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Abstract 

 

Learning to read requires knowledge of word meanings for those words most commonly 

encountered in basic reading materials. Many young students lack the basic vocabulary 

knowledge needed to facilitate learning to read. Two randomized studies were conducted 

to test the effects of an online, computer-adaptive vocabulary instruction program 

designed to provide remedial instruction on word meanings for high frequency words. 

Study 1 was small in scope (N = 43) and tested whether the program could improve word 

knowledge on a corpus of 100 target words taught to all students in the treatment group. 

Study 2 was larger in scope (N = 192) and tested whether more extensive use of the 

computer-adaptive program, which teaches students individualized sets of words from a 

4000 word corpus, could improve vocabulary test scores. Scaling up from 100 words in 

Study 1 to 4000 words in Study 2 necessarily corresponded to a proportionally equivalent 

decrease in posttest sensitivity to changes in students‟ vocabulary knowledge. It is argued 

that such a decrease in standardized test sensitivity requires post-intervention analyses to 

be conducted at the item-level rather than the posttest total score level. These studies 

suggest that computer-delivered vocabulary instruction may be an efficient mechanism 

for remediation of vocabulary deficits. Assessment of post-intervention results at the 

item-level may be appropriate in other attempts to scale up curricula from pilot studies to 

classroom use.  
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Chapter I 

               

Introduction 

Learning to read and comprehend written materials is a primary challenge 

children face during their early years in educational settings. Successfully meeting this 

challenge is prerequisite for success in virtually all subsequent areas of academic 

endeavor. As such, tremendous emphasis has been placed on teaching children to read 

during the elementary school years. Despite these efforts many children still fail to gain 

the reading comprehension skills required to support academic success. The importance 

of addressing this problem is reflected in the money and time spent on reading research 

and intervention approaches by both private and public institutions. The National 

Reading Panel (2000) and the RAND Reading Study Group (2002) represent two 

significant efforts to gather together leading scholars, researchers, and practitioners to 

provide comprehensive assessments of this problem and identify mechanisms that might 

yield better outcomes for students struggling to learn to read. Both of these groups 

concluded that focus on vocabulary knowledge development should be a component of 

any comprehensive plan to increase students‟ reading comprehension achievement. This 

manuscript details the results of two experiments designed to test whether a novel, online 

vocabulary instruction program might effectively increase the vocabulary performance of 

students with low vocabulary knowledge.                                                                                                                                                              

 The intrinsic importance of vocabulary knowledge for successful reading 

comprehension is intuitive; a reader must have an understanding of at least most of the 

words in a reading passage to gain meaning from it. Reading comprehension requires 
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overlapping and concurrent engagement in a number of component sub-skills (e.g., both 

low- level processes such as decoding and higher-level processes such as integration of 

meaning). Reading comprehension is facilitated when lower level processing is 

accomplished in a relatively effortless, automatic fashion (Laberge & Samuels, 1974). 

For example, if a student‟s efforts are directed primarily toward decoding (mapping 

letters to sounds), this will detract from cognitive resources that might be utilized for 

sentence level processing (e.g., syntax), or passage comprehension. When, through 

practice and repetition, decoding becomes automatic, more cognitive and attentional 

resources are available for higher-level processing. Vocabulary knowledge is central to 

this process. If a reader is faced with a large number of unfamiliar words in a sentence, 

the attentional and cognitive demands of determining meaning for those words will 

undermine construction of a coherent semantic representation of the passage. Conversely, 

if a reader possesses vocabulary knowledge of all or most words in a sentence he or she is 

more able to automatically activate meaning for those words and incorporate them into a 

semantic representation of the text, leading to greater comprehension. It is therefore 

reasonable to infer that one important strategy for increasing reading achievement is to 

help children increase their functional reading vocabularies. The National Reading Panel 

(2000) identified vocabulary as a fundamental component of reading comprehension and 

suggested that vocabulary instruction is necessary to improve students‟ reading 

comprehension achievement. As U.S. students are increasingly outperformed by students 

in other developed countries on reading measures, the RAND Reading Study Group 

(2002) also argued that vocabulary instruction should be a focus from pre-school through 
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the elementary years. Moreover, the RAND group identified vocabulary knowledge as a 

“critically important determinant” (p. 43) of reading comprehension.                           

 It is not surprising that children enter educational settings with variability in the 

extent of their vocabulary development. However, the degree to which particular 

identifiable groups (e.g., children from low socioeconomic status (SES) backgrounds) 

enter schooling behind their peers in vocabulary knowledge is cause for serious concern. 

In their landmark study, Hart & Risley (1995; 2003) found that children in high SES 

homes acquired expressive vocabularies of greater than a 1000 words by age three, while 

the low SES children acquired less than half that amount. A follow-up study showed that 

differences in vocabulary between these higher and lower SES children continued to 

increase. Hart & Risley estimated a 6000 word gap by the age of six.                                                                                                                                                        

 Another important and rapidly growing group in the U.S. that can be identified as 

at-risk in English vocabulary development is comprised of those students learning 

English as a second language (ELL). Approximately one in nine K-12 students in the 

U.S. is ELL, and this ratio is predicted to grow to nearly one in three by 2015 (Francis & 

Vaughn, 2009). Children from homes wherein English is not the primary language 

spoken in the home are likely to lag in English vocabulary development, relative to peers 

exposed regularly to English at home.  This puts ELL students at risk for failure in 

educational settings.  ELL students‟ lack of adequate vocabulary may contribute to below 

grade-level reading comprehension achievement and lower standardized test scores, thus 

making placement in special education more likely (August, Carlo, Dressler & Snow, 

2005). Compounding the problem for many ELL students is that many are also lower 
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SES students, and therefore face challenges in that regard as well. ELL learners 

encompass a tremendous variety of students. Most ELL students in the U.S. have 

Hispanic base languages, but ELL students in the U.S. also come from a wide variety of 

other linguistic backgrounds. The different orthographies, phonemic constraints, and 

lexical compositions of some native languages place greater challenges on some groups 

relative to others in English vocabulary development.                                                                                                                                                                

 Many young students, particularly those who are English language learners and/or 

come from impoverished environments, are lacking in English vocabulary knowledge 

relative to their grade level peers (Hart & Risley, 2003; Lee & Burkam, 2002).  Effective 

remediation of vocabulary deficits can be confounded by the wide range and varying 

profiles of children‟s oral and/or reading vocabularies. Thus, individualized training may 

be necessary to get all children to grade level proficiency. Because individualized 

vocabulary instruction may not be feasible for single classroom teachers, computer-

adaptive technology may be a useful strategy for efficiently addressing individual 

differences in students‟ need for vocabulary instruction. The National Reading Panel 

Report (2000) states, “The use of computers in vocabulary instruction was found to be 

more effective than some traditional methods… It is clearly emerging as a potentially 

valuable aid to classroom teachers in the area of vocabulary instruction” (p. 14) and 

“computer technology must be examined for its ability to deliver instruction, for example, 

in vocabulary…” (p.17).           

 The two experiments described here tested the effects of Seward Inc.‟s The First 

4000 Words (4KW), an online vocabulary instruction program designed to deliver 
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instruction on approximately 4000 of the highest frequency words found in written 

English.  A novel approach to providing remedial vocabulary instruction created by Greg 

Sales and Michael Graves, the 4KW program uses computer-adaptive software 

programming to individualize students‟ instruction based on their performance while 

using the program. This individualized approach brings an efficiency that allows students 

to work within a much larger corpus of target words than is realistic using more 

traditional vocabulary instruction strategies.        

 Attendant to such an individualized approach to teaching a large number of words 

is a challenge to measurement of student learning; any given student will study a unique 

set of new words, such that any single test is likely to lack the sensitivity necessary to 

detect growth and will randomly favor some students over others.   That is, any given 

student may have encountered only a small fraction of the words that are tested on a 

typical standardized test of vocabulary. This is consistent with the National Reading 

Panel assertion that standardized tests lack the sensitivity required to detect changes in 

vocabulary knowledge within typical experimental timeframes (National Reading Panel, 

2000).  To address this challenge and determine whether, and to what extent, word 

learning is occurring, it is therefore logical to analyze word learning at the item level 

rather than the total test score level. The 4KW software program, which tracks each 

student‟s progression through the instructional lessons in the program, makes such an 

analysis feasible. This constitutes a novel and more sensitive approach to measurement of 

vocabulary learning that might inform assessment of future vocabulary (or other) 

interventions.             
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  The overarching hypothesis motivating this research is that direct instruction on 

the words that students are most likely to encounter in their reading will lead to better 

reading comprehension achievement. Testing that hypothesis will ultimately require 

larger scale and more sustained experiments than were conducted here. A logical and 

more fundamental prerequisite question is whether use of this vocabulary instruction 

program results in improved word knowledge. To this end, this research centers on the 

hypothesis that students using the 4KW vocabulary program will exhibit better 

vocabulary test scores than students engaged in standard classroom practices. Two 

randomized field trials have been conducted to test the effects of using the 4KW 

vocabulary instruction program on vocabulary test scores. A novel, item-level analysis of 

word learning was conducted in the second experiment to test for word learning not 

detected by standardized tests.  
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Chapter II 

Review of the Literature 

This chapter provides a review of the research literature in three broad topic areas 

relevant to the theoretical rationale supporting the two studies described in chapters 3-5. 

First is a review of work conducted to describe and define the relationship between 

vocabulary knowledge and reading comprehension. An important assumption underlying 

the research described in subsequent chapters is that growth in vocabulary knowledge 

plays a causal role in aiding reading comprehension achievement; this assumption 

provides the rationale for the strong interest in helping students build larger working 

vocabularies. Second is a review of research that documents how word learning begins in 

young children, and how group differences in vocabulary knowledge arise from 

environmental circumstances. Knowledge of these dynamics is important to ongoing 

efforts to identify those at risk for entering educational settings with vocabulary deficits, 

and to aid in proactive efforts to help families, teachers and students avoid the 

consequences attendant to poor vocabulary knowledge. Last is a review of what 

researchers have found to be effective strategies for teaching new words to students. A 

broad consensus has formed regarding the instructional components necessary for 

effective vocabulary instruction. Knowledge of these instructional features should inform 

curricula aimed at explicit vocabulary instruction, and many of these instructional 

strategies have been incorporated into the 4KW vocabulary program tested here.   
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Theoretical and Empirical Importance of Vocabulary for Reading Comprehension

 Theoretical Perspectives. This section of the paper is intended to provide 

theoretical reasoning in support of the supposition that vocabulary development is 

fundamentally important to reading comprehension.      

 An intuitively compelling theoretical model of reading that suggests the 

importance of well-developed vocabulary knowledge is that of automaticity theory 

(Laberge & Samuels, 1974). The theory stems from an understanding that cognitive and 

attentional capacities are limited and limiting in comprehension processes. Because 

reading is an endeavor that requires overlapping and concurrent performance of a number 

of component sub-skills, the corollaries of this principle can be applied to processing at 

different levels of cognition during reading. A student‟s efforts directed toward decoding 

letters into sounds, for example, necessarily detract from cognitive resources that might 

be utilized for word, sentence, or passage comprehension. When, through practice and 

repetition, decoding becomes more automatic, more cognitive and attentional resources 

are available for higher level processing. The importance of vocabulary knowledge in this 

regard is clear. If a reader is faced with a large number of unfamiliar words in a sentence, 

the attentional and cognitive demands of determining meaning for those words, whether 

through use of context or a dictionary, will undermine maintenance of a coherent 

semantic representation of the sentence. Conversely, a reader possessing vocabulary 

knowledge of all or most words in a sentence is more able to automatically activate 

meaning for those words and incorporate them into semantic processing, leading to 

greater comprehension. Laberge and Samuels (1974) noted that automaticity arises from 
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practice and repetition, and from doing so with words in different contexts. This has 

strategic implications for the instruction of vocabulary, which are addressed later in this 

paper.          

 Constructivist models of text comprehension, such as Kintsch‟s Construction-

Integration Model (Kintsch, 1988) emphasize the activation of word meanings in a 

“bottom-up” construction of comprehension. In this model, propositions, inferences, and 

elaborations lead to a network of spreading activation of related items, towards the 

construction of a coherent representation of text, the “situation model”. Prior vocabulary 

knowledge is fundamental to both the initial activation that is elicited by a word and 

appropriate activation of relevant connections to related items/concepts. An incomplete 

or inaccurate situation model is the logical result if the reader lacks the ability to activate 

meaning from words in the text, or if activation fails to spread to related items/concepts.  

 An associative learning model that incorporates both “bottom-up” and “top-

down” processing, the Latent Semantic Analysis Model (Landauer & Dumais, 1997) also 

suggests the importance of vocabulary knowledge. This model posits the importance of 

extensive inferences generated from limited explicit information as key to gaining 

knowledge from text, and suggests that inferences account for large amounts of what is 

learned from direct experience. Fundamental to generation of accurate inferences, 

however, is gaining appropriate and rich information from the stimulus that is explicitly 

present, i.e. the text. Knowledge of vocabulary allows for appropriate activation of 

related concepts and generation of a richer set of inferences from the words provided in 

the reading material, leading to better comprehension.    
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 Rumelhart (1980) suggested the importance of schemata in text comprehension. 

Inherent in this and related models is the idea that readers generate text representations 

that are largely based on background knowledge or previous experience. Vocabulary 

knowledge is a most fundamental aspect of background knowledge as it relates to text, so 

it follows that schemata generated from text wherein all words are known to the reader 

will necessarily be more in keeping with the intended meaning of the text. A lack of 

relevant vocabulary knowledge is likely to result in schemata, and therefore 

comprehension, that is incomplete and/or inaccurate.      

 A model of reading comprehension that argues for both verbal and non-verbal 

components, Dual Coding Theory (Pavio, 1991, Sadoski, 2005), suggests that 

comprehension results from an interplay between and within language-based and imagery 

processing. Concrete words in a text can activate both verbal and non-verbal 

representations which prime other, related concepts for activation as words and/or 

images. Sadoski (2005) suggests that vocabulary development is important for this 

process, because a word can elicit different activation networks depending on context. A 

strong vocabulary base facilitates activation of networks that are appropriate given the 

specific context. Ehri et al. (2007) extends this argument to the orthography (spelling) of 

words, suggesting that spelling plays an underappreciated role in comprehension by 

eliciting network activation as hypothesized by Dual Coding Theory. Ehri et al. argue 

that vocabulary development is fundamental to building cognitive connections between 

orthography, phonology and semantic representations.    

 Support for the importance of vocabulary knowledge to successful reading 
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achievement also comes from theories of motivation. The amount of reading in which 

children engage is a strong predictor of reading achievement (Stanovich & Cunningham, 

1992). The amount of reading children do is, in turn, related to their motivation to do so. 

The dynamics that stem from differing levels of motivation among successful and 

unsuccessful readers contribute to Matthew effects in reading (Stanovich, 1986). Poor 

vocabulary skills can lead to failures in reading comprehension and attendant academic 

failure and frustration. The lowered self-efficacy poor readers experience can result in 

even less reading, while successful readers are motivated to read more, improving their 

subsequent performance. The result is an increasing chasm between the vocabulary 

achievement and comprehension abilities of good and poor readers. Successful 

vocabulary development, which would be predicted to aid in reading comprehension and 

achievement for a variety of theoretical reasons suggested above, might increase 

motivation to read by promoting self-efficacy, success in classroom reading, and reading 

enjoyment.                   

 Empirical Support. While it is apparent that vocabulary development is explicitly 

or implicitly important to any coherent theoretical model of reading or reading 

comprehension, empirical evidence also points to the importance of vocabulary to 

reading achievement and other indicators of reading ability. Correlations between 

performance on vocabulary and reading comprehension measures typically range from .8 

to.9 (Stahl & Nagy, 2006), comparable to the correlations between different measures of 

reading comprehension itself (Ehri et al., 2007).      

 In one of the earliest documented attempts at assessing the effects of intensive 
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vocabulary instruction, Draper & Moeller (1971) found that a year-long vocabulary 

program of 1800 words delivered to 24,000 4
th

- 6
th

 grade students in the St. Louis, MO 

area public schools resulted in gains on vocabulary and reading comprehension subtests 

of the Iowa Tests of Basic Skills that were significantly larger than those predicted based 

on traditional growth estimates.        

 Addressing the consistently high correlation between vocabulary knowledge and 

reading comprehension, Anderson & Freebody (1981) posited three potential 

explanations. The first, “instrumental” hypothesis, is that vocabulary knowledge plays a 

causal role in comprehension; vocabulary knowledge leads directly to comprehension of 

text. A second, “aptitude” hypothesis, suggests that the correlations between vocabulary 

knowledge and reading comprehension reflect some underlying general aptitude or verbal 

intelligence. A third, “knowledge” hypothesis, posits a construct of world knowledge or 

background knowledge that underlies performance on both vocabulary and 

comprehension tests. While it seems likely that these hypotheses are not mutually 

exclusive, several studies subsequent to the Anderson & Freebody (1981) article appear 

to have been specifically designed to test the plausibility of the “instrumental” 

hypothesis.          

 Kameenui et al. (1982) tested the importance of vocabulary knowledge for 

reading comprehension by asking whether replacement of easier vocabulary words with 

more difficult synonyms would decrease passage comprehension, and whether 

vocabulary instruction on difficult words in a passage would improve comprehension. 

Anderson & Freebody (1981) had suggested that affirmative results to these two 
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experimental questions would provide direct evidence in support of the “instrumental” 

hypothesis. In a series of randomized trials with 4
th

- 6
th

 grade students, Kameenui et al. 

(1982) found that replacing easier vocabulary terms with more difficult ones decreased 

passage comprehension significantly, as measured by both inferential questioning and 

passage recall. This research also showed that vocabulary instruction on more difficult 

words in a text led to better comprehension scores, as defined above. While cautious in 

interpreting their results, these researchers suggest that the results are consistent with a 

view positing the importance of vocabulary knowledge for reading comprehension.  

 In another study, 4
th

 grade students received long term vocabulary instruction and 

were compared to a matched control group on a variety of vocabulary and reading-related 

measures in a quasi-experiment conducted by Beck et al. (1982). The instructed group 

received vocabulary instruction on 105 words over a five-month period. After controlling 

for prior achievement on standardized tests of vocabulary and reading, the instructed 

group out-performed the control group on vocabulary and semantic decision tests of the 

target words. In addition, the instructed group not only showed better comprehension of 

custom reading passages but scored significantly higher on standardized tests of 

vocabulary and reading comprehension. Though they were cognizant of potential 

confounds due to their quasi-experimental research design, these authors suggest that 

appropriate vocabulary instruction can result in faster and more accurate semantic 

processing of words, and that effects of instruction can transfer to both words not 

explicitly taught and general reading comprehension (Beck et al., 1982). After identifying 

and correcting potential confounds in their methodology, this group replicated their 
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experiment with similar results (McKeown et al., 1983). Though quasi-experimental, 

these two studies remain the most widely cited research studies supporting a causal role 

for vocabulary instruction on improved reading comprehension.    

 Furthermore, a study conducted with 1st - 5th grade students, Roser & Juel (1981) 

found that students receiving direct vocabulary instruction on words to be encountered in 

subsequent story reading performed significantly better on a follow-up comprehension 

assessment. Notably, the largest improvements came from those students in the lowest 

reading ability groups.         

 In a meta-analysis of more than 50 studies relating vocabulary instruction to 

reading comprehension, Stahl & Fairbanks (1986) argue that the data support a causal 

role for vocabulary instruction in improving reading comprehension, consistent with the 

instrumental hypothesis of Anderson and Freebody referenced above. They estimate an 

effect size of .97 for the effect that vocabulary instruction has on comprehension of 

reading passages that include taught words, and an effect size of .30 for comprehension 

of passages that do not include explicitly taught words. In discussing the possible 

mechanisms by which vocabulary instruction might result in better comprehension even 

if passages do not include target words, Stahl & Fairbanks (1986) draw no conclusions 

but suggest that one possibility is increased interest from students toward learning new 

words. Because at least some of the vocabulary instruction methods included within this 

meta-analysis use contextual strategies for learning new words, it is possible that students 

take advantage of such strategies in their subsequent reading, which would result in better 

comprehension even if explicitly taught words are not involved.     
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 In a more recent meta-analysis, Elleman et al. (2009) estimated smaller effects of 

vocabulary instruction on reading comprehension. They estimated comprehension effect 

sizes of .50 for custom reading passages and .10 for standardized reading passages. They 

also found that struggling readers were the most likely to benefit from vocabulary 

instruction, consistent with Roser & Juel (1981). On custom reading passages, struggling 

readers demonstrated an average effect size of 1.23, compared to an effect size of .39 for 

average and good readers. It is possible that the small effects demonstrated on global 

reading measures reflect, in part, the limited number of words taught in almost all of the 

studies included in these meta-analyses (none of the included studies reported instruction 

on > 105 words).          

 Failure to generate appropriate inferences during reading can result in poor 

comprehension (Cain & Oakhill, 1991). Calvo (2005) reasoned that inferences are, in 

part, generated on the basis of appropriate vocabulary knowledge of words integral to the 

inference. In an eye-tracking study, Calvo found that vocabulary knowledge facilitated 

the generation of appropriate elaborative inferences, as detected by fewer regressive eye 

movements from the target of an implicit inference source.      

 The theoretical views of reading and empirical studies cited here support the 

hypothesis that vocabulary knowledge is important for reading comprehension, and that 

direct vocabulary instruction should be expected to improve reading comprehension. 

There are, of course, a great variety of approaches to vocabulary instruction that have 

been used in educational settings. After a review of early vocabulary acquisition, a 

subsequent section of this chapter will provide a description of the components that are 
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widely considered to be part of effective vocabulary instruction, keeping in mind that no 

single instructional strategy is appropriate in every educational setting.                 

Early Vocabulary Development and Group Differences          

 Early Vocabulary Acquisition. Children typically begin producing words late in 

the first year or early in the second year of life, at roughly 8-14 months. During this time, 

a common trend is movement from babbling toward articulation of performants or 

“speech acts” and finally production of referential words, usually nominative in nature 

(Caselli et al., 1999). Production of new words characteristically proceeds in a linear 

fashion until the infant has a productive vocabulary of around 50 words, at which point a 

well-documented acceleration in vocabulary acquisition, known as the vocabulary spurt, 

oftentimes occurs (Goldfield & Reznick, 1990; Dapretto & Bjork, 2000; Fernald et al., 

2006). The vocabulary spurt typically occurs late in the second year, and results in the 

production of many new words, as well as words of different classes such as verbs and 

modifiers (Caselli et al., 1999). In addition to a rapid increase in production of novel 

words, there appears to be concurrent increase in the vocabulary comprehension abilities 

of infants, as measured by picture fixation performance in “looking while listening” 

paradigms (Fernald et al., 2006). Performance in these tasks becomes both more accurate 

and efficient. While 15-month-old infants respond only upon hearing an entire word, 25-

month-old infants respond to far more words and fixate during word presentation, 

apparently using phonetic onsets to identify vocabulary items. These changes in 

performance, followed longitudinally, consistently correlate with lexical development 

(Fernald et al., 2006).          
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 It is now clear that there are large individual differences which limit the degree to 

which infants‟ vocabularies can be appropriately described as undergoing a “spurt” in a 

uniform manner (Ganger & Brent, 2004). There appears, however, to be a very common 

and substantial increase in the rate of vocabulary acquisition that occurs after infants have 

acquired their first 50 words or so. The cognitive processes and changes that underlie this 

expansion in vocabulary, be they gradual or discrete, have been the subject of extensive 

research and supposition.         

 Prior to the age of six months the structural anatomy of an infant‟s vocal tract 

may preclude the motor dexterity and the range of formant production required to 

produce recognizable words (Kuhl & Moeltzoff, 1996). As the vocal tract develops to a 

more adult-like form, infants begin to actively imitate the sounds that they hear 

(particularly vowels), and progress from babbling towards production of meaningful 

speech.  Once infants possess the motor abilities required to produce coherent words and 

are therefore not restrained in that regard, what cognitive processes govern the rate at 

which they produce and understand new lexical items?     

 Central to a number of accounts of new word production is the hypothesis that 

comprehension abilities outpace production abilities in the early years of life (likely in 

part to motor limitations suggested above). Benedict (1979) suggests that comprehension 

of words precedes production by 3-5 months late in the first year, and that the rate of new 

word comprehension is double that of production at the onset of the vocabulary surge. By 

the age of two the rates of oral comprehension and production are closely aligned. This 

view suggests that the vocabulary surge, in part, reflects an ability to express words that 
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have been comprehended for some time. In a similar vein, Dapretto & Bjork (2000) 

suggest that comprehension ability precedes production significantly, and that retrieval of 

the appropriate sound pattern initially delays production. Their research demonstrated 

that infants with more productive vocabularies were able to retrieve the words for objects 

hidden in a box while subjects with less productive vocabulary performance could not, 

although both groups possessed the words in their spoken and receptive vocabulary. As 

the ability to retrieve appropriate sound patterns increases in efficiency, late in the second 

year, word production increases.       

 Most recent research on early vocabulary acquisition revolves around phonemic 

awareness and phonological memory. Six-month-old infants can discriminate between 

phonemes, and their ability to do so predicts productive vocabulary at age two (Tsao et 

al., 2004). Gathercole et al. (1992) posited a causal role for phonological memory, as 

measured by non-word repetition tasks, in vocabulary acquisition. Their longitudinal 

study suggested a causal role for phonological memory until age four to five, when 

vocabulary knowledge potentially provides a greater scaffold for learning new words. 

The trends in their data suggest that phonological memory may play an even more 

important role in younger children. The non-word repetition tasks these researchers used 

predicted vocabulary knowledge a year later, after controlling for non-verbal intelligence 

and previous vocabulary scores. They suggest a subsequent reciprocal relationship 

between phonological memory and vocabulary, such that phonological memory capacity 

is improved by greater experience with new words (Gathercole et al., 1992).   

 Similar conclusions were reached by Metsala et al. (1999), hypothesizing that 
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initial coding of words is performed at a holistic level, with segmentation based on 

phonological processing occurring with experience. As phonological processing increases 

in efficiency, due in large part to vocabulary acquisition, cognitive capacity to encode 

new stimuli is increased; a reciprocal relationship between vocabulary and phonological 

processing is again implied (Metsala et al., 1999).      

 This brief survey of theoretical viewpoints related to initial vocabulary acquisition 

suggests that the complex nature of the tasks that infants and children face and overcome 

in this regard requires analysis at a number of different levels of processing. The 

hypotheses that are summarized above should not be viewed as competing models, but as 

perspectives that approach vocabulary development from different, complementary 

viewpoints.           

 In 1992 Gathercole et al. suggested that “although studies of word learning in 

children have documented the remarkable facility of preschool children to acquire new 

vocabulary…the factors underpinning the large individual differences in young children's 

abilities to learn new words are as yet little understood” (p. 887). Although significant 

advances have been made in the past 15 years, particularly in areas of phonological 

processing, the above quote is particularly relevant to practical application of theory to 

guide early vocabulary instruction. Below are a few suggestions that would seem to 

follow logically from what we‟ve learned about early vocabulary development.  

 The most obvious and likely most important practical piece that comes from 

research on vocabulary acquisition is the necessity for infants to be exposed to rich 

language stimuli. Studies conducted with infants by Saffran et al., (1996) and others 
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suggest that more language input to the infant‟s processing system will allow for more 

rapid and thorough word segmentation. If words are being appropriately and efficiently 

segmented from fluent speech, cognitive resources are freed to conduct phonological 

processing within words, which would likely increase phonological awareness. As a 

number of the above researchers posit, phonological awareness is a key component of 

vocabulary acquisition. Even if motor constraints prevent production of coherent words 

during the first year, the findings of Dapretto & Bjork (2000), and Fernald, et al (2006), 

which posit the advanced capacity for comprehension relative to production, would 

suggest that rich language stimuli would result in more robust vocabulary development. 

 The phonological-based perspectives of Metsala et al. (1999), Bowey (2001), and 

Gathercole et al. (1992), as well as the morpheme-based perspective of McBride-Chang, 

et al. (2006), all suggest that increasing the extent and quality of language input to the 

child would lead to better vocabulary performance. All of this is to point out the obvious: 

we should be aggressive about providing infants and young children with rich language 

experience. Previously held beliefs that vocabulary acquisition depends primarily on 

innate differences in ability to learn based on heredity are not supported by the evidence. 

Scarr & Weinberg (1978) demonstrated that the correlation between vocabulary 

performance by young children and their biological mothers was no greater than that 

between children and their adoptive mothers, in contrast to other subtests on the Wechsler 

Adult Intelligence Scales. Studying 14-26-month-old infants, Huttenlocher et al. (1991) 

found that the amount of speech directed at children by their mothers was highly 

predictive of the rate of vocabulary development.      
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 Many of these important developments in lexical processing occur during the first 

few years of life, and the trajectory of vocabulary acquisition appears largely linear from 

ages three to six.  Providing a rich environment to infants is therefore critical to prevent 

diverging trajectories and large deficits for many children. The research of Hart & Risley 

(1995) speaks to this directly. They found that the vocabularies of children from higher 

socio-economic families were double that of children from lower socio-economic groups 

at age three and that these differences swell up to and through the onset of formal 

schooling. That study and others described below strongly implicate environmental 

factors as causative agents in vocabulary development and the deficits that some children 

face in this regard.                       

 Group Differences in Vocabulary Acquisition. It would be expected that children 

entering educational settings would exhibit variability in the extent of their vocabulary 

development, as with any other ability or psychological construct. The degree to which 

some groups enter schooling behind their peers in vocabulary, however, is both striking 

and cause for serious concern. It is striking in that vocabulary deficits are so extreme, and 

cause for concern due to the critical importance of a well-developed vocabulary for 

reading comprehension, as described above. Struggles with reading comprehension are 

inherently problematic, but also lead to difficulty in virtually every aspect of educational 

endeavor. Although research specifically examining relationships between 

socioeconomic/ethnic/racial groups and vocabulary development is limited, the results of 

studies that have been done are consistent in identifying significant differences.  

 One identifiable group that has been repeatedly found to enter educational settings 
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with significant deficits in vocabulary development is defined by SES. Although it is 

well-established that lower SES children enter school settings with cognitive abilities less 

developed than more advantaged peers (Lee & Burkam, 2001), the deficit in vocabulary 

is particularly apparent. A stark example of this was found in the research conducted by 

Hart & Risley (1995, 2003). Hart and Risley conducted longitudinal research with 42 

families categorized on SES as professional, working-class, or welfare. Monthly 

monitoring of parent-child interactions over two and a half years, beginning with children 

at age seven months, found that children in high SES homes acquired expressive 

vocabularies of greater than a 1000 words at age three, while the low SES children 

acquired less than half that amount. Over the course of this study, high SES parents spoke 

more than double the average number of words per hour to their children than low SES 

parents, and used an average of 2000 different words overall compared to 1000 for low 

SES parents. A follow-up study showed that differences in vocabulary between these 

higher and lower SES children continued to increase, such that by age six a 6000 word 

gap between SES-defined groups was estimated. Extrapolating their data, these 

researchers suggest that the higher SES children were exposed to 30 million more spoken 

words than their lower SES counterparts by the age of three (Hart & Risley, 2003).  

 Hart & Risley‟s research was conducted with families in one Midwestern town, 

and is vulnerable to threats to external validity. In a larger and more nationally 

representative sample, however, Farkus and Beron (2004) reached many of the same 

conclusions. They analyzed a large longitudinal data set (Children of the National 

Longitudinal Survey of Youth, CNLSY) that measured vocabulary scores over a ten year 
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period, tracking children from age three to age thirteen. Their results confirmed the 

finding of large vocabulary gaps between high and low SES children on measures of oral 

vocabulary. Going beyond the results of Hart & Risley (2003), Farkus & Beron (2004) 

found that although large vocabulary gaps are present between SES (and racial, see 

below) groups as they enter formal schooling, these differences remain relatively constant 

after the age of six. This finding suggests that schooling may have a stabilizing effect on 

group differences in vocabulary achievement. However, White et al. (1990) found that an 

average 2
nd

 grade middle SES student had a reading vocabulary approximately 5000 

words larger than an average low SES student, and that the gap continues to widen 

through at least the 3
rd

 and 4
th 

grades.        

 Research specifically focused on ethnic/racial group differences is also limited, 

and results of some studies are confounded by a failure to control for SES.  Farkus & 

Beron (2004) found large gaps between white and black children‟s oral vocabularies at 

age three, after controlling for SES. Farkus & Beron‟s analysis suggests that race and 

SES contribute almost equally to the difference between black and white children‟s 

vocabulary achievement. These authors noted that the average black child already lags a 

full year behind the average white child in expressive vocabulary by the age of three, 

based on differences in performance and vocabulary acquisition rates.    

 A wide variety of mechanisms have been suggested that might mediate SES-

based differences in vocabulary achievement and cognitive development of children in 

general. Family income and material hardship, educational achievement of parents, 

access to educational materials, reading habits of parents, family structure, nutrition and 
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wellness variables, etc. have all been suggested as mediators of SES-based differences in 

achievement and general cognitive performance (Duncan & Magnusun, 2005). With 

respect to vocabulary achievement, in particular, variables related to language use in the 

home have been implicated as important mediators. It is clearly the case that infants are 

dependent upon incoming language stimuli for acquisition of vocabulary (i.e. children 

who lack this input, such as feral children, fail to acquire language). Huttenlocher et al. 

(1991) demonstrated that the amount of parental speech was a significant predictor of rate 

of vocabulary acquisition in children ages 14-26 months, and that the frequency of 

individual words spoken by parents was a strong predictor of the order in which those 

words appeared in children‟s expressive vocabulary.       

 In addition to the findings of Hart & Risley (1995) referenced above, a number of 

studies have identified quantitative and qualitative SES-related differences in 

parental/maternal speech directed at children.  In an observational study of maternal 

speech directed at two-year-old infants, Hoff (2003) found that differences in the 

language use of 30 high SES mothers and 30 middle SES mothers fully accounted for the 

differences in vocabulary growth between the respective groups of children over a two 

and a half month period. High SES mothers used a larger vocabulary and the total amount 

of words spoken was significantly greater than mid-SES mothers. In addition, utterances 

from high SES mothers were significantly longer than those from lower SES mothers 

(Hoff, 2003). These observations suggest that the stimuli received by higher SES children 

are richer and more complex, which might facilitate vocabulary development in a variety 

of ways related to phonemic and morphemic processing described above. In addition, a 
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richer vocabulary input may be important at a contextual level.     

 In a study of 50 mothers and their children interacting at home, Weizman & Snow 

(2001) identified over 150,000 total words spoken by the mothers, with the most frequent 

3000 words comprising 99% of the total. The number of less-frequent, sophisticated 

words was a more powerful predictor of children‟s kindergarten and second grade 

vocabulary scores than was total number of words spoken. The density of sophisticated 

words within maternal speech when children were five years old accounted for a third of 

the variance in second grade vocabulary scores. Lower SES mothers‟ quantity and quality 

of verbal interactions with their infants may be affected by a lower sense of competence 

in parenting skills, smaller vocabulary, or parental satisfaction, all of which might act to 

reduce verbal interaction with children (Bornstein et al., 1998). Hoff and Tian (2005) 

found that higher SES mothers asked more questions of their children, while lower SES 

mothers‟ speech was more directive in nature. It could be that higher SES children are 

given more opportunities to talk in response to questioning, which would be expected to 

aid in expressive vocabulary competence. Consistent with this possibility, Walker et al. 

(1994) found that lower SES children were more likely to be prohibited from talking by 

their parents. Knowledge of principles of child development was identified as a key 

mediator of SES-based differences in amount of speech directed to children. Higher SES 

mothers are more likely to understand the importance of verbal interactions for language 

development and therefore engage in more of them (Rowe, 2008).    

 The studies referenced above strongly suggest that the differences in vocabulary 

performance between higher and lower SES children are at least in part due to differences 
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in the quantity and quality of spoken interactions between infants/children and their 

parents. Further research is needed to identify the specific components of parent-child 

interactions which facilitate vocabulary growth, and to uncover other variables that 

mediate the vocabulary gaps that arise between these SES-defined groups prior to entry 

into formal schooling.         

 As noted above, in reference to the findings of Farkus and Bowen (2004) that race 

accounted for significant variance in vocabulary scores between black and white children 

after accounting for SES, it appears that cultural differences may also play a significant 

role in young children‟s vocabulary achievement. A number of studies have identified 

culturally-based differences in the ways parents and children interact with language, 

although research specifically relating these differences to vocabulary development are 

lacking. For example, in a study of shared book reading to Head Start children, Hammer 

et al. (2005) found that Hispanic mothers used more words and made more non-text-

based comments than African-American mothers, and Hispanic children were more 

assertive in asking questions. In a study conducted in the southeastern U.S., low income 

African-American parents were found to be less likely to engage in child-directed speech 

than their white counterparts, reflecting a difference in belief about the role of such 

speech in children‟s verbal development (Heath, 1983). A study comparing the mother-

child interactions of a sample of mothers in the U.S. with a group of mothers from the 

Gusii of Kenya found that the Gusii mothers avoided eye contact and discouraged verbal 

expression from their infants, while the American mothers attempted to elicit such 

expressions (Richman et al., 1992). Given the demonstrated importance of language 
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interactions for vocabulary development, it‟s likely that differences in parental 

interactions with children play a causal role in ethnic/cultural/racial differences in 

vocabulary achievement. Becker (1977) suggests that insufficient vocabulary knowledge 

is the primary barrier to achievement for lower SES students, and argues that systematic 

vocabulary instruction is required to address the achievement gap.     

 Another important and growing group in the U.S. that can be identified as at risk 

for deficits in English vocabulary development is English language learners (ELL). 

Approximately one in nine K-12 students in the U.S. is ELL, and this ratio is predicted to 

grow to nearly one in three in the next five years (Francis & Vaughn, 2009). As non-

English speaking immigrants or the children of families wherein English is not the 

primary language, it‟s not surprising that these children might lag behind their English-

speaking peers in English vocabulary development. However, this puts them at high risk 

for failure in educational settings. The inherent deficits that these children often face with 

regard to spoken English prior to entry into English-language schools can lead to 

struggles with phonological and orthographic processing, and word recognition skills 

relative to their English-only (EO) counterparts (Verhoeven, 1990). ELL students‟ 

potential lack of adequate English vocabulary makes them less likely to comprehend 

grade-level reading materials; they subsequently score lower on standardized tests, and 

are more likely to be diagnosed as learning disabled or placed in special education 

(August et al., 2005). ELL students underperform relative to their EO peers on the 

National Assessment of Educational Progress reading measure at fourth, eighth, and 

twelfth grade levels (NCES, 2005). While nearly a third of native English 8
th

 grade 
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students are at the proficient-level on national achievement reading tests, only 4% of ELL 

students meet this threshold (Lee et al., 2007). Lack of academic vocabulary knowledge, 

which impedes comprehension of content area text, is a primary obstacle for ELL 

students‟ academic success (Vaughn, et al 2009). Compounding the problem for many 

ELL students is that many are also lower SES students, and therefore they face 

challenges in that regard as well.        

 ELL is a label that encompasses a tremendous variety of students. A majority of 

ELL students in the U.S. come from homes or backgrounds with Hispanic base 

languages, and tremendous variability exists in children‟s literacy and vocabulary 

knowledge in their native language within that population. These differences in native-

language proficiency are likely to affect English vocabulary and other literacy-related 

achievement. The ELL label also applies to children from other linguistic backgrounds. 

The different orthographies, phonemic constraints, and lexical compositions of some 

native languages place greater challenges on some groups relative to others in English 

vocabulary development.        

 Whether a student‟s vocabulary deficit stems from a disadvantaged language 

background or is a result of growing up in a non-English speaking home, the advantage 

that a student with a stronger vocabulary has is one that has developed gradually, likely 

over a period of years. This suggests that remedial efforts will require sustained effort 

over a similar time scale (Hirsch, 2001). The negative educational (and by extension 

societal) impacts that result from deficiencies in vocabulary are such that aggressive and 

robust efforts must be made to remediate them.                
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Effective Vocabulary Instruction                               

 Current Theory. Vocabulary instruction cannot be a simple matter, because 

vocabulary acquisition is incremental and complex (Nagy & Scott, 2000). As described 

by Ehri et al. (2007) vocabulary acquisition necessarily incorporates and connects 

orthographic, phonological, and semantic representations. In addition, both phonological 

and, to a greater degree, semantic aspects of a given word can vary substantially in 

different contexts. Even the most literate adults are likely to be continuously making 

subtle alterations to the semantic representations of some of the words in their lexicons, 

as well as adding new lexical entries. Vocabulary acquisition is an ongoing and complex 

process.           

 Much of the literature describing effective vocabulary practices reiterates and 

builds upon three central components suggested by Stahl (1986). Subsequent to an 

extensive meta-analysis which suggested positive effects of vocabulary instruction on 

reading comprehension (referenced above, Stahl & Fairbanks, 1986), Stahl identified key 

features of the instructional programs that had the strongest positive effects on 

comprehension. Three components were identified as parts of effective vocabulary 

instruction. First, instruction should provide both definitional and contextual information. 

To “know” a word requires that a student be able to offer some reasonable definition of 

it, but also be able to use the word and understand how it is used in context. Accordingly, 

the best instructional programs provide a user-friendly dictionary-like definition, 

complete with synonyms, antonyms, word roots, etc, and also present the word embedded 
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in sentence context, preferably more than once. Second, good vocabulary instruction 

should promote deep processing, which Stahl suggests can be considered as connecting 

the new word to known words, concepts and background knowledge. Stahl posits three 

successive stages to deep processing; association, wherein the word is associated with 

other known words, which might be synonyms, antonyms, etc; comprehension, wherein 

the student is asked to do something with the word, such as fit it into a sentence using a 

cloze procedure or find antonyms/synonyms for the word; and generation, wherein the 

student does something novel with the word, such as construct her/his own definition, or 

use the word in a written or oral context. The third component of effective vocabulary 

instruction identified by Stahl is multiple exposures to the word. This requires that the 

word be encountered more than 1-2 times, and preferably in a variety of contexts. This 

allows the time necessary for deeper processing to take place, and is also likely to 

facilitate automaticity with the word, a key theoretical step towards fluent reading 

(Laberge & Samuels, 1974).        

 Consistent with the three fundamental aspects of effective instruction described 

above, Stahl also suggests that his meta-analysis revealed what doesn‟t work. Vocabulary 

instruction that provides only definitions of words, or provides only 1-2 exposures to 

target words was not correlated to any gains in reading comprehension. Stahl points out 

that these ineffective practices are exactly what are found in many middle and high 

school texts, and suggests the above guidelines be used for both creating effective 

vocabulary instruction and for screening/selecting educational texts when possible. These 

principles have been borne out in subsequent studies of the effects of vocabulary 
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instruction on both vocabulary achievement and reading comprehension. Bos & Anders 

(1990) and Nash & Snowling (2005) both showed that instruction focused on contextual 

approaches to vocabulary learning was superior to definition-only instruction. Both 

studies were conducted with students identified as learning disabled or having poor 

vocabulary knowledge, which represents a large fraction of the population for whom 

remedial vocabulary instruction would be appropriate.      

 Building upon this basic set of principles, Stahl & Nagy (2006) argue for a 

comprehensive approach to vocabulary development. In addition to teaching the meaning 

of specific words in an explicit manner, characterized by the three principles identified 

above, Stahl & Nagy emphasize the importance of immersing students in extensive 

exposures to rich oral and written language. A preponderance of vocabulary acquisition 

occurs incidentally, through reading and oral interactions. This is demonstrable by 

comparing students‟ vocabulary growth, estimated as high as 5000 words per year in the 

early and middle grades (Nagy, et al 1985) with estimates of the number of words 

explicitly taught , which range from 200-400 per year (Stahl & Fairbanks, 1986). This 

ratio suggests that extensive exposure to rich language is a powerful means of vocabulary 

development. Since oral comprehension exceeds reading comprehension extensively in 

early grades, oral storytelling and oral reading should be an integral part of developing 

vocabulary. Extensive opportunities for reading texts rich in language are also important, 

particularly as students advance towards a balance of oral and reading comprehension 

abilities, typically in the middle school years. Reading facilitates the positive reciprocal 

relationship between vocabulary acquisition and reading comprehension (Baker et al., 
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1995). Stahl & Nagy suggest the importance of establishing “word consciousness” 

(Anderson & Nagy, 1992) in young learners, suggesting that a multi-faceted approach is 

required to instill children with a sense of curiosity and awareness of words and how they 

are used. Exercises comparing de-contextualized (written) and contextualized (oral) ways 

of communicating the same ideas can help students identify how words are important. 

Game playing and other activities that center on words can be powerful for creating word 

consciousness, and lead students to view new words as puzzles to be solved rather than 

insurmountable obstacles.        

 Stahl & Nagy (2006) also suggest that care must be given to identifying which 

words will be the focus of direct instruction. Since the number of potential unknown 

words in a particular reading often precludes teaching all of them, teachers must make 

judgments about the importance and utility of any potential vocabulary item. 

Determination of whether a given word is important to the overall understanding of a 

reading passage, and the degree to which the word will appear repeatedly in future 

reading should guide instructional focus. Decisions on which words to teach directly 

must also be informed by a sense of students‟ existing vocabulary knowledge. When 

learning a new word, a student may be in one of three knowledge conditions relative to 

the word (Graves & Prenn, 1986). She/he may already have the word in her/his oral 

vocabulary, may be unfamiliar with the word but have understanding of a closely related 

concept, or may be unfamiliar with both the word and the concept. It is impossible for a 

teacher to have this specific knowledge for all words and all students, but teachers should 

use all information available, especially the spoken or written language used by students, 
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to make thoughtful decisions in this regard (Stahl & Nagy, 2006).    

 An application of many of these principles can be found in the “robust” or “rich” 

vocabulary instruction implemented by Beck & McKeown (2007) and Beck et al. (1982). 

Robust vocabulary instruction is characterized by giving definitions of vocabulary words 

in student-friendly language, providing the words in multiple and varied contexts, 

allowing students to create their own definitions and contexts, and asking students to give 

examples of both appropriate and inappropriate use of the word. This was found to 

improve reading comprehension significantly relative to conditions of no or reduced 

vocabulary instruction.         

 Another effective approach, consistent with an emphasis on the importance of 

younger students‟ oral vocabulary development, is shared book (Graves, 2008), or 

dialogic (Whitehurst et al., 1994), reading. These strategies modify the traditional, “adult 

reads to child” model to make it more interactive. In shared book reading the (adult) 

reader frequently pauses to ask questions about the story and target words in particular, 

and allows the child to ask questions as well. In this interactive process, the story is 

typically read more than once and target words are the focus of repeated questions and 

discussion, leading to deeper processing than is possible in a one-time, uninterrupted 

reading experience. Shared book reading, designed to expand oral vocabulary, is 

particularly effective and useful for younger children who are not yet reading and for 

those students whose oral vocabularies are deficient (Whitehurst et al., 1994).   

 A number of researchers (Stahl & Fairbanks, 1986; Stanovich, 1980; Nagy et al., 

1985; Garcia, 1991) argue that the vocabulary deficit faced by many students often 
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precludes the ability to gain meaning of a word from context, and suggest that direct 

vocabulary instruction is therefore most important and most beneficial for students with 

low vocabulary knowledge.        

 Comprehensive descriptions of effective strategies for vocabulary instruction 

targeted to more narrowly defined groups such as ELL are emerging. Most of the themes 

are built upon what has been demonstrated as effective for English-only learners 

described above. ELL students will enter school settings with a wide range of English 

language knowledge, so an awareness of students‟ oral language proficiency is a 

prerequisite for constructing activities that are appropriate and likely to result in 

successful learning. More extensive scaffolding, simple and clear instructional objectives, 

plentiful opportunities for verbal interactions, and identification and use of Spanish-

English cognates (for children with Hispanic-based first languages) are all likely to be 

helpful in increasing the vocabulary knowledge of ELL students (Helman, 2008). 

Bialystok (2007) suggests that a bilingual perspective may enhance meta-linguistic 

awareness, which should be a goal of any comprehensive approach to vocabulary 

instruction. There is broad consensus among scholars and experts in this area that ELL 

vocabulary instruction should be both explicit, with targeted words defined, presented in 

multiple contexts, and actively used by the students in novel contexts, and implicit, 

through increased word consciousness and extensive exposure to rich oral and written 

language                              

 A Role for Technology. The information presented in this chapter suggests that 

teachers are faced with a tremendous challenge. Success in virtually all academic areas is 
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fully dependent upon reading comprehension, which requires strong vocabulary 

knowledge. A large percentage of students, however, come to the classroom with deficits 

in vocabulary knowledge that range from moderate to profound. Addressing the 

significant vocabulary deficits that a number of students in a classroom might have would 

be a daunting task, even if all of the deficits were the same, but they are not. Knowledge 

of each student‟s vocabulary (and therefore deficit) would be necessary to avoid either 

teaching words that are already possessed in the student‟s vocabulary or teaching words 

that are too advanced for the student. The critical importance of addressing vocabulary 

deficits and the limited time teachers can allot to this effort necessitates an efficient, 

individualized strategy. Even with the assistance of an aid or specialist, it is probably not 

reasonable to expect an individual teacher to meet this challenge, particularly in schools 

that have high proportions of ELL and/or low SES students.    

 There is reason to believe that technology may play an important role in meeting 

this challenge. Computer-based strategies for delivering vocabulary instruction are 

emerging, and the National Reading Panel Report (2000) states that “The use of 

computers in vocabulary instruction was found to be more effective than some traditional 

methods… It is clearly emerging as a potentially valuable aid to classroom teachers in the 

area of vocabulary instruction” (p. 14) and “computer technology must be examined for 

its ability to deliver instruction, for example, in vocabulary…” (p.17).   

 Vocabulary instruction has been a favorite target of computer-based instruction 

since computer use expanded in education in the 1980‟s (Ma & Kelly, 2006). Typical 

methods have been games and cloze-like designs developed to aid ELL or low-level 
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learners, but quality and effectiveness of many of these packages has been low due to a 

lack of theoretical or pedagogical knowledge on the part of program designers (Ma & 

Kelly). A divide in this field between those driven by technological goals and those 

focused on theoretical and pedagogical goals has been an ongoing impediment to 

production of highly effective computer-based programs for vocabulary (and other) 

instruction (Levy, 1997).         

 There has been progress towards bridging the gap between pedagogically driven 

and technologically driven approaches to use of computers for vocabulary instruction. In 

a randomized study with sixty second-language learners, subjects were assigned to either 

a treatment wherein three hours per week were spent on computer-delivered instruction 

of 2000 high frequency words or a control condition of reading text and comprehension 

tasks. Treatment subjects performed significantly better on subsequent tests of both 

vocabulary and reading comprehension (Tozcu & Coady, 2004).  Although the 

preponderance of computer-delivered vocabulary programs have targeted ELL students, a 

number of studies (Clements & McLoughlin, 1986; Davidson et al., 1996; Heise et al., 

1991) have supported the National Reading Panel‟s assertion that computer-based 

vocabulary instruction can aid vocabulary development of native English speakers 

(Kamil & Hiebert, 2005).         

 Wood (2001) conducted an evaluation of 16 software packages designed to teach 

vocabulary, determining the degree to which each aligned with consensus theoretical 

concerns. Wood examined whether instruction attempts to connect the new word to 

background knowledge, promotes in depth processing (as defined by Stahl, 1986), 
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provides multiple exposures, allows for direct and incidental word learning, or promotes 

further reading by the student. The software packages that focused on direct instruction 

were largely found to mimic traditional strategies of definition memorization, matching 

and fill-in-the-blank exercises. Very little activation of background knowledge, 

facilitation of deep processing, or encouragement to read more was found in these 

packages. More comprehensive software packages were better, often embedding new 

words in context designed to activate students‟ knowledge, allowing for associative and 

comprehension-level processing, and providing opportunities for direct and indirect word 

learning, but often included words too difficult for the target audience. Wood suggests 

that future software programs provide more opportunity for generative processing and 

actively encourage more reading by the student.       

 Many studies of online approaches to vocabulary instruction in recent years have 

focused on the use of computerized glosses, online dictionaries, and multimedia software 

to facilitate incidental second language vocabulary learning. Chun and Plass (1996), Li 

(2010), Yoshii (2006) and others have shown that use of computer glosses during reading 

lead to better vocabulary learning than print dictionaries for first and second language 

learners. A recent meta-analysis also demonstrated that computer glosses are highly 

effective in aiding both reading comprehension and vocabulary development for ELL 

students (Abraham, 2008). These studies, however, have been conducted with secondary 

and college-aged students and focused on incidental vocabulary learning during reading. 

Few studies have documented computerized approaches to explicit vocabulary instruction 

in young children. Sun and Dong (2004) used a multimedia strategy in their study with 
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1st and 2nd grade Chinese ELL students and found that vocabulary learning and sentence 

comprehension were enhanced by use of pictorial and auditory contextual cues in 

combination with de-contextualized word training. This is consistent with established 

research showing that explicit word learning is optimized by a combination of 

contextualized and de-contextualized target word instructions (Beck, McKeown, & 

Kucan, 2008; Graves, 2006).        

 A potentially promising avenue for computer-delivered vocabulary instruction 

may come from use of computer-adaptive technologies. Computer adaptive technology 

allows for enhanced efficiency and precision in assessment by estimation of proficiency 

and ongoing, individualized adaptation of instruction to match performance (Meijer & 

Nering, 1999). This technology might be used to identify the proper placement for an 

individual student in a vocabulary instruction program, and adjust the level of instruction 

to the student‟s ongoing performance. This approach addresses a fundamental obstacle 

that teachers face: how to individualize instruction for a group of students whose 

vocabulary deficiencies are not equivalent.       

 Computer-delivered vocabulary instruction cannot remediate significant 

vocabulary deficits by itself, but may be integrated with use of rich language in the 

classroom and exposure to appropriate level texts to help students with vocabulary 

deficits gain knowledge of the words they need to know to aid in reading development. It 

would seem that efficiencies available through computer adaptive technology, when 

combined with theoretically driven and pedagogically sound software programs, may be 

a very useful strategy for introducing students to words and word meanings as part of a 
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comprehensive approach to vocabulary deficit remediation.   

 Previous research findings, described above, clearly demonstrate that explicit 

vocabulary instruction combining user-friendly definitions with repeated exposure to 

words used in context can lead to effective word learning. However, a large number of 

the highest frequency words must be learned by students to facilitate basic reading skills 

and allow for the exponential growth in vocabulary knowledge made possible by implicit 

word learning through exposure to written materials. The need for individualized, explicit 

instruction on a large corpus of high frequency words motivated the research detailed in 

this manuscript. In the following chapters two studies are described that tested a 

computer adaptive, online vocabulary instruction program, The First 4000 Words. This 

software program is designed to deliver remedial vocabulary instruction on 

approximately 4000 of the highest frequency words in written English. Study 1 was 

conducted to test whether use of a simple prototype of The First 4000 Words program 

would result in increased word knowledge on a small corpus (n = 100) of target words. 

Study 2 tested whether use of the complete program (n = 4000 words) would result in 

better performance on standardized-like tests of vocabulary knowledge. 
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Chapter III   

              Methods                    

      Study 1       

                    

Research Design         

 This study was a randomized field trial.  Students who were identified as potential 

subjects and who met parental and student consent criteria were randomly assigned to 

receive either the online vocabulary intervention or “business as usual” classroom 

instruction.  The use of random assignment allows the potential for strong causal 

inferences to be drawn from differences in the performance of treatment and control 

subjects.             

 Setting. This study was conducted during a summer school session in 2008 at an 

elementary school in a large Midwestern metropolitan area in the United States.  The 

school is suburban and serves very diverse, mostly lower income families (>70% 

free/reduced lunch).               

 Participants.  Summer school students entering Grades 2-4 from a racially 

diverse, economically disadvantaged (>70% free or reduced lunch) first-ring, suburban 

elementary school of a major Midwestern city enrolled in this study.  From this pool of 

students, 43 students (stratified by grade, approximately 14 students per grade level) were 

selected for inclusion in the study based on their poor performance on the pretest (see test 

details below).  These students were randomly assigned to experimental (n = 22; 7 

female) or control conditions (n = 21; 13 female).             
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Materials                                                                                                                           

 Pretest and Posttest. The pretests and posttests consisted of the same paper-and-

pencil vocabulary test with 40 multiple-choice items. Each item consisted of a black-and-

white drawing with four word choices (See Appendix A for sample items.). The 40 words 

tested on the pre- and posttests were selected from the 100 target words taught to students 

in this study (See below). Testing with similar students and similar tests has yielded 

internal consistency reliability coefficients, Cronbach‟s alpha, between .7 and .9 

depending on the grade.                                  

 The First 4000 Words Software. The First 4000 Words software program 

systematically delivered vocabulary instruction on 100 words selected from The 

Educator‟s Word Frequency Guide (Zeno et al., 1995). The 100 words were divided into 

10 lessons with 10 words each. The 40 words on the paper-and-pencil pre- and posttests 

(see section „„Pretests and Posttests‟‟) were embedded within the 100 words targeted in 

the computerized vocabulary instruction. The lessons were graded incrementally in 

regards to selected word frequency. The selected words that occur more frequently were 

generally included in the first lessons, and the words that occur less frequently were 

generally included in later lessons. Each lesson consisted of five components: vocabulary 

reading pretest, interactive oral reading, interactive vocabulary activities, repeated 

reading, and vocabulary reading posttest. Each component is described in detail below.  

 Each lesson began with a greeting from a Woodland Animal Guide (e.g. Redwood 

the fox), who guided the student through the lesson‟s activities. The vocabulary reading 

lesson-level pretest included the 10 selected words for the lesson. The lesson-level pretest 
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involved speaking the word into a microphone. First, a selected word would appear on 

the computer screen. Next, the student would click on the record button (the students 

were taught how to use the record button to record their voices). Then, the student would 

say the selected word into the microphone on his or her individual headset. The First 

4000 Words software included voice-recognition software to determine if the students 

were reading the word correctly. A „sound board‟ provided visual feedback by indicating 

whether a word was pronounced correctly or incorrectly. If a selected word was 

pronounced correctly, the slider on the sound board would move up and the 

corresponding light would turn green. If a selected word was pronounced incorrectly, the 

slider on the sound board would move down and the corresponding light would turn red. 

 The interactive oral reading section involved listening and reading. Each story 

was read aloud twice to the student by the narrator. The text for each story was presented 

on the computer screen in a book format. Each text was approximately 200 words in 

length and incorporated each of the 10 selected words two to five times in the text. The 

text was written in approximately 20 point, black font, except for the selected words that 

were written in red. Each story included a title on the „book cover‟ and was 

approximately four pages long.        

 As the narrator read the story aloud for the first time, the text would be underlined 

by sentence. The „book‟ functioned like a book in which each page could be re-read. 

After reading the text for the first time, the students completed the interactive vocabulary 

activities. The interactive vocabulary activities involved practice of pronouncing all 10 

selected vocabulary words and receiving immediate feedback via the voice-recognition 
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software. First, the students would click on a selected word on the left side of the screen. 

A sentence from the just-read text that included the selected word would appear on the 

screen and the narrator would read the sentence. The selected word would appear in red 

as it originally did in the text. In addition, a picture would appear that illustrates the 

selected word. Then, the narrator would provide a verbal definition of the selected word. 

Next, the students would practice saying the word and record the word as they did during 

the vocabulary speaking pretest. At this point, the students had the option to play back 

their recording and re-record. After completing the interactive vocabulary activities, the 

students would re-read the story. During the second reading of the story by the narrator, 

individual sentences could be replayed by clicking on the individual sentence (see Figure 

1). During the second reading, the selected words could also be reviewed by clicking on 

the word. Also, during the second reading, selected words that were missed on the pretest 

were highlighted and simple definitions for these words were provided (see Figure 2). 

 The vocabulary reading lesson-level posttest was identical to the lesson-level 

pretest and involved reading the selected vocabulary words into the microphone. If a 

student scored 9 of 10 or better on the pretest, he or she read the story only once and 

moved onto the next lesson.             

 Teacher Feasibility and Student Satisfaction Surveys. To assess program 

practicality and student impressions of the computerized vocabulary instruction, teacher 

feasibility surveys (Appendix C) and student satisfaction surveys (Appendix D) were 

developed.  The teacher feasibility survey addressed questions about general impressions 

of the computerized vocabulary instruction and to what extent it would integrate into 
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existing curricula. Items were rated using the following scale: 0=poor, 1=fair, 2=good, 

3=excellent.           

 The student satisfaction survey was informal and administered verbally 

throughout the program administration. The survey asked students about impressions and 

experiences using the computerized vocabulary instruction program. Student responses 

were rated on the following scale: 1 = thumbs down, 2 = no opinion, 3 = thumbs up.   

            

 

Figure 1. First reading of a story, with highlighted target words and   

sentence underlining. 
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Figure 2. Second reading of a story. Student has clicked the word   

 “backward”. 

                   

Procedure          

 All summer school students entering Grades 2-4 completed the 40-word 

vocabulary pretest. Students identified as having poor vocabulary skills were enrolled in 

the second phase of the study. Students who were randomly assigned to the experimental 

condition received the online vocabulary instruction in a pull-out session away from the 

regular classroom. These students were initially introduced to the vocabulary lesson 
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procedures and computer log-in. Students typically spent approximately 15-25 minutes 

per session and worked independently through the lessons. The students were able to 

complete one to three lessons during a typical session. Two or three experimenters 

monitored student progress and provided technical assistance when a computer 

malfunctioned. Most students were able to complete the 10 lessons (100 words) within 

five to six sessions.  These sessions occurred over the span of two weeks. After 

completing all 10 lessons, students completed the survey to assess their affective 

responses to use of the 4KW software program. Students returned to their normal 

classroom for the remainder of the summer school session.    

 Students who were randomly assigned to the control condition remained in their 

normal classrooms and received the normal summer school curriculum. The typical 

summer school curriculum varied by grade, by classroom, and by day. However, the 

curriculum typically consisted of lessons geared toward remediation in reading and 

mathematics. Within one week after all students in the experimental condition had 

completed the computerized vocabulary lessons, all students in grades 2-4 were 

administered the posttest. The 40 words on the pre- and posttests were embedded within 

the 100 words targeted in the computerized vocabulary instruction. After the posttest was 

administered, the experimenters met with the teachers to administer the survey and 

participate in the brief group interview based on the survey questions. 
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    Study 2                           

Research Design         

 This study was a randomized field trial.  Students who were identified as potential 

study subjects and who met parental and student consent criteria were randomly assigned 

to receive either the online vocabulary intervention or “business as usual” classroom 

instruction.  The use of random assignment potentially permits strong causal inferences to 

be drawn from differences in the performance of treatment and control subjects.   

 Setting. This study was conducted during the spring of 2009 in three elementary 

schools in a large Midwestern metropolitan area in the United States.  The schools were 

selected to provide a wide range of socioeconomic, racial and ethnic participants.  School 

1 was located in a relatively affluent suburban area, serving predominantly white, middle 

to upper income families.  School 2 was also suburban, but serving very diverse, mostly 

lower income families (>70% free/reduced lunch).  School 3 was a charter school in an 

urban area, serving low income (>85% free/reduced lunch), predominantly African-

American and Hispanic families.              

 Participants. In each of the three schools in this study, two classrooms from each 

of grades 1 through 4 were involved.  All students in these 24 classrooms were group-

administered two vocabulary pretests, described below.  Students who scored lower than 

chance were eliminated from consideration, since previous research suggested they may 

not yet be ready to benefit from the 4KW online instruction.  The next eight lowest 

scoring students in each classroom were randomly assigned to receive either the 

intervention or normal classroom instruction.  This random assignment resulted in 96 
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experimental and 96 control students, evenly distributed across classrooms, grades, and 

schools.  Of the students in the experimental group, 57 were girls, 36 were ELL, 48 were 

eligible for free/reduced lunch, and 15 were identified by their teachers as students with 

special needs.  The control group included 42 girls, 37 ELL students, 40 students eligible 

for free/reduced lunch and 12 identified as special needs students.             

Materials                  

 Measures. Two vocabulary tests, the Seward Listening Vocabulary Test and the 

Seward Reading Vocabulary Test, were administered as pretests and posttests to all 

students.  Both of these multiple choice paper and pencil tests consist of a stratified 

random sample of 40 words selected from the 4KW corpus of target words.  The 

Listening Test asks students to select the correct image (out of four choices) that 

corresponds to a word read aloud by their teacher (see Appendix B).  The Reading Test 

asks students to select the correct written word (out of four choices) that corresponds to a 

given image (see Appendix A).  Both of these tests were found to have high reliability 

(Cronbach‟s alpha between .7- .9, depending on grade level).     

 As an additional posttest, first and second grade students were administered the 

Gates-MacGinite Level 2 Vocabulary Test, which is conceptually similar to the Seward 

Reading Vocabulary Test described above.  Third and fourth grade students were 

administered the Gates-MacGinite Level 3 Vocabulary Test, which asks students to select 

the correct word (out of four choices) that best matches a short definition or synonym.  

The target words in these two standardized Gates-MacGinite tests share considerable 

overlap with the 4KW corpus of target words (65% and 67%, respectively).   
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 In addition to the paper and pencil tests described above, which serve as the 

principle dependent variables in the initial analysis of results reported here, the 4KW 

software program automatically recorded students‟ daily performance at the word and 

lesson levels.  These measurements allowed teachers to monitor student progress and, if 

needed, adjust student placement within the hierarchical framework of the program. 

 The 4KW Intervention. The 4KW program includes instruction on approximately 

3700 words most frequently found in written English (Zeno et al., 1995).  The words are 

arranged from most frequent to least frequent, and are divided into units, each of which 

consists of a number of ten-word lessons. The vocabulary instruction was administered to 

students individually at computer stations. Students used headsets to listen to instruction 

and actively respond to word tests and game-like activities that require integrating words 

and definitions.            

 The online setting is an animated world, the “Vocabitat”, in which various 

animals guide instruction.  Each ten-word lesson began with a pretest of the ten words.  

During the pretest students heard the target word and were asked to choose the picture 

(out of three choices) that best represented the meaning of the target word (see Figure 3). 

A green (correct) or red (incorrect) light provided feedback to the student. If a student 

scored 9 or 10 on the pretest she/he listened to a story that included those ten words and 

moved on to the next lesson. The text for each story was presented on the computer 

screen in a book format. Each text was approximately 200 words in length and 

incorporated each of the 10 selected words two to five times in the text. Each story 

included a title on the „book cover‟ and was approximately four pages long. As the 
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narrator read the story aloud for the first time, the text would be underlined by sentence. 

The „book‟ functioned like a book in that each page could be re-read.    

 If two or more words were missed on the pretest, the story listening was 

augmented with simple definitions of the missed words, and a second reading of 

sentences incorporating those words. During the second reading of the story by the 

narrator, individual sentences could be replayed by clicking on the individual sentence 

(see Figure 1). During the second reading, the selected words could also be reviewed by 

clicking on the word. Also, during the second reading, selected words that were missed 

on the pretest were highlighted and simple definitions for these words were provided (see 

Figure 2). Following the second reading students engaged in a series of game-like 

exercises that focused on those words missed at the lesson pretest. The games required 

connecting target vocabulary items with their definitions, and “points” were awarded for 

speed and accuracy (see Figures 4 and 5). The story was then listened to a third time and 

a posttest of the ten words, identical to the pretest, concluded the lesson.  An additional 

activity that focused on function words appeared after each fifth lesson. An optional 

component of the program allowed students to practice speaking target words into the 

headset microphone and to receive feedback mediated by voice recognition technology.     
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Figure 3.  Lesson pretest/posttest: Student clicks on appropriate image. 
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Figure 4. “Submarine” vocabulary game: Student sinks sub by responding rapidly. 
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Figure 5. “Jigsaw” vocabulary game. Student uncovers image by recognizing definitions. 

                  

Procedure               

 Prior to beginning the intervention researchers met with teachers individually or 

in small groups to demonstrate the software program and familiarize them with the 

instructional lesson design.  Teachers were also shown how to access student 

performance files and how to manipulate student placement within the overall program if 

necessary (i.e. students‟ placement in the system could be adjusted if performance 

suggested words were too difficult or too easy).       

 The intervention plan called for treatment students to use the online vocabulary 

instruction for at least 30 minutes a day three times per week over the course of 
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approximately 15 weeks.   Teachers were responsible for incorporating these sessions 

within their classroom settings, and had discretion to do so at any point in the school day 

and on the days of their choice.         

 Teachers and researchers teamed to introduce the software program and 

instructional design to treatment students individually, ensuring that students became 

familiar with login procedures and basic tasks inherent in the lesson structure.  

Researchers conducted classroom observations of students on a weekly basis to assess 

student engagement and address teacher or student questions and concerns.  These 

observation periods were also utilized to record activities in which control students were 

engaged during treatment sessions. Researchers collected data at predetermined time 

point intervals to assess student on-task engagement with the vocabulary program (see 

Appendix E for a sample observation form).      

 Treatment students were placed within the 4KW unit/lesson hierarchy based on 

their pretest performance.  Teachers monitored students‟ performance periodically and, if 

necessary, adjusted student placement within the hierarchical word corpus.  The Seward 

and Gates-MacGinite posttests were administered within one week of the end of the 15-

week intervention.                       

Analysis           

 The effect of the treatment on post-test measures of reading, listening, and the 

Gates- MacGinitie was determined using four separate one-tailed analyses of covariance 

(ANCOVA).  Separate analyses were run for 1
st
 and 2

nd
 graders who took the Gates-

MacGinitie-2 and 3
rd

 and 4
th

 graders who took the Gates-MacGinitie-3.  Due to 
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preliminary analyses showing significant associations between the dependent variables 

with grade, language background, and reading and listening pretest scores, these variables 

were used as covariates in all treatment vs. control analyses. In an effort to reduce teacher 

burden, the Gates-MacGinitie was not administered as a pretest.  For Gates posttest 

analyses, the Seward Reading Assessment pre-test was used as a covariate.    

Approximately 60-70% of the words included on the Gate-MacGinitie are included in the 

4KW corpus, but due to individualization and limited duration of the instruction, a given 

student may not have encountered many of the target words. An α of .05 was used across 

all analyses in determining significance.         

 The 4KW software program tracked all of the students‟ online activity. This 

allowed us to test, in addition to the treatment vs. control posttests described above, 

whether treatment students‟ posttest performance was better on the specific words which 

they missed at pretest  and subsequently encountered during the intervention. A 

hierarchical generalized linear model (HGLM) was used to test whether student-level 

variables such as gender, ELL status, or grade level were significant predictors of effects 

of 4KW exposure to target words.  Chi-square analysis including all cases of words 

missed by each student on the pretest was also used to address this question.  

 Analysis of posttest performance by treatment and control students on words not 

encountered by treatment students was also conducted, in order to test for possible effects 

of “word consciousness” (Anderson & Nagy, 1992). Word consciousness has been 

described by various researchers as a peripheral effect of direct vocabulary instruction 

wherein students become more aware of words in their surroundings and therefore 
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become more proficient in implicit word learning of non-target words.   

 The database created by the 4KW software program was also used to assess 

fidelity of treatment. The data allowed for estimation of average time spent on individual 

lessons and provided specific information on the amount of time students spent using the 

4KW program. 
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Chapter IV 

        Results                    

               

Study 1       

 Our aim was to determine if students using the 4KW program would gain 

knowledge of the meaning of words to which they were exposed, compared to students 

engaged in business-as-usual curricular activities. Table 1 shows mean pre- and post-test 

raw-scores and standard deviations for students assigned to experimental and control 

conditions by grade level and overall.  An independent samples t-test shows that no 

statistically significant difference in pre-test scores exists between those assigned to 

experimental and control conditions in any of the three grade levels, or overall. This 

result suggests that randomization of subjects was successful in balancing prior 

vocabulary knowledge between the experimental and control conditions.      

  Table 2 reports mean gain scores (post-test score – pretest score) for each grade, 

boys, girls, and all students combined; t-test p-values and the respective effect sizes 

(Cohen‟s d) are also reported. Gain scores in the experimental groups were significantly 

higher than in control groups in grades 2 and 3, among boys, and overall. Gain score 

differences in 4
th

 grade and among girls failed to reach statistical significance. The effect 

sizes for gain scores averaged more than one standard deviation overall.                                                                                                                  
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 Note. SD = Standard Deviation 
                                            

Table 2              

              

Mean Gain Scores and Effect Sizes by Grade and Experimental Group   

_____________________________________________________________________     

Group   Control       Treatment       Effect size 

                               Gain score      N                Gain score       N            

_____________________________________________________________________ 

Grade 2             -0.4       9                        7.4   8                  1.7** 

Grade 3  2,5       6          7.3   8           1.3* 

Grade 4  4.8       6          9.0   6                   0.6 

Boys    0.0       8          7.9  15            1.5** 

Girls                             3.1           13                       7.6              7                  0.9 

Total                            1.9            21                       7.8            22                  1.1*** 

_____________________________________________________________________ 

Note. *p < .05, **p < .01, ***p < .001; Effect size is Cohen‟s d. 

Table Table 1.  

 

Mean Pre-test and Post-test Scores by Grade and Experimental Group 

 

     

Group Test Control  Experimental 

  Mean SD  Mean SD 

       

Grade 2 
Pre-test 10.6    3.2  10.9   5.5 

Post-test 10.1    3.5  18.3   9.1 

       

Grade 3 
Pre-test 21.7    7.3  23.3   6.7 

Post-test 24.3    8.6  30.5   5.6 

       

Grade 4 
Pre-test 19.5    2.5  18.3   4.1 

Post-test 24.3    9.5  27.3   9.0 

       

Total 
Pre-test 16.3    6.7  17.4   7.5 

Post-test 18.2    9.9  25.2   9.4 
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 Teachers had limited exposure to the 4KW program, but expressed generally 

favorable views, and felt that the program might integrate well with existing curricula and 

classroom frameworks (See Table 3). Teachers‟ ratings of overall perception of the 

program yielded a mean = 2.9 (s.d. = .4) on a 0 to 3 scale. Teacher ratings of how the 

program would fit within existing curricula resulted in a mean = 2.8 (s.d. = .4). Teachers 

liked the direct interaction with words that students experienced with this instructional 

design, noting that providing definitions with contextual presentation of words is 

consistent with their currently practiced vocabulary instruction. Teachers also said that 

the software would integrate well into existing classroom literacy centers, especially 

given young students‟ increasing comfort with autonomous use of computers.   

  

Table 3 

Teacher ratings of 4KW instructional program 

_________________________________________________________________ 

                                       Mean                                 Standard Deviation 

_________________________________________________________________ 

Fits curriculum                2.8     .4 

Overall perception           2.9                                                  .4                                        

_________________________________________________________________                

Note. Scale: 0 = poor to 3 = good  

 

 

 Students‟ affective responses were also very favorable (See Table 4). Students‟ 

survey results indicated that they thought the lessons were fun (mean = 2.7), liked the 
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stories that provided context for word learning (mean = 2.7), liked the graphics (mean = 

2.8), felt that the program helped them learn new words (mean = 2.9), and expressed a 

desire to use the program more (mean = 2.8).  

 

Table 4                                                                                                                        

Student ratings of the 4KW instructional program on 1 = poor to 3 = good scale 

__________________________________________________________________         

    Mean                          Standard Deviation         

__________________________________________________________________ 

Lessons were fun               2.7    .7       

Liked the stories                      2.7                                           .6                 

Liked the graphics                   2.8                                           .6               

Helped learn new words          2.9                                           .5                                  

Would like to use more           2.8                                           .6                    

__________________________________________________________________           

 

Study 2 

   Our original aim was to test whether use of the 4KW computer program resulted 

in improved performance on standardized tests of vocabulary knowledge when compared 

to business-as-usual classroom instruction. Table 3 presents descriptive statistics of the 

unadjusted means and standard deviations of scores on the pre-test and post-test across all 

measures. In general, no differences emerged on overall posttest scores between 

treatment and control students. A number of factors may have contributed to the lack of a 

treatment effect on posttest scores. Treatment fidelity was inconsistent at best, as 
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described below. The 4KW lesson-level pretest design also resulted in students not 

receiving explicit instruction on approximately a third of the words they didn‟t know, 

since they would guess correctly one third of the time. These factors lead us to ask 

whether treatment group students performed better on the posttest on words which they 

actually did encounter during use of the 4KW program. The overall posttest score results 

are reported below, followed by a description of the word-level results.   

  Seward Reading Vocabulary Post-Test. An ANCOVA was conducted to 

determine the effect of treatment on the reading vocabulary post-test.  Language 

background and reading pre-test both accounted for a significant amount of variance in 

the dependent variable.   After adjusting for the effects of the covariates, the results of the 

analysis indicated no significant difference between the treatment and control groups on 

the reading post-test F(1,178) =1.40, p = .123.   The adjusted means for the reading 

vocabulary post-test were 29.0 and 29.7 for the control and treatment group, respectively.  

  Seward Listening Vocabulary Post-Test. An ANCOVA revealed that a significant 

proportion of variance in listening vocabulary post-test scores could be accounted for by 

listening vocabulary pre-test, language background and grade level.  However, after 

adjusting for the covariates, there was no main effect of condition on listening post-test 

scores, F(1,178) = 1.59, p =.145.  The adjusted means for the listening post-test were    

30. 2 and 29.6 in the control and treatment group, respectively.      

  Gates MacGinitie-2. Results of the ANCOVA showed that grade and pretests 

accounted for a significant proportion of variance in scores on the Gates MacGinitie-2.  

After adjusting for the effects of the covariates, there was no significant difference 
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favoring the treatment for first and second grade students on the Gates MacGinitie-3, 

F(1,84) = 4.61, NS.  The adjusted post-test means were 20.8 and 18.8 for the control and 

treatment condition, respectively.          

  Gates MacGinitie-3. The results of the ANCOVA show that language background 

and pretest scores accounted for a significant proportion of variance in third and fourth 

grade scores on the Gates MacGinitie-3.  The results of the ANCOVA show that after 

adjusting for the effects of the covariates, there was a significant effect of condition 

favoring the treatment group for third and fourth grade students on the Gates MacGinitie-

3, F(1,82) =3.043, p =.043.   Adjusted post-test means were 23.9 and 26.0 for the control 

and treatment condition, respectively.          

  Word-level analysis. A post-intervention analysis of the data collected by the 

4KW software program showed that during the intervention the average treatment student 

was exposed to only 3.4 words that she/he missed on the paper and pencil pretests, a 

number too low to expect significant differences on posttest total scores. This was in part 

due to poor treatment fidelity (described below). This finding motivated analyses at the 

word-level to determine if treatment students performed better on posttest items if they 

had encountered them during the intervention. A Chi-square analysis using all cases of 

words missed by treatment students on the paper-and-pencil pretests (n = 2561) was 

performed, crossing exposure to the word during the intervention with posttest 

performance. The results showed that exposure led to improved posttest performance 

(See Table 6). When students did not encounter missed words during the intervention 
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Table 5 

Unadjusted means and standard deviations by group 

_____________________________________________________________ 

       Measure                      Control                 Treatment 

_____________________________________________________________ 

                Mean          S.D.            Mean           S.D. 

Reading vocabulary                 

 Pretest  25.1            9.3                     26.0            8.9 

 Posttest 28.6            7.6                     30.0            7.9 

Listening vocabulary 

 Pretest  26.6             4.7                     26.3            4.7 

 Posttest 30.0             4.5                     28.8            6.9 

Gates-MacGinitie 2 

 Pretest      -                 -                            -             - 

 Posttest   20.4             9.3                     19.2            8.7 

Gates-MacGinitie 3 

 Pretest                              -                 -                            -               - 

 Posttest                          23.7             9.8                       26.2          10.9 

______________________________________________________________ 
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they were successful on those words less than half of the time at posttest. Students who 

were exposed to missed words during the intervention were successful at posttest nearly 

two thirds of the time, and this difference was highly significant (p < .001).

 “Exposure”, as it is used here and in subsequent analyses, means that the student 

completed the lesson that contained that word. The student was pretested on the word and 

listened to the word used in story context at least once, and may or may not have had 

further explicit instruction on the word.                                           

 

Table 6 

Chi Square results crossing posttest item outcomes with 4KW word exposure  

______________________________________________________________ 

                                                                      Posttest item outcome                                       

            __________________________________ 

                                                        Items correct (%)         Items incorrect (%)                    

                                             __________________________________ 

                             Yes                     215 (64%)        119 (36%) 

4KW exposure 

                                    No                     1052 (47%)   1175 (53%) 

_______________________________________________________________  

            

 The Chi-square results described above motivated an HGLM approach to 

modeling student performance at the word level. That is, a model with word items nested 

within students. Treatment and control students‟ performance did not differ significantly 
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on posttest items to which treatment students were not exposed (t = -1.20, df = 4771,        

p = .23). Due to the low frequency with which treatment students were exposed to words 

found on the paper and pencil posttests, Seward posttest results were combined. Gates-

MacGinitie posttest results were not included in the word-level analyses, since they were 

not administered as pretests and analyses were based on items that students missed on the 

paper-and-pencil pretests.        

 Dummy coding for the 80 words found on the integrated Seward posttests was 

used to create an unconditional Level 1 model with posttest item outcomes from every 

student as the dependent variables. This Item Response Theory (IRT) approach provided 

item difficulty estimates and an estimate of the mean vocabulary ability of the posttest 

respondents. The item difficulty estimates suggest that although the 4KW word corpus is 

arranged in hierarchical fashion by word frequency, a consistently linear progression of 

easier to more difficult items does not follow from that hierarchy. This is likely due to a 

variety of factors including variability in the ease with which some words are visually 

represented in drawings compared to others, the degree to which drawings accurately 

represent word meanings, and the fact that the word frequency hierarchy is based on 

written English samples that are not limited to reading materials that children would 

likely encounter (Zeno et al., 1995).        

 The HGLM models included all cases wherein, for a given item, the paper and 

pencil pretest outcome was incorrect and a paper and pencil posttest item outcome was 

available. The HGLM model here is defined at two levels, with item and treatment 

variables incorporated at Level 1 and random effects related to students at Level 2.         
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If     is defined as the probability of person i correctly responding to item j, then the logit      

    =      
   

     
 , and the equation for Level 1 in the model becomes   

                             (1)                       

where     represents a random effect of student vocabulary ability,      represents a fixed 

effect of difficulty for item j, and      represents a fixed effect for exposure to item j with  

   = 0 if student i was not exposed to item j and      = 1 if student i was exposed to item j 

during the intervention. Consistent with the Chi-square findings referenced above, when 

entered as a fixed effect, “exposed” was a highly significant positive predictor of posttest 

item success (z = 3.87, p < .001). The fixed effect, .52, suggests that students exposed to 

a word during the 4KW intervention were 1.68 [exp(.52) = 1.68] times more likely to 

answer correctly to that item on the paper and pencil posttest than if they were not 

exposed. When entered as a random effect, “exposed” was similarly positive and 

significant (z = 3.89, p < .001).  The fit of the models with “exposed” as either a fixed or 

random effect, did not differ significantly, Chi square (2 degrees of freedom) = 1.82,       

p = .40. The Akaike information criterion (AIC) and the Bayesian information criterion 

(BIC) were lower for the fixed effect model than for the random effect model suggesting 

that the fixed effects model was a better fit, and the lack of significant difference between 

the models confirms the conclusion that the fixed effect model is the better model (See 

Table 5). As such, the Level 2 models were limited to modeling of the random effect of 

student ability,    . Student (Level 2) variables, including treatment vs. control 

assignment, grade, gender, ELL status, Special Education status, and SES status were 

then incorporated into various HGLM models; results are described below.   
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 ELL status (z = -4.42, p < .001), SES status (z = -2.97, p < .01), Special 

Education status (z = -2.43, p < .05) and grade levels 1 and 2 (z = -5.20, p < .001 for 

grade 1; z = -2.57, p = .01 for grade 2; z = - .84, p = .40 for grade 3, with grade 4 as a 

referent) were demographic variables that reached significance as individual predictors of 

item-level outcomes. When entered into the model together, only ELL and grades 1 and 2 

remained significant. The Level 2 model was then defined as    

       = w00 + wellz1i + wgrd1z2i + wgrd2z3i + uij              (2)   

where w00  is an intercept representing the overall mean student ability level, 

     represents the fixed effect of ELL status,    = 0 if student i is not identified as an 

ELL student,     = 1 if student i is identified as an ELL student, wgrd1 represents the fixed 

effect of being in grade 1 with z2i = 1 if student i is in first grade and 0 otherwise, wgrd2 

represents the fixed effect of associated with being in grade 2 with z3i = 1 if student i is in 

grade 2 and 0 otherwise, and     is a residual term. The negative fixed effect associated 

with identification as an ELL student, -.47, suggests that ELL students were 1.58 times 

less likely to respond correctly to posttest items to which they had not been exposed. In 

effect, exposure to a word during the intervention would raise an ELL student‟s odds of 

answering that item correctly on the posttest to the level of a non-ELL student who had 

not been exposed to the word during the intervention. This result is consistent with well-

documented research described earlier suggesting that ELL students often face 

vocabulary knowledge deficits. The negative fixed effects associated with being in grades 

1 and 2 suggest that those students were less likely to respond correctly on the posttest to 

items they had missed on the pretest, in comparison to students in grade 4.   
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 When incorporated as a student-level variable, school was also a significant 

predictor of posttest item outcome. With the relatively affluent School 1 as the referent, 

the less affluent urban School 3 (z = -4.70, p < .001) was associated with a negative 

effect on posttest item performance. “School” as a Level 2 correlates with SES and ELL 

status in the model; when entered together the ELL effect was no longer significant and 

the p-value of the school effect was greatly reduced but was still significant.  “School” 

was not incorporated into the final model, however, as it correlates with SES (.76) and 

ELL (.58) highly, and is intuitively less descriptive than those demographic variables. 

Consistent with the lack of overall differences on posttest total scores, assignment to 

treatment or control groups was not a significant Level 2 predictor (z = .71, p = .48). That 

is, being in the treatment group led to no advantage or disadvantage on posttest 

vocabulary items to which treatment group students were not exposed during the 

intervention. Gender was not a significant Level 2 predictor (z = .18, p = .89).   The full 

model thus included “exposure” as a Level 1 predictor (Equation 1), and ELL, and 

Grades 1 and 2 as Level 2 predictors (Equation 2) explaining variance in the random 

effect of theta from Level 1 (see Table 7 for fit statistics and Table 8 for parameter 

estimates).   
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Table 7 

Fit Statistics for Unconditional, Fixed Effects, Random Effects and Full Models 

__________________________________________________________________ 

                        AIC                        BIC         degrees freedom   

__________________________________________________________________ 

Unconditional           6499.8                   7030.3                           81 

Fixed effects           6487.0      7024.1                           82 

Random effect           6489.5                 7039.7                           84                 

Full model                6470.3                    7027.1                           85 

__________________________________________________________________               

Note. AIC, Akaike Information Criterion; BIC, Bayesian Information Criterion. 

           

 Student Engagement. Assessment of student engagement while using the 4KW 

program was conducted over the course of Study 2. Working individually, two 

researchers conducted observations in classrooms on a rotating basis before and during 

student use of the 4KW program on teacher-scheduled days. Observers posed as 

classroom aides, moving around classrooms engaging and observing all students, so as to 

remain unobtrusive to students using the 4KW program. At predetermined time points 

(approximately five minute intervals) observers turned attention to 4KW users for 3-5 

seconds and judged whether students were appropriately engaged in program tasks. 

Researchers also noted the specific 4KW program tasks with which students were 

engaged during these time points.       
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Table 8 

Unconditional and Full Model Parameter Estimates                                                                          

_______________________________________________________________________ 

        Unconditional model 

Variable                                   β                      Standard error β                   

________________________________________________________ 

Theta/intercept      -.37                           .16 

 

     Full model 

Variable                                   β                      Standard error β              

________________________________________________________ 

Theta/intercept                     -.09                              .18 

Exposure                              .52***            .14 

ELL                                     -.47***            .11 

Grade 1                                -.70*** .18 

Grade 2                                -.34** .18 

Assignment to treatment       .08            .11 

________________________________________________________________________

Note.  **p < .01, ***p < .001. 

                                  

 Students were judged to be properly engaged at 91% of the pre-determined time 

points (N = 687) collected by two researchers. Inter-rater reliability was .94. The high 

level of student engagement was consistent across schools and throughout the course of 

the 14 week intervention (89% on-task during the last four weeks of the study). Of the 
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eight researcher-specified activities within the instructional program (pretest/posttest, 

story-listening I, II, III, puzzle game, matching game, submarine game) students were 

most likely to be rated as off-task while listening to the lesson stories. Although students 

were highly engaged during all lesson tasks, 90% of time points wherein students were 

judged to be off-task occurred during the more passive, story-listening components of the 

program (See Table 7). Discriminating between the three story-listening tasks in this 

regard was not feasible, since during many lessons students‟ pretest performance dictated 

that they hear the story only once. Only one instance of student off-task behavior was 

recorded during the game-like instructional activities in the program, and students were 

rarely judged to be off-task during lesson pretests or posttests.                                                           

              

Table 9 

Student task engagement during use of the 4KW program      

________________________________________________________________________ 

 Task        Time points observed           On task %    

________________________________________________________________________ 

Lesson pre/posttest          241      96% 

First story read along          152      82% 

Second/third read-along                 132                                     80% 

Game-like tasks          162      99% 

Overall           687      91% 

________________________________________________________________________
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 Fidelity of Treatment. The intervention schedule called for treatment students to 

spend 30 minutes per day, three times per week using the 4KW program, over the course 

of 15 weeks. Specific times of use were at the teachers‟ discretion. Analysis of average 

student progress through 4KW lessons suggests that, conservatively, students should have 

completed 130-140 lessons given the prescribed schedule. In fact, students completed 

less than half of that number of lessons, approximately 58 on average. Significant 

technical difficulties at Schools 1 and 2 contributed to this low treatment fidelity. School 

1 students averaged 117 lessons completed, School 2 students averaged 46 lessons 

completed, and School 3 students averaged 57 lessons completed. The intervention 

schedule called for students to use the 4KW program on approximately 45 days during 

study, but students‟ use of the program averaged only 17-18 days in all 3 schools. As a 

result of these fidelity issues treatment students were, on average, exposed to only 3.5 

words that they had missed on the paper and pencil pretests, which was approximately 

13% of the words the average student missed on the pretest. 
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          Chapter V 

                                                          Discussion                                                                                                          

Study 1           

 The purpose of this study was to test whether students‟ use of the 4KW 

vocabulary program resulted in improved knowledge of word meanings sufficient to 

affect test scores.   The results suggest that the 4KW program can successfully teach 

target words and improve vocabulary scores. The goal of this study was not to test 

whether the 4KW instruction is superior to some other instructional design for vocabulary 

learning, since the computer adaptive aspect of the 4KW program provides efficiency and 

individualized instruction that allows for instruction on a much larger corpus of words 

than is reasonably feasible otherwise.                                                                                                                  

 The 4KW program includes instructional components that have been repeatedly 

reported to be essential for effective student learning of vocabulary. Among these are 

repeated exposure to words (Stahl & Fairbanks, 1986; Nagy, 1988; Graves, 2006), 

examples of target words used in context (Stahl & Fairbanks, 1986; Biemiller, 2004), 

provision of definitions in simple language (Stahl & Nagy, 2006), and a focus on words 

that students are likely to encounter frequently (Nagy, 1988; McKeown & Beck, 2004). 

Instruction is multimedia in nature, with pictorial cues accompanied by auditory 

definitions (Mayer & Moreno, 1998), and read-alongs provide opportunities to listen and 

re-listen to fluent use of words in context (Hulstijn, 2003). Although the 4KW program 

implemented in Study 1 was a simplified version, it contained these key elements to 

effective instruction. Additional game-like activities designed to reinforce the 
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relationship between words and semantic representations and to increase speed of lexical 

access were incorporated into the 4KW program in Study 2. These activities increase the 

number of encounters with target words and focus on words missed at the lesson pretest, 

capitalizing on the computer adaptive design of the program.                                                                                                                          

 It was encouraging that all three grade levels in Study 1 showed vocabulary gain 

scores higher for subjects in the treatment condition compared to control groups, 

although the increase was not statistically significant in 4
th

 grade. Similarly, although 

effect sizes were large for both boys and girls, the overall gain score improvements for 

girls in the treatment group did not reach significance. Determining whether a gender 

difference exists with relation to student learning using the 4KW program requires a 

larger sample size, and is addressed in Study 2. In addition, although students involved in 

this Study 1 included ELL learners, the number of ELL learners was insufficient for 

statistical analysis. Overall, however, the large improvements in mean post-test scores 

and effect sizes associated with assignment to the experimental condition provide reason 

for optimism.                                                                                                        

 A number of caveats limit the inferences that might be drawn from Study 1. We 

have little knowledge of the activities in which control group subjects were engaged 

during treatment sessions. The summer school setting is academically less rigorous in 

general. It is likely that control students were receiving little direct vocabulary 

instruction, particularly given the extremely limited amount of explicit vocabulary 

instruction that is currently delivered in U.S. schools in general (McCutchen, Green, 

Abbott & Sanders, 2009). Second, vocabulary instruction was not uniformly 
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administered. Duration of sessions varied from 10-30 minutes depending on the teacher 

whose students were involved on any given day. In addition, how learning the words in 

this program might generalize to standardized vocabulary tests that include words not 

explicitly taught in The First 4000 Words is unknown, but is addressed in Study 2. We 

would expect significantly smaller effect sizes when vocabulary assessments include a 

smaller percentage of words directly targeted by instruction.                                                                                                                      

 The vocabulary instruction program utilized in Study 1 represented only a part of 

the fully developed First 4000 Words program, but still led to significant effects on 

vocabulary knowledge. Study 2 tested additional possibilities suggested by Study 1, as it 

included a larger number of subjects, a more complete 4KW software program to allow 

for greater individualization of instruction, longer experimental timeframe, and use of 

standardized vocabulary measures.   

Study2           

 The purpose of Study 2 was to determine whether the 4KW computerized 

vocabulary program, shown to be effective in teaching targeted vocabulary words in 

Study 1, could be scaled up to have an effect on student performance on standardized 

measures of vocabulary. We viewed this as a logical step toward the larger goal of 

producing effects on reading comprehension. Although the results of Study 2 indicate 

that third and fourth grade students who participated in the 4KW program preformed 

significantly better on the Gates-MacGinitie-3 vocabulary posttest than students in the 

control group, effects were weak and significant effects favoring the treatment group 

were not found for the Seward post-test measures of reading or listening vocabulary, or 
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for first and second grade students on the Gates-MacGinite-2.     

 The discrepancy between the strong, positive results of Study 1 and the 

insignificant effects on posttest scores in Study 2 were not completely unexpected, and 

led to the word-level analysis of student performance detailed in the Results and 

discussed below. Scaling up the 4KW intervention and still detecting effects using 

standardized measures of vocabulary knowledge was challenging in that the number of 

words a student needed to learn in order to have  an expected 1 point improvement from 

pre-test to post-test increased proportionally as the size of the curriculum increased.  The 

100-fold increase in curriculum size required that a student learn a far greater number of 

words in a relatively short amount of time in order to produce a detectable effect of 

treatment within the time frame of the study. Whereas 40% of target words taught in 

Study 1 appeared on the posttest, only about 1% of the words potentially taught in Study 

2 would appear on any of the standardized or Seward vocabulary posttests. That is, with a 

large increase in the corpus of target words a vocabulary intervention attempts to teach 

there is a corresponding decrease in the percentage of target words that will appear on an 

outcome measure, assuming the number of items on the outcome measure remains 

constant. This reduction in posttest sensitivity to learning suggests that an intervention 

must be time-intensive and conducted with high treatment fidelity to produce effects on 

standardized vocabulary tests when the curriculum domain is large.    

 Although Study 2 was designed to run for an extended period of time (15 weeks), 

several factors in this study impeded students‟ progress. The intervention schedule 

predicted approximately 45 days when students would use the program, but students 
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averaged only 17-18 days of use. It also appears that the average time spent during 

sessions when students did use the program was less than the 30 minutes called for in the 

intervention schedule, although determining exact session durations was not possible. 

These issues precluded treatment students from being exposed to a sufficient number of 

words to affect overall posttest scores.      

 Significant technical difficulties encountered in Schools 1 and 2 contributed to the 

lack of fidelity both directly and indirectly. During the course of the intervention these 

schools experienced a significant time period for which they had limited or no computer 

access.  School 1 experienced a computer virus that led to a complete district-wide 

shutdown of all computers for three weeks of the intervention. School 2 was equipped 

with insufficient internet bandwidth for the first half of the intervention, which resulted in 

frequent disruptions to the 4KW program and required tedious repetitions of logins. 

Teacher and student frustration with technical issues certainly and understandably caused 

some teachers to reduce the time they committed to the intervention schedule. As a result 

of these issues, students completed considerably less than half the lessons that would 

have been expected had the intervention schedule been followed with high fidelity. In 

addition, it is likely that insufficient effort was given to preparing teachers for their roles 

in the experiment. Although teachers were initially informed of and encouraged to utilize 

4KW managerial software features, which provide user-friendly mechanisms for tracking 

student performance and adjusting placement in the lesson hierarchy accordingly, 

teachers did not use this feature until explicitly requested to do so during the study. Since 

some students were initially placed into a level that was lower than their actual ability, as 
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shown by series of lessons wherein students demonstrated knowledge of all or most of 

the words on lesson pretests,  many students spent time going through lessons below their 

ability level, decreasing the amount of time they had to learn new words. Timely use of 

the managerial software features might have alleviated this problem.        

 Word-level analyses. Despite the logistical challenges and limited duration of 

Study 2 referenced above, HGLM and Chi-square word-level analyses showed that 

students benefited from exposure to vocabulary items while using the 4KW program. The 

analysis of student performance at the word-level was motivated by researchers‟ 

awareness of the difficulty of detecting growth in vocabulary knowledge using 

standardized tests of vocabulary (National Reading Panel, 2000), and was made possible 

by features of the 4KW software program that closely monitor and record students‟ 

progression through the lesson hierarchy. At the word-level both HGLM and Chi-square 

analyses demonstrated that, despite the lack of statistically significant effects on overall 

posttest vocabulary scores, treatment students who missed words on the paper-and-pencil 

pretests were approximately 1.7 times as likely to get those items correct on the posttest if 

they had encountered those words during the 4KW intervention. This shows that students 

gained knowledge of word meanings from use of the 4KW program and that this learning 

was retained over a period of weeks. This finding provides support for the hypothesis that 

the lack of overall improvement by students in the treatment condition on standardized 

vocabulary measures was a result of insufficient exposure to 4KW instruction during the 

study. Further support for this hypothesis comes from data showing the very inconsistent 

fidelity with which the intervention was implemented by teachers during the study, 
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described above.         

 The HGLM approach to modeling students‟ posttest performance on vocabulary 

items to which they had or had not been exposed during the intervention allowed for 

analysis of questions arising from Study 1 and the role of a variety of student 

demographic variables. Study 1 results had suggested differing effects of 4KW instruction 

by gender and grade, although the small sample sizes in Study 1 made those conclusions 

tentative. The word-level analysis in Study 2 found no difference in effects of 4KW 

instruction by gender, supporting the supposition that small sample size was important in 

the differences seen in Study 1. Similarly, Study 1 results suggested that effects of 

program use differed by grade, with 4
th

 grade students showing insignificant effects from 

4KW instruction. Study 2 showed that the positive effects of word exposure during the 

intervention were consistent across grades.       

 Students in the treatment condition performed no better than their control group 

counterparts on posttest items to which they were not exposed during the intervention. 

This suggests that positive effects on vocabulary learning from enhanced “word 

consciousness” (Anderson & Nagy, 1992) as a result of explicit vocabulary instruction 

were absent or not at detectable levels during this experiment. “Word consciousness” has 

been posited as a potential benefit of explicit vocabulary instruction. Despite a lack of 

empirical support in the research literature, proponents theorize that explicit focus on 

vocabulary learning might lead students to be more cognizant of new words they 

encounter in their environment, leading to enhanced vocabulary growth. Although the 

results of Study 2 do not support this supposition, it is possible that better integration of 
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the 4KW instruction with other literacy-related classroom activities and more overt 

encouragement from teachers in this regard might have such effects.    

 As described in Chapters 1 and 2, ELL and low SES status are known to be key 

factors that put students at risk for inadequate English vocabulary knowledge and 

attendant academic difficulties. The HGLM analyses suggest that all student groups 

identified in Study 2 benefitted on posttest items from exposure to those items during 

4KW instruction, but ELL students who were exposed to words during the intervention 

were only as likely to respond correctly to those words on the posttests as non-ELL 

students who were not exposed. It is likely that ELL students have English language 

skills that are underdeveloped relative to their peers.    

 Overall, students exposed to words they had missed on the paper and pencil 

pretests were 1.7 times as likely to respond correctly to those items on the posttest overall 

than were students who had not been exposed (holding vocabulary ability constant). AIC 

and BIC model-fitting results, which balance the reward of increases in variance 

accounted for with the cost of incorporation of extraneous variables, suggest that the best-

fitting model fitted  in the HGLM analysis conducted here included ELL status as the 

only Level 2 predictor from the aforementioned demographic variables collected.    

 Conclusions. The First 4000 Words program represents a thoughtful and well-

designed attempt to combine computer-adaptive technologies with theoretically driven, 

pedagogically sound vocabulary instruction towards the goal of addressing an important 

educational need. Instructional tasks are research-based, and reflect well-established 

principles in vocabulary learning. The animation is bright, attractive, and students are 
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typically highly engaged when using the program. Experimental results from Study 1 and 

Study 2 demonstrate that students gain knowledge of word meanings when using the 

4KW program.           

 There are weaknesses in the 4KW program, however, that might be addressed in 

future iterations of the program. On the lesson pretests, only three alternative 

representations are available for students to choose from after hearing the target word 

(see Figure 4), and there is no option for students who don‟t know the word meaning 

except to guess. This means that students who don‟t know a word meaning will guess 

correctly 33% of the time, and subsequently receive no explicit instruction on that word. 

The fact that students don‟t receive further, explicit instruction on a third of the words 

they encounter and don‟t know is problematic. Future modifications might include 

increasing the number of representations students have to choose from to decrease this 

percentage, or adding an option that allows students to indicate that they don‟t know the 

meaning of a word. In addition, the repeated reading/listening to lesson stories may be 

too passive, as suggested by observational data showing most off-task behavior occurred 

during these lesson components. Repeated reading and shared reading, which the story 

listening tasks are designed to model, are powerful strategies shown in the research 

literature to have beneficial effects on literacy. However, in traditional settings they are 

typically augmented with teacher/student questioning or other interactions. Adding some 

tasks that require active student participation during the story listening phase itself (rather 

than after the story), such as a cloze task or multiple-choice questioning, might increase 

active student engagement.         
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 Lastly, although a great deal of effort has been put into generating the images that 

serve as visual representations of word meanings in the 4KW program (including words 

that do not lend themselves easily to visual representation), ongoing efforts should be 

made to augment these representations. There is concern that students may identify new 

words strictly with the corresponding image, which is seen repeatedly during lessons, 

rather than inferring meaning from the image. This concern is supported by personal 

observation that some lesson posttest items can be answered successfully in the absence 

of hearing the word, but rather by visual recognition of a recently familiarized image. 

Expanding the number of images available to represent each vocabulary item would be 

an extensive undertaking, but would address this concern and might lead to even better 

understanding of word meanings as students integrate multiple representations of them. 

 Future Studies. Study 1 demonstrated the effectiveness of 4KW in improving 

students‟ vocabulary knowledge for words that they were directly taught in the program 

(Fehr et al., in press).  The significant difference found in the current study between the 

treatment and the control group on the Gates-MacGinitie-3 and, more importantly, the 

results of the word-level analyses conducted here provide support for the program‟s 

potential to be scaled up and have an effect on student‟s scores on standardized tests of 

vocabulary. However, the fact that this effect was not found for the other three post-test 

measures suggests that a more sustained intervention is likely required to produce robust 

intent-to-treat effects. If teachers actively monitor student performance, adjust student 

placement accordingly, and work to integrate 4KW word-learning into other classroom 

activities such as reading and writing, it is likely that benefits to student use of the 
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program can be enhanced.        

 The ultimate goal of 4KW is to produce effects on reading comprehension, thus 

future research should include measures of reading comprehension as outcome variables. 

Whether use of the 4KW vocabulary program over an extended period of time can lead to 

positive effects on measures of reading comprehension remains to be determined and is a 

focus of planned research. Future research will include measures to assess reading 

comprehension, but neither Study 1 nor Study 2 attempted to measure students‟ reading 

comprehension before or after the intervention.     

 In conclusion, although not all of the effects of the 4KW intervention reported 

here are robust, there is reason for optimism. The challenge of detecting treatment effects 

when such an intervention is scaled up will likely require a more sustained treatment 

period than was implemented here. Given the logistical difficulties that undermined 

treatment fidelity during this study, it is not surprising that the results on posttest scores 

showed little or no difference between treatment and control students.   

 It is unrealistic to suggest that computer-delivered vocabulary instruction can be 

the sole vehicle for remediation of significant vocabulary deficits or ELL vocabulary 

learning; the roles of social discourse in the classroom and extensive reading of 

appropriate level texts will remain indispensable and provide the preponderance of 

opportunities for implicit word learning. It would seem, however, that efficiencies 

available through computer-adaptive technology, when combined with theoretically 

driven and pedagogically sound software programs, may be a very useful tool for 

introducing students to words and word meanings as part of a comprehensive approach to 
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vocabulary deficit remediation and ELL vocabulary learning. When embedded within a 

learning environment emphasizing a robust and metacognitive approach to language 

learning, computer adaptive vocabulary instruction may play an important role in helping 

at-risk students‟ literacy achievement (Kojic-Sabo & Lightbown, 1999). The results of 

the two experiments with students using the 4KW program documented in this thesis 

suggest that the program has potential for addressing the need for remediation of 

students‟ vocabulary deficits. More extensive interventions will be required to determine 

if successful remediation of students‟ vocabulary deficits can lead to better reading 

outcomes.  
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Appendix A.  Seward Reading Vocabulary Test 
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Appendix B. Seward Listening Vocabulary Test  
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Appendix C. Study 1 Teacher Survey 

The First 4000 Words Teacher Survey 

 

Dear Teachers, 

 

Thank you very much for your participation in this research effort. Your opinions will 

help guide future research in this area. Please read the following statements and indicate 

your agreement or disagreement with them. In addition, your insights, critiques, or 

comments on your experience implementing this program would be greatly appreciated. 

 

1 = Strongly agree   2 = Agree     3 = Neutral      4 = Disagree      5 = Strongly disagree 

 

 

1. Implementation of the 4KW program caused significant  

problems for my classroom management.                                    1      2      3      4      5 

 

 

2. When using the 4KW program, students were very   

much “on-task”.                                                                            1      2      3      4      5 

 

 

3. I had a lot of difficulty integrating the 4KW program          

 into my normal curriculum.                                                         1      2      3      4      5 
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: 

 

 4. The students assigned to the 4KW program really                   

enjoyed using it.                                                                            1      2      3      4      5 

 

                                                                                                                             

5. Students needed a lot of supervision when using  

the 4KW program.                                                                         1      2      3      4      5 

 

 

6. The 4KW program would be a much more useful  

teaching tool in a computer lab or library than in the  

classroom.                                                                                     1      2      3      4      5 

 

 

7. The students using the 4KW program were more  

“on-task” than they would typically be during whole- 

class activities.                                                                              1      2      3      4      5 

 

 

8. The quality of the instruction the 4KW program is high.         1      2      3      4      5 

 

(over) 

9. What grade level do you teach?                                  1             2            3            4 
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Please provide any additional thoughts, comments or critiques: 

 

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________ 

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________ 
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Appendix D. Study 1 Student Survey Questions 

 

1) Was doing these lessons fun?     3     2     1 

 

2) How well did you like the stories?   3     2     1 

 

3)Do you think the software looks interesting?    3    2     1 

 

4) Did this program help you learn new words?    3     2     1 

 

5) Would you like to do more of this?   3     2     1 
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Appendix E. Study 2 Observation Form 

 

4KW Observation Form 

 

Date:                      School:                          Grade:                         Teacher:                                 

 

Treatment Students: 1 = engaged     0 = not engaged      * = teacher interaction / 

 

A=assessment; R1, R2, R3= respective readings; S=subgame; P=puzzle; M=matching; 

B= bonusgame 

 

A)       5‟___/____        10‟___/____       15‟___/____      20‟___/____ 

B)       5‟___/____        10‟___/____       15‟___/____      20‟___/____ 

 

Control Students: Circle all that apply 

Independent/Group reading                               Other literacy tasks (writing, rhyming, etc) 

Storytelling (listening)                                       Other (math, games, etc) specify: 

Vocabulary tasks 

 

 

Teacher Notes (teacher comments, teacher strategy): 

 

 

 

 

  


