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Orthographically Influenced Abstract Phonological
Representation: Evidence from Non-rhotic
Speakers

Marcus Taft1

It is typically assumed that when orthography is translated silently into phonology (i.e., when
reading silently), the phonological representation is equivalent to the spoken form or, at least,
the surface phonemic form. The research presented here demonstrates that the phonological
representation is likely to be more abstract than this, and is orthographically influenced. For
example, the claim is made that the word “corn” has an underlying /r/ in its phonological rep-
resentation, even in non-rhotic dialects. The evidence comes from difficulties observed in judge-
ments about the homophony with a target word of a pseudohomophone whose phonology does
not match the putative abstract representation of that word. For example, it is hard to say that
the pseudohomophone “cawn” is homophonic with “corn”. The conclusion that orthography can
shape phonological representation is antithetical to both computational models of the conversion
of print to sound and linguistic accounts of phonology.

KEY WORDS: abstract phonology; lexical representation; orthography; phonological repre-
sentation; pseudohomophone judgement.

INTRODUCTION

A visually presented letter-string can be identified as a word after its
orthographic representation is found in lexical memory. This orthographic
representation can provide a direct pathway to its pronunciation, and
it can also provide a direct pathway to information about its mean-
ing. It has been argued, though, that the pathway from orthography to
meaning is typically mediated by the phonological representation (e.g.,
Frost, 1998; Lukatela, et al., 1993; Van Orden, 1987), with the logic being
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that the mental lexicon is accessible through phonology before learning
to read and, therefore, reading is parasitic on the phonological system
that dominates communication. The assumption appears to be made, then,
that the phonological representation that is important in reading is the
same as the representation that is used to recognize spoken words, though
at a level where phonemes have been abstracted out from the phonetic
detail. In fact, such an assumption is formalized in current computational
models of reading aloud (e.g., Coltheart et al., 2001; Plaut et al., 1996;
Zorzi et al., 1998) where the phonological representation of a word is con-
sidered to be its phonemic form.

The argument to be made in this paper opposes this view and suggests that
the representation involved in generating sound output from an orthographic
input is more abstract in nature than the phonemic form of the word. This idea
of an abstract phonological representation goes back a long way in the linguis-
tic literature (e.g., Chomsky & Halle, 1968), where the underlying representa-
tion is typically determined from its surface manifestation in morphologically
related words. For example, the initial neutral vowel (i.e., schwa) of /s e′lYiva/
(saliva), is represented as the full vowel /æ/ in its underlying phonological rep-
resentation because of its manifestation as an /æ/ in the morphemically related
word salivate. The proposal to be developed here is rather different to this
inasmuch as the major influence on the nature of the abstract phonological
representation is claimed to be orthography.

I previously floated this idea about 20 years ago (Taft & Hambly, 1985)
on the basis of a task where participants were asked to decide whether or
not a specified spoken syllable could be heard at the beginning of a spo-
ken word. All of the words had a schwa as their first vowel (e.g., /l e′gu:n/,
i.e., lagoon, or /n e′gouši:eit/, i.e., negotiate), whereas the specified syllable
had a full vowel (e.g., /læg/ or /n�g/). It was found that many more erro-
neous “yes” responses were given when the vowel of the presented syllable
matched the orthographic version of the schwa in the target word. So, for
example, many more participants thought that /l e′gu:n/ began with /læg/
than thought it began with /l�g/, and many more thought that /n e′gouši:eit/
began with /n�g/ than thought it began with /næg/. This was true even when
there was no morphological basis for the full vowel (i.e., unlike saliva). The
only reason for making the observed type of error would be if orthographic
information had an impact when making the judgement about pronuncia-
tion. It was suggested that this might happen because a schwa is represented
mentally as a full vowel as indicated by orthography so that, for example,
the phonological representation of /l e′gu:n/ is actually /læg´u:n/, with the
/æ/ reduced to an / e/ when stress is assigned in generating the surface pro-
nunciation. Alternatively, however, the orthographic representation of the
word may be automatically activated while performing the task (see e.g.,
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Slowiaczek et al., 2003; Ziegler & Ferrand, 1998), with this information
being taken into account when attempting to match the spoken syllable to
the target word. According to this interpretation, the results say nothing
about the nature of phonological representation, despite the fact that the
task is a phonological one.

The idea that phonological representation does not correspond to sur-
face pronunciation was revealed in an entirely different setting (Taft, 1984),
using a manipulation of morphemic structure. Participants were shown a
list of words and were asked to decide for each word whether there existed
another English word pronounced identically to it. They were asked not to
read the word aloud, but could repeat it to themselves sub-vocally. This task
was a relatively easy one when the presented word had the same morphe-
mic structure as the word to be generated (e.g., given weighted, it was easy
to generate waited and hence to say “yes”). However, it proved difficult to
think of the homophonic partner of words like ode and mustered because of
incongruity in morphemic structure. That is, while ode is monomorphemic,
its homophonic partner owed is bimorphemic; and while mustered is bimor-
phemic, its homophonic partner mustard is monomorphemic. The most
straightforward way to perform the homophone judgement task is to gener-
ate the phonological version of the presented word and determine whether
this is associated with a different orthographic representation to the one
that was presented. The only reason that it should matter whether the pre-
sented word and the generated word differ morphemically would be if the
phonological representation is morphemically structured, and if it is mor-
phemically structured, this means that it is more abstract than its surface
pronunciation. For example, ode might be represented as /oud/ while owed
is represented as /ou/ + /D/ (where /D/ refers to the underlying form of the
past tense). Birch et al. (1998) came to a similar conclusion on the basis of
the same finding with pseudohomophones (i.e., nonwords homophonic with
real words, like glode, cf. glowed).

While the Taft (1984) and Birch et al. (1998) results imply the exis-
tence of an abstract phonological representation, it could be argued that
morphological structure is a special case of abstractness because a poly-
morphemic word is decomposed within lexical memory (see e.g., Taft,
2004). As such, it does not bear upon the issue of whether monomor-
phemic forms are represented abstractly. Moreover, although morphemic
structure is reflected in the spelling of a word, conclusions cannot be
drawn about any orthographic influence upon phonological representation
from these studies.

The same thing holds for the finding of Hallé et al. (2000) that,
although a b is pronounced /p/ before an s in French (as in subséquent),
it is harder to detect the phoneme /p/ when it corresponds to such an
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underlying b than when it corresponds to an actual p (as in rhapsodie).
This finding indicates that the phonemic judgement is based on an under-
lying representation, and it is possible that this underlying representation
is shaped by orthography. However, it is alternatively possible that it is
determined by morphemic considerations, because a b that precedes an s

is always the final consonant of a prefix (e.g., sub).
In one of their experiments, Birch et al. (1998) examined monomor-

phemic items and obtained a result that could potentially be explained in
terms of an orthographically influenced underlying representation. The rel-
evant nonword items had a pronunciation that was homophonic with a real
word only at the surface phonetic level, mostly as a result of “alveolar flap-
ping.” For example, in casual American speech, battle is pronounced as if
it were spelled baddle. Homophony was found to be harder to detect when
it only existed at the phonetic level (like baddle) than when it existed at the
phonemic level as well (e.g., afrade homophonic with afraid), a result that
indicated a level of phonological representation that is not phonetic. While
all processing models assume the phonological representation to be pho-
nemic rather than phonetic, examples like battle suggest that orthography
might have an impact on the determination of the phonemic representation
(i.e., in determining that [d] should be represented by /t/ rather than /d/).
However, it may alternatively be the case that the phonemic representation
/t/ may exist simply because it has not always been experienced as a flapped
[d], notably when the word has been carefully enunciated.

The experiment to be reported here, albeit a small-scale one, addresses
the question of whether the phonological representation of a word is more
abstract than its simple phonemic form, and whether orthography, not just
morphology, determines that representation. The study makes use of the
fact that Australian English is a “non-rhotic” dialect, meaning that an /r/
is not overtly pronounced when following a vowel. For example, car is pro-
nounced /kY:/ rather than /kY:r/, and court and caught are homophonic
(both being pronounced /k c:t/).

The non-rhotic r provides an excellent opportunity to test whether
phonological representations are orthographically influenced. The sugges-
tion being made is that when a post-vocalic r appears in the spelling of a
word, it may be represented by an /r/ in the phonological representation
of that word even though it does not occur phonemically for non-rhotic
speakers. It is only when the surface pronunciation of the word is gen-
erated from this underlying representation that the post-vocalic /r/ dis-
appears for the non-rhotic speaker. Thus, it is being suggested that the
underlying phonological representation is universal across different dialects
of English, with any differences in pronunciation (i.e., accent) arising at
the stage of generating the surface output.
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A pseudohomophone judgement task was used to examine the pos-
sibility that non-rhotic speakers have an underlying post-vocalic /r/ in
their phonological representation. The experiment examined the accuracy
of making a homophony decision when the presented pseudohomophone
and the to-be-generated word (i.e., the “base” word) conflicted in terms
of the presence or absence of a post-vocalic r in their orthography. For
example, if there is an underlying /r/ in the phonological representation
of corn, then it should be hard to generate corn as a homophone of
the nonword cawn. When presented with cawn, participants would need
to undertake a phonological transformation (e.g., via grapheme–phoneme
conversion rules, Coltheart et al., 2001), and then determine if the output
of this transformation matched any phonological representation in lexical
memory. The homophony judgement would then be based on the success
or otherwise of this matching process. If the phonological representation of
corn includes an /r/, it is predicted that a “yes” response to cawn will be given
less often than to a pseudohomophone, like soke, whose phonology is more
similar to the phonological representation being sought (i.e., /souk/, repre-
senting soak). This is because the phonological representation generated from
cawn (i.e., /k c:n/) would not match the phonological representation stored for
corn (i.e., /korn/), whereas the phonological representation generated for soke
would match that stored for soak (i.e., /souk/).

The above prediction holds primarily when the presented letter-string
is not overtly pronounced. If readers do pronounce the nonword aloud
and listen to what they are saying, homophony should now be judged on
the basis of the surface form of the word. This means that the pronuncia-
tion /k c:n/, generated from cawn, should be recognized as a word through
the normal speech recognition system. The abstractness of the internally
generated phonological representation should have its maximum impact
when it is not dominated by an acoustic signal that can enter lexical
memory through the speech recognition system. This idea is tested in the
present experiment by having participants initially perform the pseudoho-
mophone judgement task without being allowed to read the letter-strings
aloud, and then to perform it again while reading the nonwords aloud and
listening to themselves. It is only under the silent conditions that an effect
of the mismatched r should be observed.

METHOD

Participants

Participants were 18 native Australian English speakers who were
postgraduates and undergraduates at the University of New South Wales.



72 Taft

Materials

The items of interest were 18 nonwords whose pronunciation was
homophonic with a real word (see Appendix). These pseudohomophones
were of two types: Those that conflicted with their base words in terms of
the presence or absence of a post-vocalic r (the “R” condition, e.g., cawn
homophonic with corn, forl homophonic with fall), and those that did not
conflict with the putative underlying phonological representation of their
base word (the “Non-R” condition, e.g., soke homophonic with soak, troo
homophonic with true). The R and Non-R items were matched on length
(with a mean of 4.2 letters for each condition), frequency of their base
word (134 vs. 150 per million, according to Carroll et al., 1971), and num-
ber of letters differing from their base word, taking position into account
(1.78 vs. 2.00).

The 18 items of interest were randomly interspersed with 22 other
(Non-R) pseudohomophones, as well as 30 nonwords that were not
homophonic with an English word (e.g., baim, snert). There were also
eight practice items, which were a mixture of pseudohomophones and
non-homophonic nonwords.

The items were printed in lowercase on individual cards and, apart
from the practice items, were presented in a different random order to
each participant.

Procedure

Participants were tested individually and told that a series of made-up
words would be presented one at a time, some of which were pronounced
identically to a real English word and some of which were not. Partic-
ipants were told to say the letter-string to themselves and then decide
whether or not it was pronounced identically to a real word. They were
asked not to read the item aloud, but simply say “yes” or “no” according
to their judgement. The example of katt was given as an item that would
require a “yes” response.

Following completion of this task, the items were all presented again
and the participants were asked to go through each of them for a second
time, but this time saying each letter-string aloud and listening carefully to
their pronunciation before responding.

RESULTS

The accuracy data were analysed in a 2 × 2 design where the two
factors were Type of Task (i.e., Silent vs. Aloud) and Type of Item
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(i.e., R vs. Non-R). Both were within-group factors in the analysis of par-
ticipant means (F1), but in the analysis of item means (F2) Type of Task
was a within-groups factor while Type of Item was a between-groups fac-
tor. The results are presented in Table I.

The main effect of Type of Task was highly significant, with fewer errors
being made when the letter-strings were read aloud than when processed
silently, F1(1, 17) = 71.98, p < 0.001; F2(1, 16) = 27.96, p < 0.001. Say-
ing the items aloud provided a more comprehensive basis for making a
homophone judgement, but in addition, gave a second opportunity to
respond correctly to the pseudohomophones. The main effect of Type of
Item was also significant, though only in the participant analysis, F1(1, 17)=
54.29, p < 0.001; F2(1, 16)=2.19, p > 0.1. Of greater importance, however,
was the fact that the interaction between the two factors was significant,
F1(1, 17) = 43.99, p < 0.001; F2(1, 16) = 10.10, p < 0.01. This came about
because the difference in accuracy in saying “yes” to the R and Non-R items
was significant in the silent task F1(1, 17) = 98.09, p < 0.001; F2(1, 16) =
5.32, p < 0.05, but not in the aloud task, both F ′s < 1.

DISCUSSION

It is apparent from this experiment that non-rhotic pronunciation is
latently rhotic. That is, the phonological representation of a vowel followed
by an r is different to another homophonic vowel that does not include an r.
So, while the phonological representation generated from soke matches the
phonological representation stored for soak, the phonological representation
generated from cawn does not match that stored for corn. The suggestion is
that corn is represented phonologically as something like /korn/, reflecting
the r that is evident in the spelling of the word, and it is therefore hard to
activate it as a homophone of cawn. It was observed that participants failed
to detect the homophony of R items even when they repeated the letter-
string a number of times sub-vocally. It was only when the acoustic signal

Table I. Mean Percentage Correct for Non-rhotic Speakers Making
Pseudohomophone Judgements to R and Non-R Items When Reading

Those Items Silently or Aloud

R Condition e.g., cawn, forl Non-R Condition e.g., soke, troo

Silent 53.7% 79.1%
Aloud 85.7% 87.0%
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was overtly generated and fed through the speech recognition system that
the surface pronunciation sufficiently dominated the abstract phonological
representation to allow accurate performance.

This improvement in performance with overt articulation demon-
strates that the R items were truly homophonic with their base words,
and that the failure of participants to realize this when performing the
task silently indicates that such homophony was hard to establish from the
abstract phonological representation alone.

It is not just the stored phonological representation of the word
that appears to be orthographically influenced, but also the phonological
representation that is generated from the visually presented letter-string.
The reason for saying this is that difficulty in detecting homophony
occurs when it is the nonword rather than base word that includes the
post-vocalic r. For example, only four of the eighteen participants thought
that forl was homophonic with fall when the task was performed silently
(though all but three changed their minds when performing the task
aloud). If forl were converted into a phonological representation via stan-
dard grapheme–phoneme conversion rules (e.g., Coltheart et al., 2001),
the grapheme or would be translated into the phoneme / c:/ and would
thus allow a ready match to be made with the existing phonological rep-
resentation of fall (i.e., /f c:l/). Instead, it seems that an underlying pro-
nunciation is generated from the letter-string whereby the post-vocalic r

is translated into an /r/ despite its absence from the overt non-rhotic
pronunciation.

Instead of saying that the orthography of a word shapes its phono-
logical representation, it might be argued that the reason for incorporat-
ing an /r/ into the abstract phonological representation is because it has
been heard in other English dialects. For example, the phonological rep-
resentation of corn might include an /r/, not because corn is spelled with
an r, but because it has been frequently heard with an /r/ in the perva-
sive American media. This suggestion is countered, however, by the high
error-rate on those R items where it is the nonword and not the base
word that includes the post-vocalic r, like forl. Here, it is not the pres-
ence of an /r/ in the stored representation that creates the problem, but
rather the presence of an /r/ in the phonological form that is sub-lexi-
cally generated from the letter-string. So if the grapheme r, when follow-
ing a vowel, is translated phonologically into /r/ by a non-rhotic speaker,
whether or not this arises from exposure to rhotic dialects, the resultant
phonological representation is based upon orthographic information, by
definition.

Although this is a small-scale experiment, the implications are quite
far-reaching. If phonological information is represented in lexical memory
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in a form that is not veridical with pronunciation, then attempts that have
been made to model print-to-sound computationally are founded on incor-
rect assumptions (e.g., Coltheart et al., 2001; Plaut et al., 1996; Zorzi
et al., 1998). In these models, the only phonological representation that can
be generated from orthographic input is identical to the surface pronuncia-
tion. There may or may not be problematical issues arising if an intermediate
abstract phonological representation is introduced into such models, but at
the very least, any changes of this sort need to be entered into a simulation
in order to determine their impact on all aspects of the model’s functioning.
Certainly, the notion of an abstract representation is antithetical to connec-
tionist models that simply learn associations between input orthography and
output phonology (e.g., Plaut et al., 1996; Seidenberg & McClelland, 1989)
because a specified abstract representation, along with its conversion into a
surface form, is not something that would emerge through mere exposure
to the statistical characteristics of the language.

It is possible that an early reader behaves like a machine that
responds to the input-output characteristics of the language, but that the
advanced reader develops a more sophisticated phonological system with
abstract representations that mediate between orthography and pronunci-
ation. Such representations may optimize the efficiency of the lexical pro-
cessing system, perhaps not only for reading, but for orthographic output
(i.e., spelling) and spoken language processing as well. Indeed, if orthogra-
phy influences the nature of the phonological representation, it means that
the phonological processing of an advanced reader will be qualitatively
different to that of a person who is not literate (see e.g., Castro-Caldas
& Reis, 2003; Morais et al., 1979). Moreover, because the orthographic
influence would only make sense for alphabetically scripted languages, it
is possible that bilinguals whose native orthographic system is not alpha-
betic may phonologically process the words of an alphabetically scripted
language in a non-optimal manner.

CONCLUSIONS

The finding that homophony judgements that involve post-vocalic /r/
are relatively hard to make for a non-rhotic speaker, implies that the
phonological representation includes an /r/ even when it is not phone-
mically revealed. Such a conclusion entails that phonological representa-
tions, or at least the ones involved in the processing of visually presented
text, are moulded by orthographic considerations. The involvement of
orthography in a sound-based task is placed within the phonological
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system, which is different to saying that orthographic representations are
automatically activated when phonology is processed (e.g., Slowiaczek
et al., 2003; Ziegler & Ferrand, 1998), though this may also be true.
It is hard to see how the non-rhotic /r/ effect in the pseudohomo-
phone task could be located within the orthographic system alone. If,
for example, the letter-string troo is able to activate the orthographically
stored representation for true, then forl should equally be able to acti-
vate the orthographically stored representation for fall. It is only in the
phonological modality that a mismatch between forl and fall can have
its impact.

However, it must also be acknowledged that with the small number of
items in the study, it is possible that certain item-specific factors may pro-
vide an alternative explanation for the results. For example, if the task were
influenced by feedback from phonology to orthography (e.g., Stone et al.,
1997), then it can be argued that oo → /u:/ → ue is a natural translation
while or → / c:/ → a is not, because it is only true when a is followed by ll.
Note, though, that research suggests that such feedback actually occurs at
a higher-level than the phoneme-to-grapheme level, namely where the vowel
is combined with its following consonants (e.g., Stone, et al., 1997; Zie-
gler & Ferrand, 1998). At this level, the translation / c:l/ → all is not at all
unnatural. So, any activation of links between phonology and orthography
at this level, even if in parallel with phoneme-grapheme links, should allow
the ready generation of fall from forl.

The idea that orthography might mould phonological representation
has consequences not just for psychological models of the conversion of
print to sound, but also for linguistic accounts of phonological represen-
tation. The suggestion that something as unnatural as orthography can
play a role in shaping phonological representation is antithetical to any
linguistically-based accounts of phonology, regardless of whether they be
framed in terms of traditional generative phonology (e.g., Chomsky &
Halle, 1968) or more recent optimality theory (e.g., Archangeli, 1997).
Yet the present findings imply that orthographic considerations are indeed
important, at least if one is wanting to say something about human lan-
guage performance.

APPENDIX

The Following are the R and Non-R Items with their Pseudohomo-
phone Judgement Accuracy Scores Under Silent and Aloud Conditions.
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Silent % Aloud %

R items
cawn (corn) 39 83
fawm (form) 39 94
chork (chalk) 83 100
parm (palm) 61 89
harf (half) 34 56
bort (bought) 61 89
parth (path) 83 100
pawk (pork) 61 83
forl (fall) 22 83

Non-R items
soke (soak) 100 100
laik (lake) 72 88
sneaz (sneeze) 89 100
gane (gain) 100 100
lyne (line) 100 100
foan (phone) 40 40
thinc (think) 100 100
beme (beam) 39 83
troo (true) 72 72

Base Word in Parentheses
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