1234 in the top row and first column:

La =


1 2 3 4
2 3 4 1
3 4 1 2
4 1 2 3

 , Lb =


1 2 3 4
2 1 4 3
3 4 1 2
4 3 2 1

 , (1)

Lc =


1 2 3 4
2 4 1 3
3 1 4 2
4 3 2 1

 , Ld =


1 2 3 4
2 4 1 3
3 1 4 2
4 3 2 1

 . (2)

Permuting the last three rows of each of the four Latin square
matrices La,Lb,Lc,Ld generates 6 Latin squares and so
there are 24 standard-form 4 × 4 Latin squares in all. By
standard-form we mean that 1234 is in the top row but not
necessarily in the first column. We will refer to these 24
standard-form Latin squares with a letter a, b, c, d and three
numbers as they appear in column 1, rows 2,3,4. Thus the
PLS in Figure 1 is of type a324 and may be represented by

L(324)
a =


1 2 3 4
3 4 1 2
2 3 4 1
4 1 2 3

 . (3)

We note that L(324)
a and the array of 16 stamps in Figure

1 are in Sudoku form in that the four stamps each appear
once in the top left, top right, bottom left, and bottom right
2×2 corners, and so the full Latin square is the solution to a
mini-Sudoku puzzle; Yates [37, p. 455] says that such Latin
squares have “balanced corners”.

Latin Squares and Experimental Design
We were surprised to find that 4 × 4 Latin square designs
have been used in printing postage stamps, with the first such
use apparently being in 1972 (by Canada, Figure 1). Latin
square designs of size 4 × 4 have been used in Europe at
least since the 13th century, when the Majorcan writer and
philosopher Ramon Llull (1232–1316) published his “First
elemental figure” in his Ars Demonstrativa in 1283.

There is a huge literature on Latin squares, see, e.g.,
[1, 5, 9, 23, 29, 32]. It was observed by Ritter [23] that:
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It seems that Latin squares were originally
mathematical curiosities, but serious statistical
applications were found early in the 20th cen-
tury, as experimental designs. The classic ex-
ample is the use of a Latin square configura-
tion to place 3 or 4 different grain varieties in
test patches. Having multiple patches for each
variety helps to minimize localized soil effects.
Similar statements can be made about medical
treatments.

Laywine & Mullen [15, ch. 12, p. 188] noted

While the study of Latin squares is usually
traced to a famous problem involving 36 offi-
cers considered in 1779 [12] by Leonhard Euler
(1707–1783), statistics provided a major moti-
vation for important work in the early and mid-
dle decades of the 20th century. Indeed many
of the most important combinatorial results per-
taining to Latin squares were obtained by re-
searchers whose primary self-description would
be that of a statistician.

Indeed it seems that the name Latin squares is due to Euler,
who used Latin characters as symbols [36]; we have found
six stamps [29] issued in his honor.

In the Second Edition of their Handbook of Combina-
torial Designs, Colbourn & Dinitz [5, p. 21] identify, in
their timeline of the main contributors to design theory from
antiquity to 1950 (consecutively, born between 1890 and
1902):

Sir Ronald Aylmer Fisher (1890–1962),
William John Youden (1900–1971),

Raj Chandra Bose (1901–1987),
Frank Yates (1902–1994).

Latin squares have, however, been used in the statisti-
cal design of experiments for over 200 years. In random-
ized controlled trials, often there are too many treatments to
cross to have replicates in each factorial treatment combina-
tion. The idea of Latin square designs allows main effects to
be estimated and tested for significance. The general idea of
factorial design with replication, though, has also been im-
portant in scientific research and in the history of statistics.

As described by Preece in his excellent survey on “R. A.
Fisher and experimental design: a review” [19], probably
the earliest use of a Latin square in an experimental design
was by the agronomist François Cretté de Palluel (1741–
1798), who in 1788 published a study [6, 7, 28] of an ex-
periment involving the fattening of 16 sheep in France, four
of each of four different breeds. The advantage of using
a Latin-square design in this experiment was that only 16
sheep were needed rather than 64 for a completely cross-
classified design. The purpose here was to show that one
might just as well feed sheep on root vegetables during the
winter; this was much cheaper, and easier, than the normal
diet of corn and hay. For further details see the 1999 article
in Chance by Ullrich [33], and the more recent publications
[1, 4, 30, 32, 34]; see also [20, 21, 22].

Latin Squares and Postage Stamps

In this article we present examples (Table 1) of 10 differ-
ent types of 4 × 4 philatelic Latin squares from 10 differ-
ent countries: Albania, Canada, Gambia, Guinea, Guinea-
Bissau, Hong Kong (China), Malawi, Pitcairn Islands, Por-
tugal, Tristan da Cunha from 1972–2009. The stamps feature
several different topics: animals, artworks, birds, Mickey
Mouse, and scientific congresses. As the mathematics ed-
ucator William Leonard Schaaf (1898–1992) wrote in his
1978 book [25, p. xiii] “The postage stamps of the world
are, in effect, a mirror of civilization.”

Table 1. Standard-form 4× 4 Latin squares and PLS counts and examples.

PLS 
type

Sudoku 
form special special # PLS 

identified WWF Macau Figure topic country year WWF

a234 54 43 2 2 Mickey Mouse Albania 1999 0

a324 1 block-Latin backwards 
circulant 3 2 0 1 scientific 

congresses Canada 1972 0

a342 1 1 1 0 3 subantarctic 
fur seals

Tristan da 
Cunha 2004 1

a432 block-Latin forwards 
circulant 36 26 0 4 Lilian's 

lovebirds Malawi 2009 1

b324 1 centro-
symmetric 51 13 29 5 art works Hong Kong 2002 0

b342 1 1 1 0 6 African buffalo Guinea-Bissau 2002 1

b423 1 Hudson 
systematic 8 2 0 7 Pyrenean 

desman Portugal 1997 1

b432 1 block-Latin 3 1 0 8 black-crowned 
crane Gambia 2006 1

c342 1 1 0 9 baboons & 
mangabeys Guinea 2000 1

d324 centro-
symmetric 1 1 0 10 terns & 

noddies Pitcairn Islands 2007 1

total 6 159 91 31 7

CHANCE Volume 23, Issue 1, Winter 2010
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As of November 24, 2009, we have identified 159 exam-
ples of PLS from 75 countries (stamp-issuing authorities)
but only PLS of these 10 types of 4× 4 standard-form Latin
squares:

a234, a324, a342, a432, b324, b342, b423, b432, c423, d324;

see Table 1. We have, however, found 4 × 4 PLS of these
5 types a243, a423, c324, d243, d342 embedded in sheets of
more than 16 stamps and we will discuss these in a further
article, in which we will also consider PLS of sizes 2 × 2,
3× 3 and 5× 5. We would be pleased to discover 4× 4 PLS
of types

b234, b243, c234, c243, c342, c432, d234, d423, d432.

Of these 159 PLS examples, 91 were issued for the
World Wide Fund for Nature (WWF) from 1988–2009 [14]
and 31 from Macau. The WWF is an international non-
governmental organization working on issues regarding the
conservation, research and restoration of the environment,
formerly named the World Wildlife Fund, which remains its
official name in the United States and Canada.

Philatelic Latin Squares of type a
The stamps shown in Figure 2 form a PLS of type a234,
which is a one-step backwards circulant, and is 2× 2 block-
Latin in that the top left 2 × 2 corner of four stamps is the
same as that in the bottom right corner, and the top right
corner of four stamps is the same as that in the bottom left
corner. This seems to be the most popular type of PLS—we
have found 52 examples (Table 1). The stamps were issued
by Albania in 1999 and feature Mickey Mouse, the cele-
brated animated character that became an icon for The Walt
Disney Company. Mickey Mouse was created in 1928 by
the well-known American film producer Walter Elias “Walt”
Disney (1901–1966) and the American cartoonist Ub Iwerks
(1901–1971).

The only PLS we have found of type a342 is shown in
Figure 3—it is also in Sudoku form like the PLS of type
a324 shown in Figure 1. The stamps were issued in 2004 by
Tristan da Cunha, a group of remote volcanic islands in the
south Atlantic Ocean, 1,750 miles from South Africa and
2,088 miles from South America and the most remote in-
habited archipelago in the world. Tristan da Cunha is a de-
pendency of the British overseas territory of Saint Helena,

1,510 miles to the north. Depicted in Figure 3 is the sub-
antarctic fur seal (Arctocephalus tropicalis), which is found
in the southern parts of the Indian and Atlantic Oceans.

The stamps shown in Figure 4 form a PLS of type a432,
which is a one-step forwards circulant and is 2 × 2 block-
Latin. This is a popular type of PLS—we have found 36 ex-
amples (Table 1). The stamps shown in Figure 4 were issued
in 2009 by Malawi and feature Lilian’s lovebird (Agapornis
lilianae), a small African parrot species. The Republic of
Malawi is a landlocked country in southeast Africa formerly
known as Nyasaland. The Scottish explorer David Living-
stone (1813–1873) reached Lake Malawi (then Lake Nyasa)
in 1859, and the British colonial government of Nyasaland
was formed in 1891.
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Figure 2. Mickey Mouse: Albania 1999, PLS type a234.
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Figure 3. Subantarctic fur seal: Tristan da Cunha 2004, PLS type a342.

Co
ur

te
sy

 o
f 

Gr
ot

h 
AG

Figure 4. Lilian’s lovebird: Malawi 2009, PLS type a432.

CHANCE Volume 23, Issue 1, Winter 2010
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Philatelic Latin Squares of type b
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Figure 5. Hong Kong Art Collections: Hong Kong, China 2002,
PLS type b324.

The stamps shown in Figure 5 form a PLS of type b324,
which is in Sudoku form and another popular type of PLS—
we have found 45 examples (Table 1), many from Macau and
from Hong Kong. The stamps shown in Figure 5 were issued
by Hong Kong, China, in 2002 and feature four works of art:
(top row, left to right) “Lines in Motion” by Chui Tze-hung,
“Volume and Time” by Hon Chi-fun, “Bright Sun” by Aries
Lee, and “Midsummer,” by Irene Chou. Hong Kong, which
was a British Crown colony until 1997, is now a Special Ad-
ministrative Region of the People’s Republic of China but
continues to issue its own postage stamps.

The sheetlet shown in Figure 6 comes from Guinea-
Bissau (Guiné-Bissau), in western Africa; formerly Por-
tuguese Guinea, upon independence, it added the name of
its capital, Bissau, to the country’s name in order to prevent
confusion between itself and the nearby Republic of Guinea
(République de Guinée), which was formerly French Guinea
(and which issued the stamps shown in Figure 9). Depicted is
the African buffalo (Syncerus caffer), a large African cloven-
hoofed mammal. This sheetlet is the only PLS of type b342
that we have identified.

The stamps shown in Figure 7 were issued by Portu-
gal in 1997 and depicts the Pyrenean desman (Galemys
pyrenaicus), a small semi-aquatic mammal that lives in the
Iberian peninsula; its body is like that of a muskrat, its nose
like that of a hedgehog and its feet like that of a duck-billed
platypus. The desman uses its snout as a periscope to breathe
above the water’s surface. The stamps form a PLS of type
b423, which is in Sudoku form.
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Figure 6. African buffalo: Guinea-Bissau 2002, PLS type b342.
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Figure 7. Pyrenean desman: Portugal 1997, PLS type b423.
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Figure 8. Black crowned crane: Gambia 2006, PLS type b432.
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Figure 9. Baboons & mangabeys: Guinea 2000, PLS type c423.
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Figure 10. Terns & noddies: Pitcairn Islands 2007, PLS type d324.

The sheetlet shown in Figure 8 forms a PLS of type b432,
which is in Sudoku form and is block-Latin. The sheetlet
comes from the Republic of The Gambia, commonly known
as Gambia, the smallest country on the African continental
mainland. It is bordered to the north, east, and south by Sene-
gal, and has a small coast on the Atlantic Ocean in the west.
Depicted is the Black Crowned Crane (Balearica pavonina),
a bird in the family Gruidae.

Philatelic Latin Squares of types c and d
The PLS of type c423 (Figure 9) comes from the Republic of
Guinea (République de Guinée) and features the Guinea Ba-
boon (Papio papio) in row 1, columns 1 and 2, and the Col-
lared Mangabey (Cercocebus torquatus) in row 1, columns
3 and 4. The Guinea Baboon is a baboon from the Old
World monkey family which inhabits a small area in western
Africa. It has reddish brown hair and a hairless, dark-violet
or black face, which is surrounded by a small mane.

The Collared Mangabey, also known as the Red-capped
Mangabey, White-collared Mangabey (leading to easy con-
fusion with Cercocebus atys lunulatus), or Cherry-crowned
Mangabey, is a species of primate in the Cercopithecidae
family; it is a long-tailed and long-legged, relatively large
monkey of gracile form with conspicuous white eyelids and
a mat of short, backwardly directed hairs on the crown.

Our last example of a PLS is of type d324 (Figure 10)
and the only PLS of this type that we have found; we call this
type criss-cross since the same stamp appears in each cell
in the main forwards diagonal, and the same stamp appears
in each cell in the main backwards diagonal. The stamps
were issued by the Pitcairn Islands, a British overseas ter-
ritory (formerly a British colony), the last remaining in the
Pacific. A group of four volcanic islands in the southern Pa-
cific Ocean, the Pitcairn Islands are best known as the home
of the descendants of the Bounty mutineers and the Tahitians
who accompanied them, an event retold in numerous books

Volume 23, Issue 1, Winter 2010 CHANCE
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and films.
Shown in row 1, column 1, is the Black Noddy (Anous

minutus), a seabird of the tern family. It resembles the
closely related Brown Noddy (Anous stolidus) in row 1, col-
umn 2, but is smaller with darker plumage, a whiter cap, a
longer, straighter beak and shorter tail. The Blue-grey Tern-
let (Procelsterna cerulea) in row 1, column 3, and the Sooty
Tern (Sterna fuscata in row 1, column 4, are seabirds of the
tern family (Sternidae).

Some Concluding Remarks
We do not know if the ten Latin square designs that we have
found used in printing postage stamps are also the ten most
popular for research design purposes, or if they are partic-
ularly advantageous relative to other possibilities. We note,
however that Latin squares of types b324, b342, b423, b432
all have “balanced corners” (which we call Sudoku form)
and are such that the treatment degrees of freedom can
be partitioned into two from the first group of contrasts
and one from the second [37, p. 455]; moreover b423 is
called “Hudson’s systematic square” [37, Fig. 4, p. 453]:
Abram Wilfrid Hudson (1896–1982) was a crop experimen-
talist with the New Zealand Department of Agriculture who
conducted an extensive correspondence [27] with “Student”
(William Sealy Gosset, 1876–1937); this correspondence
mainly concerned randomization, a practice which Hudson
unwaveringly opposed [24, p. 154].

Hudson’s “balanced Latin squares” b324, b342, b423 de-
fine magic squares in that in addition to the numbers in the
rows and columns all adding to 10 so do the numbers in
the main forwards and backwards diagonals; the only other
4 × 4 standard-form Latin square that has this property is
type d234, given by the matrix Ld in (2) at the beginning of
this article; we have not found a philatelic Latin square for
type d234.

The type b324 (Figure 5) is the second most popular
PLS and in addition to being in Sudoku form is also cen-
trosymmetric in that flipping the rows and then flipping the
columns yields the original design. In fact b324 is the only
type of 4× 4 Latin square in standard form, that is both cen-
trosymmetric and is in Sudoku form; the type d234 is also
centrosymmetric but is not in Sudoku form. In a follow-up
article, planned for the next issue of Chance, we will look at
2× 2, 3× 3, and 5× 5 philatelic Latin squares.
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