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Introduction

While the earliest English corpora such as the LOB and the BROWN represented the standard varieties of the language, some of the more recent collections have begun to include varieties which diverge to a greater or lesser extent from the standard norms. These 'special corpora', as Sinclair (1995: 24) calls them, constitute a challenge for corpus linguists since the methods and tools commonly used in the field were designed for or trained on the standard varieties and it is very much an open question whether they can be applied to more specialised varieties. Computer learner corpora, which contain spoken and written texts produced by foreign/second language learners, are a case in point. Their degree of divergence from the native standard norm(s) is a function of the learners' proficiency level: the lower the level, the wider the gap. In this paper we investigate to what extent the lexical variation measures commonly used in corpus linguistics studies can be used to assess the lexical richness in essays written by advanced EFL learners. 

One of the most commonly used measures of lexical richness in texts is the type/token (T/t) ratio. More precisely, the type/token ratio measures lexical variation, which is the number of different words in a text. It is computed by means of the following formula:




Number of word types  x  100

T/t ratio =
------------------------------------




Number of word tokens  x  1

This measure has proved useful in a variety of linguistic investigations, most notably in variation studies. Chafe and Danielewicz (1987) , for instance, have compared samples of written and spoken English and found that the spoken samples had lower T/t ratios than the written samples, a phenomenon which they attribute to the restrictions of online production. The necessarily rapid production of spoken language consistently produces a less varied vocabulary. Type-token ratio is also one of the linguistic features in Biber's (1988) multidimensional analysis. Biber finds that a high type-token ratio is associated with a more informational style, especially non-technical informational style, while a low type-token ratio is indexical of a more involved style. Of all the text types Biber investigates, press reviews have the highest type/token ratio and telephone conversations the lowest.

Type/token ratio has also been used in EFL studies as one way among many to investigate lexical richness in learner productions. Linnarud (1975), for instance, used a variety of measures, among which the type-token ratio, to assess lexical proficiency in Swedish secondary school pupils and found that the Swedish learners varied their lexis much less than the native speakers. However, investigating type/token ratio in learner corpora presents some specific difficulties which are often disregarded by EFL specialists. A learner corpus may contain a high number of formal errors, which may affect the type/token ratio, since all variant forms of the same word are counted as different types. For example, the word literally may occur in a text, and will be counted as one word type, but there may also be occurrences in the text of misspellings such as literaly and litterally, which will be counted as different types, unless a human analyst goes through the tedious task of identifying all such occurrences. Learner data are not the only type of data to present this type of difficulty. One of the case studies in Barnbrook's (1996) book Language and Computers, illustrates the problem caused by spelling variation in Chaucer's Canterbury Tales. Nelson (1997) also reports on this problem in connection with an orthographically transcribed spoken corpus. However, the problems posed by a learner corpus are much more complex and difficult to deal with because the non-standard forms in learner corpora are much more varied and less systematic than the spelling variants found in native varieties. 

Measuring lexical richness: an experimental investigation

For the purpose of this investigation, four learner corpora with a total of approximately 120,000 words were used. The corpora contain essay writing of students of English with different mother tongue backgrounds: Dutch (DU), French (FR), Polish (PO) and Spanish (SP). They are extracted from the International Corpus of Learner English (ICLE) database, which is made up of argumentative essays written by advanced learners of English. Each corpus consists of c. 180 essays, each of which is about 600 words long. A similar-sized reference corpus containing argumentative essay writing by American English students (US) was also used. This corpus is extracted from the Louvain Corpus of Native English Essays (LOCNESS). There is one quantitative difference between the learner corpora and the native corpus, which is that the native essays are approximately one third longer than the learner essays (see Appendix 1). This is something which must be borne in mind when interpreting the results.2
The software we have used is the SEMSTAT concordance and statistics package developed by Paul Rayson at Lancaster (Garside and Rayson 1996). The package provides frequency counts for any level of linguistic annotation: parts of speech, lemmas and also semantic tags. Although semantic tagging was not used within the framework of our analysis, it proved to be particularly useful since words for which a semantic tag could not be assigned by the program were given a specific tag (the Z99 tag discussed below) and could therefore be automatically retrieved. This was useful because all non-standard word forms were assigned this tag. 

Measures of lexical richness

Three different measures of lexical richness have been applied to the five corpora. The advantages and disadvantages of each measure are discussed in the following sections. 

Type/token ratio

The first measure is the type/token ratio. It is a rather crude measure which includes all the tokens in a text except for non-alphanumeric strings, such as punctuation characters and SGML tags. The results for the five corpora are given in Table 1.

Table 1  Type/token ratios

	SP
	8.0

	DU
	8.0

	PO
	7.8

	US
	7.7

	FR
	7.5


With this measure, the Spanish and the Dutch learner corpora come out first, and the French corpus comes last and the native corpus somewhere in the middle.

Lemma/token ratio

Although the type/token ratio is by far the most commonly used measure of lexical richness, it is arguably much less useful in assessing foreign learners' vocabulary than another measure, the lemma/token ratio. As pointed out by McCarthy (1990: 73), "it is probably sensible for pedagogic ends to treat inflected forms of a word as the same type". A learner who uses five different forms of the verb go (go/goes/going/gone/went) in one and the same text has a less varied vocabulary than the one who uses five different lemmas (such as go/come/leave/enter/return). The reason why the lemma/token ratio is not as commonly used as the type/token ratio is undoubtedly that automatic lemmatizers are not widely available yet. The text retrieval software package WordSmith Tools provides type-token ratios in the general statistics, but not lemma-token ratios. In fact, the program does contain a routine for machine-aided lemmatization, but it requires a lot of manual work. 

Using the SEMSTAT lemmatizer, we were able to compute the lemma-token ratios fully automatically.At this point proper nouns, as identified automatically by the CLAWS part-of-speech tagger, were deleted as well, because the use of proper nouns was not considered to be a valuable measure of the students' lexical variation. The results are given in Table 2.

Table 2  Lemma/token ratios

	DU
	6.5

	SP
	6.4

	US
	6.2

	PO
	6.1

	FR
	5.8


As the number of lemmas is lower than that of types, the overall ratios are lower but the ranking is very similar: Dutch and Spanish are still at the top and French at the bottom. 

One drawback of both these measures is that neither takes into consideration non-standard word forms. A learner text containing a high number of these forms will be given unduly high measures of lexical variation. The automatic lemmatizer does not recognise non-standard forms. For example, in the example cited above (from the Dutch learner corpus) where there are occurrences of literally, literaly and litterally, three different lemmas are counted. A third measure, which would cater for these forms, was therefore needed. It is described in the following section. 

Adjusted lemma/token ratio

The category of words marked Z99 by the SEMSTAT semantic tagging program contains all the words that have not been recognised by the lexicon look-up or the morphological rules. It therefore contains all the spelling errors and the word coinages in the corpora (as well as some standard English word-forms which happened not to be recognised by the program). Unlike many programs, such as the CLAWS4 part-of-speech tagger, which are more robust and automatically assign a meaningful tag for every word, the semantic tagging program flags unknown words, which is particularly useful for lexical variation studies. 

The overall frequency of Z99 words in the five corpora brought out dramatic differences between the corpora (see Table 3). The Spanish EFL corpus contains more than twice as many Z99 words as the Polish EFL corpus and native English corpus.

Table 3  Z99 word frequencies

	SP
	1,590

	DU
	1,180

	FR
	790

	US
	744

	PO
	665


If the Z99 category had only contained non-standard forms, it would have been possible to simply subtract all the Z99 lemmas from the totals and recalculate the lemma-token ratio. This was unfortunately not possible because the category of Z99 words also contains perfectly good English words, which happen not to be part of the program's lexicon. It was therefore necessary to scan the lists of Z99 words manually and distinguish between words belonging to each of the four categories defined below: 

1) Good English words (G)
These are words such as affirmative, decriminalise, counterproductively which are not covered by the program's lexicon, nor are they recognised by its morphological analyser.

2) Spelling mistakes (S)
Words came into this category where there were slight misspellings, i.e. the misspelt words included only one of the following features:

* one letter missing - unconciously (unconsciously)
* one letter added - abussive (abusive)
* one letter wrong - conmotion (commotion)
* one transposition - samll (small)
* a compounding problem, where 2-word compounds are written as one word, or vice versa, e.g. afterall (after all), day-care (day care)

* erroneous placement of the apostrophe in contractions - are'nt (aren't)

3) Non-standard word coinages (C)
This category contains the following types of words:

* words made up by the students and which are not used by native speakers. This category includes words produced by either inflectional or derivational processes - underlied, unuseful, performant

* words with multiple spelling mistakes - idiosincrasy, unbereable, thechonolohy

* foreign words - blanco, liegeoise, jeugd

4) Proper nouns and non-alphabetic strings (D)
This category (D for delete since these words will be discarded) contains the proper nouns and non-alphabetic strings that were not recognised and discarded automatically at the earlier stage. 

All the Z99 words were subcategorised on this basis3. The exact number of tokens in each of the four categories is given in Appendix 2. Figure 1 displays the results for the three most interesting categories: good English words (G), spelling mistakes (S) and non-standard word coinages (C). One corpus clearly stands out: the Spanish EFL corpus contains many more S and C words than the other corpora and conversely many fewer G words. 


Figure 1 Breakdown of categories G, S and C in the five corpora

Equipped with comprehensive lists of non-standard word forms, the analyst is in a position to calculate much more realistic lemma/token ratios. It is important to note however that the exact values of the adjusted ratios will depend on what categories of non-standard forms the analyst decides to exclude from the lemma counts. He can either count as valid lemmas only the good English words (G) and discard all of the others, or include the good English words (G) as well as the minor misspellings (S). The latter count is considered by the present authors to be the more realistic. It would seem somewhat unreasonable to consider that a learner does not know a word just because it contains a minor misspelling. Note however that other options are possible. The interest of the methodology presented here is that the analyst can choose to include or exclude whichever categories are required for the purposes of his investigation. The main point if lexical variation measures are to be comparable across studies is to make clear the principles underlying them. 

Table 4 contains the adjusted lemma/token ratios resulting from adding the G and S words to the lemma count. 4
Table 4  Adjusted lemma/token ratios

	PO
	5.5

	DU
	5.3

	US
	5.1

	FR
	5.1

	SP
	4.7


A comparison between Tables 1, 2 and 4 shows that the Spanish learner corpus, which ranked very high on the first two measures, ranks last here because of the high proportion of S and C words. The adjusted lemma/token ratio proves to be a much better indicator of learners' proficiency than the other two measures.

Conclusion

Our study shows that it is not safe to use crude type/token or lemma/token ratios with learner corpora. The variability of the rankings for the different corpora when different counts are used is testimony to that. Consideration needs to be taken of the well-formedness of the vocabulary of a text, which is not a straightforward task, and may be conditional on the aims of a particular study. The option taken in this paper was to differentiate between minor misspellings, on the one hand, and more serious ones and non-standard word coinages, on the other. 

From a second language acquisition perspective, the study has interesting pedagogical implications. It is interesting to note that advanced learner vocabulary is quite varied, in fact for two of the national groups it is slightly higher than that of native students. Admittedly this could be due to the fact that the native speaker essays were on average longer than the learner essays, thus producing slightly underrated ratios. Even so, it is quite clear that the ratios are quite high in most of the learner corpora. If, as shown by our study, advanced learners have at their disposal a relatively large vocabulary stock and if, as proved by numerous EFL studies, they also produce a great many lexical errors, one is led to the conclusion that advanced vocabulary teaching should not primarily be concerned with teaching more words but rather, as Lennon (1996:23) puts it, with "fleshing out the incomplete or 'skeleton' entries" of the existing stock.

An additional bonus of the method applied here is that the analyst has access to all the non-standard forms in the learner corpora and these lists are excellent starting-points to carry out in-depth analysis of learners' formal errors. A mere glimpse at the respective lists shows that each national group has its own specific problems. For Spanish learners, some sequences cause repeated problems, for example cu instead of qu, as can be seen from the following examples: adecuate, consecuence, cualified, cuantity, frecuent, frecuently. Dutch learners prove to have tremendous difficulty with compounds in English: anylonger, bankaccount, book-trade, booktrade, classdifference, coldshoulder. These lists are important for English language teachers to increase the accuracy of identification of errors and to target instruction in the relevant areas. They would also prove useful to adapt tools such as spellcheckers to the needs of non-native users.

Notes

1. This research was conducted within the framework of a two-year collaborative research programme between the universities of Louvain and Lancaster, funded by the British Council and the French-speaking Community of Belgium. Our special thanks go to Dr Kenneth Churchill, Director of the British Council in Brussels, for his unfailing support and interest in our research.

2. See Granger 1998 for more details on ICLE and LOCNESS. 

3. The advantage of applying very strict formal criteria for subcategorising non-standard word forms is that it ensures consistency of analysis across corpora.. The disadvantage, however, is that the method may lead to counterintuitive classifications. For instance, tendence is classified as S because the error only involves one erroneous letter, whilst a French analyst might be tempted to categorize it as a word coinage produced under the influence of the French word tendance.

4. This methodology involved the analyst in the laborious process of checking whether the misspelt words had already occurred in the corpus in a correctly spelled form, or in a differently inflected form. Otherwise some lemmas could have been counted twice. All 'S' words therefore had to be checked against the 'good' lemma list, i.e. the list of words that were recognised, tagged and lemmatised by the SEMSTAT programs and against the new list of 'G' words. So, for example, if receive was already in the lemma list, recieve was not entered as a separate lemma. If it was not already there, it would be added and the score for the number of lexical items in the corpus increased by one.
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Appendices

Appendix 1  Number of words per corpus/per essay

	Corpora
	No of tokens
	No of essays
	Tokens/essay

	Dutch
	126,801
	190
	667

	French
	118,624
	196
	605

	Polish
	119,921
	185
	648

	Spanish
	107,636
	171
	629

	US
	119,754
	129
	928


Appendix 2  Breakdown of the categories of Z99 words in the five corpora

	
	FR
	DU
	SP
	PO
	US

	G
	255
	275
	147
	257
	284

	S
	271
	524
	896
	258
	145

	C
	130
	158
	339
	83
	62

	D
	134
	223
	208
	67
	253

	Total
	790
	1180
	1590
	665
	744


