Chapter 6 

Test Results

6.1 CELEX Database and Corpus

This project uses the CELEX database to obtain the information of training and testing corpora. CELEX is the Dutch Center for Lexical Information. The CELEX lexical database of English used in this project is version 2.5, which contains 52447 words. The CELEX English database has two original sources: Oxford Advanced Learner's Dictionary (1974) and Longman Dictionary of Contemporary English (1978). The information of word frequency in CELEX is adopted as the word frequency of the training and testing corpus, which is a little different from what other psychologists used. 

The corpus used in the project consists of 2820 single-syllable words appearing in the training corpora of the PMSP model and SM89 model.  These words ranged in frequency from 68246 to 0 counts per million according to Francis & Kucera (1982), but from 1093547 to 0 according to CELEX, and in word length from two to seven letters. However, not all these words can be found in CELEX database. After looking up in CELEX database, 2587 words with pronunciation and frequency information were obtained. These words were divided into four subsets arbitrarily for the purpose of training and testing. These four subsets contained 40, 150, 350, 850 words. The first three subsets were used as training corpora and the largest one is used as the testing corpus. The purpose of using 3 different training subsets is: 

(a) The smallest corpus is used as the first training corpus since its small size makes the training faster and hence can verify the feasibility of the modification quickly. If an algorithm fails on a subset, it is believed that it will likely fail on the larger subsets.

(b) The different sizes of the three training sets help to check the difference in testing performance under different amount of “knowledge”. Specially, after training on different training sets, the model can be regarded as a child who has learned 40, 150 and 350 words. The developmental trend can be reflected by the difference in the performance of the model.

6.2 Accuracy

There are two different types of accuracy in a model: training accuracy and testing accuracy. The training accuracy is to measure how well the network has learned about the training corpus. Testing accuracy measures how well the network’s generalizes to new words.

During the training process, the GPC route of model A (or B) will try to capture the pronunciation rules as much as possible. If a model fails on a word, it will create a whole-word entry in the whole-word block and recall the entry in the whole-word route for the word is encountered again. Therefore, the training accuracy of both model A and B is 100%.

Since naming a word that is new to the model is mainly the task of the GPC route, the testing accuracy of the model is indeed the testing accuracy of the GPC route. Both model A and B are trained on the three training sets and tested on the testing set. The result is showed in figure 6.1. 
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Figure 6.1 Illustration of test accuracy for model A and model B. The three data sets correspond to testing results obtained from the models trained on the three training sets.

For model A, there is only a single testing accuracy; for model B, because there are two sub-layers in the GPC route, there are two kinds of accuracy: grapheme accuracy and phoneme accuracy. From the graph, it can be learned that the largest accuracy model A achieves is 82.4% while trained on training set 3. On the other hand, Model B also achieves its largest accuracy on training set 3, which is 94.3% at the grapheme layer and 72.1% at phoneme layer. 

For both model A and B, the larger is the size of the training set, the higher is the testing accuracy. It can be interpreted as follows: the more words a network learned, the more likely it can give the correct answer for a new word. This phenomenon is consistent with that of a human. So the network can simulate the developmental feature in human’s reading process. Unfortunately, the lack of experimental data of children makes the quantitative comparison impossible at present.

For model B, the grapheme layer gives a very high accuracy while the accuracy at the phoneme layer is relatively low, only 72% if trained on corpus 3. This phoneme accuracy implies that the structure of the model, while suitable for processing word-grapheme association, is weak in dealing with grapheme-phoneme association. The analysis and possible improvement in this field will be discussed in the next chapter.

6.3 Runtime Features of the Model

The primary goal of the learning algorithm is to make the desired neurons more highly activated than the undesired neurons. Some examples are given below to compare the activation levels of neurons in the model. Figures 6.2 and 6.3 show the time course of model A while the input word is fad and cheese respectively. 

The time course starts from the clamping of the input word and ends when the model reaches a stable state. To simplify the graph, the time course only includes the activation of all desired neurons plus a few undesired neurons for comparison. The following can be observed from the graphs: 

· The activation levels of the desired neurons are much higher than those of the undesired neurons. Generally, the difference between the activation level of a desired neuron and an undesired neuron is larger than 0.3. Under most circumstances, the difference is over 0.5.

· In the first 3-4 cycles, the desired neurons’ activation levels are similar to those of the undesired neurons. Further competition among the neurons increases the activation levels of the desired neurons which finally win the competition. 
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Figure 6.2 Time course of model A given the input fad. The time course of the undesired GPC pair “a|A:” is included as a comparison with that of the desired GPC pair “a|&”. The time courses of GPC pairs “d|d” and “f|f” are identical. Although similar at the beginning, the time courses of GPC pairs “a|&” and “a|A:” reflect the inhibitory effects between the neurons that represent these pairs. 
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Figure 6.3 Time course of model A given the input cheese. The time course of the undesired GPC pairs “ch|S” and “e|E” are included for comparison with those of the desired GPC pairs “ch|tS” and “ee|i:”. It can be observed that the initial activation of GPC pair “ch|S” is very large and reaches nearly 0.6 at around cycle 5. Thereafter its activation is inhibited strongly by the increased activation of the desired neurons and it drops to about 0.42.

· Inhibition of the undesired neurons can be clearly observed. The time course shows that the activations of the desired neurons successfully inhibiting the activations of the undesired neurons.

· It can be observed from Figure 6.2 that with the increment of other desired neurons’ activation levels, the activation level of desired neuron ‘a|&’ is enhanced. This reflects the excitatory effect from other desired neurons. 

Figures 6.4 and 6.5 show the time courses of model B while the input word is cheese and fad respectively. It can be observed from the graph that model B possesses some unique features compared to model A.  

· Phoneme chunking neurons accept input from the grapheme chunking neurons. The activation of the phoneme chunking neurons start several cycles after the model begins to run.
· The activation levels of the grapheme neurons are relatively high, all at about 0.9. This means that the model can obtain the grapheme sequence for a word very easily. 

· The activations of the phoneme chunking neurons are similar to those of the GP neurons in model A: the neurons encoding vowels usually have smaller activation values than do consonant neurons.
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Figure 6.4 Time course of model B given the input cheese. The upper graph depicts the activations of the grapheme neurons, the lower one depicts those of the phoneme neurons.
The time course shows that the structure and algorithm of the model can successfully distinguish desired neurons from undesired neurons. Next, the other features of the model will be presented.
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Figure 6.5 Time course of model B given the input fad. The upper graph depicts the activation of the grapheme neurons, the lower one depicts that of the phoneme neurons.

6.4 Test on Non-Words
The ability to name non-words is an outstanding feature of human’s reading process. As a model of reading process, this network can also produce the phoneme sequence of non-words. Actually, although the words in the testing set are legitimate words to a human, they are non-words to the network since the network has not seen them yet. However, it is interesting to see how the network responses to true non-words. Some outputs of the network are given in Table 6.1 as a reference.

From table 6.1, it can be seen that all consonants are produced correctly. Grapheme chunkings whose lengths are longer than 1 are also divided reasonably, such as th in foth and oa in boad. Similar pronunciation rules are applied to non-words, such as dat and nad. Therefore, we can say that the model applies the pronunciation rules it learned to non-words successfully.
	Table 6.1 Experimental results on non-words.

	Non-Word
	Grapheme Sequence
	Phoneme Sequence

	Foth
	f /o / th /
	f / @U/ T/

	Deak
	d /ea / k/
	d/ E/ k/

	Boad
	b /oa / d/
	b / @U/ d/

	Fush
	f /u /sh /
	f / V/ S/

	Meaf
	m /ea /f /
	m / E/ f/

	Bood
	b /oo /d /
	b / u:/ d/

	Nad
	n /a /d /
	n / &/ d/

	Bant
	b /a /n / t/
	b / &/ n/ t/

	Dat
	d /a /t /
	d / &/ t/

	Mive
	m /i /v /e /
	m / aI/ v/ 0/

	Pome
	p /o /m /e /
	p / @U/ m/ 0/

	Poot
	p /oo /t /
	p / u:/ t/

	Bork
	b /or / k/
	b / O:/ k/

	Nowl
	n/ ow / l/
	n/ aU/ l/


6.5 Response Time

Response time (RT), or naming latency, is the time that a person takes to name a word. RT is an important criterion for evaluating the performance of a model of the reading process. Daniel H. Spieler and David A. Balota conducted an experiment on 31 undergraduate students whose average age is 22.6 and their mean education history is 14.8 years. The mean response time of these students on 2870 words is collected. Then the response time of SM89 model and PMSP model are compared with the mean naming performance of human. Table 6.2 shows the degree of match between them using linear regression.

The response times of networks A and B are also collected and compared with the mean naming performance of human.  Refer to table 6.2 for the match degrees in linear regression. 
Both model A and B give similar performance on RT. Model A accounts for 7.2% of the variance and model B accounts for 6.7%. It’s obvious that the model has no break through in response-time comparison. Possible improvement of the models response time will be addressed in the next chapter.

	Table 6.2 Regression analyses with mean response time as the criterion and output of each models entered as the sole predictor.

	
	Model A
	Model B
	SM89
	PMSP

	r2
	0.072
	0.067
	.1007
	.0333
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		0												0.15743		0.296474		0.419805		0.527789		0.620233		0.697402		0.760348		0.810732		0.850475		0.881472		0.905431		0.923813		0.937842		0.9485		0.956563		0.962642		0.967211

		z												0.157451		0.295902		0.417676		0.523647		0.614349		0.690519		0.753283		0.804103		0.844627		0.876523		0.901358		0.920522		0.935209		0.946403		0.954895		0.961312		0.966147

		i:								0.15		0.277947		0.388322		0.48465		0.569349		0.64341		0.707317		0.761541		0.806745		0.84381		0.873754		0.897638		0.916484		0.931221		0.942665		0.951501		0.95829		0.963488		0.967453

		tS								0.15		0.27735		0.386111		0.480122		0.562393		0.634483		0.69722		0.751138		0.796755		0.834708		0.865778		0.890843		0.910811		0.92655		0.93885		0.948396		0.955765		0.96143		0.96577

		k								0.15		0.275688		0.376281		0.450107		0.496869		0.5186		0.51957		0.505502		0.482441		0.455692		0.429168		0.405242		0.384986		0.371261		0.363717		0.359621		0.357431		0.356283		0.355694

		S								0.15		0.275688		0.376281		0.449811		0.495388		0.514742		0.512302		0.494328		0.467531		0.437739		0.409106		0.383976		0.363231		0.349579		0.342374		0.338624		0.33671		0.335756		0.335296

		x								0.15		0.275688		0.376281		0.449811		0.495388		0.514742		0.512302		0.494328		0.467531		0.437739		0.409106		0.383976		0.363231		0.349579		0.342374		0.338624		0.33671		0.335756		0.335296

		s												0.15		0.272555		0.363493		0.419283		0.441261		0.436279		0.414337		0.385197		0.355978		0.330549		0.310201		0.297677		0.291756		0.288958		0.287637		0.287014		0.286721

		@												0.15		0.272442		0.362045		0.414364		0.431108		0.420685		0.394725		0.3637		0.334455		0.310118		0.291278		0.280266		0.275553		0.273567		0.272758		0.272451		0.272353

		E												0.15		0.272442		0.362045		0.414364		0.431108		0.420685		0.394725		0.3637		0.334455		0.310118		0.291278		0.280266		0.275553		0.273567		0.272758		0.272451		0.272353

		I												0.15		0.272442		0.362045		0.414364		0.431108		0.420685		0.394725		0.3637		0.334455		0.310118		0.291278		0.280266		0.275553		0.273567		0.272758		0.272451		0.272353

		I@												0.15		0.272442		0.362045		0.414364		0.431108		0.420685		0.394725		0.3637		0.334455		0.310118		0.291278		0.280266		0.275553		0.273567		0.272758		0.272451		0.272353

		eI												0.15		0.272442		0.362045		0.414364		0.431108		0.420685		0.394725		0.3637		0.334455		0.310118		0.291278		0.280266		0.275553		0.273567		0.272758		0.272451		0.272353

		i:												0.15		0.272442		0.362045		0.414364		0.431108		0.420685		0.394725		0.3637		0.334455		0.310118		0.291278		0.280266		0.275553		0.273567		0.272758		0.272451		0.272353

		Z												0.15		0.272499		0.362739		0.416575		0.435263		0.426254		0.400512		0.368569		0.337809		0.311912		0.291778		0.279841		0.274529		0.272166		0.271114		0.270646		0.270437
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				0		1		2		3		4		5		6				8				10				12				14		15		16				18				20		21

		ch|tS		0		0.212132		0.37831		0.508577		0.610691		0.690707		0.753373		0.80242		0.840785		0.870775		0.894208		0.912508		0.926794		0.937942		0.946639		0.953423		0.958713		0.962838		0.966053		0.96856		0.970513		0.972036

		ee|i:		0		0.212132		0.37831		0.508577		0.610691		0.690707		0.753373		0.80242		0.840785		0.870775		0.894208		0.912508		0.926794		0.937942		0.946639		0.953423		0.958713		0.962838		0.966053		0.96856		0.970513		0.972036

		s|z		0		0.15		0.277077		0.38505		0.476818		0.554715		0.620706		0.676493		0.723562		0.763213		0.796573		0.824609		0.848152		0.867907		0.884473		0.898359		0.909992		0.919735		0.927893		0.934721		0.940436		0.945217

		e|0		0		0.15		0.277073		0.385034		0.476785		0.554663		0.620636		0.676406		0.723464		0.763107		0.796461		0.824496		0.848039		0.867796		0.884366		0.898255		0.909894		0.919642		0.927806		0.934639		0.940359		0.945145

		ch|S		0		0.212132		0.375326		0.489749		0.557249		0.585472		0.585807		0.569816		0.546713		0.522535		0.500515		0.481936		0.466951		0.455184		0.446078		0.439974		0.436621		0.434864		0.434024		0.433707		0.433683		0.433815

		ch|x		0		0.212132		0.375326		0.489749		0.557249		0.585472		0.585807		0.569816		0.546713		0.522535		0.500515		0.481936		0.466951		0.455184		0.446078		0.439974		0.436621		0.434864		0.434024		0.433707		0.433683		0.433815

		ch|k		0		0.212132		0.375326		0.489749		0.557249		0.585472		0.585807		0.569816		0.546713		0.522535		0.500515		0.481936		0.466951		0.455184		0.446078		0.439974		0.436621		0.434864		0.434024		0.433707		0.433683		0.433815

		e|@		0		0.15		0.274542		0.368763		0.429241		0.459241		0.467457		0.46358		0.454948		0.44576		0.437829		0.431612		0.426968		0.423568		0.421084		0.419879		0.419933		0.420578		0.42145		0.422361		0.423218		0.423981
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		e|0				0.15		0.273756		0.363664		0.415201		0.433688		0.430729		0.41734		0.400737		0.384647		0.370602		0.358986		0.349665		0.342312		0.336565		0.332839		0.331023		0.330235		0.33		0.330056		0.330258		0.330524
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		0		0		0		0		0		0

		1		1		1		1		1		1

		2		2		2		2		2		2

		3		3		3		3		3		3

		4		4		4		4		4		4

		5		5		5		5		5		5

		6		6		6		6		6		6

		0.80242		0.80242		0.676493		0.676406		0.569816		0.46358

		8		8		8		8		8		8

		0.870775		0.870775		0.763213		0.763107		0.522535		0.44576

		10		10		10		10		10		10

		0.912508		0.912508		0.824609		0.824496		0.481936		0.431612

		12		12		12		12		12		12

		0.937942		0.937942		0.867907		0.867796		0.455184		0.423568

		14		14		14		14		14		14

		15		15		15		15		15		15

		16		16		16		16		16		16

		0.962838		0.962838		0.919735		0.919642		0.434864		0.420578

		18		18		18		18		18		18

		0.96856		0.96856		0.934721		0.934639		0.433707		0.422361

		20		20		20		20		20		20

		21		21		21		21		21		21
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