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Abstract 

 

In contrast to the numerous treatment studies of spoken language deficits, there 

have been relatively few studies concerned with the treatment of spelling disorders. 

Among these, there have been only a small number that have targeted specific 

components of the spelling process. We describe a successful single case treatment 

study for FME, a woman with acquired dysgraphia, which was conducted within a 

cognitive neuropsychological framework. Pre treatment assessment revealed a 

semantic deficit, impaired access to output orthography and probable additional 

degradation of the actual representations within the orthographic output lexicon. The 

treatment study was therefore directed toward relearning spellings by strengthening, 

and facilitating access to, specific orthographic representations for writing. In order to 

maximize the functional outcome for FME, treatment was focussed on high frequency 

irregular words. The treatment program was carried out in two phases, one without 

and one with the use of mnemonics, and the results showed a selective training 

effect with the mnemonics alone. Treatment benefits were item specific but long 

lasting, and a significant improvement in FME’s spelling performance was still evident 

at 2 months post treatment. The current study confirms how cognitive 

neuropsychological theories and methods can be successfully applied to the 

assessment of acquired spelling impairments, and exemplifies how treatment with 

carefully designed mnemonics is of benefit if the inability to retrieve orthographic 

representations for writing is aggravated by a semantic deficit. 
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Introduction 

 

Acquired dysgraphia refers to impaired writing ability following brain damage. 

While it can occur in isolation, it mostly accompanies reading difficulties and 

impairments of spoken language. In contrast to the numerous treatment studies of 

spoken language deficits however, there have been relatively few studies concerned 

with the treatment of spelling disorders (Beeson & Rapcsak, 2002). Among these, 

there have been only a small number that have targeted specific components of the 

spelling process. Nonetheless, the treatment of spelling impairments is especially 

important both because of the pervasive use of spelling in everyday life (e.g., writing 

cheques, making shopping lists, taking phone messages), and because the 

remediation of written language deficits may sometimes be more successful than that 

of spoken impairments (Beeson, 1999). Certainly not everyone depends on written 

language to the same degree, and the impact of an acquired dysgraphia will vary 

according to one’s employment, communication needs and lifestyle. However, 

isolated impairments of spelling or writing can result in significant changes in one’s 

ability to exchange information and pursue vocational and personal activities. 

While many studies for impaired spelling report overall success, the patterns of 

improvement vary across the studies, especially as concerns the generalization of 

treatment benefits to untreated items (Rapp & Kane, 2002). The current literature 

also suggests that it is still difficult to predict which therapeutic task or approach will 

be successful at remediating which particular disorder (Best & Nickels, 2000).  

Hence, this paper presents a treatment study for acquired dysgraphia, which 

aims to add to the knowledge base. First we shall review the theoretical approach to 

reading and spelling from a cognitive neuropsychological perspective, and then 

briefly review the literature on dysgraphia treatment. 
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Cognitive Models of Reading and Spelling 

 

Most cognitive theories of reading aloud and spelling to dictation propose two 

main processing routes, the lexical route and the sublexical route (see Figure 1). The 

lexical route makes use of information about words that has been stored in long-term 

memory, whereas the sublexical route makes use of stored knowledge of the regular 

relationships between sounds and letters. 

 

(Figure 1 about here) 

 

Spelling 

The lexical route for spelling to dictation relies on the retrieval and activation of 

representations of whole words, and allows correct spelling of all familiar words (both 

regularly and irregularly spelled). Within this route, an orally presented word activates 

its representation in the phonological input lexicon, which consequently allows the 

listener to gain access to the representation of the word’s meaning within the 

semantic system. This can in turn be used to activate the representation of the 

word’s spelling within the orthographic output lexicon, a long-term memory store of 

the spelling of familiar words. The sublexical route allows correct spelling for regular 

(familiar and unfamiliar) words and nonwords by applying phoneme-to-grapheme 

conversion rules. When working in isolation this route yields erroneous but 

phonologically plausible spellings for irregular words (e.g. “yacht” → yot). The 

spelling representations generated by either route are temporarily stored in the 

graphemic output buffer, a working memory component, while the physical process 

of writing is completed. Subsequently, at a post-graphemic level, the abstract 

graphemic representations are converted into visual letter shapes or stroke features 

by the allographic conversion system (Rapp & Caramazza, 1997), and finally, 

peripheral writing is performed through the coordination of motor processes that 
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allow sequences of strokes to be formed into each written letter (Goodman & 

Caramazza, 1986a).  In addition to the lexical and sublexical route, some authors 

have proposed a third “lexical non-semantic route” (Ellis & Young, 1988). This route 

links the phonological input lexicon and the orthographic output lexicon via the 

phonological output lexicon by bypassing semantics, and can account for 

descriptions of patients who are able to correctly spell irregular words that they 

cannot understand (Patterson, 1986)1. 

 

Reading 

As for spelling, most cognitive theories of reading propose two main processing 

routes, a lexical and a sublexical route (Ellis & Young, 1988; Coltheart, 1987; 

Coltheart, Curtis, Atkins & Haller, 1993). The lexical reading route yields visual word 

recognition through access of whole word representations via the orthographic input 

lexicon and the phonological output lexicon, and allows reading of all familiar (regular 

and irregular) words. The sublexical route in contrast relies on rule-based grapheme-

to-phoneme conversion rules and allows the reader to “sound out” unfamiliar words. 

As for spelling some authors argue for a third route, a “lexical non-semantic route” 

which allows readers to read irregular words without accessing their meaning (Ellis & 

Young, 1988). 

 

Patterns of Spelling Impairments 

 

Writing calls upon a multitude of cognitive, linguistic, and perceptual-motor 

processes. Disruption of these can be caused by damage to central as well as more 

peripheral components of the spelling process. A comprehensive assessment of 

spelling therefore includes examination of spontaneous writing, written naming, 

writing to dictation, copying and oral spelling. It requires the use of controlled word 

lists that allow for independent evaluation of various lexical features such as word 
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frequency, imageability, grammatical class, spelling regularity, word length, 

morphological complexity and, in addition, nonword spelling. Assessment of oral 

spelling, typing, spelling with anagram letters and copying may be indicated to 

discern whether central or peripheral spelling processes are impaired (Beeson & 

Hillis, 2001). 

Damage to the lexical route is characterized by impaired irregular word spelling and 

relatively spared spelling of regular words and nonwords, a pattern of symptoms that 

is mostly referred to as surface dysgraphia (e.g. Beauvois & Derouesne, 1981; 

Behrmann & Bub, 1992; Goodman & Caramazza, 1986b). A characteristic feature of 

the spelling pattern of most individuals with surface dysgraphia are phonologically 

plausible errors (e.g. “yacht” – yot); these occur if the spelling of an irregular word is 

accomplished by over-reliance on sound to letter correspondences. Damage to the 

sublexical route is characterized by specific difficulties with nonword spelling in the 

context of relatively intact word spelling, and is mostly referred to as phonological 

dysgraphia (e.g. Marien, Pickut, Engelborghs, Martin & De Deyn, 2001; Ogden, 

1996; Shallice, 1981). The combined profile of written semantic errors and poor 

phoneme-to-grapheme conversion ability, suggesting damage to both the lexical and 

sublexical routes, has been described as deep dysgraphia (Hillis & Caramazza, 

1991). In addition, cases of dysgraphic patients with very selective impairments to 

central or peripheral components of the spelling process, such as the graphemic 

output buffer (Caramazza, Miceli, Villa & Romani,1987), the allographic conversion 

system (e.g. Hanley & Peters, 2001) or the selection of motor programs (e.g. Cubelli, 

Guiducci & Consolmagno, 2000) have been described. Finally, it should be 

mentioned that in clinical practice “pure” cases of dysgraphia that clearly fit the 

criteria for one of the clusters of impairment mentioned above, are very rare. Thus, 

when defining a patient’s spelling impairment it is often more appropriate to describe 

the pattern of impairment, rather than labelling it with a specific type of dysgraphia. 

Damage to each of the modules of the spelling process or to the connections 
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between them is characterized by a specific pattern of effects and errors. Damage to 

the semantic system typically produces an imageability effect (i.e. concrete words are 

written more accurately than abstract words)2. Damage to the orthographic output 

lexicon is mostly characterized by a marked frequency effect (i.e. low frequency 

words are more vulnerable to error than high frequency words). Lastly, impairment to 

the graphemic buffer typically leads to a length effect (i.e. word length has a 

significant impact on performance due to the increased demand on the storage 

capacity of the graphemic buffer for longer words) (Beeson & Hillis, 2001). 

 

Remediation of Spelling Impairments 

 

In order to devise an adequate treatment plan, a thorough assessment of the 

patient’s writing skills has to be conducted. A cognitive neuropsychological approach 

to the assessment of acquired spelling disorders allows a systematic and detailed 

analysis of the various components of the spelling process, and enables elucidation 

of which of the processes and representations are intact and which are impaired. 

Treatment can then be focussed either on the remediation of the impaired cognitive 

processes, on compensation via the intact cognitive processes or on both. Treatment 

methods focussing on direct remediation predominantly aim to strengthen 

orthographic representations or improve access to them, and to facilitate lexical-

semantic connections. (e.g. Aliminosa, McCloskey, Goodman-Schulman & Sokol, 

1993; Beeson, 1999; Carlomagno, Lavarone & Colombo, 1994; De Partz, Seron, & 

Van der Linden, 1992; Weekes & Coltheart, 1996). These treatment methods 

generally result in item-specific improvement of spelling (but for exceptions see 

Behrmann, 1987; Brunsdon, Coltheart & Nickels, 2004; Weekes & Coltheart, 1996). 

Treatment methods implementing compensation via intact cognitive processes to 

support lexical processing, predominantly aim to improve sublexical or phonological 

skills (Carlomagno et al., 1994; Hillis & Caramazza, 1994; Luzzatti, Colombo, 
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Frustaci & Vitolo, 2000). These techniques are more likely to lead to generalization to 

untreated items, as they address more general mechanisms that support the spelling 

process (Rapp & Kane, 2002).  

While generalization seems to be more likely to occur if the impairment is 

restricted to the graphemic buffer3 (e.g. Cudworth & Haley, 2003; Rapp & Kane, 

2002), there is increasing evidence for the possibility of generalization in lexical 

treatment studies targeting deficits to the orthographic output lexicon (e.g. Behrmann, 

1987; Brunsdon et al., 2004; Weekes & Coltheart, 1996)4. 

 

Remediation of the Lexical-Semantic Route 

 

If assessment reveals damage to the lexical-semantic route, treatment will aim 

to strengthen semantic and/or orthographic representations, or to improve access to 

them. Since the current study focuses on orthographic representations, only studies 

within this focus will be reviewed. 

  

Strengthening Orthographic Representations  

Following brain damage, orthographic representations used for spelling can be 

degraded, or access to them can be impaired. In such cases, treatment may be 

directed toward relearning or reaccessing spellings in an item-specific manner 

(Beeson & Rapcsak, 2002). Several studies have confirmed the potential value of 

treatments with such a focus (e.g. Aliminosa et al., 1993; Beeson, 1999; Behrman, 

1987; Carlomagno et al., 1994; De Partz, Seron, & Van der Linden, 1992; Hillis, 

1989; Seron, Deloche, Moulard & Rousselle, 1980; Weekes & Coltheart, 1996). 

While these studies vary in terms of the precise nature of the stimuli and remediation 

procedures used, they all share the common feature of repeated and corrected 

practice of target words. 
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One of the earliest studies focusing on re-establishing orthographic 

representations was described by Seron et al. (1980). They implemented a 

computer-based treatment involving an anagram task (i.e. ordering the component 

letters of target words) with reinforcement of the correct choice, to re-train spelling of 

single target words. All five individuals involved in the study benefited from the 

training, showing a significant reduction of spelling errors at the end of treatment. 

However, follow up testing failed to confirm stability of this outcome over time.  

Another treatment study in which an anagram task was implemented was 

described by Carlomagno et al. (1994). The anagram task was part of a cueing 

hierarchy incorporating both visual and semantic cues, designed to evoke the correct 

spelling of target words by providing the patients with gradually decreasing support. 

Three of the six aphasic individuals with acquired dysgraphia who were described in 

the study benefited from this visual-semantic cueing approach. The three individuals 

that did not show improvement were however found to be responsive to an 

alternative treatment, which focussed on strengthening the phonological spelling 

route.  

Based on the methods of Carlomagno et al. (1994), Beeson (1999) 

demonstrated long lasting treatment effects for ST, an individual with chronic 

Wernicke’s aphasia and severe dysgraphia. The “Anagram and Copy Treatment” 

(ACT) procedure was used twice a week, for a total of 10 treatment sessions. This 

procedure included the arrangement of anagram letters followed by repeated copy of 

the words and delayed recall of the spellings, and was hierarchical in design. The 

treatment was supplemented by daily homework activity referred to as “Copy and 

Recall Treatment” (CART), consisting of repeated copying of the target words, and 

self-directed attempts to recall the correct spellings after removing the target. The 

use of ACT and CART improved ST’s single word spelling significantly, and periodic 

re-assessment during the treatment showed good maintenance of newly mastered 

written spellings as ST’s corpus of written words increased. As expected, treatment 
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results remained item specific. However, during the final phase of the treatment 

responsibility for selecting target words was shifted from the clinician to ST, so that 

results could be generalized as much as possible to a functional level. At the end of 

treatment he had mastered the spellings of over 100 targeted words, which aided his 

daily communication. 

Behrmann (1987) reported a treatment program that aimed to improve spelling 

of homophones (e.g. sale – sail) in CCM, who presented with acquired surface 

dysgraphia. Her spelling performance was characteristic of over-reliance on 

phoneme-grapheme conversion rules. A 6 week treatment programme aimed to re-

establish the link between semantics and orthography for 50 targeted homophone 

pairs. During the training sessions, CCM was instructed to examine the words in 

each homophone pair and notice the differences in spelling and meaning (aided by 

picture cues), before writing the words to dictation. In addition, CCM was required to 

do homework practice, which consisted of written word selection and completion of 

printed sentences (i.e. “After Christmas the shops have a big - sale/sail”). Following 

treatment, CCM demonstrated overall improvement in her ability to correctly spell the 

targeted homophones (from 49% of correct responses at pre-test to 67% of correct 

responses at post-test). However, there was no significant reduction in homophone 

confusions, indicating that CMM still had difficulty in linking the correct spelling of the 

homophone words to their appropriate semantic context.  While treatment did not 

show generalized effects to untreated homophones, it did, surprisingly, generalize to 

untrained irregular words5.  

The finding of overall improvement of homophone spelling but no generalization 

to untreated homophone words was replicated by Weekes & Coltheart (1996). They 

implemented a technique similar to Behrmann (1987) with NW who presented with 

acquired surface dysgraphia following a traumatic brain injury. Following treatment 

NW showed significantly improved homophone spelling, but no generalization to 

untreated homophone pairs. 
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De Partz et al. (1992) used a visual imagery strategy to treat LP, who presented 

with a surface dysgraphia following encephalitis. In addition to the lexical deficit LP 

had slight semantic difficulties, and based on pre-treatment assessment the authors 

postulated that LP’s dysgraphia resulted from a loss of representations in the 

orthographic output lexicon. The treatment had two stages: the first stage consisted 

of re-teaching LP some complex phoneme to grapheme conversion rules, in order to 

optimise the use of his relatively spared non lexical route; during the second stage, 

visual mnemonic cues were used to take advantage of LP’s relative strength in visual 

memory. For each target word the authors created a pictorial cue that was not only 

semantically related to the target word, but also linked to the letter shapes of the 

misspelled letters. Following 3 month of treatment, LP’s spelling dramatically 

improved for treated words (from 0% to 91%), and to a lesser extent but still 

significantly for untreated words (from 0% to 30%). A follow up assessment 6 months 

later showed that there had not been a significant decline in LP’s spelling 

performance after the discontinuation of the therapy. Lastly, to demonstrate the 

specificity of the therapy, the authors compared the effect of the imagery strategy to 

a conventional verbal relearning technique6 on new word sets. Results indicated that 

spelling improved significantly only for words trained with the imagery technique, and 

that progress for words trained with the classic methodology was no different from 

that obtained with untrained words. 

Brunsdon et al. (2004) also examined the effectiveness of using mnemonics in 

a treatment study of developmental surface dysgraphia. MC, a 12 year old boy, 

presented with both surface dyslexia and dysgraphia. A treatment program involving 

repeated copy and recall of irregular words aimed to improve the functioning of the 

orthographic output lexicon. It was carried out in two phases, one without and one 

with the use of mnemonics, and was carefully designed to evaluate treatment 

efficacy, treatment stability over time, generalization to untreated items and the 

usefulness of mnemonics in a lexical treatment study7. Treatment was highly 
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successful, and a significant improvement was still evident at 4 months post 

treatment. Furthermore, treatment generalized to spelling of untreated irregular 

words. Analysis of mechanisms underlying generalization showed that words that 

improved were closer to being correct prior to treatment compared to words that did 

not improve. The generalized treatment effect, in addition to a reduction in 

phonologically plausible spelling errors in homophone spelling, suggested that 

treatment resulted in increased use of lexical processing and in less reliance on 

phoneme-grapheme conversion. However, there was no additional advantage for the 

use of mnemonics compared to the more traditional copy and recall technique. 

Brunsdon et al. (2004) argue that using mnemonics could possibly be of additional 

benefit if treatment focuses on retraining semantic-orthographic connections, or when 

an individual has difficulty in accessing semantic representations. In contrast, if 

semantic knowledge is intact, repeated copy and recall of target words alone is likely 

to be just as efficient for improving irregular word spelling. 

In sum, while the efficacy of employing mnemonics in the treatment of spelling 

disorders varies across studies, the possibility has been raised that they provide 

additional benefit over and above copy and recall if the inability to retrieve 

orthographic representations for writing is aggravated by a semantic deficit. We test 

this hypothesis in our treatment study with FME, a woman who presented with 

acquired dysgraphia. The study is theoretically based on the cognitive 

neuropsychological dual route model of spelling and aimed to strengthen, and 

facilitate access to, specific orthographic representations for writing using a multiple 

baseline-crossover design. Also, it has been reported that mental imagery is 

dissociated from memory impairment (Farah, 1989), and that imagery can represent 

an effective mnemonic aid for the learning of verbal material in individuals with 

significant memory impairment (in particular in patients with left temporal damage) 

(Gade, 1994). As FME has a marked memory impairment, this study aimed to 

 13



evaluate the efficacy of mnemonics incorporating visual imagery for supporting verbal 

learning in the context of spelling. 

 

Case History 

 

FME, a 62 year old woman, contracted Herpes Simples Encephalitis over 20 

years prior to the current study. A CT scan conducted at that time revealed primarily 

left temporal damage. She had 12 years of education and had been working as a 

nurse prior to her infection. At the time of the current study she was living with her 

husband and one of her adult children, successfully managing most of the household 

duties and a busy social life. She presented with fluent speech but word finding 

difficulties, and reported difficulties with spelling and with comprehension of written 

text if she could not read it out aloud.  

 

Pre-Treatment Assessment 

 

General Neuropsychological Profile 

 

Neuropsychological assessment revealed significant reduction in performance 

compared to premorbid estimates of intellectual functioning in most cognitive 

domains. On the Wechsler Adult Intelligence Scale – Third Edition (WAIS-III; 

Wechsler, 1998), FME obtained a Full Scale IQ of 76 (5th %ile), a Verbal IQ of 82 

(12th %ile) and a Performance IQ of 73 (4th %ile). On the Wechsler Memory Scale – 

Third Edition (WMS-III; Wechsler, 1997), FME scored below the 5th %ile on all the 

subtests. In addition, her verbal fluency was impaired for phonological categories (F, 

A, S) (-2.3 SD) as well as a semantic category (animals) (-2.4 SD)8. In contrast, her 

copy and delayed recall of a complex geometric figure (RCFT; Rey, 1941) were 

relatively spared, being average (+1.0 SD) and low average (-0.8 SD) respectively.   
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Assessment of Spoken and Written Language Skills 

 

Pre-treatment testing included assessment of reading, spelling, semantics and 

phonological skills. Whenever possible these different tasks were assessed using the 

same word lists, allowing comparison across modalities for the same items. 

 

Semantics 

Semantic knowledge and word retrieval were assessed using spoken and 

written word-picture matching from the Psycholinguistic Assessment of Language 

Processing in Aphasia (PALPA, subtest 47 and 48) (Kay, Lesser & Coltheart, 1992), 

auditory and written synonym judgements (PALPA, subtests 49 and 50), as well as 

oral and written picture naming (PALPA, subtest 53); results are reported in Table 1. 

On the word-picture matching task, FME was impaired compared to controls in both 

modalities (spoken modality: -3.1 SD; written modality: -3.4 SD). Similarly, FME’s 

performance on synonym judgements was also impaired in both modalities relative to 

controls.  

FME’s oral picture naming was significantly better than her written picture naming 

(McNemar, p=.003); however, both were significantly impaired compared to controls 

(oral: -53.7 SD; written: -21.8 SD) (see Table 1). Logistic Regression analysis 

including the variables imageability, word frequency and word length9 was conducted 

in order to determine which variables had a significant impact on FME’s word 

retrieval. Her performance was significantly affected by word frequency for oral 

picture naming (Wald, χ2=5.891, p=.015, Exp(B)=7.402) and by word length for 

written picture naming (Wald, χ2=4.155, p=.042, Exp(B)=0.327). In oral picture 

naming, 58% of FME’s errors were semantic errors (SE) and 26% phonologically 

related errors (PRE). In written picture naming, 40% of FME’s errors were semantic 

errors (SE), 33% orthographically related errors (ORE) and 27% phonologically 
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plausible spelling errors (PPE) (see Appendix 1 for details of error coding, and 

Appendix 2 for error summary tables).  

 

Cross Modality Testing of Picture Naming Items 

In order to allow comparisons across modalities, FME was assessed on 

reading, spelling to dictation and repetition of the picture naming items. Her oral 

picture naming was significantly reduced compared to her reading (McNemar, 

p=.002), and her written picture naming was significantly worse than her spelling to 

dictation of the same items (McNemar, p=.007). In addition, her spelling accuracy 

was significantly reduced compared to both reading (McNemar, p=.013) and 

repetition (McNemar, p=.000).  

 

In summary, FME’s performance on tasks addressing naming and semantics 

was impaired compared to normative controls. She made significantly more errors on 

written compared to oral picture naming; however, the number of semantic errors 

was comparable in both modalities (oral: 11/40; written: 12/40). These results clearly 

indicate damage to the semantic system. The fact that her oral and written picture 

naming were significantly reduced compared to her reading and spelling of the items 

respectively, further supported the hypothesis of a semantic deficit, and suggested 

additional difficulty in accessing output phonology and orthography if having to rely 

on semantics alone. 

 

(Table 1 about here) 

 

Lexical Decision 

Visual lexical decision was assessed using the regularity lexical decision task 

from PALPA (subtest 27). This subtest consists of a 60 items and contains an equal 

number of regular words, irregular words, pseudohomophones (e.g. brite) and 
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nonhomophonic nonwords (e.g. durl). FME’s performance was impaired compared to 

controls from the PALPA norms for all 4 types of stimuli (see Table 2; regular words: 

-3.4 SD; irregular words: -2.4 SD; pseudohomophones: -12.7 SD; nonhomophonic 

nonwords: -18.4 SD). Her accuracy was significantly lower for nonwords than words, 

and her performance was poorer (however not significantly) for pseudohomophones 

compared to nonhomophonic nonwords (see Table 2). In addition, both visual and 

auditory lexical decision were assessed using a list of 160 items, consisting of the 

imageability x frequency auditory lexical decision list from PALPA (subtest 5). FME 

classified 80% of the stimuli correctly for both modalities. Her performance was more 

accurate for words than for nonwords, for both visual lexical decision and auditory 

lexical decision. As her performance was at ceiling for words, effects of frequency 

and imageability could not be investigated. 

In summary, FME’s visual and auditory lexical decision were significantly 

impaired, suggesting problems with access and/or entries in the orthographic and 

phonological input lexicons respectively. Her greater impairment in visual lexical 

decision with pseudohomophones suggests a reliance on phonological processing in 

this task. 

 

(Table 2 about here) 

 

Repetition 

FME’s ability to repeat single words and nonwords was assessed with a 

number of lists that were also used to assess other skills (e.g. reading and spelling). 

FME was able to correctly repeat between 84% - 90% of words and 63% - 92% of 

nonwords, depending on the list (see Table 4 later). FME’s repetition accuracy was 

significantly higher for words than nonwords; however, a Logistic Regression 

analysis including imageability, word frequency and word length showed no 

significant effect of these variables on her repetition accuracy. 
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In summary, although her performance was not severely impaired, FME 

showed some difficulties with repetition, which was less marked for words, 

suggesting a benefit from using the lexical route; however, imageability, frequency 

and word length did not have a significant effect on her word repetition. 

 

Reading and Spelling 

 

1. Single Letter Processing 

 

Cross Case Matching 

FME was able to match lower case letters to upper case letters (1 error: l →  

“don’t know”) and upper case letters to lower case letters (1 error: X → k) (see Table 

3). 

 

Naming and Sounding of Single Letters 

When visually presented with single letters, FME was able to produce the 

correct name (1 error: k → /q/), but not to produce the appropriate phoneme. In 

contrast, when asked to write letters to dictation, FME showed no significant 

difference between writing from letter name or letter sound. She was also able to 

match spoken letter names and sounds to written letters (see Table 3). 

 

In summary, intact cross case matching and naming of upper and lower case 

letters suggested intact visual feature analysis and abstract letter identification. 

FME’s writing of single letters if provided with the letter name or sound, suggested 

relatively intact acoustic-to-phonological conversion (also supported by her relatively 

preserved nonword repetition described above) and sound-to-letter rules. Her 
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inability to produce phonemes of single visually presented letters is difficult to 

explain, given her relatively spared ability to read nonwords (see below). 

 

(Table 3 about here) 

 

2. Words and Nonwords 

FME’s reading and spelling was assessed using 3 different lists of stimuli. In 

every list, reading (and repetition) was significantly more accurate than spelling (see 

Table 4). 

 

Regularity 

FME was asked to read and spell a list of 20 regular and 20 irregular words 

(PALPA, subtest 44). Her performance was significantly worse for irregular compared 

to regular words for reading but not for spelling, although showing a trend in the 

same direction. The presence of phonologically plausible spelling errors for irregular 

words suggested over-reliance on the sublexical route when unable to retrieve a 

word’s representation from the orthographic output lexicon (see Table 4, and 

Appendix 2 for error summary tables). 

 

Imageabilty and Frequency 

FME’s reading and spelling of single words was further assessed on 80 words 

embedded in the imageability x frequency word and nonword list from PALPA 

(subtest 5), in order to determine whether imageability and frequency had a 

significant impact on her reading and spelling accuracy. Both reading and spelling 

accuracy were significantly affected by imageability and frequency10, but not by word 

length. 
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Nonwords 

Nonword reading and spelling was assessed with the nonword spelling list from 

PALPA (subtest 45) and 80 nonwords embedded in the imageability x frequency 

words and nonwords list from PALPA (subtest 5). On the list from subtest 45, her 

spelling accuracy was observed to decrease with increasing word length (3 letter 

words: 50% - 3/6 correct; 4 letter words: 50% - 3/6 correct; 5 letter words: 33% - 2 

correct; 6 letter words: 0% - 0/6 correct). On the longer words and nonwords list, 

FME’s performance was observed to be significantly more accurate for words 

compared to nonwords for spelling but not for reading, although there was a trend in 

the same direction. Finally, a Logistic Regression analysis showed a significant 

length effect for spelling but not for reading and repetition of nonwords.  

 

In summary, FME’s spelling of words and nonwords was significantly worse 

compared to her reading and repetition of the same items. FME’s reading and 

spelling was better for regular than irregular words, however, only for reading was 

there a significant regularity effect. Her reading and spelling accuracy was 

significantly affected by imageability and frequency but not by word length. These 

findings are evidence for (at least partial) use of both lexical and sublexical 

processing routes. In addition, phonologically plausible errors in spelling irregular 

words to dictation suggested over-reliance on the sublexical route if the word’s 

representation could not be retrieved from the orthographic output lexicon. FME’s 

ability to spell nonwords was significantly reduced compared to her ability to spell 

words, but this was not the case for reading. There was a significant length effect for 

spelling but not for reading of nonwords. The length effect in nonword spelling was 

more likely to be due to deficit to the graphemic output buffer rather than the 

phonological input buffer, given the absence of a length effect in nonword repetition, 

and the presence of a length effect in written picture naming (see above).  
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(Table 4 about here) 

 

Reading, Oral Definition and Spelling of Homophones 

Finally, FME was assessed for reading, oral definition and spelling of a list of 48 

homophone pairs (taken from Brunsdon et al., 2004). Of the 96 homophone words, 

42 had irregular (e.g. earn) and 54 regular spelling (e.g. urn). For reading and 

definition, FME was asked to first read the word aloud and subsequently explain its 

meaning. For spelling to dictation, FME was presented each homophone word both 

in isolation and in a context sentence prior to writing it (e.g. “key”: “She can not get 

into her house because she lost her key.”). Her performance was recorded in terms 

of total number of errors, total number of homophone confusion errors (HCE), total 

number of phonologically plausible nonword errors (PPNE) total number of 

phonologically related errors (PRE) for reading or orthographically related errors 

(ORE) for spelling and total number other errors (OE) (See Appendix 1 for error 

coding definition). FME’s spelling (29% - 28/96 correct) of the homophone words was 

significantly reduced compared to reading (91% - 87/96 correct) and definition (90% - 

86/96 correct) of the same items (spelling vs. reading: McNemar, χ2=53.397, p=.000; 

spelling vs. definition: McNemar, χ2=49.778, p=.000). Of her reading errors, 22% 

were phonologically plausible errors and 78% orthographically related errors. Of her 

definition errors, 90% were homophone confusion errors and 1% other errors. Of her 

spelling errors, 31% were homophone confusion errors, 22% phonologically plausible 

errors, 37% orthographically related errors and 10% other errors. It is interesting to 

note that all of FME’s homophone confusion errors in definition were made on items 

that she had read correctly, 2/9 being irregular words (e.g. loch → “lock the door”). 

Furthermore it was of interest that 8/21 of FME’s homophone confusion errors in 

spelling resulted in correctly spelled irregular words (e.g. “the sun rises every 
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morning” → son) (see Appendix 2 for error summary tables and refer to the 

discussion section for further discussion of these findings).  

In summary, while FME’s homophone spelling was significantly reduced 

compared to reading and oral definition, homophone confusion errors were present in 

both definition of printed words and spelling to dictation. Homophone confusion 

errors in definition for irregular words that she could read correctly suggested deficit 

in accessing semantics from the orthographic input lexicon, and homophone 

confusion errors in spelling resulting in correctly spelled irregular words suggested 

deficit in accessing the orthographic output lexicon from semantics. 

 

Summary of Pre-Treatment Assessment 

 

FME had significant difficulties producing phonemes to visually presented 

single letters, and her difficulty in repetition was more evident for nonwords than 

words. She performed poorly on both visual and auditory lexical decision, being 

significantly more accurate for words than nonwords in both modalities. Both oral and 

written picture naming were impaired relative to controls; while she made significantly 

more errors on written than oral picture naming, the number of semantic errors was 

comparable across both tasks. When comparing her performance across modalities 

for the same lists of items, spelling was always significantly reduced compared to 

reading and repetition. She was better at reading and spelling regular than irregular 

words (although only for reading there was a significant regularity effect). Both 

reading and spelling of words were significantly affected by imageability and 

frequency but not by word length. Spelling of nonwords, which was significantly 

worse than spelling of words, was characterised by a length effect; however, this was 

not observed for reading of nonwords. Finally, homophone confusion errors were 

present in both oral definition to visual presentation and spelling to dictation of 

homophone words.  
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Functional Localization of Impairment 

 

The results of FME’s pre treatment assessment suggested damage to multiple 

components of both lexical and sublexical reading and spelling processes, as 

proposed by the cognitive dual route model of reading and spelling shown in Figure 

1. As a consequence, it was very difficult to make a simple localization of impairment. 

In broad terms, evidence for (at least partial) use of both lexical and sublexical 

processing routes was given by significant imageability and frequency effects for 

reading and spelling as well as a significant regularity effect for reading (and better 

spelling of regular than irregular words) respectively. Intact cross case matching and 

naming of upper and lower case letters suggested intact visual feature analysis and 

abstract letter identification. FME’s spelling of single letters if provided with the letter 

name or sound, suggested relatively intact acoustic-to-phonological conversion and 

sound-to-letter rules. Her inability to produce phonemes to single visually presented 

letters is difficult to explain, given her relatively spared ability to read nonwords11. 

Difficulty with both visual and auditory lexical decision suggested difficulties with 

access and/or entries in the phonological and orthographic input lexicons 

respectively. Semantic errors in both oral and written picture naming strongly 

suggested damage to the semantic system; in addition, homophone confusion errors 

in definition for irregular words that she could read correctly suggested a deficit in 

accessing semantics from the orthographic input lexicon, and homophone confusion 

errors in spelling resulting in correctly spelled irregular words suggested a deficit in 

accessing the orthographic output lexicon from semantics. FME’s phonologically 

plausible errors in spelling irregular words to dictation suggested over-reliance on the 

sublexical route if unable to retrieve the word’s representation from the orthographic 

output lexicon; this suggested a probable additional deficit at the level of the entries 

in the orthographic output lexicon. The length effect in nonword spelling was more 

likely to be due to a deficit in the graphemic output buffer rather than the phonological 
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input or output buffers, given the absence of a length effect in nonword repetition; the 

length effect in written picture naming further supported this hypothesis12.  

 

Treatment of the Spelling Impairment 

 

General Treatment Aims 

 

Treatment was focussed on spelling, as FME perceived this as her major 

functional deficit, and as the results of the pre treatment assessment confirmed that 

her spelling accuracy was significantly reduced compared to her reading. As 

mentioned earlier, it was difficult to determine a simple localization of impairment, 

given the multiple deficits to components of the spelling process. However, analysis 

of FME’s spelling errors suggested impairments in accessing output orthography and 

probable additional degradation of the actual representations within the orthographic 

output lexicon. The treatment study was therefore directed towards relearning 

spellings of irregular words in an item-specific manner by strengthening specific 

orthographic representations for writing or access to those representations. The 

irregular words chosen were of high frequency, to maximize the functional outcome 

for FME. A multiple baseline-crossover treatment program based on the methods 

described by Brunsdon et al. (2004) was conducted in two phases, both involving 

repeated copying and writing of the target words.  

Our main purpose in conducting this study was to see whether we could add to 

the body of evidence that treatment involving repeated copy and recall of target 

words is effective for improving the retrieval of orthographic representations for 

spelling?13 In addition, our study aimed to address the following 3 questions: 
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1. Is there an additional benefit from the use of mnemonics compared to the 

copy and recall technique alone, for a case with semantic impairment? 

2. Are mnemonics effective even in the case of severe memory impairment? 

3. Will the treatment results generalize to untreated items? 

 

Treatment Plan 

 

Stimulus Items 

Stimuli used were a list of 200 irregular words, which were obtained by 

removing homophones, plurals and past tense variations from an original list of 1396 

irregular words sorted by written frequency, consisting of all the monosyllabic words 

from the CELEX database (Baayen, Piepenbrock & Rijn, 1993) which were irregular 

according to a set of phoneme grapheme correspondences listed by Rastle & 

Coltheart (1999).  

Reading and spelling of the whole list of 200 irregular words was tested on 7 

occasions:  

- 3 pre treatment baselines (respectively 12, 8 and 4 weeks prior to the 

beginning of the first treatment phase) 

- 2 post treatment tests (one after each of the treatment phases) 

- 2 follow up tests (respectively 4 and 12 weeks after the second treatment 

phase) 

Pre Treatment Baseline 

During the baseline sessions, FME simply had to read aloud and spell all the 

target words to dictation without receiving any feedback. FME’s performance varied 

significantly across the 3 baselines for both reading (Cochran’s Q, p=.015) and 

spelling (Cochran’s Q, p=.003). When comparing the single baselines for spelling, 

FME’s performance improved significantly from baseline 1 to baseline 2 (McNemar, 

χ2=5.161, p=.022), but remained stable from baseline 2 to baseline 3 (McNemar, 
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p=1.000). When comparing the single baselines for reading, FME’s performance 

showed no significant variance baseline 1 to baseline 2 (McNemar, χ2=.300, 

p=.585), but close to significant variance from baseline 2 to baseline 3 (McNemar 

p=.052).  

It is worth noting, that FME’s accuracy for single items was highly inconsistent across 

the baselines for both reading and spelling. It is possible that FME’s apparent 

improvement during the baseline period was due to effects of repeated attempts with 

the same items (Nickels, 2002; Rapp & Kane, 2002). However, given the fact that 

she had contracted her encephalitis over 20 years prior to the current study, it is safe 

to assume that significant spontaneous recovery was not occurring at this point in 

time. 

 

Treatment Sets 

Subsequent to the baseline assessments, the 200 word list was divided into 4 

sets of 50 words, matched for word frequency14 (One Way ANOVA, F(3,196)=.005, 

MSE=.003, p=1.000), word length15 (One Way ANOVA, F(3,196)=.518, MSE=.380, 

p=.671) and error rate across three baselines for both reading (Cochran’s Q, set 1, 

p=.267; set 2, p=.439; set 3, p=.620; set 4 p=.620) and spelling (Cochran’s Q, set 1, 

p=.291; set 2, p=.456; set 3, p=.418; set 4 p=.499). Two of the sets were used as 

treatment sets, and two as repeated sets. The treatment sets underwent the 

remediation procedure, whereas the repeated sets were simply presented for spelling 

to dictation at the beginning of each treatment session. The repeated words serve as 

an index of the degree of improvement that arises simply from the repeated testing of 

items as well as from the passage of time, and provide an ideal baseline from which 

to measure the effectiveness of the treatment. It is particularly important to include 

the repeated items if, as in FME’s case, performance across baselines is variable. 

The sets were used during the spelling treatment as follows: 
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Set 1. “no mnem”: - treatment set without mnemonics 

Set 2. “mnem”: - treatment set with mnemonics 

Set 3. “rep set 1”: - repeated set for the treatment without mnemonics 

Set 4. “rep set 2”: - repeated set for the treatment with mnemonics 

 

Treatment 

 

Stimuli 

Stimuli consisted of flash cards, each one comprising one of the target words. 

For the treatment without mnemonics, each flashcard contained the correct spelling 

of the word printed in lower case (Arial 26 font). For the treatment with mnemonics, 

each flashcard contained the correct spelling of the word and a mnemonic cue that 

was assigned to the word. When creating the mnemonic cues, FME was asked to 

generate an image that would remind her of the meaning of each of the target words. 

The experimenter then made drawings representing these images on each of the 

flashcards. Based on the methods described by De Partz et al. (2002), in addition to 

being semantically related to the word the drawings of the cues were whenever 

possible also linked to the letter shape of the defective letters (i.e. based on FME’s 

errors during the baseline assessments). The rationale for using mnemonic cues that 

were both semantically related and letter framed, was to facilitate FME in accessing 

the correct letters when evoking the appropriate semantically related image.  

 

(Figure 2 about here) 

 

Treatment Sessions 

Each of the two treatment phases was conducted over a period of 4 weeks, 

with 2 treatment sessions per week. During each phase, a different set of 50 irregular 

words was targeted for treatment. At the beginning of each treatment session, both 
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the treatment and the repeated set were presented for spelling to dictation, with no 

feedback on performance or correction of errors. Then, for each of the 50 target 

words, FME was presented once more with its pronunciation (i.e. the experimenter 

said the word aloud), and consequently with the flashcard containing its correct 

spelling. For each of the words, FME was instructed to: 

1. Listen to the word 

2. Study the correct spelling of the word on the flashcard 

3. Copy the word 

4. Write the word from memory after a 5 second delay 

5. Recall the image associated to the word (for treatment with mnemonics only) 

If FME spelled the word correctly after a 5 second delay, the next flashcard was 

presented, if not, the procedure was repeated until she spelled the word correctly. 

 

Home Practice 

During both treatment phases, FME was assigned home practice in between 

treatment sessions. During each home practice FME was required to: 

1. Study the correct spelling of the words on each flashcard 

2. Copy the word 

3. Remove the flashcard and write the word from memory after a 5 second 

delay   

4. Check her spelling 

5. If correct, move on to the next flashcard, if not, repeat the procedure until the 

spelling of the word after the 5 second delay was correct 
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Treatment Results 

 

(Table 5 about here) 

 

Overall Treatment Results 

Treatment results showing the progress for each set from pre treatment 

baseline to post treatment follow up, are presented in Table 5; results of daily pre-

tests within the treatment sessions are presented in Appendix 3. Compared to pre 

treatment baseline 316, FME’s overall spelling performance on the 200 item irregular 

word list did not improve significantly at post treatment test 1, following the treatment 

without mnemonics; however, there was significant improvement at post treatment 

test 2, following the treatment with mnemonics. Although there was observed to be 

an overall decline in her performance from post treatment test 2 to follow up 1 (one 

month post treatment) that approached significance, her performance at post 

treatment test 2 still represented a significant improvement relative to pre treatment 

baseline 3. In addition, significant improvement compared to baseline 3 was 

confirmed at follow up 2, two months post treatment17. FME’s reading accuracy for 

the 200 irregular words at baseline was close to ceiling, and there was no significant 

change at any point following treatment. 

 

Results of the Treatment without Mnemonics 

During treatment phase 1 (without mnemonics), no significant improvement was 

observed for either the treated set (no mnem) or the repeated set (rep set 1), as 

measured by daily pre-tests (see Figure 3) and at post treatment test 1. There was 

no significant change for the other two sets (mnem and rep set 2), which were not 

presented during this phase, from pre treatment baseline to post treatment test 1. 
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Results of the Treatment with Mnemonics 

During treatment phase 2 (with mnemonics), FME’s spelling improved 

significantly for treated set (mnem), but not for repeated set (rep set 2), as measured 

by daily pre-tests (see Figure 4) and at post treatment test 2. No significant change 

was observed for the other two sets (no mnem and rep set 1), which had been 

targeted during the first treatment phase, from post treatment test 1 to post treatment 

test 2. 

 

(Figure 3 and Figure 4 about here) 

 

In addition to being the only set that improved significantly during a treatment 

phase, as measured by daily pre-tests and post treatment assessment, the set 

treated with mnemonics (mnem) is the only set that, if taken in isolation, showed 

significant improvement from baseline 3 to follow up 2 and represents the set that 

mainly accounted for FME’s overall improvement in spelling performance. Figure 5 

shows the progress for each individual set from pre treatment baseline 3 to post 

treatment follow up 2. 

 

(Figure 5 about here) 

 

Homophones at Post Treatment Follow Up 

Reading, spelling and oral definition of the 48 homophone pairs (Brunsdon et 

al, 2004) tested during the pre treatment assessment was again assessed at post 

treatment follow up, in order to evaluate eventual change in accuracy or error type on 

these untreated items, following the training of the irregular words. There was no 

significant difference in FME’s performance at follow up compared to baseline for 

reading (McNemar, p=.302), spelling (McNemar, p=.581) or definition (McNemar, 

p=.629).  
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FME’s absolute number and proportion of homophone confusion errors compared to 

pre treatment assessment, was similar for both definition (71%) and spelling (30%). 

Also, like at baseline, all except of one of FME’s homophone confusion errors in 

definition were made on items that she had read correctly, 4/10 being irregular words 

(e.g. loch → “lock the door”), and 6/21 of FME’s homophone confusion errors in 

spelling resulted in correctly spelled irregular words (e.g. “the sun rises every 

morning” → son). However, for spelling, there was a significant reduction in total 

number of phonologically plausible errors (baseline: 22%; follow up: 3%; Chi Square, 

χ2=10.25, p=.001), and a significant increase in orthographically related errors 

(baseline: 37%; follow up: 62%; Chi Square, χ2=7.85, p=.005) (see Appendix 2 for 

error summary tables). This change of error patterns compared to pre treatment 

baseline suggested less reliance on the sublexical route and increased, however 

incomplete, attempts to access orthographic representations for homophone spelling 

(refer to the discussion section for further discussion of these findings).  

 

Discussion 

 

We have described a successful single case treatment study of acquired 

dysgraphia conducted within a cognitive neuropsychological framework. FME had 

contracted viral herpes encephalitis over 20 years prior to the current study. She 

presented with fluent speech but word finding difficulties, slight reading problems and 

significantly impaired spelling as well as a memory impairment.  Pre treatment 

assessment revealed damage to multiple components of both lexical and sublexical 

spelling processes, as proposed by the cognitive dual route model of spelling, thus it 

was very difficult to clearly define the localization of impairment. In broad terms 

however, there was evidence for (at least partial) use of both lexical and sublexical 

processing routes. In addition, detailed error analysis suggested that FME had 
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difficulty in accessing output orthography and probable additional degradation of the 

actual representations within the orthographic output lexicon. The treatment study 

was therefore directed toward relearning spellings by strengthening, or facilitating 

retrieval of, specific orthographic representations for writing of irregular words. In 

order to maximize the functional outcome for FME, treatment focussed on high 

frequency words. The treatment program was carried out in two phases (one without 

and one with the use of mnemonics), during each of which a different set of 50 

irregular words was targeted for treatment. The mnemonic cues for the target words 

were (whenever possible) both semantically related and letter framed, in order to 

facilitate FME in accessing the correct letters when evoking the appropriate 

semantically related image. The treatment was carefully designed to enable 

evaluation of the efficacy of employing mnemonics in a lexical treatment study.  

We will now discuss the results in terms of the main aim and the more specific 

questions addressed by this study: 

Firstly, do our results confirm the evidence that treatment involving repeated 

copy and recall of target items is effective for improving retrieval of orthographic 

representations for spelling? 

The results of our study make it difficult to give a clear answer to this question. 

We would argue that the current study does, at least partially, support this statement, 

even though significant improvement did only occur with the additional use of 

mnemonics. The limited effect of the copy and recall technique alone could be due to 

the following reasons: Most probably, FME’s inability to retrieve orthographic 

representations for writing can be accounted for to a significant extent by her 

semantic impairment and her deficit in accessing output orthography from semantics; 

therefore, targeting orthographic representations alone was not enough (this will be 

discussed in further detail below). A further aspect worth discussing is a slight but 

possibly significant change that we adapted to the methods described by Brunsdon 

et al. (2004). In their training sessions there was a 10 second interval between the 
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copy and the recall of the target words. Since FME had significant difficulties in 

remembering the target word during the 10 second delay (unless reiterating it 

continuously) a shorter interval of 5 seconds was chosen. This could possibly have 

lead to the fact that when recalling the word she was relying more on visual features 

of letters retrieved from working memory rather than actual activation of lexical 

representations. If this has been the case, limited lexical treatment effects would be 

an expected consequence. Lastly, it is worth mentioning here that our choice of 

treatment design (i.e. the number of items for each set and the duration of treatment 

phases) was based on the methods used by Brunsdon et al. (2004) and motivated by 

our aim to replicate their study with additional investigation of the effectiveness of 

mnemonics in the light of a semantic impairment. It is possible that, given her 

significant spelling difficulties, FME would have benefited from longer treatment 

phases and/or from targeting fewer items at one time. Nevertheless, despite the 

relatively large number of treated items and short duration of treatment phases, 

FME’s performance was close to ceiling following the treatment with mnemonics. 

This is clearly encouraging clinically. 

Secondly, we addressed the following more specific questions:  

1. Is there additional benefit of using mnemonics in a lexical treatment study, 

given a pattern of semantic impairment? 

Given the results of our study we would certainly argue in the affirmative: FME 

did selectively benefit from the treatment with mnemonics; in fact, the words trained 

with the mnemonic cues improved significantly, whereas those trained with the copy 

and recall strategy alone did not. It is reasonable to assume that if the inability to 

retrieve orthographic representations is aggravated by a semantic impairment and 

additional deficit in accessing output orthography from semantics, mnemonic cues 

would aid the activation of semantic representations and as a consequence facilitate 

the access of entries in the orthographic output lexicon. Consistent with this 

explanation, both FME and LP described by De Partz et al. (1992) who had a slight 
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semantic impairment, benefited significantly from the use of mnemonics. In contrast, 

MC described by Brunsdon et al. (2004), who had intact semantics, showed no 

additional benefit from the mnemonic technique. Our study also shows how carefully 

designed mnemonics can be particularly effective. Based on the methods of De Partz 

et al. (1992), we designed mnemonics that were not only semantically related to the 

target, but also related to the letter shape of the defective letters. As predicted, they 

facilitated FME in retrieving the correct spelling when evoking the appropriate 

mnemonic cue18.  

2. Are mnemonics effective even in the case of severe memory impairment? 

Our findings support the evidence that in spite of having severe memory 

problems individuals can maintain the ability to evoke mnemonic cues that may 

represent an effective aid for the learning of verbal material. This seems to be 

particularly the case if visual memory is a relative strength compared to verbal 

memory, as suggested by De Partz et al. (1992) and confirmed by our study. 

3. Did treatment results generalize to untreated items?  

In the current study treatment results did not generalize to untreated items. De 

Partz et al. (1992) did find improvement for untreated items, however to a 

significantly lesser extent than for treated items; the authors attributed the 

improvement seen on untreated items mainly to LP’s inconsistency across testing 

occasions. In contrast, Brunsdon at al. (2004) found significant generalization to 

untreated items, and analysis of mechanisms underlying generalization revealed that 

words that improved were closer to being correct prior to treatment compared to 

words that did not improve. One possible, if speculative, explanation for these 

findings is to assume that when improvement occurs for items treated with specific 

(semantic) mnemonic cues, it is necessarily item specific. In contrast, when 

improvement occurs with a repeated copy and recall technique alone (e.g. Brunsdon 

et. al, 2004), this is based to a greater extent on lexical (or orthographic) features that 

are shared by other words, thus generalization is more likely to occur. There are a 
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few studies that report generalized improvement in written word production following 

treatment focussing on semantics (see Beeson & Rapcsak, 2002 for a review of 

dysgraphia treatment studies focussing on improving semantic representations). 

More precisely, it was found that written picture naming could improve not only for 

treated items but also for untreated items within the same semantic category (e.g. 

Hillis, 1992). This seemed to indicate that strengthening of semantic representations 

served to improve access to output orthography also for untrained items. However, 

training in those cases focussed on highlighting semantic features (that were shared 

by items within the same category) and was used for individuals exhibiting severe 

semantic impairment but only limited spelling difficulties. 

To conclude, we will briefly comment on two interesting aspects of FME’s 

performance in definition and spelling of homophones. Firstly, FME’s overall 

accuracy in untreated homophone spelling did not change from pre treatment 

baseline to post treatment follow up. Interestingly however, there was a significant 

reduction of phonologically plausible errors and a significant increase of 

orthographically related errors. This indicates that following treatment there was a 

reduction in reliance on phoneme-grapheme conversion rules and an increase in 

attempts to utilize lexical representations.  

One possible, if speculative, explanation for this finding is to assume a “carry over 

effect” from the treatment with mnemonics. The mnemonic cues facilitated FME’s 

activation of the semantic representation of a word prior to writing it, implying the use 

of the lexical route. Similarly, homophones were presented for spelling to dictation 

embedded in a context sentence that, presumably, had the same effect of activating 

semantic representations. It could be assumed that repeated practice with mnemonic 

cues facilitated FME’s use of the semantic context provided with the homophones 

and hence a greater reliance on the lexical route. This explanation would be 

supported by the fact that no change in error types was observed on any of the 

irregular word sets presented repeatedly, but in isolation, during the treatment. A 
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second interesting aspect of FME’s performance on homophone testing was the 

nature of her homophone confusion errors. As mentioned previously, 6/19 of FME’s 

homophone confusion errors in definition were made on irregular words that she had 

read correctly (e.g. loch → “lock the door”). From a theoretical point of view this can 

only be explained by assuming a direct lexical non-semantic route that connects the 

orthographic input lexicon and the phonological output lexicon, bypassing semantics 

(see Ellis & Young, 1988). Output phonology is obtained via this direct route if 

successfully accessed entires in the orthographic input lexicon fail to activate their 

corresponding representations within the semantic system. Similarly, 14/42 of FME’s 

homophone confusion errors in spelling resulted in correctly spelled homophonic 

irregular words (e.g. “the sun rises every morning” → son). Again, this can only be 

accounted for by assuming a direct non-semantic route connecting the phonological 

input lexicon and the orthographic output lexicon via the phonological output lexicon, 

bypassing semantics (see Ellis & Young, 1988). Output orthography is obtained via 

this direct route if the semantic representation of a word (activated through 

presenting the word for spelling to dictation embedded in a context sentence) fails to 

activate its corresponding entry in the orthographic output lexicon. In sum, these last 

two findings support the fact that in addition to the lexical and sublexical routes, there 

is a need to include a direct non-semantic route in cognitive models of reading and 

spelling. 

 

Final Comments 

 

In summary, the current study shows how cognitive neuropsychological 

theories and methods can be successfully applied to the assessment of acquired 

spelling impairments, and exemplifies how the application of a rational treatment 

approach informed by the literature serves to improve the cognitive processes 
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implied in written word production. The differential efficacy of the two treatment 

methods employed in this study indicates that it is essential to carefully monitor an 

individual’s progress during treatment, so that only effective interventions are 

pursued.  

Finally, we hope that this study will encourage further research in the field of 

dysgraphia treatment, with the aim to develop further understanding of the relations 

between specific impairments, remediation techniques and treatment outcomes, so 

that appropriately targeted therapy can be offered whenever possible.  
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Notes: 

                                                 
1 Spelling via this route could lead to homophone confusion errors for irregular words. 

2 In addition to imageability effects, frequency effects (e.g. Hillis, Rapp, Romani & 

Caramazza, 1990) and word class effects (Rapcsak, Beeson & Rubens, 1991) have 

also been associated with semantic impairments. 

3 It is mostly proposed that treatment for impairment of the graphemic buffer is more 

likely to generalize as the buffer is a “process” involved in spelling of all words. 

4 For detailed analysis of mechanisms that account for generalization to untreated 

items in lexical treatment studies, refer to Brunsdon et al. (2004). 

5 Behrmann explained this result by postulating that the treatment had helped CCM 

to employ a “lexical checking strategy”, which improved her ability to evaluate the 

correctness of her spellings relative to the representations in her orthographic input 

lexicon. However, since homophone confusion errors are real words and hence rely 

on semantics for disambiguation, they did not benefit from such strategy. 

6  A corrective approach without mnemonics 

7 The mnemonics used by Brunsdon et al. (2004) were purely semantically related 

but not letter shaped, i.e. they were designed to aid the subject in retrieving the 

meaning but not the letters of a target word. 

8 Norms by Tombaugh, Kozak & Rees (1996) were used for scoring of verbal fluency. 

9 For all analyses, written log frequency was taken as a measure of word frequency, 

and number of letters as a measure of word length. 

10 The frequency effect found when comparing FME’s reading accuracy for high 

frequency vs. low frequency words (according to the classification in PALPA subtest 

5) was not found with the Logistic Regression (including imageability, word frequency 

and word length). 
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11 While this finding is difficult to account for in many theories, the data could possibly 

be explained by analogy models. Such models propose that nonword reading does 

not purely rely on grapheme-phoneme conversion, but that nonwords are 

pronounced by analogy to real words (e.g. Taft, 1991). 

12 The length effect in written picture naming was not observed in spelling to dictation 

of the same items. What could account for this finding is that additional activation of 

the graphemic buffer through the nonlexical route in spelling to dictation (as 

supposed to written picture naming) could partially compensate for its reduced 

storage capacity. 

13 Although there is increasing evidence for the efficacy of the repeated copy and 

recall technique in lexical treatment studies, as Best & Nickels (2000) argue it is still 

difficult to predict which tasks will be successful for the remediation of which 

particular deficits of spoken or written word production. 

14 Mean word frequency (expressed as log frequency) for each set: set 1: 2.9899; set 

2: 2.9959; set 3: 3.0003; set 4: 2.9922.  

15 Mean word length (expressed in letters) for each set: set 1: 4.54; set 2: 4.64; set 3: 

4.46; set 4: 4.64. 

16 FME’s spelling performance during and after treatment was always compared to 

pre treatment baseline 3, as it represented the highest spelling baseline. 

17 It is interesting to note how, despite the significant reduction in total amount of 

errors, the relative proportion of errors of each type on the 200 irregular word list 

remained practically unchanged from pre treatment baseline to post treatment follow 

up (see Appendix 2 for error summary tables). 

18 It is difficult to determine retrospectively the extent to which the mnemonics were 

useful because of their semantic or orthographic content; this could be investigated in 

further studies by comparing sets treated respectively with purely semantic vs. letter 

shaped mnemonic cues.  
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