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Abstract. This exploratory study aimed to evaluate the spelling of derived words by
dyslexic adolescents and to verify whether this is associated with lack of vocabulary and/
or morphological knowledge. A cross-sectional reading level-design was employed in

order to determine differences in spelling, derivational morphology and vocabulary
tasks between dyslexic students aged 13+ and age-matched and reading level matched
control groups. The study confirmed a profound spelling impairment of dyslexic

students in comparison with two control groups but this was not associated with poor
vocabulary in relation with their age-peers. In contrast, they exhibited lower levels of
morphological knowledge than age-matched controls but equivalent with the reading
level controls. These results are interpreted in the light of current developmental models

of spelling that support a reciprocal interaction between spelling and metamorphology.
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Introduction

Although dyslexia is commonly defined as a particular difficulty with
literacy skills, it has been claimed that the effects on spelling outweigh the
effects on reading. Many children with dyslexia achieve an acceptable
competence in reading but continue to present severe spelling difficulties
even late into childhood and adulthood (Critchley, 1981; Critchley &
Critchley, 1978; Hoien & Lundberg, 2000). A critical aspect concerns the
knowledge of derived words. These complex forms pose special difficulties
for students with dyslexia. Evidence from spelling tasks suggests that
students fail to recognise that derivationally related words involve addi-
tions to already familiar stems (Carlisle, 1987; Derwing, Smith, & Wiebe,
1995; Kemp, 2000; Nunes, 1998). In addition, dyslexic readers may
exhibit poorer morphological knowledge than their normal age peers
(Carlisle, 1987; Fowler & Liberman, 1995; Leong, 1989a, b; Leong &
Parkinson, 1995).

Carlisle (1987) compared learning-disabled teenagers with younger
normal groups in consistency of stem spelling in word-pairs. The learning-
disabled students spelled correctly only one of the pair more frequently
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than any of the normal groups, suggesting a failure to use morphological
strategies in spelling derivationally related words. Fowler and Liberman
(1995) examined knowledge of derivational morphology in primary school
children on word-pairs balanced for transparency (whether or not the
derivation involved a change in the phonology of the stem). Children were
significantly more skilled at producing base than derived words and per-
formed better on transparent words than on phonologically complex ones.
Leong (1989b) attempted to explicate more precisely the nature of
knowledge of derivational rules in poor readers. The sample consisted of
below average readers following primary school grades 4, 5 and 6. Anal-
ysis of reaction times on the derived words showed significant effects of
grade, reading and spelling level and morphological transparency.

Elbro (1990) compared morphological effects in the spelling of 26
severely dyslexic teenagers with results for a reading level (RL) control
group. The assessment involved complex words containing critical letters
whose ambiguity could be resolved by application of morphological
(rather than phonological) knowledge. The complex words included
inflections, derivations and compounds. The dyslexic teenagers were
significantly less accurate than the younger group at spelling the critical
letters, implying a lack of morphological skill in spelling. Elbro (1989,
1990) also assessed the metamorphological abilities of the dyslexic teen-
agers on oral tasks including sentence analysis and morphological anal-
ysis, synthesis and completion. They significantly under-performed their
reading age controls in the tests of sentence analysis, reversal of mor-
phemes, and morphological completion. No significant differences were
found for complex word formation or morphological synthesis. The age-
matched group was superior on all tasks. These findings suggest that
dyslexic teenagers may lack the metamorphological abilities appropriate
to their age, and, in some instances, to their reading age.

Bryant, Nunes, and Bindman (1997a) investigated the spelling per-
formance of a group of 15 backward readers relative to chronological age
(CA) and reading age (RA) matched controls. They focused on the past
tense inflection in a spelling task which included regular and irregular
verbs and non-verbs ending in either /d/ and /t/ (Nunes, Bryant, &
Bindman, 1997b, c). Backward readers performed significantly worse
than the CA-group, especially on regular verbs. Comparisons with RA
controls were not significant. Bryant et al. also assessed morphological
knowledge orally through sentence and word analogy tasks. The back-
ward readers performed significantly worse than the CA group. However,
these differences disappeared when controlled for spelling performance.
Bryant et al. concluded that backward readers are held back by their
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diminished experience with written language which is the trigger for the
development of morphological awareness.

Bryant, Nunes, and Bindman (1998) investigated in a retrospective
study whether there were already discernible differences between children
who would or would not develop reading difficulties later in life. To this
end, they studied backward readers matched with a group of non-disabled
children in terms of reading and chronological age (RL–CA) and with
another group of younger normal children matched in terms of reading
level (RL-Y). Morphological awareness was assessed by sentence and
word analogy tasks at the start of the study and again 11 months later
(Nunes, Bryant, & Bindman, 1997a). The first assessment showed that
backward readers gave higher scores on the analogy tasks than the other
two groups and analysis of covariance (with IQ as a covariate) confirmed
that backward readers were at a similar level to the RL–CA group and
higher than the RL-Y group. Repetition of the assessment 11 months
later showed that this initial advantage for the disabled group had all but
disappeared. These findings support the interpretation that children with
severe reading difficulties start with no morphological difficulties but are
held back by impaired literacy development.

These studies suggest that dyslexic readers are likely to be severely
deprived in spelling performance in comparison with their age mates, and,
in many cases, with younger children of the same reading ability. The
difficulties appear to be most substantial in the spelling of morphologi-
cally complex words, particularly derived forms. This deficiency is typi-
cally associated with levels of morphological awareness which are low
when compared with their age peers but often appropriate for reading
age.

In this paper we report a small-scale exploratory study of spelling
morphologically complex words by dyslexic adolescents. Performance
was compared with age matched (CA) and reading level (RL) matched
control groups. Our first aim was to determine whether dyslexia is asso-
ciated with a special difficulty in spelling morphologically complex words.
This would be suggested if spelling of morphologically simple forms (base
words) was in line with reading age but spelling of complex forms (der-
ivations) was below reading level expectation.

Our second aim was to determine how far any special difficulties
with morphological spelling could be explained in terms of underlying
linguistic difficulties. Two possible problem areas were identified:

1. Restriction on breadth of vocabulary – dyslexic adolescents might lack
familiarity with low frequency forms, such as derivations, and this
might explain their inability to spell these words;
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2. Lack of morphological awareness – dyslexic individuals might not
perceive the internal stem and affix structure of morphologically
complex words and this could hinder the production of appropriate
spellings.Two additional studies were conducted with the aim of test-
ing these possibilities. In the first of these, the members of the dyslexic
and CA- and RL-control groups gave definitions of the meaning of the
base and derived words used in the spelling task. In the second, the
groups carried out oral tests of morphological awareness using sen-
tence completion and analogy procedures.

In both cases, we were interested in the level of dyslexic performance
relative to the CA- matched and RL-matched control groups.

• If dyslexic performance is equivalent to the CA-group, no contri-
bution of vocabulary and/or morphological awareness is suggested.

• If dyslexic performance is in line with results for younger RL-
matched children, then there is the possibility that linguistic devel-
opment is constrained by the orthographic difficulty (cf. Bryant
et al., 1997a, 1998).

• If the dyslexic results are below the RL-group, then it becomes
possible that there are linguistic difficulties which contribute to the
spelling problem over and above the well-established problems in
the area of phonology (cf. Elbro, 1990).

Study 1: Spelling morphologically complex words

The first study was conducted in order to determine whether there is a
special difficulty in spelling morphologically complex words (derivations)
by dyslexic adolescents. For this purpose, a procedure based on the word-
pair paradigm (Carlisle, 1984, 1987; Derwing, 1976; Derwing et al., 1995;
Kemp, 2000; Nunes, 1998; Smith, 1987) was implemented to compare
dyslexic students’ spelling of base and derived words with results for CA-
and RL- controls.

The first experiment, referred to as Spelling task I, used familiar words
while the second, Spelling task II, extended the assessment to less familiar
Greek origin items. It was expected that dyslexic students would perform
significantly more poorly than the CA-matched control and that differ-
ences relative to the RL-group might also occur. A special difficulty with
morphologically complex forms would be suggested if there was a deficit
for derived words in relation to the RL group while base words were
spelled at a level appropriate for reading age. In addition, the use of the
word-pair paradigm makes it possible to test the extent to which spelling
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is based on a morphological strategy. If stem spellings are preserved in
both the base and the derived word, this suggests involvement of a
morphological strategy. Production of different stem spellings for the base
word and the derivation indicates the absence of such a strategy.

Method

Participants
Three groups of participants took part in the study, referred to as the
Dyslexic group, the CA-control and the RL-control. The dyslexic group
comprised 10 participants (9 males, 1 female) aged 13 to 15 years who had
been issued with a Record of Needs and who were attending the Learning
Support Unit of a mainstream secondary school in Scotland1. No
participants with any sight, hearing or serious health problems were
included. The intelligence, memory and literacy of the Dyslexic students
were assessed by application of the Raven’s Standard and Coloured
Progressive Matrices (Raven, 1958, 1962), and the British Abilities Scale
(BAS) subtests of Word Reading, Spelling and the Digit Span (Elliott,
Murray, & Pearson, 1983a, b) (Appendix I). The participants also
completed a Cognitive Assessment battery (Seymour & Evans, 1993)
containing tasks of Word and Non-word Reading and Spelling. There
were large discrepancies between individual dyslexic scores and mean
scores of the CA-matched controls (by P<.001) on both word reading
and spelling.

The CA-control consisted of 20 participants (9 males, 11 females) of
the same mean chronological age who were classmates of the dyslexic
individuals. The RL-control included participants of the same mean
reading age as the Dyslexic group who were attending Primary 4 to
Secondary 1 grades. Selection was based upon Class Teachers’ identifi-
cation of average normal readers who presented no apparent difficulties in
reading or spelling relative to their age.2 There were 25 students (14 males,
11 females) for Spelling task I and a group of 15 participants (Secondary
1, Primary 7 and 6 pupils) for Spelling task II (the smaller, older group
was used on account of the lower familiarity of the items in this list).

Details of the three groups are given in Table 1. Following analysis of
variance post-hoc tests (Tukey HSD) showed that the Dyslexic group did
not differ statistically from the CA-group in terms of Chronological Age
or general intellectual ability (as measured by Raven’s Progressive
Matrices raw scores). In addition, the Dyslexic group did not differ from
the RL-group in Reading or Spelling Age. By contrast, the Dyslexic
group presented lower short-term memory scores (Recall of Digits) in
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comparison with the CA-group (P<.05) and the RL-group (P<.01)
while the two controls did not differ.

Word lists
The experimental items for Spelling task I were 48 morphologically related
word-pairs (mainly derivations) (FINAL–FINALLY) of high familiarity
in children’s vocabulary (mean base frequency: 510.44 (SD 642.00), mean
derived frequency: 167.54 (SD 281.73)) developed by Leong (1989a) after
Carlisle (1988). The experimental items3 for Spelling task II were 48 word-
pairs of Greek origin4 (ACADEMY–ACADEMIC), mainly of low famil-
iarity (mean base frequency: 344.25 (SD 435.53), mean derived frequency:
28.23 (SD 49.37)), devised by the first author. Greek origin words occur
mostly in science and literary texts (Henry, 1993; Katamba, 1994) and pose
particular difficulties to students in upper school grades due to their greater
length and lower familiarity. Items for both tasks are given in Appendix II
along with details of word frequencies and letter-length.

Procedure
The investigator dictated the word-pairs together5 and the students were
instructed to write down the spellings on A4 sheets marked with two
separate columns, placing the base spelling in the left column and the
derivation in the right column. This procedure favours recognition of the
stem-derivation relationship and the production of morphologically well-
formed spellings. All students were assessed individually within the school
in a quiet test room.

Results

Accuracy data
The spellings6 were classified as conventionally correct or as errors.
Table 2 reports the mean accuracy rates for spelling base and derived
words by the Dyslexic group and the control groups in the two spelling

Table 1. Psychometric data for the groups Chronological age (CA), Reading Age (RA),

Spelling Age (SA), Standard/Coloured Progressive Matrices (raw scores) and BAS-Digit

Recall (Centiles).

CA BAS RA BAS SA Raven’s PM Digits

Dys. group 13.87 (0.62) 9.14 (2.06) 8.13 (1.10) 37.60 (4.90) 25.40 (22.6)

CA-group 13.77 (0.71) 13.79 (0.62) 12.40 (1.13) 44.90 (6.91) 55.40 (26.9)

RA-group 9.64 (1.75) 10.17 (2.11) 9.30 (1.78) 26.44 (9.73) 58.84 (32.3)
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tasks. Inspection suggests that more errors occurred on derived words
than on base words and that dyslexic spelling was inferior to the results
for both the RL- and the CA-control groups.

A correlational analysis of the control data was undertaken with the
aim of establishing the relationship between the experimental lists and
standardised measures of reading and spelling. This showed a strong
association between Tasks I and II (r=0.956, P<001 for total data) and
close agreement with the formal measures. Spelling task I correlated at
r=0.927 (P<.001) with BAS reading age and at r=0.935 (P<.001) with
BAS spelling age. Correlations between Spelling task II and Reading and
Spelling Age were slightly lower (r=0.891, P<.001, r=0.843, P<.001
respectively).

The outcomes were verified by submitting the accuracy data for Tasks
I and II to 3 (Dyslexic, CA-group, RL-group)�2 (Base, Derived) analyses
of variance. These confirmed that there were large differences between the
groups (F(2,54)=51.667; P<.001 for Spelling task I; F(2,44)=54.311;
P<.001 for Spelling task II). Post-hoc analysis (Tukey HSD) established
that the Dyslexic group underperformed both the CA-group (P<.001)
and the RL-group (P<.01) and that there were significant differences
between the control groups (P<.001). Spelling of derived words was
inferior to spelling of base words (F(1,52)=135.182; P<.001 for Spelling
task I; F(1,42)=57.566; P<.001 for Spelling task II). The interaction with
groups was significant for Spelling task I (F(2,52)=11.734; P<.001),
probably reflecting the small differences between base and derived words
in the CA control data. Analysis of variance by Item verified significant
Group effects (F(2,188)=495.957; P<.001 for Spelling task I,
F(2,188)=524.595; P<.001 for Spelling task II) and the Base/Derived
contrast (F(1,94)=20.295; P<.001 for Spelling task I, F(1,94)=7.978;
P<.01 for Spelling task II). The interaction Group by Base/Derived was
again significant for Spelling task I only (F(2,188)=5.135, P<.05).

Table 2. Spelling tasks I and II. Groups’ mean accuracy rate on base and derived

words (standard deviations in parentheses).

Spelling I Spelling II

Base (%) Derived (%) Base (%) Derived (%)

Dys. group 32.91 (18.70) 12.91 (7.78) 20.00 (14.50) 11.66 (11.29)

CA-group 93.54 (6.51) 86.25 (12.00) 76.14 (7.95) 67.81 (11.79)

RA-group 55.66 (24.57) 35.75 (26.75) 44.30 (21.45) 31.80 (20.94)
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Subsidiary analyses were carried out to verify the difference between
the Dyslexic group and the RL-control (F(1,33)=7.285; P<.05 for
Spelling task I; F(1,23)=9.347; P<.01 for Spelling task II). The mor-
phological complexity effect was similar for the two groups (about 20%
for List I, and 10% for List II), shown by the non-significant Group by
Base/Derived interactions in the two tasks (F(1,33)<1 for Spelling task I;
F(1,23)=1.145 for Spelling task II).

Stem consistency
The consistency of stem spellings between the base and derived words was
examined as a means of assessing the application of morphological
strategies (Derwing et al., 1995). All misspelled word-pairs having the
same stem spelling (e.g., OHNEST/OHNESTY for honest–honesty) were
assigned to the consistent category and all pairs with different spellings
(e.g., WIEED/WIDDTH for wide/width) to the inconsistent category.
These scores are shown in Table 3. It can be seen that the incidence of
consistent stem misspellings was very similar in the Dyslexic and RL-
control groups but that the Dyslexic group had a higher rate of pro-
duction of inconsistent misspellings.

Consistent stem misspellings were submitted to a one-way analysis of
variance. There was a significant effect for Group (F(2,54)=23.486;
P<.001 for Spelling task I, F(2,44)=23.346; P<.001 for Spelling task II)
and post-hoc (Tukey HSD) comparisons revealed that, in both spelling
tasks, the dyslexic group differed significantly from the CA-group
(P<.001) but not from the RL-group. Differences between the control
groups were also significant (P<.001). Analysis of the inconsistent stem
misspellings yielded a significant effect for Group (F(2,54)=33.338;
P<.001 for Spelling task I, F(2,44)=39.261; P<.001 for Spelling task II).
In this case the post-hoc (Tukey HSD) comparisons indicated that the
dyslexic group differed significantly from the CA-group (P<.001 for Task
I and II) and the RL-group (P<.01 and P<.001 respectively). Differ-
ences between the control groups were also significant (P<.001).

Table 3. Spelling tasks I and II. Group’s mean rate for consistent/inconsistent stem

spellings of misspelled word pairs (standard deviations in parentheses).

Spelling I Spelling II

Consistent (%) Inconsistent (%) Consistent (%) Inconsistent (%)

Dys. group 21.04 (7.76) 43.95 (13.86) 20.69 (9.58) 60.00 (16.54)

CA-group 2.91 (3.96) 5.00 (4.55) 6.51 (3.50) 12.44 (8.10)

RA-group 18.91 (11.33) 26.92 (16.60) 22.17 (9.33) 29.92 (17.66)
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Error types
Error responses were further evaluated in terms of locus within the
morpheme structure of the word. Misspelled derived words were allocated
to one of four categories depending on which morpheme was affected: (1)
The Stem category entailed errors occurring either on the stem of the
word or on the stem and its adjacent rule, e.g., ‘honasty’ for HONESTY
and ‘feny’ for FUNNY. (2) The Suffix category contained errors occur-
ring either on the suffix or on the suffix and its adjacent rule, e.g.,
‘helpfeull’ for HELPFUL and ‘relyuble’ for RELIABLE. (3) The Rule
category was composed of errors occurring only on the rule of the word,
e.g., ‘beginer’ for BEGINNER and ‘happyness’ for HAPPINESS. (4)
Across Word errors occurred in every morpheme of the word, e.g.,
‘peleprtay’ for POPULARITY and ‘eneshing’ for EXTENSION. The
frequencies of errors at each locus are summarised in Table 4. The most
striking feature is the high rate of Across Word errors in the Dyslexic
group.

Analysis of variance between the Dyslexic and RL-groups showed
significant effects for Error Type (F(3,99)=18.692; P<.001 for Spelling I,
F(3,69)=46.206; P<.001 for Spelling II) and Group by Error Type
interactions (F(3,99)=4.256; P<.01 for Spelling I, F(3,69)=12.951;
P<.001). Subsidiary tests confirmed the exaggerated incidence of Across
Word errors in the Dyslexic group (P<.05 for Spelling I and P<.01 for
Spelling II) and a lower level of stem only errors in Spelling task II
(P<.05).

The Across Word error responses usually contained major aberrations
which concealed the inner word structure. These errors were further
analysed with the aim of estimating their degree of phonological well-
formedness. There were four categories: (i) Regularisations consisted of

Table 4. Error location on derived words. Groups’ mean error rate (standard deviations

in parentheses).

Spelling I (%) Spelling II (%)

Dys. Group Stem 16.45 (9.64) ns 23.12 (14.51) P<.05

RA-group 23.08 (12.69) 34.44 (9.11)

Dys. Group Suffix 16.45 (8.30) P<.05 6.66 (3.90) ns

RA-group 9.91 (6.59) 5.83 (4.86)

Dys. Group Rule 7.50 (4.83) ns 0.00 (0.00) ns

RA-group 6.00 (3.81) 0.27 (1.07)

Dys. Group Across 44.79 (19.20) P<.05 44.37 (21.26) P<.01

RA-group Word 24.33 (25.61) 16.94 (14.51)
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letters matching all phonemes in the target word and satisfied a relatively
lax criterion of phoneme-grapheme correspondence, e.g., ‘migoruty’ for
MAJORITY; (ii) Mild deviations involved misspelled words that deviated
from the target by one or two phonemes, e.g., ‘equlut’ for EQUALITY;
(iii) Severe deviations were cases where the error response was an aber-
ration from the target in terms of three or more phonemes, e.g., ‘peupr-
tay’ for POPULARITY. The frequencies given in Table 5 suggest that
severe deviations were more frequent in the Dyslexic group than in the
RL-control. This was confirmed by an analysis of variance of results for
this category (P<.05 in both Spelling tasks). The only other significant
difference was in the mild deviations in Spelling Task II (P<.05).

Conclusions
The results confirm the existence of a very severe spelling impairment in
the Dyslexic group. These individuals produced accurate spellings for
only 23% of items from List I and only 16% of items from List II. This
outcome contrasts dramatically with the performance of their non-
dyslexic classmates (CA-control) who correctly spelled the majority of
items (90% on List I, 72% on List II). The spelling impairment was
extreme even relative to younger reading-level matched children (46%
correct on List I, 38% on List II).

The study replicates the previous reports (Carlisle, 1987; Moats, 2000)
that significant difficulties arise in the spelling of derivations both of high
and low frequency words. However, although the spelling of derivations
was below the level for base words, the results do not support the
conclusion that morphologically complex words are a special source of
difficulty for dyslexic adolescents. This follows from the absence of Group
(Dyslexic, RL-control) by Base/Derived interactions in the two studies.
The difference between base and derived words is of the same magnitude
as in the control group of younger normally developing spellers.

Table 5. Phonetic consistency of Across Word errors. Groups’ mean error rate (standard

deviations in parentheses).

Spelling I (%) Spelling II (%)

Dys. Group Regular/ns 20.83 (16.31) ns 13.54 (7.93) ns

RA-group 12.50 (14.48) 9.16 (7.62)

Dys. Group Mild 10.20 (8.53) ns 11.87 (7.01) P<.05

RA-group Deviations 8.66 (16.07) 5.97 (6.94)

Dys. Group Severe 13.75 (23.51) P<.05 18.95 (25.18) P<.05

RA-group Deviations 3.16 (6.59) 1.80 (3.23)
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The analysis of errors suggests that the dyslexic spelling difficulties were
attributable to fundamental structural problems existing well below the
level of morphology. This is shown by the preponderance of Across Word
error distributions in the spelling of derivations and in the enhanced rate of
severely deviant responses. The dyslexic spellers gave evidence of an ability
to use morphological strategies in that they preserved erroneous stem
spellings in the base and derivation to about the same extent as the younger
RL-controls. However, the evidence of failures to use the morphological
strategy, indexed by production of different erroneous stem spellings in the
base and derivation, was exaggerated relative to the RL-control.

Study 2: Word meanings

Study 1 demonstrated the existence of a very severe impairment of
spelling both base and derived words by the dyslexic group. The second
study was conducted with the aim of determining how far this could be
explained in terms of a weakness of vocabulary knowledge. To this end,
the base and derived words used in Study 1 were presented again and
participants were asked to provide definitions which indicated an
understanding of meaning or use.

This study is expected to have different outcomes depending on the
degree of dependency of spelling on vocabulary knowledge. At one
extreme, it is possible that a deficit in vocabulary makes a decisive con-
tribution to spelling problems. If so, it would be expected that dyslexic
performance on the definition task should be below the level of the
younger RL-control. The opposite possibility is that vocabulary knowl-
edge may be normal in dyslexic individuals and unconnected to the
spelling difficulties. In this case, we would expect to find that dyslexic
performance on the definition task was within the range of the CA-
control group. There are also various intermediate outcomes which can
be anticipated. For example, it could be that vocabulary knowledge is
somewhat attenuated in dyslexic individuals as a consequence of reduced
print exposure (Stanovich, 1986). This might result in performance which
fell somewhat below the CA level.

Method

Participants
The participants were the members of the Dyslexic, CA-control and
RL-control groups who took part in Study 1.
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Materials
Two experiments were conducted, Meaning task I and Meaning task II.
The items were the same word pairs as had been used in Spelling tasks I
and II.

Procedure
Students were asked to formulate definitions of the words in each pair (base
and derivation). In cases where they found it difficult to provide a defini-
tion, they were encouraged to explain the word using an illustrative sen-
tence or a phrase. Responses were recorded in writing by the investigator.

Coding of responses
A coding procedure based on the BAS-Word Definitions test (Elliott,
Murray, & Pearson, 1983b) was developed for scoring purposes.
Responses were assigned to one of five categories: (1) Errors entailed
absence of a response, false definitions or vague repetitions of the target
word. (2) Meaning Hints included marginal responses which suggested an
understanding of the meaning, e.g., HAPPY – ‘no worries! You are
happy!’. (3) Synonyms (or Antonyms) contained synonyms and, to a
smaller degree, antonyms of the target word, e.g., FOG – ‘mist’. (4)
Examples entailed complete illustrative sentences or phrases which gave a
clear indication that the student understood the meaning of the word, for
instance, PUBLICITY – ‘Famous people are getting lots of publicity’. (5)
Definitions included complete and accurate descriptions of the meaning of
the target word, for example, SWIM – ‘when you swim in the water, you
move arms and feet and trying to balance yourself in the water’.

Results

Tables 6a and b display the mean percentage incidence of responses
allocated to each of the five categories for Tasks I and II respectively. It
can be seen that error responses were relatively infrequent and that the
Dyslexic group performance was generally better than the RL-control but
slightly below the level of the CA-control.

The acceptable responses (categories 2–5) were submitted to a series of
3 (Dyslexic, CA-group, RL-group) x 4 (Meaning Hints, Synonyms,
Examples, Definitions) analyses of variance of results for base and
derived words on each task. These yielded significant effects for Group
(Task I: F(2,52)=7.234; P<.01 for base words; F(2,52)=10.550; P<.001
for derived words. Task 2: F(2,42)=3.654; P<.05 for base words;
F(2,42)=10.665; P<.001 for derived words)) and Meaning category
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(Task I: F(3,156)=25.466; P<.001 for base words; F(3,156)=26.900;
P<.001 for derived words. Task II: F(3,126)=16.945; P<.001 for base
words; F(3,126)=29.160; P<.001 for derived words). The Group by
Category interactions were significant for derived words in Task I
(F(6,156)=2.242; P<.05) and for both base and derived words in Task II
(F(6,126)=3.312; P<.01 and F(6,126)=3.610; P<.01). Post-hoc analyses
showed that the Dyslexic group did not differ from the CA-control for
either base or derived words in Task I and only for derived words in Task
II (P<.01). The two control groups differed significantly (P<.01 for
bases, P<.001 for derivations in Task I; P<.05 and P<.01 in Task II).

Conclusions
These findings suggest that the dyslexic difficulty in spelling cannot be
attributed to poor vocabulary knowledge. Had this been the case we
would have expected dyslexic performance on the Meaning tasks to fall
below the level of the RL-control. In the event, dyslexic adolescents
exhibited comprehension skills at the same level as their age-mates

Table 6. Meaning tasks I and II. Groups’ mean accuracy rate for Base and Derived

words (with standard deviations in parentheses).

Errors

(%)

Meaning

Hints (%)

Synonyms,

Antonyms (%)

Examples

(%)

Definitions

(%)

Meaning tasks I

Base Words

Dys. Group 6.56 (3.53) 10.83 (7.84) 6.04 (7.11) 30.20 (10.02) 26.66 (12.53)

CA-group 4.34 (3.24) 3.54 (3.45) 12.70 (16.29) 31.87 (23.30) 34.47 (24.93)

RA-group 9.77 (5.94) 3.91 (4.22) 2.91 (4.41) 34.33 (23.22) 19.91 (22.60)

Derived words

Dys. Group 9.84 (3.66) 13.54 (8.40) 3.12 (2.64) 22.70 (7.37) 21.25 (8.37)

CA-group 5.39 (4.89) 5.20 (4.85) 7.39 (10.01) 35.31 (22.13) 30.41 (21.74)

RA-group 12.81 (6.37) 5.08 (4.85) 3.50 (7.94) 26.75 (19.66) 13.08 (16.51)

Meaning task II

Base Words

Dys. group 5.93 (3.15) 21.87 (6.23) 8.95 (2.95) 17.08 (9.71) 28.33 (12.92)

CA-group 4.11 (3.54) 10.10 (8.53) 10.00 (8.67) 23.54 (22.74) 39.89 (20.68)

RA-group 7.56 (4.47) 11.38 (7.70) 4.86 (6.33) 30.83 (15.87) 22.36 (16.93)

Derived words

Dys. group 16.56 (3.39) 10.20 (7.04) 0.62 (1.00) 5.00 (2.97) 17.91 (6.45)

CA-group 8.98 (5.13) 11.66 (8.26) 4.27 (7.92) 11.45 (11.05) 36.66 (21.83)

RA-group 15.24 (5.49) 6.80 (5.70) 0.27 (0.73) 14.02 (8.57) 17.91 (15.78)
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(CA-control), especially for the higher familiarity items used in Task I. It
was only with the less familiar Greek origin derivations used in Task II
that a difference emerged.

As a confirmation of this conclusion, the analyses of variance con-
trasting spelling performance of the Dyslexic and RL-control groups were
repeated with the meaning scores included as a covariate. The group
difference remained significant (F(1,32)=11.527; P<.01 for Spelling task
I; F(1,22)=5.757; P<.05 for Spelling task II) as did the equivalence of the
base/derived effect (interactions F(1, 32)<1 for Spelling task I,
F(1,22)=1.034 for Spelling task II).

Although the difference between the CA-and RL-control groups
suggests a developmental progression in vocabulary knowledge, this
appears not to be closely related to spelling. Correlations between the
Meaning and Spelling tasks (with age and IQ partialled out) were low and
not significant (r>.12, <.33) in the control results.

Study 3: Morphological awareness

In Study 2, we speculated how far the dyslexic spelling difficulty could be
explained in terms of restricted knowledge of base and derived words.
This third study poses the same question in terms of awareness of
morphological structure. Previous studies have suggested a weakness of
morphological awareness in the dyslexic population (Carlisle, 1987;
Fowler & Liberman, 1995; Leong, 1989a,b; Leong & Parkinson, 1995)
and it is possible that this could contribute to the difficulties in learning to
spell morphologically complex words.

The study aimed to distinguish between three accounts of the
relationship between awareness of morphological structure and spelling
difficulties in dyslexia;

1. There is a special difficulty in morphological awareness which may
contribute to the spelling problem. In this case, it is expected that
dyslexic students will present lower levels of awareness than the RL
control.

2. There is no special difficulty in morphological awareness and the
spelling problem is attributable to other (phonological, orthographic)
factors. Here, it is expected that the performance of dyslexic students
will appear unimpaired relative to the CA-control.

3. Morphological awareness is a product of the adoption of morpho-
graphic strategies in spelling. In this option, the performance of
dyslexic individuals will be impaired relative to the CA-control but
equivalent to the RL-control.
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To distinguish between these accounts, morphological awareness tasks
were applied to the dyslexic group and to the two control groups. Mor-
phological awareness was assessed by two implicit tasks (Sentence Tasks I
and II) and one explicit task (Analogy task). All experiments were given
in an oral form in order to investigate morphological awareness without
reference to reading performance.

Sentence Tasks I and II

Sentence Task I was based on words of high familiarity. The aim was
to investigate in sentential contexts the production of derivational mor-
phology and the associated process of decomposition. The experiment also
aimed to assess the effects of orthographic and phonological changes on
the derivational and decomposition processes. Sentence Task II employed
a similar structure but used a complex vocabulary of Greek origin.

Method

Participants
The same students (Dyslexic, CA-group, RL-group) who participated in
the spelling and definition tasks took part in the two studies. In the
Sentence Task I, the dyslexic group contained 10 students, the CA-group
20 and the RL-group 25 students. The dyslexic and the CA groups were
identical for Sentence Task II while the size of the RL group was reduced
to 15 (The youngest children did not take part because the items were
judged to be too complex and unfamiliar).

Materials
The experimental items for Sentence Task I were developed by Leong
(1989a)7 after Carlisle (1988). The list consisted of 48 items (primes)
together with incomplete sentence frames divided between two sets of 24.
In Set 1 students were primed by a derived form and required to vocalise a
base form, e.g., WEAKNESS. After being sick for many days, he was very
WEAK. In Set 2 students had to vocalise the derived form when primed
by the base, e.g., CARE. The road is narrow here, so please be CAREFUL.

Each set consisted of four conditions representing different relationships
between the base and derived forms: (i)NOCHANGE(NC), where there is
no change between the base form and its derived counterpart (HELP–
HELPFUL); (ii) ORTHOGRAPHIC CHANGE (OC), where there is a
change between the base word and its derived form in terms of orthography
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(HAPPY–HAPPINESS); (iii)PHONOLOGICALCHANGE (PC), where
there is a change between the two words in terms of phonology (PRO-
TECT–PROTECTION); and finally (iv) BOTH CHANGE (BC), where
there is a change between the base and the derived form in terms of
orthography and phonology (DEEP–DEPTH). Each experimental condi-
tion (NC,OC, PC,BC) contained 6 items randomly orderedwithin each set.

The items for Sentence Task II were devised by the first author. They
were words of Greek origin (MUSIC–MUSICIAN) which were generally
less familiar and more complex than those used in Task I. In fact, the
mean length of the derivations was 10 letters and the mean frequency
30.81 occurrences per million (Carrol, Davies, & Richman, 1971) as
against 8.1 letters and 165.47 occurrences per million in Sentence Task I.

Sentence Task II followed an analogous structure. There were 48 items
in two sets of 24 to test production of base forms and derived forms. Items
were divided between two change conditions: (i) NO CHANGE (NC),
e.g., PHOTOGRAPH-PHOTOGRAPHY, (ii) ORTHOGRAPHIC
CHANGE8 (OC), e.g., ACADEMY–ACADEMIC. Each condition (NC,
OC) contained 12 items.

Procedure
Procedures and instructions were the same for the two tasks. All partic-
ipants were assessed individually in a quiet room within the school in two
sessions. The experiment was delivered with the aid of a tape-recorder.
Experimental stimuli were transcribed onto the tape by a native British
female speaker. The items were presented in the following time sequence:
WARM [2 sec] He chose the thick coat for its [5 sec]. The instructions
explained that a word would be presented followed by an incomplete
sentence and that the task was to give a word which came from the first
word and completed the sentence acceptably. Four practice items were
presented and discussed before starting the experiment. Rests were
introduced wherever necessary.

Results

Dyslexic and control group mean accuracy rates were calculated by
assigning 1 point for every correct response and 0 for every wrong
response. The mean percentage accuracy scores for the Base and Derived
Forms in each task are given in Table 7.

Two 3 (Dyslexics, CA-group, RL-group)�2 (Base, Derived) analyses of
variance were conducted, one for each Task. These showed significant
effects for Group (F(2,52)=19.857; P<.001 for Sentence task I; F(2,
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42)=25.575; P<.001 for Sentence task II) and the Base/Derived contrast
(F(1, 52)=59.333; P<.001 for Sentence task I; F(1, 42)=189.396; P<.001
for Sentence task II). Post-hoc analyses established that the two control
groups differed significantly (P<.001) and that the Dyslexic group differed
from the CA-group (P<.001 in both Tasks) but not from the RL-group.
The Group by Base/Derived interaction was significant only in Sentence
Task II (F(2, 42)=8.807; P<.01), reflecting the small difference between
base and derived words in the CA-group. Additional analyses of the
results for the Dyslexic and RL groups alone suggested that the patterns of
results were similar in both tasks (Group by Base/Derived interaction,
(F(1,33)<1 for Task I, F(1, 23)=2.188, ns for Task II).

The analysis was repeated with the inclusion of the knowledge of the
meaning of the base words as a covariate. This yielded unaltered out-
comes for both tasks, Group (F(2,51)=16.688, P<.001; and
(F(2,41)=14.870; P<.001) and Base/Derived difference (F(1,51)=8.649,
P<.01 and F(1,41)=9.229; P<.01). The Group by Base/Derived inter-
action remained significant in Sentence task II (F(2,41)=8.055; P<.001).
Similar analyses conducted between the Dyslexic and RL groups showed
that Base/Derived difference remained significant only for Task I
(F(1,32)=18.918, P<.001). The effects were similar in the two groups, as
shown by non-significant Group by Base/Derived interactions
(F(1,32)<1 for Task I, F(1,22)<1 for Task II). These analyses imply that
the effects were not bound to vocabulary knowledge in either task.

The results suggest that the morphological awareness of dyslexic
students, although lower than in the CA-control, was entirely in line with
their reading-level. This is clearly illustrated when the individual scores for
the dyslexic and control groups are plotted against their Reading Age (see
Figure 1a and b). The graphs show the scatter of the accuracy scores of all
control individuals on Sentence Tasks I and II (Figure 1a and b) against
Reading Age and display the line of best fit and the boundaries outside
which cases can be regarded as significantly outlying (P<0.05). The results

Table 7. Sentence tasks I and II. Groups’ mean accuracy rate based on base and

derived words (standard deviations in parentheses).

Sentence I Sentence II

Base (%) Derived (%) Base (%) Derived (%)

Dys. Group 68.33 (16.45) 52.08 (12.30) 56.25 (20.24) 27.91 (19.64)

CA-group 93.54 (4.96) 83.12 (10.51) 90.41 (5.07) 72.08 (11.94)

RA-group 66.33 (23.38) 50.50 (23.76) 71.11 (20.01) 34.16 (24.45)
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for the dyslexic participants have been superimposed. In both studies,
there is a strong linear relationship between performance on the
morphological task and Reading Age (r=0.818; P<.001 in Task I,
r=0.802; P<.001 in Task II). The dyslexic individuals are positioned in
line within or above this function and none of them fall below the lower
boundary. The correlation with Reading Age was also strong in the
dyslexic group (r=0.669, P<.02 for Task I, r=0.654, P<.02 for Task II).

Table 8 reports the results for production of derivations in relation to
the orthographic and phonological change factor. In Sentence Task I
there was a marked reduction in accuracy when a phonological change
was involved (PC and BC conditions). The orthographic change impli-
cated in Task II had relatively less effect. Analysis of variance indicated
that the effects of change were significant in both studies (F(3,
156)=83.500; P<.001 for Task I; F(1, 42)=21.295; P<.001 for Task II).
The interaction with Groups was significant in Sentence task I
(F(6,156)=4.732; P<.001), reflecting the smaller size of the effect in the
CA-control group. An item analysis verified the Change effect in Task I
(F(3, 20)=6.438; P<.01) and post-hoc tests identified differences between
NC and PC (P<.05) and between NC and BC (P<.05). In Task II, the
difference between NC and OC was not significant (F(1,22)=1.273).
These outcomes confirm that phonological change is more important
than orthographic change.

In order to test how far the pattern of performance was equivalent in
the Dyslexic and RL-control groups the analyses were repeated on these
two data sets alone. The Group differences were not significant
(F(1,33)<1 for Task I, F(1,23)<1 for Task II) and there was an absence
of Group by Change interactions (F(3,99)=1.243 for Task I, F(1,23)<1
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Figure 1. a, b Sentence tasks I and II in relation to Reading Age. Scatterplot of dys-
lexic and control accuracy scores (mean %). The Regression line is based upon the
control group data, the outer lines mark the boundaries beyond which scores are sig-

nificantly outlying (P<.05) from control group mean.
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for Task II). This confirms that the Dyslexic and the RL-groups had
almost identical outcomes marked by a major loss of accuracy in the PC
and BC conditions of Task I and in Task II in general (see Table 8).

Word analogy task

This experiment aimed to examine explicit morphological awareness of
derivational production based on word analogies. The less familiar Greek
origin vocabulary was used. Students had to distinguish derivational
transformations in one word-pair (e.g. GEOGRAPHER–GEOGRAPHY)
and apply the same transformation to a second pair (PHOTOGRA-
PHER–PHOTOGRAPHY).

Method

Participants
The participants were the Dyslexic (N=10), CA-control (N=20) and
RL-control (N=25) groups who took part in the previous experiments.

Materials
The experimental items were devised by the first author following
Nunes et al. (1997a). The series of analogies each contained two deriva-
tionally related word-pairs (ARCHAEOLOGIST–ARCHAEOLOGY/
PSYCHOLOGIST–PSYCHOLOGY). Both word-pairs were of Greek
origin and were balanced for grammatical class and internal word

Table 8. Sentence tasks I and II. Morphological Complexity of the Derived Form:

Groups’ mean accuracy rate (in per cent) (standard deviations in parentheses).

No change

(%)

Orthographic

change (%)

Phonological

change (%)

Both

change (%)

Sentence I

Dys. Group 78.33 (17.65) 71.66 (23.65) 33.33 (17.56) 25.00 (21.15)

CA-group 95.00 (10.94) 91.66 (13.78) 70.83 (20.14) 75.00 (19.11)

RA-group 76.66 (25.90) 62.00 (28.26) 32.00 (28.43) 31.33 (24.68)

Sentence II

Dys. Group 33.33 (20.78) 22.50 (19.26)

CA-group 80.00 (15.38) 64.16 (13.54)

RA-group 37.22 (28.67) 31.11 (22.81)
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structure and suffixation.9 Thus, the first items of each pair, ARCHAE-
OLOGIST and PSYCHOLOGIST, had a common morphological
structure and suffix (-ist), and this was also true of the items in the second
pair, ARCHAEOLOGY and PSYCHOLOGY, which have an identical
ending (-y).

The experiment consisted of 20 items allocated to four experimental
conditions according to the part of speech of the second word of the pair:
(i) Noun (GEOLOGIST–GEOLOGY/BIOLOGIST–BIOLOGY); (ii)
Verb (ANALYSER–ANALYSE/PROGRAMMER–PROGRAMME);
(iii) Adjective (SYMMETRY–SYMMETRICAL/GEOMETRY–GEO-
METRICAL); and (iv) Adverb (LYRIC–LYRICALLY/LOGIC–LOGI-
CALLY). Each experimental condition included 5 items systematically
randomised throughout the task. The items are listed in Appendix III.

Procedure
Students were assessed individually in a quiet room within the school. The
experiment was delivered orally via a tape-recorder using recordings made
by a female British speaker. The time sequence for the presentation was:
GEOLOGIST [1 sec] GEOLOGY [2 sec] BIOLOGIST [5 sec]. The
instructions emphasised the need to supply a word which stood in the
same kind of relation to word number three as did word number two to
word number one. At the beginning of the experiment four practice items
from each experimental condition were presented. Students were allowed
to take extra time if they needed. They could also take a rest whenever
they required.

Results

The mean accuracy rate for each group was estimated by assigning 1
point for every accurate response and 0 for every inaccurate response.
Table 9 contains a summary of the results in the form of total scores
correct for each group and a breakdown in terms of part of speech of the
target response. It can be seen that dyslexic performance was far inferior
to the CA-control but at a similar level to the RL-control.

One-way analysis of variance of the total scores confirmed significant
differences among the groups (F(2,54)=25.528; P<.001). Post-hoc
comparisons revealed that the two control groups differed significantly
(P<.001) and that the Dyslexic group differed from the CA-group
(P<.001) but not from the RL group. This outcome agrees with the
Sentence tasks by showing that dyslexic performance is impaired relative
to the CA-control but equivalent to the RL control.
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Figure 2 shows the scatterplot for Analogy scores against Reading
Age together with the line of best fit and upper and lower boundaries.
Examination of this plot reveals that all dyslexic individuals fell well
within the range of their reading age control. The correlation with
Reading Age was strong (r=0.908, P<.001 for the control groups,
r=0.840, P<.01 for the Dyslexic group). These data indicate that the
members of the dyslexic group attained levels of explicit morphological
awareness which were exactly appropriate for their reading age.

Percentage accuracy means for each group across Word Function
categories appear in Table 8. Analysis of variance showed significant
effects for Group (F(2,52)=25.716; P<.001) and Word Function
(F(3,156)=39.467; P<.001). The interaction Group by Word Function
was also significant (F(6,156)=4.269; P<.01). Differences among gram-
matical classes were small in the CA-group, but the Dyslexic and the RL
groups presented far better scores on Nouns than on the other

Table 9. Word Analogy task. Word Function & Total items. Groups’ mean accuracy

rate (in per cent) (standard deviations in parentheses).

Total (%) Nouns (%) Verbs (%) Adjectives (%) Adverbs (%)

Dys. group 30.50 (19.35) 66.00 (21.18) 28.00 (23.47) 12.00 (25.19) 14.00 (18.97)

CA-group 79.50 (14.77) 88.00 (11.96) 83.00 (20.79) 76.00 (23.97) 71.00 (26.33)

RA-group 37.40 (27.39) 59.20 (33.90) 36.00 (25.16) 31.20 (38.33) 23.20 (26.88)
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Figure 2. Word Analogy task in relation to Reading Age. Scatterplot of dyslexic and

control accuracy scores (mean %). The Regression line is based upon the control
group data, the outer lines mark the boundaries beyond which scores are significantly
outlying (P<.05) from control group mean.
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grammatical classes. Analysis by Item showed significant effects for Word
Function (F(3,16)=4.746; P<.05) and for the interaction Group by
Word Function (F(6,32)=4.417; P<.01). Post-hoc analysis (Tukey HSD)
verified that this was due to differences between Nouns and Adjectives
(P<.05) and Nouns and Adverbs (P<.05). An additional analysis was
made as a test of the equivalence of results between the Dyslexic and RL
control groups. This confirmed the absence of a difference between the
groups (F(1,33)<1). However, the Group by Word Function interaction
was significant (F(3,99)=2.924, P<.05), indicating slightly different
patterns among categories (e.g., Adverbs gained higher accuracy scores
than Adjectives in the Dyslexic group but not in the RL-group).

Conclusions
The findings from Study 3 are consistent in confirming that dyslexic
individuals exhibit significantly lower levels of morphological awareness
and derivational knowledge than their age peers. This effect occurred in
the implicit tasks (Sentence Tasks I and II) and in the explicit task
(Analogy). Performance on these tasks corresponded closely to the results
obtained from the younger reading level matched children (RL control)
and it appeared that the dyslexic adolescents followed a pathway which
was almost exactly in line with the level of orthographic development
which had been achieved.

Relationship between morphological awareness and spelling

Study 3 suggests the existence of a strong relationship between literacy
and performance on the morphological tasks. This was further investi-
gated in a correlational analysis. Table 10 reports the control group
correlations (with age and Ravens partialled out) among the morpho-
logical tasks and between these tasks and spelling. All correlations among
the morphological assessments were found to be strong and significant
(above 0.80, P<.001), both between implicit tasks (Sentence I and II),
and among implicit and explicit tasks (Sentences and Word Analogy).
This suggests that the tasks provide an effective and reliable index of
morphological ability.

Correlations between the morphological tasks and Spelling I and II
were estimated. It can be seen that there were modest but significant
relationships between Spelling task I (common English words) and the
explicit Word analogy task and the implicit Sentence task II (Greek origin
items). All morphological tasks correlated significantly with Spelling
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task II (Greek origin words), most notably the Word analogy task
(r=0.85, P<.001) and Sentence task I (common English words) (r=0.80,
P<.001).

In order to estimate the strength of these relationships, separate
regression analyses with Spelling Task I and II as dependent variable and
the morphological tasks as predictors were undertaken. The outcomes are
shown in Table 11. It appears that theWord analogy task was the only one
to make an independent contribution to the spelling tasks (after control-
ling for Reading age, Chronological age and another morphological
awareness task). The conclusion is that the explicit Word analogy task was
the most successful concurrent predictor for spelling morphologically
complex words of both high and low familiarity.

Table 10. Morphological Awareness and Spelling tasks. Correlations among measures

(controlling for CA and IQ) on Control group (combined CA- and RA-groups).

Analogy Sentence I Sentence II Spelling I Spelling II

Analogy task – 0.81*** 0.84*** 0.51*** 0.85***

Sentence task I – 0.86*** 0.22 0.80***

Sentence task II – 0.66** 0.64**

Spelling task I – 0.95**

Table 11. Multiple Regressions. Contribution of Morphological Awareness tasks to

Spelling task I and II (based on control data).

Dependent Variable: Spelling I Spelling II

Predictors R2 R2 change Final beta R2 R2 change Final beta

1. RA 0.82 0.82*** 0.58 0.79 0.79*** 0.56

2. CA 0.82 0.00 0.00 0.80 0.01 0.09

3. Morph. 0.83 0.00 )0.10 0.81 0.00 )0.06
4. Analogy 0.86 0.02* 0.46 0.83 0.02* 0.43

3. Sentence I 0.83 0.00 0.03 0.84 0.01* 0.13

4. SentenceII 0.83 0.00 0.17 0.85 0.00 0.15

3. SentenceII 0.83 0.01 0.17 0.84 0.01* 0.15

4. Sentence I 0.87 0.00 0.03 0.85 0.00 0.13

Key: Reading Age (RA), Chronological Age (CA), Morph. (morphological task- not

presented in this paper), Analogy task (Analogy), Sentence task I (Sentence I), Sentence

task II (Sentence II).
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General discussion

The aim of this paper has been to evaluate whether there is a special
difficulty in the spelling of morphologically complex items by dyslexic
students and to verify whether this difficulty is explicable in terms of lack
of vocabulary knowledge or lack of morphological awareness. Given the
relatively small size of the dyslexic group, the study can be considered as
exploratory rather than as definitive, although the patterns of results are
clear and consistent and meet appropriate statistical tests of significance.

Study 1 confirmed that the spelling achievement of the dyslexic group
was very severely impaired relative to the performance of their normal age
peers (see also Bryant et al., 1997a; Carlisle, 1987; Fisher, Shankweiler, &
Liberman, 1985; Shankweiler, Lundquist, Dreyer, & Dickinson, 1996). A
striking feature was that dyslexic performance was also substantially
below the results for the younger RL-control group. Elbro (1990)
reported that dyslexic adolescents performed significantly worse than a
reading-matched group in spelling critical letters that can be deduced only
in terms of a morphological strategy. Bryant et al. (1997a), on the other
hand, found that a younger group of backward readers were equivalent to
their reading-level counterparts, suggesting that the gap may widen with
age. The dyslexic group encountered particular difficulties in spelling
derived words (see also Carlisle, 1987; Kemp, 2000). Only 13% of
derivations were written correctly in List I, and only 12% in List II, in
contrast with the much better performance of the younger children in the
RL control group (36% and 32%).

Just how these findings should be interpreted depends on the model of
normal spelling development which is adopted and the explanation of the
way in which development is impaired in dyslexia. This account is likely to
be contingent on the particular orthography which is being learned. There
is a very large contrast between a shallow orthography like Greek and the
deep morphophonemic system of English. In Greek it is broadly true that
the phonemes of the language are consistently represented by particular
graphemes, although, as noted by Harris and Giannouli (1999), there are a
few variabilities, including some which are related to morphology. English,
by contrast, contains numerous alternative options which signal lexical
identity (for example, the contrasting spellings of some homophones) and
morphological structure (non-phonological spellings for affixes).

Various accounts of spelling development have been proposed (Ehri,
1992; Frith, 1985; Nunes et al., 1997a). One common feature is the
suggestion that there may be successive phases during which different
levels of spelling knowledge are established. For the case of English, we
propose that these levels might be summarised in the following terms:
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1. Phonography. The foundation of spelling is a grasp of the alphabetic
principle by which elements of spoken language (phonemes) are related
to written forms (graphemes). This requires a capacity to analyse
speech into phonemes and to select the corresponding graphemes in
sequence. The process is complicated if multi-letter graphemes are used
to spell some phonemes and if there are contextual dependencies.
Orthographic conventions imposing positional constraints on the use
of graphemes may also need to be learned. Acquisition at this level
enables the production of phonologically plausible and orthographi-
cally legal spelling attempts.

2. Lexigraphy. English, like many other alphabetic writing systems, is
characterised by a one-to-many mapping of phonemes onto graphemes.
It is often true, especially for the vowels, that several different graphemes
are possible (Barry & Seymour, 1988). A consequence is that lexical
(word specific) knowledge is essential for the correct spelling of English.
Anorthographic lexicon of individualword forms has to be built up over
time through learning and experience with written language. Acquisi-
tion at this level enables the conventionally correct spellings of words
(monomorphs) from an appropriate vocabulary range to be produced.

3. Morphography. Complex words are divisible into stems and bound
morphemes (prefixes, inflectional and derivational suffixes). Morpho-
graphic learning entails the recognition of these divisions and a
knowledge of the conventions for spelling and combining individual
stems and affixes. The underlying principle is that suffixes serving a
particular function have a common spelling across word families and
that stems preserve their spellings within families. Mastery of this level
permits the production of correctly written multimorphs.

It is possible to envisage differing accounts of the progression through
these levels of spelling knowledge. Acquisition may be a cumulative
process, so that failure to establish a phonographic basis disrupts lexi-
calisation and failure to secure stable spellings for base words prevents
morphographic learning. Such difficulties might be intrinsic to the
orthographic process or might be subject to causes located elsewhere in
the linguistic system. These extrinsic factors might differ according to
spelling level, being concerned with sublexical phonology (awareness of
speech segments) for the phonographic foundation, with lexical identities
for the lexicalisation phase, and with morphological analysis for the
morphographic level. Causation may be unidirectional or bidirectional
and reciprocal. Further, according to Gombert (1992), linguistic aware-
ness may exist at different levels of accessibility, an implicit (epilinguistic)
level or an explicit (metalinguistic) level.
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The spelling difficulties of the dyslexic adolescents can be discussed in
terms of this background.

Level 1: Phonography

It seems clear that the phonographic foundations of spelling were
severely disturbed in the members of the dyslexic sample. This is shown
by the low spelling age, the poor performance on the experimental lists,
including the relatively common base words used in List I, and the
production of error responses containing multiple deviations from
phonological structure (14% of responses to familiar words, 19% of
Greek origin words, well above the level for the RL-group) (see also
Snowling, 1994). Difficulties at this level are commonly attributed to a
‘phonological deficit’, reflecting an imprecision in the representation of
the segmental structure of speech (Snowling, 2000) which is accompa-
nied by difficulties in performing explicit phoneme manipulation tasks,
such as deletion or spoonerisms.

Level 2: Lexigraphy

It also seems clear that the dyslexic group had not developed lexicalised
spelling systems. Absence of word-specific spelling knowledge is shown by
the high rates of error in spelling morphologically simple base words
(67% error on List I, 80% on List 2). According to the cumulative model
this could be a consequence of the lack of structure and stability in the
phonographic foundation. However, the existence of individuals who are
able to produce phonetically well-formed but conventionally inaccurate
spellings (Frith, 1980) suggests that additional factors may influence
lexicalisation. This could be an intrinsic effect relating to capacity to
attend to component letters in reading and to store orthographic repre-
sentations. According to causal accounts, there should be some deficiency
in metalexical representation which affects the acquisition of word-
specific spelling knowledge. This possibility was tested in Study 2 by
applying the word definition task as an index of vocabulary knowledge of
the base and derived words used in the spelling tasks. Under this
hypothesis we would have expected the dyslexic group to perform poorly
and below the level of the RL-control on the definition task. As it turned
out, the dyslexic adolescents exhibited a knowledge of word meanings
which was comparable to that of their non-dyslexic age-mates (CA-con-
trol). Furthermore, the group contrasts in spelling remained significant
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when differences in vocabulary knowledge were included as a covariate in
the analyses. Reciprocal causation involving an influence of orthographic
difficulties on word knowledge is also a possibility. The observation that
the ability of the dyslexic group to define lower frequency Greek-origin
derived words was below the CA-group and at the level of the RL-group
is consistent with this suggestion.

Level 3: Morphography

The dyslexic group had not developed a morphologically organised
spelling system. This is demonstrated by very high rates of error in
spelling derived words from List I (87%) and List II (89%) and by
failures to produce conventional forms for suffixes. On List I, 16% of
responses involved errors restricted to the suffix and a further 45%
contained multiple (Across word) errors affecting the suffix and as well as
the stem. These figures are well above the rates for the RL-control. As
already noted, this could be explained according to an intrinsic cumula-
tive model in which a lack of stability and structure at the phonographic
and lexigraphic levels undermines the possibility of isolating and
combining recurrent stem and affix spellings. Errors in writing word stems
were frequent (61% for List 1, 67% for List 2 from the combined Stem
only and Across Word categories) and may have been critical in
preventing the transfer of base word spellings to derivations (see Arnbak
& Elbro, 1998; Carlisle, 1987; Kemp, 2000; for similar arguments).
However, although the dyslexic adolescents found complex derived words
more difficult to spell than the simpler base words, the size of this derived
– base word difference (20% in List I, 8% in List II) was very close to the
difference found in the RL-group. This implies that dyslexia was not
characterised by an exaggerated difficulty in spelling morphologically
complex forms, but rather by a fundamental (phonographic, lexigraphic)
deficiency which combined additively with the effects of the greater
complexity of derived forms.

Taking consistency of stem spelling as an index of adoption of a
morphological strategy (Derwing et al., 1995), we found that the dyslexic
group transferred erroneous stem spellings from the base to the derivation
on about 21% of word pairs. This rate was very close to that observed in
the younger RL-control and might be taken to imply that a morphological
approach was established to an extent appropriate for the level of literacy
which had been achieved. However, the production of inconsistent stem
spellings was exaggerated (44% on List I, 60% on Lists II as against 27%
and 30% by the RL-control) and might be seen as evidence of a poor grasp
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of morphographic principles as well as of the underlying instability of the
spelling system.

According to causal theories, difficulties at the morphographic level
might reflect a linguistic impairment in the area of metamorphological
representation. On this view, an inability to become aware of the stem
and affix structure of complex words could exert a disruptive effect on
the learning of morphographic spelling. This hypothesis was tested in
Study 3 by applying oral sentence completion and analogy tasks. The
results were consistent in demonstrating that dyslexic adolescents dis-
played much lower levels of morphological awareness than age-matched
controls (60% vs. 88% in Sentence Task I; 42% vs. 81% in Task II;
31% vs. 80% in the Analogy task). This is in agreement with many
previous studies (Bryant et al., 1997a, Bryant, Nunes, & Bindman,
1997b; Carlisle, 1987; Elbro, 1989, 1990; Leong, 1989a, b; 2000; Leong
& Parkinson, 1995; Shankweiler et al., 1996) and appears to rule out
any suggestion that morphological awareness and spelling are unrelated.
Indeed, the correlational analyses of the control data pointed to a very
close dependency of morphological awareness on literacy (see Figures 1
and 2) and strong connections between the spelling tasks and the
morphological tasks.

The proposal that the deficiency in morphological awareness might
be a direct cause of the dyslexic spelling problems seems more ques-
tionable. To support this it would have been necessary to show that the
morphological deficit was extreme and that dyslexic scores were dis-
tributed below the level of the RL controls. As it was, the dyslexic
scores were statistically equivalent to the control scores (60% vs. 58%
on Sentence Task I; 42% vs. 53% on Task II; 31% vs. 37% on the
analogy task). The plots against Reading Age (Figures 1 and 2) show
very clearly that dyslexic morphological development followed a normal
course in which capacity to perform both implicit (sentence context) and
explicit (analogy) tasks was dependent on the literacy level which had
been achieved. This outcome agrees with previous findings by Carlisle
(1987), Bryant et al. (1997a, b; 1998), Champion (1997) and Fowler and
Liberman (1995) but contrasts with Elbro’s (1989, 1990) report of group
differences in sentence analysis and morpheme reversal and completion
tasks.

Relationship between metamorphology and spelling

The results appear most obviously interpretable in terms of a reciprocal
causal model in which there is a two-way interaction between spelling
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development and metamorphology. As already noted, Gombert (1992)
proposed that linguistic awareness might exist at two levels which
he called epilinguistic and metalinguistic. The first level is the basis for
language use and communication but is implicit and inaccessible to
conscious inspection and intentional manipulation. The second level is
explicit and identifies linguistic entities which can be objects of con-
sciousness and manipulation. A key proposal is that metalinguistic
representation, while building on an epilinguistic base, is an optional
development which occurs only when there is a clear external demand.
Duncan, Seymour, and Hill (1997, 2000) adapted this account to the
relationship between metaphonology and early reading, arguing that
meta-representations of the phoneme are formed at an early point in
response to alphabetic instruction whereas rime segments, although
available at the epilinguistic level, become explicit only somewhat later
when a rime-based organisation of the orthographic lexicon becomes
important. These same principles can be applied to morphographic
development. Representations of free and bound morphemes exist in an
implicit (epilinguistic) form at the outset of literacy acquisition but
become explicit (metalinguistic) only when a significant need to define,
isolate and combine stem and affix structures emerges. This might occur
relatively late in spelling development when economies of learning can
be achieved through a recognition that large numbers of complex words
consist of recombinations of recurrent, morpheme-based letter
sequences.

One difficulty with this theory is the lack of evidence for a dis-
tinction between the implicit (epilinguistic) and explicit (metalinguistic)
levels in the results for the Sentence completion and Analogy tasks. In
Duncan et al’s (1997, 2000) studies it appeared possible to identify
some tasks, such as same-different matching or oddity detection, which
tapped the implicit level, and others, such as common unit identifica-
tion, which tapped the explicit level. For example, young children
demonstrated awareness of rime in implicit tasks but not in the explicit
tasks. An expectation was that the Sentence tasks, by supplying a
language context for the responses, would assess implicit (epimorpho-
logical) awareness, while the Analogy task, by its more abstract format
and requirement to separate and recombine stem and affix units, would
assess explicit (metamorphological) awareness. If, as argued by Gom-
bert (1992), epilinguistic representations precede literacy whereas
metalinguistic representations come into existence in response to the
demands imposed by literacy acquisition, then we could have expected
the dyslexic adolescents to perform well on the Sentence tasks but to
show a literacy-dependent delay on the Analogy task. In fact the two
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types of task were closely related (see Table 9) and appeared to
measure the same construct and to be equally dependent on literacy.
The only point of distinction was that Analogy proved to be a stronger
concurrent predictor of spelling in the regression analyses (see
Table 10).

The proposition that capacity to perform the morphological
awareness tasks was directly dependent on literacy level is further
supported by the similarity of the linguistic effects in the Dyslexic and
RL control groups. In both Sentence tasks the production of deriva-
tions was more difficult than the production of base forms (see also
Carlisle (1984, 1987, 2000), Fowler & Liberman (1995), Leong (1989a,
b; 1999, 2000) and Leong & Parkinson (1995)). This effect was of the
same order in the Dyslexic and RL groups (16% and 16% in Sentence
Task I; 28% vs. 37% in Sentence Task II). In Sentence Task I there
were large reductions in accuracy when the derivation involved a
phonological change to the base form (PC and BC conditions, see
Table 7) (see also Carlisle, 1984, 1987, 1995, 2000; Carlisle & No-
manhboy, 1993; Fowler & Liberman, 1995; Leong, 1989a, b; 2000;
Leong & Parkinson, 1995). These effects were also closely equivalent in
the two groups as was the loss of accuracy in Sentence Task II
associated with the introduction of the more difficult Greek origin
vocabulary. In the Analogy task there were differences among the
grammatical classes of the response items and these were similar, but
not identical, in the two groups.

Conclusions

In this report we have investigated the spelling and lexical and mor-
phological awareness of dyslexic adolescents. The study confirmed a
profound impairment in the production of conventionally correct
spellings for base words and morphologically complex derivations. It
seemed unlikely that these difficulties were attributable to intrinsic
problems in the domains of either metalexical or metamorphological
awareness. The dyslexic spelling system was impaired at its phono-
graphic foundation and marked by poorly formed responses containing
multiple errors. Metamorphology was deficient relative to age but only
to a degree consistent with the reading level which had been achieved,
suggesting that morphological awareness may be a product of literacy
rather than vice versa.
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Notes

1. According to Code of Practice (Department for Education and Employment

(DfEE), 1994) in UK, children with special educational needs follow a number of
procedures by Local Education Authorities (LEA) in order to receive formal
recognition and thus entitled for appropriate provision within their school set-

tings. Pupils presenting severe literacy difficulties are suggested by their school-
teachers for formal assessments carried out by LEA’s Educational Psychologists
and other professionals outside the school. Criteria for diagnosis varied among
LEAs, but normally a formal diagnosis is based upon assessments of intelligence

(British Abilities Scales, Raven’s SPM etc.), literacy (standardised and non mea-
sures) and cognitive function (memory, attention etc.). Children with a formal
diagnosis of dyslexia are issued with a Statement of Special Educational Needs

and a Record of Needs describing their weaknesses and strengths and how the
School provision should be meet these needs. Normally, children with a Record of
Needs receive extra literacy provision under special teachers in Learning Support

Units within their schools.
2. The variability in Reading Age (RA) scores in the dyslexic group (see Appendix I)

did not allow us to form a homogenous RL-group in terms of reading ability but

rather a ‘stratified’ sample. Thus, singles or dyads of dyslexic individuals of common
RA matched with a small group of similar RA of particular Grade, since it is not
possible to choose pupils with normal reading skills of low RAs from high Grades
and the reverse. For example, dyslexic pupils with RAs of 7.4 and 7.9 matched with

much younger pupils but with normal reading skills of 7.6, 7.9 and 7.10 (Grade 4).
This led to a variation in RA within the RL-group.

3. The linguistic characteristics of the items are given in more detail in the Methods

section of Sentence tasks I and II (see phonological and orthographic changes, see
Study 3, Method). However, these details are not examined thoroughly in the
spelling tasks since the sensitivity to the familial relationship along with base/derived

distinction were the prime scopes of the studies.
4. In derivational morphology (Katamba, 1994), foreign affixes tend to occur with

foreign roots and native affixes with native roots. That is why the abstract noun

formed from the light (an Old English noun) is lightness (Old English suffix) and not
lightity (Roman suffix). Some Greek loans also bring with them their own suffixes
(e.g., atom fi atomic), although they usually tend to occur with Roman (e.g.,
drama–dramatist) or variant origin suffixes. In any case, these loans retain their

Greek stems and thus are characterised as Greek origin words.
5. While in experimental literature (Derwing, 1976; Derwing et al., 1995; Smith,

1987) base and derived words are reported to be instructed separately to the

students, the strategy used in this study which favours recognition of the stem–
derivation relationship appears to evoke more sensitive results. Surprisingly to an
experienced reader, findings on inconsistent stem spelling scores that were sig-

nificantly higher than CA- and RL-groups showed that familial relationships of a
word-pair are not so salient for the dyslexic students as for normal readers of
both groups.

6. Spelling data was scored by the first author. This does not seem to affect the reli-

ability of the results, since every character misrepresentation in the word categorises
it as incorrect (e.g., wurmth instead of WARMTH).
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7. The base and derived words were the same (except for one item) but slight modifi-
cations in the number of items and construction of sentence frameworks were made

by the experimenter for reasons of brevity and uniformity across items. For instance,
the item ‘DENSITY. Many, many people live in Japan; the population is DENSE’ was
modified to ‘DENSITY. It is a crowded area, where the population is very DENSE’.

8. Orthographic Change was the prevalent feature for the Greek corpus of words in
English. Items undergoing Phonological and Both Phonological and Orthographic
Changes were particularly rare and thus they were not included in the design of this
experiment.

9. This design was permitted due to specific features of the corpus of Greek origin
words, which contained a high incidence of common bound morphemes (-graph-, -
log-, -metr- etc.) and neutral suffixes (-ise, -ist,-ical, -ically) that allowed for

morphologically transparent relations between items of the word pairs to an ex-
tended degree.
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Appendix

Appendix A1. Dyslexic participants Sex, Chronological age (CA), BAS-Reading Age

(RA)/Spelling Age (SA) & Centiles, Standard Progressive Matrices (SPM) (Percentiles)
and Digit Span (centiles).

Dyslexics Sex CA

BAS

RA Centiles

BAS

SA Centiles

Raven’s

SPM

DigitSpan

1 M 14.05 7.4 2 7.2 1 25 4

2 M 13.04 14.0 70 10.10 30 50–75 67

3 M 13.11 7.9 4 7.9 4 50 33

4 M 14.04 9.1 41 9.1 12 25–50 49

5 M 13.08 9.1 14 9.1 12 50–75 2

6 M 15.03 7.6 8 7.6 2 50–75 27

7 M 14.09 7.2 12 7.2 1 10–25 8

8 M 14.11 8.1 14 8.1 4 50–75 10

9 M 14.11 9.1 5 9.1 9 50 46

10 F 14.08 9.05 12 8.01 5 25–50 8
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f Letter-length f Letter-length

Final 460 5 Finally 1032 7

Honest 84 6 Honesty 19 7

Sun 1977 3 Sunny 116 5

Swim 290 4 Swimmer 34 7

Begin 276 5 Beginner 12 8

Help 3875 4 Helpful 209 7

Endure 39 6 Endurance 26 9

Expense 38 7 Expensive 129 9

Happy 774 5 Happiness 79 9

Glory 93 5 Glorious 54 8

Rely 42 4 Reliable 36 8

Ugly 126 4 Ugliness 5 8

Protect 340 7 Protection 153 10

Express 473 7 Expression 287 10

Sign 625 4 Signal 274 6

Major 597 5 Majority 119 8

Heal 20 4 Health 331 6

Equal 565 5 Equality 41 8

Permit 72 6 Permission 87 10

Revise 31 6 Revision 13 8

Decide 540 6 Decision 127 8

Deep 996 4 Depth 167 5

Type 599 4 Typical 154 7

Produce 586 7 Production 227 10

Growth 322 6 Grow 1418 4

Fearful 72 7 Fear 439 4

Usually 1712 7 Usual 313 5

Assistance 39 10 Assist 33 6

Dangerous 308 9 Danger 359 6

Loyalty 30 7 Loyal 38 5

Foggy 37 5 Fog 212 3

Runner 50 6 Run 1473 3

Funny 312 5 Fun 695 3

Density 104 7 Dense 86 5

Sensitive 14 9 Sense 556 5

Emptiness 7 9 Empty 384 5

Personality 97 11 Personal 255 8

Discussion 149 10 Discuss 286 7

Appendix A2. Sentence task I- Frequency and letter-length of the Items.
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Appendix A3. Sentence task II-Frequency and letter-length of the Items.

Appendix A2. continued.

f Letter-length f Letter-length

Publicity 21 9 Public 447 6

National 327 8 Nation 510 6

Popularity 37 10 Popular 393 7

Cleanliness 0 11 Clean 521 5

Width 149 5 Wide 863 4

Combination 194 11 Combined 203 8

Reduction 29 9 Reduced 101 7

Extension 38 9 Extend 137 6

Description 168 11 Describe 486 8

Assumption 26 10 Assume 99 6

f Letter-length f Letter-length

Electric 532 8 Electrician 5 11

Myth 29 4 Mythology 13 9

Biology 36 7 Biologist 14 9

Symbol 451 6 Symbolise 19 9

Idol 10 4 Idolise 2 7

Emphasis 66 8 Emphasise 34 9

Atom 225 4 Atomic 213 6

Method 626 6 Methodical 13 10

Drama 84 5 Dramatic 123 8

System 1110 6 Systematically 11 14

Period 601 6 Periodically 7 12

Drama 84 5 Dramatically 16 12

Archeology 2 10 Archeologist 7 12

Economy 104 7 Economics 4 9

Geography 104 9 Geographer 3 10

Analysis 54 8 Analyse 37 7

Sympathy 45 8 Sympathise 4 10

Theory 240 6 Theorise 12 8

Athlete 33 7 Athletic 42 8

Economy 104 7 Economic 170 8
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Appendix A4. Word analogy task.

Appendix A3. continued.

f Letter-length f Letter-length

Academy 80 7 Academic 2 8

History 726 7 Historically 10 12

Enthusiasm 59 10 Enthusiastically 20 16

Psychology 22 10 Psychologically 3 15

Musician 52 8 Music 2100 5

Magnetism 48 9 Magnet 228 6

Photography 26 11 Photograph 105 10

Symbolise 19 9 Symbol 451 6

Idol 10 7 Idolise 2 4

Oxygenate 0 9 Oxygen 625 6

Logical 58 7 Logic 21 5

Alphabetical 204 12 Alphabet 206 8

Systematic 23 10 System 1110 6

Mythically 0 10 Myth 29 4

Methodically 5 11 Method 626 6

Periodically 7 12 Period 601 6

Astronomer 49 10 Astronomy 48 9

Academician 0 11 Academy 13 7

Telephonist 0 11 Telephone 284 9

Categorise 0 10 Category 41 8

Energise 0 10 Energy 1190 6

Sympathise 4 14 Sympathy 45 8

Metric 57 6 Meter 206 5

Theoretical 18 11 Theory 240 6

Energetic 27 9 Energy 1190 6

Basically 54 9 Base 881 4

Historically 10 12 History 726 7

Analytically 0 12 Analysis 54 8

Noun–Noun

1. geographer (3)a geography (104) photographer (25) photography (26)

2. anatomist (2) anatomy (24) economist (8) economy (104)

3. geologist (2) geology (32) biologist (14) biology (36)
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