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To obtain more complete tables of letter sequences varying in order of 
approximation to English than those generally available, sequences of zero 
through fourth-order approximation were computer-generated using tables of 
single-Ietter, digram, trigram, and tetragram frequencies. Two sets of tables are 
presented. One consists of 100 randomly selected 10-letter sequences of each of 
zero to fourth-order material. The other consists of 40 8-letter sequences of each 
type, selected with the restrietion that no letter appear more than once in the 
sequence. 

In attempts to manipulate 
familiarity while controlling 
meaningfulness, many studies of short
and long-term memory and of 
tachistoscopic word recognition have 
employed stimuli differing in order of 
approximation to English (e.g., 
Baddeley, 1964; Mewhort, 1967; 
Mewhort, Merikle, & Bryden, 1969; 
Merikle, 1969; Miller, Bruner, & 
Postman, 1954). Different orders of 
approximation to English reflect 
various degrees of sequential 
dependencies of English with 
higher-order approximations more 
closely resembling ordinary English. 

The concept of orders of 
approximation to English dates back 
to Shannon's (1948) original work in 
the field of information theory. A 
zero-order approximation to Enligsh is 
simply a string of letters selected at 
random, while a first-order 
approximation takes into account the 
relative frequency of the single letters 
of the alphabet. In a second-order 
approximation, each pair of letters is 
selected in such a way as to reflect the 
digram frequencies of English, and so 
on. In general, it is possible to 
construct sequences of nth order 
approximation to English, given the 
relative frequencies of the n-grams in 
English. 

In practice, several different 
methods have been used to obtain 
orders of approximation to English. 
Miller & Selfridge (1950) and Shannon 
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(1951) employed a guessing technique 
that takes advantage of the normal 
adult's familiarity with English letter 
sequences. Here, a person would be 
shown a sequence of letters and asked 
to construct a word using the sequence 
of letters. The first letter he added to 
the string would be incorporated into 
it, the original first letter dropped and 
the new string passed on to another 
individual. While this is an interesting 
and often entertaining classroom 
demonstration, college students 
misjudge the relative frequencies of 
individual letters (Attneave, 1953), 
not to mention digram or polygram 
frequencies. 

Miller, Bruner, & Post man (1954) 
followed a basically similar procedure, 
but used text material rather than 
people to generate their material. 
Their procedure required a rather 
laborious search of text material for 
the recurrence of particular strings of 
letters. An alternative method would 
be to make use of a complete table of 
the frequencies of n-grams of a given 
order. 

The most complete available tables 
of different orders of approximation 
are those of Miller, Bruner, & Postman 
(1954). They provide 15 eight-letter 
sequences of zero-, fust-, second-, and 
fourth-order approximation. Since 
many experiments require longer 
sequences or more than 15 examples 
of a given order of approximation, it 
seemed worthwhile to attempt to 
generate such material. 

In constructing our orders of 
approximation, we made use of the 
tables of single-letter, digram, trigram, 
and tetragram frequencies published 
by Mayzner & Tresselt (1965) and 

Mayzner, Tresseit, & Wolin (1965a, b). 
Our procedure is best illustrated by an 
example of how a third-order 
approximation was constructed. Given 
an initial digram, let us say ST, all 
tri grams commencing with ST were 
weighted by assigning them a set of 
numbers proportional to their relative 
frequency. A random number was 
then drawn to indicate which letter 
should be added to our sequence. 
Suppose this letter were E: we would 
then add E to our sequence to make 
STE and repeat the procedure with 
tri grams commencing with TE. This 
procedure was carried out iteratively 
until it reached a point where all 
trigrams commencing with the desired 
digram had observed frequencies of 
zero. The resulting strings of letters, 
making use as they do of observed 
polygram frequencies, should be 
limited only by the accuracy of the 
original frequency counts. 

To obtain the desired letter 
sequences, we generated 10,000 letters 
at each order of approximation. For 
zero, first, and second orders, this 
produced a single long string that 
could be sampled at random. With 
higher orders of approximation, the 
fact that particular sets of tri grams or 
tetragrams had observed frequencies of 
zero resulted in periodic termination 
of the string. In such cases, we simply 
started at a different point and began 
another string. 

For experimental use, we have 
presented two sets of tables. In the 
first set, Tables 1-5, there are 100 
10-letter sequences of each of zero
through fourth-order material. These 
have been selected randomly from our 
computer printout, subject to the 
limitation that the sequence had to be 
at least 10 letters in length, and very 
obvious words or phrases (e.g., 
AVOICECAME) have been eliminated. 
Shorter sequences may be constructed 
by deleting letters from either or both 
the end and the beginning. 

Many Es are also interested in serial 
position effects, and these are difficult 
to assess when individual letters are 
repeated within a sequence. For this 
reason, we have also selected 
sequences varying in order of 
approximation that have no repeated 
letters. Table 6 gives 40 examples of 
eight-Ietter sequences of each order of 
approximation that have no repeated 
letters. 
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O-order 

OKEBQIHU 
CVDHMLIY 
HTCRDUNB 
LRWDGFYV 
PZQVKUGF 
OMSBVPZQ 
YLECVGWX 
A:D:RYOZI,r 
VALRZTQC 
NJKEMLDX 

UCQXSAIN 
HDFBKVJS 
YUGlZENSJ 
KWRFHVLJ 
JMNROEBV 
FKMITPSC 
A.HOYSVQF 
PRVSYCHW 
ZDXFCRKE 
EPXCMZR.F 

NNlJI.IHVLE 
KZ BQ ENFV 
:;DZRIS~!K 

h'CRDTIB'1 
TQG~!L:-,1) 

DUOGNAIV 
HWPTFNCA 
GFZCSOTQ 
RXLPOAEV 
FKl'IERJCC 

HPFVXCKR 
URTMEVFA 
CBI:-<GSYJ 
HCZYSWUO 
EBUIWKMH 
O'1WVHCBQ 
1LlVYENNK 
QTpz1nw 
JmlWHVGB 
EMFVDOXN 
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Table 6 
Eight-Letter Se4ue~~e~~t11O~ Re~e~~_Letl:~s._ 

1st-order 

NUGLDEFI 
AYCMUSGC 
LHS~'DTYU 

AIOPHELK 
OKTAIUPS 
LEUNCOYA 
OAHRTEID 
ETCORSBH 
DTUOHNAE 
YUMADTRP 

OBNMELDH 
MLEIDSHU 
NDTCKUGM 
DPRAUBEO 
LHUAEOTG 
NEGMFCUH 
DSERIHYV 
UETDllCAM 
ED"-MQTV 
IFAODCKT 

\,AGTDBllE 
ß\{AE~;YR1 

IHE::ATlN 
ETFHRMLO 
HEPCrILA 
AUHTBROE 
SNHELACY 
SOYWAGTF 
EOKAßUSL 
CESBOA1:-< 

TSPEALmJ 
NRTSGOl,rA 
ICPEDTAB 
PNFROELT 
LRTNADEG 
K1SDI<lFEN 
RNYOTLHA 
DOIELNST 
VmJ1HETO 
CTUDOLHR 

2nd-order 

KINLESCA 
REAMPICO 
ECLOSATH 
KNDEYOSA 
r:oSTHOUL 
I.JHEPLOEI{ 
ClTAROULI 
ESHAi,KIC 
'lECODSPR 
SITHORA'; 

EMICHMIS 
OUNGRSTH 
ASOTHERM 
1 RSENYOC 
DSEROUTH 
XASTYlNE 
ATHIBUNC 
ONSILDAll 
Tl LAS El,:-lG 
[AYORGLTC 

HEJIC",,(~ 

[UCllAPOF 
BUECADFT 
I~THANED 

OI,ACU;,ER 
UNDECHIV 
LCAT~J)sr 

DSPRAVC" 
AIKNEDST 
S\·HLALILD 

DOWACLTS 
ELFR1SAG 
WATHIPRE 
MEBUI [HA 
AIEROUNG 
HELARSWN 
WACK.J,<SPE 
PSTHORID 
CI~DASn\ 

OUGRLASH 

3rd-order 

LEPICART 
DRAC I, E'l\, 

CIlTSTAUG 
EPOICllAT 
I~NflETAL 

[:\CHI~IPL 

AVI;I{SmID 
DEl{S [ANY 
~1Al-:E n,:olz 
EDSITIlAL 

HOUTSl:."LY 
"ANICHER 
CHOUR'!1S 
HA~ITSr:L 

STENPORL 
A..'iSTRH;n 
HEIRSTA.' 
iZEASPICH 
ASyw\Ol1 P 
ACKE?-:[OM 

LOI11,;"E1\ 
,;A:''DEOPL 
ßOASKE"L 
S lAIIOlJR~ 
OUPLYT:\D 
ALKI'IGER 
CALFROVE 
TRAClllNI' 
HOI{TAI:\C 
r"EADISi) 

ORTSEACH 
PLADINGE 
DESTRUNC 
ESPORNIC 
PERABOSI 
HAfUDIES 
HERYINST 
STRIDEAC 
INGETUCH 
S EDOCKAG 

4th-order 

DINGLECT 
YOREDIUM 
LI~IBERSO 

ARSHINl(L 
DESPIR,\L 
'IED1 l'OR'i 
\{I!ILDI'R'! 
CULTl~GS 

FA'JLEDSI 
S pr:AL illY 

POLIl'KI': [ 
RINTOMllI' 
PRAINSTE 
SURFINDO 
ONENTACK 
O:-:CESTIL 
APONSTER 
SLA'!CEP r 
ALICEXfl' 
HE~n~OL 

I\EATIONS 
'lERIOUST 
CLI~PANY 

l"'lPERALS 
LAPERSI~ 

DICTORES 
HA'IllEDRO 
FANILEDS 
CLOBSERI 
ONCERTAI 

rr:NDLOTH 
EDICALMO 
ßUILDENS 
PECIALSO 
TNPROBLE 
CRYSTENP 
TOMINERS 
BIOUSTYL 
OMINGERS 
REDUCKIN 
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