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ABSTRACT
This study reports on the design and testing of an integrated suite of vocabulary training games for Nintendo( called My Word Coach (Ubisoft, 2008). The games’ design is based on a range of research, from classic studies on patterns of recycling to frequency studies of modern corpora. Its learning effects were tested over a 4 month period, with 50 age and level appropriate Francophone English learners in a Montreal school. A battery of observational and empirical tests tracked experimental and quasi-control groups’ lexical development for form recognition, meaning recognition, free production, and speed of lexical access, as well as general features of game use. Two months’ game use coincided with one to two years’ recognition vocabulary growth, longer oral productions, reduced code switching, and increased speed of lexical access for common words whether encountered in the game or not. Further questions are raised about the prior knowledge needed for game use, the importance of post-game follow up,  and the future of gaming in language learning. 
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INTRODUCTION & BACKGROUND
Video games occupy more and more of the time and attention of school age learners, with an effect on learning that almost definitely exists but is presently little known. Arguments in principle for the learning power of such games are many (Gee, 2003; Pensky, 2006), but empirical investigations few. This paper describes the design and testing of a video game focused on the specific goal of vocabulary expansion.
My Word Coach (Ubisoft, 2008) is a vocabulary training system whose goal is to help either first-language (L1) or second-language (L2) learners of English grow their recognition lexicons systematically by playing a suite of related word games. As author of the present investigation of the game’s learning effects, I had also been the linguistic consultant for its design and development and first presented the game to the public in the Getting the Word Out symposium at the American Association of Applied Linguistics conference in 2007 (see presentation PowerPoints at http://www.lextutor.ca/aaal_07/). The symposium was a collection of projects where some part of the extensive vocabulary research of the past 20 years had been applied to a real-world problem and would potentially help large numbers of real learners meet their vocabulary needs. 
The vocabulary problem
What are the vocabulary needs of real learners? The vocabulary research since Meara (1980) declared it a “neglected area” is vast and diverse, yet some common themes have emerged. It is now generally agreed that vocabulary acquisition is not as easy as we used to think (Cobb, 2007; Laufer 2005), that vocabulary is more important general language development than we used to think whether in L1 (Bates & Goodman, 1997) or L2 (Barcroft, 2007), and that many, many language learners at every level have inadequate vocabulary knowledge for the educational tasks they are attempting to engage in, whether in an L1 (Chall & Jakobs, 2003) or L2 (Laufer, 2000). Laufer’s synthesis of vocabulary size test studies from seven countries found non-English speaking academic learners attempting to study university courses in English medium with an average vocabulary size of 2,100 word families (SD=977). In contrast, coverage studies typically target the vocabulary needed for basic academic reading at more like 7,000 to 8,000 word families (Nation, 2006).
How can large numbers of words be learned in a short time? The idea that has probably undergone the most thorough refutation in the modern vocabulary research is that words are only or best learned through natural contextual encounters. The research has shown consistently and for some time now that contextual learning is slow (Horst, Cobb & Meara, 1997; Mondria & Wit-de Boer, 1991), error-prone (Laufer, 2005), and poorly supported for frequency zones beyond the most basic (Cobb, 2007).  This is not to say that contextual encounters are not adequate for children learning their first languages in linguistically rich environments over long periods, or that contextual information is not eventually needed by any learner to deepen lexical knowledge once established. But for learners of either first or second languages who have somehow incurred a lexical deficit, it seems clear that waiting to meet words in context is not a sufficient or necessary basis to catch up.
But what is the alternative to context as a source of information input to word learning? One of the ironies of vocabulary research and teaching is that practitioners’ faith in the powers of context is stronger than researchers’. Meara (e.g., 1995), Nation (e.g., 2001), Laufer (e.g., 2000) and Grabe (2009) all argue the case in slightly different ways for building up a critical mass of vocabulary quickly and out of context if necessary.  The target for a critical mass is often placed at 1,000 or 2,000 word families, partly depending on the goals of the learner (the former will usually be adequate for conversational needs, the latter a starting point for academic language use including reading). 
Decontextualized word learning is clearly a limited form of learning, but a good deal of old research shows that such learning can be fast, and some new research shows it can also be effective. In a host of paired-associate memory studies from the late 1900s, subjects of normal intelligence were found to be able to learn vast number of L1-L2 word pairs or word-meaning pairs (e.g., Ebbinghaus, 1885/1913), and moreover to relearn them quickly after significant loss from forgetting.  This effect was further strengthened if the pairings were experienced in a pattern of recycling in which the time between pairings was systematically expanded (Gruneberg, Morris, & Sykes, 1978; Mondria, & Mondria-De Vries, 1994). Of course, whether this associative learning would provide any basis for language use or learning, or under what conditions, was not investigated in this memory research, but the language question has recently been taken up by among others Elgort (2007).
In her doctoral study, Elgort gave advanced academic English as a Second Language (ESL) learners practice in acquiring 48 English-like plausible non-words (PNWs, like bance or benevolate) using word cards with simple English definitions on the back. After only four hours practice with the word cards over one week (recalling meanings from words, or vice-versa, the quintessential word processing operations), in the spaced rehearsal rhythm mentioned above, advanced learners had achieved native speaker levels of formal, semantic and procedural knowledge of the words studied, including speed of lexical access in a range of priming conditions. Specifically, they had learned words to criterion on Segalowitz’ two indicators of native speaker automaticity, ballisticity (primed associations are unstoppable by conscious attention) and low variability in reaction times (Segalowitz & Hulstijn, 2005). 
What Elgort’s results do not provide is any measure of use for the learned words, as indeed it is not clear how these could be provided with PNWs as the learning items. So her demonstration, while strong, remains correlational. Measures like ballisticity and fast recognition are known correlates of proficient language use, but for the time being causality has not been shown (see a discussion of this in Fukkink, Hulstijn, & Simis, 2005).  

A further problem with Elgort’s finding is educational applicability. Whatever the evidence for the learning power of word cards (for a strong general argument see Nation, 2001, pp. 296-316), it is questionable whether any but the most determined learner would commit to a word card regime extending over enough words to make a difference. A more motivating way of realizing some of the benefits of matching words and definitions seems needed. An extended game format could be one such way.
A longtime proponent of the need to begin language learning by building a critical mass of  vocabulary, Meara (1995), in a piece for teachers, wondered why word games were not more used in vocabulary instruction: 
Word games do not provide the naturalistic, communicative contexts that language teachers usually think of when they are trying to provide contexts for using an L2. But, in fact, artificial contexts of this sort provide a very good environment for using words. […] Word puzzles are incredibly popular with L1 speakers, and it is surprising that language teachers have not exploited this popularity more. 
Indeed, the many word games available in popular culture, the newspapers or on the Internet depend on the very word learning operations indicated over and over again in the acquisition research. Retrieval of form from meaning, retrieval of meaning from form, faster reaction time, expansion of holding capacity are all involved to varying degrees in Scrabble, acrostics, crossword puzzles, word jumbles, and the like. 

One reason teachers have not taken to word games to any large extent may be that they are not convinced of the value of learning words out of context, and another might be that it is not simple to imagine how any sort of syllabus could be constructed on a game principle. Which words and which games would be used? Many language course books already  include minor throwaway word games at the ends of chapters, but it is not obvious how these can be expanded into a course or integrated into an existing course. 
Rising in timely fashion to meet both the need for vocabulary training and the possibility of doing this through gaming is the recent development of high motivation, interactive electronic game design. Indeed vocabulary games are already popular on the Web (e.g., the UN Food Program’s Free Rice at http://www.freerice.com/) and numerous vocabulary learning Apps are now available for Apple’s I-Phone (Godwin-Jones, forthcoming). The design principles and learning outcomes of these systems tend, however, to be rudimentary or unclear. Indeed this is true of the gaming research generally, which the editors of a recent gaming issue of an education and technology periodical described as “in its infancy” (Spector & Ross, 2008, p. 510). 
PRINCIPLED DESIDERATA FOR A VOCABULARY TRAINER
The idea that a computer-based training system could be a good way to meet the vocabulary challenge has been around for some time. The large amount of material to be covered, the likelihood of strong individual differences in both goals and learning rates, and the need for recycling and record-keeping, were early identified as reasons to look to computerized instruction (e.g., Atkinson, 1972). Recent developments merely add to the argument: increased capacity allows for  the provision of speech, and concordances or glossaries as learning tools; increased processing speed allows for fine-tuned control of procedural interactions; and the advent of networks frees the learner from particular times or places of learning. The network advantage of course grows stronger almost daily as game players like Nintendo take on network capacities and smart mobile devices like the Blackberry and I-phone become in effect portable computers.
A less obvious link between computing and vocabulary learning is the fact that computer analysis has been the basis of much of our current understanding of vocabulary acquisition. Frequency analysis of large corpora has allowed the prioritization of specific learning goals;  collocation analysis has revealed the extent of lexical patterning and repetition in language use; reaction time studies have revealed the role of word recognition and automaticity in language processing; and corpus based lexicography has created a revolution in resources for language learning. Of course, these computer based insights can be exploited pedagogically in any medium, but the computer medium is a natural choice for the job (Cobb, 2008). Many of the capacities used analytically are equally useful instructionally – e.g., the capacity to handle large quantities of language, to track and control reaction time, to generate collocational information on the fly. Randomization and record-keeping are unrelated to the original research but also useful in the present context.
From the vocabulary research and development since roughly 2000, here is one set of desiderata for a suite of vocabulary games that can be gleaned .

Syllabus. Only recently has it become possible to specify the basic non-specialist lexicon of English. This specification follows from four connected research projects over a 10-year period: the assembly of the 100 million word British National Corpus (Oxford Computing Services, 2000); its breakdown into a list organized by frequency and range (Leech et al, 2001); the pedagogical adaptation of these lists including family groupings  (Nation & Beglar, 2007); and their exploitation in coverage studies for particular needs and frequency zones (Nation, 2006). Table 1 shows random items from the pedagogical lists.  

Table 1. Words at five BNC frequency levels

	First 1000
	Third 1000
	Fifth 1000
	Eighth 1000
	Tenth 1000

	held 
transport 
point 
lighten 
degree 
line 
understand 
highway 
forty 
sale
	steam 
adapt
stream 
fiddle 
urge 
cheat 
clip 
trivial 
polite 
heal
	diagnose 
minimal 
deer 
gloomy 
void 
spine 
captive 
glossary 
razor 
windscreen
	garlic 
backdrop 
maize 
fret 
draughtsman 
bipolar 
caption 
tingle 
moron 
staunch
	hairspray 
beehive 
vestry 
intoxicate 
banknote 
deliverance 
clang 
fallible
temperance 
disservice


Dictionary. Also relatively recent is the publication of learner dictionaries with simplified definitions, following the principle that as few words as possible in the definition should be less common than the headword itself (as was always the case with the format “a car is a vehicle which…”). The Cambridge Advanced Learner’s Dictionary (2005) is arguably the current leader in this field, as far as English is concerned, owing to its balance of brief, comprehensible definitions and adequate number of entries. 

A question arises as to whether the definitions are best presented in the same language as the novel word, or in the learners’ first language in the case of L2 learners. In the Elgort (2007) research already mentioned, target-language definitions were specifically chosen (English words and English definitions for ESL learners) following research by Jiang (2004).  Jiang’s semantic transfer model of L2 vocabulary acquisition postulates that new L2 words are almost inevitably associated with old L1 concepts for extensive periods, or forever, if the word is learned through an L1 definition, or even through L2 contextual inference, unless steps are taken to prevent such an association from forming. Elgort found this could be achieved through pairing L2 words and L2 definitions through several rehearsals, provided of course the definitions are short and comprehensible. She attributes the results of her study to this specific factor.
Testing. The game format is not compatible with extensive time devoted to placement or achievement testing, so simple computer based Yes-No tests should be used for this purpose. A Yes-No test simply asks a learner whether he knows each word on a list, yes or no, and relies on plausible non-word (PNW) items in the list to keep a check on learners’ honesty and awareness. Meara and Buxton (1987) developed the algorithms to modify scores according to the number of PNW choices and tested the test’s predictions with large numbers of learners in medium-stakes settings. A collection of such tests can be found at http://www.lognostics.co.uk/ (click ‘Tools’).
   
Recycling. It is well known that words have to be encountered several times in order to be retained (see Zahar, Cobb & Spada for a discussion of how many), but in a game context where motivation and variety are priorities the question is how few times will suffice. Mondria and Mondria-De Vries (1994) propose a regime based on some classic learning research for their “hand-held computer,” which is basically a shoe-box with five compartments of increasing size holding word cards of the type mentioned above (new word on one side, short definition on the other). This simple technology attempts to realize the classic finding that paired-associate learning is maximally effective if associations are reviewed just before they are forgotten, and that such reviews should occur in a “spaced distribution” since forgetting typically takes two to three times longer to occur after each review.  New words move through the system and are reviewed less and less frequently, eventually departing the game entirely as new and more difficult/less frequent words are added.
Focus on form. The main learning operation proposed for the vocabulary trainer thus far is form-meaning mapping. In fact there is also an argument for including games that focus on word form alone, or on form and meaning separately. Indeed this is a key recommendation from the input processing research (e.g., VanPatten, 1990), with its concern for information overload in early or pre-automatized language learning. The specific value of giving independent attention to form is based on research showing that the form part of form-meaning connections are often weak in naturalistic vocabulary acquisition. The rush to meaning in contextual inferences often leads to global comprehension but no retention for the novel word form itself (e.g., Mondria & Wit-de Boer, 1991). Indeed, the establishment of a form in the mental lexicon is likely to be a much slower process than putting together a meaning (which in any case is available through both general knowledge and the L1 lexicon, as suggested in the discussion of Jiang, 2004, above) as well as being less amenable to explicit learning (as suggested by Ellis, 1994, and Hulstijn, 2002). 
Focus on both reception and production. Different games or the same game should ask players to both recognize words qua forms, recognize meanings for these words, and produce words from meanings. Recall of meaning is unfortunately not simple to practice in a game format, but production of a word in response to a meaning can be accomplished in a menu choice or a spelling task.
Focus on lexical access. Lexical fluency, as normally represented by the number of milliseconds needed to make lexical decisions about single words out of context, is one of the strongest predictors of both degree of consolidation of word knowledge and successful reading comprehension, as shown in both L1 and L2 studies (summarized in Grabe, 2009, Ch. 2). The automatization of lower level lexical access processes frees up the memory resources needed for processing higher level meaning and novelty (Segalowitz & Hulstijn, 2005). It is often argued that lexical access speed like other implicit or procedural knowledge types can only be built up over thousands of hours of exposure to a language (e.g., Ellis, 1994), but some recent laboratory studies by Snellings et al (2002) and as already mentioned Elgort (2007) suggests that lexical access is trainable.

GAME DESCRIPTION
The learning content of Word Coach is effectively the entire contemporary, non-specialist lexicon of the English language, as represented by its 14,000 most frequent word families, although of course it is expected that different learners will focus on different lexical zones. This content is broken into 1000-family sections, which define a learner-player’s zone of play at a given point in time. Learners are tested at the beginning, assigned a frequency zone to work in, and then begin playing a series of word games with randomly selected words from this zone. All words that pass through the game are recycled at least five times. Words that a player appears to be having trouble with, whether in form or meaning, are recycled extensively according to an algorithm. The number and difficulty of both words and games evolves as play proceeds. The game keeps detailed records, provides regular feedback, and moves the player to high levels (lower frequency words) as learning criteria are met. The games focus on one or a mixture of the following skill areas: form, form-meaning connection, and lexical access.
The user loads Word Coach into the Nintendo console, enters his or her name (four can play on one machine, plus guests, and many more wirelessly) and begins to play the one game available at this point, which is effectively a placement test, a sample item from which appears in the leftmost screen of Figure 1. The testing starts by pitching word sets from a medium frequency level (the 4000 word level); if these words are not known, the level goes down until a zone containing at least 30% unknown words is determined (or if mainly known, the level goes up). In this way, players are challenged at their own level. More games and variants of games are introduced as play proceeds. There are two form-based games; Missing Letter, which involves using the stylus to supply the letter missing from a word (e.g., new_paper, Fig. 2, left screen), and Block Letters, which involves clicking on falling letters to form one of four given words as unused letters pile up toward an explosion (in a version of Tetris, see Fig. 2, middle screen). Four of the games involve connecting words and simplified L2 meanings, in various combinations of both receptive and productive tasks. In Split Decision, the upper screen displays a definition while the lower screen presents words that players toggle through until they identify the one that matches the definition. In Word Shuffle, a word from the bottom screen is dragged and dropped on one of four definitions in the top screen. In Pasta Letters, players are shown a definition and must produce and spell the corresponding word by dragging its letters in sequence out of a bowl of alphabet soup before they sink. In Safecracker, a definition of a word is presented for players to spell on the dial of a safe, but now against an opponent, either human or machine generated if a human is not available. The games are played in sets of about 20 words apiece and advance from less to more challenging versions. For example, the intermediate version of Missing Letter challenges the player to identify the wrong letter from newlpaper and correct it, rather than simply filling a gap. In the advanced version, correct words which require no change are added to the mix. Lexical access speed is emphasized throughout, by advancing the rate at which the words drop, at which the electronic opponent drags his letters out of the soup, and so on.
At the end of each word set, missed words are reviewed, points tallied (with bonuses and penalties according to time taken), progress graphs presented, errors are highlighted, and meanings reviewed (see Fig. 2, middle). Focus-group-created inanimate cartoon tutors review speed, errors, and persistence, offering encouragement, advice and admonition (“You’ve been absent for a long time”). Players are recommended to work through 100 words per day, and at intervals they assume new levels of “expression potential” (EP), each level being named for the language ability loosely associated with a lawyer, a reporter, a poet, and so on. This dubious but probably harmless idea, invented at the commercial end of the design process, addresses the legitimate concern that 1000-levels were both boringly named and too big, entailing excessive delay between promotions. Figure 1 shows the placement-test format on the left; the other  screens show management tools which encourage players to reflect on their learning; Figure 2 shows a sample of form-based game screenshots and the deployment of the split screen; and Figure 3 shows a sample of form-meaning games (for others, see the game’s Web site at http://mywordcoach.us.ubi.com/).

The games and sequences are a reasonably successful realization of the design principles outlined above. As such, do they lead to any measurable learning in any of the three areas they target – form retention, form-meaning mapping, and lexical access?
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Figure 1: Placement test and learning management tools
	[image: image5.jpg]



	[image: image6.jpg]HINDS IGHT
ERQCS ION





	[image: image7.jpg]Describes someone who tends
not to get emotional or excited
about things.

Pungent







Figure 2: Two form-based games and session feedback
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Figure 3: Form and meaning games

METHODOLOGY AND RESEARCH QUESTIONS

The goals of Word Coach are to present learners with a principled diet of new words with comprehensible definitions in their vocabulary growth area, recycle these words via word games that emphasize different aspect of word learning and are fun to play. The design is meant to ensure that as many as possible of the words presented will be remembered, understood, processed fluently, and eventually used. There are many potential research questions within this agenda, but in this initial study of vocabulary by video game the following questions are asked:  
1. What is the extent of game use, and are there any game or learner characteristics that predict game use?

2. How many word meanings are known receptively before and after game use?
3. Is there a difference in speed of lexical access before and after game use?
4. How many learned words are used in free production after game use?
Learners and Setting
The learners who participated in this study were two intact classes of 25 Grade 6 Francophone ESL learners in a middle-class suburban school in Montreal. The ethnicity of both groups was roughly 30% Quebec Francophone children and 70% immigrant children mainly from Francophone countries. The medium of instruction at the school was French, except for two hours per week of ESL, where the teacher used English as much as possible following a communicative language teaching approach. The children had various amounts of English exposure out of class, from extensive to none, and widely varying levels of English proficiency. The parents of these children had complained to the teacher that non-educational video games were eating into their children’s homework time and that they were more than willing to try the educational variety (98% of parents supported this experiment). The school supported the research, which took place over a four month period in the spring of 2007. Ubisoft of Montreal provided the loan of 60 Nintendo DS Lite players and My Word Coach game cards. On receiving the game, each group received 50 minutes training, and encouragement to use the game from the teacher over the experimental period.
Research Design

Because of the school’s requirements that all children have a chance to use the game and the research groups be intact classes, a quasi-experimental, within-subjects design was chosen for the study. One group used the game for two months while the other served as quasi-control, and then the roles were reversed. The same word knowledge tests were administered to both groups at the beginning of the experiment, at the two-month changeover point, and at the end of the four months. For learners who received the game first, the sequence was as follows: pre-test, two months using the game, post-test 1, two months of normal classes without the game, and post-test 2. (The second post-test thus served as a measure of delayed retention.) For learners who received the game second, the sequence was pre-test 1, two months without the game, pre-test 2, two months with the game, and a post-test. (The two pre-tests thus served as a baseline for normal lexical development against which game related development could be compared.) These groups are referred to as Group 1 and Group 2 in the remainder of the study. The design is shown schematically in Table 2.
Table 2: Diagram of research design
	
	T1
	
	T2
	
	T3

	First game 
group
	Pre-
Test
	2 months

Classroom 
+ Game use
	Post-
test 1
	2 months
Classroom
	Post-
test 2

	Second game group
	Pre-
Test 1 
	2 months
Classroom 
	Pre-

Test 2
	2 months

Classroom 
+ Game use
	Post-

test



The two intact classes were in the same school, and no attempt was made to assure that learners had no contact with the game in the non-game periods (indeed the game is set up to encourage multiple players). However, the same teacher was in charge of both groups and reported never observing a game player in the hands of a learner other than in the game period. All measures were compared at the three test points using basic ANOVAs, since the usual arrivals and absences of an intact setting created slightly unequal groups and made a repeated measure inappropriate.
Research Instruments
The research instruments were as follows:
1. The game itself provides detailed tracking of which words were played and how often, as well as session size and frequency (Fig 1). 
2. The recognition knowledge measure is Nation and Beglar’s (2007) Vocabulary Size Test, a revision of the classic Vocabulary Levels Test (Nation, 1990). The levels for the Size Test are sampled from the first fourteen BNC frequency lists, as elaborated by Nation, and thus correspond precisely to the form and meaning content of the game. The test measures only recognition knowledge, in that the test taker is not asked to produce the word or its meaning but merely to match the underlined word in a short non-defining context to one of five short glosses (Figure 4).  The test glosses are not the same as the glosses encountered playing Word Coach except coincidentally.
	
	PERIOD: It was a difficult period.

	
	a.
	question

	
	b.
	time

	
	c.
	thing to do

	
	d.
	book


Figure 4: Vocabulary Size Test (2007) format 
The Size Test has ten questions at each 1000-family level, such that the score multiplied by 100 gives an estimate of the number of word families known at that level (eight out of 10 = 800 known families). Nation and Beglar (2007) discuss the test’s sampling and reliability. In this experiment only the first 10 levels of the test were administered, in view of the learners’ predicted level and of course institutional time constraints. Since only one validated version of the test was available at the time of the experiment, the same test was used with each learner three times. It should be noted that the tested words were not necessarily ever encountered in the game, but are merely drawn from the same frequency zones the learners were playing at.
3. Lexical access speed was measured with a simple instrument developed by UNESCO for literacy testing in developing countries. It is simply a paper list of 60 words in order of decreasing frequency and increasing length (all within the first 1,000 frequency zone). The learner is asked to read the list aloud to a research assistant for one minute as quickly as possible. The assistant notes the last word reached within the time limit and strikes out any mispronunciation that appears to indicate unfamiliarity with the word, resulting in a tally of words read correctly in one minute.

4. The production measure was an oral telling of the 25 line drawings of Mayer’s (1967) wordless story A Boy, a Dog, and a Frog as told (untimed) to a research assistant and recorded. The recordings were transcribed as text files for processing by the BNC version of Vocabprofile (http://www.lextutor.ca/vp/bnc/). This program categorizes each word of an input text by 1,000 level, according to the same familized word frequency lists described above, resulting in a frequency profile of the learner’s production (the percentage of word families, types, and tokens at each 1000 level). Any L1 items were excluded from the analysis.
All four measures were administered in one hour in each of the three testing periods. In addition, the teacher solicited written comments using a questionnaire format. 
RESULTS
Game use
According to Word Coach’s tally of “words succeeded” (in the game’s vernacular) the amount of game use in each of the two-month periods was extensive and similar between the groups, although with considerable variance among individuals. Group 1 players succeeded an average of 2849 words (SD=1879), while Group 2 succeeded 2536 words (SD 1959), with the difference between means not statistically significant (p=.58). The standard deviations are high, showing that some took to the game more than others (the range for words succeeded is 6400 down to 272).
These numbers translate into days and hours as follows: At the high end, there were six players in each group who succeeded at over 4000 words in 60 days, which at an estimated average of eight appearances of each word needed to remove it from the game, totals roughly 32,000 words played, or just over 500 words per day, or about 25 game sets of 20 words apiece. At five minutes per game this would amount to roughly two hours of play per day, or a total of 120 hours over two months. At the low end, there were seven in each group who succeeded at fewer than 1000 words (8,000 recurrences, 134 words per day, six or seven game sets). At five minutes per game, this amounts to about 30 minutes per day, or total of 30 hours over two months.  
Meaning recognition
Both groups took the first ten levels of the Size Test of meaning recognition at all three testing points. It does not appear that the learners had learned the 100-item test to any degree, since the T1-T2 scores for Group 2 when they did not use the game are not significantly different.

The pre-test results at T1 were similar between groups (shown in Figure 5 and Table 3), with the appearance of a slight advantage for the first game group (not significant for any single level below the fifth, or for the first five levels taken together). Somewhat surprising in the results is the roughly equal numbers of words known across the second through fifth levels; it is more normal to see a decline as the words become less frequent.

Because the scores drop sharply after the fifth level, and because the first 5000 words are a sufficient immediate goal for these learners, it was decided to calculate learning gains on the basis of only the first 5000 word families. The mean number of words known from the first 5,000 at T1 was 2,428 (SD 771) for the first group, and 2,236 (SD 873) for the second, leaving a comfortable learning space of at least 2500 words. 
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Figure 5: Word families known at Time 1
Table 3: Mean Levels Test scores for first 10,000 word families at T1 (SD)
	
	K1
	K2
	K3
	K4
	K5
	K6
	K7
	K8
	K9 
	K10

	1st game group
	6.33
(1.51)
	5.03
(2.39)
	4.13

(2.17)
	4.90
(1.64)
	4.87
(1.93)
	2.73
(2.06)
	2.93
(1.57)
	2.80
(2.07)
	1.70
(1.53)
	1.47
(1.67)

	2nd game group
	6.00
(2.04)
	4.36
(2.53)
	3.96

(2.46)
	4.44
(1.86)
	3.60
(2.64)
	2.00
(1.94)
	1.64
(1.49)
	1.56
(1.72)
	0.84
(1.05)
	0.56
(0.90)


Following game play, learners in both groups acquired new words across the first five levels of the test fairly evenly, as shown in Figure 6 for the first group (the group for which pre, post and delayed post scores are available in the present design). Table 4 shows the number of words learned across five levels by both groups. 
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Figure 6: Mean Levels Test scores by level for Group 1 at three times
Table 4: Word families from 5000 known at three times +gain, (SD)

	
	Time 1
	Time 2
	Time 3
	

	First game group
	2428
(771)
	2527
 (739)
+99
	2932**
(702)
+405
	

	Second game group
	2236
(873)
	2332

(779)
+29
	2556*
(838)
+224
	



** p<.001; *p<.01; underlining indicates game periods


The results at T3 show significant and extensive growth of word knowledge, but in a pattern that would have been difficult to predict. For the first game group, the average number of meanings recognized had increased by only 99 immediately after the game (n.s.d), but then at a delay of two months increased by a further 405 words (F=9.19, p<.001), for a total of 504 words over the four-month period, or a gain of 20.7% with respect to the starting knowledge of 2428 words. For the second group, the average number of meanings recognized had increased by only 29 words through two months’ normal classroom experience (n.s.d.), but following the game had increased by 224 words (significant over T1-T3, F=5.11, p<.01), a gain of 10% with respect to the starting knowledge of 2,236 average words. 

Lexical access speed
Both groups made small gains in lexical access in the non-game periods (presumably a practice effect for the testing method) and strong gains in game periods. From a similar starting point of 54.9 average words read correctly in one minute for Group 1 and 63.6 words for Group 2 (n.s.d.), Group 1 increased the number by 19.5 words or 36% from T1-T2 and another 6.9 by T3 (F=20.82, p<.0001). Group 2 increased its words read by an average 8.2 words at T1-T2, and by 12.2 more words or 18% increase following the game period T2-T3 (F=4.29, p<.05). This information is summarized in Table 7.
Table 7: Number of error-free words read in 1 minute at three times (SD)(+gain)
	
	Time 1
	Time 2
	Time 3

	First game group
	54.9

(11.4)
	74.5**
(27.9)
+19.5
	81.4*
(30.4)
+6.9

	Second game group
	63.6

(20.4)
	71.8

(25.2)
+8.2
	84.0*
(28.2)
+12.2


** p<.01 *p<.05; underlining indicates game period

Frog Stories (words in use) 

The story accounts were transcribed by research assistants, spell-checked manually, stripped of immediately repeated words and phrases by a computer program, and run through Vocabprofile-BNC both as group corpora and individually. Only the group corpus results are reported here. The pre-arranged question for the two corpora was how many of the 2k, 3k, 4k, and 5k words that had not been present in the first telling would show up after game use. The VP-BNC analysis revealed that the stories were composed overwhelmingly of first-1000 level words, apart from the 4000-level word frog, which the learners already knew, and that the pattern did not change across the period of the experiment. Results for Group 1 are shown in Fig. 7 for Group 1 (results were virtually identical to Group 2).
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Figure 7. Profiles of the frog story corpus

Table 5 shows Vocabprofile’s family, type, and token counts for the two groups at three times. There are an average three additional word families for each group following the game periods (at T2 for Group 1, T3 for Group 2), but these gains are statistically significant only at the p<.10 criterion in both cases. There were however large increases in the number of total words used to tell the stories (tokens), at T2 for Group 1 (40 mean increase from an original mean of 167, about 25%, F=5.78, p<.01) and T3 for Group 2 (20 mean increase from an original 159 at T2, about 12% but not significant). There are declines for all units in repeated re-tellings following non-game periods, whether preceding game use (Group 2 at T2) or following (Group 1 at T3). 

Table 5: Frog story mean word counts (SD), +/- gain

	
	Time 1
	
	Time 2
	
	Time 3

	
	Fam
	Typ
	Tok
	
	Fam
	Typ
	Tok
	
	Fam
	Typ
	Tok

	First game group
	45 
(22)
	51
(26)
	167
(87)
	
	48 
(21)

+3
	54
(26)

+3
	207**
(90)

+40
	
	44 
(21)

-4
	50
(26)

-4
	179
(75)

-15

	
	
	
	
	
	
	
	
	
	
	
	

	Second game group
	40
(13)
	45
(14)
	157
(42)
	
	38
(16)

-2
	41
(19)

-4
	159
(52)

+2
	
	44
(17)

+3
	48
(21)

+2
	179
(60)
+11


**p<.01; off-list items are not included
Student questionnaires
After each game period, the teacher took written reports from the students on their experience of the game. Most students expressed satisfaction with the game, seeming to prefer the games with less text to read (those with single words rather than definitions) and faster action (like Block Letters). One recurring comment stands out, that the players perceived the systematic reappearance of words that were either new or had been involved in an error as “boring”. So much for the careful recycling algorithm! – and a reminder that there are probably limits to the possibilities of edutainment.
Predictors of game use

Given the fact of very heavy and very light users, were there any obvious learner characteristics that would predict game use? The first guess is that some learners might not have enough English to get started with the games. The participants were rank ordered by number of words succeeded and then divided into two groupings, those who had succeeded in more than 2000 game words (6403 down to 2080), and those who had succeeded in fewer than 2000 (1968 down to 450). The number of words succeeded was then compared to performance on the different levels of the Vocabulary Size Test at T1. The interesting relationship was between words succeeded and scores at the first 1000 level.

Of the heavy game users, 70% had 1k Levels Test scores of 60% to 70%, suggesting they probably knew about 600 or 700 of the first thousand words of English.  Of the light users, 75% had scores that were either below 400 words, or else above 800 words. In other words, too much or too little knowledge of the first 1000 words predicted light game use; a moderate knowledge predicted heavy game use. 
Given the crucial role of the first 1000 words in English at large (comprising at least 70% of an average text and far more of an average conversation) or Word Coach in particular (it is the language of all the game’s instructions, feedback, definitions, and tutorial messages), a knowledge of only 300 or 400 words in this zone would reasonably predict a tough time making sense of the game. Conversely, a score of over 800 may have given learners the impression they were already good at English (in the context of their school) and had little to learn. 
DISCUSSION
A pattern to notice across the measures is that while the results are in the same direction for the two groups with respect to the game periods, they are larger and more consistently significant for the first group that used the game despite their equal starting points and amount of game use. It is probably safe to say there was an excitement to the first run that had dissipated slightly when the game had become habitual. Another pattern is that fluency gains (e.g., word recognition speed) while strong appears to wane as soon as the game period is over. Put together, these results suggest that a longer period of game play is probably needed to consolidate learning, and yet that the motivation needed to sustain a longer period could not be taken for granted. Other patterns pertain to the individual game objectives.
Words learned
Based on the performance of the two groups of learners, it appears that an average of between 224 and 504 of the words presumably met largely on Word Coach were at least remembered and understood, in that they could be transferred to a definition that was not simply the one originally learned in the game. This was an expansion of vocabulary size of about 10% and 20% respectively. 
The importance of these gains should be assessed against two backdrops, the mean numbers of game words that had been through a full recycling (succeeded), and the normal vocabulary growth that occurs in classroom learning. The average number of words that had been succeeded was roughly 2500 and 2800 words for the two groups, such that 504 words or just under 20% of succeeded words were remembered by the first group, and 224 words or just under 10% were remembered for the second group. 
The typical or habitual vocabulary growth for learners in Quebec schools has never been directly measured, to my knowledge. The second group’s 29 average new words T1-T2 is probably a good start toward building a baseline.  Such a figure appears plausible, in that 29 words extrapolates to 290 for a 10-month school year and about 2300 for eight years of school ESL, a prediction that tallies with both international norms (Milton & Meara, 19951) and studies of comparable but older Montreal learners (Zahar, Cobb & Spada, 2001). 
It is interesting that the strongest knowledge gains (Group 1’s 405 words T2-T3) were registered not right after the game period but at a two-month delay. Delayed appearance of lexical growth is not unprecedented (it is also found in Cobb, 1999) and may even be the norm (unacknowledged owing to the general lack of delayed posttest measures in vocabulary acquisition studies).  Words learned inside one’s growth area are often encountered again within a short period such that and that further consolidation takes place – in an “as soon as I learned that word I saw it everywhere” phenomenon. 
Access speed
The increase of between 18% and 30% in the number of words that could be recognized and decoded in one minute adds to the ongoing conversation about whether or not lexical retrieval is “an aspect of fluent L2 production that can be enhanced” (Snellings et al, 2002). The emerging consensus is that it can, and the results presented here are a further positive demonstration. The next question is whether training gains transfer to resource sensitive operations like reading, and this is presently unclear (Fukkink et al, 2005). One thing we do know is that fluent lexical access does not necessarily develop by itself. Segalowitz & Hulstijn (2005) found that ostensible bilinguals in Montreal often had slower and more variant lexical access times for common words than native speakers, suggesting they used attention-demanding rather than automatized lexical processing in reading. Speed-up is not the same as automaticity, but it is presumably a step along the way, and Elgort’s (2007) strong finding for a similar training regime suggests that gaming and lexical access is a line worth developing. 
Words in use
Oral production results show that while only a few entirely new word families went into immediate use in the Frog Stories, the stories nonetheless changed interestingly on other measures. Story size grew significantly following game use, leading to the question, Where did these extra words come from? The presence of extra word tokens indicates some additional elaboration of incidents in the story (not just repetitions, as these had been removed). A post hoc examination of the Vocabprofile frog story corpora revealed that the main source of these extra words was a dramatic reduction in code switching.  The off-list component of the of the original Vocabprofile outputs was almost exclusively L1 (French) words, and as mentioned had mot been counted in the story size counts. This component dropped by 52% for Group 1 (F=8.97, p<.01 at T1-T2, and p<.05 at T1-T3) and 40% for Group 2 at T2-T3 (p=.06).  It appears that English words were suddenly available for telling the stories, in places where prior to game use only a French word had been available. These additional English words were presumably not newly learned words, since the number of new families used did not grow substantially, but more accessible previously known words. This finding should of course be interpreted in connection to the faster lexical access discussed just above; it appears to be the language-in-use face of the words-per-minute measure.
Table 6: Percentage of French tokens in Frog stories at three times (SD)

	
	Time 1
	Time 2
	Time 3

	First game group
	10.3

(11.7)
	5.4**
(8.3)
	7.2*
(10.4)

	Second game group
	12.0

(10)
	10.0

(9)
	6.0(
(7)


** p<.01; *p<.05; (p<.06
CONCLUSION & FUTURE
Does research-informed electronic gaming have the potential to respond to the problem this study started with, that many learners are in serious need of a means of rapid vocabulary expansion? The results presented above suggests that Word Coach can help learners develop their lexicons on both declarative and procedural levels. The number of new words learned to meaning-recognition level amounts to an average vocabulary expansion of between 10% and 20% in a four month period, while the base rate is probably something well under 5% per eight month school year. And for the heaviest ten players in the present study (over 6,000 words fully recycled), the higher rates could translate to as many as 1,200 reasonably stable acquisitions in a couple of months. Such an augmentation could make a big difference to an academic learner’s lexicon, say from 1,800 to 3,000 known word families (or, from about 70% to 90% coverage in average academic texts).

But it is increased access to old words – and eventually new words presumably – that is in some ways the more interesting outcome. Accessing forms from meanings, meanings from forms, and so on, under a time constraint, appears to be a language skill that can indeed be usefully practiced in a video game context. And interestingly, while none of the previous training studies in lexical access have yet shown any effect on language use (e.g., Fukkink et al, 2005), the significantly reduced code switching found in the present study presumably constitutes such an effect. 
On the down side, not all learners appeared to be entirely intrigued with Word Coach, despite the combined talents of language researchers and game designers that went into it. And for those who persisted and made substantial gains, there is no proof they were not internally motivated, or at a point of learning readiness, such that they could have made similar gains with a well designed set of word cards. Would they have done as well using Mondria’s five-compartments full of Elgort’s word cards bearing Nation’s BNC-sequencing of the lexicon? It is not clear how many more learners would persist with an electronic game, that would not have persisted with the equal principles embodied in a more primitive technology. The present study does not offer an answer to this question, but it is probably worth asking.
Other questions include whether a single game format can be used for L1 and L2, and basic and advanced purposes, whether the hint of a 600-word entry point is correct, and what duration of use is learning indicated and whether this period can be sustained by the game’s motivational attractions. Such questions can only be answered with new studies set up to ask them specifically. A more longitudinal replication of the present study could also ask some useful new questions: Are learning gains retained? Under what further or extended training? At what point does a newly learned word go into productive use? Does the increased fluency for old words found in this study generalize to newly learned words? Surely in Word Coach’s two years of life and several thousand players, many have now had a truly longitudinal experience of using the game and if found and assembled could furnish interesting information.
Then once some of these questions had answers and some words-from-games learning principles established, it might become conceivable to start thinking about a game follow-up to initial vocabulary learning in the form of more integrative or contextualized types of video games such as an immersive or narrative formats.  
NOTES
1. The proposed baseline of 290 words a year for two lessons per week falls in line with Milton and Meara’s finding of 550 words a year for five lessons per week.
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