Chapter 2 

Background and Related Work

2.1 Terminology Used in this Thesis

The study of a printed language includes morphology, orthography and phonology.

· Morphology: The study of the structure and form of words in a language.

· Orthography: The aspect of language study concerned with letters and their sequences in words.

· Phonology: The study of speech sounds in language or a language with reference to their distribution and patterning and to tacit rules governing pronunciation.

The basic units of English are letters. A letter sequence can be either a word or a non-word. 

· Word: Letter sequence that people can understand if it appears on its own.

· Non-Word: Letter sequence that does not match any known word. For example, aspy and baft are two non-words. 

Each word can be pronounced. A word can be classified as a regular word or an exception word according to the regularity of it pronunciation. 
· Regular words: The words whose pronunciations follow the general pronunciation rules. 

· Exception words: The words whose pronunciations break the general pronunciation rules. Island and eye are two typical exception words

A word and its pronunciation can be decomposed into various sub-units, such as graphemes and phonemes.
· Grapheme: The smallest group of letters in a word that can be pronounced. The list of graphemes is given in Appendix A.
· Phoneme: The smallest unit in the pronunciation of a word. The list of phonemes is given in Appendix B. 
· Grapheme-Phoneme (GP) Pair: A Grapheme-Phoneme (GP) pair encodes a grapheme and its corresponding phoneme. For example, grapheme ‘a’ and one of its possible phonemes ‘&’ constitute a GP pair “a|&”, while ‘a’ and another phoneme ‘eI’ constitute the GP pair “a|eI”.  Some GP examples are listed below. The list of GP pairs is given in Appendix C.
	Grapheme
	GP pair

	A
	a|&, a|@, a|A:, a|eI, a|E, etc.

	C
	c|s, c|k

	Th
	th|D, th|T, th|tT


· Onset/rime: the initial consonant cluster of a word is called onset of it; the other part is called rime. For example, in word turf, t is the onset and urf is the rime.
· Silent letters: In English, some letters have no corresponding phonemes. These letters are called silent letters, such as ‘p’ in “psychology” and “gh” in “bright”. 
· Lexicon: a whole set of word used in a language. 
2.2 Psychological Theories and Models

There are two outstanding theories about human’s reading process: the single-route model, which is proposed by Seidenberg and McClelland in 1989, and the dual route model, whose representative is the Dual-Route Cascaded (DRC) model developed by Coltheart et al. in 1993.

Seidenberg and McClelland believed that a single route was enough to solve the orthography-phonology correlation. All regular words, exception words and non-words can be correctly processed by this single route. Based on the theory, they built the PDP model in 1989 (Fig 2.1, referred to as SM89 from now on). The SM89 model consists of three layers: the orthography layer, the phonology layer, and the hidden layer. In this model, spellings were coded in terms of activation patterns across units that represent letter triplets. Using the coding scheme, Seidenberg and McClelland trained the network with 400 orthographic units, 200 hidden units and 460 output units to produce phonological representations for all the monosyllabic words. 

According to Seidenberg and McClelland, in additional to the implemented route between the orthographic input system and the phonological output system, there exists an unimplemented route from the orthographic system to a semantic system and then from this semantic system to the phonological system. Hence, their single-route model suggests that a human reading system contains a processing procedure that can correctly translate both exception words and non-words form print to phonology.


Fig 2.1 Overall Structure of the SM89 model. There is only one route from print to speech. Each unit of a layer is connected to all units of the next layer


Fig 2.2 The overall structure of Dual-Route model. There are two routes in the model, the lexical route (left) and non-lexical route (right).

In 1996, Plaut et al. extended the single route model of Seidenberg and Mcclelland and built a so-called attractor model. In this model, they increased the overlap between the internal representations by making input monosyllabic words correspond to initial consonant cluster (onset), medial vowel and the final consonant cluster (coda). For example, the word slip will be represented as onset s and l, medial vowel i and coda p. Plaut et al. trained a network with 105 orthographic input units, 100 hidden units and 61 phonological units on 2897 monosyllabic words. The training algorithm used in the model is back-propagation. 

In 1993, Coltheart et al. proposed a dual-route model. The overall structure of the dual-route model is shown in Figure 2.2. The model consists of two routes, the lexical route and the grapheme-phoneme correlation (GPC) route. 

The dual-route theory can deal with the three kinds of English words pretty well. The lexical route (whole word route) maintains an internal mental lexicon of exception words and will be excited when the input string is an exception word, but will deliver no output when it is a non-word because there is no entry for non-words. The non-lexical route encodes the general pronunciation rules and produces correct output for a non-word or a regular word, and incorrect output for an exception word. The phoneme system summarizes the outputs of the two routes and produces the phoneme sequence as the final output.

Dual Route Cascaded (DRC) model was developed by Coltheart et al. to realize a computational model of the dual-route theory. Figure 2.3 shows the overall architecture of the DRC model. In the DRC model, they tried to include the semantic effect and constructed three possible routes, the lexical-semantic route, the lexical-nonsemantic route, and the GPC route. Each route involves a number of interacting layers; each layer is composed of a set of neurons. The weights of the connections in the DRC model are hand-wired, which is a drawback of the model. 


Two procedures are used to compute the pronunciations from print to speech, namely the lexical procedure and the non-lexical procedure. The lexical procedure operates by accessing a word’s representation in an orthographic input lexicon or visual word recognition system followed by the retrieval of that word’s spoken form from a phonological output lexicon or spoken word production system. On the other hand, the non-lexical procedure operates by applying a set of letter-to-sound correspondence rules to a string of letters. As a result, the non-lexical procedure does not access the orthographic input lexicon and the phonological output lexicon.

2.3 Single-Route Model vs. Dual-Route Model

There are six questions that dual-route theorists believed very important in evaluating a reading model. The answers to them are cited as the major empirical support for the dual-route model over the single-route model. 

Question 1: How do skilled readers read exception words aloud?

The dual-route theory claims that since general pronunciation rules are inapplicable to exception rules, the lexicon path is needed. However, the SM89 model based on the single-route theory has also showed an acceptable performance on reading exception words.

Question 2: How do skilled readers read non-words aloud?

In dual-route theory, the reading of non-words is achieved through the non-lexical route that stores the general pronunciation rules. On the other hand, there is no such dedicated mechanism in the single-route model and the SM89 model’s performance on non-words is far worse than that of a skilled reader. Therefore, the SM89 model is not able to read non-words satisfactorily. Further research discovered that it was the model's defect, instead of the training corpus, that caused the poor performance of the SM89 model on non-words.

Question 3: How is the visual lexical-decision task performed?

In dual-route model, whether a visually presented letter string is a word relies on the internal lexicon. If a matching of the stimulus is found, the response will be “Yes”, otherwise “No”. In SM89 model a threshold value is used to gauge the error of the network. If the error is below the threshold value, the respond will be “Yes”, otherwise “No”. Similarly, the model has produced high error rates and performed much poorer than human at lexical decision.

Question 4: How does surface dyslexia arise?

Surface dyslexia (Coltheart et al, 1993) is a form of acquired dyslexia in which the reading aloud of regular words and non-words is preserved but exception words are often read as the GPC rules specify. In dual-route theory, if the lexical route is damaged and the non-lexical route is relatively spared, surface dyslexia will be observed. Seidenberg and McClelland (1989) have also alleged to simulate surface dyslexia. However, the essential type of error in surface dyslexia was not observed in their experiments.

Question 5: How does phonological dyslexia arise?

Phonological dyslexia (Coltheart et al, 1993) is another form of acquired dyslexia in which the reading aloud of non-words is impaired but not the reading aloud of words. Dual-route theory can also account for this phenomenon pretty well. In the case the non-lexical route is damaged and the lexical route is relatively spared. On the contrary, no attempt has been made to account for phonological dyslexia by the SM89 model.

Question 6: How does developmental dyslexia arise?

The reading system of a skilled reader consists of a number of separate modules such as a letter-identification system, a visual word recognition system, a GPC system and many more (Coltheart et al, 1993). A child is supposed to acquire all of these modules normally. However, there exist selective difficulties in acquiring specific modules of the system. Some of them have problems acquiring the grapheme-phoneme rule system, which is called phonological dyslexia, while others have problems acquiring the lexical procedure, which is known as surface dyslexia. Once again, the dual-route theory is able to provide good accounts for developmental dyslexia, whereas the single-route theory cannot.

In summary, the dual-route theory has offered satisfactory answers to all the above six questions while the single-route theory has given satisfactory answer to only one. Therefore, this project is based on the dual-route theory.
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Fig 2.3 The overall architecture of the DRC model











PAGE  
5

