A Danish, stochastic spelling
machine: How to spell a word,
when you know part of it



"I know part of it”

About the clock. She had
learned about the hour
hand, but not the minute
one

From a certain stage of
development Danish
spelling is like that




Spelling errors and complex rules

e Danish spelling is complex and deep: Sounds are spelled in
two or more ways and many letters are silent. Could this

complexity be usefull? (Carillo et al., 2012; Furnes & Samuelson,
2010; Hansen, 1967; Molbaek Hansen, 1990, Viise et al., 2011)

e Read’s dogma: Only misspelled words give information

about the spelling process, not correctly spelled words
(Read, 1975)

* Forinstance
”"mig” [maj] MAJ (me), "laegge” [I13ga] LEKKE (lay)
"begavet” (gifted), "albaner” (Albanian)



Read is right as

* You can often interpret the wrong letters in a
misspelled word

 But what about the correct letters in a misspelled
word?

* A convenient theoretical frameword for this study:
The two-route model



A two-route model of spelling: The phonological and lexical

routes (Ellis, 1987; Rapcsak et. al., 2007; Ziegler et. al., 2008;
Vandermosten et al., 2012)

In general the present study is about the left side of the figure, the phonological

route. And in particular about the probabilities in the phoneme-grapheme
conversion box
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Error types analysed in this study

Only phonologically plausible, well ordered errors in accordance with the
Danish spelling system. Not chaotic errors from e.g. dyslectics or people with
brain damage (Elbro, 1990, 1997; Lennox & Siegel, 1994)

Errors by sounds
"hest” [haesd] HAEST (horse)
"gaest” [geesd] GEST (guest)

"tyk” [tyg] TYG (fat)
"leeg” [leeg] LAK (put down)

Errors by silent letters
"fugl” [fu’l] FUL (bird)
"hul” [hu’l/HUGL (hollow)

»fald” [fal’] FAL  (fall)
hal” [hal’] HALD (hall)

Rules

=
[e] —— e

g
[g] K

after -g
narrow vowels 4 +g

after -d
final [I'] 4



The problem

1. Inthe typical Danish two-choice situation: How
many of each kind of spelling error?

— E.g. HAST/GEST (horse/guest): The quantitative relation
between incorrect £ and E letters for the sound [3]?

— E.g. FAL/HALD (fall/hall): The quantitative relation between
incorrectly inserted and deleted D’s ?

e Guesswork? Does letter frequency of occurrence in Danish texts play a
part? What about word length and word class? Degree of abstractness?
(Kihl, Gregersen & Sterum, 2000)

e 2. Where do the correctly spelled letters in misspelled
words come from?



The data

Error frequencies were counted from lists in A. Noesgaard
(1945). "Error types in Danish orthography”. Copenhagen: Fr.
Bagges kgl. Hofbogtrykkeri

* |n 1940 2 x 10,000 Copenhagen school children in
grades 3 to 5 (RI) and 6 to 8 (RIl) each spelled 100
words. Accordingly 2 million words. After some
data reduction each word was spelled 300 times

 Noesgaard and a bunch of teachers categorized
the error types and counted how many errors
each type contained



The purpose of my reconstruction

1. Noesgaard and his helpers counted which letters were
misspelled as which. | counted how often inferred,
underlying sounds were misspelled as one letter or

another (or three)

2. To categorize Noesgaard’s data in classic linguistic
fashion

3. To analyse the resulting distributions statistically



The counted subsystems

Sounds
Short [3], [¢] og [e]
misspelled as E/&, @/Y, and E/I

Medial og final stops [b,d,g]
misspelled as B/P, D/T, and K/G

The two components of the [aj]-diphtong misspelled as A/E/I and J/G
Unstressed final [2] misspelled as ER/RE/RER

Silent letters
Silent h before [j] and [v] misspelled as +/- H

Silent d after final [1], [n], [r] misspelled as +/-d

e The result of the counts: See next slide



An unexpected result: 25 out of 29 statistical
comparisons showed no significant difference

Equal numbers of misspelled sounds in pairs, e.g.

Vowels

"kys” [koes] K@S (kiss) /”b@sser” [boesa] BYSSER (guns)

“pinde” [pena] PENDE (stick)/”fedt” [fed] FIDT (fat)

Stops

"hop” [hab] HOB (jump)/ "snak” [snag] SNAG (talk)/”hat” [had] HAD (hat)
(and the opposite)

Diphthongs

"leg” [laj’] LAJ (play)/”Kaj”[kaj’] KEG (a name)

Equal numbers of silent letters inserted or left out in pairs, e.g.
”hjem” [jam’] JEM (home)/”jer” [j3r] HJER (you)

"mord” [mor’] MOR (murder)/”veaer” [v3r’] VERD (be)

”kald” [kal’] KAL (call)/”bal” [bal’] BALD (ball)
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Misspellings of the short vowel [3] vowel as either E or £

Subjects 10,000 Copenhagen children, grades 3 to 5. Number of errors on the
Y-axis, spelled words on the X-axis. The curves represent 196,500 spelled
words (including words with zero errors). 6,063 spelling errors in all.



The numbers behind the curves

(Numbers in the table from both grades 3-5 and 6-8, *no
significant difference)

Words Average Significance
with (two-tailed)

errors spelling
errors

RI [®]>E 189 3042 16.1 20.77

[e]>& 206 3621 17.56 22.52 .678 .498*
RII [®]>E 124 1400 11.29 12.61

[]>£ 136 1887 13.88 20.99 1.22 .225*%*



Final I/n/r +/-d, RII
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Misspelled silent final D’s after [I/n/r + glottal stop]

Subjects 10.000 Copenhagen children, grades 6 to 8. The curves
represent 14,700 spelled words (words with zero errors not included).
761 spelling errors in all.




Numbers and statistics

no signifikant difference, # signifikant difference

Words Number | Average Signifi-
with of canse
errors spelling (2-tailed)
errors
RII -ld>| 10 103 10.3 6.31
6.-8. I51d
grade 11 169 15.36 20.44 -.7/82 449*
-nd>n 10 113 11.3 9.17
-n>nd
/ 111 15.86 18.96 -.664 DHl7*
-rd>r 2 144 12 74.95
rrd 9 121 13.44 1448 -2.631 .027#
In all 22 360 16.36 254

27 401 14.85 17.58  .237 814>



Where do the error proportions 50:50 come from?
Perhaps they mirror the frequency of occurrence of
letters in Danish texts?

e An English dictionary of sound-to-letter frequency of
occurrence exists (Rocky, 1973). Used by Baxter &
Warrington in a study of a brain damaged man’s
spelling (1987). But not a Danish dictionary

e After considering the problem for a number of years |
have counted the sound-to-letter frequencies of
occurrence in the first 1000 most frequent words in
Maegaard & Ruus, 1981: “Frequent words in Danish
children’s books”. The first 1000 words cover 81.25% af
all letter occurrences in the data base.



Sounds and silent letters |Relation Relation between
between letter frequencies

spelling errors

RI: short [3] 1,1:1 7,63:1
RIl: Medial og final [g] 1,03:1 4,72 : 1
RI: initial [j] +/-H 1,01:1 9,13:1
RI + RIl: final [I,n,r] +/-D 1,41:1 3,78 : 1

Representative comparisons between spelling error
frequencies from Noesgaard (1945) and sound-to-letter
frequencies in Maegaard & Ruus (1981)

It is apparent that the spelling error frequencies do not mirror the
frequency of occurrence of letters in Danish children’s books at all. Some
comparisons show larger discrepancies.



A half way conclusion

In the typical Danish spelling choices between letters Noesgaard’s subjects
choose at random, i.e. the probability of a certain choice is 50:50.
Furthermore the choices appear to be context
independent/paradigmatic, and are independent of the frequency of
occurence of letters in children’s books

A few preliminary correlations between number of spelling errors and
word frequence of occurence showed no significant

connection. There was a weak, significant connection with word length,
coefficients 0,11 0g 0,15



But Noesgaard’s children knew part of it,
namely the correct spelling of

The initial stops [b,d,g,p,t,k]

The nasals [m,n,ng] (except in French loan words and
medially after a short vowel)

The unvoiced fricatives [f,s,sj,h] (except in foreign
words and medially after a short vowel)

The voiced fricatives [v,j,r]

The short, long and "stgd” vowels [i,y,0,u,0,a, schwa]
The remaining long and "stgd” vowels (except [3,3])



Why? What is easy and what is
difficult?

 Danish one-one relations between sound and letter
are spelled correctly because they are easy to spell
(obviously circular)

 The statement should, however, be seen in the light
of the one-two relations that obviously lifelong are
not easy to learn

e Accordingly the probabilities are in place: The
Danish, stochastic spelling machine can be presented



An outline of a non-deterministic spelling machine that after segmentation of
an unknown word spells from left to right. Probabilities on straight arrows
pointing right, the oblique arrows indicate back-coupling

"hvem” [vam’] (who)

[V] 1/2 v/hv

[2] 1/2 ®/e

[m’]

[
3



A stochastic matrix of transition probabilites.
The spelling of "hvem” (who)

Operands/
Transforms




Put a word, e.g. “skole” (school), into
the machine and watch what happens

Operands/
Transforms
sk 1 0 0 0

0 0 1 0 0

| 0 0 1 0



Operands/ [5]
Transforms

v % 0 0 0
hv 23 0 0 o
@ 0 % 0 0
y 0 % 0 0
I 0 0 1/3 0
Il 0 0 1/3 0
Id 0 0 1/3 0
rer 0 0 0 Y
re 0 o 0 Y2

The spelling of a Danish nonsens word [veeld]

Notice the wealth of spelling possibilities that a very simple sound structure presents

*[1] is misspelled in the three ways shown above, but the probabilities are unknown



The spelling of correct and incorrect letters in
misspelled words

It is well known that both misspelled words and nonsense
words must be segmented before they are spelled (e.g.
Holligan & Johnston, 2005; Rapzack et al., 2009)

The present study has shown that correct and incorrect
letters in a misspelled word are spelled in the same way
after segmentation. The difference between correct and
incorrect letters is the attached probabilities, nothing
else. All sounds in unknown words (with or without
meaning) are spelled, only the probabilities are different.



A deduction from the theory: Potential spelling
errors and the size of the spelling vocabulary
processed by the lexical route

e The word "skal” [sgal] (must) was misspelled as SKALD 74
times in the Noesgaard study (18 other errors will be
ignored). The present study has shown, that approximately
74 other children must also have thought about a D-letter,
but rejected it.

e Accordingly 148 children did not know the spelling of the
word “skal”. Half of them had luck, the other half not.

 You may remember that every word in Noesgaard’s study
was spelled 300 times. Accordingly 152 children,
approximately 50%, had learned and knew the spelling of
the word “skal” by heart . These words did not pass through
the spelling machine on the phonological route, but in
theory moved through the lexical route.



Continued: Danish words very often
present several error possibilities

The following probabilites must apply, when the
spelling of a word is unknown (given a certain level of
development and some experience with reading and
spelling):

O error possibilities in a word 100% chance of correct spelling
1 error possibility inaword 50 % ”
2 error possibilities in a word 25 % "
3 error possibilities in a word 12% % "
4 error possibilities in a word 6 % % "




A sketch of a test that measures the size of
the lexical spelling vocabulary

e Calculate word by word in a given word material the chance
of accidental correct spelling (base the calculations on
Noesgaard and this presentation)

e When a subject has done the test, calculate how many of
the correctly spelled word that could have been spelled
correctly accidentally.

e Add this number to the number of misspelled words and
subtract that from the total number of words in the test.

 The resulting number is a measure of the test-subject’s
lexical spelling vocabulary. Whatever that is.

(Ehri, 2009; Martinet et al., 2004; Tanturier et al., 2006)

e Thank you for your attention



Actual and potential Copenhagen
school children
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