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ABSTRACT 

This study is a cross-sectional investigation into the relationship among 

Japanese EFL learners’ vocabulary size, two aspects of depth of vocabulary knowledge, 

polysemy and collocational knowledge, and automaticity of word recognition specified 

as orthographic decoding speed and lexical meaning access speed, and the roles these 

aspects of lexical knowledge play in general academic reading comprehension as well 

as in each of five Reading Comprehension item types—Main Idea, Stated Details, 

Paraphrased Details, Guessing Vocabulary from Context, and Making Inferences. 

The participants (N = 166) were first- and second-year, non-English majors at a 

four-year, co-educational university in western Japan. The participants were gathered 

from seven intact classes, where they focused on developing reading skills for TOEIC. 

Data were obtained from six major instruments: the Reading Comprehension Test, the 

Vocabulary Size Measure, the Revised Word Associates Polysemy Test, the Revised 

Word Associates Collocation Test, the Lexical Decision Task, and the Antonym 

Semantic Decision Task. The first four tests were administered with pencil and paper 

over two months, and the latter two tests were administered during the summer vacation 

with individual participants using computer software that produced reaction time data. 

Before conducting the quantitative analyses, the paper and pencil based tests were 

analyzed using the Rasch dichotomous model to examine the validity and reliability of 

the instruments and to transform the raw scores into equal interval Rasch measures. 

Pearson correlation coefficients were calculated to investigate how these aspects of 

lexical knowledge were related, and hierarchical multiple regression analysis was 

conducted to determine to what extent these aspects of lexical knowledge contributed to 
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the prediction of general reading comprehension as well as each of the five reading 

comprehension item types. In addition, using the percentage of correct answers, 12 

anchor words across three lexical knowledge tests, the Vocabulary Size Measure, the 

Revised Word Associates Polysemy Test, and the Revised Word Associates Collocation, 

were analyzed to examine the possible presence of a hierarchical acquisitional pattern 

for the three aspects of lexical knowledge. 

The results showed strong correlations among the Vocabulary Size Measure, the 

Revised Word Associates Polysemy Test, and the Revised Word Associates Collocation 

Test, which suggested that vocabulary size and depth of vocabulary knowledge are 

closely related. This indicated that the more learners expand their written receptive 

vocabulary, the more likely they are to learn about various aspects of those words, such 

as their common collocation. On the contrary, none of the three lexical knowledge tests 

correlated significantly with the Lexical Decision Task and the Antonym Semantic 

Decision Task, which suggested that increases in vocabulary size and depth of lexical 

knowledge were not accompanied by the development of faster recognition of 

orthographic form or faster access to word meaning. Hence, this result implied that 

developing greater speed of lexical access lags behind increases in overall vocabulary 

size. Furthermore, the micro-analysis of 12 anchor words indicated that item 

dependency and considerable individual variation for each anchor word was present for 

the three aspects of lexical knowledge. The results also indicated that both vocabulary 

size and depth of lexical knowledge play significant roles in academic reading 

comprehension. Moreover, the two aspects of depth of vocabulary, polysemy and 

collocational knowledge, made unique contributions to the prediction of academic 
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reading comprehension, which suggested that as learners’ vocabulary size approaches 

3,000 words families, depth of lexical knowledge becomes increasingly important for 

academic reading comprehension. In a similar vein, the strong correlations among 

Guessing Vocabulary from Context item type, vocabulary size, and the two aspects of 

depth of vocabulary knowledge suggested that successful lexical guessing requires both 

a reasonably large vocabulary size and depth of lexical knowledge. That is, learners 

need to know the primary meaning of words, secondary meanings, and how the words 

relate to other words if they are to successfully guess the meaning of unknown words. 

The results also indicated that word recognition, specified as orthographic processing 

speed and lexical meaning access, did not uniquely contribute to the prediction of 

academic reading comprehension nor to the prediction of most of the five Reading 

Comprehension item types for the relatively low English proficiency participants in this 

study. Only orthographic processing speed predicted 5% of the variance in the Reading 

Comprehension Paraphrased Details item type; however, a plausible explanation for this 

finding is that it was caused by the difficulty of this item type. This finding is 

reasonable, as verbal efficiency theory (Perfetti, 1985) states that as lower-level 

processes are automatized, cognitive capacity is freed up. A possible explanation for the 

other insignificant results between the two reaction times tests and the other four 

Reading Comprehension item types is that the participants were under no pressure to 

complete the reading comprehension measure quickly, as it was an unspeeded test. 

Another plausible reason is that the participants’ L2 lexical proficiency was relatively 

low; therefore, they have not yet developed word recognition fluency. Finally, the 

results showed that the Reading Comprehension Main Idea item type and Paraphrased 
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Details item type are more closely related to depth of vocabulary knowledge than to 

vocabulary size. 
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 CHAPTER 1 

INTRODUCTION 

 

Background of the Issue 

In one of my university classes, I am required to use a textbook that is focused 

on helping students learn 2,000 essential words. I usually ask my students to identify 

the words they do not know. When I review their responses, I often find that individual 

learners mark a wide variety of words on the list. I also have noticed that some 

students, who are regarded as relatively advanced in the class, identify words I 

believed they should have learned already. I regard these students as relatively 

advanced because they are able to answer questions regarding the meaning of difficult 

vocabulary in TOEIC reading passages and are able to correctly answer multiple-

choice questions about fairly difficult reading passages. These experiences have made 

me interested in investigating Japanese EFL (English as a Foreign Language) students’ 

lexical competence, specifically their written receptive vocabulary knowledge, and 

investigating the roles different types of vocabulary knowledge play in reading 

comprehension. 

Many vocabulary researchers agree that vocabulary is a multidimensional 

construct (Milton, 2009; Nation, 2001, 2013a; Qian & Schedl, 2004; Read, 2000; 
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Schmitt, 2010). Even though researchers have proposed various dimensions of 

vocabulary knowledge, three dimensions, size, depth, and fluency, have received 

widespread support in the literature (Daller, Milton, & Treffers-Daller, 2007; Qian, 

2004; Schmitt, 2010). Size refers to how many words learners know, whereas depth or 

quality of word knowledge means how well learners know individual words. Fluency 

is defined as how readily and automatically learners are able to use the words they 

know and the information they have acquired concerning the use of these words 

(Daller et al., 2007). Even though Daller et al. only referred to productive aspects of 

fluency, this notion also applies to receptive aspects of lexical knowledge that is, the 

speed and accuracy with which a word can be recognized in listening or reading task. 

In research investigating the relationship between the three dimensions of 

lexical knowledge and L2 reading, Qian (1999) pointed out that most of the early 

second language researchers had focused on the effects of reading on incidental 

vocabulary acquisition (e.g., Elley & Mangubhai, 1983; Herman, Anderson, Pearson, 

& Nagy, 1987). However, since the early 1990s, researchers have explored the role of 

vocabulary size in reading comprehension (e.g., Hirsh & Nation, 1992; Laufer, 1989, 

1992a) and concluded that vocabulary size is one of the best predictors of L2 reading 

comprehension (Milton, 2009; Schmitt, 2010; Stæher, 2008). 
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In the late 1990s and early 2000s, depth of vocabulary knowledge gained more 

attention. The central idea of depth of vocabulary knowledge is that L2 learners should 

know more than the primary meaning of words. Knowledge of the multiple meanings 

of words is important for reading comprehension because the different meanings of 

these words appear in different reading contexts. For instance, in the sentences, I 

jogged along the bank, and I keep my savings in the bank, L2 learners are required to 

comprehend a different meaning of bank in each sentence based on the context. In 

addition to multiple meaning of these words, depth of vocabulary knowledge also 

includes how some words are frequently combined, which is known as collocation. 

Collocational knowledge is also important for reading comprehension for two reasons. 

First, L2 learners need to know not only the meaning of single words but also the 

meaning of collocated words. For instance, most L2 learners would know the meaning 

of go and about, respectively. However, fewer learners would know the meaning of go 

about as dealing with a problem. Second, collocational knowledge can lead to greater 

reading fluency (Hill, 2000); the more knowledge L2 learners have about word 

combinations, the faster they can read and comprehend sentences. Hill argued that 

collocational knowledge allows L2 learners to read quickly because they are able to 

process multi-word units rather than processing one word at a time. 
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Because of the vital roles automatized word recognition theoretically plays in 

skilled reading, the number of researchers that have investigated the relationship 

between automaticity of word recognition and reading comprehension in L2 has been 

dramatically increased in recent years (Kato, 2009; Kojima, 2010; Nassaji, 2003; 

Shiotsu, 2009, 2010; Yamashita, 2013). Word recognition refers to the processes of 

accurately accessing words’ phonology and meanings, and decoding deals specifically 

with the extraction of orthographic and phonological information (Koda, 2004). Aside 

from speed, Grabe (2009) described the characteristics of automaticity as being unable 

to stop executing the process or unable to introspect on the process. Several researchers 

have argued that rapid, automatic word recognition is the most fundamental 

requirement for fluent reading comprehension (Carrell & Grabe, 2002; Grabe, 2009; 

Grabe & Stoller, 2002; Koda, 2004). For example, Koda pointed out that deficient 

word recognition is directly linked to poor reading comprehension because poor 

readers are required to use considerable cognitive time and energy extracting 

phonological and semantic information from print during pre-lexical and lexical 

processing. This situation severely limits their ability to utilize multiple information 

sources for meaning construction at the sentence or discourse level. 

In sum, even though vocabulary knowledge is considered as complex and 

multi-faceted constructs, three dimensions of vocabulary knowledge, vocabulary size, 
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depth of vocabulary knowledge, specifically polysemy and collocational knowledge, 

and fluency specified as automaticity of word recognition have been prevailed and 

been focused on the main vocabulary research. With regard to the roles of these 

aspects of vocabulary knowledge on academic reading comprehension, the roles of 

vocabulary size has been investigated most, and many researchers claimed that 

vocabulary size is one of the strongest predictors of reading comprehension (Milton, 

2009; Schmitt, 2010; Stæher, 2008). In addition to vocabulary size, two aspects of the 

depth of lexical knowledge, polysemy and collocational knowledge, have been 

investigated and it has been found that they also play important roles for successful 

comprehension of academic reading text (Noro, 2000; Qian, 1999). Recently, the roles 

of fluency, specifically, automatized word recognition, has been investigated by many 

researchers (Kato, 2009; Kojima, 2010; Nassaji, 2003; Shiotsu, 2009, 2010; Yamashita, 

2013). 

 

Statement of the Problem 

The first problem addressed in this study concerns the scant research 

simultaneously investigating the relationship among three aspects of lexical knowledge 

of second language learners, size, depth, and automaticity of word recognition. 

Previous researchers have mainly focused on investigating only vocabulary size, 
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vocabulary size and depth of vocabulary knowledge, or vocabulary size and 

automaticity of word recognition (e.g., Laufer & Nation, 2001; Qian, 2002). To the 

best of my knowledge, although the above three dimensions of lexical knowledge have 

been frequently discussed in the literature, no previous researchers have 

simultaneously explored the relationship among these three dimensions of vocabulary 

knowledge and their relationship to reading comprehension. Measuring these three 

dimensions of lexical knowledge in one study makes it possible to capture the lexical 

knowledge of L2 learners more systematically and completely. 

The second problem addressed in this study concerns the fact that most 

researchers investigating the relationship between lexical knowledge and reading 

comprehension have focused on the role of vocabulary size. Even though many 

researchers have concluded that vocabulary size is the single most significant predictor 

of learners’ L2 reading comprehension, few researchers have investigated the impact 

of both size and depth of vocabulary knowledge in reading comprehension. It is 

plausible that measures of the depth of lexical knowledge can contribute to the 

prediction of reading comprehension because L2 learners should acquire a large 

number of meanings of high frequency words as well as collocational knowledge to 

accurately comprehend reading passages. 
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The third problem concerns the fact that the role of fluency development, 

specifically automaticity of word recognition, on reading achievement has been 

relatively under-researched in the field of second language vocabulary acquisition 

(Grabe, 2009; Koda 2004; Schmitt, 2010). Given that few researchers have 

investigated the role of automatized word recognition on reading comprehension (e.g., 

Droop & Verhoeven, 2003; Shiotsu, 2009), more research in this area is needed. 

Furthermore, word recognition consists of several subskills, such as orthographic 

processing and lexical meaning access (Grabe, 2009). While some researchers (e.g., 

Kato, 2009; Shiotsu, 2009, 2010) have concluded that orthographic processing speed 

predicts reading speed, previous investigations (Kato, 2009; Shiotsu, 2010; Yamashita 

2013) of the roles of lexical meaning access speed on reading comprehension have 

yielded inconsistent results. Therefore, it is necessary to investigate the roles of both 

orthographic processing speed and lexical meaning access speed in reading 

comprehension, which can contribute to the prediction of skilled reading 

comprehension above and beyond size and depth of vocabulary knowledge. 

The fourth problem addressed in this study is that most researchers have 

focused on investigating the role of vocabulary size in general reading comprehension. 

Only Alvai and Akbarian (2012) have examined the relationship of vocabulary size 

and specific aspects of reading comprehension, such as identifying main ideas, 
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identifying specific details, identifying paraphrased details, guessing vocabulary from 

context, and making inferences. 

This lack of research regarding the role of vocabulary size on specific reading 

comprehension question item types leads to the fifth problem; no researcher has 

simultaneously examined the role of three dimensions of lexical knowledge, 

vocabulary size, depth, and automaticity of word recognition on reading 

comprehension item types, namely, finding main ideas, finding detailed information, 

finding paraphrased detailed information, guessing vocabulary from context, and 

making inferences. As a result, the relationship among these types of knowledge and 

their relationship with reading comprehension item types is unclear. 

 

Purposes and Significance of the Study 

The first purpose of this study is to explore the relationship among the three 

dimensions of vocabulary knowledge with Japanese learners of English with the 

receptive vocabulary sizes of 900-4,500 word families. This makes it possible to 

provide useful vocabulary profiles for Japanese learners of English with this level of 

lexical knowledge. Investigating Japanese learners at this proficiency level is important 

because they are representative of many Japanese EFL university learners who are not 

majoring in English. Therefore, the vocabulary profiles of these learners can be 
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generalized cautiously to other Japanese EFL university students whose at not English 

majors. Such profiles have pedagogical implications as they illuminate learners’ 

strengths and weaknesses in terms of their lexical knowledge and allow both teachers 

and students to know where to focus their teaching and learning efforts. 

The second purpose is to investigate the degree to which vocabulary size, depth 

of vocabulary knowledge, and the automaticity of visual word recognition predict 

reading comprehension. The results can contribute to a better understanding of the role 

of these three lexical dimensions in reading comprehension and might provide one 

explanation for why learners who have almost the same vocabulary size, perform 

differently on reading comprehension tasks. 

The third purpose of this study is to investigate the degree to which the three 

dimensions of lexical knowledge predict the five reading comprehension item types: 

identifying main ideas, identifying stated details, identifying paraphrased details, 

guessing vocabulary from context, and making inferences. The results can shed light 

on the relationship between the three dimensions of lexical knowledge and reading 

comprehension item types and thereby lead to a more specific understanding of the 

role that lexical knowledge plays in both general and micro-level reading 

comprehension. For instance, the results will provide information about specific item 

types that tap into learners’ depth of vocabulary knowledge rather than vocabulary size 
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(e.g., paraphrased detail item type). Another contribution of this study is that the 

results can provide information concerning the levels of difficulty of different types of 

reading comprehension questions typically found in reading tasks in many textbooks. 

Using the Rasch model (Rasch, 1960), the levels of difficulty of individual reading 

comprehension item types are provided on an interval logit scale. 

 

The Audience for the Study 

In this section, I discuss three main audiences—researchers, individuals 

concerned with second language vocabulary assessment, and teachers—and how they 

can benefit from this study. 

Researchers can benefit from this study in three ways. First, they can 

familiarize themselves with operationalizing lexical fluency as automaticity of word 

recognition. Because this area of research is still in its infancy in the field of Second 

Language Acquisition (SLA), they can gain an understanding of the procedures used in 

this study to control the lexical properties of target words and create computerized 

lexical decision tasks. Second, they can better understand the roles that vocabulary size, 

depth of vocabulary knowledge, and automaticity of word recognition play in reading 

comprehension. Third, they can gain a deeper understanding of the relationship among 
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these three dimensions of vocabulary knowledge in relatively low proficiency second 

language learners. 

Individuals concerned with second language vocabulary assessment can benefit 

from this study because it includes a detailed investigation of the Vocabulary Size 

Measure and the Word Associates Test using Rasch modeling. Researchers can utilize 

or adapt these tests to measure their participants’ lexical knowledge in different 

educational contexts to enhance our understanding of second language learners’ lexical 

development. 

Finally, language teachers and curriculum developers can benefit from this 

study, as one product is vocabulary size and depth tests that have been validated in a 

particular EFL context. They can use these instruments for placement, diagnostic, or 

achievement purposes to assess learners’ strengths and weaknesses and to determine 

individual vocabulary learning goals and objectives. 

 

Delimitations 

In this section, I discuss delimitations of this study. There are two types of 

delimitations: the characteristics and English proficiency of the participants, and the 

instruments employed in this study. 
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The participants in this study were non-English majors selected mainly from a 

medium-ranked Japanese university. While the results should be generalizable to other 

Japanese university students at a similar English proficiency level, they should be 

generalized with caution to Japanese university students majoring in English and 

students who have a different reading proficiency level. Furthermore, the results 

cannot be generalized to learners of English as a second language with first languages 

other than Japanese, given that different L1s might share cognates with English or have 

different English loanwords than Japanese. 

There are four delimitations regarding the instruments in this study. First, for 

the Vocabulary Size Measure, learners might know some items at low frequency levels 

that were not administered in this study. This is particularly true for loanwords. 

Therefore, the vocabulary size estimates are slight underestimates of the participants’ 

vocabulary sizes. Second, it is difficult to know whether the collocation test is 

measuring collocational knowledge or whether the participants have simply seen the 

two words together. In addition, some learning effects are possible as the same 12 

words are utilized in the five instruments. Finally, all the test formats are multiple-

choice except the computerized yes-no lexical decision and semantic decision task. 

Thus, some of the differences between the multiple-choice tests and the reaction time 



 13 

experiments are not only due to the different constructs being measured, but also due 

to the test format. 

 

Definition of Terms 

Definitions of the key terms used in this study are presented in this section. 

These terms are defined in more detail in Chapter 2. 

Vocabulary Size refers to the number of words for which a learner has at least 

superficial knowledge of the primary meaning (Qian, 2002). This study is focused on 

written receptive vocabulary knowledge (i.e., reading vocabulary). 

Polysemy refers to words that have more than one related meaning (Crossely, 

Salsbury, & McNamara, 2010). For the purposes of this study, knowledge of polysemy 

is restricted to adjectives in this study (e.g., bright and calm). 

Collocation refers to lexical cohesion, which involves a relationship between 

lexical items that frequently co-occur (Liu, 2010); it is restricted to noun-adjective 

combinations in this study (e.g., direct flight and calm person). 

Word recognition refers to the processes of extracting lexical information from 

graphic displays of words (Koda, 2004). Word recognition consists of several 

subcomponents, such as orthographic decoding, phonological processing, and lexical 

meaning access. 
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Lexical Decision Task (LDT) is a computerized test in which test-takers are 

required to classify a stimulus as a word or nonword. This test is employed to measure 

the automaticity of word recognition, specifically orthographic decoding speed. There 

are three types of LDT, visual, auditory, and double lexical decision task. The visual 

Lexical Decision Task is used in this study. 

Antonym Semantic Decision Task is a computerized test, which is designed to 

measure automaticity of word recognition, specifically, lexical access speed. In the test, 

a prime word (e.g., strange) appears on the computer screen, and after a specified 

duration of 1,000 milliseconds, a target word (e.g., familiar) appears on the screen. 

Test-takers decide whether the target word is antonymous to the prime word as quickly 

as possible. 

 

Organization of the Study 

In this section I explain how the major sections of this study are organized. 

Chapter 2, Review of the Literature, is made up of six main sections: Defining 

Vocabulary Knowledge, Measuring Three Dimensions of Lexical Knowledge, The 

Effects of Frequency on Lexical Acquisition, The Relationship Between Vocabulary 

Size and Reading Comprehension, The Relationship Among Vocabulary Size, Depth, 

and Reading Comprehension, and The Relationship Between Automaticity of Word 
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Recognition and Reading Comprehension. The gaps in the literature, the purposes of 

the study, and the research questions are presented at the end of the chapter. In Chapter 

3, Methods, the participants, instrumentation, procedures, and analyses used in this 

study are described. The reasons for using Rasch modeling to validate the instruments 

are discussed, and key terms in Rasch analysis and the validation criteria are presented. 

In Chapter 4, Instrument Validation, the results of piloting and validating the Reading 

Comprehension Test, the Vocabulary Size Measure, the Revised Word Associates 

Polysemy and Collocation Tests, the Lexical Decision Task, and the Antonym 

Semantic Decision Task are presented. In Chapter 5, Results, the quantitative results 

pertaining to each research question are presented. In Chapter 6, Discussion, I 

highlight the key findings and refer to past literature to support the arguments I have 

made while explaining the results. Finally, in Chapter 7, I briefly summarize the 

findings of this study, discuss the limitations of the study, make suggestions for future 

research, and provide concluding remarks. 
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CHAPTER 2 

REVIEW OF THE LITERATURE 

 

The purpose of this chapter is to describe the various complementary 

conceptual frameworks of vocabulary knowledge that have been proposed by second 

language (L2) vocabulary researchers, and to review previous literature related to 

measuring dimensions of lexical knowledge, which include validation studies of these 

instruments, word frequency effects, and the relationship between second language 

learners’ lexical knowledge and their reading comprehension. 

 

Defining Vocabulary Knowledge 

Second language vocabulary researchers have proposed different descriptions 

of lexical knowledge when defining what it means to know a word. Generally, there 

are two approaches to defining lexical knowledge. The first involves describing many 

separate traits by attempting to include all aspects of lexical knowledge (Nation, 1990, 

2001; Richards, 1976), and the second is to describe aspects of lexical knowledge in 

terms of a small number of easily measurable dimensions, which is referred to as 

global description (Henriksen, 1999). 
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Nation’s Model of Word Knowledge 

One of the most comprehensive and systematic summaries of various types of 

word knowledge has been proposed by Nation (2001), who distinguished three types of 

knowledge: form, meaning, and use. Each of these types is further subdivided into 

spoken, written, and word part aspects. Knowledge of the spoken form of a word 

involves knowing what a word sounds like, and knowledge of the written form 

includes knowing what a word looks like. Knowledge of word parts means knowledge 

of prefixes and suffixes. For example, learners should understand that the prefix un-, as 

in unlucky, means not. 

Knowledge of word meaning is also divided into three aspects. The first is form, 

which includes orthography and phonology, and meaning, semantic information, which 

involves being able to link the form and meaning of the word. This is regarded as the 

first and most essential type of lexical knowledge because many teachers and learners 

consider a word learned if this link is established (Schmitt, 2008). In the case of 

foreign language lexis, this form-meaning link is often established exclusively between 

a foreign language word and its translation in the native language (Milton, 2009). 

However, words in different languages are not precisely parallel to one another in 

terms of their meaning. Therefore, other sub-divisions, concepts, referents, and 
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associations indicate that one language can require several different translations or 

convey subtly different meanings and associations in another language. 

Knowledge of use is related to how the word is used in the context, which is 

divided into grammatical functions, collocations, and constraints on use. Grammatical 

function refers to knowing what part of speech a word is and how it links with other 

words as a consequence. For example, if learners know that the word white is an 

adjective, they should know that it should be placed before not after nouns in English. 

The second subdivision, collocation, concerns sequences of words or terms that co-

occur more often than would be expected by chance. For example, fast food is used 

more frequently than quick food or speedy food. The third subdivision, constraint of 

use, concerns when and where a word can be used. For instance, adjectives such as fat 

and old should be used with care in English when describing someone who is present 

because they have pejorative meanings. 

These nine subdivisions—Spoken, Written, Word parts, Form and meaning, 

Concepts and referents, Associations, Grammatical functions, Collocations, and 

Constraints on use—are further divided into receptive and productive aspects; hence, 

Nation (2001) listed a total of 18 aspects of vocabulary knowledge as shown in Table 1. 

Nation’s categorization of types of lexical knowledge has been influential because it 

describes the complex and multifaceted characteristic of what is involved in lexical 
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knowledge. However, it is important to consider that this type of full specification of 

vocabulary knowledge can be applied to only a small proportion of the total 

vocabulary of second language learners of English (Nation, 1990), let alone to the 

lexicon of native speakers. Hence, Nation’s list can be viewed as a relatively complete 

descriptive account of lexical knowledge rather than a practical one. 

 

 Table 1. Aspects of Lexical Knowledge 

Form Spoken R What does the word sound like? 

P How is the word pronounced? 
Written R What does the word look like? 

P How is the word written and spelled? 
Word parts R What parts are recognizable in this word? 

P What words parts are needed to express meaning 
 

Meaning Form and 
meaning 

R What meaning does this word from signal? 
P What word form can be used to express this meaning? 

Concepts and 
referents 

R What is included in the concept? 
P What items can the concept refer to? 

Associations R What other words does this word make us think of? 
P What other words could we use instead of this one? 

 
Use Grammatical 

functions 
R In what patterns does the word occur? 

P In what patterns must we use this word? 

Collocations R What words or types of word occur with this one? 

P What words or types of words must we use with this one? 

Constraints on 
use 

R Where, when and how often would we meet this word? 

P Where, when and how often can we use this word? 

Note. Adapted from “Learning Vocabulary in Another Language” by Nation, 2001, p. 27. 

Copyright 2001 by Cambridge University Press. 

 

From an assessment perspective, this approach to defining vocabulary 

knowledge is problematic. As Meara (1996) noted, “it might be possible in theory to 

construct measures of each of these types of knowledge of particular words; in practice, 
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it would be very difficult to do this for more than a handful of items” (p. 46). 

Following Meara’s idea, vocabulary researchers need to prioritize which of these 

eighteen aspects of vocabulary knowledge should be measured based on their research 

purposes and participants. For example, all researchers would probably measure 

knowledge of form and meaning link; however, the next aspect of vocabulary 

knowledge selected by researchers greatly differs depending on whether they focus on 

vocabulary knowledge related to reading skills or speaking skills. 

 

Dimensions of Vocabulary Knowledge 

In order to efficiently assess test-takers’ lexical knowledge, many second 

language vocabulary researchers have adopted a second way of defining lexical 

knowledge, global description (Henriksen, 1999). In this approach, vocabulary 

knowledge is described in terms of a small number of easily measurable dimensions. 

Henriksen (1999) has proposed three separate but related dimensions of lexical 

knowledge: (a) partial to precise, (b) depth of knowledge, and (c) receptive-productive. 

The first dimension, partial to precise knowledge, refers to the varying degrees to 

which a word is known. Henriksen focused on the extent to which a word’s meaning is 

understood and its form is known in her description of this dimension (Nation & Webb, 

2011). Depth of knowledge refers to multiple aspects of knowledge that affect lexical 
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competence, which is similar to Nation’s description of vocabulary knowledge in terms 

of dividing depth into multiple aspects of vocabulary knowledge. The third dimension, 

receptive-productive, refers to the ability to understand and use words. Again, this way 

of categorizing lexical knowledge is closely related to Nation’s model, which 

distinguished three type of knowledge, form, meaning, and use. 

Qian’s (2002) framework is more comprehensive than Henriksen’s model, 

which was developed based on the collective strength of earlier models (Chapelle, 

1998; Henriksen, 1999; Nation, 2001; Qian, 1998, 1999) of vocabulary knowledge. 

Qian has proposed that vocabulary knowledge includes four dimensions: (a) 

vocabulary size, (b) depth of vocabulary knowledge, (c) lexical organization, and (d) 

automaticity of receptive-productive knowledge. 

The first dimension, vocabulary size, refers to the number of words for which 

learners have at least superficial knowledge of the primary meaning. The second 

dimension, depth of vocabulary knowledge, includes all lexical characteristics, such as 

phonemic, graphemic, morphemic, syntactic, semantic, collocational, phraseological 

properties, frequency, and register. The next dimension, lexical organization, refers to 

the storage, connection, and representation of words in a learner’s mental lexicon. The 

last dimension, automaticity of receptive-productive knowledge, refers to the 

fundamental processes through which access to word knowledge for receptive and 
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productive purposes is achieved. Automaticity of lexical access involves phonological 

encoding and decoding, access to structural and semantic features from the lexicon, 

lexical–semantic integration and representation, and morphological parsing and 

composing. Qian (2002) emphasized that these dimensions are intrinsically connected 

and interact closely with one another in all fundamental processes underlying 

vocabulary development and use. 

Daller et al. (2007) attempted to summarize aspects of vocabulary knowledge in 

a theoretical three-dimensional space. As shown in Figure 1, the horizontal axis 

represents the concept of lexical breadth or lexical size, which concerns the number of 

words learners know regardless of how well they know them. 

 

 

                                                                      fluency 

         breadth (size) 

 

 

                                                                    depth 

Figure 1. The lexical space: dimensions of word knowledge and ability. Adapted from 

“Modeling and Assessing Vocabulary Knowledge,” by H. Daller, J. Milton, and J. 

Treffers-Daller, 2007. p. 8. Copyright 2007 by Cambridge University Press. 
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Daller et al. argued that this dimension includes the form and meaning elements in 

Nation’s categorization (see Table 1). This definition is almost the same as Qian’s 

(2002). 

The vertical axis represents lexical depth, which concerns how well learners 

know the words. Lexical depth involves concepts and referents, associations, 

grammatical functions, collocations, and constraints on use (Nation, 2001). Daller et al. 

have argued that this axis also involves word networks, that is, the way words interact 

with each other; this idea is similar to Qian’s description of lexical organization. 

The final axis represents fluency, which concerns how readily and 

automatically learners can recognize a word when listening or reading, or how readily 

and automatically they can use a word in speech or writing. Again, this dimension 

shares much in common with Qian’s description of the automaticity of productive and 

receptive knowledge. Milton (2009) argued that this model lacks detail, but one way of 

operationalizing it is to assume that breadth and depth are aspects of receptive word 

knowledge, while fluency refers to productive word knowledge. 

Even though Daller et al. (2007) stated that the three dimensions of lexical 

space are a metaphor, they have argued that it is possible to locate a learner’s 

vocabulary knowledge within this space. They have attempted to describe learners’ 

vocabulary knowledge as follows: 



 24 

Some learners may have large vocabularies but are very limited in the speed 

and ease with which they can recall these words and put them to use 

communicatively. These learners ought to be placed well along the breadth axis 

but less far along the fluency or depth axis. Other learners may appear to have 

different characteristics and possess comparatively few vocabulary resources 

but considerable fluency in calling these to mind and using them in 

communication. These learners would occupy a different location in the lexical 

space, less far along the breadth axis but further along the fluency axis (p. 9). 

 

Three Dimensions of Vocabulary Knowledge in This Study 

Reviewing these current frameworks, it is possible to conclude that there are at 

least three dimensions of vocabulary knowledge, vocabulary size, depth, and fluency. 

In this section, each dimension of vocabulary knowledge is defined. 

 

The Definition of Vocabulary Size 

As noted above, Daller et al. (2007) defined vocabulary size as the number of 

words learners know regardless of how well they know them, whereas Qian (2002) 

defined this dimension of lexical knowledge as the number of words for which learners 

have at least superficial knowledge of the primary meaning. In this study, Qian’s 

definition is employed because it is more specific. For further specification, vocabulary 

size can be classified as receptive and productive vocabulary size. Nation (2013a) 

argued that the validity of receptive and productive distinction is based on the 

distinction between the receptive skills of listening and reading, and the productive 



 25 

skills of speaking and writing. That is, whereas receptive knowledge involves the 

notion that learners receive linguistic input from others through listening and reading, 

productive knowledge means that learners can produce linguistic forms though 

speaking and writing to convey messages to others. Thus, receptive vocabulary 

knowledge involves recognizing the form of a word and retrieving its meaning while 

listening or reading. On the contrary, productive vocabulary involves the ability to 

produce the appropriate spoken or written form to express a concept. Even though 

productive vocabulary is an important aspect of lexical knowledge, it is not discussed 

further because the main purpose of this study is to investigate the relationship 

between multiple aspects of vocabulary knowledge and reading comprehension. 

Receptive vocabulary size can be further categorized as phonological receptive 

vocabulary size and written receptive vocabulary size. Phonological receptive 

vocabulary size refers to how many words learners know when they hear the word’s 

phonological form, and written receptive vocabulary refers to how many words they 

know when they see the word’s orthographic form. In this study, vocabulary size 

concerns written receptive vocabulary size. 
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Depth of Vocabulary Knowledge 

Depth of vocabulary knowledge is more difficult to conceptualize than size 

because the depth dimension is a complex and multifaceted construct. Therefore, 

before defining what depth of vocabulary knowledge means in this study, it is 

important to describe some characteristics of depth of vocabulary knowledge. 

Even though depth of vocabulary knowledge is generally described as how well 

learners know a word, Nation and Webb (2011) stated, “There does not appear to be a 

generally agreed upon definition of depth of vocabulary knowledge” (p. 224). For 

example, Read (1993) described depth as “the quality of the learners’ vocabulary 

knowledge,” (p. 357) and Wesche and Paribakht (1996) defined depth “in terms of 

kinds of knowledge of specific words or in terms of degrees of such knowledge” (p. 

13). Recently, Milton (2009) defined depth as “the relationship between the various 

form and meaning components of word” (p. 149). 

Read (2004) has argued that a single term such as depth is inadequate because it 

has been operationalized in at least three distinct ways by researchers. He has 

suggested that rather than using a construct that is poorly defined, it would be more 

useful to utilize a more specific definition of what is being assessed by a particular 

vocabulary instrument. He suggested that depth can be more accurately categorized 

under three headings, precision of meaning, comprehensive word knowledge, and 
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network knowledge. Precision of meaning, which refers to the extent to which meaning 

is known, can range from a limited and vague idea of a word’s meaning to elaborate, 

specific knowledge of multiple meanings. This is similar to Henriksen’s partial to 

precise dimension. 

Comprehensive word knowledge refers to the extent to which a word’s form, 

meaning, and use are known. Read (2004) included not only semantic features but also 

the word’s orthographic, phonological, morphological, syntactic, collocational, and 

pragmatic characteristics. This type of knowledge is closely related to descriptions of 

vocabulary knowledge proposed by Nation (2001) and Qian’s depth of vocabulary 

knowledge framework (2002). 

Network knowledge refers to the extent to which words are incorporated into a 

lexical network in the mental lexicon. Read (2004) argued that this approach is 

different from other two in that it explores the development of links among sets of 

words in the mental lexicon, whereas the other two approaches are focused on the 

acquisition of individual words. Thus, it concerns how words associate and interact 

with each other, and how they are restricted in use according to register and context. 

More specifically, this approach conceptualizes depth as learners’ developing ability to 

differentiate semantically related words. Hence, this category is based on word 
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association research, and is closely related to lexical organization in Qian’s (2002) 

framework. 

Read (2004) acknowledged that the three approaches overlap with one another 

considerably. It is possible that the comprehensive approach subsumes the other two 

because the characteristics of word knowledge in the comprehensive approach are also 

related to precise to partial knowledge and network knowledge. However, Read argued 

that it is useful to separate the three approaches for the purpose of analysis for two 

reasons: Each approach is based on different authors’ accounts of what depth of 

vocabulary knowledge means, and different assessment procedures are utilized in the 

different approaches. 

Read’s conception of depth of vocabulary knowledge is that it is not a single 

construct; therefore, it is important to specify specific facets of depth of vocabulary 

knowledge. In this study, depth of vocabulary knowledge is defined as network 

knowledge, specifically, the knowledge of polysemy, and collocation. 

 

Polysemy and synonymy. Polysemous words have more than one related 

meaning (Crossely, Salsbury, & McNamara, 2010). This idea is reflected clearly in 

dictionaries, which include as many senses as possible so that learners can find the 

precise the meaning of words (Parent, 2012). For instance, the word address (verb) has 
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at least three meanings: (a) to write on an envelope, (b) to make a formal speech, and 

(c) to think about a problem and decide how you are going to deal with it. Synonymy 

refers to a word or expression that has the same or similar meaning as another in the 

same language (e.g., big and large). However, Ruhl (1989) proposed monosemy, that is, 

many words have only a single, highly abstract meaning provided that contextual 

meaning is factoring out. He (1989) argued that many examples of multiple meaning 

are the result of a dubious assumption, which is perhaps essential for the practical work 

of making dictionaries, which gives people the illusion that words have multiple 

meanings. He further stated that the multiple meanings shown in dictionaries are too 

specific and thereby obscure the core meaning. 

It is beyond the scope of this study to examine whether English native speakers’ 

stored most words as only single semantic items with a highly general meaning or as 

entities with different multiple meanings in their mental lexicon. However, the 

justification for using the concept of polysemy in this study is that Ruhl’s argument 

concerning monosemy is likely to be only applicable to native speakers of English or 

highly advanced learners of English. In other words, lower proficiency L2 learners are 

unlikely to have a single general meaning of a word or the core meaning of a word. In 

my experience both as a learner and a teacher, most Japanese EFL learners do not 

develop a core meaning of English words because they often learn words in lists in 
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which English words are paired with an equivalent meaning in Japanese. When 

Japanese EFL learners do not understand a word in a sentence, I have observed that 

they often check the meaning of the word using a English-Japanese dictionary. Hence, 

their lexical knowledge is likely partial and not developed as a single general meaning. 

 

Collocation. Collocation is defined as “the occurrence of two or more words 

within a short space of each other in a text” (Sinclair, 1991, p. 170). Generally, 

vocabulary researchers have focused on individual words not only because they are 

regarded as a basic lexical unit, but also because they are easier to work with than 

multi-word combinations such as collocation (Schmitt, 2010). However, the role of 

collocation in language learning and use has been considered increasingly important by 

several researchers (e.g., Pawley & Syder, 1983; Wray, 2000, 2002). Pawley and Syder 

argued that formulaic language, such as collocations, enables native speakers of 

English to speak their first language fluently and to choose appropriate sequences of 

words that make them sound native-like. Native speakers have stored a large number 

of prefabricated chunks in their mental lexicon and when they wish to express a 

message, they can retrieve these chunks holistically instead of constructing them from 

individual words each time (Nation, 2013a). 
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It is well-known that the meaning or definition of a collocation varies 

depending on the researchers, their research purpose, and theoretical orientation; 

therefore, there is no clear consensus of what falls under the heading of collocation 

(Wouden, 1997). Nation (2013a) described four ways in which collocations differ 

greatly. The first is size, which means the number of words involved in the sequence, 

such as two-word (e.g., look for) and three-word combinations (e.g., catch up with). 

The second is the type of collocation. For instance, function words collocate with 

content words (e.g., look at), and content words collocate with other content words 

(e.g., United States). Collocations can also be categorized based on the part of speech. 

Examples are adverbs that collocate with verbs (e.g., strongly recommend), adverbs 

that collocate with adjectives (e.g., fully aware), adjectives that collocate with nouns 

(e.g., strong tea), and verbs that collocate with nouns (e.g., do homework). The third 

aspect is the closeness of the collocates. As the above examples show, two or three 

words are juxtaposed in some collocations; however, words are sometimes distant from 

one other in other collocations (e.g., expressed their honest opinion). This is one 

reason why some collocations are not always salient for learners of English. The fourth 

aspect is the acceptable range of collocates. For example, the verb do can collocate 

with homework, laundry, shopping, and exercise, but cannot collocate with bath. On 
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the contrary, the verb make can collate with bath, but cannot collocate with all of the 

above nouns that collocate with the verb do. 

Despite these different categorizations, Liu (2010) argued that the term 

collocation can be considered to have two major meanings. The first is the tendency 

for certain words to co-occur more frequently than by chance, which is how corpus 

researchers identify collocations. The second is “specific habitual combinations of 

words that are often regarded as lexical items or units” (p. 5), such as do laundry and 

make a case. Liu (2010) pointed out that the former definition is much more general 

than the latter because it includes not only the habitual combinations of words, but also 

the combination of words that do not form a lexical unit. For example, toy is likely to 

co-occur with children more frequently than adult; however, they are not usually 

considered as a lexical unit (Hunston, 2002). In terms of pedagogical value, Liu (2010) 

argued that language educators should focus on habitual collocations and exclude co-

occurrences of words that are not habitual combinations. 

In this study, the latter type of definition is employed. Collocation refers to 

lexical cohesion, which involves a relationship between lexical items that frequently 

co-occur, and it is restricted to noun-adjective combinations. Examples of collocations 

in this study are ample evidence, direct flight, and calm person. 
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Automaticity of Word Recognition 

The third dimension of lexical knowledge in this study, fluency, is specified as 

the automaticity of visual word recognition. This type of fluency refers to how readily 

and automatically learners can recognize a word’s written form. This skill is also 

known as word recognition, which refers to the processes of extracting lexical 

information from graphic displays of words (Koda, 2004). Word recognition consists 

of several subcomponents, such as orthographic decoding, phonological processing, 

and lexical meaning access. Grabe (2009) argued that word recognition is an 

interactive process of accumulating orthographic, phonological, and semantic 

information, which occurs when visual input from the word on the page activates 

lexical entries in the reader’s lexicon. 

Orthographic information refers to the visual recognition of word forms from 

the text; this has been considered as a key reading subskill (Cunningham, Perry, & 

Stanovich, 2001; Perfetti, 1999, 2007; Perfetti, Landi, & Oakhill, 2005). These forms 

consist of letters, letter groups, and visual word shapes (Grabe, 2009). Letter 

recognition is an important subcomponent of visual word recognition as indicated by 

the direct correspondence between visual letter processing time and word length 

(Pressley, 2006; Rayner & Pollatsek, 1989). The more letters a word contains, the 

longer the word recognition time is. 
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Phonological processing occurs when the link between the word form and 

phonological information is activated. This process is involved in accessing, storing, 

and manipulating phonological information (Torgesen & Burgess, 1998). For the vast 

majority of words processed while reading, the phonological activation of written word 

form plays a major role in successful comprehension (Hulme, Snowling, Caravolas, & 

Carroll, 2005). Koda (2004) argued that the ability to convert graphical symbols into a 

phonological form enhances efficient lexical-information access and storage in long-

term memory because words are stored in phonological forms. Grabe (2009) also 

argued that phonological processing skills are essential early predictors of later reading 

development and are central to current discussions of reading disability. 

Lexical access occurs when the link between the form of word and its meaning 

in the reader’s mental lexicon is activated. In the majority of discussions of word 

recognition and lexical access, the two terms appear to be used interchangeably. 

However, Grabe (2009) argued that it is possible for readers to initiate word 

recognition in orthographic and phonological processing level but access in little or no 

lexical content in contexts such as L2 reading. For example, beginner L2 readers can 

encounter many words whose form is recognized, and this recognition can activate the 

link between the word form and phonological information; however, no lexical access 

occurs because no lexical entry exists in the individual’s mental lexicon. In such cases, 
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word recognition occurs at orthographic and phonological levels, but no semantic 

information is available. 

All of the above component processes required for efficient word recognition 

must be highly automatized for skilled reading to occur. Without rapid, fluent, and 

automatized word recognition skills, fluent reading comprehension is not possible 

(Grabe, 2009; Koda, 2004). The concept of automaticity is based on skill acquisition 

theories, such as Anderson’s adaptive control of thought theory (Anderson, 1983; 

Anderson & Lebiere, 1998) and Logan’s (1988) instance theory. Anderson’s theory 

regards automatization as starting with conscious, controlled processing of declarative 

knowledge (i.e., knowledge of facts and rules, such as the knowledge of letter features, 

and letter-sound correspondences in the case of word recognition). Large amounts of 

processing results in rapid, attention-free processing, which consists largely of routines 

characterized by chunks of elementary operations and computations (Anderson & 

Lebiere, 1998, p. 5). Alternatively, Logan’s Instance theory views “automaticity as 

memory retrieval: performance is automatic when it is based on single-step direct-

access retrieval of past solutions from memory” (1988, p. 493). Initial performance or 

decision-making is executed based on rules (e.g., in English, the letter string ph 

corresponds to the phone /f/.) However, each time individuals use the rules, the 

outcome is stored as a higher order unit called an instance. Hence, automatized 
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performance is not based on the repeated usage of a rule but on the retrieval of 

previously encountered instances from memory. Regardless of the different view of 

these theories of skill acquisition, both theories view automatic processing as effortless 

and fast, reflected in a decrease in latencies when performing the task. 

DeKeyser (2007) argued that automatization is difficult to conceptualize 

because the term is used at three levels of generality. In the most general sense, it 

refers to the whole process of knowledge change from initial presentation of the rule in 

declarative format to the final stage of fully spontaneous, effortless, fast, and error-free 

unconscious use of that rule. In a narrower sense, it refers to the gradual process of 

reducing error rate, reaction time, and interference from other tasks that take after 

proceduralization. In the most specific sense, it is a merely quantitative change in the 

subcomponents of procedural knowledge; qualitative changes or restructuring are not a 

part of this sense. 

 

Measuring the Thee Dimensions of Vocabulary Knowledge 

In the previous sections, the current major frameworks of vocabulary 

knowledge were reviewed, and the definitions of three dimensions of vocabulary 

knowledge investigated in this study were discussed. In this section I introduce 
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instruments designed to measure the three dimensions of vocabulary knowledge, and 

review the previous validation studies of these instruments. 

 

Measuring Vocabulary Size 

The Vocabulary Size Test (VST) (Nation 2008; Nation & Gu, 2007) was 

developed to provide a reliable, accurate, and comprehensive measure of learners’ 

written receptive vocabulary size from the first 1,000 to the twentieth 1,000 word 

families of English. The word family is a more appropriate unit than the lemma 

because learners beyond minimal proficiency levels have some word-building 

knowledge and are able to understand that there is both a formal and a semantic 

relationship between regularly affixed members of a word family. Moreover, there is 

extensive research indicating that the word family is a psychologically real unit (Nagy, 

Anderson, Schommer, Scott, & Stallman, 1989; Bertram, Baayen, & Schreuder, 2000; 

Bertram, Laine, & Virkkala, 2000). The Vocabulary Size Test items were selected 

from the word-frequency bands in the British National Corpus (BNC) (Nation, 2006). 

The test consists of 140 items (ten items from each of the first fourteen 1,000 

word frequency levels). The following is a sample item from second 1,000 word level. 
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maintain: Can they maintain it? 

a. keep it as it is 
b. make it larger 
c. get a better one than it 
d. get it 

 

As the sample item shows, all the target words are embedded in a simple non-

defining context. Research by Henning (1991) has shown that the use of such a context 

is a desirable because it can provide information about the target words’ part of speech, 

the fact is that it is an item of language use, and a little associational help for test-takers 

to access the meaning. The multiple-choice format was utilized to (a) allow the test to 

be used with learners from a variety of language backgrounds, (b) control the level of 

item difficulty, (c) make marking as efficient and reliable as possible, and (d) make 

learners demonstrate knowledge of each item (Nation & Beglar, 2007, p. 12). 

The test-takers are provided with the word form and have to access the meaning 

of the words. Test-takers have to have an adequately developed concept of the meaning 

of the target words to choose the correct answer from the four options because the 

correct answer and distractors usually share an element of meaning. Nation and Beglar 

(2007) argued that this makes the test more demanding than other vocabulary size 

measures such as the Vocabulary Levels Test, which has distractors that are unrelated 

in meaning or form to the target word. 
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Regarding the interpretation of the test results, test-takers’ scores for each 1,000 

word frequency band can be multiplied by 100 to obtain a total vocabulary size. This 

approach is based on the assumption that the tested words are randomly selected, 

representative of other words at that frequency level, and their difficulty level is 

equivalent. However, frequency level is not a perfect indicator of which words are 

likely to be known. Moreover, frequency counts can indicate different results 

depending on the size and nature of corpus employed. Therefore, Nation and Beglar 

(2007) argued that a learner whose vocabulary size is 3,000 words likely to know some 

words beyond this word frequency level and likely not to know some words within this 

level. 

 

Validation of the Vocabulary Size Test 

Beglar (2010) conducted a Rasch-based validation study of the VST with 19 

adult native speakers of English studying in a Masters or Doctoral program in 

education at a major American university and 178 Japanese EFL learners, who were 

placed into High, Middle, and Low Proficiency Groups. The High Proficiency Group 

consisted of 29 advanced English proficiency native speakers of Japanese studying in 

the same Masters and Doctoral programs (TOEFL 560-617) as the native English 

speakers. The Middle group was made up of 53 intermediate English proficiency 
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native speakers of Japanese studying in a prestigious private Japanese university. The 

Low group was made up of 96 low English proficiency studying in a less prestigious 

Japanese university. 

Among the three 140-item forms of the Vocabulary Size Test, Form 1 was 

employed for this study. The native speakers of English and High group completed all 

140 items, from the first fourteen 1,000 word frequency levels. The Middle group 

completed the first 80 items, from the first eight 1,000 word frequency levels, and the 

Low group completed the first 40 items, from the first four 1,000 word frequency 

levels. Beglar (2010) employed Messick’s validation framework (1989, 1995), which 

includes six aspects of construct validity: content, substantive, structural, 

generalizability, external, and consequential validity. Among these six aspects, Beglar 

specifically focused on the first four aspects of construct validity. Content validity 

consists of representativeness and technical quality of the items. Representativeness of 

the items was examined by whether a sufficient number of items are included, whether 

the empirical item hierarchy shows sufficient spread, and whether gaps exist in the 

empirical item hierarchy, all of which were displayed in a Rasch item-person map. The 

technical quality of the items was evaluated by inspecting Rasch standardized item 

weighted mean-square fit statistics. The substantive aspect of construct validity was 

investigated by determining the degree to which item difficulty estimates are in the 
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hypothesized order, which in this case, is the order of word frequency. The structural 

aspect was evaluated by whether the VST items form a fundamentally unidimensional 

construct, and generalizability was examined by item calibration invariance. 

For content validity, the item-person map indicated that a sufficient number of 

items was included on the VST as 10 items per level were capable of measuring the 

written receptive vocabulary knowledge of low-proficiency students as well as high-

proficiency non-native speakers of English. No floor or ceiling effects were found. 

Furthermore, there were not only no gaps in the empirical item hierarchy, but also 

considerable redundancy, as items with similar difficulty estimates were found along 

nearly the entire measurement range. In terms of technical quality, only five out of 140 

items (3.6%) misfit the Rasch model according to a standardized infit criterion of -2.00 

to +2.00. Therefore, the vast majority of the items displayed good fit to the Rasch 

model. 

For the substantive aspect of validity, the results showed that the average 

difficulties of the 14 word frequency levels were generally in line with theoretical 

expectations, as the examinees’ scores generally decreased on the lower-frequency 

bands: the highest scores were on first 1,000 word frequency band and the lowest 

scores was on the fourteenth 1,000 word frequency band. Regarding the structural 

aspect, the items displayed a high degree of unidimensionality with the Rasch model 
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accounting for 85.6% of the total variance in the test scores. In addition, the Rasch 

reliability indices were very high as they ranged from .96 to .98. Beglar (2010) 

concluded that the vast majority of the VST items fulfill the criteria of good 

measurement, they adequately fit to the Rasch model, they formed a fundamentally 

unidimensional construct, and there was a high degree of measurement invariance. 

Even though Beglar’s study is the only study to provide validity evidence for one 

version of the VST quantitatively, the results are promising. Schmitt (2010) stated that 

the results “give no indication why the test should not be used” (p. 199). 

 

Measuring Depth of Vocabulary Knowledge 

The test that has been most utilized as a depth of knowledge measure is the 

Word Associates Test (WAT), which was developed by Read (1993, 1998, 2000). The 

WAT was designed to measure two aspects of depth of vocabulary knowledge, 

paradigmatic knowledge, which is related to word meaning, especially polysemy and 

synonymy, and syntagmatic knowledge, which is collocational knowledge. The most 

recent version of the Word Associates Test (Read, 2000) has 40 items. A sample item 

is shown below. 
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Calm 

open quiet smooth tired cloth day light person 

 

Each item consists of one stimulus word, which is an adjective, and two four-

word sets. One to three of the four words in the first set are synonymous with one 

aspect or the whole meaning of the stimulus word, whereas one to three words in the 

second set collocate with the stimulus word. Each item has a total of four correct 

answers. In the example item above, calm is the stimulus word. It is associated with 

quiet and smooth in the first set and collocates with day (i.e., calm day) and person (i.e., 

calm person) in the second set. Although the correct items are distributed evenly on 

both sides in this example, three possible situations exist in order to reduce successful 

guessing. 

1. The two sets both contain two correct answers. 

2. The first set contains one correct choice, while the second set contains three correct 

answers. 

3. The first set contains three correct answers, while the second set contains only one 

correct answer. 

Each correctly identified word is awarded 1 point; therefore, the maximum score is 160 

(4 x 40 = 160). Even though two types of lexical knowledge, polysemy and collocation, 

are tested, this difference is disregarded in the scoring system. Because all the stimulus 
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words are adjectives, only knowledge of adjectives is tested; however, it is possible to 

argue that nouns are tested indirectly because test-takers must select the nouns that 

collocate with the stimulus adjective. 

 

Previous Validation Studies of the Word Associates Test 

The WAT has been utilized by a number of researchers in studies of depth of 

vocabulary knowledge (e.g., Greidanus, Bogaards, van der Linden, Nienhuis, & de 

Wolf, 2004). Qian (1999, 2002) adopted a revised version of WAT in a study of the 

role of size and depth of vocabulary knowledge on reading comprehension. 

Subsequently, Qian and Schedl (2004) utilized the same revised version of the WAT in 

a large scale project investigating the possibility of including the WAT as a measure of 

vocabulary knowledge in the Test of English as a Foreign Language (TOEFL). 

Although this test was originally designed to be used with adult English as second 

language ESL learners, it has been employed for measuring depth of vocabulary 

knowledge in English as Foreign Language (EFL) contexts (Noro, 2002). 

Even though the WAT has been widely employed by second language 

researchers, there have been relatively few studies directly validating the design and 

format of the WAT. Read (1998) conducted two pilot studies with students in an 

intensive EAP program in New Zealand to investigate the concurrent validity of the 
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WAT. In the first study, 84 learners took the WAT and another test that required them 

to match words and definitions of the target adjectives utilized on the WAT. The 

Pearson correlation between the WAT and the concurrent measure was high at .86. 

In the second study, 15 participants took the same two tests as in the first study 

and participated in an interview to elicit their knowledge of the target adjectives. The 

participants’ responses were scored with the Vocabulary Knowledge Scale (Wesche & 

Paribakht, 1996). Correlations indicated that the interview scores correlated more 

highly with a matching test (r = .92) than with the WAT (r = .76). Read (1998) argued 

that the format was affected by the test-takers’ willingness to guess what the associates 

of the target word might be; thus, the WAT’s susceptibility to guessing is one of the 

main threats to its validity. 

Recently, Schmitt, Ng, and Garras (2011) conducted two validation studies on 

the WAT (1998) to investigate the design feature of the word associates format. They 

mainly employed a qualitative approach to answer part of the following questions: 

1. What lexical knowledge does the WAT illustrate? 

2. What is the best way to score the WAT? 

3. What is the best way to interpret various WAT scores, especially split scores? 

4. What strategies do examinees use when taking a WAT? 

5. What effect does guessing behavior have on the WAT? 
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Eighteen Japanese adults studying English for academic purpose in western 

Japan participated in the first study. The participants consisted of undergraduate and 

graduate students along with several learners in a TOEFL study course. The 

participants had demonstrated mastery (90%) of the 2,000 level vocabulary on the 

Vocabulary Levels Test, and mastery or near-mastery of the 3,000 and Academic 

Levels. The researchers wrote a 40-item test of adjectives from the Academic Word 

List. After taking the WAT, the participants were interviewed to elicit an independent 

measure of their knowledge of 10 of the target words. The results of the interviews 

were compared with the WAT scores to determine how accurately the WAT 

represented the test-takers’ knowledge of the 10 target words. The results indicated 

that test-takers with scores of 0 to 1 had little knowledge of the word in the interview 

and those who scored 4 generally had good knowledge. However, split scores of 2 or 3 

could indicate anything from no understanding to good knowledge of the target word. 

The researchers argued that while the WAT measures lexical knowledge fairly well at 

the extremes of the scale (0 or 4), interpreting split scores (2 or 3) is problematic (p. 

109). Furthermore, the researchers found that in nearly half of the cases, the WAT 

appeared to overestimate the learners’ knowledge of the target words, which provided 

support for Read’s (1993) original concerns regarding the accuracy of item scores as 

measure of the target words. 
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In the second study, the participants were 28 international students studying at 

the University of Nottingham. The participants had studied English for at least eight 

years, and were considered to be relatively advanced L2 learners. Schmitt et al. (2011) 

employed the same approach as in the first study by examining WAT interview 

correspondences and the test-takers’ strategy use. The results generally confirmed the 

findings of the first study. 

In addition, Schmitt et al. investigated the impact of three aspects of the WAT 

on the test-takers’ behavior: (a) eight-option and six-option versions, (b) a different 

scoring method, and (c) different distractor types and a different distribution of 

associates. The researchers found that among the three scoring methods, the all-or-

nothing method used by Schoonen and Verhallen (2008) was more reliable for the six-

option version, whereas giving one point for each associate correctly identified was 

more reliable for the eight-option version. Schmitt et al. found that orthographically 

similar distractors such as special and spur (the target word was spurious) did not 

perform satisfactorily, whereas semantically related distractors such as bland and 

boring (the target word was literal) worked better with the six-option version and the 

unrelated distractors such as active and fiction (target word is subordinate) provided 

better results with the eight-option version. Furthermore, the researchers found that the 

2-2 pattern produced the highest correlation between the word associates and interview 
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results. On the contrary, they suggested that the 1-3 pattern was more susceptible to 

successful guessing because three nouns that can collocate with a particular target 

adjective tend to share a similar meaning. 

Even though Schmitt, Ng, and Garras’ study provided significant insights into 

the functioning of the WAT, they mainly employed a qualitative approach. While their 

study revealed learners’ test-taking strategies and discrepancies between the test- 

takers’ scores and lexical knowledge of polysemy and collocation of a limited number 

of words, they did not examine any statistical indices of item quality, which are crucial 

aspects of instrument validation. Furthermore, Schmitt, Ng, and Garras followed the 

conventional scoring system for the WAT without investigating the dimensionality of 

the test. That is, even though the WAT tested different aspects of word knowledge, 

polysemy and collocation, this difference was disregarded and each correctly identified 

item was awarded 1 point. This scoring system is valid only when polysemy and 

collocation are the fundamentally same construct. Therefore, it is imperative to 

examine the dimensionality of the WAT by providing validity evidence for the test 

through quantitative approaches that employ sophisticated statistical models such as 

the Rasch model. 
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Matsuo (2012) investigated three formats of the WAT and their effect on the 

reliability and the validity of the WAT using Rasch analysis. The following research 

questions were investigated. 

1. What is the reliability of each version of the WAT? 

2. How well does each item of three versions of WAT fit to the Rasch model? 

3. How does the degree of unidimensionality differ among three versions of WAT? 

4. Is WAT measuring a single construct? 

The participants were 313 Japanese university law majors. Their English proficiency 

ranged from low-intermediate to high-intermediate. Because the study was focused on 

how different distribution patterns and the varying number of correct items impact the 

reliability and validity of the WAT, the original version of WAT (Read, 1998) was 

used as the baseline version of the test. First, to examine the frequency effect of 

vocabulary knowledge, five stimulus words were selected from the first to the sixth 

1,000-word frequency levels. Thus, the total number of target items was reduced from 

40 to 30 items and the total number of correct items was 120 (4 x 30 = 120). To 

investigate the impact of distribution of correct responses, three versions of the WAT 

were created. In the first version, the number of correct items in each set varied: thus, 

this version was the same as Read’s original WAT. Three patterns (1-3, 2-2, 3-1) were 

used to distribute the correct items. The second version was a fixed version in which 
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two items were correct in each set. The last version was a traditional multiple-choice 

format, which had one correct answer among four choices. In this version, knowledge 

of polysemy and collocation was tested separately. 

In the first part of this study, the varied and fixed versions of the WAT were 

randomly administered to roughly the same number of students. Eighty students took 

the varied version and 75 students took the fixed version of the WAT (N = 155). In the 

second part of the study, the multiple-choice format was used to assess polysemy with 

157 students who had not participated in the first part of the study. In the following 

week, the traditional version of the collocation test was administered to the same 

participants. The data were calibrated using the Rasch dichotomous model (Rasch, 

1960) with WINSTEPS 3.73.0 (Linacre, 2011). 

The results indicated that the traditional multiple-choice format worked best in 

terms of item reliability, positive point-measure correlations, and unidimensionality. 

On the other hand, both the varied and fixed versions of the WAT showed negative 

point-measure correlations, which implied that neither the varied nor the fixed version 

of WAT reliably distinguished high and low ability test-takers’ knowledge of 

polysemy and collocations. Furthermore, the results of a Rasch principal components 

analysis of item residuals indicated that polysemy and collocation, as measured by the 
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WAT, were fundamentally different constructs. Therefore, they should be tested and 

scored separately. 

 

Measuring Automaticity of Visual Word Recognition 

Measuring automaticity has been relatively under-researched in the field of 

second language vocabulary acquisition. Schmitt (2010) stated that this is partly 

because it is easier to measure lexical knowledge than automaticity through paper-and-

pencil tests. On the contrary, psycholinguistic researchers have frequently measured 

automaticity using reaction times gathered with computer software programs. 

In order to measure automaticity of word recognition, researchers typically 

employ a lexical decision task (LDT) (Meyer & Schvaneveldt, 1971) in which 

participants are required to classify a stimulus as word or nonword. Jiang (2012) 

argued that LDT is a methodologically simple but functionally versatile task, and it is 

one of the most frequently utilized tasks in word recognition research. There are three 

types of LDT, visual, auditory, and double lexical decision task. The visual lexical 

decision task was used in this study because the focus was on measuring automaticity 

of visual word recognition. 

The procedure utilized in a visual LDT is simple. Participants are usually tested 

individually in a quiet room. Instructions and practice items are provided prior to the 
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administering test items. Figure 2 illustrates a typical sequence of a test trial in visual 

LDT. 

 

 

 

500ms 

      3000ms 

Figure 2. The sequence of a test trial in a lexical decision task: A fixation point 

followed by a letter string; the number below each rectangle represents the display 

duration of a stimulus. Adapted from “Conducting Reaction Time Research in Second 

Language Studies,” by N. Jaing, 2012, p. 85. Copyright 2012 by Routledge. 

 

First, a fixation point (e.g., an asterisk) is displayed in the center of the 

computer monitor for 100 ms to 1,000 ms (Jiang, 2012). As soon as the fixation point 

disappears, a test item is presented in the center of the computer screen. The participant 

judges whether a letter string is a word or pseudo-word as quickly and accurately as 

possible by pressing one of two buttons (e.g., 1 for yes and 3 for no). The target string 

of letters might disappear when the test-taker presses the key. In another case, it might 

remain on the monitor for a predetermined length of time, for example 500 ms or 1,000 

ms, and then disappear regardless of whether the participant responds or not. Reaction 

time, which is the duration between the onset of the letter string on the computer 

 

            * 

 

          target 
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monitor and the moment when the test-taker presses a button, is measured. After the 

participant responds to all the target letter strings, feedback regarding accuracy and 

reaction time can be provided. 

When the participant responds to a letter string, four types of responses are 

produced. Figure 3 shows the four types of accuracy responses. 

 

 

 

Figure 3. The item-response matrix for the lexical decision task. Adapted from “The 

Lexical Decision Task as Measure of L2 Lexical Proficiency,” by M. Harrington, 2006. 

p. 148. Copyright 2006 by EUROSLA. 

 

First, the upper left side of the matrix is a Hit, which is a Yes response to a real word. 

Second, the lower left quadrant is a Miss, which is a No response to a real word. Third, 

the upper left is False alarm, which is a Yes response to a non-word. Fourth, the lower 

left quadrant is a Correct rejection, which is a No response to a non-word. Hit reflects 

the individual’s vocabulary knowledge, while False alarm measures the test-taker’s 
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tendency to guess. Although both Hit and Correct rejections of non-words are correct 

responses, the rate of Hits adjusted by false alarms is the primary focus of the analysis. 

 

Previous L2 Studies Employing a Visual Lexical Decision Task 

The lexical decision task yields two measures, word recognition accuracy and 

reaction time. However, the two measures have been employed independently in the 

majority of previous studies. Word recognition accuracy measures have been used to 

measure learners’ vocabulary size by second language researchers. One of the earliest 

applications of the lexical decision task in L2 research is the Yes-No test developed by 

Meara and colleagues (Meara 1996; Meara & Buxton, 1987; Meara & Milton, 2003). 

Alternatively, reaction times derived from a lexical decision task have been 

utilized as an indication of L2 lexical representation and processing (Harrington, 2006), 

or as an index of developing automaticity (Dekeyser 2001; Segalowitz & Hulstijn, 

2005; Segalowitz & Segalowitz 1993). 

Segalowitz and Segalowitz (1993) claimed that one indication of automaticity 

is the coefficient of variance (CV), which is calculated as the mean standard deviation 

(SD) divided by the mean reaction time (RT). Segalowitz, Segalowitz, and Wood 

(1998) also proposed that the relationship between mean RT and CV can serve to 

discriminate between mere speed-up and the development of automaticity in 
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performance. Even though the concept of CV is widely recognized among L2 

automaticity researchers, few psycholinguistic researchers have employed this measure. 

In a review of various studies regarding the characteristics of automaticity, DeKeyser 

(2001) stated that “Segalowitz and Segalowitz (1993) are a special case by insisting 

that automaticity is characterized not by a quantitative change in existing task 

components, but qualitative components” (p. 130). These qualitative components or 

changes can be applied to the concept of chunking in skill acquisition theories, such as 

Anderson’s adaptive control of thought theory (Anderson, 1983; Anderson & Lebiere, 

1998). For instance, knowledge of letter features and letter-sound correspondence is 

perceived and responded as single units in a single processing step in the case of word 

recognition. As a result of much practice, performance becomes faster and less 

effortful because the number of steps is reduced. However, Hultsjin, van Gelderen, and 

Schoonen (2009) questioned whether the distinction between faster performance and 

automaticity can be easily made by the CV. The researchers reviewed seven previous 

studies in which the CV was utilized and conducted two studies, which were part of the 

L1 Dutch and L2 English NELSON project, which was officially entitled Transfer of 

Higher-Order Processes and Skills in Reading and Writing in Dutch and English. The 

results provided minimal support for the proposal that CV reliably indicates 
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development of automaticity. They argued that it is problematic to use CV as an 

operationalization of automaticity. 

Gains in knowledge itself and gains in processing it cannot be adequately 

disentangled in the RT tasks used in the studies reviewed and reported. This 

may not just be an unfortunate feature of the RT tasks but may be an inherent 

characteristic of language learning. Although conceptually skill acquisition can 

be distinguished from knowledge accumulation, in reality knowledge 

accumulation forms part of skill acquisition because in L2 learning, exposure to 

new words goes hand in hand to exposure of words encountered before. L2 

learning is both a matter of knowledge accumulation and of an increase in the 

efficiency with which that knowledge can be processed in knowledge-access 

task (listening and reading) and in knowledge-retrieval tasks (speaking and 

writing). (p. 152) 

Recently, Lim and Godfroid (2014) investigated the development of automaticity in 

sentence processing and validated the use of coefficient of variation. They partially 

replicated Hulstijin, van Gelderen, and Schoonen’s (2009) study, as they utilized the 

same analysis on a subset of the same computerized reaction time tasks. Forty Korean 

ESL university students (20 intermediate and 20 advanced proficiency learners) and 20 

native speakers of English participated the study. Most of the participants were either 

undergraduate or graduate students, and some of them were studying in an English for 

Academic Purpose course. They individually took three computerized reaction time 

tasks in English in a computer lab: (a) a semantic classification task in which they 

classified the word as a living or non-living as quickly as possible, (b) a sentence 

construction task in which they read a sentence fragment and selected the two or three 
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words option that would best fit the following words as quickly as possible, and (c) a 

sentence verification task in which they read a sentence and decided whether it made 

sense. The results indicated that the CV in the sentence-level tasks decreased as the 

participants’ proficiency level increased. The authors argued that no counterevidence 

against Segalowitz et al. (1998) was found even though the correlation between CV 

and RT in the sentence verification task was not always significant. The authors 

concluded that CV might be a valid measure of automatization at the sentence level. 

In sum, the validation studies regarding the use of CV as a measure of the 

development of L2 automaticity is scant and inconclusive; however, it is impossible to 

completely disregard CV as a measure of automaticity based on the literature. Hence, 

in this study, I employ CV as a supplemental measure of automaticity in addition to RT 

as suggested by Elgort (personal communication, August, 21, 2014). 

 

Previous Validation Studies of the Lexical Decision Task 

While accuracy in the lexical decision task has been utilized as a measure of L2 

vocabulary size (Eyckmans, 2004; Mochida & Harrington, 2006), reaction time has 

been employed to investigate the degree of automaticity development (Segalowitz & 

Hulstijn, 2005). However, few researchers have validated the lexical decision task by 
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examining how the two measures systematically discriminate between learners’ level 

of lexical proficiency (Harrington, 2006). 

Harrington (2006) validated two lexical decision task measures, response 

accuracy and response time, and examined how the two measures served to 

discriminate among between-group proficiency levels and within-group levels of word 

frequency on an English lexical decision task. His research questions were whether 

lexical decision task accuracy improves as group proficiency and word frequency level 

increase, whether reaction time and lexical decision task accuracy improve as group 

proficiency and word frequency level increase, and whether lexical decision response 

stability improves as group proficiency and word frequency level increase. Response 

stability was measured with the coefficient of variance of response time. Three groups 

participated in the study: 32 intermediate ESL students, 36 advanced ESL students, and 

42 native speakers of English, who served as a control group. The 150-item lexical 

decision task was made up of 90 real words and 60 pseudo-words. The 90 real words 

were 18 items from the 2,000, 3,000, 5,000, and 10,000 word frequency levels on the 

Vocabulary Levels Test and from the Academic Word List (Coxhead, 2001) (5 x 18 = 

90). The results indicated that reaction times systematically decreased as the 

participants’ proficiency and word frequency increased, and accuracy increased as 

learner proficiency increased. The intermediate ESL group was less accurate and 
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slower than the advanced ESL group, which was less accurate and slower than the 

native speakers of English. Moreover, both accuracy and reaction time measures 

discriminated among all word frequency levels in both the intermediate and advanced 

ESL groups. Response variability, as measured by the coefficient of variance, also 

decreased as performance improved. However, the change was subtler than those of 

lexical decision task accuracy and response time. Harrington concluded that lexical 

decision task accuracy and response times can discriminate learners at different 

proficiency levels and between word frequency levels; therefore, these two measures 

of lexical knowledge can serve as a valuable tool for examining the development of L2 

proficiency. 

 

The Effects of Frequency on Lexical Acquisition 

There is a strong relationship between a word’s frequency and the likelihood 

that learners encounter and learn it (Milton, 2009); thus, the most frequent words in a 

language are generally learned earlier than less frequent words. Meara (1992) 

examined this hypothetical frequency model empirically. He graphed the relationship 

between the word frequency and the words learners identified as known. Based on this 

relationship, Meara produced a vocabulary profile of EFL learners. Figure 4 shows a 

vocabulary profile of a typical learner. Column 1 represents the knowledge of the first 
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1,000 most frequent words in a language, column 2 represents the second most 

frequent 1,000 words, and this continues up to the 5,000 word frequency level. The 

learner’s knowledge is higher for the more frequent levels and lower for the less 

frequent levels; thus, the results supported the frequency model. 

 

 
 

Figure 4. Vocabulary profile of a typical learner. Adapted from “EFL Vocabulary Test,” 

by P. Meara, 1992. University College, p. 4. Copyright 1992 by Centre for Applied 

Language Studies. 

 

Milton (2006) also examined the frequency hypothesis with 227 learners at a 

language school in Greece. The participants’ English proficiency ranged from beginner 

to upper intermediate. The instrument utilized was X-Lex (Meara & Milton, 2003), 

which used frequency lists produced by Nation (1984) and Hindmarsh (1980). The 
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participants were given an orthographic vocabulary recognition Yes/No test with 20 

test words taken from each of the first five 1,000 word frequency bands. The words the 

learners identified as known in each band were calculated and the mean score for each 

frequency band was produced. The graph identified the same kind of profile as 

Meara’s (1992) model suggested. Milton (2009) reported a statistically significant 

relationship between the frequency bands and the participants’ vocabulary size 

estimates. Thus, he argued that the evidence provided support for the frequency model. 

In addition to Meara and Milton, Schmitt (2010) stated that frequency is one of 

the most important characteristics of vocabulary affecting most aspects of lexical 

processing and acquisition. He argued that more frequent vocabulary is processed 

better than less frequent vocabulary, which has been demonstrated in number of ways. 

For instance, more frequent words are translated correctly more often, faster, and with 

fewer errors than lower frequency words (De Groot, 1992). Ellis (2002) summarized 

this field of research and concluded that: 

for written language, high-frequency words are named more rapidly than lower 

frequency ones.…, they are more rapidly judged to be words in lexical decision 

tasks.…, and they are spelled more accurately…. Auditory word recognition is 

better for high-frequency than low frequency words.…there are strong effects 

of word frequency on the speed and accuracy of lexical recognition processes 

and lexical production processes in children and adults as well as L1 and L2 (p. 

152). 
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In the Rasch-based validation of one form of the Vocabulary Size Test (Beglar, 2010), 

an effect of word frequency level on learning vocabulary was identified. For the 

substantive aspect of validity, which is one of the six aspects of construct validity in 

Messick’s validation framework (1989, 1995), the results showed that the average item 

difficulties of words from the 14 word frequency levels tested were generally in line 

with the word frequency effect, as the examinees’ scores generally decreased on the 

lower-frequency bands: the highest scores were on the first 1,000 word frequency band 

and the lowest score was on the fourteenth 1,000 word frequency band. Thus, the 

results clearly indicated that high frequency words are likely to be learned first while 

low frequency words tend to be learned later. 

A recent Rasch-based validation study of the Listening Vocabulary Levels Test 

(McLean, Kramer, & Beglar, 2015) also showed evidence for the word frequency 

effect. Mclean et al. introduced and validated the Listening Vocabulary Levels Test 

(LVLT), which was designed as a diagnostic tool to measure knowledge of the first 

five 1,000 word frequency levels and the Academic Word List (Coxhead, 2001). The 

participants were 214 Japanese university students whose TOEIC scores varied from 

280 to 826. McLean et al. adopted the same validation approach as Beglar (2010). For 

the substantive aspect of validity, the results indicated that the average difficulties of 

five word frequency levels were generally in line with the hypothesized order of 
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difficulty (1,000 < 2,000 < 3,000 < 4,000 < 5,000) as the examinees’ scores generally 

decreased on the lower-frequency bands. Moreover, the results of a one-way ANOVA 

showed a significant difference, F(4, 525.95) = 513, p < .001, partial η2 = .56, and 

Dunnett’s T3 post-hoc test indicated that all pairwise comparisons were significant at p 

< .05 except for the 4,000 and 5,000 word frequency levels. 

 

The Relationship Between Vocabulary Size and Depth of Vocabulary Knowledge 

Even though vocabulary researchers have contrasted vocabulary size and depth 

of vocabulary knowledge as though they are two distinct dimensions of vocabulary 

knowledge (e.g., Anderson & Freebody, 1981; Bogaards & Laufer, 2004; Daller et al., 

2007; Haastrup & Henriksen, 2000), several researchers have suggested that they are 

closely related (Milton, 2009; Qian 1999, 2002; Read, 2004). That is, the more words 

learners know, the more they are likely to know about individual words they encounter 

or use. Read (2004) argued that this parallel development of vocabulary size and depth 

makes sense when adopting a network building perspective of depth of knowledge. In 

this perspective, vocabulary growth means that more extensive linkages are created 

among words in the mental lexicon. 

Adopting the network building perspective on depth, Vermeer (2001) examined 

the relationship between vocabulary size and depth and linked these concepts with 
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language acquisition and frequency of language input. In the first study, the size and 

depth of word knowledge of 25 Dutch monolingual and 25 bilingual kindergartners (N 

= 50) were investigated. For measuring vocabulary size, a receptive vocabulary task 

and a description task were employed. In the receptive vocabulary task, the children 

were asked to identify which picture (out of four) was the correct referent for an orally 

described word. In the description task, the children were asked to explain or describe 

the meaning of 27 words. An association task was used to measure depth of vocabulary 

knowledge. In this task, the children were asked to give associations for 10 words. In 

the second study, the relationship between the probability of knowing word and the 

input frequency of those words were examined with 1,600 Dutch monolingual and 

bilingual kindergartners. The researchers reported studies in which high correlations 

were found between measures of size and depth (r = .70-.82, p < .001). Vermeer 

(2001) argued that the high correlations between vocabulary size and depth measures 

indicate that children who know more words tend to know more about each word; the 

more words children know, the more interconnected the networks are. Based on this 

evidence, the author concluded that there is no conceptual distinction between 

vocabulary size and depth of vocabulary knowledge. 

An important point, however, is that Vermeer’s study is difficult to generalize 

to other contexts, such as those involving ESL or EFL adult learners. Because the 
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participants were 4 to 5 years old, and either L1 and L2 Dutch speakers, conventional 

instruments measuring adult learners’ vocabulary size and depth, such as the 

Vocabulary Levels Test, the Vocabulary Size Test, or the Word Associates Test, were 

not utilized by Vermeer. Furthermore, as Read (2004) pointed out, young children’s 

vocabulary growth might be closely related to or, to some extent, constrained by their 

cognitive development; therefore, it is possible that the relationship between size and 

depth might be somewhat different for children than for adult learners. Hence, it is 

imperative to review studies investigating the two dimensions of vocabulary 

knowledge with ESL or EFL adult learners. 

Nurweni and Read (1999) explored the vocabulary knowledge of 324 first-year 

Indonesian university students. The authors employed three instruments to measure the 

size and depth of their participants’ vocabulary knowledge. First, a word translation 

task was used to measure vocabulary size. One hundred forty-three words were 

selected from the 2,000 most frequent words in the General Service List (West, 1953), 

and 57 words were selected from the University Word List (Xue & Nation, 1984). 

Each item was presented in an English sentence to provide a linguistic context for the 

word. For assessing depth of vocabulary knowledge, the Word Associates Test (Read, 

1993) was used to measure synonym, polysemy, and collocational knowledge. This 

test consisted of 50 items, each of which had four correct answers for a total of 200 
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points. In addition, oral interviews were conducted with a randomly selected 39 

students to elicit depth of vocabulary knowledge. The same 50 target words on the 

WAT were used. 

The Pearson correlation coefficient obtained between the word translation test 

and the WAT was .62 (p < .05). In order to investigate whether the relationship 

between vocabulary size and depth varied according to proficiency level, the 

participants were divided into three groups (high, middle, and low) based on their 

scores on a national examination for senior high school students. The relationship 

between size and depth of vocabulary knowledge was strong for the high proficiency 

students (r = .81, p < .05), while the correlation between the two measures was 

moderate for the middle proficiency students (42% of the participants) (r = .43, p 

< .005). Only a weak correlation was obtained between the two measures for the low 

proficiency students (48% of the participants) (r = .18, p < .05). Nurweni and Read 

(1999) argued that the students in the high proficiency group performed well on both 

tests; thus, these students not only knew most of the target words but also knew them 

relatively well. On the contrary, most of the students in low proficiency group 

performed poorly on the both tests; thus, they knew fewer words and their depth of 

vocabulary knowledge was relatively undeveloped. 
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One limitation of Nurweni and Read’s study was that they employed different 

types of vocabulary tests. A word translation task was used to measure vocabulary size 

and the WAT was utilized to measure depth of vocabulary knowledge; these tests 

present test-takers with different tasks. For instance, a word translation task require the 

test-takers to access a word that is equivalent in their first language, whereas the WAT 

is a multiple-choice test that does not always require test-takers to access a precise L1 

meaning. Hence, it is unclear whether some of the differences between vocabulary size 

and depth of vocabulary knowledge were due to different item formats. 

Recently, Akbarian (2010) investigated the relationship between vocabulary 

size and depth of vocabulary knowledge with 112 (48 male and 64 female students) 

Iranian learners of English, who were graduate students at different universities. The 

Vocabulary Levels Test (Schmitt, Schmitt, & Clapham, 2001) was employed to 

measure vocabulary size. Among the four frequency levels in VLT (first, third, fifth, 

and tenth 1,000 word frequency levels), the tenth 1,000-word frequency level was 

excluded as this was beyond the participants’ language proficiency. A 40-item version 

of the Word Associates Test (Read, 1993) was used to measure depth of vocabulary 

knowledge. A linear regression analysis was conducted with the VLT as a predictor 

and the WAT as the dependent variable. The results indicated that the VLT accounted 

for about 75% of the variance in WAT scores. These results indicated that the 
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participants’ vocabulary size and depth were closely related and they shared substantial 

variance. 

In order to investigate the effect of vocabulary size, the participants were 

divided into a high proficiency group (n = 26) and a low proficiency group (n = 84) 

based on whether they had acquired the most frequent 2,000 words of English. The 

cut-off score for having acquired these 2,000 words was set as 24 correct answers out 

of 30. In the case of the high proficiency group, a linear regression analysis was 

conducted with the VLT as the predictor and the WAT as the dependent variable. The 

results indicated that the VLT explained approximately 80% of variance in the WAT. 

These results indicated that there was a great deal of overlap between the VLT and 

WAT for the high proficiency group. The same analysis was conducted with the low 

proficiency group, and the results analysis indicated that the VLT accounted for about 

46% of the variance in the WAT. 

Akbarian (2010) argued that the larger amount of shared variance between the 

two dimensions for the high proficiency group indicated that vocabulary size and depth 

are closely related. However, Akbarian also suggested that the two dimensions are not 

identical, as 22-30% of the variance in the WAT was not explained by the VLT. 

Furthermore, the author argued that the findings for the low proficiency group imply 

that the development of depth of vocabulary lags behind that of vocabulary size. He 
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hypothesized that ESP/EAP Iranian learners tend to first learn a number of words, and 

then they start acquiring network knowledge; thus, they are likely to acquire additional 

information about individual words more once their vocabulary has reached a certain 

size (i.e., 2,000 words). Akbarian concluded that the results are in accordance with 

those of Nurweni and Read (1999); while vocabulary size and depth of vocabulary 

knowledge might converge for L2 learners who are relatively advanced, the two 

dimensions are more distinct for lower proficiency L2 learners. 

 

 The Relationship Between Vocabulary Size and Automaticity of Word 

Recognition 

Word recognition is considered an essential skill for fluent reading (Koda, 

2004; Grabe, 2009); therefore, automaticity of word recognition has been researched as 

one predictor of reading proficiency. However, little research has been conducted 

regarding the relationship between vocabulary size and automaticity of word 

recognition. It is important to explore the relationship between these two dimensions of 

lexical knowledge in order to investigate whether learners who know more words tend 

to recognize words more quickly. To the best of my knowledge, only one study that 

can provide an initial answer to this question. 
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Laufer and Nation (2001) examined the relationship between (a) accuracy and 

speed of lexical access on a receptive vocabulary test and (b) speed of lexical access 

and word frequency. The participants were 441 ESL university students, who were 

native speakers of Hebrew, Russian, and Arabic, and 13 native English speakers (N = 

454). The participants completed a vocabulary recognition speed test, which was a 

computerized version of the Vocabulary Levels Test (Nation, 1983, 1990). This test 

assessed the learners’ knowledge of written receptive vocabulary at the 2,000, 3,000, 

5,000, and 10,000 word frequency levels. The test-takers were instructed to match a 

target word with a corresponding definition from six options by typing the correct 

number on the screen. The following shows a sample item. 

 

 1. apply 
 2. elect 
make 3. jump 
 4. manufacture 
 5. melt 

 

The test-takers’ response accuracy and response times to complete each item 

were analyzed. The results indicated significant negative correlations between the 

measures at all vocabulary frequency levels; in other words, larger vocabulary sizes 

were associated with shorter response times. However, the results showed that the 

relationship between the response times and vocabulary sizes was non-linear, which 
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means any given change in vocabulary size does not produce a corresponding change 

in the response time; an increase in vocabulary size did not automatically result in a 

decrease in response time. Laufer and Nation (2001) argued that response times for the 

words at a particular frequency level sped up only when the learner’s vocabulary size 

had progressed far beyond that level. For instance, response time to words at the 3,000 

word frequency level became significantly different only when learners’ estimated 

vocabulary size was beyond 5,000 words. The authors suggested that learners who 

know more words in general are likely to access the meaning of words more quickly 

than learners with smaller vocabularies; however, decreases in response times lag 

behind increases in overall vocabulary size. The results also indicated that the ESL 

participants had both slower response times and displayed significantly more variance 

in their response times than native English speakers. The ESL participants also 

responded slowly to lower frequency words, and responses to almost all word 

frequency levels differed significantly from those of native English speakers. Laufer 

and Nation concluded that more frequent words are likely to be more highly 

automatized for ESL learners. 
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The Relationship Between Vocabulary Size and Reading Comprehension 

There has been extensive research investigating the relationship between 

vocabulary size and L2 reading comprehension. Generally, two approaches have been 

employed to examine this relationship. The first involves examining to what extent 

vocabulary size predicts reading comprehension. Many researchers have concluded 

that vocabulary size is one of the strongest predictors of reading comprehension (e.g., 

Bossers, 1992; Droop & Verhoeven, 2003; Nassaji, 2003; Verhoeven, 2000). The 

second approach concerns investigating the relationship between lexical coverage and 

reading comprehension, which includes determining lexical thresholds for successful 

reading comprehension. 

Laufer (1992b) investigated how L2 reading was affected by vocabulary size 

and general academic ability (including L1 reading ability) with 64 first-year 

university students, 46 native speakers of Hebrew and 18 native speakers of Arabic. 

Laufer used three instruments. The Vocabulary Levels Test (Nation, 1983) was used to 

measure vocabulary size, and both scores for L2 reading comprehension and general 

academic ability were taken from the results of the psychometric entrance examination, 

which was found to be a good predictor of future success in academic studies. The 

results indicated a significant correlation between the VLT and L2 reading 

comprehension (r = .51, p < .001). Even though the correlation coefficient was also 
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significant between general academic ability and L2 reading comprehension, it was 

lower than that of the VLT and L2 reading comprehension (r = .39, p < .001). These 

results suggested that the VLT was more strongly related to L2 reading than general 

academic ability. 

Subsequently, the participants were divided into five subgroups based on the 

VLT results: below the 2,000 word frequency level (n = 16), the 2,000 word frequency 

level (n = 17), the 3,000 word frequency level (n = 12), the 4,000 word frequency level 

(n = 13), and the 5,000 word frequency level (n = 6). However, the results of a one-

way ANOVA between the means of the L2 Reading comprehension scores at the five 

lexical levels indicated that neither the groups below the 2,000 word frequency level 

and those at the 2,000 word frequency level, nor the groups at the 3,000 word 

frequency level and 4,000 word frequency level were significantly different from one 

another; therefore, instead of five subgroups, three lexical groups were formed. The 

first group was made up of the participants below the 2,000 word frequency level and 

at the 2,000 word frequency level, the second group was made up of learners at the 

3,000 and 4,000 word frequency levels, and the final group was those learners at the 

5,000 word frequency level. Thereafter, Pearson correlations were calculated between 

general academic ability and reading comprehension in each lexical group to examine 

whether general academic reading ability contributed differently to L2 reading 
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depending on the participants’ vocabulary size. The results indicated that general 

academic ability significantly correlated with reading comprehension only for the first 

group (r = .56, p < .001). Based on these results, Laufer (1992b) suggested that L2 

learners who know fewer than 3,000 words might not be able to transfer their L1 

reading ability to L2 reading comprehension whereas the L2 learners with knowledge 

of 5,000 words are able to comprehend the text regardless of their general L1 academic 

ability (L1 reading). However, Laufer argued that L2 learners with knowledge of 

3,000-4,000 words might or might not be able to transfer their L1 reading ability, as 

their scores on the L2 reading comprehension test and general academic ability test did 

not show an overall linear relationship. 

 

Lexical Coverage and Reading Comprehension 

Lexical coverage means the portion of words known in a text. Nation (2001, 

2013a) explained that lexical coverage is important because it possibly determines a 

language threshold for text comprehension. Table 2 shows the relationship between the 

percentage of text coverage and the number of unknown word per 100 tokens. 
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Table 2. The Number of Unfamiliar Tokens per 100 Tokens And The Number of Lines 

of Text Containing One Unfamiliar Word  

 

% text coverage 

Number of unfamiliar 

tokens per 100 tokens 

Number of text lines per one 

unfamiliar word 

99 1 10 

98 2 5 

95 5 2 

90 10 1 

80 20 0.5 

Note. Adapted from “Learning Vocabulary in Another Language (2nd ed.),” by I. S. P. Nation, 

2013, p. 206. Copyright 2013 by Cambridge University Press. 

 

There is a strong relationship between lexical coverage and reading 

comprehension (Milton, 2009), that is, the more words learners know in a reading text, 

the higher their comprehension of the text. Researchers such as Laufer and Nation have 

explored whether there is a lexical threshold at which learners have sufficient lexical 

knowledge for successful comprehension. 

Laufer (1989) examined the relationship between lexical coverage and reading 

comprehension. Lexical coverage was calculated as the total number of words in the 

text minus the number of unknown words; this figure was converted into percentage. 

She explored how much vocabulary is necessary to achieve a score of 55% on a 

reading comprehension test, which was the minimum requirement for a pass in the 

Haifa university system. The learners were asked to underline the words they did not 

know in a reading text. Laufer adjusted the resulting figure based on the results of a 
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translation test. She found that knowledge of 95% of the running words was the point 

that best distinguished between learners who achieved 55% on the reading 

comprehension test and those who did not. 

Hu and Nation (2000) investigated the relationship between lexical coverage 

and reading comprehension with 66 students attending a pre-university English course. 

The researchers chose a fictional story and created four versions of the text (100%, 

95%, 90%, and 80% coverage) by replacing the low frequency words with nonsense 

words. Two measures, a multiple-choice test and a cued written recall test, were 

utilized to measure reading comprehension. The researchers defined adequate 

comprehension as above 85.7% (a score of 12 correct answers out of 14) for the 

multiple-choice test, and 56.5% (a score of 70 out of 124 ) for the written recall test. 

Each participant was randomly assigned to read one of four versions (100%, 95%, 90%, 

and 80%) of the text. Hu and Nation found that none of the participants could read 

adequately with 80% coverage, and, the majority of the participants could not gain 

adequate comprehension with 95% text coverage. Based on these findings, Hu and 

Nation suggested that most L2 English learners need 98% text coverage to achieve 

adequate comprehension of narrative text. 

Referring to the two studies reviewed above, Nation (2001) suggested three 

lexical threshold levels. The first threshold is 80% text coverage. With this coverage, 
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no learners can achieve adequate reading comprehension. The second threshold is the 

95% threshold, which resulted in minimally acceptable comprehension in Laufer’s 

study; however, most learners did not gain adequate comprehension in Hu and 

Nation’s (2000) study. The third is the 98% threshold defined by adequate reading 

comprehension in Hu and Nation’s study. Nation argued that almost all learners have a 

chance of gaining adequate comprehension with this coverage. 

Recently, Laufer and Ravenhorst-Kalvoski (2010) reexamined the lexical 

threshold hypothesis with 745 students in a college in Israel taking a course in English 

for Academic Purposes, which was designed to improve their reading comprehension 

in English. The participants were assessed with a standardized reading comprehension 

test, the English Psychometric Exam. The participants’ English reading proficiency 

scores ranged from 75 to 133 (maximum score = 150). The learners’ vocabulary size 

was measured with a revised version of Nation’s (1983) Vocabulary Levels Test. 

Lexical coverage was calculated with a version of a vocabulary profiler that matched a 

text to 20 vocabulary frequency lists based on the British National Corpus. The results 

supported Nation’s proposal, as they indicated two lexical thresholds, an optimal 

threshold and a minimal one. The optimal lexical threshold was between the sixth 

1,000 and eighth 1,000 word knowledge, and about 98% of text coverage was needed 

to gain adequate comprehension, which was defined as a reading score of 134 and 
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above. These participants were able to read academic reading material independently. 

The minimal lexical threshold was knowledge of between the fourth 1,000 and fifth 

1,000. Approximately 95% text coverage was required for the participants to 

comprehend the text adequately, which was operationalized as a reading score between 

116 and 133. These participants were able to read academic material with some 

guidance and help. 

 

Vocabulary Size and Reading Comprehension Item Types 

As reviewed above, several researchers have investigated the relationship 

between vocabulary size and reading comprehension. However, in these studies, 

general reading measures were employed and the role of vocabulary size on different 

reading comprehension tasks or item types was not investigated. 

Alavi and Akbarian (2012) examined whether vocabulary size, measured with 

the Vocabulary Levels Test was related to performance on five types of reading 

comprehension items, guessing vocabulary, main idea, inference, reference, and stated 

detail, on the TOEFL. They also investigated whether EFL learners at three levels of 

vocabulary knowledge differed in their performance on these five item types. Based on 

the score of Vocabulary Levels Test (maximum score = 120), the 213 participants were 

divided into three groups: The low level group had VLT scores up to 67, the middle 
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level group had scores between 68 and 84, and the high level group had scores above 

85. The researchers estimated that the low level group knew about 3,000 word families, 

the middle level group knew about 4,000 word families, and the high level group knew 

at least 5,000 word families. The reading comprehension measure was the paper-based 

reading section on the TOEFL, which lies in the range of 5,000 word families. 

The results indicated that there were moderate positive correlations between the 

Vocabulary Levels Test and two item types, guessing vocabulary (r = .58, p < .001), 

and stated detail (r = .44, p < .001). The Vocabulary Levels Test was only weakly 

correlated with Main Idea, Inference, and Reference questions (r = .21, .24, and .24, 

respectively, p < .001). The results of a stepwise multiple regression indicated that 

vocabulary knowledge was a significant predictor of Guessing Vocabulary and Stated 

Detail accounting for 34% of these variables. The VLT predicted Guessing Vocabulary 

(R2 = .33, p < .001) better than Stated Detail (R2 = .196, p < .001). 

With regard to the relationship between each vocabulary proficiency level and 

the five item types, Guessing Vocabulary was significantly correlated with the 

vocabulary test scores for the highest proficiency group. No significant correlations 

were obtained for the low or middle level group. 

Alvai and Akbarian (2012) argued that the significant correlation between 

vocabulary size and the Guessing Vocabulary items occurred because the high 
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proficiency participants could guess unknown words and comprehend the reading texts 

successfully. Their estimated vocabulary size of approximately 5,000 word families or 

more, might have crossed the 95% reading text coverage threshold suggested by Hu 

and Nation (2000). On the other hand, the participants in the middle and the low group 

whose estimated vocabulary sizes were below 4,000 words, were less successful at 

guessing unknown words and comprehending the reading materials than the high 

proficiency group. Hence, no significant correlation was obtained either for low or 

middle group. 

The researchers further suggested that the nonsignificant correlations between 

vocabulary size and other four item types—Main Idea, Inference, Reference, Stated 

Detail—occurred because a vocabulary size of 5,000 word families might not permit 

the comprehension of these items. However, they also argued that some of the item 

types might have tapped into the participants’ depth of vocabulary knowledge, which 

could explain why the participants at different vocabulary proficiency levels performed 

differently. 

Alavi and Akbarian found that the participants at each level performed 

differently on different item types despite the assumption of homogeneity for all the 

item types in one given test. In order to arrive at a possible explanation regarding the 

unequal performance of the participants on the item types on the TOEIC reading 
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subtest, the researchers argued that it is necessary to investigate the theoretically 

related issues of whether the reading section items form a unidimensional construct 

and whether each item type on the reading subtest is differentially difficult. 

Even though Alavi and Akbarian’s study provided significant insights 

regarding the role vocabulary knowledge plays on different types of comprehension 

questions, there were limitations. One limitation was that the authors assessed the 

participants’ performance on item types such as Main Idea and Reference using only 

four items. Furthermore, the number of the five item types differed considerably from 

one another. Whereas Making Inferences was measured with only three items, 

Guessing Vocabulary was measured with 19 items. Another weakness of the study was 

that the researchers did not investigate the role of depth of vocabulary knowledge in 

the reading comprehension item types. As Alavi and Akbarian (2012) suggested, 

nonsignificant correlations between vocabulary size and some item types such as 

inference and stated details might be because these items are tapping into the depth of 

vocabulary knowledge. Therefore, it is necessary to further explore the role of 

vocabulary depth in these reading comprehension item types in addition to size. 
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The Relationships Among Vocabulary Size, Depth, and Reading Comprehension 

Qian (1999) examined the relationship between depth of vocabulary knowledge 

and reading comprehension with 74 university-level Chinese and Korean ESL learners 

who had a minimum vocabulary size of 3,000 word families. Qian utilized four 

instruments. Nation’s (1990) Vocabulary Levels Test was used to measure vocabulary 

size, and the Depth of Vocabulary Knowledge Test was used to assess depth of 

vocabulary knowledge. This test was adapted from Read’s Word Associates Test 

(1993). The third test was a self-made Morphological Knowledge Test. Finally, as a 

reading comprehension test, the TOEFL reading section, which consisted of four 

passages with 20 multiple-choice questions, was used. The Pearson correlation 

coefficients obtained between (a) the reading comprehension test and Depth of 

Vocabulary Knowledge, (b) the reading comprehension test and Vocabulary Levels 

Test, and (c) the reading comprehension test and Morphological Knowledge Test 

were .82, .78, and .64 (p < .05), respectively. Qian (1999) argued that the high positive 

correlation between the Vocabulary Levels Test and Depth of Vocabulary Knowledge 

Test suggests that the development of the two dimensions is interconnected and 

interdependent. He also conducted a multiple regression analysis with the scores of 

Vocabulary Levels Test, Depth of Vocabulary Knowledge, and Morphological 

Knowledge Test as independent variables and reading comprehension as the dependent 
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variable. Both the Vocabulary Levels Test and Depth of Vocabulary Knowledge 

contributed significantly to the prediction of reading comprehension; Depth of 

Vocabulary Knowledge explained 11% of the variance in reading comprehension test 

over and above the prediction afforded by the Vocabulary Levels Test. However, 

Morphological Knowledge did not uniquely contribute to the prediction of the reading 

comprehension test. Qian suggested that for the learners who have vocabulary sizes 

beyond 3,000 word families, depth of vocabulary plays an important role in reading 

comprehension. 

Noro (2002) reexamined Qian’s study (1999) in an EFL context. Based on 

previous findings regarding the relationship between vocabulary knowledge and 

reading comprehension, two hypotheses were developed. The first was that for 

tJapanese university students whose vocabulary size is below 3,000 word families, 

vocabulary size, depth of vocabulary knowledge, and reading comprehension should 

correlate highly with one another. The second was that for Japanese university students 

whose vocabulary size is greater than 3,000 word families, scores on depth of 

vocabulary knowledge should play a more significant role in reading comprehension 

compared to students whose vocabulary size is below 3,000 word families. 

The 2,000 and 3,000 word frequency levels on the Vocabulary Levels Test, the 

Depth of Vocabulary Knowledge Test, and The Morphological Knowledge Test were 
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utilized in the same way as in Qian’s (1999) study. As a reading comprehension 

measure, two standardized reading comprehension tests, taken from TOEFL workbook 

1 and a SLEP test, were used. The test taken from the TOEFL workbook 1 contained 

one reading passage with 10 multiple-choice questions. The SLEP test contained two 

passages with 10 multiple-choice questions. Thus, a total of three passages and 20 

multiple-choice questions were used. The participants were 90 EFL Japanese 

university students. Pearson correlations were calculated between the reading 

comprehension test and the three measures of lexical knowledge. The correlation 

coefficients, which ranged from .65 to 74, supported the first hypothesis. 

In order to examine the differences between the participants who have a 

vocabulary size of 3,000 word families and those who do not, the participants were 

divided into three groups based on the scores of the Vocabulary Levels Test, and the 

middle group was excluded from the analysis. For the upper group, the Pearson 

correlations coefficient obtained between (a) the reading comprehension Test and 

Depth of Vocabulary Knowledge, (b) the reading comprehension test and Vocabulary 

Levels Test, and (c) the reading comprehension test and Morphological Knowledge 

Test were .62 (p < .01), .46 (p < .01), and .40 (p < .05), respectively. The results 

indicated that the correlation coefficient between Depth of Vocabulary Knowledge and 

the reading comprehension test for the upper group was higher than that between 
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Vocabulary Levels Test and the reading comprehension test. Thus, the Depth of 

Vocabulary Knowledge Test was more strongly related to the reading comprehension 

measure in the upper group. For the lower group, the Pearson correlation coefficients 

for the same variables were .47, .59, and .50, respectively. This finding indicated that 

vocabulary size was more strongly related to the reading comprehension than depth of 

vocabulary knowledge for the lower group. 

With the full sample, Noro conducted a multiple regression with Vocabulary 

Levels Test and Depth of Vocabulary Knowledge as independent variables, and the 

reading comprehension measure as the dependent variable. The results indicated that 

both the Vocabulary Levels Test and Depth of Vocabulary Knowledge significantly 

predicted the reading comprehension scores; the Vocabulary Levels Test added a 

significant 16.1% of explained variance in the reading comprehension test. For all the 

participants and the lower group, the Vocabulary Levels Test was the strongest 

predictor of reading comprehension, while Depth of Vocabulary Knowledge was the 

strongest predictor for the upper group. Morphological Knowledge did not 

significantly contribute to the prediction of reading comprehension. These results 

supported the second hypothesis. Noro concluded that vocabulary size plays a primary 

role in reading comprehension for learners who have not acquired 3,000 word families. 
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However, when the learners’ vocabulary is larger than 3,000 word families, depth of 

vocabulary knowledge plays a more important role (p. 79). 

Rashidi and Khosravi (2010) investigated the role of vocabulary size and depth 

of vocabulary knowledge in reading comprehension with 38 Iranian EFL learners 

whose minimum vocabulary size was 3,000 word families. They were fourth-year 

university students majoring in English, who were selected based on the scores on a 

Longman TOEFL test. Similar to Qian’s study (1999), Rashidi and Khosravi employed 

three instruments. A revised 150-item version of Nation’s Vocabulary Level’s Test 

(Schmitt et al., 2001) was used to measure vocabulary size. For measuring depth of 

vocabulary knowledge, the Word Associates Test (Read, 1993) version 3.1 was 

employed. This version of the WAT consisted of 50 target words, each followed by 

eight words, four of which were semantically related to the target word. The third 

instrument was a standardized reading comprehension test taken from the reading 

section of the TOEFL and contained five passages with 30 multiple-choice question. 

The Pearson correlation coefficients obtained between VLT and the Reading 

Comprehension Test, and the WAT and Reading Comprehension were .75 and .87 (p 

< .01), respectively. Rashidi and Khosravi (2010) argued that these strong positive 

correlations indicated that reading comprehension increases as vocabulary size and 
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depth increase or vice versa; thus, both vocabulary size and depth of vocabulary 

knowledge are important for reading comprehension. 

The participants were divided into high and low proficiency groups based on 

their WAT scores. The cut point was set at the scores of 146 (50.0%) on WAT; thus, 

19 students who scored above this point were considered to have high depth of 

vocabulary knowledge, whereas the other 19 students below this point were considered 

to have low depth of vocabulary knowledge. Subsequently, the participants were 

divided into high (n = 18) and low (n = 20) vocabulary size groups using a cut point of 

102 (52.2%) in the vocabulary size scores. Two independent t-tests were conducted to 

determine the difference between two groups’ reading performance. The results 

indicated that both the high depth and high size groups significantly outperformed the 

low depth and low size groups in reading comprehension. Rashidi and Khosravi 

suggested that the difference in the reading scores of the two groups were associated 

with the difference between their vocabulary size and depth. In addition, the authors 

argued that the findings were in accordance with Qian’s study (1999, 2002); depth of 

vocabulary knowledge contributes significantly to test-takers’ performance in reading 

comprehension. 

In sum, all reviewed research investigating the relationship among vocabulary 

size, depth of vocabulary knowledge were adopted the approach in Qian’s study 
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(1999); all researchers utilized the Vocabulary Levels Test to measure vocabulary size 

and Word Associates Test to measure depth of vocabulary knowledge. However, there 

are three limitations regarding these vocabulary tests. 

The first is that the Vocabulary Levels Test was designed as a diagnostic test 

not a vocabulary size test whose “main purpose is to let teachers quickly find out 

whether learners need to be working on high frequency or low frequency words…” 

(Nation, 2001, pp. 21-22). Schmitt (2010) has argued that the VLT is not designed to 

provide an estimate of a test-taker’s overall vocabulary size, but is better for providing 

a profile of learners’ vocabulary, which is particularly useful for placement and 

diagnostic purpose. Another limitation is that the VLT assesses a limited number of 

frequency bands. For example, it does not assess the 4,000 word frequency level or 

words from the 6,000 to the 9,000 word frequency levels. 

Regarding the use of Word Associates Test, the main problem is that the 

researchers did not check the dimensionality of polysemy and collocational knowledge 

in WAT test. As discussed above, the two aspects of vocabulary knowledge measured 

by the test, polysemy and collocational knowledge, formed different constructs, which 

suggests that they should be tested and scored separately (see Matsuo, 2012 for details). 
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The Relationship Between Automaticity of Word Recognition and Reading 

Comprehension 

Perfetti (1985) introduced Verbal Efficiency Theory, which emphasized the 

importance of accurate and rapid word recognition and efficient working memory 

processes as crucial factors in successful reading comprehension. For example, literate 

native speakers of English are often able to recognize a written word in less than 100 

ms (Ashby & Rayner, 2006; Breznitz, 2006; Jackson & McClelland, 1979), and they 

maintain their focal point of vision on words for an average of 200-250 ms (Perfetti, 

1999; Rayner & Pollatsek, 1989). This rapid and automatic word recognition process 

enables them to focus visually on approximately 80% of the content words and about 

50% of the function words while reading (Adams, 1990; Perfetti, 1999; Pressley, 2006; 

Stanovich, 2000). 

One of the main assumptions of the Verbal Efficiency Theory is that 

automatized word recognition is also important for successful reading comprehension 

because of working memory limitations (Perfetti, 1985). Reading involves numerous 

complex cognitive activities whose components are conventionally categorized into 

lower level and higher level processes (e.g., Grabe, 2009; Koda, 1992; Nassaji 2003). 

Generally, the former includes the more automatic linguistic processes such as word 

recognition, syntactic parsing, and semantic-proposition encoding; the latter refers to 
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processes such as integrating information within a text, activating and utilizing 

background knowledge in text meaning construction, making inferences, and 

monitoring comprehension. Thus, text comprehension is highly demanding and 

requires a high degree of cognitive control. Because the number of mental resources 

that can be simultaneously activated in working memory is limited (e.g., Daneman, 

1991; Daneman & Carpenter, 1980, 1983), lower-level processes, such as word 

recognition should be highly automatized. If individuals have not automatized a large 

number of words, too many attentional resources are allocated for the recognition of 

individual words; therefore, sufficient resources will not be available for higher-order 

comprehension tasks, such as integrating the new information with older knowledge 

and activating and developing a representative of the text of the story as a whole 

(Perfetti, 1985). Thus, the Verbal Efficiency Theory suggests that faster recognition is 

associated with improved reading comprehension because automatized lower-level 

processes frees up cognitive capacity. 

Another important aspect regarding the relationship between word recognition 

and reading is phonological awareness for learners whose L1 is very different from 

English. Koda (1996) argued that inefficient phonemic decoding and word recognition 

skills significantly impede accurate reading comprehension in L2 readers. When 

children, who are native speakers of English, learn to read their L1, they usually know 
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several thousands of words phonologically (Cunningham, 2005). Therefore, their main 

challenge is learning to decode, assigning phonological information to orthography. On 

the contrary, most of learners of L2 reading start with a significantly limited number of 

vocabulary, which means that not only must they become skillful at decoding words, 

but they must also learn the corresponding semantic information. 

Furthermore, these difficulties are compounded when the orthographies of the 

L1 and L2 are vastly distant, such as in the case of Japanese; English is an alphabetic 

system whereas Japanese is logographic kanji and syllabic kana system. Koda (1998) 

argued that L2 learners whose L1 is an alphabetic system differ from those whose L1 

is logographic system in orthographic processing as well as in phonological 

processing; while alphabetic readers rely heavily on intraword analysis in obtaining a 

word’s phonology, logographic readers retrieve phonological information lexically 

through whole-word activation. 

Many studies regarding the relationship between word recognition and reading 

ability including comprehension have adopted a component skills approach (Carr & 

Levy, 1990), where various components of reading, including word recognition skills 

are examined in terms of their contribution to reading ability. Fukkink, Husltijn, and 

Simis (2005) examined whether the computer-based training facilitated automatization 

of word recognition skills and whether the training helped the students improve their 
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reading rate and reading comprehension. The authors defined automatic processes in 

word recognition as proceeding directly from the printed word to meaning activation 

without passing through the stages of phonological recoding or translation into the L1. 

Automatic processing was operationalized using the coefficient of variance (CV) 

(Segalowitz & Segalowitz, 1993). The participants were 105 Grade 8 students (ages 13 

to 14) from two schools in Amsterdam. They had received EFL instruction for an 

average of 3.5 years. Before training, the students completed a computerized lexical 

decision task, where they were asked to judge whether a string of letters was real word 

or not as quickly as possible. The stimulus words consisted of 20 real words and 20 

pseudo words. After training, the participants completed the same lexical decision task 

with 100 stimulus words, which consisted of 50 real words and 50 pseudo words. 

Reading speed was assessed via a computerized test, and reading comprehension was 

assessed with two passages and 19 multiple-choice questions. Their results indicated 

that word-fluency training over two sessions improved reading rate but did not directly 

affect reading comprehension. 

Shiotsu (2009) explored how more and less skilled readers’ performance on the 

components of word recognition skills differed. Among the various components of 

word recognition, Shiotsu focused on the roles of decoding (orthographic processing 

efficiency) and lexical meaning access efficiency on reading ability. The participants 
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were 219 L1 Japanese EFL students (116 male students and 103 female students) 

attending five universities in western Japan. They belonged to different academic 

disciplines and represented a wide range of motivational and proficiency levels. 

Decoding speed (visual orthographic processing) was measured by a computerized 

same-or-different decision task, where test-takers were required to judge whether a pair 

of words was the same or different. The stimulus words consisted of eight real words 

each of which constituted four letters and monosyllabic (e.g., fact), and 16 non-words, 

half of which followed English orthographic regularity (e.g., dace) and other half did 

not (e.g., cfat). Lexical semantic access was measured by a computerized synonymy-

or-antonym semantic decision task, where test-takers were required to decide whether 

a pair of words was a synonym or antonym. The target items consisted of 18 pairs of 

words, half of which were synonyms and half of which were antonyms. A three digit 

number matching task, where test-takers were asked to judge whether a pair of 

numbers was identical or not, was employed to control possible task effects. Reading 

ability was measured with a reading comprehension test (four passages with total of 20 

multiple-choice questions) and a measure of sentence comprehension speed. 

The participants were divided into high (n = 81) and low (n = 59) reading 

proficiency groups to compare the two groups’ performance of each word recognition 

component. The results indicated that there was no significant difference between the 
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more and less skilled readers with regard to processing the real words. However, the 

more skilled readers were able to process orthographically regular sequences of 

nonwords as fast as they processed real words, while the less skilled readers were not 

able to process the nonwords as quickly as real words. Furthermore, the more skilled 

readers accessed the meaning of the paired words faster than the less skilled readers. 

Kojima (2010) investigated the roles of word recognition speed, accuracy, and 

automaticity on Japanese EFL learners reading proficiency. The key characteristics of 

automaticity were defined as “being unable to stop executing the process or unable to 

introspect the process” (Grabe, 2009, p. 27). Kojima also examined whether these three 

measures varied depending on word frequency. The participants were 44 Japanese EFL 

undergraduate and graduate students and 22 native speakers of English. The students 

were divided into two groups based on their TOEIC reading scores: 22 advanced 

readers (365-495), who were all English related majors, and 22 intermediate readers 

(210-340), whose majors varied. In order to measure decoding efficiency and lexical 

access, an antonym semantic decision task, in which test-takers decided whether the 

meaning of the target word was antonymous to the meaning of the prime word (e.g., 

the prime word high appears on the screen and a target word low is displayed after a 

specified time), was employed to measure word recognition accuracy and speed. The 

degree of automaticity was quantified using the coefficient of variation of reaction time 
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(����), which is calculated as the mean standard deviation divided by the mean 

reaction time (Segalowitz, & Segalowitz, 1993). A total of 128 prime words were 

taken from the high-frequency 2,000 words on the 8,000 Basic Word List of the Japan 

Association of College English Teachers generally referred to JACET 8,000 words list 

(Aizawa, Ishikawa, & Murata, 2005). This list was composed of high frequency words 

from the British National Corpus (BNC) and other sub corpora made from newspaper, 

magazines, EFL textbooks and English proficiency tests such as TOEFL and TOEIC. 

This list adopted lemma counting (i.e., a base word and its inflected forms are counted 

as one word), and not only ranked 8,000 words based on the data of BNC and other 

sub corpora, but also modified the rank of the words by examining how they were used 

in the textbook. The high-frequency 2,000 words was for the high school level; thus, 

the stimulus words were expected to be familiar to the participants. The target words 

were 128 corresponding antonymous words selected from the first to the fourth 1,000 

word frequency levels in the JACET 8,000 words list (32 words per level x 4 levels = 

128 total words), half of which were replaced with non-antonym words. 

The participants were tested individually. When shown a word on a computer 

screen, they had to decide whether the meaning of the target word was antonymous to 

the meaning of the prime word as quickly and accurately as possible by pressing the 
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right (Yes) or left (No) button of a mouse. Reaction time was recorded to the nearest 

millisecond. 

The results indicated that word recognition accuracy and speed of recognition 

discriminated among the three reading proficiency groups. Generally, the native 

speaker group recognized the antonymous words more accurately and faster than the 

advanced Japanese L2 readers, who in turn, recognized the words more accurately and 

faster than the intermediate Japanese L2 readers. Moderate effects were observed for 

word recognition automaticity as measured by ����. The effects of word recognition 

accuracy and speed became more prominent when word frequency decreased. That is, 

all participants generally responded to high frequency target words more accurately 

and faster than low frequency target words. On the contrary, such changes were not 

observed for word recognition automaticity; ���� was constant across the four 

frequency levels. Kojima indicated that the participants word recognition speed might 

not have been differentiated by the CVRT measures because restructuring the 

underlying word recognition process takes more time and changes in ���� are subtler 

compared to those of accuracy and reaction time. The author concluded that the more 

proficient people become in reading, the more quickly and accurately they recognize 

words, and these effects increase as word frequency increases. 
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Recently, Yamashita (2013) examined the relationships among three word 

recognition components—decoding, sight word reading, and lexical meaning access—

English language proficiency, and two components of passage-level reading ability—

reading comprehension and reading rate—with 102 Japanese EFL university students, 

who had studied English for six to seven years through formal education. Reading 

comprehension was measured using Levels B and C in the Extensive Reading Test 

developed by the Edinburgh Project in Extensive Reading (EPER), which was 

originally constructed for use in extensive reading programs to measure reading 

comprehension (Davies & Irvine, 1996). The B and C levels on the EPER Test 

consisted of a relatively long narrative story (1,663 and 1,460 words in levels B and C, 

respectively) following associated short-answer and gap-filling summary 

comprehension questions. There were 41 questions with total score of 60. Reading 

rates were conceptualized based on Carver (1990, 2000), who suggested that readers’ 

reading rate is constant when reading texts well within their reading ability for general 

understanding of texts’ meaning. According to Carver (2000), the expected 

comprehension level is over 64%. Two reading passages employed to measure 

individual participant’s reading rates were selected from the listening comprehension 

section on the pre-first level of the Eiken Test in Practical English Proficiency, a 

standardized test of English proficiency developed by the Society for Testing English 
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Proficiency (STEP). Yamashita (2013) argued that these passages were more suitable 

to measure the participants’ reading rates than those in reading comprehension section 

due to the linguistic simplicity of the passages. The passages were 145 and 141 words, 

respectively, and each reading passage was followed by two multiple-choice 

comprehension questions. 

English language proficiency was measured using a cloze test, where test-takers 

supplied the missing words that had been removed from the text at regular intervals. 

The test was created by simplifying one of the placement tests, which was originally 

created by EPER. There were 58 items (blanks) based on five reading passages, each 

of which was approximately 80 words. Even though a cloze test usually requires test- 

takers to comprehend the meaning of the passage, the author argued that this test 

differed from the reading comprehension test in requiring grammatical and lexical 

constraints rather than text-level constraints to complete the test. Each correct answer 

was awarded 1 point. 

The three components of word recognition skills—decoding, sight words, and 

lexical meaning access—were measured with a timed dichotomous decision task. In 

addition, a digit task was included to control task effects. In this task, 80 pairs of three 

digits (e.g., 957-957) were printed on a sheet of paper, and test-takers were required to 
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judge whether two numbers were identical or not as quickly as possible and circle 

either the Yes or No options printed beside each pair. 

The decoding test consisted of 126 items, where half of the items were 

pseudowords—pronounceable letter strings consisting of orthographically plausible 

letter combinations—taken from Form A of the Test of Word Reading Efficiency 

(TOWRE) (Torgesen, Wagner, & Rashotte, 1999). The other, 63 items were 

nonwords—unpronounceable letter strings consisting of orthographically implausible 

letter combinations—created by the author using the ARC Nonword Database and 

WordGen (Duyck, Desmet, Verbeke, & Brysbaert, 2004). These two types of words 

were randomized and printed as a single wordlist on a sheet of paper, and test-takers 

were required to judge whether each item could be read as an English word or not as 

quickly as possible even though all items were non-existing words. Similarly, the sight 

word test consisted of 104 real words (i.e., content words such as nouns, verbs, and 

adjectives and function words such as prepositions, pronouns, and articles) from Test 

of Word Reading Efficiency and 104 pseudowords created using the ARC Nonword 

Database and WordGen. Again these two types of words were randomized and 

presented as a single word list on a sheet of paper, and test-takers decided whether the 

items were real words or not as quickly as possible. 
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Lexical meaning access was measured using a two-word semantic judgment 

task, where test-takers decided whether two words were antonymous or not as quickly 

as possible. The items created by Kojima (2010) were employed for this task. Eighty-

nine pairs were selected from 128 pairs in the original test on the basis of a pilot study. 

These 89 pairs consisted of content words (e.g., large-still, mind-body, die-make, wife-

husband, clean-dirty), and were within the most frequent 2,000 in the JACET list of 

8000 Basic Words (Aizawa et al., 2005), which was regarded as the beginning level 

Japanese high school students; therefore, the words were expected to be known by the 

participants. 

As stated above, the tests measuring the subcomponents of word recognition 

skills were administered with paper, not with computerized software; therefore, each 

word list was printed on a sheet of paper along with the instructions and practice items. 

The author administered the tests over three consecutive weeks in the following order. 

In the first week, the participants completed the English language ability test. In the 

second week, they took the reading comprehension test. Third, they took the reading 

rate and word recognition tests. The reading rate was measured by the participants 

using the stopwatch. They switched the stopwatch on at the beginning of their reading 

and stopped it when finished. The order of administering the word recognition tests 

was as follows: digit, sight word, decoding, and lexical meaning access. Pearson 
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correlation coefficients obtained between (a) the reading comprehension test and 

English language ability test, (b) the reading comprehension test and reading rate 

(wpm), and (c) the reading comprehension test and lexical meaning access 

were .52, .40, and .31 (p < .01), respectively. English language proficiency correlated 

most strongly with reading comprehension, and reading rate moderately correlated 

with the reading comprehension test. Among the three components of word recognition 

skills, only lexical meaning access significantly correlated with reading comprehension. 

On the other hand, the Pearson correlation coefficients obtained between the reading 

rate and decoding, and the reading rate and lexical meaning access were .48 and .53 (p 

< .01), respectively. These results indicated that English language proficiency had the 

strongest correlation with reading comprehension, whereas lexical meaning access 

correlated most highly with reading rate. In addition, decoding correlated moderately 

with reading rate. However, sight word reading did not correlate significantly with 

either reading comprehension or the reading rate test. 

Yamashita conducted two hierarchical multiple regressions. In both analyses, 

the digit task score was entered first into the model as a covariate to control for a 

possible task effect on word recognition, which was not related to linguistic processing. 

Sight word reading was excluded due to a nonsignificant correlation with reading 

comprehension and reading rate. The first hierarchical multiple regression was 
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conducted with digit, English language proficiency, and lexical meaning access as 

independent variables, and reading comprehension as the dependent variable. The 

results indicated that English language proficiency and lexical meaning access were 

significant predictors (� = .48 and .25, respectively) and they accounted for 29% of the 

variance in reading comprehension. Subsequently, a second hierarchical multiple 

regression was conducted with digit, English language proficiency, decoding, and 

lexical meaning access, as independent variables, and reading rate as the dependent 

variable. Lexical meaning access, decoding, and English language ability were all 

significant predictors ( � = .32, .25, and .22, respectively); they explained 36% of the 

variance in reading rate. In sum, regarding the contributions of the components of 

word recognition skills on different constructs of reading, only lexical meaning access 

was a significant predictor of reading comprehension, and both decoding and lexical 

meaning access were significant predictors of reading rate. The results support 

previous findings that decoding was associated with reading rate (e.g., Fujita, 2010; 

Hamada & Koda, 2010). In addition, the results confirmed the previous finding that 

lexical meaning access predicts reading rate (Haynes & Carr, 1990; Shiotsu, 2010). 

However, the author emphasized that the finding that meaning access contributed to 

reading comprehension was contrary to previous findings (Haynes & Carr, 1990; 

Shiotsu, 2010). Yamashita (2013) suggested that assessing the efficiency of lexical 
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meaning access was important for not only reading rate but also reading 

comprehension, as reading comprehension is a meaning construction process and 

lexical meaning is one of the smallest semantic units in this process. 

 

Summary 

In this section, the major parts of the literature review, Defining Vocabulary 

Knowledge and Measuring the Three Dimensions of Vocabulary knowledge are 

summarized and synthesized. Even though the above sections were discussed 

previously, these are closely related because how vocabulary knowledge is 

conceptualized determines how to measure lexical knowledge. 

In the Defining Vocabulary Knowledge section, two conceptual frameworks of 

lexical knowledge were reviewed: Nation’s (2001) description of 18 separate traits (see 

Table 1) and descriptions of a small number of measurable dimensions (e.g., Daller et 

al., 2007; Henriksen, 1999; Qian, 2000) were discussed respectively. However, these 

two approaches are complementary. Moreover, the boundary separating these two 

approaches is often overlapping. For example, if Nation’s 18 aspects of lexical 

knowledge are recategorized using Daller’s (2007) three lexical spaces (see Figure 1), 

vocabulary size would include the form and meaning link, and it could also involve a 

sub-division of the receptive and productive aspects in this category, whereas depth of 
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vocabulary knowledge, is everything else in the table by implication (Milton, 2009). 

That is, when vocabulary knowledge is described using dimensions such as size and 

depth, it is similar to the description of depth of vocabulary knowledge proposed by 

many researchers (e.g., Henriksen,1999; Qian, 2000). Thus, these two frameworks of 

lexical knowledge are interrelated; however, Nation’s list does not include fluency as 

an aspect of lexical knowledge. 

Regarding the definitions of the three dimensions of lexical knowledge, 

vocabulary size can be defined as the number of words for which a learner has a 

superficial knowledge of the primary meaning (Qian, 2002). The common assumption 

of this dimension is that if learners know a single meaning of a word, then they know 

the word. Therefore, one type of form-meaning relationship can be assessed using The 

Vocabulary Size Test (Nation 2008; Nation & Gu, 2007), which was designed to 

provide a reliable, accurate, and comprehensive measure of learners’ receptive 

vocabulary size from first 1,000 to the twentieth 1,000 word frequency levels. Validity 

evidence for the Vocabulary Size Test was provided by Beglar (2010), who used the 

Rasch model and Messick’s validation framework (1989,1995). 

On the contrary, depth of vocabulary knowledge is more difficult to 

conceptualize than size, as this dimension is a complex and multifaceted construct. 

Therefore, as Nation and Webb (2011) noted, there is no general consensus of the 
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definition of lexical knowledge. However, when the various definitions of depth of 

lexical knowledge presented by second language vocabulary researchers are inspected 

carefully (e.g., Milton, 2009; Read, 1993; Wesche & Paribanht, 1996), it reduces to 

two key terms; the first is quality or degree to which each individual word is known 

and the second is degree to which a word has relationships with other words. Therefore, 

depth of lexical knowledge entails Henrinksen’s (1999) partial to precise and depth of 

lexical knowledge dimensions, Qian’s (2002) descriptions of depth of lexical 

knowledge and organization, and Read’s (2004) three ideas of precision of meaning, 

comprehensiveness of word knowledge, and network knowledge. These descriptions of 

depth of lexical knowledge are strongly interrelated. For example, Henriksen’s (1999) 

partial to precise dimension and Read’s (2004) description of precision of meaning are 

similar, as both emphasize the degree of lexical knowledge. Moreover, Qian’s (1999) 

notion of organization and Read’s (2004) network knowledge are interrelated, as both 

stress the degree to which words are related in mental lexicon. These interrelated 

definitions imply that it is perhaps impossible to identify one conceptual approach that 

captures all of the aspects of depth of lexical knowledge (Schmitt, 2014). Therefore, 

researchers should specify how depth of lexical knowledge is conceptualized and what 

aspects of depth of knowledge are focused on when defining and measuring depth of 

lexical knowledge. 



 106 

In this study, Read’s notion of network knowledge, specified as polysemy and 

collocational knowledge, was selected for the definition of depth of lexical knowledge. 

As a measurement of the depth of vocabulary knowledge, the Word Associates Test 

(Read, 1993, 1998, 2000) and its pertinent validation studies were reviewed. Several 

researchers (e.g., Read, 1998; Schmitt et al., 2011) have provided validation evidence 

for the Word Associates Test and identified susceptibility to guessing as one of the 

main threats to scores; however, almost of all these studies were mainly qualitative. 

Furthermore, the dimensionality of polysemy and collocation was not investigated. 

Hence, there is a scant quantitative research into the validity of this test. To date, only 

Matsuo (2012) has investigated the dimensionality of the two constructs measured by 

the test, polysemy and collocation, using the Rasch model. He found that these two 

constructs are fundamentally different and should be assessed and scored 

independently. However, his participants were relatively low proficiency EFL learners; 

therefore, more research with more advanced learners is necessary to confirm his 

findings. 

In this study, the dimension of fluency is defined as how quickly and efficiently 

learners can recognize a word, and was specified as automaticity of visual word 

recognition. Thorough the descriptions of visual word recognition discussed by several 

researchers (e.g., Grabe, 2009; Koda, 2004) were presented. Even though each 
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researcher has used slightly different terms, most researchers agree that visual word 

recognition is composed of a subset of skills, including orthographic processing, 

phonological processing, and lexical meaning access. However, Grabe’s (2009) 

argument that lexical meaning access might not always occur in the case of L2 word 

recognition is important when considering L2 learners with relatively low English 

proficiency, as they do not have many lexical entries in their mental lexicon. 

For successful reading comprehension, most researchers (e.g., Grabe, 2009; 

Koda, 2004; Perfetti, 1985) have agreed that the above component processes in word 

recognition must be highly automatized. The concept of automaticity is based on skill 

acquisition theories, such as Anderson’s adaptive control of thought theory (Anderson, 

1983; Anderson & Lebiere, 1998) and Logan’s (1988) instance theory, both of which 

regard automaticity as effortless and fast. Automaticity is reflected in a decrease in 

latencies when performing a task. In order to measure automaticity of word recognition, 

researchers typically utilize a lexical decision task (Meyer & Schvaneveltdt, 1971) in 

which participants classify a stimulus word or non-word. This task is generally 

conducted with computerized software in order to measure precise reaction times, 

which is index of automaticity. Segalowitz and Segalowitz (1993) proposed that the 

coefficient of variance (CV) can discriminate between a mere speed-up and the 

development of automaticity in performance. Their proposal led to the question of 
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whether CV can be a more reliable indicator of automaticity than shorter reaction times. 

So far, research has shown inconclusive results; Hulstijin et al. (2009) concluded that it 

is problematic to employ CV as an operationalization of automaticity whereas Lim and 

Godfroid (2014) suggested that CV might be a valid measurement of automaticity. 

 

Gaps in the Literature 

The review of previous research regarding the relationship among the 

dimensions of vocabulary knowledge and between vocabulary knowledge and reading 

comprehension has revealed five gaps. 

The first gap concerns the scant research simultaneously investigating the 

relationship among three aspects of lexical knowledge of second language learners: 

size, depth specified as polysemy and collocational knowledge, and automaticity of 

word recognition. Although the above three dimensions of lexical knowledge have 

been frequently discussed in the literature, no previous researchers have 

simultaneously explored the relationship among these dimensions and their 

relationship to reading comprehension. Measuring these three dimensions of lexical 

knowledge in one study makes it possible to capture the lexical knowledge of L2 

learners more systematically and completely. 



 109 

The second gap is that few researchers have investigated the impact of both size 

and depth of vocabulary knowledge in reading comprehension. Even though 

vocabulary size is regarded as one of the strongest predictors of reading 

comprehension (Milton, 2009; Schmitt, 2010; Stæher, 2008), it is plausible that 

measures of depth of lexical knowledge, specified as polysemy and collocational 

knowledge, can contribute to the prediction of reading comprehension because L2 

learners should acquire a large number of core meanings of high frequency words as 

well as secondary meanings and collocational knowledge to accurately comprehend 

reading passages. 

The third gap is that the role of fluency development, specifically automaticity 

of word recognition, on reading achievement has been relatively under-researched in 

the field of second language vocabulary acquisition (Grabe, 2009; Koda 2004; Schmitt, 

2010). Given that few researchers have investigated the role of automatized word 

recognition on reading comprehension (e.g., Droop & Verhoeven, 2003; Shiotsu 2009, 

2010), more research in this area is needed. It is necessary for learners to acquire the 

ability to rapidly process a large number of words (i.e., develop sight vocabulary) for 

fluent and successful reading. Therefore, it is plausible that measuring automaticity of 

word recognition can contribute to the prediction of skilled reading comprehension 

above and beyond size and depth of vocabulary knowledge. 



 110 

The fourth gap is that most researchers have not focused on investigating the 

role of vocabulary size in the reading comprehension item types. Only Alavi and 

Akbarian (2012) have examined the relationship of vocabulary size and specific 

aspects of reading comprehension, such as identifying main ideas, identifying specific 

details, identifying paraphrased details, guessing vocabulary from context, and making 

inferences. 

This lack of research regarding the role of vocabulary size on specific reading 

comprehension item types lead to the fifth gap; no researcher has simultaneously 

examined the role of three dimensions of lexical knowledge: size, depth, and 

automaticity of visual word recognition on reading comprehension item types. Even 

though Alavi and Akbarian (2012) investigated the role of vocabulary size on five 

reading comprehension item types, the role of depth of vocabulary knowledge on the 

five reading comprehension item types has not been investigated. In addition, the role 

of automaticity of word recognition on these reading comprehension item types has not 

been examined. 

 

Purposes and Significance of the Study 

The first purpose of this study is to explore the relationship among the three 

dimensions of vocabulary knowledge, vocabulary size, depth of vocabulary knowledge 
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and automaticity of word recognition with Japanese learners of English. Assessing 

these three dimensions makes it possible to provide useful vocabulary profiles for 

Japanese learners of English. Such profiles have pedagogical implications as they 

illuminate learners’ strengths and weaknesses in terms of their vocabulary knowledge 

and allow both teachers and students to know where to focus their teaching and 

learning effort. 

The second purpose is to investigate the degree to which vocabulary size, depth 

of vocabulary knowledge, and the automaticity of visual word recognition predict 

reading comprehension. The results can contribute to a better understanding of the role 

of these three lexical dimensions on reading comprehension and might provide an 

explanation for why learners who have almost the same vocabulary size, perform 

differently on reading comprehension tasks. 

The third purpose is to investigate the degree to which the three dimensions of 

lexical knowledge predict learners’ performances on five reading comprehension item 

types: identifying main ideas, identifying stated details, identifying paraphrased details, 

guessing vocabulary from context, and making inferences. The results can shed light 

on the relationship between the three dimensions of lexical knowledge and reading 

comprehension item types and thereby lead to a more specific understanding of the 

role of lexical knowledge play in both general and micro-level reading comprehension. 
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Another contribution of this study is that the results can provide information 

concerning the levels of difficulty of different types of reading comprehension 

questions typically found in reading tasks in many textbooks. 

 

Research Questions 

The following research questions guide this study. 

1. What is the relationship among vocabulary size, depth of vocabulary knowledge, 

and automaticity of word recognition? 

2. To what extent do depth of vocabulary knowledge and automaticity of word 

recognition add to the prediction of reading comprehension over and above the 

prediction afforded by vocabulary size? 

3. To what extent do vocabulary size, depth of vocabulary knowledge, and 

automaticity of word recognition predict success on each reading comprehension 

item type? 
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CHAPTER 3 

METHODS 

 

The purpose of this chapter is to describe the participants and instrumentation, 

and explain the data collection procedures and the analyses used to answer the research 

questions. The rationale for using Rasch modeling to validate the instruments is also 

discussed, key terms of Rasch analysis are defined, and the criteria used for instrument 

validation are presented. 

 

Participants 

The participants were 166 Japanese law majors (124 male and 42 female 

students) attending a medium-ranked private university (according to Kawai Juku, 

2016, hensachi [deviation value] = 50) in western Japan. There were 73 male and 21 

female 94 first-year students and 51 male and 21 female second-year students, whose 

ages ranged from 18 to 21. The mean Institutional TOEIC scores of the first-year and 

second-year students were 290.74 (SD = 116.16) and 356 (SD = 148.63), respectively. 

They had studied English for six or seven years mainly through the Japanese secondary 

school system. According to the background questionnaire (See Appendices G and H), 

most of the participants had studied English mainly through the grammar-translation 
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method, which is a typical English teaching method in the Japanese secondary school 

curriculum (Nishino & Watanabe, 2008). None of the participants had studied English 

overseas although 12 students had been to the United States, Australia, or Canada for a 

short trip. 

The first-year students were in four intact classes and were enrolled in three 

English classes per week. They were streamed into their classes based on the results of 

the TOEIC Bridge test. Their English reading proficiency was from novice to low-

intermediate, as they were mostly capable of performing reading tasks from novice to 

low-intermediate level according to the guidelines set by the American Council on 

Teaching of Foreign Language (1986). General English Course 1A, which met for two 

90-minute lessons per week, was taught by a Japanese English teacher, and the 

Communicative English course, which met for one 90-minute lesson per week, was 

taught by a native speaker of English. General English Course 1A was focused on 

TOEIC preparation and on developing reading skills, such as scanning and skimming, 

and the Communicative English course was focused on listening and speaking skills 

and on learning vocabulary and multi-word expressions useful for engaging in short 

conversations in English. 

The second-year students were in three intact classes. Their English reading 

proficiency ranged from high-novice to mid-intermediate; thus, they were mostly 
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capable of performing reading tasks in these levels set by the American Council on 

Teaching of Foreign Languages (1986). They were assigned to their classes based on 

the results of the IP TOEIC test they had taken the previous academic year. They were 

enrolled in two English courses: General English 2A and 2B and a Basic Writing 

course, both of which met for once per week for 90 minutes. These students were 

expected to further develop reading strategies, such as guessing words from context, 

categorizing information, skimming, and scanning, and to prepare for the TOEIC test. 

 

Instrumentation 

Six instruments were administered in this study: the Reading Comprehension 

Test, the Vocabulary Size Measure, the Revised Word Associates Polysemy Test, the 

Revised Word Associates Collocation Test, the Lexical Decision Task, and the 

Antonym Semantic Decision Task. 

 

Reading Comprehension Test 

The Reading Comprehension Test (see Appendix A) was developed by 

Burrows (2012), who piloted and provided validity evidence for the test with students 

attending the same university as the participants in this study. Burrows’ participants 

and the participants in this study were similar in two ways. First, they were both first-



 116 

year and second-year Japanese EFL university students. Second, they were both non-

English majors. Burrows developed three test forms; each test form was made up of 

three reading passages. In order to measure a wide range of reading comprehension 

ability, three reading passages from Test 2 and one reading passage from Test 1 in 

Burrows’ study were selected based on their estimated difficulty, which was estimated 

through analyses of their lexical composition and their readability, as estimated by the 

Flesch-Kincaid readability index. The Flesch-Kincaid grade levels of the four passages 

were 7.2, 8.5, 10.4, and 12.0, respectively. Burrows (2012) argued that the 7.2 passage 

was relatively easy, the 10.4 passage was slightly difficult, and the 12.0 passage was 

quite demanding for most of his participants, thereby providing an adequate range of 

text difficulty that can provide relatively precise estimates of the test-takers’ reading 

proficiency while avoiding floor and ceiling effects. The passage with the 8.5 

readability estimate originally had a Flesch-Kincaid grade level estimate of 10.4, but it 

was modified by rewriting some passive voice constructions and breaking one long 

sentence with a relative clause into two short sentences. The resulting readability 

estimate was 8.5. All four passages are expository prose. Burrows (2012) stated that he 

selected this genre because it allowed for the use of various question types, including 

questions concerning main ideas and specific details as well as inferencing questions. 

Additionally, the length of each passage was controlled to range from 350 to 480 
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words. Table 3 shows the lexical composition based on the British National Corpus 

and Flesch-Kincaid reading difficulty estimates for the four reading passages. 

 

Table 3. Lexical Composition, Flesch-Kincaid Readability Estimate, and Flesch-

Kincaid Grade Level of The Four Reading Passages 

Passage 1 Passage 2 Passage 3 Passage 4 

Number of words 473 350 353 436 
1K words 399 260 290 355 
2K words 41 13 29 24 
AWL 18 14 17 31 

Proper nouns １ 12 2 10 
Off-list 15  63 17 26 
Flesch-Kincaid readability 68.1 54.3 55.9 44.1 
Flesh-Kincaid grade level 7.2 8.5 10.4 12.0 

Note. 1K = first 1,000 high frequency words of English; 2K = second 1,000 high frequency 

words of English; AWL = Academic Word List; Off-list = not in the first 2,000 word types. 

 

Each reading passage was followed by five types of multiple-choice questions 

designed to measure the following aspects of reading comprehension: 

• Identifying the main idea of the entire reading passage or a paragraph embedded 

within the passage; 

 • identifying a detail that is clearly stated or not directly stated in the reading 

passage; 

 • identifying paraphrased sentences or a paraphrased paragraph in the passage; 

 • guessing the meaning of vocabulary terms from context; 
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 • making inferences concerning unstated information, such as the author’s opinion 

and topic of the following paragraph from contextual clues in the passage. 

Each reading passage was accompanied by 10 questions; for a total of 40 items (4 

passages x 10 questions per passage). The number of items representing each item type 

for each reading passage is shown in Table 4. 

 

Table 4. The Number of Each Item Type Accompanying Each Reading Passage and 

the Total Number of Each Item Type 

 
 

Item type 

Number of items 
accompanying each 

reading passage 

Total number of 
items in the four 

reading passages  

Identifying the main idea 2 8 
Identifying a stated detail in the passage 2 8 
Identifying paraphrased sentences in the 
passage 2 8 
Guessing vocabulary in context 2 8 
Making inferences 2 8 

 

In Burrows’ original reading comprehension test, each reading passage 

contained the same five item types as those in the current study. However, two item 

types, identifying paraphrased information and making inferences, were represented by 

only one question per passage. Therefore, one additional question for these two item 

types were created for each reading passage in order to have a total of 8 items for each 

item type (2 items x 4 reading passages = 8 items). In this way, the number of each 
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item type was equalized. These new items were developed considering the following 

four criteria (Burrows, 2012): 

• Create questions and response alternatives that contain higher propositional density 

than the reading passage. 

• Ask questions whose answers are not directly written in the text, requiring test-

takers to infer the meaning from contextual clues in the text. 

• Ask questions whose answers are found in more than one part of the text, requiring 

test-takers to synthesize two or more pieces of information to answer the question. 

• Ask questions in which the relevant information that can be used to falsify 

distractors or confirm the correct answer is limited. 

By controlling the number of reading comprehension item types, the above approach 

addresses two limitations of Alavi and Akbarian’s (2012) study. First, whereas those 

researchers employed a relatively small number of items for some item types (e.g., 

They had a total of only three inference items), in this study each item type was 

represented by eight items. Second, while they had an unequal number of each of their 

five item types (e.g., 11 items identifying stated details and four items assessing main 

ideas), in this study the number of items used for each item type is balanced. 

Even though eight items per item type is not sufficient to produce high 

reliability estimates, it represents an improvement over previous studies. In addition, 
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eight items for each five item types (40 items) was the maximum number of items that 

the participants could complete in the class time (90 minutes). 

 

Vocabulary Size Measure 

The Vocabulary Size Measure used in this study is shown in Appendix B. The 

Vocabulary Size Measure was based on Form 1 of the Vocabulary Size Test (Nation, 

2008). The words included on the Vocabulary Size Test are based on twenty 1,000 

BNC word lists developed by Nation (2006). Two changes were made. First, the total 

of 12 original items (three items x four word frequency levels) were replaced with 

three new items in the first through fourth 1,000 word frequency bands. These 12 

original items were selected based on the following rules. First, adjectives were 

selected because all 12 target words were adjectives. Second, problematic items such 

as nil and basis were deleted based on the pilot study, which was conducted the 

previous year with participants at a similar English proficiency. Third, a table of 

random numbers was used to select the remaining original target words. For each of 

the 12 new target items, a stem sentence and four options were created following the 

test specifications and guidelines for the Vocabulary Size Test (Nation, 2013b). The 

following information summarizes the specifications and the guidelines. 
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• A target word must be embedded in a non-defining stem sentence, which should not 

reveal the meaning of the target word. 

• The non-tested words in the sentence should fall within the first 1,000 words for the 

first 1,000 section, within the first 2,000 words for the second 1,000 section, and 

within the first 3,000 words for all other sections. 

• The words in the definitions for the target item should be written using higher 

frequency words than the target item being defined as far as possible. 

• The words described by the distracters must come from the same or the closest word 

frequency level as the target word. 

• All choices refer to the same part of speech and must plausibly fit in the stem 

sentence. 

An asterisk beside the item number indicates a newly created item. Twelve words were 

added to the Vocabulary Size Test and they served as anchor items across the five 

instruments, the Vocabulary Size Test, the Revised Word Associates Polysemy Test, 

the Revised Word Associates Collocation Test, stimulus items in the Lexical Decision 

Task, and stimulus items in the Antonym Semantic Decision Task. The anchored 

words were included to investigate whether the three aspects of lexical knowledge—

vocabulary size, polysemy, and collocational knowledge—formed a hierarchy of 

acquiaition. These new items were checked with three native English speakers who 
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hold doctoral degrees in the field of education (TESOL). The original items in 

Vocabulary Size Test and 12 anchor words are shown in Table 5. 

 

Table 5. Original Items in Vocabulary Size Test and Anchor Items Across Five Lexical 

Instruments 

Frequency band Original target words New target words 

First 1,000 poor, figure, basis even, brief, direct 

Second 1,000 upset, nil, pro calm, fresh, bright 

Third 1,000 dinosaur, rove, lonesome bare, vague, remote 

Fourth 1,000 candid, tummy, quiz ripe, ample, and modest 

 

Second, the number of items on the original Vocabulary Size Test was 

truncated from 140 to 60 items. The new test was made up of 10 words per frequency 

level from the first to sixth 1,000 levels. In a pilot test administered to 150 students, the 

items from the first 1,000 to the eighth 1,000 word frequency levels were used to 

estimate the participants’ knowledge of written receptive vocabulary. The results of the 

pilot test indicated that most learners’ vocabulary sizes were between 3,000 and 4,000 

words and that they rarely knew items beyond the sixth 1,000 word frequency level. 

Moreover, past research (Barrow, Nakanishi, & Ishino, 1999) indicated that it is quite 

unlikely that Japanese university students know words beyond the eighth 1,000 word 

frequency level. 
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The following is a sample item. 

 

 

 

 

Word Associates Test 

The Word Associates Test (Read, 1998) was designed to assess two aspects of 

depth of vocabulary knowledge, polysemy and collocational knowledge. The test is 

made up of 40 target items, all of which are adjectives. The following shows a sample 

item from the original Word Associates Test (Read, 1998). 

 

common 

 
complete light ordinary shared boundary circle name party 

 

As shown in this example, the test consists of one target word, common in this 

example, and eight options divided into two sets of four words. Two of the adjectives 

in the left box are synonyms of the target word (common-ordinary, common-shared). 

The right box contains nouns, two of which are collocates of the target item (common 

boundary, common name). There are four correct options, and in this example, the 

correct answers are evenly divided between the two boxes (i.e., two in the left box and 

soldier: He is a soldier. 
a.  person in a business 
b.  student 
c.  person who uses metal 
d.  person in the army 
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two in the right box). However, the correct options can also be distributed with one in 

the left box and three in the right box or three in the left box and one in the right box to 

make guessing more difficult. The main advantage of this format is that it can assess 

both knowledge of polysemy and collocations simultaneously. In the original test, each 

correct answer is awarded 1 point and the scores for polysemy and collocational 

knowledge are summed; thus, the maximum possible score is 160 (4 points per item x 

40 items = 160 total points). 

However, pilot studies indicated that having more than two correct answers per 

item is problematic because that format did not reliably distinguish between low and 

high ability test-takers’ depth of vocabulary knowledge (Matuso, 2012). Furthermore, 

the two aspects of vocabulary knowledge measured by the test, polysemy and 

collocational knowledge, formed different constructs, which suggests that they should 

be tested and scored separately (see Matsuo, 2012 for details). The two instruments 

designed to measure polysemy and collocational knowledge are described in the 

following two sections. 

 

Revised Word Associates Polysemy Test 

The Revised Word Associates Polysemy Test (See Appendix C; asterisks 

indicate anchored items) is designed to measure knowledge of polysemy. Due to the 
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above-stated problems, the original Word Associates Test was revised and a traditional 

multiple-choice format in which there is only one correct answer was used. In addition, 

the test was divided into two tests so that test-takers’ knowledge of polysemy and 

collocation were assessed separately. Because the original Word Associates Test was 

revised, this test was named Revised Word Associates Polysemy Test. In the Revised 

Word Associates Polysemy Test, test-takers are required to choose the option that 

shares the closest meaning to that of a headword. In the sample item shown below, the 

headword is general and the correct answer is b, whole. 

 

general 

 

a. closed 

b. whole 

c. different 

d. same 

 

Even though both the Vocabulary Size Measure and the Revised Word 

Associates Polysemy Test are based on form-meaning relationships, the Revised Word 

Associates Polysemy Test differs from the Vocabulary Size Measure in two ways. First, 

while the Vocabulary Size Measure items assess the primary meaning of the target 

words, 42 items (out of 60 items) in the Revised Word Associates Polysemy Test 

measure the secondary meaning of the target words. For example, bright is defined as 
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a lot of light in Vocabulary Size Measure, but clever on the Revised Word Associates 

Polysemy Test. Another difference is that the Vocabulary Size Measure generally tests 

whether test-takers know the definition of the target word, whereas the Revised Word 

Associates Polysemy Test is designed to measure knowledge of a word that shares a 

meaning of the target word. 

In order to make the Revised Word Associates Polysemy Test consistent with 

Vocabulary Size Measure, ten stimulus words were selected from each of the first six 

1,000 word frequency levels. Thus, there were a total of 60 items on this test (six word 

frequency levels x 10 items per level = 60 total items). For the selection of the target 

items, 29 items were employed from the Read’s original Word Associates Test, and 31 

items were added. The 31 items were selected from the first 4,000 high frequency 

words of JACET 8,000 word list (Aizawa et al., 2005) based on the following 

procedure. First, because the target words were adjectives, only adjectives were chosen. 

Then, each adjective was checked using the Thesaurus.com webpage to ensure that it 

has a clear secondary meaning. Because Read’s original Word Associates Test had one 

to three correct answers for each target item, 71 words were employed from Read’s 

original Word Associates Test, and 169 words were added. These words were also 

selected from the first 3,000 high frequency words of JACET 8,000 word list so that 

each target item had one correct answer with three distractors. The options were 
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selected from the words whose frequency levels were the same or higher than those of 

the target words. 

 

Revised Word Associates Collocation Test 

Because the original Word Associates Test was revised and divided into two 

tests, this test was called the Revised Word Associates Collocation Test. In the Revised 

Word Associates Collocation Test (See Appendix D; asterisks indicate an anchored 

item), test-takers are required to choose the option that collocates with the headword. 

In the sample item below, the headword is general and the correct option is b, idea (i.e., 

The collocation is general idea). 

 

general                     . 

 

a. country 

b. idea 

c. return 

d. street 

 

In order to make this instrument consistent with the Vocabulary Size Measure and the 

Revised Word Associates Polysemy Test, ten stimulus words were selected from each 

of the first six 1,000 word frequency levels. Thus, there were a total of 60 items on this 

test (six word frequency levels x 10 items per level = 60 total items). Because the same 
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target items as the Revised Word Associates Polysemy Test were used, and procedures 

of creating options were identical to those of the Revised Word Associates Polysemy 

Test; 59 words were employed from Read’s original Word Associates Test, and 181 

words were added from JACET 8,000 word list (Aizawa et al., 2005). 

 

Automaticity of Word Recognition Test 

Two instruments were employed to measure automaticity of visual word 

recognition, a visual lexical decision task and an antonym semantic decision task. 

Because word recognition involves not only decoding but also lexical meaning access, 

it is important to capture both components of word recognition. 

 

Visual lexical decision task. In the Lexical Decision Task, test-takers judge 

whether a string of letters presented on a computer monitor is a real word or pseudo-

word as quickly as possible. The Lexical Decision Task was made up of 144 items 

(See Appendix E). In order to avoid response bias, which is a type of cognitive bias 

caused by including an unequal number of positive and negative responses on the 

instrument, 72 real words and 72 pseudo-words were included on the test. The 72 real 

words consisted of 18 items from each of the first four 1,000 word frequency bands (18 

items x four word frequency bands = 72 total items) in the British National Corpus. 



 129 

The 12 anchor items were also included on this test. Sample items from each word 

frequency level are high and time (the first 1,000 word band), song and store (the 

second 1,000 word band), wild and storm (the third 1,000 word level), and crew and 

slope (the fourth 1,000 word level). Except for vague (third 1,000 word frequency 

level), ripe, ample, and ugly (the fourth 1,000 word frequency level), all stimulus 

words were selected from the Japanese students’ familiarity rate list (Yokogawa, 

2006); the Japanese familiarity rate list does not contain many words in third 1,000 and 

fourth 1,000 word frequency levels. Table 6 shows the familiarity rate of the target 

words in this study. In this list, familiarity rate is defined as how often learners think 

they see or hear the words, not whether learners know the meaning of the words. The 

list shows the familiarity rate for 3,000 words on a scale that runs from 1.48 (rarely see 

or hear) to 6.92 (frequently see or hear). 

The familiarity rate list was developed through the following process. First, 

most frequent 2,981 words were selected from the Kilgarriff Lemmatised Frequency 

List (Kilgarriff, 1997), and 19 words (the days of the week and the names of the 

months) were added. Fellow researchers then administered the 3,000 words to 810 EFL 

Japanese students from ten universities in western Japan. The participants were asked 

to rate how frequently they believe they see or hear the words using a Likert scale that 
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ranged from 1 (Never see or hear) to 7 (Very frequently see or hear). The points on the 

scale from 2 to 6 were not accompanied by descriptors. 

The stimulus words vague, ripe, ample, and ugly were adopted from the 

JACET 8,000 word list (Aizawa et al., 2005), which contains 8,000 words considered 

to be important for Japanese learners when they communicate in English. These 8,000 

words were selected from the British National Corpus and sub-corpus, which contains 

5.8 million words from the following genres: newspaper, TV program transcripts, 

junior and senior high school English textbooks, scientific articles, and literature for 

young people. These 8,000 words are divided into eight word frequency levels with 

1,000 words per level. Level 1 (i.e., the first 1,000 high frequency words) covers 

88.6% of the running words in general English high school textbooks, and the first 

eight 1,000 word frequency levels cover 98.7% of the running words in the textbooks. 

When the frequency of the word family of the stimulus words is controlled, one 

common problem is that low frequency words tend to be longer than high frequency 

words. Some studies have shown that the word length affects reaction times in that 

longer words produce longer reaction times, whether the length is defined in terms of 

the number of letters or the number of syllables (e.g., De Groot et al., 2002; Stenneken, 

Conrad, & Jacobs, 2007). Therefore, in this study lexical properties, such as the 
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Table 6. Lexical Decision Task Target Words and Their Familiarity Ratings 

First 1,000 band Familiarity rating Third 1,000 band Familiarity rating 

time 6.85 guest 6.44 
high 6.82 flash 5.95 
help 6.81 vision 5.94 
first 6.80 wild 5.91 
close 6.75 soul 5.82 
friend 6.75 flight 5.81 
house 6.75 junior 5.78 
take 6.75 scream 5.38 
chance 6.71 crash 5.35 
drink 6.66 hint 5.35 
night 6.57 storm 5.25 
finish 6.53 regret 4.65 
girl 6.47 grip 4.61 
simple 6.44 snap 4.55 
answer 6.43 remote 4.31 
even 6.14 steal 4.27 
direct 5.31 bare 3.35 
brief 4.22 vague NA 

Second 1,000 band Familiarity rating Fourth 1,000 band Familiarity rating 

song 6.57 native 6.24 
advice 6.49 flesh 5.82 
store 6.45 import 5.79 
cool 6.44 task 5.38 
peace 6.42 novel 5.32 
smile 6.40 planet 5.18 
gift 6.36 review 5.09 
sweet 6.35 mode 5.00 
repeat 6.34 theme 5.00 
rain 6.31 crew 4.41 
swim 6.22 device 4.34 
winter 6.21 curve 4.27 
taste 6.16 sigh 4.06 
famous 6.10 slope 4.05 
attack 6.07 modest 2.88 
fresh 5.87 ripe NA 
bright 5.18 ample NA 
calm 4.55 ugly NA 

Note. NA = Not applicable. 

 

number of letters and syllables, were controlled by selecting six sets of three stimulus 

words at each frequency level, each of which consisted of four, five, and six letters. In 

addition to controlling for the number of letters and syllables, the part of speech of the 
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words was also controlled. Among the six sets of three stimulus words, two sets were 

adjectives, two were nouns, and two were verbs (See Appendix E for the entire set of 

stimulus words for the lexical decision task. Asterisks indicate anchored items). 

Pseudo-words and non-words were randomly generated with the ARC Non-Word 

Database (Rastle et al., 2002) controlling for number of the letters and syllables and 

selecting orthographically existing onsets, bodies, and legal bigrams so that they 

approximately mirror real words. Example pseudo-words are luig, opie, reuth, and 

thafe. 

 

Antonym semantic decision task. When conducting a semantic decision task 

in reaction time research, a two-word judgment task is often used (Jiang, 2012). In this 

task, two words are simultaneously presented to a participant who must decide whether 

the two words are synonyms or not. Many researchers have utilized this type of task to 

examine lexical representations and processing (e.g., Azuma, Williams, & Davie, 

2004; Morita & Matsuda, 2000; Perfetti & Zhang, 1995). 

However, a two-word judgment task was not utilized in this study. As the 

primary purpose of the semantic decision task was to measure the meaning access 

component of word recognition, only the reaction time of the target word should be 

measured, and not the reaction time to both words. Therefore, the semantic priming 
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method was used in this study (See Appendix F for the full sets of items). McDonough 

and Trofimovich (2009) defined semantic priming as a facilitation in the speed or 

accuracy of processing a word (e.g., nurse) when it is preceded by a semantically 

related word (e.g., doctor) relative to when it is preceded by a semantically unrelated 

word (e.g., butter). Even though semantic priming effects are susceptible to strategic 

influences (i.e., training participants to expect the association of priming word), they 

are largely automatic and often precede conscious attention or awareness. As the 

meaning access component of word recognition should be largely automatic for fluent 

readers, the priming method is a suitable way to measure this construct. 

Word pairs that are synonyms or related in meaning are typically utilized as test 

material in the semantic priming method. However, in this study, antonymous word 

pairs were employed. The justification of using antonymous word pairs is that 

synonymous words are employed in the Revised Word Associates Polysemy Test. As 

12 words are anchored across the five lexical instruments used in this study, it would 

have been extremely difficult to avoid using the same sets of word pairs. Therefore, 

using antonymous word pairs minimized the test effects of taking both the Revised 

Word Associates Polysemy Test and the semantic decision task. In addition, 

antonymous words pairs were easier to create than synonymous ones for noun pairs 

(e.g., teacher-student, father-mother, boy-girl). Finally, several researchers (Kojima, 
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2010; Shiotsu, 2009, 2010; Yamashita, 2013) have employed antonymous word pairs 

to measure meaning access during word recognition and they reported that the 

approach functioned well. 

In the Antonym Sematic Decision Task, a prime word (e.g., strange) appears 

on the computer screen, and after a specified duration of 1,000 ms, a target word (e.g., 

familiar) appears on the screen. Test-takers decide whether the target word is 

antonymous to the prime word as quickly as possible. 

Items created by Kojima (2010) were adapted for use in the antonym semantic 

decision task. The original version contained 128 pairs of items, all of which were 

content words (i.e., nouns, verbs, adjectives, and adverbs). Half of the 128 pairs were 

antonyms, in which the stimulus word and the target word were related, and half were 

not semantically related. All the prime words were selected from the 2,000 high-

frequency words of JACET 8,000 words list (Aizawa et al., 2005). The participants’ 

mean raw score on the Vocabulary Size Measure was 30.1; 17 participants had a score 

below 20. This indicated that although 17 participants’ mean vocabulary size was 

below 2,000 word families, most of the participants were likely to know at least one 

meaning of around 3,000 word families. Therefore, the majority of the participants 

should have been familiar with these words. Thirty-two corresponding antonymous 

target words were selected from the first four 1,000 word frequency levels on JACET 



 135 

8,000 list (32 words x four frequency levels = 128 total items). Half of the target words 

(64 items) were matched with unrelated words that had the same number of letters and 

were from the same word frequency levels. Thus, each 1,000 word frequency level 

consisted of 16 antonymous pairs and 16 unrelated pairs. In order to control the 

number of letters in the target words at each frequency level, the 32 stimulus words at 

each level consisted of eight words with four or five letters, 19 words with six to eight 

letters, and five words with nine to 11 letters. However, the parts of speech of the 

target words in each level were not equally distributed. 

In order to make this instrument more consistent with the Lexical Decision 

Task, the following changes were made to the stimulus words. First, adverbs were 

excluded because no adverbs were included on the Lexical Decision Task. Second, the 

word frequency level of each stimulus word was examined with Vocabprofilers BNC-

20 (Cobb, 2013) and each word was categorized based on its frequency in the BNC 

Corpus because the word frequency level of the JACET 8,000 is not identical to the 

frequency level of the British National Corpus. Thereafter, 18 target words for each of 

the first four 1,000 word frequency levels (18 items x four word frequency levels = 72 

total items) were constructed using the following procedure. Forty-six of Kojima’s 

original stimulus words were used, and 26 stimulus words were newly added. Twelve 

of the 26 target words were anchor items (the first 1,000 word frequency level: direct, 
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even, brief; second 1,000 word frequency level: fresh, calm, bright; third 1,000 word 

frequency level: bare, vague, remote, and; fourth 1,000 word frequency level: ripe, 

ample, and modest), and the remaining 14 words were selected from the JACET 8000 

word list. 

Next, the 72 corresponding prime words were selected. Forty-seven prime 

words were adopted from Kojima’s original prime words, and 25 prime words were 

newly added. These 25 antonymous items were mostly from the first 1,000 to the third 

1,000 word families in the BNC, which were selected from JACET 8,000 list. The 

meanings of the antonymous words corresponding to the target words were checked 

using the Thesaurus.com webpage. Third, the target words’ lexical properties—the 

number of letters and syllables—were controlled by selecting six sets of three stimulus 

words, each of which consisted of four, five, and six letters at each word frequency 

level. Besides controlling for the number of letters and syllables, the part of speech of 

the words was also controlled. Among the six sets of three stimulus words, two sets 

were adjectives, two were nouns, and two were verbs. Fourth, as filler items, another 

72 prime words were constructed from Kojima’s list and words from the JACET 8,000 

list. Most of these prime words were in the first 1,000 or second 1,000 word frequency 

levels in the BNC. Finally, 72 words unrelated to the prime words were constructed. 

These 72 unrelated words had the same number of letters, part of speech, and 
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frequency level as the 72 antonymous target words (See Appendix F for the complete 

stimulus word list for the antonym semantic decision task). All stimulus words were 

checked by three native speakers of English who hold doctoral degrees in the field of 

education (TESOL) and who teach English at a university. 

 

Procedures 

At the beginning of the first class, a background questionnaire (See Appendix 

G for the Japan version and Appendix H for an English translation) was administered 

to all participants to collect information concerning their years of formal English 

education, cram school attendance, and studying abroad experience, and other relevant 

data. Because this background questionnaire was not only for the study but also for a 

general survey for the English class, I also asked whether the participants liked English, 

whether they believed they were good at English, and how they learned English in 

their previous English courses. 

Except for the Lexical Decision Task and the Antonym Semantic Decision 

Task, all the tests were administered during scheduled class periods using the 

following two-month schedule. First, the second-year participants completed the first 

two passages of the Reading Comprehension as the part of midterm review test. One 

week later, the Vocabulary Size Test was administered, and in the following week, 
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they completed the Revised Word Associates Polysemy Test. In the following week, 

the Revised Word Associates Collocation Test was administered. Two weeks later, the 

participants completed the remaining two passages of the Reading Comprehension 

Test as a part of final review test. The first-year participants completed the first two 

passages of the Reading Comprehension as the part of midterm review test. Five weeks 

later, the Vocabulary Size Test was administered, and two days later, the participants 

completed the Revised Word Associates Polysemy Test. Five days later, they 

completed the Revised Word Associates Collocation Test, and one week later they 

completed the remaining two passages of the Reading Comprehension Test. 

Three vocabulary instruments—the Vocabulary Size Measure, the Revised 

Word Associated Polysemy Test, and the Revised Word Associated Collocation 

Test—were administered in the above sequence to minimize learning effects; the 

participants were unlikely to check the secondary meanings of the target words after 

taking the Vocabulary Size Measure, and they were unlikely to check collocations after 

taking the Revised Word Associates Polysemy Test. If the order was changed, the 

participants would have been more likely to check a dictionary, which might have 

helped them answer the items on the following test. 

Because the Visual Lexical Decision Task and Antonym Semantic Decision 

Task were administered one-on-one using a computer software program, the testing 
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took place outside of the class throughout the academic semester using the following 

procedures. Both the Lexical Decision Task and the Antonym Semantic Decision Task 

were conducted with SuperLab version 5 (2011). SuperLab is an experiment generator 

package used to design and administer many types of psychometric experiments that 

require presenting stimuli on the screen or auditory stimuli via speakers. SuperLab has 

been utilized by many psycholinguistic researchers to examine lexical representation 

and processing. 

The participants took the visual lexical decision task individually on a laptop 

computer in a quiet room. The room was reserved for the reaction time tests so that 

interruptions were completely avoided; each of the two computers was set on a 

separate table so that each student was able to focus on the computerized test. They 

were told in Japanese that they would see strings of letters that were either real words 

or non-words. The participants were asked to judge whether they knew the words as 

quickly and as accurately as possible. After completing approximately 14 practice 

items with an oral explanation by me, they began the test. On each trial, a +++ sign, 

which indicated the focal point, appeared on the screen, and then after 1,000 ms, a 

string of letters, which was either a real English word or a pseudo-word, appeared on 

the screen. The items were randomly ordered. The participants responded Yes (i.e., It is 

a word in English) by pressing B, and No (i.e., It is not a word in English) by pressing 
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N on the keyboard. No feedback concerning correctness was given. Most participants 

completed the test in 7 to 10 minutes. 

After the participants completed the lexical decision task. They also completed 

the antonymous semantic decision task individually on a laptop computer in the same 

session. Before the main trial, they listened to oral instructions in Japanese regarding 

the concept of antonymous words and a description of the task. The participants had to 

decide whether the meaning of the target word was antonymous to the meaning of the 

prime word as quickly as possible. After completing 15 practice items with an oral 

explanation by the researcher, they began the test. The 144 word pairs were divided 

into four sets of trials, with each trial consisting of 36 word pairs (18 word pairs were 

antonymous and 18 were unrelated). The frequency levels of the target words were 

distributed equally among the four trials. The participants were allowed to take a brief 

break between each trial if necessary. On each trial, the +++ sign, which indicated the 

focal point, appeared on the screen for 1,000 ms, and then after a blank of 100 ms, the 

prime word appeared on the screen. The target word appeared on the screen after 1,000 

ms. The interval between the prime and the target word was set at 1,000 ms to ensure 

that the obtained prime effects were due to automatic processes without being affected 

by task expectation. The participants responded Yes (i.e., It is antonymous to the 

meaning of the prime word) by pressing B, and No (i.e., It is not antonymous to the 
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meaning of the prime word) by pressing N on the keyboard. No feedback concerning 

correctness was given. Most participants completed the test in 10 to 15 minutes. 

After the participants completed these two computerized reaction time tests, they 

completed two questionnaires in order to ascertain whether they actually knew the 

target words. The main purpose of these questionnaires were to examine whether the 

test-takers responded to the Antonym Semantic Decision Task without understanding 

of the target words. These questionnaires were created for this purpose, and other 

researchers have never used them. The first questionnaire contained 107 words (55 

words in the third 1,000 word family level and 52 words in the fourth 1,000 word 

family level) utilized in the two computerized tests (see Appendix I). The target words 

in the first 1,000 and the second 1,000 word family level, which was utilized in the two 

computerized tests were not included as most of the participants were likely to know 

these words. In the first questionnaire, the participants were asked to make a check 

mark next to a word if they knew one meaning of it. They were asked not to write 

anything if they did not know or had forgotten the meaning of the word. The second 

questionnaire (see Appendix J) contained 30 words that were randomly selected from 

the 107 target words on the first questionnaire. The participants were asked to write the 

meaning of the 30 target words in Japanese. The participants were also asked to write 

the specific meaning of the word’s part of speech. For example, for the target word 
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import, the participants were asked to provide the meaning of import as a verb not a 

noun. Table 7. shows the flow of the procedures of the study. 

 

Table 7. The Flow of The Procedures of The Study 

Month and 
week 

Activity 

First-year students Second-year students 

April week 2 The background questionnaire The background questionnaire 

June week 2 The Reading Comprehension  The Reading Comprehension  

 Test (the first 2 passages) Test (the first 2 passages) 

June week 3 Vocabulary Size Measure Vocabulary Size Measure 

The Revised Word Associates  

Polysemy Test 

June week 4 The Revised Word Associates  The Revised Word Associates  

Collocation Test Polysemy Test 

July week 1 The Revised Word Associates  

Collocation Test 

July week 2 The Reading Comprehension  The Reading Comprehension  

Test (the rest of 2 passages) Test (the rest of 2 passages) 

July week 3  Lexical Decision Task Lexical Decision Task 

to August Antonym Semantic Decision Task Antonym Semantic Decision Task 

  Two questionnaires Two questionnaires 

 

Data Analysis 

In this section, the analyses used to investigate the research questions are 

explained. 

Research question 1 asked about the relationship among vocabulary size, depth 

of vocabulary knowledge, and automaticity of word recognition. This research 
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question is answered in two ways. The first approach is a macro-analysis of the 

relationships among these aspects of lexical knowledge. Using Rasch logits of the 

Vocabulary Size Measure, the Revised Word Associates Polysemy Test, the Revised 

Word Associates Collocation Test, and the mean reaction time of the Lexical Decision 

Task and the Antonym Semantic Decision Task, Pearson correlation coefficients are 

calculated to determine the degree to which the participants’ vocabulary size, 

knowledge of polysemy, collocational knowledge, and automaticity of word 

recognition, which is specified as orthographic processing speed and lexical meaning 

access speed, are related to one another. Second, I conduct a micro-analysis of the 12 

anchor words included on the Vocabulary Size Measure, the Revised Word Associate 

Polysemy Test, and the Revised Word Associate Collocation Test in order to examine 

whether there is a acquisition hierarchy for these aspects of lexical knowledge and 

investigate how knowledge of these aspects differs depending on word frequency. The 

micro-analyses of the 12 anchor words on the three instruments are conducted by 

calculating what percentage of the participants correctly answered the questions on 

these three instruments. 

Research question 2 asked to what extent depth of vocabulary knowledge and 

automaticity of word recognition add to the prediction of reading comprehension 

scores over and above the prediction afforded by vocabulary size. A hierarchical 
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multiple regression analyses is conducted to determine the degree to which the three 

dimensions of lexical size, depth of vocabulary knowledge, and automaticity of word 

recognition, specified as orthographic processing speed and lexical meaning access 

speed, predict reading comprehension. In a hierarchical multiple regression, the 

predictors are entered into the analysis based on the combination of past research and 

the results of Pearson correlation analysis in this study. The order of entering the 

predictors is as follows. Vocabulary size entered first, collocational knowledge second, 

polysemy third, lexical meaning access speed fourth, and orthographic processing 

speed fifth. 

Research question 3 asked to what extent vocabulary size, depth of vocabulary 

knowledge, and automaticity of word recognition predict each reading comprehension 

item type. To answer this question, a Pearson correlation coefficient was calculated to 

determine the relationship among the measures of lexical knowledge—vocabulary size, 

knowledge of polysemy, collocational knowledge, orthographic processing speed, and 

lexical meaning access speed—and the five Reading Comprehension item types. In 

addition, five hierarchical multiple regression analyses are conducted to determine the 

degree to which the three dimensions of lexical size, depth of vocabulary knowledge, 

and automaticity of word recognition, specified as orthographic processing speed and 

meaning access speed, predict each of the five Reading Comprehension item types. 
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The Statistical Package for Social Science (SPSS) version 22.0 was utilized to 

answer the above research questions. In addition, the Rasch software package, 

Winsteps version 3.73, was used for instrument validation and refining the Reading 

Comprehension Test, the Vocabulary Size Measure, the Revised Word Associates 

Polysemy Test, and the Revised Word Associates Collocation Test. As Rasch analysis 

was utilized, the output from the Reading Comprehension Test, Vocabulary Size 

Measure, Revised Word Associates Polysemy Test, and Revised Word Associates 

Collocation Test, are Rasch person ability estimates, which are on an interval logit 

scale. Automaticity of word recognition is measured with reaction time (milliseconds), 

so both the lexical decision task and antonym sematic decision task produce ratio data. 

 

Rasch Analysis 

In this study, raw scores are initially obtained from the Reading 

Comprehension Test, the Vocabulary Size Measure, the Revised Word Associates 

Polysemy Test, and the Revised Word Associates Collocation Test. Rasch analysis was 

used to assess the validity and reliability of these tests and to create true interval-scale 

measures from the raw scores. Prior to discussing the advantages of Rasch analysis, I 

explain the reasons why the use of raw scores is problematic. 
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First, raw scores are only counts of the number of correctly identified items and 

have little inferential value (Kim, 2002; Wright & Mok, 2004). For example, if a 

student scores 60% on a reading comprehension test and scores 80% on a subsequent 

test, teachers tend to infer that the student’s performance has improved. This 

assumption is based on the idea that higher scores indicate higher ability. However, 

this approach potentially ignores the effects of different item types and different 

degrees of difficulty for each item. It is possible that the second test is made up of 

easier items than the first one. Thus, raw scores offer limited inferential information 

about test-takers’ ability. 

Second, raw scores are not a form of equal interval measurement, such as that 

provided by meters and kilograms. When items have different levels of difficulty, the 

ability needed to answer each item correctly can differ substantially. However, in the 

traditional Classical Test Theory approach, a raw score of 1 point is given to each 

correctly answered item and a total score is calculated based on the notion that each 

item is of equal difficulty despite information to the contrary (e.g., different item 

facility values). Thus, it is not correct to conclude that a student who scores 80 has 20 

points better reading ability than a student who scores 60. Likewise, it is not 

necessarily correct to conclude that two students who have raw scores of 60 have the 
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same ability because different items require different levels of ability to answer 

correctly. 

Finally, there is an issue of missing data. Missing data can occasionally occur 

due to test takers’ oversight or non-compliance. A reliable measurement model, which 

constructs inferences from observations, must not be affected by missing data. While 

missing data presents a problem in Classical Test Theory, they are easily handled by 

the Rasch model. 

These problems with raw scores are addressed in this study by utilizing the 

Rasch model (Rasch, 1960), which provides a way to construct person measures and 

item difficulty estimates and which orders persons and items on the same interval logit 

scale (logarithm of odds unit). The Rasch model also provides a way to investigate the 

fit of items and persons to model expectations. For instance, misfitting items can 

indicate a bias or problems in the items, while test-takers who mistfit the model can 

indicate numerous problems, such as not answering test items seriously. In addition, 

the Rasch model also provides a way to investigate dimensionality of the data through 

analyzing the item residuals. 
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Definition of Terms in Rasch Modeling and Criteria for Validation 

In this section the terms and criteria for reliability, item fit analysis, and 

unidimensionality are defined. The definitions are mainly from the glossary in Bond 

and Fox (2007). 

The dichotomous Rasch model (Rasch, 1960) postulates that data are 

dichotomous outcomes of a probabilistic process governed by a linear combination of 

parameters called person ability and item difficulty (Linacre, 2004). The formula for 

this model is loge � �	

���	


  =  �� −  ��, where Bn is the ability of subject n, where n = 1, 

Di is the difficulty of item, i, where i = 1, Pni is the probability that subject n will 

succeed on item i. Pni is the probability of failure 1- Pni. 

The Rasch model provides two reliability estimates. The first is Rasch person 

reliability, which is an estimate of the replicability of person placement that can be 

expected if the same respondents are given another set of items measuring the same 

construct. Person reliability is calculated as the ratio of adjusted true variance to 

observed variance and represents the proportion of variance that is not due to error. 

The formula for person reliability is Rp = SAp
2 = 1- (MSEp / SDp

2), where SAp
2 is person 

variance that is adjusted for measurement error, SDp
2 is the observed variance among 

persons, and MSEp is mean square measurement error. The second type of reliability is 

Rasch item reliability, which is an estimate of the replicability of item placement in a 
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hierarchy of items along the measured variable if these same items were given to 

another sample of comparable ability. The formula for item reliability is Rp = Gp
2 / (1 + 

Gp
2), where Gp is a person separation index, which has a range of zero to infinity. Both 

reliability indices are analogous to Cronbach’s alpha, and they range from 0 to 1.00, 

with higher values indicating greater reliability. Regarding the criteria for person and 

item reliability, the criteria provided by Fisher (2007) is utilized in this study. 

According to Fisher, person and item reliability < .67 is poor, .67 to .80 is fair, .81 

to .90 is good, .91 to .94 is very good, and > .94 is excellent. 

Rasch measurement also provides two separation indexes as another indicator 

of reliability. The first is the person separation index, which is an estimate of the 

spread or separation of persons on the measured variable, and the second is the item 

separation index, which is an estimate of the spread or separation of items on the 

measured variable. Item separation is calculated utilizing the following formula: G 

item = SA item / SE item, where SA item is the adjusted item standard deviation, and SE 

item is the average measurement error. Compared with the Rasch person and item 

reliability estimates, these indices are more sensitive measures of reliability, as they are 

not bound by 1.00. A higher value indicates better separation. A desirable value for 

item separation is above 2.00, as this indicates that item difficulties cover a range of at 

least two statistically distinct groups. In addition, standard error statistics for items and 
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persons are estimated through Rasch analysis, which helps researchers identify 

problematic items or persons that cause distortions in the reliability estimates. 

As one indication of item quality, the Rasch model provides item fit statistics 

that indicate the extent to which the items match the predictions made by the Rasch 

model. Two Rasch fit statistics are commonly utilized: infit and outfit mean-square 

statistics. The item infit mean-square statistic, which is sensitive to unexpected patterns 

by persons whose ability is at or near the item’s difficulty estimate, is calculated as 

follows: Vi = ∑ ������
    ��

���  / ∑ ����
��� , where Zni

2 is the squared standardized residual 

and Wni is their individual variances. The item outfit mean-square statistic is sensitive to 

the responses of persons far above or below the item’s difficulty. The formula for 

calculating outfit mean square is: ui = ( ∑ ���
     ��

��� )/ N, where Zni
2 is squared standard 

residuals, which is summed to form a chi-square statistic divided by N. Both infit and 

outfit mean-square indices range from 0 to infinity. 

Infit and outfit mean-square criteria vary depending on N-size (Smith, 

Schumacker, & Bush, 1998); however, a value of 1.0 indicates that the data fit the 

Rasch model perfectly. A value greater than 1.0 (underfit) indicates that unmodeled 

noise or other sources of variance exist in the data, which degrade the precision of the 

measurement of the latent variable, whereas a value less than 1.0 (overfit) indicates that 

the model predicts the data too well, which causes lower error variances and inflated 
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reliability estimates; however, overfitting items do not present the same threat to the 

precision of measurement as underfitting items. Acceptable infit and outfit MNSQ 

ranges differ depending on the researcher. For instance, Bond and Fox (2007) suggested 

that MNSQ values between .70 and 1.30 are acceptable for dichotomous tests. Wright, 

Linacre, Gustafson, and Martin-Lof (1994) stated that acceptable values can fluctuate 

depending on the context of a test; on a high-stakes test, the appropriate range is 0.8-1.2, 

but for lower stakes tests, the acceptable range might be 0.4-1.2. In this study ± twice 

the standard deviation of the infit and outfit mean-square statistic is employed as the 

item and person fit criteria (McNamara, 1996) for two reasons. First, it is considered to 

be stricter compared to the aforesaid criteria, and second, it can customize the 

appropriate range for each data set. Regarding the procedure for inspecting item fit in 

this study, I have prioritized infit MSNQ over outfit MSNQ, as a small number of 

unexpected responses can have a big impact on outfit MSNQ, whereas they have 

relatively little impact on infit MSNQ (Bond & Fox, 2007). However, if an item slightly 

violates the infit MSNQ criterion, I examine outfit MNSQ to determine whether the 

item should be retained or not. 

Even though acceptable fit to the Rasch model implies unidimensionality, a 

more effective approach to examining the dimensionality of a set of items is through 

conducting a Rasch principal component analysis (PCA) of item residuals. Several 



 152 

studies (e.g., Smith & Miao, 1994) have shown that the Rasch PCA of item residuals 

analysis is superior to traditional factor analytic approaches for assessing the 

dimensionality of instruments designed to produce a unidimensional measure of a latent 

variable. The Rasch model extracts the first major dimension in the data, which is the 

common variance among the items, and if the data are unidimensional and they fit the 

Rasch model, no systematic relationships should be present in the residuals. In this 

study, the following criteria from Linacre (2007) are used to investigate the 

dimensionality of items on the measured constructs. 

• Variance explained by items > 4 x first contrast is good. 

• Variance explained by measures > 50% is good. 

• Unexplained variance explained by first contrast < 3.0 is good. Unexplained 

variance explained by first contrast < 1.5 is excellent. 

• Unexplained variance explained by first contrast < 5% is excellent. 

In sum, Rasch instrument validation is conducted based on the following criteria: (a) 

item reliability and item separation are sufficiently high, (b) no items misfit the model, 

(c) the variance explained by the Rasch model is sufficiently high and the variance in 

the residual contrasts is sufficiently low. Table 8 summarizes these criteria. 
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Table 8. Criteria for Validation in the Rasch Model 

Criterion Critical value 

Item reliability  <.67 = poor, .67-.80 = fair, .81-.90 = good 
.91-.94 = very good, >.94 = excellent 
 

Item separation > 2.00 
 

Infit and outfit MNSQ statistics less than ± twice the standard deviation of the 
mean square statistics 
 

Variance accounted for by the 
Rasch model 

> 50%; lower percentage can be acceptable if 
person separation is < 2.00 
 

Variance accounted for by the first 
residual contrast 

Eigenvalue < 3.00 (< 10% variance) 
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CHAPTER 4 

INSTRUMENT VALIDATION 

 

The purpose of this chapter is to report on the validation results for six 

instruments, the Reading Comprehension Test, the Vocabulary Size Measure, the 

Revised Word Associates Polysemy Test, the Revised Word Associates Collocation 

Test, the Lexical Decision Task, and the Antonym Semantic Decision Task. The 

validity and reliability of the first four instruments are examined with Rasch modeling 

(Rasch, 1960). The analyses are reported in the following order. First, item fit, which 

indicates how well the items fit the Rasch model, is reported. As stated in Chapter 3, 

the fit criteria used in this study is ± twice the standard deviation of the infit and outfit 

MNSQ statistics. Therefore, different fit criteria are used for each measured construct. 

Second, the dimensionality of the items hypothesized to measure the same construct is 

investigated through a Rasch PCA of item residuals analysis. Third, the empirical item 

hierarchy is reported along with a Wright map and the item hierarchy is interpreted. 

Fourth, the Rasch item and person reliability and separation estimates are reported. 

The other two instruments, which are designed to measure the degree of 

automaticity of visual word recognition, are validated through examining hypotheses 

regarding proficiency effects and word frequency effects on accuracy scores and 
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reaction times. In addition, the accuracy scores of the two instruments are analyzed 

with the Rasch dichotomous model (Rasch, 1960). 

 

The Reading Comprehension Test 

The Reading Comprehension Test was completed by 166 Japanese university 

students. The first two passages were given to the participants as a part of midterm test, 

and the remaining two passages were administered as a part of final examination. Most 

of the low English proficiency students completed the test in about 50 minutes, and the 

intermediate proficiency students completed it in approximately 40 minutes. The 

Reading Comprehension was piloted with students with similar English proficiency the 

previous year; however, the pilot study did not include a qualitative assessment of 

whether the test-takers comprehended the reading comprehension questions. For this 

purpose, six participants were interviewed to investigate whether they comprehended 

the questions on the Reading Comprehension Test two months after the Reading 

Comprehension Test was administered. The six students were selected based on their 

ITP TOEIC score and their Rasch person ability estimate on the Reading 

Comprehension test. Table 9 summarizes the information provided by the six 

participants. Two students were selected from the top third, two students were from the 

middle third, and two students were from the bottom third among the 166 participants, 
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so they represented a wide range of proficiency. Each student was asked to translate all 

of the 40 Reading Comprehension items into Japanese. When the participants were 

unable to translate an item due to a lack of lexical knowledge, I asked them to 

summarize the question or indicate what the questions was asking them to do. 

 

Table 9. Information from the Six Interview Participants 

Rank Gender RCT TOEIC 

Top male  1.11 555 
Top female  0.97 520 
Middle male -0.12 405 
Middle female -0.12 410 
Low male -1.11 225 
Low female -0.97 260 

 Note. Rank = the participants’ rank based on the scores of the Reading  

Comprehension Test and ITP TOEIC; RCT = Reading Comprehension Test. 

 

One of students in the top rank was able to comprehend all the questions (40/40). 

However, the other student was unable to understand the questions, What do you predict 

the topic of the following paragraph is? Even though he knew the meaning of predict, 

he did not understand that he had to predict the topic of the following paragraph. He did 

not understand that following means next. 

Regarding the two students ranked in the middle, one did not understand six 

questions. Four out of the six questions were What do you predict the topic of the 

following paragraph? He did not understand the meaning of predict. Two other 
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questions were According to the passage, who wanted to learn about the effects of e-

mail on workers? (Stated Details) and It can be determined from the passage that the 

manned space flight program discussed in the passage lasted for (Making Inferences). 

He did not understand the meaning of the effects of e-mail on workers and lasted for. 

The other student did not understand two questions. The first was According to the 

passage, who wanted to learn about the effects of email on workers? She also did not 

understand the meaning of the effect of e-mail on workers clearly. Another item she 

could not understand was What can be inferred from reading paragraph (4)? She did 

not understand the meaning of infer. 

One of the two lowest students did not understand 10 questions. She did not 

know words and phrases such as benefit of e-mail, purpose, author, not mentioned, not 

stated, let alone, infer, and predict. The other student showed a similar pattern. He did 

not understand 16 out of 40 questions because he did not know the meaning of many of 

the words in the questions. 

Based on the results of the interview, the results for the Reading 

Comprehension Making Inferences questions need to be interpreted with caution, as 

most participants had difficulty comprehending them. Moreover, few participants 

realized that they were asked to predict the topic of the next paragraph. The low-
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proficiency participants were unlikely to comprehend at least 10 out of the 40 reading 

comprehension items. 

The results were analyzed using the dichotomous Rasch model (Rasch, 1960) 

using WINSTEPS version 3.73.0 (Linacre, 2011). Forty reading comprehension items 

were assessed through the examination of Rasch standardized item weighted mean-

square fit statistics as estimated with the 166 participants. Using ± twice the standard 

deviation of the infit and outfit MNSQ statistics as the fit criteria, the criterion for infit 

MNSQ was .86-1.14 (SD = .07). As the standard deviation for outfit MNSQ was .14, 

that criterion was .72-1.28. Table 10 displays the summary of the Rasch descriptive 

statistics for the 40 Reading Comprehension Test items. The infit MNSQ statistics 

ranged from .86 to 1.18, the outfit MNSQ statistics ranged from .82 to 1.50, and the 

point-measure correlations were between -.16 and .50. The standard errors ranged 

from .16 to .23, which indicated that the item difficulty estimates were reasonably 

precise. Item RC24 slightly underfit the Rasch model according to the infit MNSQ 

criterion, and items RC24 and RC36 underfit the model according to the outfit MNSQ 

criterion. Items RC24 and RC36 had negative point-measure correlations, which are 

problematic because they indicate that more able readers missed these items and less 

able readers answered them correctly. In other words, these items did not reliably 

distinguish between high and low ability persons. 
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An inspection of the distractor functioning revealed the reason for the negative 

point-measure correlation for item RC36 (In the last sentence of paragraph (5), it can 

be inferred that:). Three distracters (He agrees with the decision to use nuclear 

weapons against Japan. Nuclear weapons worked much better than the scientists 

probably expected. The weapons were effective because Japan surrendered soon after 

their use.) attracted 80% of the responses (10%, 51%, and 19%, respectively), and the 

mean person ability estimates of the examinees selecting each of the responses were -

.35, .03, and -.15, respectively. Only 20% of the participants selected the correct 

answer, He thinks the decision to drop nuclear bombs on Japanese cities was wrong, 

and their mean person ability estimate, -.30, was much lower than those of the 

examinees selecting the three distractors. A possible reason why RC36 did not behave 

well was that it was a Making Inferences question; many students might have had 

difficulty understanding the meaning of it can be inferred that. Therefore, the low-

proficiency readers might have selected the easiest sentence of the four, which 

happened to be a correct answer, whereas the higher proficiency learners might have 

utilized their background knowledge when selecting an answer. For instance, educated 

Japanese students know that Japan surrendered soon after nuclear weapons were used. 
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Table 10. Rasch Descriptive Statistics for The Reading Comprehension Test Items 

 
 Item 

 
Measure 

 
SE 

Infit 
MNSQ 

Infit 
ZSTD 

Outfit 
MNSQ 

Outfit 
ZSTD 

Pt-measure 
correlation 

 RC32 1.56 .21  1.04 .3 1.18 1.1 .10 
 RC33 1.39 .20 1.02 .2 1.03 .2 .19 
 RC36 1.35 .20 1.18 1.6 1.50 3.1 -.16 
 RC17 1.27 .19 1.04 .4 1.12 .9 .13 
 RC31 1.27 .19 1.02 .2 1.01 .1 .20 
 RC24 1.16 .19 1.15 1.5 1.40 2.9 -.08 
 RC40 .93 .18 1.10 1.3 1.20 1.9 .05 
 RC25 .90 .18 1.10 1.3 1.24 2.2 .04 
 RC38 .83 .18 .98 -.2 1.02 .2 .26 
 RC13 .57 .17 .97 -.5 .95 -.7 .32 
 RC5 .40 .17 .95 -1.0 .94 -.9 .35 
 RC39 .37 .17 1.02 .4 1.03 .5 .23 
 RC20 .31 .16 1.04 .8 1.02 .3 .22 
 RC27 .24 .16 1.01 .2 1.02 .3 .25 
 RC16 .19 .16 1.06 1.2 1.08 1.5 .17 
 RC30 .16 .16 .95 -1.2 .94 -1.0 .36 
 RC15 .11 .16 1.01 .3 1.02 .5 .25 
 RC22 .11 .16 .97 -.7 .97 -.6 .33 
 RC12 .05 .16 1.07 1.5 1.09 1.7 .16 
 RC18 .00 .16 .98 -.5 .97 -.5 .31 
 RC28 -.02 .16 1.04 1.0 1.05 1.1 .21 
 RC6 -.15 .16 1.02 .5 1.02 .5 .24 
 RC14 -.15 .16 .90 -2.5 .89 -2.4 .45 
 RC7 -.26 .16 1.06 1.4 1.07 1.5 .18 
 RC4 -.31  .16 1.07 1.6 1.10 1.8 .16 
 RC9 -.31 .16 .91 -2.0 .89 -2.1 .42 
 RC21 -.34 .16 .96 -.9 .95 -.9 .35 
 RC19 -.36 .16 1.04 .8 1.02 .5 .23 
 RC26 -.39 .16 .93 -1.5 .92 -1.4 .39 
 RC2 -.47 .16 .87 -2.8 .84 -2.8 .50 
 RC11 -.49 .16 1.02 .4 1.02 .3 .25 
 RC37 -.63 .17 .96 -.8 .96 -.6 .34 
 RC34 -.66 .17 .92 -1.5 .92 -1.2 .40 
 RC3 -.83 .17 .89 -1.7 .84 -2.1 .46 
 RC8 -.89 .17 1.02 .3 .98 -.2 .25 
 RC29 -1.04 .18 .97 -.3 .95 -.5 .31 
 RC35 -1.04 .18 .92 -1.1 .90 -1.0 .39 
 RC1 -1.27 .18 .93 -.7 .90 -.9 .37 
 RC10 -1.52 .20 .86 -1.3 .82 -1.4 .46 
 RC23  -2.01 .23 .91 -.6 .91 -.4 .36 

Note. RC = Reading Comprehension Test item. 

 

The distractor functioning of item RC24 (Which of the following sentences is 

closest in meaning to the sentence in lines 9-10?) indicated that two distractors 
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(Worrisome people almost always suffer from sickness caused by poor diets. and 

Health problems usually start with poor sleeping and eating habits.) were selected by 

68% of the participants whose average person ability estimates were -.15 and -.05, 

respectively. The correct answer, Stress affects people’s behavior which in turn, 

damages their physical well-being, was selected by 23% of the participants and their 

average person ability estimate was -.19, which was below those of the examinees who 

selected the two distractors. A possible reason was that RC 24 was a Paraphrased 

Details item type, which required the test-takers to understand two sentences (Stress 

can also cause health problems. People who worry a lot often do not get enough sleep 

or eat properly, leading to many health complication) and to find the sentence that 

expresses roughly the same idea. Relatively high proficiency readers might have 

focused on the latter sentence in the text and ignored the first part of the sentence, 

Stress can also cause health problems. Hence, they might have attempted to find an 

option that paraphrased the second sentence. The relatively low proficiency students 

might have focused on the word stress, as this is a loan word in Japanese. This strategy 

might have led them to select the correct option. 

In order to examine whether items RC 36 and RC24 disturbed the person 

measures, a Pearson correlation of the Rasch person ability estimates as estimated 

using all 40 items and the 38 items (excluding RC36 and RC24) was calculated. The 
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Pearson correlation coefficient was r = .99, which indicated that the two items did not 

cause serious measurement problems; therefore, the two items were retained. 

The dimensionality of the reading comprehension items was investigated using 

the following criteria (Linacre, 2007): 

• Variance explained by items > 4 x first contrast is good. 

• Variance explained by measures > 50% is good. 

• Unexplained variance explained by first contrast < 3.0 is good. 

• Unexplained variance explained by first contrast < 1.5 is excellent. 

• Unexplained variance explained by first contrast < 5% is excellent. 

When interpreting the results, an emphasis was placed on the third, fourth, and fifth 

criteria, as secondary dimensions in the data appear in the residual contrasts. 

The variance explained by the items (14.5%) was not greater than four times 

the variance accounted for by the first contrast (4.8%). Therefore, the first criterion 

was not met. The Rasch model accounted for 18.6% of the total variance (eigenvalue = 

9.1), which was below the required the value of 50%. However, this should not be 

regarded as the evidence of multidimensionality because this statistic is depressed 

when the Rasch person separation statistic is below 2.00. In this case, it was 1.33. The 

eigenvalue of the first residual contrast was 2.4, which was below the 3.0 criterion, and 

it accounted for 4.8% of the variance; thus, the third criterion was met. An inspection 
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of the standardized residual contrast 1 plot further confirmed the unidimensionality of 

the construct. Hence, overall, the items appeared to form a unidimensional construct. 

Figure 5 shows the linear relationship between the Rasch calibrations for the 166 test-

takers (on the left side) and the 40 Reading Comprehension Test items (on the right 

side). On the far left side of the figure is the Rasch logit scale, which has a mean item 

difficulty of 0. More able readers and more difficult items are toward the top of the 

figure and less able readers and less difficult items are toward the bottom of the figure. 

The Wright map for the Reading Comprehension Test was examined to determine 

whether: (a) a sufficient number of items are included on the measurement instrument; 

(b) the empirical item hierarchy shows sufficient spread; and (c) gaps exist in the 

empirical item hierarchy. Figure 5 indicates that the Reading Comprehension Test has 

a sufficient number of items, as the 40 items measure the full range of low and high-

proficiency learners. Figure 5 shows that no floor effects or ceiling effects for the 

person ability estimate were present. Finally, Figure 5 shows there are no significant 

gaps in the empirical item hierarchy, as items are found along nearly the entire 

measurement range. Although a gap exists between items RC24 and RC40, it was not 

problematic, as the standard errors for the six participants with ability estimates in that 

gap were acceptable at .36. The item mean is set to 0.00 (SD = .83) logits by 

convention. The mean of the person ability estimates was -.11 logits (SD = .60). 
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--------------------------------------------------------------------------------------- 
More able readers | More difficult items 
 2                + 
                  | 

             | 
             | 
             |T 
             |  RC32:stated(4) 
             | 
          .  |  RC33:main idea(4) 
             |  RC36:inference(4) 
             |  RC17:vocabulary(2)  RC31:para(4) 
             |  RC24:para(3) 
          # T| 

 1            ##  + 
             |  RC40:para(4)        RC25:stated(3) 
         ##  |S RC38:main idea(4) 
         ##  | 
             | 
       ####  |  RC13:para(2) 
     .##### S| 
          .  |  RC05:para(1) 
    .######  |  RC39:inference(4)   RC20:para(2) 
      .####  |  RC27:inference(3) 
             |  RC16:vocabulary(2)  RC30:para(3) 
     ######  |  RC12:main idea(2)   RC15:stated(2)  RC22:stated(3) 

 0         .####  +M RC18:inference(2)   RC28:main idea(3) 
        .####### M| 

             |  RC06:stated(1)      RC14:stated(2) 
      .####  |  RC07:vocabulary(1) 
    .######  |  RC09:inference(1) RC19:inference(2) RC04:main idea(1) RC21:main idea(3) 
          .  |  RC26:vocabulary(3) 
   ########  |  RC02:inference(1)   RC11:main idea(2) 
         ##  | 
            S|  RC34:vocabulary(4)  RC37:stated(4) 
       ####  | 
         .#  |S RC03:vocabulary(1) 
             |  RC08:main idea(1) 

-1            ##  + 
        .##  |  RC35:vocabulary(4)  RC29:inference(3) 
             | 

             ###  |  RC01:stated(1) 
            T| 
         .#  | 
             |  RC10:para(1) 
          .  | 
             |T 
             | 
             | 
             | 

-2                +  RC23:vocabulary(3) 
Less able readers | Less difficult items 
-------------------------------------------------------------------------------------- 
Figure 5. Wright map for the reading comprehension test. Each # equals 2 persons. 

Each . equals 1 person. M = Mean; S = One standard deviation from the mean; T = 

Two standard deviation from the mean; para = identify paraphrased details 

information; stated = identify stated details information; (x) = the number of the 

corresponding reading passage. 
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Table 11 shows the item difficulty estimates for the four passages in the 

Reading Comprehension Test. An inspection of items revealed a mixed pattern of the 

item difficulty. Item difficulties are influenced not only by the difficulty of the passage 

to which the items correspond but also the specific item types. Items RC 1, 2, 3, 8, and 

10, which were associated with the easiest passage, tended to be easier than the items 

associated with other three reading passage. On the contrary, items RC 31 32, 33, 36, 

and 38, which were associated with the most difficult passage, tended to be more 

difficult than the items associated with the rest of the passage. Even though the third 

passage (Flesh-Kincaid grade level = 10.5) was designed to be more difficult than the 

second passage (Flesh-Kincaid grade level = 8.5), the items associated with the third 

passage covered a wider range of difficulty than those in the second passage. 

An inspection of the difficulty based on item types revealed that generally, the item 

type, identifying Paraphrased Details information, was more difficult than the Making 

Inferences item type. The Stated Details items generally ranked in the middle of the 

difficult hierarchy. Even though the Guessing Vocabulary from Context and Main Idea 

item types generally were easier than Paraphrased Details, these two item types were 

spread throughout the difficulty range. 
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Table 11. Item Difficulty Estimates for The Reading Comprehension Test 

Item 
(measure) Passage 1 Passage 2 Passage 3 Passage 4 

RC32 (1.56) stated 

RC33 (1.39) main idea 

RC36 (1.35) inference 

RC17 (1.27) vocabulary 

RC31 (1.27) paraphrased 

RC24 (1.16) paraphrased 

RC40 (.93) paraphrased 

RC25 (.90) paraphrased 

RC38 (.83) main idea 

RC13 (.57) paraphrased 

RC5 (.40) paraphrased 

RC39 (.37) inference 

RC20 (.31) paraphrased 

RC27 (.24) inference 

RC16 (.19) vocabulary 

RC30 (.16) paraphrased 

RC15 (.11) stated 

RC22 (.11) stated 

RC12 (.05) main idea 

R18 (.00) inference 

RC28 (-.02) main idea 

RC6 (-.15) stated 

RC14 (-.15) stated 

RC7 (-.26) vocabulary 

RC4 (-.31) main idea 

RC9 (-.31) inference 

RC21 (-.34) main idea 

RC19 (-.36) inference 

RC26 (-.39) vocabulary 

RC2 (-.47) inference 

RC11 (-.49) main idea 

RC37 (-.63) stated 

RC34 (-.66) vocabulary 

RC3 (-.83) vocabulary 

RC8 (-.89) main idea 

RC29 (-1.04) inference 

RC35 (-1.04) vocabulary 

RC1 (-1.27) stated 

RC10 (-1.52) paraphrased 

RC23 (-2.01) vocabulary 

Note. RC = Reading Comprehension item; paraphrased = identify Paraphrased Details 
information; stated = identify Stated Details information. 
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Another way to analyze the pattern of the five reading comprehension item 

types is to categorize these item types based on lower-level processes and higher-level 

processes. Lower-level processes include more automatic linguistic processes such as 

word recognition, syntactic parsing, and semantic-proposition encoding; therefore, 

Reading Comprehension Main ideas, Stated Details, Paraphrased Details, Guessing 

Vocabulary from Context are more focused on lower-level processes, whereas higher-

level processing is emphasized when integrating information within a text, activating 

and utilizing background knowledge in text meaning construction, making inferences, 

and monitoring; The Reading Comprehension Making Inferences item type requires 

these processes. However, there was no clear distinction between the higher-level 

processes assessed with the inference items and the lower-level processes assessed 

with other four item types as shown in Table 11. The Reading Comprehension Making 

Inferences item types occur throughout the entire range of difficulties. 

The Rasch item reliability estimate was .95, which is excellent according to 

Fisher (2007), and the Rasch item separation index was 4.59. The Rasch person 

reliability was .64, which was poor according to Fisher (2007), and the separation 

index was 1.33, which was relatively low. This result was due to the participants’ 

homogenous reading proficiency. They had been screened by an entrance examination 
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when they entered the university and they were subsequently streamed into their 

classes based on their TOEIC Bridge score. 

 

The Vocabulary Size Measure 

The 60-item Vocabulary Size Measure was administered to 166 Japanese 

university students. The lower proficiency students took 50 minutes and the 

intermediate proficiency students took 40 minutes to complete the test. The results 

were analyzed with the dichotomous Rasch model (Rasch, 1960) utilizing WINSTEPS 

version 3.73.0 (Linacre, 2011). 

The fit criteria were calculated using ± twice the standard deviations of the infit 

and outfit mean-square statistics (McNamara, 1996). The standard deviation for infit 

MNSQ and outfit MNSQ were .05 and .22, respectively; thus, the fit criterion for infit 

MNSQ was .90-1.14 and that for outfit MNSQ was .56.-1.44. Table 12 displays a 

summary of the Rasch descriptive statistics for the 60 Vocabulary Size Measure items. 

The infit MNSQ statistics ranged from .88 to 1.01, the outfit MNSQ statistics 

ranged from .80 to 2.49, and the point-measure correlations were between -.09 and .45. 

As stated in Chapter 3, I am prioritizing infit MSNQ over outfit MSNQ. Item VS1 

underfit the Rasch model (outfit MNSQ = 2.49). However, this item was not 
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Table 12. Rasch Descriptive Statistics for The Vocabulary Size Measure Items 

 
Item 

 
Measure 

 
SE 

Infit 
MNSQ 

Infit 
ZSTD 

Outfit 
MNSQ 

Outfit 
ZSTD 

Pt-measure 
correlation 

VS49 2.48 .26 .99 .0 1.18 .8 .17 
VS60 2.44 .26 1.06 .4 1.30 1.2 .01 
VS43 2.17 .25 1.02 .2 1.21 1.0 .09 
VS40 2.16 .24 1.07 .5 1.13 .7 .05 
VS45 1.89 .22 1.07 .6 1.14 .9 .05 
VS33 1.86 .22 .96 -.2 .96 -.2 .27 
VS55 1.84 .22 1.05 .4 1.11 .7 .08 
VS19 1.63 .19 1.05 .5 1.01 .1 .16 
VS41 1.44 .20 .97 -.3 .95 -.4 .27 
VS57 1.38 .19 1.06 .7 1.23 1.9 .10 
VS51 1.31 .19 .95 -.6 .95 -.4 .31 
VS15 1.25 .18 1.01 .1 1.03 .3 .22 
VS31 1.14 .19 1.03 .5 1.16 1.6 .15 
VS35 1.12 .18 1.09 1.2 1.13 1.4 .10 
VS47 1.07 .18 1.00 .0 1.02 .2 .25 
VS44 1.00 .18 1.09 1.4 1.16 1.9 .09 
VS27 .96 .19 1.02 .4 1.02 .2 .21 
VS56 .83 .18 .95 -.8 .94 -.8 .34 
VS52 .68 .17 .98 -.4 .99 -.2 .27 
VS48 .59 .17 1.01 .3 1.02 .3 .25 
VS32 .58 .17 1.08 1.6 1.15 2.5 .13 
VS25 .57 .17 .93 -1.5 .91 -1.5 .39 
VS59 .46 .17 .98 -.4 .97 -.6 .31 
VS58 .35 .17 1.01 .4 1.04 .8 .23 
VS54 .30 .17 .93 -1.5 .92 -1.6 .38 
VS23 .28 .17 1.02 .4 1.01 .2 .25 
VS29 .27 .17 .98 -.3 .99 -.2 .30 
VS53 .25 .17 1.09 2.1 1.10 2.0 .11 
VS42 .22 .17 1.05 1.1 1.07 1.4 .20 
VS5 .22 .16 .99 -.1 1.02 .4 .27 
VS3 .16 .16 1.04 .8 1.05 .9 .22 
VS34 .07 .17 1.06 1.3 1.07 1.2 .17 
VS22 .05 .17 .93 -1.4 .92 -1.4 .38 
VS18 -.11 .17 1.01 .2 1.00 .0 .27 
VS14 -.13 .17 .98 -.4 .95 -.8 .32 
VS39 -.13 .18 .97 -.4 .96 -.6 .32 
VS24 -.17 .18 .98 -.3 .96 -.6 .30 
VS50 -.18 .18 .99 -.2 .97 -.5 .29 
VS16 -.19 .17 .99 -.2 1.00 .0 .29 
VS20 -.29 .17 .97 -.5 .97 -.4 .32 
VS4 -.32 .17 1.05 .8 1.06 .8 .20 
VS26 -.46 .17 .99 -.2 1.00 -.0 .29 

VS37 -.59 .18 .93 -.8 .92 -.8 .37 

Table 12 (continues) 
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Table 12 (continued) 

 
Item 

 
Measure 

 
SE 

Infit 
MNSQ 

Infit  
ZSTD 

Outfit 
MNSQ 

Outfit 
ZSTD 

Pt-measure 
correlation 

VS10 -.68 .18 .92 -1.0 .89 -1.1 .39 
VS11 -.69 .18 .88 -1.5 .86 -1.4 .45 
VS7 -1.20 .20 .97 -.2 .93 -.4 .30 
VS13 -1.33 .21 .96 -.3 .97 -.1 .29 
VS9 -1.33 .21 1.04 -.4 1.23 1.4 .12 
VS46 -1.39 .21 1.03 .3 1.08 .6 .17 
VS30 -1.47 .22 .98 -.1 .98 -.0 .25 
VS17 -1.52 .23 .91 -.5 .86 -.7 .36 
VS21 -1.56 .22 .92 -.5 .83 -.9 .37 
VS12 -1.74 .23 .96 -.2 .81 -.9 .32 
VS36 -1.92 .26 .90 -.5 .80 -.8 .37 
VS8 -2.02 .27 .91 -.4 .76 -.9 .35 
VS28 -2.33 .29 .95 -.1 .99 .1 .24 
VS38 -3.03 .39 .99 .1 1.08 .3 .13 
VS6 -3.21 .42 .98 .1 1.20 .6 .10 
VS1 -5.05 1.00 1.01 .3 2.49 1.4 -.09 
VS2 -5.57 1.42                    Minimum Measure .00 

Note. VS = Vocabulary Size Measure Item. Minimum measure = All persons answered the item 

correctly. 

 

problematic because it met the criterion for infit MSNQ; it violated the criteria for 

outfit MNSQ due to its easiness. Outfit MSNQ is sensitive to the response of persons 

far above or below the item’s difficulty; therefore, when the difference between the 

person’s ability and item difficult is large, the error is also large if there is a surprising 

response. Hence, the error is the largest when the item is either the easiest or most 

difficult. Item VS11 slightly overfit (infit MNSQ = .88); however, overfitting items do 

not present the same threat to measurement as underfitting items. Because item VS11 

slightly violated the infit MSNQ criterion, the outfit MNSQ statistic was examined. It 
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was acceptable, and the point-measure correlation was positive; thus, item VS11 was 

retained. 

The point-measure correlations of item VS1 (saw, first 1,000 frequency level), 

was negative. The negative point-measure correlation is problematic because it 

indicates that more able persons missed the item and less able persons answered it 

correctly; thus, this item did not reliably distinguish between the participants with 

more and less vocabulary knowledge. However, this item was not considered 

problematic because an inspection of the distractor functioning revealed that this item 

was answered incorrectly by only one test-taker whose ability estimate (.95) was much 

higher than the average ability estimates of the rest of test-takers (.25). 

The dimensionality of the Vocabulary Size Measure items was examined 

through a Rasch principal component analysis of item residuals using the criteria set by 

Linacre (2007). The variance explained by the items (18.6%) was greater than four 

times the variance accounted by the first contrast (3.0%). Therefore, the first criterion 

was met. The Rasch model accounted for 29.1% of the total variance (eigenvalue = 

24.2), which was below the required the value of 50%. However, this was due to the 

relatively low person separation statistic of 1.63. The eigenvalue of the first residual 

contrast was 2.5, which was below the 3.0 criterion, so the third criterion was met. The 

unexplained variance explained by first contrast (3.0%) was less than 5%, so the fifth 
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criterion was met. Furthermore, an inspection of the standardized residual contrast 1 

plot confirmed the fundamental unidimensionality of the construct. Hence, overall, the 

items appeared to form a unidimensional construct. 

Figure 6 indicates that a sufficient number of items is included on the 

Vocabulary Size Measure, as the 60 items ranged from -5.57 logits to 2.48 logits. No 

floor or ceiling effects were present. The item mean is set to 0.00 (SD = 1.63) logits by 

convention. The mean of the person ability estimates was 0.25 logits (SD = .61). 

Figure 6 shows that no significant gaps exist in the empirical item hierarchy. 

Even though there is a small gap between items VS11 (-.69) and VS7 (-1.20), there 

was no significant increase in the standard error of person ability estimates. In addition, 

there was considerable redundancy because items with similar difficulty estimates are 

found along nearly the entire measurement range, which indicates that the participants 

can be measured precisely using fewer items. 

The Rasch item reliability estimate was .97, which is excellent according to 

Fisher (2007), and the Rasch item separation index was 5.25. Hence, the item difficulty 

estimates were spread over approximately five statistically distinct levels. The Rasch 

person reliability estimate was .68, which was fair (Fisher, 2007), and the person 

separation statistic was 1.44; many participants had similar person ability estimates. 
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--------------------------------------------------------------------------------------- 
More able persons |  More difficult items 
  3               +T 
                  | 
                  | 
                  |  VS49:fracture(5K)   VS60:veer(6K) 
                  | 
                  |  VS40:allege(4K)     VS43:nun(5K) 
  2               + 
               #  |  VS33:ample(4K)      VS45:compost(5K)    VS55:threshold(6K) 
                  |  VS19:microphone(2K) 
               . T|S VS41:deficit(5K) 
               #  |  VS51:devious(6K)    VS57:strangle(6K) 
               .  |  VS15:patience(2K)   VS31:compound(4K)   VS35:modest(4K) 
  1       ######  +  VS27:pave(3K)       VS44:haunt(5K)      VS47:miniature(5K) 
      .######### S|  VS56:thesis(6K) 
      .#########  |  VS48:peel(5K)       VS52:premier(6K) 
        .#######  |  VS25:bare(3K)       VS32:latter(4K)     VS59:malign(6K) 
        ######## M|  VS23:jug(3K)  VS29:vague(3K) VS53:butler(6K) VS54:accessory(6K)  VS58:cavalier(6K) 
       .########  |  VS03:period(1K)     VS42: weep(5K)      VS05:direct(1K) 
  0   .#########  +M VS22:restore(3K)    VS34:ripe(4K) 
            ####  |  VS14:drawer(2K)  VS16:bright(2K)  VS18:circle(2K)  VS24:scrub(3K)  VS39:remedy(4K) 
         .###### S|  VS50:bacterium(5K)  VS20:calm(2K)       VS04:even(1K) 
             ###  |  VS26:strap(3K) 
             ###  |  VS10:brief(1K)      VS11:maintain(2K)    VS37:crab(4K) 
              .#  | 
 -1           ## T+ 
               .  |  VS07:jump(1K) 
               .  |  VS13:fresh(2K)      VS46:cube(5K)       VS09:standard(1K) 
                  |S VS21:soldier(3K)    VS17:pub(2K)        VS30:remote(3K) 
               .  |  VS12:stone(2K) 
                  | 
 -2               +  VS36:input(4K)      VS08:shoe(1K) 
                  | 
                  |  VS28:dash(3K) 
                  | 
                  | 
                  | 
 -3               +T VS38:vocabulary(4K) 
                  |  VS06:drive(1K) 
                  | 
                  | 
                  | 
                  | 
 -4               + 
                  | 
                  | 
                  | 
                  | 
                  | 
 -5               +  VS01:see (1K) 
                  | 
                  | 
                  | 
                  | 
                  | 
 -6               +  VS02:time (2K) 
Less able persons |  Less difficult items 
-------------------------------------------------------------------------------------- 

Figure 6. Wright map for the Vocabulary Size Measure. Each # equals 2 persons. Each . 
equals 1 person. M = Mean; S = One standard deviation from the mean; T = Two standard 
deviations from the mean; VS = Vocabulary Size Measure item; (1K) = a word from the first 
1,000 word frequency level; (2K) = a word from the second 1,000 word frequency level; (3K) = 
a word from the third 1,000 word frequency level; (4K) = a word from the fourth 1,000 word 
frequency level; (5K) = a word from the fifth 1,000 word frequency level; (6K) = a word from the 
sixth 1,000 word frequency level. 
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The Revised Word Associates Polysemy Test 

The Revised Word Associates Polysemy Test was administered to 166 

Japanese university students. Lower proficiency students completed the test in about 

40 minutes, and intermediate proficiency students completed it in 30 minutes. The 

results were analyzed utilizing the Rasch dichotomous model (Rasch, 1960) using 

WINSTEPS version 3.73.0 (Linacre, 2011). 

The MSNQ fit criteria were calculated using ± twice the standard deviation of 

the infit and outfit mean-square statistics. As the standard deviation for infit MNSQ 

was .07, the criterion was set at .86-1.14. The criterion for outfit MNSQ was set 

at .68.-1.32 (SD = .16). Table 13 displays the summary of the Rasch descriptive 

statistics for the 60 Revised Word Associates Polysemy Test items. The infit MNSQ 

statistics ranged from .84 to 1.15, the outfit MNSQ statistics ranged from .28 to 1.30, 

and the point-measure correlations were between -.04 and .53. 

According to the outfit MNSQ criterion, item PL10 overfit the model; however, 

it was a very easy item, it met the infit MNSQ criterion, and it had positive point-

measure correlations. Hence, item PL10 was not considered problematic. 

According to the infit MNSQ criterion, PL18 slightly overfit, whereas item PL8 

slightly underfit the Rasch model. However, these items performed well in terms of  
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Table 13. Rasch Descriptive Statistics for The Revised Word Associates Polysemy 

Test 

 
Item 

 
Measure 

 
SE 

Infit 
MNSQ 

Infit 
ZSTD 

Outfit 
MNSQ 

Outfit 
ZSTD 

Pt-measure 
correlation 

PL52 2.77 .32 1.10 .5 1.30 1.0 -.04 
PL59 2.11 .25 1.06 .4 1.17 .8 .09 
PL32 1.79 .23 1.05 .4 1.21 1.2 .11 
PL34 1.60 .21 .97 -.3 .98 -.1 .29 
PL56 1.57 .22 1.08 .7 1.17 1.1 .09 
PL12 1.47 .20 1.08 .8 1.25 1.6 .09 
PL45 1.41 .20 1.00 .0 .98 -.1 .26 
PL41 1.35 .21 .96 -.4 .90 -.8 .34 
PL50 1.35 .21 1.04 .5 1.09 .8 .17 
PL51 1.23 .19 1.10 1.0 1.20 1.6 .10 
PL35 1.21 .20 .97 -.3 .99 -.1 .30 
PL31 1.09 .19 1.04 .6 1.17 1.6 .16 
PL38 1.07 .19 .94 -.8 .94 -.6 .36 
PL43 1.00 .19 1.11 1.4 1.11 1.1 .10 
PL58 .99 .19 1.06 .7 1.10 1.0 .16 
PL33 .98 .19 .93 -.8 .92 -.8 .37 
PL36 .93 .19 1.08 1.1 1.10 1.2 .14 
PL57 .92 .19 .96 -.5 .98 -.1 .31 
PL42 .79 .18 .94 -1.0 .92 -.9 .38 
PL53 .75 .18 1.06 1.0 1.11 1.3 .17 
PL44 .68 .18 1.06 1.0 1.09 1.1 .19 
PL20 .68 .18 1.07 1.2 1.12 1.7 .16 
PL15 .68 .18 1.10 1.7 1.23 2.8 .09 
PL60 .61 .18 1.04 .7 1.05 .7 .21 
PL54 .60 .18 1.05 .9 1.05 .7 .21 
PL55 .53 .18 1.05 1.0 1.07 1.1 .20 
PL49 .49 .18 1.08 1.6 1.09 1.4 .16 
PL39 .43 .18 .92 -1.6 .92 -1.2 .41 
PL28 .33 .17 .91 -2.0 .89 -2.0 .44 
PL47 .16 .17 .99 -.2 1.00 .0 .31 
PL40 .13 .17 .93 -1.6 .91 -1.6 .41 
PL8 -.02 .17 1.15 3.0 1.15 2.6 .09 
PL22 -.02 .17 .88 -2.6 .86 -2.5 .48 
PL25 -.10 .17 .90 -2.0 .89 -1.8 .45 
PL3 -.12 .17 .90 -2.1 .89 -2.0 .44 
PL24 -.14 .17 1.05 .9 1.05 .9 .23 
PL19 -.17 .17 .97 -.6 .97 -.5 .32 
PL21 -.17 .17 1.04 .7 1.08 1.2 .22 
PL48 -.21 .18 .91 -1.8 .89 -1.7 .43 
PL17 -.23 .17 .99 -.2 .99 -.2 .31 

(Table 13 continues) 
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Table 13 (continued) 

 
Item 

 
Measure 

 
SE 

Infit 
MNSQ 

Infit  
ZSTD 

Outfit 
MNSQ 

Outfit 
ZSTD 

Pt-Measure 
Correlation 

PL37 -.25 .17 1.04 .8 1.04 .6 .24 
PL30 -.26 .17 .93 -1.4 .91 -1.4 .40 
PL4 -.27 .17 .98 -.4 .99 -.1 .33 
PL27 -.31 .17 .94 -1.0 .93 -1.0 .38 
PL9 -.40 .17 1.06 1.0 1.09 1.2 .20 
PL7 -.55 .18 .94 -.9 .92 -.9 .38 
PL16 -.82 .19 .89 -1.4 .87 -1.3 .44 
PL5 -.86 .18 .98 -.2 1.07 .7 .28 
PL18 -.91 .18 .84 -2.1 .75 -2.5 .53 
PL23 -1.00 .19 .89 -1.2 .81 -1.6 .45 
PL29 -1.08 .19 .93 -.7 .91 -.7 .37 
PL14 -1.47 .20 .98 -.1 1.00 .1 .26 
PL46 -1.60 .21 .95 -.4 .80 -1.1 .35 
PL13 -1.60 .21 1.03 .3 1.14 .8 .16 
PL11 -1.65 .22 1.08 .6 1.29 1.5 .09 
PL6 -2.31 .27 .98 .0 .93 -.2 .22 
PL1 -2.99 .35 1.03 .2 1.01 .2 .11 
PL26 -3.11 .37 .97 .0 .99 .1 .16 
PL2 -3.85 .51 .97 .1 .83 -.1 .15 
PL10 -5.26 1.00 .98 .3 .28 -.6 .18 

Note. PL = Revised Word Associate Test Polysemy Test Item. 

 

outfit MNSQ and displayed a positive point-measure correlation; thus, these items did 

not cause serious measurement problems. 

The point-measure correlation of item PL52 (adjacent, sixth 1,000 frequency 

level) was negative. The negative point-measure correlation indicated that more able 

persons missed the item and less able persons answered the item correctly; this item 

did not reliably distinguish between high and low ability persons of vocabulary 

knowledge of polysemy. 

An inspection of the distractor functioning revealed the reason for the negative 

point-measure correlation of item PL52. Three distracters (extensive, gradual, and 
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profitable) attracted 18%, 26%, and 49% of the responses, respectively, and the mean 

person ability estimates of the examinees selecting each of the responses were .16, .11, 

and .24, respectively. The correct answer (neighboring) was selected by only 8% of the 

participants, and their mean person ability estimate, .10, was slightly lower than that of 

the examinees selecting the distractors. This pattern indicates that few of the 

participants knew the target word, adjacent, which is at the sixth 1,000 word level. 

In sum, even though some of the items should be utilized with caution in future 

studies, they are not problematic when viewed in the context of the entire 60 items, as 

at least two other items had similar difficulty estimates as each of these three items. 

The dimensionality of the Revised Word Associates Polysemy Test was 

examined through a Rasch principal component analysis of item residuals following 

the criteria proposed by Linacre (2007). The variance explained by the items (20.1%) 

was greater than four times the variance accounted for by the first residual contrast 

(3.1%). Therefore, the first criterion was met. The Rasch model explained 27.6% of the 

total variance (eigenvalue = 22.8), which was far below the required the value of 50%. 

However, this was likely due to the low person separation index of 1.59. The 

eigenvalue of the first residual contrast was 2.6, which was below the 3.0 criterion. 

Therefore, the third criterion was met. The unexplained variance explained by the first 

contrast (3.1%) was less than 5%, which is excellent. Hence, the fifth criterion was met. 
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Moreover, an inspection of the standardized residual contrast plot further confirmed 

the fundamental unidimensionality of the construct. 

Figure 7 indicates that a sufficient number of items is included on this 

instrument, as the 60 items covered the person ability range. No floor or ceiling effects 

were present for any examinees. The item mean is set to 0.00 (SD = 1.44) logits by 

convention. The mean of the person ability estimates was .07 logits (SD = .67). 

Figure 7 also shows that no significant gaps exist in the empirical item 

hierarchy. Even though a small gap exists between item PL29 (-1.08 logits) and item 

PL14 (-1.47 logits), the standard error of the mean person ability estimates was 

acceptable at .33. In addition, there is considerable redundancy because items with 

similar difficulty estimates are found along nearly the entire measurement range, which 

indicates that the participants can be measured precisely using fewer items. 

The Rasch item reliability estimate was .97, which is excellent according to Fisher 

(2007) and the Rasch item separation index was 5.72; thus, the item difficulty 

estimates were spread over at least five statistically distinct levels. In addition, the 

Rasch person reliability was .72, which was fair (Fisher, 2007), and the person 

separation index was 1.59; a number of the participants had a similar amount of 

knowledge of polysemy. 
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--------------------------------------------------------------------------------------- 
More able persons |  More difficult items 
 3                + 
                  |T PL52:adjacent(6K) 
                  | 
                  | 
                  | 
                  |  PL59:robust(6K) 
 2             .  + 
                  |  PL32:chronic(4K) 
               .  |  PL34:modest(4K) 
               #  |S PL12:calm(2K)       PL56:implicit(5K) 
               # T|  PL41:coherent(5K)   PL45:moderate(5K)   PL50:arrogant(5K) 
              ##  |  PL31:ample(4K)      PL35:rigid(4K)      PL51:radical(6K) 
 1           .##  +  PL33:crude(4K)   PL36:elaborate(4K)  PL38:perpetual(4K)  PL43:profound(5K) 
             ###  |  PL58:recurring(6K)  PL42:dense(5K)      PL57:exotic 
          .##### S|  PL15:conservative(2K)  PL20:distinct(2K)  PL44:vivid(5K)  PL53:  PL54  PL60 
          ######  |  PL39:prior(4K)      PL49:glossy(5K)     PL55:grim(6K) 
    .###########  |  PL28:wild(3K) 
     .##########  |  PL40:ripe(4K)       PL47:organic(5K) 
 0         ##### M+M PL22:sensitive(3K)  PL08:even (1K)      PL17:broad(2K) 
     ###########  |  PL19:tight(2K) PL21:bare(3K)  PL24:convenient(3K) PL25:curious(3K) 
                     PL03:general(1K)    PL37:surplus(4K)    PL48:prolongued(5K) 
           #####  |  PL27:vague(3K)      PL30:remote(3K)     PL04:common(1K) 
            .###  |  PL09:brief(1K)         PL07:favourable(1K) 
          .##### S| 
              ##  |  PL16:bright(2K)     PL18:complex(2K)    PL05:original(1K) 
-1          .###  +  PL23:dull(3K)       PL29:peak(3K) 
               .  | 
              .# T| 
               #  |S PL14:dramatic(2K) 
                  |  PL11:fresh(2K)      PL13:formal(2K)     PL46:fake(5K) 
               .  | 
-2                + 
                  | 
                  |  PL06:direct(1K) 
                  | 
                  | 
                  |T 
-3                +  PL01:beautiful(1K) 
                  |  PL26:compact(3K) 
                  | 
                  | 
                  | 
                  |  PL02:natural(1K) 
-4                + 
                  | 
                  | 
                  | 
                  | 
                  | 
-5                + 
                  | 
                  |  PL10:powerful(1K) 
Less able persons |  Less difficult items 
--------------------------------------------------------------------------------------- 

Figure 7. Wright map for the 60 items on the Revised Word Associates Polysemy Test. 

Each # equals 2 persons. Each . equals 1 person. M = Mean; S = One standard deviation 

from the mean; T = Two standard deviations from the mean; PL = the Revised Word 

Associates Polysemy Test item; (1K) = a word from the first 1,000 word frequency level; 

(2K) = a word from the second 1,000 word frequency level; (3K) = a word from the third 

1,000 word frequency level; (4K) = a word from the fourth 1,000 word frequency level; (5K) 

= a word from the fifth 1,000 word frequency level; (6K) = a word from the sixth 1,000 word 

frequency level. 
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The Revised Word Associates Collocation Test 

The Revised Word Associates Collocation Test was administered to 166 

Japanese university students. Most of the students with low English proficiency 

completed the test in about 40 minutes, and intermediate proficiency students 

completed it in 30 minutes. The results were analyzed utilizing the Rasch dichotomous 

model (Rasch, 1960) using WINSTEPS version 3.73.0 (Linacre, 2011). 

The MNSQ fit criterion was calculated using ± twice the standard deviation of 

the mean-square statistics (McNamara, 1996). As the standard deviation for infit 

MNSQ was .07, the criterion was .86-1.14. As the standard deviation for outfit MNSQ 

was .12, the criterion was .76.-1.24. Table 14 displays a summary of the Rasch 

descriptive statistics for the 60 Revised Word Associates Collocation Test items. The 

infit MNSQ statistics ranged from .84 to 1.14, the outfit MNSQ statistics ranged 

from .76 to 1.49, and the point-measure correlations were between -.09 and .52. 

According to the outfit MNSQ criterion, item CL10 overfit the Rasch model. 

However, this is likely due to the easiness of the item. In addition, the infit mean-

square statistic was within the acceptable range and the point-measure correlation of 

item CL10 was positive. Therefore, it was not considered problematic. On the contrary, 

items CL60 and CL52 underfit the model, partly because of the item difficulty. 
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Table 14. Rasch Descriptive Statistics for The Revised Word Associates Collocation 

Test 

 
Item 

 
Measure 

 
SE 

Infit 
MNSQ 

Infit 
ZSTD 

Outfit 
MNSQ 

Outfit 
ZSTD 

Pt-measure 
correlation 

CL60 2.05 .25 1.06 .4 1.30 1.3 .00 
CL53 1.91 .24 1.00 .1 1.02 .2 .17 
CL39 1.67 .22 1.07 .6 1.22 1.2 .03 
CL52 1.58 .22 1.11 .9 1.49 2.6 -.09 
CL54 1.55 .21 1.00 .1 1.14 .9 .16 
CL59 1.37 .21 1.06 .6 1.09 .7 .10 
CL35 1.34 .20 .96 -.4 .94 -.4 .28 
CL56 1.29 .20 1.03 .4 1.08 .6 .14 
CL48 1.26 .20 1.07 .7 1.12 .9 .10 
CL58 1.17 .20 1.02 .3 1.04 .4 .18 
CL55 1.09 .19 1.02 .2 1.03 .3 .21 
CL45 1.09 .19 1.03 .4 1.04 .4 .18 
CL32 1.08 .19 .98 -.2 .99 -.1 .26 
CL23 .83 .18 1.05 .7 1.09 .9 .16 
CL21 .78 .18 1.08 1.2 1.11 1.6 .10 
CL49 .77 .18 1.11 1.6 1.16 1.8 .04 
CL50 .70 .18 1.07 1.1 1.06 .7 .13 
CL22 .66 .17 1.02 .3 1.02 .2 .23 
CL40 .65 .18 1.09 1.5 1.11 1.3 .12 
CL42 .63 .17 .95 -.9 .94 -.7 .34 
CL15 .57 .17 1.02 .4 1.03 .4 .22 
CL41 .51 .18 .97 -.6 1.02 .3 .30 
CL38 .50 .18 1.02 .3 1.01 .1 .23 
CL20 .47 .17 1.14 2.6 1.19 2.6 .03 
CL30 .46 .17 1.03 .6 1.03 .4 .22 
CL51 .41 .17 1.06 1.2 1.09 1.3 .17 
CL6 .31 .17 .95 -1.2 .95 -.8 .35 
CL31 .26 .17 1.03 .7 1.02 .3 .22 
CL2 .24 .16 1.08 1.8 1.11 1.9 .15 
CL57 .09 .17 .89 -2.8 .87 -2.7 .46 
CL4 .09 .16 1.03 .7 1.04 .7 .24 
CL36 .04 .17 1.13 3.0 1.16 2.9 .06 
CL3 .02 .16 .96 -.8 .98 -.4 .33 
CL43 .00 .17 1.01 .2 1.01 .3 .27 
CL9 -.03 .17 1.01 .3 1.01 .3 .26 
CL33 -.05 .17 .93 -1.6 .93 -1.3 .38 
CL37 -.06 .17 .97 -.7 .95 -.8 .33 
CL34 -.10 .17 .99 -.1 1.00 .1 .29 
CL8 -.17 .16 1.05 1.0 1.05 1.0 .22 
CL13 -.33 .17 .94 -1.2 .93 -1.3 .38 

Table 14 (continues) 
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Table 14 (continued) 

 
Item 

 
Measure 

 
SE 

Infit 
MNSQ 

Infit  
ZSTD 

Outfit 
MNSQ 

Outfit 
ZSTD 

Pt-measure 
correlation 

CL17 -.39 .17 .96 -.9 .95 -.8 .36 
CL25 -.49 .17 .90 -1.7 .88 -1.9 .44 
CL29 -.50 .17 .92 -1.4 .91 -1.4 .41 
CL12 -.50 .17 .91 -1.6 .91 -1.4 .42 
CL47 -.55 .17 1.09 1.5 1.09 1.3 .16 
CL27 -.56 .17 1.01 .2 1.00 .0 .28 
CL44 -.63 .17 1.00 .0 .99 .0 .29 
CL46 -1.04 .18 .88 -1.5 .83 -1.8 .47 
CL1 -1.09 .18 .88 -1.5 .82 -1.8 .47 
CL7 -1.13 .19 .98 -.2 .93 -.6 .32 
CL16 -1.30 .19 .84 -1.6 .76 -2.0 .52 
CL18 -1.33 .19 .97 -.3 .89 -.9 .34 
CL24 -1.37 .19 .86 -1.4 .77 -1.8 .50 
CL19 -1.58 .21 .88 -1.0 .82 -1.2 .44 
CL14 -1.62 .21 .92 -.7 .82 -1.2 .40 
CL26 -1.64 .21 1.01 .1 1.02 .2 .23 
CL11 -2.53 .28 .99 .0 .83 -.6 .26 
CL10 -2.59 .29 .92 -.3 .72 -1.0 .36 
CL28 -2.61 .29 .94 -.2 .84 -.5 .31 
CL5 -3.23 .37 1.06 .3 1.46 1.1 .00 

Note. CL = The Revised Word Associate Test Collocation Test Item. 

 

However, the point-measure correlation for both items was problematic, as item CL60 

indicated no correlation between this item and total score, and CL52 was negative. 

Therefore, a further inspection of these items was necessary. According to the infit 

MSNQ criterion, item CL16 slightly underfit the Rasch model; however, this item was 

unlikely to cause serious measurement problems as the outfit criterion was within the 

acceptable range and it had a relatively high positive point-measure correlation. No 

items underfit the Rasch model according to the infit MSNQ criterion. 

The distractor functioning of item CL52 (adjacent, sixth 1,000 word level) 

indicated that three distractors—secret, guide, and argument—attracted most of the 
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responses (20%, 35%, 26%, respectively), and the mean person ability estimates of the 

test-takers selecting each of these responses were, -.08, .05, and .18, respectively. The 

correct answer, land, was selected by 13% of the participants whose average person 

ability estimate was -.07, which was lower than those of the examinees who selected 

the distractors. 

The distractor functioning of item CL60 (stern, sixth 1,000 word level) showed 

that two distractors, gift and effort, attracted 68% of the responses (32% and 36%, 

respectively), and the mean person ability estimates of the examinees selecting each of 

the responses were .00 and .11, respectively. The correct answer, necessity, was 

selected by 13% of the participants. However, their mean person ability estimate, .00, 

was the same as the test-takers selecting one of the distractors, gift, and lower than that 

of the examinees selecting another distractor, effort. 

In sum, even though the above items should be utilized with caution in the 

future, they are not problematic when viewed in the context of the entire 60 items as at 

least two other items have similar difficulty estimates as each of these three items. 

The dimensionality of The Revised Word Associates Collocation Test was 

examined through a Rasch principal components analysis of item residuals using the 

criteria proposed by Linacre (2007). The variance explained by the items (18.0%) was 

greater than four times the variance accounted by the first contrast (3.6%). Therefore, 
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the first criterion was met. The Rasch model explained 24.6% of the total variance 

(eigenvalue = 19.6), which was far below the required the value of 50%. However, this 

was likely due to the low person separation index of 1.63. The eigenvalue of the first 

residual contrast was 2.9, which was below 3.0 criterion. Therefore, the third criterion 

was met. The unexplained variance explained by the first contrast (3.6%) was less than 

5%, which is excellent. Hence, the fifth criterion was met. Moreover, an inspection of 

the standardized residual contrast plot further confirmed the unidimensionality of the 

construct. Hence, overall, the items form a fundamentally unidimensional construct. 

Figure 8 indicates that a sufficient number of items is included on this 

instrument, as the 60 items covered a range from -3.23 logits to 2.05 logits; thus, no 

floor or ceiling effects were present for any of the examinees. The item mean is set to 

0.00 (SD = 1.17) logits by convention. The mean person ability estimate was -.06 logits 

(SD = .63). 

Figure 8 also shows that no significant gaps exist in the empirical item 

hierarchy. Even though a gap exists between items CL44 (-.63 logits) and CL46 (-1.04 

logits), the standard error of the mean person ability estimates was .32. In addition, 

there is considerable redundancy because items with similar difficulty estimates are 

found along nearly the entire measurement range. 
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--------------------------------------------------------------------------------------- 
More able persons |  More difficult items 
                  | 
 2                +  CL60:stern(6K) 
               .  |  CL53:eminent(6K) 
                  | 
                  |  CL39:prior(4K)       CL52:adjacent(6K) 
                  |  CL54:toxic(6K) 
                  |  CL35:rigid(4K)       CL59:robust(6K) 
                 T|  CL48:prolongued(5K)  CL56:implicit(6K) 
               .  |S CL32:chronic(4K)     CL45:moderate(5K)  CL55:grim(6K) 
 1                +  CL58:recurring(6K) 
           #####  |  CL23:dull(3K) 
              .#  |  CL21:bare(3K)        CL49:glossy(5K)    CL50:arrogant(5K) 
             .## S|  CL15:conservative(2K) CL22:sensitive(3K) CL40:ripe(4K)  CL42:dense(5K) 
         #######  |  CL20:distinct(2K)    CL30:remote(3K)    CL38:perpetual(4K) 
         #######  |  CL41:coherent(5K)    CL51:radical(6K) 
       #########  |  CL02:natural(1K)     CL31:ample(4K)     CL06:direct(1K) 
          ######  |  CL04:common(1K)      CL57:exotic(6K)    CL03:general(1K) 
 0      .####### M+M CL33:crude(4K) CL36:elaborate(4K) CL37:surplus(4K) CL43:profound(5K) 
          ######  |  CL09:brief(1K)       CL34:modest(4K)    CL08:even(1K) 
            ####  | 
             ###  |  CL13:formal(2K)      CL17:broad(2K) 
        .#######  |  CL12:calm(2K)        CL25:curious(3K)   CL27:vague(3K) 
             .##  |  CL29:peak(3K)        CL47:organic(5K)   CL44:vivid(5K) 
              .# S| 
            ####  | 
-1            ##  +  CL46:fake(5K) 
              .#  |S CL01:beautiful(1K)   CL07:favourable(1K) 
               #  |  CL16:bright(2K) 
               # T|  CL18:complex(2K)     CL24:convenient(3K) 
               #  | 
                  |  CL14:dramatic(2K)    CL19:tight(2K)     CL26:compact(3K) 
               .  | 
               .  | 
-2             .  + 
                  | 
                  | 
                  |T 
                  |  CL11:fresh(2K) 
                  |  CL10:powerful(1K)    CL28:wild(3K) 
                  | 
                  | 
-3                + 
                  | 
                  |  CL05:original(1K) 
                  | 
                  | 
                  | 
                  | 
                  | 
-4                + 
 Less able persons|  Less difficult items 
-------------------------------------------------------------------------------------- 

Figure 8. Wright map for the Revised Word Associates Collocation Test. Each # equals 

2 persons. Each . equals 1 person. M = Mean; S = One standard deviation from the 

mean; T = Two standard deviations from the mean; CL = the Revised Word Associates 

Test Collocation Test Item; (1K) = a word from the first 1,000 word frequency level; 

(2K) = a word from the second 1,000 word frequency level; (3K) = a word from the third 

1,000 word frequency level; (4K) = a word from the fourth 1,000 word frequency level; 

(5K) = a word from the fifth 1,000 word frequency level; (6K) = a word from the sixth 

1,000 word frequency level. 
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The Rasch item reliability estimate was .97, which is excellent according to 

Fisher (2007), and the Rasch item separation index was 5.81; thus, the item difficulty 

estimates were spread over five statistically distinct levels. In addition, the Rasch 

person reliability was .73, which was fair (Fisher, 2007), and the person separation 

index was 1.63. These statistics indicated that a number of the participants had similar 

amounts of collocational knowledge. 

 

Validation of the Lexical Decision Task 

In order to validate the visual Lexical Decision Task, the following hypotheses 

were examined. 

Hypothesis 1. Lexical decision task accuracy will improve as group proficiency level 

and word frequency level increase. 

Hypothesis 2. Lexical decision task reaction times will decrease as group proficiency 

level and word frequency level increase. 

Hypothesis 3. Response stability in the lexical decision task, the coefficient of 

variation, will decrease as group proficiency and word frequency level increase. 

First, in order to detect possible outliers, the following four scores of the participants 

were individually examined: (a) overall mean accuracy, which is the rate of both 
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correctly identifying real word and rejecting pseudo-words; (b) target accuracy rate, 

which is the rate of correctly identifying the real words; (c) false alarm, which is the 

rate of wrongly identifying pseudo-words as real words; and, (d) mean reaction time 

for the target words that were correctly identified. Cut-off points for accuracy in lexical 

decision tasks have been suggested by several researchers. For instance, Jiang (2012) 

suggested that persons with an error rate of 20% or higher should be excluded. 

Regarding, false alarm rate, and Harrington (2006) argued that the accuracy rate of the 

target words should not be fully trusted if the false alarm rate is more than 10%. 

However, Jiang’s cut-off point was based on an L1 study. Also, Harrington’s 

participants were highly advanced ESL students, who differed from the participants in 

this study in terms of English proficiency. Therefore, these absolute values might not 

be applicable to this study. Hence, the aforesaid four scores were examined using the z-

score of ±3.29 (Tabachnick & Fidell, 2007). The use of the z-score is appropriate 

because outliers depend on the respective distribution. Six participants were identified 

as outliers. Student 30 had an overall mean accuracy rate of 67% and mean target 

accuracy of 39%, both of which were fairly low. However, his false alarm rate was 4%, 

which probably indicated that this participant took the test seriously and his low 

accuracy rates were due to his low English proficiency. The same pattern was observed 

for student 88, who had a target accuracy rate of 60% and a false alarm rate of 1%. 
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Students 94 and 106 had the mean reaction times of 1,644 ms and 1,614 ms, 

respectively, both of which were very slow compared to the average mean reaction 

time of 894 ms. However, their slow reaction times were probably due to their careful 

and conservative personalities; even though their English proficiency was low, they 

were diligent students who were very conservative about pressing the key to decide 

whether stimulus word was a real word or pseudo-word. For the above reasons, these 

four participants were not excluded and their reaction times, which were beyond the 

value at the z-score of 3.29 were replaced with the value at the z-score of 3.29. On the 

contrary, students 12 and 48 had false alarm rates of 43% (31 items out of 72 non-

words were identified as real words) and 52% (38 items out of 72 non-words), 

respectively. These rates were exceptionally high compared with the mean false alarm 

rate of 10% (approximately 7 items out of 72 non-words). These high false alarm rates 

indicated that these two students probably did not take the tests seriously; therefore, 

they were excluded from further data analysis. The 164 participants’ overall mean 

accuracy rate on the lexical decision task was 90.02% with accuracy rates ranging from 

66.79% to 98.55%. 

Test scores and reaction times for correctly identified real words were 

calculated for each word frequency level and for overall performance. In lexical 

decision experiments, outliers commonly occur due to attention lapses, false-starts, and 



 189 

anticipatory responses. Generally there are two widely used methods to define and 

identify outliers for visual lexical decision tasks (Jiang, 2012). The first is based on the 

absolute value, which defines cutoff points as any response time that is shorter than 

300 ms (known as the low cutoff) or longer than 2,500 ms (known as the high cutoff). 

None of the response times in this study fell below the low cutoff point. However, 

responses for 138 items were above the high cutoff point. Because these extremely 

slow reaction times are not considered to reflect true reaction times, these items were 

excluded from further analysis. This deletion affected only 1.3% of the data across all 

participants. An alternative method used to identify outliers is the use of the standard 

deviation. Outliers are usually defined as any response time that is outside 2, 2.5, or 3 

standard deviations of the mean RT for the same participant (Jiang, 2012). In order to 

avoid distorted results, outlying data are customarily replaced (e.g., Harrington, 2006; 

Segalowitz & Segalowitz, 1993). In this study, responses more than 2.5 SDs beyond 

individual mean RTs were replaced with the value at the 2.5 SD point. This affected 

2.6% of the data across all the participants. Only correctly identified real words were 

included in the final reaction time analyses. In addition to calculating the mean RT for 

each word frequency level, the Coefficient of Variation CVRT was calculated for each 

word frequency level. CVRT is produced by dividing the SD by the mean RT. 
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In order to examine the effect of vocabulary proficiency on accuracy and 

reaction time in the lexical decision task, the participants were divided into two groups 

using the Rasch person measures (logits) on the Vocabulary Size Measure. The first 

group was made up of 82 higher proficiency students and the second was made up of 

82 lower proficiency students. Table 15 shows the descriptive statistics for the 

Vocabulary Size Measure for the two groups. The mean of the high proficiency 

students, .75, was much higher than that of the low proficiency students , -2.4. In 

addition, the 95% confidence interval means for the two groups did not overlap, which 

indicated that they were significantly different. The skewness and kurtosis statistics 

were converted into z-scores to examine the normality of the distributions. The z-score 

of 3.29 (Tabachnick & Fidell, 2007) was used as the cut point. The kurtosis of the Low 

Proficiency Group was normal as the z-score was 1.44, skewness was significantly 

non-normal (z-score = 3.73). The negative skew for the Low Proficiency Group 

indicated that many of these participants had high scores in the group. The z-scores for 

skewness and kurtosis for the High Proficiency Group were 4.92 and 4.94, respectively, 

which indicated that both were significantly non-normal. The positive skeweness 

indicated that more than half of the scores were below the mean and the positive 

kurtosis indicated that the data distribution was taller than a standard normal 

distribution. 
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Table 15. Descriptive Statistics for the Vocabulary Size Measure by Groups 

 Low proficiency group  High proficiency group  

M -0.24  0.75 
SE 0.05 0.03 
95% CI [-0.33, -0.14] [0.68, 0.82] 
SD 0.42 0.31 
Skewness -0.99 1.31 
SES 0.27 0.27 
Kurtosis 0.76 2.59 
SEK 0.53 0.53 

Note. All statistics are based on Rasch logits. 

 

A one-way ANOVA was conducted to examine whether the two groups 

differed significantly on Vocabulary Size Measure. Levene’s test, which examines the 

assumption that the population variances for the two groups are equal, was significant 

(p = .006). Because the equality-of-variance assumption was violated, the Welch and 

Brown Forsythe tests were utilized. As both tests produced the same results, only the 

results of the Welch test are reported. The ANOVA was significant, F(1, 150.03) = 

289.20, p < .001, partial η2 = .64, which indicated that the two groups were statistically 

different. 

Hypothesis 1 stated that lexical decision task accuracy will improve as group 

proficiency level and word frequency level increase. Table 16 shows the descriptive 

statistics for the overall accuracy rate in terms of both correctly identified real words 

and correctly rejected pseudo words by group. Table 16 shows that the High 
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Proficiency Group’s accuracy rate of 92.18% was higher than that of the Low 

Proficiency Group, 87.85%. In addition, the 95% confidence interval indicated that the 

score for two groups did not overlap; thus, their accuracy scores were significantly 

different. Even though the kurtosis of the Low Proficiency Group was acceptably 

normal, as the z-score of Kurtosis was 2.24, the skewness was significantly non-normal 

(z-score = 3.96). The negative skew in the low proficiency group indicated that many 

students in that group had high accuracy rates. The z-scores for skewness and kurtosis 

for the High Proficiency Group were 1.89 and 0.92, respectively, which indicated that 

both were acceptably normal. 

 

Table 16. Descriptive Statistics for Overall Accuracy Performance Rate by Group 

 Low proficiency group  High proficiency group  

M 87.85  92.18 
SE 0.63 0.45 
95% CI [86.60, 89.10] [91.28, 93.09] 
SD 5.69 4.11 
Skewness -1.07 -0.51 
SES 0.27 0.27 
Kurtosis 1.19 -0.48 
SEK 0.53 0.53 

Note. The unit of the overall accuracy score is percentile. 

 

A one-way ANOVA was conducted to examine the difference between the 

groups’ accuracy performance. Levene’s test was significant (p = .03), so the Welch 

and Brown Forsythe tests were utilized. As both tests produced the same result, only 
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the results of the Welch test are reported. The ANOVA was significant, F(1, 161.52) = 

18.95, p < .001, partial η2  = .11, which indicated that the two groups’ overall accuracy 

rate was statistically different. 

Table 17 shows the proportion of the mean accuracy rate (1 is perfect) and the 

standard deviation for correctly identified real words by frequency and group. 

 

Table 17. Accuracy Rate for Correctly Identified Real Words by Frequency Level and 

Group 

Frequency Proficiency group 

Accuracy rate 

M SD 

1K Low  .96 .06 
 High  .97 .05  
2K Low  .92 .08  
 High  .97 .05  
3K Low  .84 .15 
 High  .91  .09  
4K Low  .76 .17  
 High  .85  .11  
Overall Low  .87 .10 
 High  .92 .06 

Note. 1K = the first 1,000 word frequency level; 2K = the second 1,000 word frequency level; 

3K = the third 1,000 word frequency level; 4K = the fourth 1,000 word frequency level. 

 

The accuracy rate means discriminate between the Low Proficiency Group and High 

Proficiency Group across the word frequency levels, although the high standard 

deviation for the third and fourth 1,000 word frequency levels by the Low Proficiency 

Group implies considerable individual variance in their responses. 
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In Figure 9, the Low Proficiency Group clearly shows the frequency effects on 

accuracy for correctly responding to real words because their accuracy consistently 

decreased as word frequency level decreased. Fundamentally, the same tendency can 

be observed for the High Proficiency Group, as they moved from the second to the 

third and then to the fourth 1,000 word frequency levels. 

The accuracy scores were analyzed using a mixed ANOVA. Group was the 

between-subjects factor (two levels: Low Proficiency Group and High Proficiency 

Group) and frequency level was the repeated-measures factor (four levels: 1K x 2K x 

3K x 4K). Mauchly’s test indicated that the sphericity assumption, which hypothesizes 

that the variances in data collected from the same participants are equal, was violated 

(x2(5) = 101.05, p < .001); therefore, the degrees of freedom were corrected using 

Greenhouse-Geiser estimates of sphericity (ε = .73). There was a significant main 

effect of word frequency level on the accuracy measure, F(2.20, 356.78) = 150.68, p 

< .01, partial η2 = .48. Tests of within-subjects contrasts showed a linear relationship. 

Moreover, there were significant interactions between word frequency and group, 

which indicated that the accuracy score for several word frequency levels differed in 

the two groups, F(2.20, 356.78) = 7.97, p < .00, partial η2 = .47. 

As a post-hoc analysis, all the pairwise comparisons for the mean accuracy 

scores by frequency were conducted separately for each Japanese learner group using a 
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one-way-repeated measures ANOVA. Because the sphericity assumption was violated, 

all the results are reported using the Greenhouse-Geiser correction. For the Low 

Proficiency Group, F (2.15, 174.02) = 90.86, p < .00, partial �� = .53, significant 

differences were found for the all comparisons (p < .05, Bonferroni adjustment for 

multiple comparisons). For the High Proficiency Group, F(2.26, 182.84) = 60.85, p 

< .00, partial �� = .43, significant differences were found for all comparisons except 

for the  

 

 

Figure 9. Mean accuracy scores on the Lexical Decision Task by group proficiency 

level and word frequency level. Low Group = Low Proficiency Group; High Group = 

High Proficiency Group. 
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1K and 2K comparison  (See Table 18). The results indicated that the differences 

shown in Figure 9 were statistically significant. Hence, hypothesis 1 was generally 

supported. 

 

Table 18. Pairwise Comparisons for Accuracy Scores by Frequency and Groups 

Level Accuracy score 

differences Low group High group 

1K-2K * ns 
1K-3K * * 
1K-4K * * 
2K-3K * * 
2K-4K * * 
3K-4K * * 

Note. * = Difference significant at p < .05, Bonferroni adjusted for multiple comparisons. Low 

Group = Low Proficiency Group; High Group = High Proficiency Group; ns = not significant. 

 

Hypothesis 2 stated that lexical decision task reaction time will decrease as 

group proficiency level and word frequency level increase. Table 19 shows the 

descriptive statistics for the mean reaction times for correct responses to real words for 

each group. The mean reaction time for the High Proficiency group, 839.17 ms, was 

shorter than that of the low-proficiency students, 879.88 ms. However, the 95% 

confidence intervals for the two groups overlapped. Even though the kurtosis of the 

Low Proficiency Group was acceptably normal, as the z-score of kurtosis was 1.87, 

skewness was significantly non-normal (z-score = 4.12). The positive skew in the Low 

Proficiency Group indicated that many students in the group had a relatively short 

reaction time. For the High Proficiency Group, the z-scores of skewness and kurtosis 

were 1.87 and 0.39, respectively, which indicated that both were reasonably normal. 
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A one-way ANOVA was conducted to examine group differences of overall 

reaction time to correctly respond to real words. Levene’s test was significant (p 

= .003). Therefore, the equality-of-variance assumption was violated. Thus, the Welch 

and Brown Forsythe tests were utilized. As both tests produced the same data, only the 

results of Welch test are reported. The ANOVA was not significant, F(1, 146.79) = 

1.58, p = .21, partial η2  = .01. The result indicated that the two groups’ mean reaction 

times were not significantly different. 

 

Table 19. Descriptive Statistics for the Mean Reaction Times for Correctly Identified 

Real Words by Group 

 Low proficiency group  High proficiency group 

M 879.88 839.17 
SE 22.98 15.37 
95% CI  [834.14, 925.60] [808.60, 869.74] 
SD 208.13 139.12 
Skewness 1.13 0.46 
SES 0.27 0.27 
Kurtosis 0.99 0.21 
SEK 0.53 0.53 

Note. The unit of reaction time is milliseconds. 

 

Table 20 shows the means and standard deviations for reaction time by group 

and word frequency level. Reaction times for the Low Proficiency Group ranged from 

801 ms at the 1K level to 949 ms at the 4K level. For the High Proficiency Group, 

mean reaction times increased from 763 ms at the 1K level to 893 at the 4K level. 
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The scores were analyzed using a one-way mixed ANOVA for subjects and 

items. Group was the between-subjects factor (two levels: Low Proficiency Group and 

High Proficiency Group) and Word frequency levels was the repeated measure factor 

 

Table 20. Means and Standard Deviations for Reaction Time by Group and Word 

Frequency Levels 

Word frequency  Reaction time (ms) 

level Proficiency group M SD 

1K Low 801 184 
 High 763 118 
2K Low 849 214 
 High 821 147 
3K Low 946 231 
 High 892 164 
4K Low 949 249 
 High 893 166 
Overall Low 880 208 
 High 839 139 

Note. 1K = the first 1,000 word frequency level; 2K = the second 1,000 word frequency level; 

3K = the third 1,000 word frequency level; 4K = fourth 1,000 word frequency level. 

 

(four levels: 1K x 2K x 3K x 4K). Mauchly’s test indicated that the assumption of 

sphericity, which hypothesizes that the variances of the data taken from the same 

participants are equal, was violated, x2(5) = 72.83, p < .001; as Greenhouse-Geiser 

estimates of sphericity were greater than .75, the degrees of freedom were corrected 

using Huynh-Feldt estimates of sphericity (ε = .82) (Girden, 1992). Frequency effects 

were significant, F(2.45, 396.05) = 112.65, p < .001, partial η2 = .41. There was a 

significant quadratic trend for frequency, F(1, 162) = 17.19, p < .001, partial η2 = .10; 
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however, there was also a significant linear trend for frequency, F(1, 162) = 250.45, p 

< .001, partial η2 = .61, which was stronger than the quadratic trend, as shown in the F-

ratio and partial η2 . This result indicated that as word frequency level decreased, the 

participants’ mean reaction times became slower. The reason for the significance of the 

quadratic trend was that the mean reaction times for the 3,000 and 4,000 word 

frequency levels did not differ for either group. Moreover, there was a significant 

linear trend for the interaction of word-frequency level and proficiency, F(1, 162) = 

13.16, p < .001, partial η2 = .08, which indicated that the performance of the two 

groups at each word frequency level generally declined as word frequency decreased. 

Figure 10, which shows the mean reaction times by group and word frequency, 

graphically displays this linear relationship. 

In order to investigate the differences in reaction time among the four 

frequency bands, all the pairwise comparison for the mean reaction times by frequency 

were conducted separately for each group. Because the sphericity assumption was 

violated, all the results are reported with the Greenhouse-Geisser correction. For the 

Low Proficiency Group, the results were significant, F(2.51, 202.87) = 52.28, p < .00, 

partial η2 = .39. Significant differences were observed in all the pairwise comparisons 
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Figure 10. Mean reaction time for the Lexical Decision Task by group proficiency level 

and word frequency level. Low Group = Low Proficiency Group; High Group = High 

Proficiency Group. 

 

except for the 3,000 and 4,000 word frequency pair. The results were also significant 

for the High Proficiency Group, F(2.20, 178.33) = 62.37, p < .00, partial η2 = .43. 

Frequency effects on reaction time were observed in all the pairs except for the 3,000 

and 4,000 word frequency pair. Table 21 shows the pairwise comparisons for reaction 

time by word frequency levels and group proficiency levels. 
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Table 21. Pairwise Comparisons for Reaction Time by Frequency and Groups 

Level Reaction time 

differences Low group High group 

1K-2K * * 
1K-3K * * 
1K-4K * * 
2K-3K * * 
2K-4K * * 
3K-4K ns ns 

Note. * = Difference significant at p < .05, Bonferroni adjusted for multiple comparisons. Low 

Group = Low Proficiency Group; High Group = High Proficiency Group. 

 

In sum, even though the group proficiency effect on reaction time was not 

statistically significant, there was a general word frequency effect on reaction time. 

That is, lexical decision task reaction time decreased as word frequency level increased 

in both the Low Proficiency Group and High Proficiency Group, and these differences 

were statistically significant except for the 3,000 and 4,000 word frequency pairs. 

Therefore, the hypothesis 2 was partly supported. 

Hypothesis 3 stated that response stability, the coefficient of variation, in the 

lexical decision task will decrease as group proficiency and word frequency level 

increases. For the calculation of CVRT (the standard deviation divided by the mean 

reaction time), one participant in the Low Proficiency Group was excluded because 

this participant identified only one item in the 4,000 word frequency level correctly. As 

the overall column in Table 22 shows, the mean CVRT of the High and Low Proficiency 

Group did not differ. Therefore, a proficiency effect on CVRT was not present. 
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Regarding the effect of a word frequency effect on CVRT, the first 1,000 word 

frequency level was more stable than other three word frequency levels; however, the 

changes were subtle across the four frequency levels. A one-way repeated-measures 

ANOVA was conducted for each group to identify any pairwise differences. The 

ANOVA was not significant for either group, which indicated that CVRT did not differ 

significantly for proficiency or word frequency level; hypothesis 3 was not supported. 

 

Table 22. Means and Standard Deviations for Coefficient of Variation by Group and 

Word Frequency Levels 

  Coefficient of variation 

Word frequency Proficiency group M SD 

1K Low .25 .09 
 High .24 .08 
2K Low .26 .08 
 High .26 .07 
3K Low .26 .07 
 High .26 .06 
4K Low .27 .07 
 High .26 .06 
Overall Low .28 .06 
 High .27 .05 

Note. 1K = the first 1,000 word frequency level; 2K = the second 1,000 word frequency level; 

3K = the third 1,000 word frequency level; 4K = fourth 1,000 word frequency level. 

 

The Rasch Validation of the Lexical Decision Task 

The accuracy scores of the target words were analyzed with the Rasch 

dichotomous model (Rasch, 1960) using WINSTEPS version 3.73.0 (Linacre, 2011). 
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Table 23. Rasch Descriptive Statistics for The Lexical Decision Task 

 
Item 

 
Measure 

 
SE 

Infit 
MNSQ 

Infit 
ZSTD 

Outfit 
MNSQ 

Outfit 
ZSTD 

Pt-measure 
correlation 

LD72 3.26 .18 .97 -.5 .93 -.6 .48 
LD57 2.54 .18 .95 -.7 .89 -1.0 .48 
LD55 2.48 .18 1.09 1.2 1.07 .7 .37 
LD71 2.45 .18 1.03 .4 1.04 .4 .40 
LD69 2.26 .18 1.07 .9 1.01 .1 .38 
LD68 1.88 .19 1.16 1.7 1.49 2.8 .25 
LD43 1.84 .20 1.04 .4 .97 -.1 .38 
LD29 1.45 .21 1.10 .9 1.29 1.4 .27 
LD41 1.45 .21 1.13 1.1 1.31 1.5 .25 
LD45 1.45 .21 .79 -1.9 .62 -2.1 .53 
LD51 1.41 .21 1.09 .8 1.17 .8 .29 
LD37 1.36 .21 .99 -.1 .88 -.5 .38 
LD67 1.14 .23 .86 -1.0 .70 -1.3 .46 
LD22 1.13 .23 .95 -.3 .76 -1.0 .40 
LD48 1.12 .23 1.02 .2 .91 -.3 .34 
LD61 1.01 .23 1.14 1.0 .98 .0 .26 
LD62 .97 .24 .80 -1.4 .53 -2.0 .51 
LD40 .84 .25 1.01 .1 .82 -.6 .34 
LD66 .80 .25 .97 -.1 .85 -.4 .35 
LD42 .79 .25 .96 -.2 1.24 .9 .33 
LD63 .73 .26 .94 -.3 1.14 .5 .33 
LD44 .72 .26 .93 -.4 .74 -.9 .38 
LD56 .72 .26 .91 -.5 .68 -1.1 .40 
LD65 .61 .27 .98 .0 1.07 .3 .29 
LD46 .56 .27 .94 -.3 .69 -.9 .34 
LD21 .51 .27 .98 .0 .90 -.2 .31 
LD60 .37 .29 .94 -.2 .74 -.6 .35 
LD5 .36 .29 .90 -.4 .65 -1.0 .37 
LD27 .27 .30 1.02 .2 2.52 2.9 .16 
LD47 .27 .30 .90 -.4 .72 -.7 .36 
LD54 .27 .30 1.16 .8 1.40 1.0 .15 
LD39 .22 .31 .91 -.3 1.18 .6 .30 
LD11 .19 .31 1.19 .9 1.58 1.3 .12 
LD35 .09 .32 .97 .0 1.25 .7 .24 
LD53 -.01 .33 .88 -.4 .63 -.8 .36 
LD64 -.02 .33 1.03 .2 1.61 1.3 .16 
LD9 -.02 .33 .99 .0 .86 -.2 .26 
LD20 -.02 .33 .91 -.3 .99 .1 .31 
LD58 -.02 .33 .91 -.3 .88 -.1 .31 
LD52 -.12 .34 1.13 .6 1.86 1.6 .12 
LD49 -.14 .34 .97 .0 .92 .0 .25 
LD59 -.14 .34 .98 .0 .90 .0 .25 
LD24 -.25 .36 1.00 .1 1.00 .2 .22 
LD10 -.26 .36 1.11 .5 1.17 .5 .15 
LD50 -.26 .36 .94 -.1 .88 -.1 .26 
LD32 -.40 .38 1.14 .5 1.16 .5 .13 
LD38 -.53 .40 .91 -.2 .56 -.7 .29 
LD16 -.55 .40 .95 .0 1.95 1.5 .18 
LD26 -.55 .40 .89 -.2 .40 -1.1 .33 

Table 23 (continues) 
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Table 23 (continued) 

 
Item 

 
Measure 

 
SE 

Infit 
MNSQ 

Infit  
ZSTD 

Outfit 
MNSQ 

Outfit 
ZSTD 

Pt-measure 
correlation 

LD19 -.72 .43 .78 -.5 .25 -1.5 .39 
LD18 -.72 .43 1.15 .5 1.37 .7 .08 
LD36 -.72 .43 1.10 .4 1.05 .3 .15 
LD23 -.72 .43 1.07 .3 .97 .2 .17 
LD1 -.89 .47 .93 .0 .75 -.2 .23 
LD15 -.92 .47 1.03 .2 .62 -.4 .21 
LD31 -.92 .47 1.08 .3 1.08 .3 .14 
LD34 -.92 .47 1.16 .5 2.23 1.6 .01 
LD70 -.92 .47 1.08 .3 .78 -.1 .16 
LD30 -1.16 .52 1.10 .4 .77 -.1 .13 
LD13 -1.17 .52 1.07 .3 .69 -.2 .16 
LD25 -1.47 .60 .86 -.1 .83 .1 .23 
LD6 -1.48 .60 1.07 .3 .95 .2 .11 
LD3 -1.90 .73 .84 .0 .34 -.7 .24 
LD4 -1.91. .73 1.07 .3 .95 .3 .07 
LD8 -1.91 .73 1.05 .3 .51 -.3 .13 
LD12 -2.62 1.02 1.06 .4 3.01 1.7 -.03 
LD33 -2.63 1.02 1.06 .4 3.01 1.7 -.03 
LD14 -2.63 1.02 1.04 .4 .81 .1 .06 
LD7 -2.63 1.02 .80 .1 .05 -1.6 .26 
LD17 -2.63 1.02 1.05 .4 1.50 .8 .02 
LD28 -2.63 1.02 1.04 .4 .81 .1 .06 
LD2 -3.85 1.84 Minimum Measure .00 

Note. LD = The Lexical Decision Task Target Word items. 

 

Even though the infit MNSQ and outfit MNSQ criteria employed in this study 

was calculated using ± twice the standard deviation of the mean-square statistics 

(McNamara, 1996), it was not used here because the standard deviation of the outfit 

MNSQ was too large to produce a useful fit criterion. Therefore, the general criterion 

of .80-1.20 (Wright, Linacre, Gustafson, & Martin-Lof, 1994) was employed for infit 

and outfit MNSQ. Table 23 displays a summary of the Rasch descriptive statistics for 

the 72 target items of the Lexical Decision Task. 
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The infit MNSQ statistics ranged from .79 to 1.19, the outfit MNSQ statistics 

ranged from .05 to 3.01, and the point-measure correlations were between -.03 and .51. 

All the items’ infit MSNQ statistics were within the acceptable range, and the point-

measure correlations were positive, except for the items LD12 and LD33. When Rasch 

person measures were produced with and without items LD12 and LD33, they 

correlated at .99. Therefore, these two items are not considered problematic. The item 

category functioning of item LD12 (help, first 1,000 word level) and LD33 (sweet, 

second 1,000 word) indicated that 99% of the test-takers correctly identified the target 

items as real words, and 1% of the participants missed these items. However, the mean 

person ability estimates of the test-takers who correctly identified these items was 3.12, 

which was lower than that of the test-takers who missed these items (3.54). 

The dimensionality of The Lexical Decision Task was examined through a 

Rasch principal components analysis of item residuals using the criteria proposed by 

Linacre (2007). The variance explained by the items (12.0%) was four times the 

variance accounted by the first contrast (3.0%). Therefore, the first criterion was met. 

The Rasch model explained 23.5% of the total variance (eigenvalue = 21.8), which was 

below the required the value of 50%; however, this was due to the low person 

separation index of 1.56. The eigenvalue of the first residual contrast was 2.8, which 

was below the 3.0 criterion. Therefore, the third criterion was met. The unexplained 
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variance explained by the first contrast (3.0%) was less than 5%, which is excellent. 

Hence, the fifth criterion was met. Moreover, an inspection of the standardized residual 

contrast plot further confirmed the unidimensionality of the construct. Hence, overall, 

the lexical decision task items formed a fundamentally unidimensional construct. 

Figure 11 indicates that most items were very easy for the examinees, as most of them 

did not cover the examinees’ ability estimates. However, this does not mean that the 

items in the lexical decision task were not reliable. Figure 11 rather indicates the 

easiness of the lexical decision task, which requires that test-takers decide whether a 

sting of letters is a word or pseudo-word. The item mean is set to .00 (SD = 1.41) logits 

by convention. The mean person ability estimate was 3.12 logits (SD = 1.17). 

The Rasch item reliability estimate was .87, which was good (Fisher, 2007) and 

the Rasch item separation index was 2.57; thus, the item difficulty estimates were 

spread over two statistically distinct levels. In addition, the Rasch person reliability 

was .71, which was fair (Fisher, 2007) and separation indices was 1.56. 

 

Validation of the Antonym Semantic Decision Task 

The same hypotheses used to validate the visual Lexical Decision Task were 

used to validate the visual Antonym Semantic Decision Task. The following  
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-------------------------------------------------------------------------------------- 
  More able persons  |  More difficult items 
    6           .##  + 
                     | 
                    T| 
    5         .####  + 
                     | 
                     | 
           .#######  | 
                     | 
    4               S+ 
          #########  | 
                     | 
          #########  | 
           ########  |  LD72: ugly (4K) 
                 .#  | 
    3          .### M+ 
              #####  | 
                ###  |T 
               .###  |  LD55: ample (4K)      LD57: curve (4K) 
                     |  LD71: theme (4K) 
             .#####  |  LD69: slope (4K) 
             .#####  | 
    2           ### S+ 
                .##  |  LD43: hint (3K)       LD68: sigh (4K) 
               .###  | 
                  #  |  LD29: repeat (2K)     LD41:grip (3K) 
                     |  LD45: regret (3K) 
                  .  |S LD37: bare (3K)       LD51: vague (3K) 
                  .  |  LD22: calm (2K)       LD48: snap (3K) 
                     |  LD67: ripe (4K) 
    1            .# T+  LD61: mode (4K)       LD62: modest (4K) 
                  .  |  LD40: flight (3K)     LD42: guest (3K) 
                     |  LD66: review (4K) 
                     |  LD44: junior (3K)     LD56: crew (4K) 
                     |  LD63: native (4K)     LD65: planet (4K) 
                  .  |  LD21: bright (2K)     LD46: remote (3K) 
                     |  LD27: peace (2K)      LD47: scream (3K) 
                     |  LD05: direct (1K)     LD54: soul (3K) 
                     |  LD60: import (4K) 
                     |  LD11: girl (1K)       LD35: taste (2K) 
                     |  LD39: flash (3K) 
    0                +M LD20: attack (2K)     LD53: wild (3K) 
                     |  LD58: device (4K)     LD64: novel (4K) 
                     |  LD09: first (1K) 
                     |  LD49: steal (3K)      LD52: vision (3K) 
                     |  LD59: fresh (4K) 
                     |  LD10: friend (1K)     LD24: famous (2K) 
                     |  LD32: store (2K)      LD50: storm (3K) 
                     |  LD16: simple (1K)     LD26: gift (2K) 
                     |  LD38: crash (3K) 
                  .  |  LD18: time (1K)       LD19: advice (2K) 
                     |  LD23: cool (2K)       LD36: winter (2K) 
                     |  LD01: answer (1K) 
   -1                +  LD15: night (1K)      LD31: song (2K) 
                     |  LD34: swim (2K)       LD70: task (4K) 
                     |  LD13: high (1K)       LD30: smile (2K) 
                     |S 
                     |  LD25: fresh (2K)      LD06: drink (1K) 
                     | 
                     |  LD03: chance (1K)     LD04: close (1K) 
                     |  LD08: finish (1K) 
   -2                + 
                     |T LD12: help (1K)       LD14: house (1K) 
                     |  LD17: take (1K)       LD28: rain (2K) 
                     |  LD33: sweet (2K)      LD07: even (1K) 
                     | 
   -3                +  ITEM2 brief (1K) 
   Less able persons |  Less difficult items 

Figure 11. Wright map for the Lexical Decision Task. Each # equals 2 persons. Each . equals 1 

person. LD = the Lexical Decision Task Target Item; (1K) = a word from the first 1,000 word 

frequency level; (2K) = a word from the second 1,000 word frequency level; (3K) = a word from 

the third 1,000 word frequency level; (4K) = a word from the fourth 1,000 word frequency level. 
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hypotheses were examined. 

• Antonym semantic decision task accuracy will improve as group proficiency level 

and word frequency level increase. 

•  Antonym semantic decision task reaction time will decrease as group proficiency 

level and word frequency level increase. 

•  Response stability, coefficient of variation, in antonym semantic decision task will 

decrease as group proficiency and word frequency level increase. 

A search for outliers was made using (a) overall mean accuracy, (b) target accuracy 

rate, (c) false alarm rate, and (d) mean reaction time for the correctly identified target 

words. Outliers were detected using a z-score of ±3.29 (Tabachnick & Fidell, 2007). 

One participant was identified as a outlier. Participant 48 had a false alarm rate of 

56%; 40 out of 72 non-antonymous words were wrongly identified as antonymous 

words. This  was exceptionally high, as the mean false alarm rate for 166 students was 

12%. Interestingly, this student had approximately the same false alarm rate on the 

lexical decision task, which further confirmed that this participant did not take the tests 

seriously. Therefore, participant 48 was excluded from further data analysis. Even 

though the false alarm rate of participant 12 was not high (14%) on this test, he was 

also excluded, as he had been already excluded based on his responses on the lexical 
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decision task. The 164 participants’ overall mean accuracy rate on the antonym 

semantic decision task was 71.38% with accuracy rates ranging from 55% to 93%. 

Test scores for correctly identified antonymous words were calculated for each 

word frequency level and for overall performance. Outliers were first defined using 

reaction times shorter than 300 ms and longer than 3,000 ms; 166 out of 6,636 of 

reactions were identified and were excluded from the further analysis because they 

were not regarded as the reflection of true reaction time. This change affected 2.5% of 

the target items. Second, the criterion of 2.5 SDs from the mean reaction time was 

utilized, and responses more than 2.5 SDs beyond individual mean RTs were replaced 

with a value at the 2.5 SD point. This change affected 1.8% of the data across all 

participants. Only correctly identified real words were included in the final reaction 

time analyses. 

In order to examine the proficiency effect on accuracy and reaction time in the 

antonym semantic decision task, the participants were divided into the same two 

groups as the lexical decision task using the person measure (logits) of the Vocabulary 

Size Measure: 82 high proficiency students and 82 low proficiency students. 

Hypothesis 1 stated that antonym semantic decision task accuracy will improve 

as group proficiency level and word frequency level increase. Table 24 shows the 

descriptive statistics for the overall accuracy rate (both correctly identified antonymous 
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words and non-antonymous words) by group. The High Proficiency Group’s accuracy 

rate, 75.54% was higher than that of the Low Proficiency Group, 67.23%. In addition, 

the two groups’ 95% confidence did not overlap, which indicated that their overall 

accuracy scores differed significantly. For the Low Proficiency Group, the z-scores for 

skewness and kurtosis were .52 and 1.36, respectively, and for the High Proficiency 

Group, .03 and 1.57, respectively; thus the skewness and kurtosis for both groups were 

regarded as normal. 

 

Table 24. Descriptive Statistics for Overall Accuracy Performance Rate by Group 

 Low proficiency group High proficiency group 

M 67.23  75.54 
SE 0.70 0.61 

95% CI [65.83, 68.63] [74.32, 76.75] 

SD 6.37 5.54 

Skewness 0.14 -0.01 
SES 0.27 0.27 

Kurtosis -0.72 0.83 

SEK 0.53 0.53 

Note. The unit of the overall accuracy score is percentile. 

 

An independent sample t-test was conducted to examine the differences 

between the groups’ accuracy performance. Levene’s test was not significant (p = .06). 

Therefore, equal variances were assumed. The test was significant, t(162) = -8.91, p 

< .000, which indicated that the two groups’ overall accuracy rate differed significantly. 
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Table 25 shows the proportion of the mean accuracy rate (i.e., 1 is perfect) and 

the standard deviation for correctly identified real words by frequency and group. The 

accuracy means discriminate between the Low Proficiency Group and High 

Proficiency Group across the word frequency levels, although the high standard 

deviation of both groups implies considerable individual variance in their responses. 

In Figure 12, both the Low and High Proficiency Groups clearly show 

frequency effects on accuracy for correctly responding to antonymous words because 

their accuracy decreased consistently as word frequency level decreased. 

 

Table 25. Accuracy Rate for Correctly Identified Antonymous Words by Frequency 

Level and Group 

Word  Accuracy rate 

frequency Proficiency group M SD 

1K Low .76 .10 
 High .83 . 08 
2K Low .58 .16  
 High .72 .14  
3K Low .38 .16 
 High .47  .16  
4K Low .27 .16  
 High .33  .17  
Overall Low .50 .12 
 High .59 .11 

Note. 1K = the first 1,000 word frequency level; 2K = the second 1,000 word frequency level; 

3K = the third 1,000 word frequency level; 4K = the fourth 1,000 word frequency level. 

 

The accuracy scores were analyzed using a mixed ANOVA. Group was the 

between-subjects factor (two levels: Low Proficiency Group x High Proficiency 
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Group) and frequency level was the repeated-measures factor (four levels: 1K x 2K x 

3K x 4K). Mauchly’s test indicated that the sphericity assumption, which hypothesizes 

that the variances of the data taken from the same participants are equal, was violated, 

x2(5) = 11.13, p < .05). Because the Greenhouse-Geiser estimates of sphericity were 

greater than .75, the degrees of freedom were corrected using the Huynh-Feldt 

estimates of sphericity (ε = .98) (Girden, 1992). There was a significant main effect of 

word frequency level on accuracy measure, F(2.93, 475.38) = 758.10, p < .001, partial 

η2 = .82. Even though there was significant cubic trend for frequency, F(1, 162) = 

29.16, p < .001, partial η2 = .15, the significant linear trend was stronger, F(1, 162) = 

1741.35, p < .001, partial η2 = .92, which indicated that as word frequency level 

decreased, accuracy scores decreased. 

There was also a significant quadratic trend for frequency and group interaction, 

F(1, 162) = 14.03, p < .001, partial η2 = .08, which indicated that when putting two 

groups together, the accuracy scores for the 3,000 and 4,000 word frequency levels 

were similar. Moreover, there was a significant main effect of proficiency on accuracy, 

F(1, 162) = 27.49, p < .001, partial η2 = .15. 
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Figure 12. Mean accuracy scores on the Antonym Semantic Decision Task by group 

proficiency level and word frequency level. Low Group = Low Proficiency Group; High 

Group = High Proficiency Group. 

  

As a post-hoc analysis, all the pairwise comparisons for mean accuracy scores 

by frequency were conducted separately for each group using a mixed ANOVA. The 

sphericity assumption was met. For the Low Proficiency Group, F(3, 243) = 384.50, p 

< .01, partial η2 = .83, significant differences were found for the all levels comparisons 

(p < .05, Bonferroni adjustment for multiple comparisons). Significant differences for 

all comparisons, F(3, 243) = 376.93, p < .01, partial η2 = .82, were also found for the 

High Proficiency Group. The results indicated that the differences in accuracy rate by 
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word frequency level shown in Figure 12 were statistically significant. Hence, 

hypothesis 1 was fully supported. 

Hypothesis 2 stated that reaction time in antonym semantic decision task will 

decrease as group proficiency level and word frequency level increase. Table 26 shows 

the descriptive statistics for the mean reaction times for correctly identified 

antonymous words by group. The mean reaction time of the High Proficiency Group, 

1,061.94 ms, was slightly faster than that of the Low Proficiency Group, 1,080.85 ms. 

However, the 95% confidence intervals overlapped, which indicated that the mean 

reaction times were not significantly different. For the Low Proficiency Group, z-

scores of skewness and kurtosis were .03 and 1.34, respectively, and for the High 

Proficiency Group, 1.56 and .16, respectively; thus the distributions were acceptably 

normal. 

An independent samples t-test was conducted to examine group differences in 

overall reaction time to correctly respond to antonymous words. Levene’s test was not 

significant (p = .25); therefore, the equality-of-variance assumption was met. The test 

was not significant, t(162) = .63 p = .53. 
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Table 26. Descriptive Statistics for The Mean Reaction times for Correctly Identified 

Antonymous Words by Group 

 Low proficiency group High proficiency group 

M 1,080.85  1,061.94 
SE 24.09 21.89 

95% CI  [1,032.91, 1,128.79] [1,018.39, 1,105.49] 

SD 218.19 198.20 

Skewness -0.01 0.42 

SES 0.27 0.27 

Kurtosis -0.73 0.09 

SEK 0.53 0.53 

Note. The unit of reaction time is millisecond; CI = Confidence interval. 

 

Table 27 shows the means and standard deviations for the reaction times for 

correct responses to antonymous words by group and word frequency level. It is 

important to note that seven students in the Low Proficiency Group did not produce a 

mean reaction time for the fourth 1,000 word level because they did not correctly 

identify any of the target words in 4K word frequency levels. Therefore, the number of 

the Low Proficiency Group at 4K word frequency level was 75. As Table 27 shows, 

the reaction times for the Low Proficiency Group ranged from 993 ms at the 1,000 

word frequency level to 1,243 ms at the 4,000 word frequency level. The High 

Proficiency Group’s mean reaction times increased from 954 ms at the 1,000 word 

frequency level to 1,224 at the 4,000 word frequency level. 
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Table 27. Means and Standard Deviations for Reaction Time by Group and Word 

Frequency Levels 

Word 
frequency 

 Reaction time (ms) 

Proficiency group M SD 

1K Low 993 214 
 High 954 181 
2K Low 1,019 195 
 High 1,015 201 
3K Low 1,243 326 
 High 1,216 253 
4K Low 1,243 392 
 High 1,224 332 
Overall Low 1,081 214 
 High 1,062 198 

Note. 1K = the first 1,000 word frequency level; 2K = the second 1,000 word frequency level;  

3K = the third 1,000 word frequency level; 4K = fourth 1,000 word frequency level. 

 

The scores were analyzed using a one-way mixed ANOVA. Group was the 

between subjects factor (Two levels: Low Proficiency Group and High Proficiency 

Group) and Word frequency levels was the repeated measure factor (1K x 2K x 3K x 

4K). Mauchly’s test indicated that the sphericity assumption was violated, x2(5) = 

141.38, p < .001; therefore, the degrees of freedom were corrected using Greenhouse-

Geiser estimates of sphericity (ε = .67). Frequency effects were significant, F(2.01, 

315.02) = 69.81, p < .01, partial η2
 = .31. Moreover, tests of within-subjects contrasts 

was significant (p < .01), indicating a linear relationship among the four frequency 

bands. There was no significant interaction between word frequency level and 

proficiency, which indicated that the performance of the two groups at each word 
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frequency level was similar. Figure 13, which shows the mean reaction times by group 

and word frequency, graphically displays this linear relationship. 

In order to investigate the differences in reaction time among the four 

frequency bands, pairwise comparisons were conducted separately for each group 

using a one-way repeated-measures ANOVA. Because the sphericity assumption was 

violated, all the results are reported with the Greenhouse-Geisser correction. The 

results were significant for the Low Proficiency Group, F(1.68, 136.06) = 21.47 p 

< .001, partial η2 = .21. Significant differences were observed in all the pairwise 

comparisons except for the 1,000-2,000 and 3,000-4,000 pairs. The results were also 

significant for the High Proficiency Group, F (1.93, 156.68) = 59.26, p < .001, partial 

η2
 = .42. Frequency effects on reaction time were observed in all pairs except for the 

3K-4K pair. Table 28 shows the pairwise comparisons for reaction time by word 

frequency levels and group proficiency levels. 

In sum, even though the effect of group proficiency on reaction time was not 

statistically significant, the tendency that the mean reaction time of the High 

Proficiency Group was faster than that of the Low Proficiency Group was observed in 

the raw data. In addition, general word frequency effects were found in both groups. 

Hence, these results generally supported Hypothesis 2. 
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Figure 13. Mean reaction time for the Antonym Semantic Decision Task by group 

proficiency level and word frequency level. Low Group = Low Proficiency Group; High 

Group = High Proficiency Group. 

 

Hypothesis 3 stated that response stability, as measured by the coefficient of 

variation, in the antonym semantic decision task will decrease as group proficiency and 

word frequency level increase. 

 

Table 28. Pairwise Comparisons for Reaction Time by Frequency and Groups 

Level Reaction time 

differences Low group High group 

1K-2K ns * 
1K-3K * * 
1K-4K * * 
2K-3K * * 
2K-4K * * 
3K-4K ns ns 

Note. * = Difference significant at <.05, Bonferroni adjusted for multiple comparisons. Low 
Group = Low Proficiency Group; High Group = High Proficiency Group. 
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For the calculation of CVRT (standard deviation divided by the mean reaction 

time), three participants in the Low Proficiency Group were excluded at the 3,000 

word frequency level because they identified only one item at that level correctly. 

Therefore, no standard deviation was calculated. In addition, 11 students in the Low 

Proficiency Group and three students in the High Proficiency Group were excluded at 

the 4,000 word frequency level because they either missed all the items or correctly 

identified only one target item at that level. 

As the overall column in Table 29 shows, the mean ���� of the High 

Proficiency Group and Low Proficiency Group did not show any differences. 

Therefore, a proficiency effect on CVRT was not present. Regarding the effect of word 

frequency on CVRT, it seems that CVRT increased as word frequency level decreased, 

which is opposite of the hypothesized result; however, the changes were subtle across 

the four frequency levels. A one-way repeated-measures ANOVA was conducted for 

each group to identify pairwise differences. The ANOVA was not significant for either 

group, which indicated that CVRT did not discriminate either the two groups or word 

frequency levels. Hence, the hypothesis 3 was not supported. 
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Table 29. Means and Standard Deviations for Coefficient of Variation by Group and 

Word Frequency Levels 

  Coefficient of variation 

Word frequency Proficiency group M SD 

1K Low .38 .10 
 High .37 .08 
2K Low .34 .11 
 High .36 .12 
3K Low .31 .12 
 High .32 .10 
4K Low .31 .13 
 High .35 .13 
Overall Low .37 .08 
 High .37 .08 

Note. 1K = the first 1,000 word frequency level; 2K = the second 1,000 word frequency level; 

3K = the third 1,000 word frequency level; 4K = fourth 1,000 word frequency level. 

 

The Rasch Validation of the Antonym Semantic Decision Task 

The accuracy score of the target words were analyzed utilizing the Rasch 

dichotomous model (Rasch, 1960) with WINSTEPS version 3.73.0 (Linacre, 2011). 

The fit criterion of .80-1.20 was employed due to the large standard deviation of outfit 

MSNQ. Table 30 displays a summary of the Rasch descriptive statistics for the 72 

Antonym Semantic Decision Task items. The infit MNSQ statistics ranged from .83 to 

1.17, the outfit MNSQ statistics ranged from .52 to 9.90, and the point-measure 

correlations were between -.18 and .52. The infit and outfit MSNQ statistics for the 

items were within the acceptable range. Moreover, except for the item AD3, the point-

measure correlations for the items were positive. The item category functioning 
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Table 30. Rasch Descriptive Statistics for The Antonym Semantic Decision Task 

 
Item 

 
Measure 

 
SE 

Infit 
MNSQ 

Infit 
ZSTD 

Outfit 
MNSQ 

Outfit 
ZSTD 

Pt-measure 
correlation 

AD60 4.40 .51 1.04 .2 1.08 .3 .50 
AD58 2.94 .28 .97 -.1 .98 .1 .44 
AD43 2.85 .27 1.00 .1 1.16 .6 .41 
AD55 2.78 .27 .99 .0 1.12 .5 .43 
AD39 2.53 .24 .96 -.2 1.19 .8 .41 
AD61 2.48 .24 1.05 .4 .99 .0 .38 
AD71 2.47 .24 1.16 1.0 1.58 2.0 .26 
AD56 2.16 .22 .95 -.3 .87 -.6 .44 
AD34 2.10 .22 1.04 .4 1.06 .4 .37 
AD49 2.07 .21 .96 -.3 .86 -.7 .43 
AD50 2.02 .21 1.14 1.2 1.32 1.6 .27 
AD69 1.94 .21 .99 .0 .96 -.2 .40 
AD57 1.93 .21 .94 -.5 1.00 .1 .43 
AD70 1.90 .20 .84 -1.5 .73 -1.6 .52 
AD47 1.84 .20 1.05 .5 1.05 .4 .35 
AD62 1.81 .20 .98 -.2 .97 -.1 .40 
AD65 1.47 .19 .93 -.8 .89 -.8 .44 
AD5 1.43 .19 1.12 1.4 1.19 1.4 .28 
AD28 1.40 .19 .94 -.7 .89 -.9 .43 
AD37 1.36 .18 1.02 .3 1.06 .5 .36 
AD45 1.13 .18 .94 -.9 .87 -1.3 .43 
AD52 1.11 .18 1.00 .0 1.05 .5 .37 
AD54 1.11 .18 .93 -1.0 .90 -.9 .43 
AD59 1.11 .18 1.03 .5 1.05 .5 .35 
AD2 1.08 .18 1.02 .4 1.04 .4 .35 
AD38 1.08 .18 1.01 .1 .97 -.3 .37 
AD41 .99 .18 .90 -1.5 .84 -1.7 .45 
AD64 .93 .18 .98 -.3 .98 -.2 .39 
AD67 .90 .17 .99 -.1 .95 -.5 .38 
AD23 .83 .17 .98 -.4 .97 -.3 .38 
AD68 .81 .17 .87 -2.2 .83 -2.1 .47 
AD35 .63 .17 .99 -.1 .97 -.3 .37 
AD18 .62 .17 1.03 .5 1.01 .2 .34 
AD30 .60 .17 .95 -.8 .92 -1.0 .40 
AD51 .47 .17 1.00 .1 .97 -.3 .36 
AD24 .44 .17 .95 -1.0 .94 -.8 .40 
AD72 .39 .17 .96 -.7 .93 -.8 .39 
AD27 .27 .17 .97 -.5 .96 -.5 .37 
AD25 .20 .17 .83 -3.1 .80 -2.6 .48 
AD42 -.04 .17 1.11 1.7 1.11 1.3 .26 
AD29 -.08 .17 .97 -.5 .95 -.6 .36 
AD48 -.11 .17 .93 -1.1 .89 -1.2 .39 
AD40 -.56 .18 .86 -1.8 .80 -1.8 .42 
AD46 -.67 .19 1.17 1.9 1.27 2.0 .17 
AD26 -.72 .19 1.06 .7 1.01 .1 .26 
AD16 -.87 .20 .89 -1.2 .83 -1.1 .38 
AD66 -.90 .20 1.00 .0 .98 .0 .29 
AD4 -.97 .20 1.00 .1 1.01 .1 .28 
AD63 -.98 .20 .92 -.7 .79 -1.3 .36 

Table 30 (continues) 
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Table 30 (continued) 

 
Item 

 
Measure 

 
SE 

Infit 
MNSQ 

Infit  
ZSTD 

Outfit 
MNSQ 

Outfit 
ZSTD 

Pt-measure 
correlation 

AD12 -1.00 .20 1.08 .8 1.20 1.2 .21 
AD31 -1.17 .21 .84 -1.4 .81 -1.1 .38 
AD14 -1.30 .21 1.13 1.1 1.35 1.7 .14 
AD13 -1.35 .22 1.14 1.1 1.26 1.3 .14 
AD22 -1.44 .23 1.03 .2 1.09 .5 .22 
AD53 -1.45 .22 1.00 .0 1.08 .4 .24 
AD44 -1.54 .23 1.08 .6 1.24 1.1 .17 
AD17 -1.66 .24 1.19 1.2 1.56 2.1 .08 
AD10 -1.83 .25 .93 -.4 1.24 .9 .27 
AD20 -1.96 .26 .92 -.4 .73 -.9 .29 
AD11 -1.96 .26 1.06 .4 1.52 1.7 .15 
AD36 -2.10 .27 1.02 .2 .83 -.5 .21 
AD21 -2.17 .28 1.07 .4 1.30 1.0 .12 
AD7 -2.18 .28 1.05 .3 1.35 1.1 .16 
AD33 -2.45 .31 1.12 .6 1.28 .8 .08 
AD32 -2.54 .32 .86 -.5 .52 -1.4 .31 
AD8 -2.55 .32 1.06 .3 .93 .0 .15 
AD19 -2.65 .34 .91 -.2 1.01 .2 .22 
AD15 -2.77 .35 1.02 .2 1.62 1.3 .10 
AD9 -3.94 .59 1.02 .2 .77 -.1 .09 
AD3 -3.95 .59 1.07 .3 9.90 4.9 -.18 
AD1 -4.37 .72 1.01 .3 .67 -.1 .08 
AD6 -4.37 .72 1.02 .3 .79 .1 .07 

Note. AD = The Antonym Semantic Decision Task Target Word Items. 

 

of item AD3 (close, first 1,000 word frequency level) indicated that 98% of the test-

takers correctly identified the target items as an antonymous word, and 2% of the 

participants missed the item. However, the mean person ability estimates of the test-

takers who correctly identified the item was .47, which was much lower than that of 

the test-takers who missed the item (2.09). 

The dimensionality of The Antonym Sematic Decision Task was examined 

through a Rasch principal components analysis of item residuals using the criteria 

proposed by Linacre (2007). The variance explained by the items (31.2%) was greater 
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than four times the variance accounted by the first contrast (2.4%). Therefore, the first 

criterion was met. The Rasch model explained 43.0% of the total variance (eigenvalue 

= 53.6), which was below the required the value of 50%; therefore, the second criterion 

was not met. The eigenvalue of the first residual contrast was 3.1, which was beyond 

the 3.0 criterion. Therefore, the third criterion was not met. The unexplained variance 

explained by the first contrast (2.4%) was less than 5%, which is excellent. Hence, the 

fifth criterion was met. Moreover, an inspection of the standardized residual contrast 

plot further confirmed the unidimensionality of the construct. Hence, overall, the 

antonym semantic decision target items formed a fundamentally unidimensional 

construct. 

Figure 14 indicates that a sufficient number of items is included on this 

instrument, as the 72 items covered a range from -4.37 logits to 4.40 logits. No floor 

effects were present, but a ceiling effect was present for three students, 1.8% of the 

examinees. The item mean is set to 0.00 (SD = 1.93) logits by convention. The mean 

person ability estimate was .50 logits (SD = 1.23). Figure 14 also shows that no 

significant gaps exist in the empirical item hierarchy. Even though a small gap exists 

between items AD40 (-.56 logits) and AD48 (-.11 logits), the standard error of the 

mean person ability estimates did not increase. In addition, there was considerable 
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redundancy because items with similar difficulty estimates are found along nearly the 

entire measurement range. 

The Rasch item reliability estimate was .98, which was excellent (Fisher, 2007), 

and the Rasch item separation index was 6.98; thus, the item difficulty estimates were 

spread over six statistically distinct levels. In addition, the Rasch person reliability 

was .89, which was good (Fisher, 2007), and the person separation index was 2.83. 

 

Correction of 3,000 and 4,000 Word Frequency Level Words 

Based on the checklist, which was given after the reaction time tests, correctly 

identified antonymous target items in the third and fourth 1,000 word frequency levels 

were examined. The correctly identified antonymous 3,000 and 4,000 word frequency 

level items were changed from “correct answers” to “wrong answers” when test-takers 

identified antonymous target words as unknown in the checklist. For the 3,000 word 

frequency level items, 205 items were re-categorized as wrong answers, and 193 items 

were re-categorized at the 4,000 word frequency level. Table 31 compares the mean 

accuracy rate for the original items and corrected version by group and word frequency 

level. 
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 ------------------------------------------------------------------------------------ 
  More able person |  More difficult items 
  5            .#  + 
                   | 
                   |  AD60: halt (4K) 
                   | 
  4                + 
                   |T 
                   | 
                .  | 
  3                +  AD58: curse (4K) 
                   |  AD43: error (3K)      AD55: ally (4K) 
                   | 
                .  |  AD39: boost (3K)      AD61: harsh (4K) 
                   |  AD71: trim (4K) 
                .  | 
                . T|  AD34: split (2K)      AD56: ample (4K) 
  2             #  +S AD49: praise (3K)     AD50: rear (3K) 
                   |  AD57: cease (4K)      AD69: retain (4K) 
                .  |  AD47: insult (3K)     AD62: imply (4K) 
                   |  AD70: ripe (4K) 
               ##  | 
              .##  |  AD05: even (1K)       AD65: modest (4K) 
             .### S|  AD28: gather (2K)     AD37: annoy (3K) 
         .#######  |  AD45: grip (3K)       AD52: reveal (3K) 
                   |  AD54: vague (3K)      AD59: dawn (4K) 
  1          ####  +  AD02: brief (1K)      AD38: bare (3K) 
                   |  AD41: dull (3K)       AD64: insert (4K) 
             ####  |  AD23: calm (2K)       AD67: ocean (4K) 
                   |  AD68: regret (4K) 
           ######  |  AD18: round (1K)      AD30: master (2K) 
                   |  AD35: thin (2K) 
          .######  |  AD24: clever (2K)     AD51: remote (3K) 
            ##### M|  AD27: gain (2K)       AD72: ugly (4K) 
          #######  |  AD25: demand (2K) 
  0           .##  +M AD29: hide (2K)       AD42: enemy (3K) 
        .########  |  AD48: melt (3K) 
          .######  | 
               ## S|  AD40: casual (3K) 
               .#  |  AD26: fresh (2K)      AD46: host (3K) 
             .###  |  AD16: normal (1K)     AD66: native (4K) 
 -1             .  +  AD12: learn (1K)      AD04: direct (1K) 
                   |  AD63: import (4K) 
                .  |  AD31: minor (2K) 
                # T|  AD13: left (1K)       AD14: life (1K) 
               .#  |  AD22: bright (2K)     AD44: false (3K) 
                   |  AD53: shadow (3K) 
                   |  AD17: quick (1K) 
                   |  AD10: hate (1K) 
 -2             .  +S AD11: late (1K)       AD20: alive (2K) 
                .  |  AD21: aunt (2K)       AD36: wake (2K) 
                   |  AD07: finish (1K) 
                   | 
                   |  AD32: senior (2K)     AD33: smile (2K) 
                   |  AD08: forget (1K) 
                   |  AD19: adult (2K) 
                   |  AD15: move (1K) 
 -3                + 
                   | 
                   | 
                   | 
                   |T 
 -4                +  AD03: close (1K)      AD09: girl (1K) 
                   | 
                   |  AD01: answer (1K)     AD06: father (1K) 
  less able person |  Less difficult items 
--------------------------------------------------------------------------------------- 

Figure 14. Wright map for the Antonym Semantic Decision Task. Each # equals 2 persons. 

Each . equals 1 person. M = Mean; S = One standard deviation from the mean; T = Two 

standard deviations from the mean; AD = the Antonym Semantic Decision Task Target Item; 

(1K) = a word from the first 1,000 word frequency level; (2K) = a word from the second 1,000 

word frequency level; (3K) = a word from the third 1,000 word frequency level; (4K) = a word 

from the fourth 1,000 word frequency level. 
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Table 31. Mean Accuracy Rate for Original Items and Corrected Items by Group and 

Word Frequency Levels at 3,000 and 4,000 Word-Frequency Level Words 

Word Original AC Corrected AC 

frequency Proficiency group M SD M SD 

3K Low proficiency .38 .16 .30 .14 
High proficiency .47 .16 .43 .16 

4K Low proficiency .27 .17 .20 .11 
High proficiency .33 .17 .29 .16 

Note. 3K = the third 1,000 word frequency level; 4K = fourth 1,000 word frequency level. 

 

As Table 31 shows, the mean accuracy rate for the corrected version is lower 

than that of original items. This result indicated that the Antonym Semantic Decision 

Task slightly overestimated the participants’ knowledge of words at the 3,000 and 

4,000 word frequency levels. However, both the proficiency effect and frequency 

effect on accuracy rate remained the same, as the mean accuracy rate for the higher 

proficiency students was still higher than that of the lower proficiency students, and the 

3,000 word frequency level was still higher than the 4,000 word frequency level. 

The aforesaid items that the test-takers identified as unknown in the checklist 

were excluded from the reaction time data. Table 32 compares the mean reaction time 

for the original items and corrected items by group and word frequency level. 
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Table 32. Mean Reaction Time for 0riginal Items and Corrected Items by Groups and 

Word Frequency Levels at 3,000 and 4,000 Word-Frequency Levels 

Word Original RT Corrected RT 

frequency Group M SD M SD 

3K Low proficiency  1,243 326 1,210 327 
High proficiency  1,216 253   1,199 254 

4K Low proficiency  1,243 392 1,217 373 
High proficiency  1,224  332 1,205 344 

Note. RT = reaction time; 3K = the third 1,000 word frequency level; 4K = fourth 1,000 word 

frequency level. 

 

In the Low Proficiency Group, 11 students were processed as missing cases, 

while one student was missing in the High Proficiency Group. After correcting their 

scores, these students scored 0 at the 3,000 and 4,000 word frequency levels. 

 

Inspection of Misfitting Participants 

Seven participants took one of the lexical knowledge tests at home because 

they were absent from the lessons when the tests were administered. Participants 79, 

128, and 160 took the Vocabulary Size Measure at home, and participants 11, 13, 66, 

and 123 took the Revised Word Association Collocation Test at home. They were 

instructed not to use a dictionary and to take the test as seriously as they took the other 

tests. Table 33 shows the results of three lexical knowledge tests of these students. The 

bolded number indicates the score for the test they took at home. As Table 33 indicates 

none of the students’ score were drastically different from other tests they took in class. 
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Table 33. Results of The Three Scores of Students Taking One Test at Home 

Number VSM POL COL 

11 0.22 -0.14 -0.12 
13 0.22 -0.23 -0.46 
66 0.78 1.00 0.05 
79 0.63 0.40 -0.64 

123 -0.44 -0.32 0.56 
128 0.40 0.91 0.73 
160 -0.53 -0.61 0.39 

Note. Number = student number; VSM = The Vocabulary Size Measure; POL = The Revised 

Word Associate Polysemy Test; COL = The Revised Word Associate Collocation Test. 

 

 For each of the six instruments, the Reading Comprehension Test, the 

Vocabulary Size Measure, the Revised Word Associates Polysemy Test, the Revised 

Word Associates Collocation Test, the visual Lexical Decision Task (Accuracy Rate), 

and the Antonym Semantic Decision Task (Accuracy Rate), 164 participants were 

examined for misfit using a > 2.0 infit MNSQ criterion. No participants were identified 

as misfitting on any of the tests. 
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CHAPTER 5 

RESULTS 

 

In this chapter, the quantitative results pertaining to the research questions are 

presented. In the previous chapter, the raw scores of the Reading Comprehension Test, 

the Vocabulary Size Measure, the Revised Word Associates Polysemy, and the 

Revised Word Associates Collocation test, were transformed to interval logit measures 

using Rasch analysis. These Rasch logit measures were utilized for the statistical 

analyses reported in this chapter. The mean reaction times for the Lexical Decision 

Task and the Antonym Semantic Decision Task were also used for the statistical 

analyses. 

 

Research Question 1: Relationship Among the Three Dimensions of Lexical 

Knowledge 

The first research question asked about the relationship among vocabulary size, 

depth of vocabulary knowledge, and automaticity of word recognition. To answer this 

research question, two approaches were utilized. The first approach was a macro-

analysis of the relationships among the three dimensions of lexical knowledge, and the 



 230 

second was a micro-analysis of 12 anchor words on the three aspects of lexical 

knowledge: vocabulary size, polysemy and collocational knowledge. 

 

Macro-Analysis of the Three Dimensions of Lexical Knowledge 

Pearson correlation coefficients were calculated to determine the degree to 

which the participants’ vocabulary size, knowledge of polysemy, collocational 

knowledge, and automaticity of word decoding and semantic access speed and 

accuracy are related to one another. Even though both the Lexical Decision Task and 

the Antonym Semantic Decision Task produced two measures, accuracy rate and 

reaction time, only reaction time was utilized for the Pearson correlation analyses for 

two reasons. The first reason concerned the relatively low accuracy rate for the third 

and fourth 1,000 word frequency levels as shown in Tables 17 and 25. The second 

reason is that reaction time has been regarded as an indication of word recognition 

fluency in previous studies (e.g., Segalowitz, 1993; Shiotsu, 2009; Yamashita, 2013). 

Regarding reaction time measured by the antonym semantic decision task, the original 

version, in which items in the third and fourth 1,000 word frequency levels were not 

corrected using the questionnaire data, was utilized in order to retain the maximum 

number of participants in the analysis. Before conducting the main analysis, the data in 

the Reading Comprehension Test, the Vocabulary Size Measure, the Revised Word 
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Associates Polysemy Test, and the Revised Word Associates Collocation Test, were 

examined for univariate outliers using a z-score of ± 3.29 (Tabachnick & Fidell, 

2007). No outliers were identified. Table 34 shows the descriptive statistics for the five 

instruments. The unit of measure for the Vocabulary Size Measure, the Revised Word 

Associates Polysemy Test, and the Revised Word Associates Collocation Test was 

Rasch person measures (logits), and the mean reaction time (milliseconds) was used 

for both the lexical decision task and the antonym semantic decision task. 

 

 Table 34. Descriptive Statistics for The Five Instruments Measuring Lexical 

Knowledge 

VSM POL COL LDT ASDT 

M 0.26 0.06 -0.06 897.16 1,121.01 
SE 0.05 0.05  0.05 16.88 20.09 
95% CI  [0.16,.035] [-0.42,0.17] [-0.16,0.04]  [863.82,930.50] [1,081.34,1,160.83] 
SD 0.62 0.67  0.64 216.22 257.29 
Skewness -0.31 0.01 -0.53 1.17 0.47 
SES 0.19 0.19  0.19 0.19 0.19 
z-skewness 1.63 0.05 -2.79 6.20 2.49 
Kurtosis 0.15 0.25  0.38 1.28 -0.21 
SEK 0.38 0.38  0.38 0.38 0.38 
z-kurtosis 0.39 0.65  1.00 0.36 0.55 

Note. VSM = Vocabulary Size Measure; POL = The revised Word Associates Polysemy Test; 

COL = The revised Word Associates Collocation Test; LDT = The Lexical Decision Task; 

ASDT = The Antonym Semantic Decision Task; CI = Confidence Interval. 

 

Table 34 indicates that all five instruments measured the participants’ lexical 

knowledge reasonably precisely as the 95% CI range for all the instruments was 

relatively small. The z-scores for skewness and kurtosis for the tests met the 2.58 
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criterion for large samples (Field, 2009 except for the Revised Word Associates 

Collocation Test, which was significantly negatively skewed, and The Lexical 

Decision Task, which was significantly positively skewed. However, according to 

George and Mallery (2010), the values for asymmetry and kurtosis between -2.0 and 

2.0 are considered acceptably normal. None of the skewness and kurtosis statistics 

were above 2.0; therefore, the data were considered to be normally distributed. The 

bivariate normal distribution was inspected by examining scatterplots for all the 

combinations of the five lexical knowledge tests. Four participants were identified as 

outliers and were temporarily excluded; however, the correlation coefficients changed 

a maximum of .001; therefore, these four participants were retained. 

 

Pearson Correlation Results 

Table 35 shows the results of the Pearson correlation analysis among the 

Vocabulary Size Measure, the Revised Word Associates Polysemy Test, the Revised 

Word Associates Collocation Test, the Lexical Decision Task, and the Antonym 

Semantic Decision Task. The strongest correlation was between the Vocabulary Size 

Measure and the Revised Word Associates Polysemy Test (r = .71, p < .001), and 

between the Revised Word Associates Polysemy Test and the Revised Word 

Associates Collocation Test (r = .70, p < .001). The correlation coefficient between the 
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Vocabulary Size Measure and the Revised Word Associates Collocation Test was also 

strong (r = .62, p < .001). In the contrast to the above findings, automaticity of word 

recognition measured by the mean reaction times of the Lexical Decision Task and the 

Antonym Semantic Decision Task did not correlate significantly with any of the other 

three instruments. These results indicate that participants who know the primary 

meaning of more words tend to have greater knowledge of polysemy and collocations. 

However, the non-significant correlation between the two decision tasks and the 

Vocabulary Size Measure indicates that the participants who knew more words did not 

necessarily recognize and access the meaning of the words faster. 

 

Table 35. Intercorrelations for Five Instruments for Measuring Lexical Knowledge (N = 

164) 

Measure 1 2 3 4 5 

1. Vocabulary Size Measure — 
2. The Revised WAT Polysemy Test .71** — 
3. The Revised WAT Collocation Test .62** .70** — 
4. Lexical Decision Task RT -.09 -.10 -.08 — 
5. Antonym Semantic Decision Task RT  -.08 -.01 -.02 .60** — 

Note. ** = coefficients are significant at p < .001. RT = reaction time. 

 

Because most of the participants did not know many words in the fourth 1,000 

word frequency level on the Vocabulary Size Measure, the words at the fourth 1,000 

word frequency level were excluded from the mean reaction times in both the Lexical 

Decision Task and the Antonym Semantic Decision Task. The Pearson correlation 
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coefficients were recalculated, but the results still were not significantly correlated 

with any of other three instruments. 

 

Micro-Analysis of the 12 Anchored Words on Three Aspects of Lexical 

Knowledge 

Even though the 12 anchor words were embedded in all five instruments, 

neither the Lexical Decision Task nor the Antonym Semantic Decision Task was 

utilized in the micro-analysis because none of the participants knew all 12 of the 

anchor words on the Vocabulary Size Measure. As the reaction time data cannot be 

used when the participants do not know the meaning of a word, the micro-analysis of 

the 12 anchor words was conducted with the remaining three aspects of lexical 

knowledge. 

The percent of participants who correctly answered each of the 12 anchor 

words on the Vocabulary Size Measure, the Revised Word Associate Polysemy Test, 

and the Revised Word Associates Collocation Test, was calculated in order to 

investigate whether there was an acquisitional hierarchy. Table 36 displays the percent 

of participants who correctly answered the 12 anchor words on the three instruments. 

The three anchor words at the first 1,000 word frequency level—even, brief, and 

direct—displayed a similar pattern. The percent of Vocabulary Size Measure was 
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higher than that of The Revised Word Associates Polysemy Test. In turn, the Revised 

Word Associates Polysemy Test was higher than that of the Revised Word Associates 

Collocation Test. 

 

Table 36. The Percentage of the Participants Who Correctly Answered 12 Anchor 

Words on Three Aspects of Lexical Knowledge 

Target words Frequency VSM POL COL 

even  1K 60.84 50.00 35.54 
Brief 1K 66.87 57.23 48.19 
Direct 1K 95.28 88.55 40.96 
Calm 2K 60.84 19.88 57.23 
Fresh 2K 79.52 80.12 90.96 
Bright 2K 57.83 63.86 73.94 
Bare 3K 39.76 50.60 30.12 
Vague 3K 45.78 54.22 57.83 
Remote 3K 80.12 54.22 37.95 
Ample 4K 16.87 25.90 39.76 
Ripe 4K 49.40 16.27 32.53 
Modest 4K 28.31 18.67 48.80 

Note. Freq = Frequency; VSM = Vocabulary Size Measure; POL = The Revised Word 

Associates Polysemy Test; COL = The Revised Word Associates Collocation Test;  

the unit of the score is percentile; 1K = the first 1,000 word frequency level; 2K = the second 

1,000 word frequency level; 3K = the third 1,000 word frequency level; 4K = the fourth 1,000 

word frequency level. 

 

Figure 15 graphically displays the percent of the three anchored words in the 

first 1,000 word frequency level. Figure 15 shows the order of difficulty for the three 

aspects of lexical knowledge. In addition, the figure shows that direct was much easier 

than even and brief, especially in terms of vocabulary size and polysemy. However, 

fresh and bright in the second 1,000 word frequency level showed a reverse order 
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compared to those in the first 1,000 word frequency level. That is, the percent of these 

words on the Revised Word Associates Collocation Test was higher than that on the 

Revised Word Associates Polysemy Test. In turn, the percent on the Revised Word 

Associates Polysemy Test was higher than that on the Vocabulary Size Measure. For 

the word calm, the percent correct on the Vocabulary Size Measure was higher than 

that on the Revised Word Associates Polysemy Test, while the percent correct on the 

Revised Word Associates Polysemy was extremely low. 

 

 Figure 15. The percentile of the three anchor words in the first 1,000 word frequency 

level on the three aspects of lexical knowledge. VSM = Vocabulary Size Measure; POL 

= The Revised Word Associates Polysemy Test; COL = The Revised Word 

Associates Collocation Test; the unit of the score is percent correct. 
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Figure 16 shows the percent correct of the three anchor words on the second 

1,000 word-frequency level. Fresh was much easier than other two items for all three 

aspects of lexical knowledge. In addition, Figure 16 indicates that the individual 

anchor words on the three aspects of lexical knowledge behaved very differently from 

one another; thus, there were no predictable patterns regarding the anchor words in the 

second 1,000 word frequency level. 

 

 Figure 16. The percentile of the three anchor words in the second 1,000 word 

frequency level on the three aspects of lexical knowledge. VSM = Vocabulary Size 

Measure; POL = The revised Word Associates Polysemy Test; COL = The revised 

Word Associates Collocation Test; the unit of the score is percent correct. 
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The three anchor words in the third 1,000 word frequency level also behaved 

differently from one another. The percent correct on the Revised Word Polysemy Test 

was highest for bare, and it was followed by the Vocabulary Size Measure, which was 

higher than that of the Revised Word Collocation Test by about 9%. Vague was 

answered correctly more frequently on the Revised Word Associates Collocation Test 

compared to the Revised Word Polysemy Test, although the difference was only about 

4%. The Vocabulary Size Measure had the lowest percent correct. On the contrary, for 

remote, the Vocabulary Size Measure was higher than the Revised Word Polysemy 

Test, which was higher than the Revised Word Collocation Test. This pattern was 

similar to the anchor words in the first 1,000 word-frequency levels. 

 Figure 17 graphically displays the percent correct for the three anchor words in 

the third 1,000 word frequency level on the three instruments. Remote was easier than 

other two words on the Vocabulary Size Measure. In addition, similar to the second 

1,000 word frequency level, Figure 17 shows that the three aspects of each anchor 

word behaved differently; thus, no pattern regarding the difficulty order for the three 

aspects of lexical knowledge emerged. 



 239 

 

Figure 17. The percentile of the three anchor words in the third 1,000 word frequency 

level on the three aspects of lexical knowledge. VSM = Vocabulary Size Measure; POL 

= The revised Word Associates Polysemy Test; COL = The revised Word Associates 

Collocation Test; the unit of the score is percent correct. 

 

The three anchor words in the fourth 1,000 word frequency level also behaved 

differently from one another. Ample had a lower percent correct on the Vocabulary 

Size Measure than on the other two instruments, while the Revised Word Associates 

Polysemy Test had a higher percentage than the Revised Word Associates Collocation 

Test. On the contrary, ripe was answered correctly more frequently on the Vocabulary 

Size Measure than on the other two instruments, and the Revised Word Associates 

Collocation Test had a higher percentage than the Revised Word Associates Polysemy 
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Test. Modest was answered correctly most frequently on the Revised Word Associates 

Collocation Test, and the Vocabulary Size Measure had a higher percentage than the 

Revised Word Associates Polysemy Test. Figure 18 graphically displays the percent 

correct for the three anchored words in the fourth 1,000 word frequency level on the 

three lexical instruments. 

 

 

Figure 18. The percentile of the three anchor words in the fourth 1,000 word 

frequency level on the three aspects of lexical knowledge. VSM = Vocabulary Size 

Measure; POL = The Revised Word Associates Polysemy Test; COL = The Revised 

Word Associates Collocation Test; the unit of the score is percent correct. 
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In sum, even though the anchor words in the first 1,000 word frequency level 

showed a hierarchical pattern for the three aspects of lexical knowledge, the anchor 

words for the rest of the frequency levels did not show an order of difficulty. The 

results indicated that there was considerable item dependency and great individual 

variation for each anchor word on the three aspects of lexical knowledge. 

The percent correct for the 12 anchor words on the three instruments was 

averaged based on word frequency level (See Table 37 and Figure 19). Even though 

there were only three anchor words at each word frequency level, a word frequency 

effect was observed for the Vocabulary Size Measure and the Revised Word 

Associates Polysemy Test, that is, the percent of the participants who correct answered 

items on the Vocabulary Size Measure and the Revised Word Associates Polysemy 

Test decreased as word frequency decreased. 

 

Table 37. The Percentage of The Participants Who Correctly Answered 12 Anchor 

Words on Three Aspects of Lexical Knowledge by Word Frequency Level 

Target word Frequency VSM POL COL 

even, brief, direct 1K  74.33 65.26 46.99 
calm, fresh, bright 2K  66.06 54.62 73.90 
bare, vague, remote 3K 55.22 53.02 41.97 
ripe, ample, modest 4K  31.53 20.28 40.36 

Note. VSM = Vocabulary Size Measure; POL = The revised Word Associates Polysemy Test; 

COL = The revised Word Associates Collocation Test; 1K = the first 1,000 word frequency 

level; 2K = the second 1,000 word frequency level; 3K = the third 1,000 word frequency level; 

4K = the fourth 1,000 word frequency level; the unit of the score is percent correct. 
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In addition, the percent correct on the Vocabulary Size Measure was higher 

than that of the Revised Word Associates Polysemy Test across all word frequency 

levels. However, Figure 19 indicates that the items on the Revised Word Associates 

Collocation Test behaved inconsistently, as the percent of participants who correctly 

answered the items on this instrument was higher than on other instruments in the 

second 1,000 and the fourth 1,000 word frequency levels. 

 

 

Figure 19. The percent correct of the 12 anchor words on the three aspects of lexical 

knowledge by word frequency level. VSM = Vocabulary Size Measure; POL = The 

Revised Word Associates Polysemy Test; COL = The Revised Word Associates 

Collocation Test; the unit of the score is percent correct. 
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Research Question 2: The Roles of Lexical Knowledge on Reading 

Comprehension 

The second research question asked to what extent depth of vocabulary 

knowledge and automaticity of word recognition add to the prediction of reading 

comprehension scores, over and above the prediction afforded by vocabulary size. 

To answer this research question, a Pearson correlation analysis was conducted 

followed by a hierarchical multiple regression. The Reading Comprehension Test data 

were examined for univariate outliers using a z-score of ±3.29 (Tabachnick & Fidell, 

2007). No univariate outliers were identified. Next, descriptive statistics for the 

Reading Comprehension Test were examined to assess the normality of the distribution. 

Table 38 shows the descriptive statistics of the Reading Comprehension Test. 

 

Table 38. Descriptive Statistics for The Reading Comprehension Test 

Reading Comprehension Test 

M -0.11 

SE 0.05 

95% CI [-0.20,-.002] 

SD 0.62 

Skewness -0.17 

SES 0.19 

Z-Skewness 0.89 

Kurtosis -0.36 

SEK 0.38 

Z-Kurtosis 0.96 

Note. CI = Confidence interval. 
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The distribution was considered to be acceptably normal because neither z-

skewness nor z-kurtosis was above 2.58 (Field, 2009). The bivariate distribution was 

inspected by examining scatterplots for all combinations of the six measures. Five 

participants were identified as outliers and were temporary excluded; however, the 

correlation coefficients changed a maximum of .001. Therefore, these five participants 

were retained. 

Pearson correlation coefficients were calculated to determine the degree to 

which the participants’ vocabulary size, polysemy, collocation, orthographic decoding 

speed, and lexical meaning access speed were related to the reading comprehension 

measure. Table 39 shows the intercorrelations among the five types of lexical 

knowledge and the Reading Comprehension Test. The Revised Word Associate 

Collocation test was most highly correlated with the Reading Comprehension Test (r 

= .65, p < .001). 

 

Table 39. Intercorrelations Among Five Instruments Measures of Lexical Knowledge 

and The Reading Comprehension Test (N = 164) 

Measure 1 2 3 4 5 6 

1. Reading Comprehension Test — 

2. Vocabulary Size Measure  .55** — 

3. The Revised WAT Polysemy  .60**  .71** — 
4. The Revised WAT Collocation  .65**  .62** .70** — 

5. Antonym Semantic Decision Task RT  .04 -.08 -.01 -.02 — 

6. Lexical Decision Task RT -.01 -.09 -.10 -.08 .60** — 

Note. ** = coefficients are significant at p < .001; RT = Reaction times. 
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Because most of the participants did not know the meaning of the words in the 

fourth 1,000 word frequency level, these words were excluded from the reaction time 

measures for the Lexical Decision Task and the Antonym Semantic Decision Task. 

Thereafter, a Pearson correlation analysis was conducted between the reading 

comprehension test and the Lexical Decision Task and the Antonym Semantic 

Decision Task. The results showed that neither the Lexical Decision Task nor the 

Antonym Semantic Decision Task correlated significantly with the Reading 

Comprehension Test. 

A hierarchical multiple regression analysis was performed to determine the 

degree to which the five measures of vocabulary knowledge predicted the reading 

comprehension measure. Hence, the Reading Comprehension Test was the dependent 

variable and the five measures of lexical knowledge were the independent variables. 

The predictors were entered into the model in the following order. The first predictor 

was the Vocabulary Size Measure because vocabulary size has been regarded as the 

strongest predictor of reading comprehension by many researchers (e.g., Laufer, 

1992b; Milton, 2009; Qian 2002; Qian & Schedl, 2004). The second predictor was the 

Revised Word Associates Collocation Test, as this measure was most highly correlated 

with reading comprehension in the Pearson correlation analysis. Moreover, the process 

of recognizing two-word collocations is considered to be more related to reading 
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processes than recognizing the meaning of polysemous words because L2 readers need 

to comprehend not only the meaning of single words, but also the relationships among 

words when reading. The third predictor was the Revised Word Associates Polysemy 

Test because this test had the second strongest correlation with reading comprehension. 

Because several researchers have shown that lexical access speed is more related to 

reading comprehension than orthographic processing speed (e.g., Kojima, 2010; 

Yamashita 2013), the fourth predictor was the Antonym Sematic Decision Task. The 

Lexical Decision Task was entered into the equation as the fifth predictor. 

SPSS EXPLORE was used to evaluate the assumptions of the analysis and 

SPSS REGRESSION was used to conduct the main analysis. As mentioned above, no 

univariate outliers were identified and all the variables were normally distributed. Even 

though five people were identified as bivariate outliers by checking the scatterplots for 

all combinations of the six measures, the correlation coefficients changed a maximum 

of .001; therefore, they were retained in the main analysis. Multivariate outliers were 

examined using Mahalanobis distance. With five predictors, the critical value of the 

chi-square at .001 was 20.515 (Tabachnick & Fidell, 2007). No multivariate outliers 

were identified. No multicollinearity was identified because none of the correlation 

coefficients were above .80 (Field, 2009). Moreover, the variance inflation factor 

(VIF) values were all well below 8 and the tolerance statistics were all well above 0.2 
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(Field, 2009). The normal distribution of the residuals was examined by inspecting the 

histogram and the normal probability plot. They were normally distributed, and the 

points were aligned in the expected line. Homoscedasticity, which is the assumption 

that the residuals at each level of the predictor variables have similar variances, was 

checked by inspecting the standardized residuals scatterplot. The scatterplot showed 

that the points were randomly and equally distributed. Hence, all the assumptions for 

the multiple regression analysis were met. 

 Table 40 displays the unstandardized regression coefficients (B), the standard 

error of B, SEB, the standardized regression coefficients β, the variance accounted for 

by the model, R2, and amount of change in R2, ΔR2, after the entry of all five 

predictors, and the statistical significance of ΔR2. 

 

Table 40. Hierarchical Regression Analysis Summary for Lexical Knowledge Variables 

Predicting Reading Comprehension (N = 164) 

Step and predictor variable B SE B β R2 ΔR2 

Step 1: .30*** 
Vocabulary Size Measure .53 .06 .54*** 
Step 2:  .45*** .15*** 
The Revised WAT Collocation .48 .07 .50*** 
Step 3: .47*** .02* 
The Revised WAT Polysemy .18 .08 .21* 
Step 4: .47*** .00 
Antonym Semantic Decision Task .00 .00 .07 
Step 5: .48*** .01 
Lexical Decision Task -.00 .00 -.11 

*p <.05. ***p < .001. 
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Step 1, with the Vocabulary Size Measure in the equation, R2 = .30, F(1, 162) = 

68.32, p < .001, indicated that Vocabulary Size accounted for 30% of the variance of 

Reading Comprehension. The value of tolerance statistics was .47, which was above .2, 

and VIF was 2.15, which was below 8. After step 2, with the revised Word Associates 

Collocation Test added to the equation, R2 = .45, F(2, 161) = 66.50, p < .001. The 

addition of the revised Word Associates Collocation Test resulted in a significant 

increase in R2, F(1, 161) = 45.78, p < .001, which accounted for 45% of the variance in 

the Reading Comprehension Test. The value of tolerance statistic was .48, which was 

above .2, and VIF was 2.10, which was below 8. After step 3, with the revised Word 

Associate Polysemy Test added to the equation, R2 = .47, F(3, 160) = 47.11, p < .001. 

Even though the change in R2 was smaller than other two predictors, the addition of the 

revised Word Associates Polysemy Test resulted in a significant improvement in the 

model, ΔR2 =.03, F(1, 160) = 5.02, p < .05. The value of tolerance statistics was .39, 

which was above .2, and VIF was 2.57, which was below 8. In step 4, the Antonym 

Semantic Decision Task was added to the model, R2 = .47, F(4, 159) = 35.72, p < .001; 

however, the equation did not improve R2 significantly, ΔR2 = .00, F(1, 159) = 1.28, p 

= .26. In step 5, the Lexical Decision Task was entered to the model, R2 = .48, F(5, 

158) = 29.28, p < .001. However, the model did not improve R2 significantly, ΔR2 = 

F(1, 158) = 2.35, p = .13. 
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Research Question 3: The Roles of Lexical Knowledge on Reading 

Comprehension Item Type 

The third research question asked to what extent vocabulary size, polysemy, 

collocational knowledge, and automaticity of word recognition relate to each of 

Reading Comprehension item types. This research question was addressed by 

calculating Pearson correlation coefficients and thereafter, a multiple regression 

analysis was run to determine the degree to which the three dimensions of lexical 

knowledge predicted each Reading Comprehension item type. Before, the main 

analysis, Rasch reliability and separation statistics were calculated for each Reading 

Comprehension item type. As Table 41 shows, the Rasch item reliability estimates for 

the reading comprehension item types were .94 to .96, which were very good to 

excellent (Fisher, 2007), and item separation for all the item types ranged from 3.92 to 

5.25. 

 

Table 41. Rasch Reliability and Separation Estimates for The Reading 

Comprehension Item Types (N = 164) 

Item 
reliability 

Item 
separation 

Person 
reliability 

Person 
separation 

Main idea .94 4.14 .26 0.59 
Stated details .96 4.86 .29 0.64 
Paraphrased details .95 4.59 .64 1.33 
Guessing vocabulary .96 5.25 .36 0.75 
Making Inferences .94 3.92 .29 0.64 
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Table 42 shows the descriptive statistics for the five reading comprehension 

item types using Rasch person measure (logits) for 164 participants. As none of the 

score of z-skewness and z-kurtosis statistics for the item types exceeded the 2.58 (Field, 

2009) criterion, the distributions were considered acceptably normal. Next, bivariate 

normal distribution was inspected by examining scatterplots for all the combinations of 

10 measures. Nineteen participants were identified outliers and were excluded from 

further analyses. Therefore, the main analyses were conducted with 145 participants. 

 

Table 42. Descriptive Statistics for The Five Reading Comprehension Item Types (N = 

164) 

Main idea 
Stated 
Details 

Paraphrased 
Details 

Guessing 
Vocabulary 

Making 
Inferences 

M -0.14 -0.18 -0.10 0.39 0.07 
SE 0.08 0.09 0.05 0.09 0.08 
95% CI [-0.30, 0.02] [-0.35, -0.02] [-0.20, -0.01] [0.21, 0.58] [-0.23, 0.09] 
SD 1.03 1.09 0.61 1.21 1.05 
Skewness 0.16 -0.03 -0.19 -0.36 0.07 
SES 0.19 0.19 0.19 0.19 0.19 
Z-Skewness 0.84 0.53 1.00 1.89 0.36 
Kurtosis 0.78 -0.13 -0.37 0.24 0.04 
SEK 0.38 0.38 0.38 0.38 0.38 
Z-Kurtosis 2.05 0.34 0.97 0.63 0.11 

Note. All statistics are based on Rasch logits; CI = Confidence interval. 

 

Pearson Correlation Results 

Table 43 shows the intercorrelations among five instruments measuring lexical 

knowledge and the five Reading Comprehension item types. The Vocabulary Size 
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Measure, the Revised Word Associates Polysemy Test, and the Revised Word 

Associates Collocation Test were moderately correlated with each of five Reading 

Comprehension item types. However, the Lexical Decision Task and the Antonym 

Semantic Decision Task did not significantly correlate with any of the five Reading 

Comprehension item types. The strongest correlation was between the Revised Word 

Associates Collocation Test and Reading Comprehension Test Paraphrased Details, 

and between the Vocabulary Size Measure and Test and Reading Comprehension Test 

Guessing Vocabulary from Context (r = .45, p < .001). The Guessing Vocabulary from 

Context item type also correlated almost equally with the Revised Word Associates 

Polysemy Test (r = .43, p < .001), and the Revised Word Associate Collocation Test (r 

= .42, p < .001), whereas the Paraphrased Details item type was more highly correlated 

with the Revised Word Associates Polysemy Test (r = .42, p < .001) and the Revised 

Word Associates Collocation Test (r = .45, p < .001) than with the Vocabulary Size 

Measure (r = .28, p < .001). Only the Paraphrased Details item type correlated 

negatively with the reaction times of the Lexical Decision Task (r = -.20, p < .05). 
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Table 43. Intercorrelations Among Lexical Knowledge and Five Reading Comprehension Item Types (N = 145) 

Measure 1 2 3 4 5 6 7 8 9 10 

1. Vocabulary Size Measure — 

2. The Polysemy Test  .65** — 
3. Collocation Test  .59** .65** — 

4. LDT RT -.08 -.09 -.07 — 
5. ASDT RT -.00 -.07 -.02 .60** — 
6. RCT Main Idea  .24** .28** .36** -.02 .03 — 

7. RCT Stated Details  .28** .24** .29** -.14 .03  .18* — 
8. RCT Paraphrased Details  .28** .42** .45** -.20* .06  .30**  .18* — 

9. RCT Guessing Vocabulary  .45** .43** .42** -.14 -.02  .23*  .26**  .28** — 
10. RCT Making Inferences  .39** .42** .39** -.05 .06  .15  .34**  .20**  .37** — 

Note. The Polysemy Test = The Revised Word Associates Polysemy Test; Collocation Test = The revised Word Associates Collocation Test; 

LDT = The lexical decision task; ASDT = The antonym semantic decision task; RT = reaction time; RCT = Reading Comprehension Test. 

*p < .05. ** = p < .001 
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Regarding the relationship among the five Reading Comprehension item types, 

the strongest correlation was between Stated Details and Making Inferences (r = .34, p 

< .001), and the second highest correlations were between Paraphrased Details and 

Guessing Vocabulary from Context (r = .28, p < .001). However, as the low correlation 

coefficients indicate, they were not highly correlated. 

A hierarchical multiple regression was conducted with each Reading 

Comprehension item type, Main Idea, Stated Details, Paraphrased Details, Guessing 

Vocabulary from Context, and Making Inferences as dependent variables, and five 

vocabulary instruments, the Vocabulary Size Measure, The Revised Word Associates 

Polysemy Test, The Revised Word Associates Collocation Test, the Lexical Decision 

Task, and the Antonym Semantic Decision Task, were the independent variables. The 

order of entering the IVs was the same in the previous regression analysis: (a) the 

Vocabulary Size Measure, (b) the Revised Word Associates Collocation Test, (c) the 

Revised Word Associates Polysemy Test, (d) the Antonym Semantic Decision Task, 

and (e) the Lexical Decision Task. 

 

Hierarchical Multiple Regression Results 

Main Idea item types. The regression analysis was performed using SPSS 

REGRESSION. The assumptions of the analysis were checked using SPSS EXPLORE. 
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The dependent variable was Reading Comprehension main idea item type. No 

univariate and multivariate outliers were identified, and all the variables were normally 

distributed. Nineteen bivariate outliers were identified and excluded from the 

regression analysis. No multicollinearity was identified as the variance inflation factor 

(VIF) values were all well below 8 and the tolerance statistics were all well above 0.2 

(Field, 2009). The normal distribution of the residuals was examined by inspecting the 

histogram and normal probability plot. They were normally distributed and the points 

were aligned on the expected line. Homoscedasticity, which is the assumption that the 

residuals at each level of the predictor variables have similar variance, was checked by 

inspecting the standardized residuals scatter plot. The scatterplot showed that the 

points were randomly and equally distributed; hence, the assumptions for the multiple 

regression analysis were met. 

Table 44 shows the unstandardized regression coefficients, B, the standard error 

of B, SEB, the standardized regression coefficients ,β, variance accounted for by the 

model, R2, and the amount of change in R2,ΔR2 after the entry of all five predictors, 

and the significance of ΔR2. 
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Table 44. Hierarchical Regression Analysis Summary for Lexical Knowledge Variables 

Predicting Reading Comprehension Main Idea Item Type (N = 145) 

Step and predictor variable B SE B β R2 ΔR2 

Step 1: .06*** 
Vocabulary Size Measure .40 .13 .24*** 
Step 2:  .13*** .07*** 
The Revised WAT Collocation .50 .15 .33*** 
Step 3: .13*** .00 
The Revised WAT Polysemy .11 .17 .08 
Step 4: .13*** .00 
Antonym Semantic Decision Task .00 .00 .02 
Step 5: .13*** .00 
Lexical Decision Task .00 .00 .01 

*** p < .001 

 

After step 1, the Vocabulary Size Measure in the equation accounted for 7% of 

the variance in the Reading Comprehension Main Idea item type, R2 = .06, F(1, 145) = 

9.20, p <. 001. The value of the tolerances statistics was .53, which was above .2, and 

VIF was 1.9, which was below 8. In step 2, the Revised Word Associates Collocation 

Test was added to the equation, R2 = .13, F(2, 144) = 10.71, p < .001. This addition 

resulted in a significant increment in R2, F(1, 161) = 13.83, p < .001, which accounted 

for about 14% of variance in the Reading Comprehension Main Idea item type. The 

tolerance statistic was .53, which was above .2, and VIF was 1.9, which was below 8. 

In step 3, the Revised Word Associate Polysemy Test was added to the equation, R2 

= .13, F(3, 143) = 7.27, p < .001. However, this addition did not significantly improve 

the model. In step 4, the Antonym Semantic Decision Task was added to the model, R2 

= .13, F(4, 142) = 5.42, p < .001. Again, this addition did not improve R2 significantly. 
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In step 5, the Lexical Decision Task was entered into the model, R2 = .13, F(5, 141) = 

4.31, p < .001; however, this addition did not significantly improve R2. Thus, even 

though R2 was significant throughout each step of the model, and the predictors 

accounted for 13% of the Reading Comprehension Main Idea item type, R2 was not 

improved significantly after step 2. 

 

Stated Details item type. A hierarchical multiple regression was conducted 

with the Reading Comprehension Stated Details item type as the dependent variable. 

No univariate and multivariate outliers were identified, and all the variables were 

normally distributed. The nineteen bivariate outliers were identified and excluded from 

the regression analysis. No multicollinearity was identified, as the variance inflation 

factor (VIF) values were all well below 8 and the tolerance statistics were all well 

above 0.2 (Field, 2009). The normal distribution of the residuals was examined by 

inspecting the histogram and the normal probability plot. No problems were identified. 

Homoscedasticity was checked by inspecting the standardized residuals scatter plot. 

The scatterplot showed that the points were randomly and equally distributed 

throughout the plot. Hence, all of the assumptions of the multiple regression analysis 

were met. 
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 Table 45 displays the results of the hierarchical multiple regression analysis for 

the Reading Comprehension Stated Details item type. R2 was significant throughout 

each step with the final model accounting for 13% of the variance in the Stated Details 

item type, F(5, 141) = 4.02, p < .001.  

 

Table 45. Hierarchical Regression Analysis Summary for Lexical Knowledge Variables 

Predicting Reading Comprehension Stated Details Item Type (N = 145) 

Step and predictor variable B  SE B β R2 ΔR2 

Step 1: .08*** 
Vocabulary Size Measure .53 .15 .28*** 
Step 2: .10*** .02** 
The Revised WAT Collocation .33 .17 .19 
Step 3: .10** .00 
The Revised WAT Polysemy .03 .20 .02 
Step 4: .10** .01 
Antonym Semantic Decision Task .00 .00 .07 
Step 5: .12** .02 
Lexical Decision Task .00 .00 -.10 

** p < .05. ***p < .001. 

 

In step 1, with the Vocabulary Size Measure in the equation, R2 = .08, F(1, 145) 

= 12.53, p < .001; thus, vocabulary size accounted for 8% of the variance in the 

Reading Comprehension Stated Details item type. The tolerance value was .53, which 

was above .2, and VIF was 1.9, which was below 8. In step 2, the Revised Word 

Associates Collocation Test was added to the equation, R2 = .10, F(2, 145) = 8.05, p 

< .001. However, this addition did not result in a significant increase in R2, F(1, 144) = 

3.67, p = .06. In step 3, the Revised Word Associate Polysemy Test was added to the 
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model, R2 = .10, F(3, 143) = 5.36, p =.002, but this addition did not significantly 

improve the model. In step 4, the Antonym Semantic Decision Task was added to the 

model, R2 = .10, F(4, 142) = 4.00, p < .05. Again, this addition did not reliably improve 

R2. In step 5, the Lexical Decision Task was entered to the model, R2 = .12, F(5, 141) = 

4.01, p = .002; however, this addition did not significantly improve R2. 

 

Paraphrased Details item type. A hierarchical multiple regression was 

conducted with the Reading Comprehension Paraphrased Details item type as the 

dependent variable. No univariate and multivariate outliers were identified, and all the 

variables were normally distributed. No multicolinearity was identified, as the variance 

inflation factor (VIF) values were all well below 8 and the tolerance statistics were all 

well above 0.2 (Field, 2009). The normal distribution of the residuals was examined by 

inspecting the histogram and the normal probability plot; the data were normally 

distributed, and the points were aligned on the expected line. Homoscedasticity was 

checked by inspecting the standardized residuals scatter plot. The scatter plot showed 

that the points were randomly and equally distributed throughout the plot. Hence, all 

the assumptions for the multiple regression analysis were met. 

Table 46 summarizes the results of the hierarchical multiple regression analysis 

for the Reading Comprehension Paraphrased Details item type. R2 was significant 
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throughout each of five steps with the final model accounting for 29% of the variance 

of the paraphrased details item type, F(5, 141) = 11.29, p < .001. After step 1, with the 

Vocabulary Size Measure in the equation, R2 = .08, F(1, 145) = 12.20, p < .001, which 

indicated that the Vocabulary Size Measure accounted for 8% of the variance. The 

tolerance statistic was .53, which was above .2, and VIF was 1.9, which was below 8. 

After step 2, with the Revised Word Associates Collocation Test added in the equation, 

R2 = .21, F(2, 144) = 18.72, p < .001. The addition of the Revised Word Associates 

Collocation Test resulted in a significant increment in R2, ΔR2 = .13, F(1, 144) = 23.35, 

p < .001, which accounted for 21% of variance in the Reading Comprehension 

Paraphrased Details item type. The value of tolerance statistics was .53, which was 

above .2, and VIF was 1.8, which was below 8. In step 3, with The Revised Word 

Associate Polysemy Test was added to the equation, R2 = .24, F(3, 143) = 14.67, p 

< .001. This addition significantly improved the model, ΔR2 = .03, F(1, 143) = 5.44, p 

= .021, which accounted for 24% of the variance. The tolerance statistic was .45, 

which was above .2 and VIF was 2.2, which was below 8. After step 4, with the 

Antonym Semantic Decision Task added to the model, R2 = .24, F(4, 142) = 11.00, p 

< .001; however, this addition did not reliably improve R2. After step 5, with the 

Lexical Decision Task entered to the model, R2 = .29, F(5, 141) = 11.29, p < .001. The 
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addition of the Lexical Decision Task to the model significantly improved R2, ΔR2 

= .05, F(1, 141) = 9.74, p = .002. 

 

Table 46. Hierarchical Regression Analysis Summary for Lexical Knowledge Variables 

Predicting The Reading Comprehension Paraphrased Details Item Type (N = 145) 

Step and predictor variable B SE B β R2 ΔR2 

Step 1: .08*** 
Vocabulary Size Measure .50 .14 .28*** 
Step 2: .21*** .13*** 
The Revised WAT Collocation .76 .16 .44*** 
Step 3: .24*** .03* 
The Revised WAT Polysemy .40 .17 .25* 
Step 4: .24*** .00 
Antonym Semantic Decision Task .00 .00 .04 
Step 5: .29*** .05* 
Lexical Decision Task -.00 .00 -.28* 

*p < .05. *** p < .001. 

 

Guessing Vocabulary from Context item type. A hierarchical multiple 

regression was conducted with the Reading Comprehension Guessing Vocabulary 

from Context item type as the dependent variable. No univariate and multivariate 

outliers were identified, and the variables are normally distributed. No 

multicollinearity was identified, as the variance inflation factor (VIF) values were well 

below 8, and the tolerance statistics were well above 0.2 (Field, 2009). The normal 

distribution of the residuals was examined by inspecting the histogram and the normal 

probability plot. They were normally distributed and the points were aligned on the 

expected line. Homoscedasticity was checked by inspecting the standardized residuals 
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scatterplot, which showed that the points were randomly and equally distributed 

throughout the plot. Hence, all the assumptions for the multiple regression analysis 

were met. 

Table 47 shows the results of the hierarchical multiple regression analysis. R2 

was significant throughout each of five steps with the final model accounting for 26% 

of the variance in the Reading Comprehension Guessing Vocabulary from Context 

item type, F(5, 141) = 10.03, p < .001. 

After step 1, with the Vocabulary Size Measure in the equation, R2 = .21, F(1, 

145) = 37.62, p < .001; thus the Vocabulary Size Measure accounted for 21% of the 

variance. The tolerance statistic was .53, which was above .2, and VIF was 1.89, which 

was below 8. In step 2, the Revised Word Associates Collocation Test was added to 

the equation, R2 = .24, F(2, 144) = 22.95, p < .001. The addition of the Revised Word 

Associates Collocation Test to the equation resulted in a significant increment in R2, 

ΔR2 = .04, F(1, 144) = 6.78, p = .01, which accounted for 24% of the variance in the 

Reading Comprehension Guessing Vocabulary from Context item type. The tolerance 

value was .53, which was above .2, and VIF was 1.89, which was below 8. After step 3, 

with the Revised Word Associate Polysemy Test added to the equation, R2 = .25, F(3, 

143) = 16.19, p < .001; however, this addition did not improve the model significantly. 

After step 4, with the Antonym Semantic Decision Task added to the model, R2 = .26, 
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F(4, 142) = 12.13, p < .001; however, this addition did not significantly improve R2. 

After step 5, with the Lexical Decision Task entered to the model, R2 = .26, F(5, 141) = 

10.03, p < .001. The addition of the Lexical Decision Task to the model did not 

significantly improve R2. 

 

Table 47. Hierarchical Regression Analysis Summary for Lexical Knowledge Variables 

Predicting The Reading Comprehension Guessing Vocabulary from Context Item 

Type (N = 145) 

Step and predictor variable B SE B β R2 ΔR2 

Step 1: .21*** 
Vocabulary Size Measure .97 .16 .45*** 
Step 2:  .24*** .04*** 
The Revised WAT Collocation .47 .18 .23* 
Step 3: .25*** .01 
The Revised WAT Polysemy .31 .20 .16 
Step 4: .26*** .00 
Antonym Semantic Decision Task .00 .00 -.03 
Step 5: .26*** .01 
Lexical Decision Task -.00 .00 -.11 

*p <.05.*** p <.001. 

 

Making Inferences item type. A hierarchical multiple regression was 

conducted with The Reading Comprehension Making Inferences item type as the 

dependent variable. No univariate and multivariate outliers were identified, and all the 

variables were normally distributed. No multicollinearity was identified, as the 

variance inflation factor (VIF) values were all well below 8 and the tolerance statistics 

were all well above 0.2 (Field, 2009). The normal distribution of the residuals was 
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examined by the histogram and the normal probability plot. They were normally 

distributed, and the points were aligned on the expected line. Homoscedasticity was 

checked by inspecting the standardized residuals scatterplot. The scatterplot showed 

that the points were randomly and equally distributed throughout the plot. Hence, all 

the assumptions of the multiple regression analysis were met. 

Table 48 shows the results of the hierarchical multiple regression analysis. R2 

was significant throughout each of five steps with the final model accounting for 21% 

of the variance in the Reading Comprehension Making Inferences item type, F(5, 141) 

= 7.65, p < .001. After step 1, the Vocabulary Size Measure accounted for 15% of the 

variance in the Making Inferences item type, R2 = .15, F(1, 145) = 25.94, p < .001. The 

tolerance value was .53, which was above .2, and VIF was 1.89, which was below 8. 

After step 2, with the Revised Word Associates Collocation Test added in the equation, 

R2 = .19, F(2, 144) = 16.90, p < .001. The addition of the Revised Word Associates 

Collocation Test resulted in a significant increment in R2, ΔR2 = .04, F(1, 143) = 9.95, 

p < .05, which accounted for 19% of the variance in the Reading Comprehension 

Making Inferences item type. The tolerance statistic was .53, which was above .2, and 

VIF was 1.9, which was below 8. In step 3, the Revised Word Associate Polysemy 

Test was added to the equation; however, this addition did not reliably improve the 

model, R2 = .21, F(3, 143) = 12.71, p < .001. In step 4, the Antonym Semantic 
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Decision Task was added to the model; however, this addition did not significantly 

improve R2, R2 = .21, F(4, 142) = 9.56, p < .001. In step 5, the Lexical Decision Task 

was entered into the model. This addition did not significantly improve R2, R2 = .21, 

F(5, 141) = 7.65, p < .001. 

 

Table 48. Hierarchical Regression Analysis Summary for Lexical Knowledge Variables 

Predicting Reading Comprehension Making Inferences Item Type (N = 145) 

Step and predictor variable B SE B β R2 ΔR2 

Step 1: .15*** 
Vocabulary Size Measure .74 .15 .40*** 
Step 2: .19*** .04** 
The Revised WAT Collocation .43 .17 .24** 
Step 3: .21*** .02 
The Revised WAT Polysemy .36 .19 .21 
Step 4:   .21*** .00 
Antonym Semantic Decision Task .00 .00 .04 
Step 5: .21*** .00 
Lexical Decision Task .00 .00 -.04 

* = p < .05 ** = p < .01. *** p < .001. 
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CHAPTER 6 

DISCUSSION 

 

In this chapter, each research question and its pertinent results are summarized 

and interpreted. At the end of the chapter, implications for vocabulary assessment and 

pedagogical implications are provided. 

 

Research Question 1: Relationships Among the Three Dimensions of Lexical 

Knowledge 

The first research question asked about the relationship among vocabulary size, 

depth of vocabulary knowledge, and automaticity of word recognition. The macro-

analysis of the relationship among the three dimensions of lexical knowledge as shown 

in Table 34 showed strong correlations among the three measures. This finding 

supports previous research (Akbarian, 2010; Nurweni & Read, 1999, Qian, 1999, 

2002 ) indicating that two dimensions of lexical knowledge, vocabulary size and depth 

of vocabulary knowledge, are closely related. The more learners expand their written 

receptive vocabulary—even when their knowledge of a word is partial—the more 

likely they are to learn about various aspects of those words, such as their common 
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collocations. This study is the first to produce this finding for relatively low 

proficiency EFL learners. 

However, the data in Table 35 indicate that none of the three lexical knowledge 

tests correlated significantly with the Lexical Decision Task and the Antonym 

Semantic Decision Task; thus, increases in vocabulary size and depth of lexical 

knowledge were not accompanied by the development of faster recognition of 

orthographic form or faster access to the word meaning for the participants in this 

study. Ostensibly, this result appears to contradict Laufer and Nation’s (2001) results 

indicating that learners who know more words can generally access the meaning of 

words more quickly than learners with smaller vocabularies. However, it is important 

to consider that their participants differed from the participants in this study in two 

ways. First, their participants included 12 native speakers of English, and EFL students 

who were English majors, whereas the participants in the present study were non-

English majors. Generally, students who major in English tend to have higher English 

proficiency than non-English majors. Second, their participants’ vocabulary sizes and 

the variance in their estimates of vocabulary size were generally much larger than 

those of the participants in this study. For instance, in Laufer and Nation’s study, the 

participants’ vocabulary size estimates, as estimated with the Vocabulary Levels Test, 

ranged from 3,000 to 5,000 word families. Although the Vocabulary Size Measure 



 267 

employed in this study is different from the Vocabulary Levels Test in terms of the 

number of items, test format, and scoring system, it is evident that the participants in 

this study had not acquired as many words as the participants in Laufer and Nation’s 

study, as their mean vocabulary size was about 3,000 word families. Hence, the 

participants in this study lacked advance lexical proficiency (minimum vocabulary size 

= 900; maximum vocabulary size = 4,500 word families; SD = 790). This aspect of the 

data might be one reason for the nonsignificant correlation between vocabulary size 

and the two aspects of word recognition, orthographic decoding speed and lexical 

access speed, and between the two aspects of depth of lexical knowledge and the two 

aspects of word recognition. 

In addition, when gathering validity evidence for both the Lexical Decision 

Task and the Antonym Sematic Decision Task, the mean reaction times for correct 

responses for real words in the High Proficiency Group were faster than those of the 

Low Proficiency Group, although the differences were not statistically significant. This 

finding partially supports previous research (Laufer & Nation, 2001) indicating that 

developing greater speed of lexical access lags behind increases in overall vocabulary 

size. 

It is possible to outline the process of lexical acquisition using usage-based 

models of second language acquisition theory. In usage-based models of language 
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acquisition, language acquisition is fundamentally regarded as sequence learning, 

starting from sub-lexical phonological strings to lexical items and then to probabilistic 

sequences of strings that form collocations or multi-word units (Ellis, 1996). Hence, it 

is plausible that learners acquire the core meaning of single words initially and then 

acquire secondary meanings or collocates later. 

The micro-analyses of the 12 anchored words in terms of vocabulary size, 

polysemy, and collocational knowledge indicated strong item dependency and wide 

individual item variation. Hence, the results do not imply a clear hierarchical pattern 

for acquiring these aspects of lexical knowledge for EFL learners at this proficiency 

level. Four factors led to these inconclusive results: (a) the nature of the input or word 

meanings taught in school; (b) the influence of the L1 lexicon or schemata, particularly 

on collocational knowledge; (c) loanword status, and (d) different sensitivity of the 

three instruments used in this study. I next consider these four factors in turn. 

First, the nature of the input or word meanings taught in school influenced 

some of the results. For example, in Figure 17 the percentage of correct responses for 

remote on the Vocabulary Size Measure was much higher than for other words in the 

third 1,000 word frequency level. Figure 18 also showed that the percentage of correct 

responses for ripe on the Vocabulary Size Measure was much higher than for other 

words in the fourth 1,000 word frequency level. The unexpectedly high number of 
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correct responses occurred because the participants had learned the primary meanings 

of remote and ripe in a TOEIC preparation class two weeks before the Vocabulary Size 

Measure was administered. The participants were instructed to check the appropriate 

meaning of these words in sentences on a transcription of the TOEIC listening section 

using an electronic English-Japanese dictionary. Moreover, the students took a quiz in 

which they were required to translate the meaning of these words in Japanese. Because 

these words were taught explicitly, it was possible that they remembered their 

meanings. 

Figure 16 indicates that the percentage correct for calm on the Revised Word 

Associates Polysemy Test was much lower than for the other two items for all three 

aspects of lexical knowledge. The item appeared as follows on the Revised Word 

Associates Polysemy Test. 

 

calm 

a. large 

b. still 

c. open 

d. usual 

 

The target word calm was meant to indicate without much wave or wind. Therefore, the 

correct answer is b, still, which means without moving. However, it was expected that 
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the Japanese participants knew still as adverb (e.g., I am still young.), rather than this 

adjectival meaning of the word. 

The learners’ L1 also influenced their knowledge of collocations. Yamashita 

and Jiang (2010) argued that collocations are often cross-linguistic, that is, a 

collocation in one language frequently has a counterpart in another language unless 

culture-specific concepts are involved. For example, both English and Japanese have 

the identical collocation of hot tea (暑いお茶, atsui ocha). However, there are also 

many examples in Japanese and English in which the collocations differ. For instance, 

the phrase strong tea is expressed as thick tea (濃いお茶 koii ocha) in Japanese. Thus, 

specific lexical items used to express the same idea can vary between languages. 

Collocations can be classified as congruent collocations and incongruent collocations. 

The former share identical lexical elements in the L1 and target language and the latter 

contain different lexical elements. Thus, the learners’ L1 plays an important role in the 

learning of collocations. Wolter (2006) suggested that the role of L1 in learning 

collocations can be both facilitative and inhibiting. When L2 learners encounter a new 

collocation that is L1 congruent, they should find it easy to comprehend it provided 

that they know the meaning of the words that make up the collocation. In contrast, 

even when L2 learners know the meanings of the individual words, they might find it 

difficult to comprehend or they might misunderstand the meaning of L1 incongruent 
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collocations because they cannot rely on L1 collocational knowledge. Hence, L1 

incongruent collocations should be more difficult to learn than L1 congruent 

collocations. 

Table 49 shows the 12 anchor adjectives with noun collocates and the 

equivalent collocation in Japanese. Except for even number, all of the collocations are 

L1 congruent. This is one possible reason why the percentage correct for even on the 

Revised Word Associates Collocation Test was much lower than for the other words in 

the first 1,000 word frequency level (see Figure 15). If learners know the meaning of 

the individual words, it is possible for them to comprehend the congruent collocations 

using knowledge of their L1. 

 

Table 49. 12 Anchor Words with Collocated Words and Japanese Counterparts 

English collocation Japanese Direct translation 

direct flight 直行便 non-stop flight 

even number 偶数 even number 

brief note 短いメモ short memo 

fresh water 真水 unsalinated water 

calm person 穏やかな人 relaxed person 

bright future 明るい未来 bright future 

bare feet 裸足 naked feet 

vague answer 曖昧な答え unclear answer 

remote island 離島 far from main land 

ample evidence 十分な証拠 enough evidence 

ripe cheese 成熟したチーズ mature cheese 

modest improvement あまり大きくない進歩 not big improvement 
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Second, the loanword status of the anchor words influenced the results. Figure 

15 shows that the percentage of correct responses for direct on the Vocabulary Size 

Measure and the Revised Word Polysemy Test was higher than for the other words in 

the first 1,000 word frequency level. Figure 16 indicates that the percentage of correct 

responses for fresh on the Vocabulary Size Measure and the Revised Word Associates 

Collocation Test was much higher than for the other words in the second 1,000 word 

frequency level. These results might have occurred because the anchor words, direct 

and fresh, are loanwords, that is, Japanese words borrowed from the English language. 

Modern Japanese contains many such words. For example, Daulton (1998) estimated 

that up to 38% of the 2,000 most frequent words of English and 26% of the words in 

the University Word List (Xue & Nation, 1984) are loanwords borrowed from English. 

Nation (2013a) argued that even though it is sometimes difficult to see the relationship 

of an original English word and a loanword in Japanese (e.g., ワンピース [wan-piisu]; 

a one piece dress) due to form and meaning changes during the process of borrowing 

words from English, although this is not always the case (e.g.,ワースト [waasuto]; 

worst). Nation (2001, 2013a) stated that loanwords should generally be easy to acquire 

because the cognitive effort involved in making the form-meaning connection is 

relatively light. In addition, several researchers (e.g., Brown & Williams, 1985; 
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Daulton, 1998, 2008; Millar, 2006) have suggested that loanwords help Japanese 

learners studying English to recognize, infer, and produce English words. Hence, it can 

be hypothesized that most of the participants know the loanwords used in this study 

and were therefore able to select the correct option on the tests. 

Third, the different item sensitivity on three instruments of lexical knowledge 

could have influenced the results. Figure 18 indicates that the percentage correct for 

both ample and modest on the Vocabulary Size Measure was lower than that on the 

Revised Word Associates Collocation Test. This result was unexpected because the 

Revised Word Associates Collocation Test requires test-takers to know the meaning of 

both words in order to choose the correct collocate. The result implies that L2 learners 

can be aided by contextual information, as their knowledge of one word can be 

triggered by knowledge of the other. In extreme cases, some test-takers might have 

been able to choose the correct answer on the Revised Word Associate Collocation 

Test without knowing the core meaning of either ample or modest. 

Another factor that influenced the results was the different degree of item 

sensitivity between the two tests. Even though all three lexical knowledge tests, the 

Vocabulary Size Measure, the Revised Word Associates Polysemy Test, and the 

Revised Word Associates Collocation Test are four-option, multiple-choice items, it is 
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plausible that the degree of item sensitivity on each test differs. Below is the item for 

modest on the Vocabulary Size Measure. 

 

modest: She is modest 

a. relaxed and friendly 

b. honest and cares about other people 

c. not talking about things she can do well 

d. not showing strong emotion 

 

In this case, the Vocabulary Size Measure requires test-takers to read relatively long 

phrases and have “a moderately developed idea of the meaning of the word” (Nation & 

Beglar, 2007, p. 11) because the correct definition often shares elements of meaning 

with the distractors. For instance, the distractor d—not showing strong emotion—was 

selected by 19% of the test-takers. If people express strong emotion, such as 

excitement or happiness when they succeed at something, it can be considered boasting 

in Japanese society; hence, even though distractor d is not the correct answer, it shares 

elements of meaning with modest. Moreover, the grammatical forms of the above 

options include a relative clause (i.e., not talking about things she can do well) and an 

adjective followed by preposition (i.e., honest and cares about other people); hence, 

the Vocabulary Size Measure also requires test-takers to have some knowledge of 

complex syntax and reasonable reading skills (Nguyen & Nation, 2011). On the 
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contrary, the Revised Word Associates Collocation Test provides options that consist 

of a single word. Below is the item that tested the same anchor word, modest. 

 

modest                        . 

a. dust 

b. improvement 

c. hole 

d. steel 

 

The cognitive processes involved in taking the Revised Word Associates Collocation 

Test might be less complex than that for taking the Vocabulary Size Measure, as the 

Revised Word Associates Collocation Test does not require the test-takers to read a 

phrase or clause to understand the definition of the target word. In addition, these 

options might unintentionally provide the participants with hints if the participants 

utilize a test-taking strategy such as categorization. For instance, the distractors dust, 

hole, and steel are objects that do not have any positive or negative meaning, while the 

correct answer, improvement, involves change and has a positive meaning. Thus, some 

participants might understand that improvement differs from the other three options, 

and this understanding might serve as clue to the correct answer. Therefore, even 

though test-takers do not know the exact meaning of modest, they might be able to 

choose improve as a correct answer. 
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Another possible explanation is that some participants might have 

misunderstand the target word modest as modern. The follow-up questionnaire, which 

required the participants to write the meaning of the target words in Japanese (see 

Appendix J), conducted after administering the Antonym Semantic Decision Task, 

revealed that 47 participants wrote the meaning of modest as 現代の (modern). This 

indicated that these participants confused the meaning of modest with that of modern 

as these two words share similar orthographic forms, which is what Laufer (1997) 

called synforms. Synforms are the largest categorization of deceptively transparent 

words. However, in this item on the Revised Word Associates Collocation test, even if 

the participants miscomprehended the meaning of the target word, modest as modern, 

they still might have been able to choose correct option, improvement because modern 

improvement is a plausible combination in English. In sum, it is possible that the 

Revised Word Associates Collocation Test might have provided clues in some cases. 

Even though each of the above four factors was discussed independently, it is 

possible that some of them interactively influenced the results. For example, in the 

Revised Word Associates Collocation Test, the target word fresh collocates with water. 

Moreover, as discussed previously, the collocation, fresh water is a loanword that is 

also an L1 incongruent collocation. Even though the Vocabulary Size Measure was 

piloted with students with similar English proficiency as the participants in this study, 
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a micro-analysis of these anchored words was not conducted; therefore, these four 

factors were not taken into account when the tests were made. 

The participants who missed each of the 12 anchor items on the Vocabulary 

Size Measure were excluded from further analysis because the form-meaning link 

should be established prior to the development of polysemy and collocational 

knowledge. Table 50 shows the percentage correct of the 12 anchor words on the 

Revised Word Associates Polysemy and the Revised Word Associates Collocation 

Test after eliminating the participants who missed each of the 12 anchor words on the 

Vocabulary Size Measure. 

As the participants were expected to know the core meaning of the 12 anchor 

words, the question concerned which of the two aspects of depth of vocabulary 

knowledge, polysemy or collocational knowledge, developed next. However, Table 50 

shows that the higher percentage correct for polysemy and collocational knowledge 

varied depending on the respective word; hence, the results do not indicate any 

hierarchical acquisitional pattern. One explanation is that the lack of the pattern is a 

valid result. That is, as each learner whose proficiency are rough the same, learns the 

core meaning of different words from a common course book (Saragi, Nation, & 

Meister, 1978), they next develop knowledge of polysemy or collocational knowledge 

in a somewhat idiosyncratic way depending on the way an individual word appears in 
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context, the word’s loanword status, or whether the collocates are L1 congruent or 

incongruent. 

 

Table 50. The Number of The Participants Who Correctly Answered The 12 Anchor 

Word on The Vocabulary Size Measure And Their Percentage Correct of 12 Anchor 

Words on Polysemy and Collocational Knowledge 

Target word 
Word 

frequency VSM (N) Polysemy Collocation 

even 1K 101  58.42  59.41 

brief 1K 111  72.97  56.76 

direct 1K 158  88.00  41.77 

calm 2K 101  23.76  68.32 

fresh 2K 132  81.06  92.42 

bright 2K 96  72.92  83.33 

bare 3K 66  71.21  36.36 

vague 3K 76  72.37  71.05 

remote 3K 133  61.65  40.60 

ripe 4K 82  13.43  48.78 

ample 4K 28  35.71  57.14 

modest 4K 47  23.40  46.80 

Note. VSM = Vocabulary Size Measure; Polysemy = the Revised Word Associates Polysemy 

Test; Collocation = the Revised Word Associates Collocation Test; 1K = the first 1,000 word 

frequency level; 2K = the second 1,000 word frequency level; 3K = the third 1,000 word 

frequency level; 4K = the fourth 1,000 word frequency level; N = the number of the participants 

who correctly answer each of the 12 anchor words on the Vocabulary Size Measure; the unit of 

the score is percent correct. 
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Research Question 2: The Roles of Lexical Knowledge on Reading 

Comprehension 

The second research question asked to what extent depth of vocabulary 

knowledge and automaticity of word recognition add to the prediction of reading 

comprehension, over and above the prediction afforded by vocabulary size. Table 39 

shows that the Pearson correlation coefficients between the Reading Comprehension 

Test and the Vocabulary Size Measure, the Revised Word Associates Polysemy Test, 

and the Revised Word Associates Collocation Test ranged from .55 to .65 (p < .001), 

which indicated that moderately high, positive intercorrelations existed among the four 

instruments. In addition, Table 40 indicates that the three aspects of lexical knowledge 

measured by the Vocabulary Size Measure, the Revised Word Associates Polysemy 

Test, and the Revised Word Associates Collocation Test accounted for 47% of the 

variance in the Reading Comprehension Test. These findings support the findings of 

previous researchers (Noro, 2002; Qian, 1998) who have argued that both vocabulary 

size and depth of vocabulary knowledge play important roles in academic reading. 

It is important to note that the Pearson correlation coefficients between depth of 

vocabulary knowledge specified as polysemy and collocational knowledge, and the 

Reading Comprehension Test were higher than that of the Vocabulary Size Measure. 

Table 39 indicates that the Revised Word Associates Collocation Test and the Revised 
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Word Associates Polysemy Test added 17% variance (p < .001) to the prediction of the 

Reading Comprehension Test over and above the prediction afforded by the 

Vocabulary Size Measure. This finding confirms Qian’s (1998) results, which 

indicated that polysemy and collocational knowledge made significant contributions to 

the prediction of scores on academic reading comprehension beyond the prediction 

provided by the vocabulary size measure. In addition, these findings partially support 

Noro’s (2002) results, which suggested that as learners’ vocabulary size approaches 

3,000 word families, depth of lexical knowledge becomes more important for 

academic reading comprehension; the mean vocabulary size of the participants in this 

study was around 3,000 word families. However, this study is the first to identify the 

significant role that collocational knowledge plays in academic reading comprehension. 

Both Noro and Qian used Read’s original Word Associates Test, in which the 

polysemy and collocational knowledge scores were added together. Hence, it was not 

possible for them to investigate the role that the two components of depth of 

vocabulary knowledge play independently on reading comprehension. Table 40 

indicates that the Revised Word Associates Collocation Test added 15% variance (p 

< .001) to the prediction of the Reading Comprehension Test over and above the 

prediction afforded by the Vocabulary Size Measure. This result suggests that the more 
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collocational knowledge learners have, the better they are able to comprehend 

academic reading material. 

The above findings concerning the significant role of depth of vocabulary 

knowledge is convincing when considering a phenomenon in which some students 

have sufficient vocabulary size, but they cannot read well. For instance, students who 

have a vocabulary size estimate of 3,000 words, cannot always read passages that are 

made up of higher frequency words because the Vocabulary Size Measure only tests 

knowledge of single words and does not assess collocational knowledge or knowledge 

of multi-word units. Passage comprehension requires more than knowing the meanings 

of single words; learners need to know how the words fit together or how words relate 

to one another. This knowledge is more related to collocational knowledge. 

In contrast to depth of lexical knowledge, Table 39 indicates that neither the 

Lexical Decision Task nor the Antonym Semantic Decision Task correlated 

significantly with the Reading Comprehension Test. Table 40 shows that neither the 

addition of the Lexical Decision Task nor the Antonym Semantic Decision Task 

resulted in a significant improvement in the model; thus, neither word decoding speed 

nor speed of lexical meaning access significantly predicted reading comprehension. 

This finding was in contrast to Yamashita’s (2013) finding that lexical meaning access 

is a significant predictor of reading comprehension. A possible explanation is that 
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while Yamashita’s study utilized timed reading, the participants in this study were 

under no pressure to complete the reading comprehension measure quickly. Another 

plausible reason is that the participants’ L2 lexical proficiency was relatively low; 

therefore, they have not developed word recognition fluency. In a pilot study carried 

out to validate the lexical decision task, eight English teachers with Master’s degrees in 

TESOL, and eight native speakers of English who had at least a Master’s degree 

participated. Overall reaction time for the lexical decision task was 693 ms and 674 ms, 

respectively. In contrast, the overall mean reaction time for the participants in this 

study on the Lexical Decision Task was 860 ms, which was much slower than both that 

of the Japanese English teachers’ group and the native speaker of English group. Even 

though the number of participants differed between this study and pilot study, it is 

possible to compare the mean reaction times of the participants in this study with the 

advanced learners of English and native speakers in the pilot study, as the same 

instrument was utilized for both studies. Thus, the significantly slow mean reaction 

time of the participants in this study indicates a lack of word recognition speed. 

Another difference between Yamashita’s (2013) study and the present study is 

that while the present study employed computerized tests to conduct the antonym 

semantic decision task, Yamashita conducted this task with a timed paper and pencil 

test. The participants in her study were instructed to circle the correct answer on the 
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sheet. They were also instructed not to use an eraser but to cross out incorrect answers 

and then circle the correct answer when they made mistakes. Circling a correct answer 

might result in less precise measurement of reaction time than pushing the specified 

key on a computer. It is important to note that Yamashita’s study was the only study 

that suggested that lexical meaning access speed contributed to reading 

comprehension; however, it is not possible to be confident in her results, as it is only 

one study. Therefore, more research is needed to examine whether lexical meaning 

access speed contributes to academic reading comprehension. 

 

Research Question 3: The Roles of Lexical Knowledge on Reading 

Comprehension Item Type 

The third research question asked to what extent vocabulary size, depth of 

vocabulary knowledge, and automaticity of word recognition relate to each of the five 

Reading Comprehension item types: Main Idea, Stated Details, Paraphrased Details, 

Guessing Vocabulary from Context, and Making Inferences. Table 43 indicates that 

the Vocabulary Size Measure was moderately correlated with each of the five Reading 

Comprehension item types; the highest correlation was with the Reading 

Comprehension Guessing Vocabulary from Context (r = .45, p < .001). Moreover, 

Table 46 shows that the Vocabulary Size Measure explained 21% of the variance in the 



 284 

Reading Comprehension Guessing Vocabulary from Context items. These results 

confirm previous research by Alvai and Akbarian (2012), who reported that guessing 

the meaning of unknown words from context depends heavily on the ability to 

comprehend the text as a whole and most of the words in it; thus, a larger receptive 

vocabulary increases the probability that learners comprehend the surrounding context. 

This study is the first to show the unique role of two aspects of depth of 

vocabulary knowledge, polysemy and collocation, on the five Reading Comprehension 

item types. Table 43 indicates that the Reading Comprehension Guessing Vocabulary 

from Context item type correlated equally with the Vocabulary Size Measure, the 

Revised Word Associates Polysemy Test, and the Revised Word Associate Collocation 

Test. Moreover, Table 47 shows that the Revised Word Associates Polysemy and the 

Revised Word Associates Collocation explained about 5% of the variance over and 

above the prediction afforded by vocabulary size in the Reading Comprehension 

Guessing Vocabulary from Context item type. This result suggests that successful 

lexical guessing requires both a reasonably large lexicon and depth of lexical 

knowledge, that is, learners need to know the primary meaning of words, secondary 

meanings, and how the words relate to other words if they are to successfully guess the 

meaning of unknown words. This finding also partially supports Nassaji (2004), who 

suggested that lexically skilled learners, as defined by the Word Associates Test (Read, 
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1993), performed better on lexical inferencing compared with less skilled learners. 

Nassaji also argued that depth of vocabulary knowledge made a significant 

contribution to successful inferencing over and above the contribution made by the 

learners’ strategy use. 

This study is first to provide data regarding which item type is more strongly 

related to the two aspects of depth of vocabulary knowledge measured in this study. 

Table 42 shows that the Paraphrased Details item type is more strongly correlated with 

the Revised Word Associates Polysemy Test and Collocation Test, and the Main Idea 

item type is more strongly correlated with the Revised Word Associates Collocation 

Test than the Vocabulary Size Measure. This indicates that these two Reading 

Comprehension item types are more closely related to depth of vocabulary knowledge 

than vocabulary size. This result is reasonable in terms of what test-takers must do in 

order to answer these two Reading Comprehension item types correctly. The Reading 

Comprehension Paraphrased Details item type requires test-takers to find and 

understand detailed information in a text and identify a paraphrased correct option on a 

multiple-choice test. Therefore, test-takers must know which word or phrase among 

the four options expresses the same meaning as the information in the text. This 

requires a type of knowledge that is similar to knowledge of polysemy, as the learners 

need to know different vocabulary items that express approximately the same meaning. 
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In a similar vein, the stronger correlation between Main Idea item type and the Revised 

Word Associates Collocation Test than between the Main Idea item type and the 

Revised Word Associates Polysemy Test is also convincing, as identifying main ideas 

usually requires test-takers to locate and understand a clause or sentence that expresses 

the key idea of the paragraph or the passage, and the process of recognizing two-word 

collocations is considered to be more related to reading processes than recognizing the 

meaning of polysemous words because L2 readers need to comprehend not only the 

meaning of a single word but also the relationships among words when reading the key 

clause or the sentence. 

In contrast to the significant contribution of vocabulary size and depth of 

vocabulary knowledge to the five Reading Comprehension item types, Table 43 

showed that the Antonym Sematic Decision Task did not significantly correlate with 

any of five Reading Comprehension item types. Moreover, the multiple regression 

analyses indicated that the addition of the Antonym Semantic Decision Task did not 

result in a significant improvement in the regression models; thus, speed of lexical 

meaning access did not significantly predict any of the reading comprehension item 

types. This result is plausible, as the same result was shown in the analysis of the 

relationship between the three dimensions of lexical knowledge and general reading 

comprehension, which consists of five Reading Comprehension item types. In the 
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similar vein, Table 43 shows the Lexical Decision Task did not significantly correlate 

with most of the Reading Comprehension item types; however, the Lexical Decision 

Task was significantly negatively correlated with the Paraphrased Details item type (r 

= -.20, p < .05). Moreover, Table 46 shows that the Lexical Decision Task accounted 

for 5% of variance in the prediction of the Reading Comprehension Paraphrased 

Details item type. Ostensibly, it is difficult to explain why the faster word recognition 

resulted in predicting only the Reading Comprehension Paraphrased Details item type. 

A plausible explanation is that it might not due to the item type but rather to the 

general difficulty level of the Reading Comprehension Paraphrased Details item type. 

Table 11 shows, many of the Paraphrased Details item types were generally more 

difficult than other items. Therefore, it can be assumed that the benefit of faster word 

recognition can be identified in answering only the difficult Reading Comprehension 

items. As verbal efficiency theory (Perfetti, 1985) suggested, faster lower level 

processes frees up cognitive capacity to work on the difficult items. However, if faster 

recognition benefits higher-level processing, why did the Lexical Decision Task not 

significantly correlate with the Reading Comprehension Making Inferences item type? 

As discussed above, most of the participants might not have understood many of the 

Reading Comprehension Making Inferences item type questions. Therefore, the results 

for this item type are not trustworthy. Regarding some reasons for the insignificant 
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correlations between both of these reaction time measures and each Reading 

Comprehension item type, apart from not restricting the time of the Reading 

Comprehension Test, the relatively slow mean reaction times indicated that the 

participants might not have develop efficient word recognition skills. Moreover, their 

similar mean reaction times on the Antonym Semantic Decision Task might have 

suppressed the results of the Pearson correlations. 

 

Implications for Vocabulary Assessment 

In order to investigate the relationships among three dimensions of L2 lexical 

knowledge, five lexical knowledge tests were employed in this study. In this section, 

implications for vocabulary assessment are discussed. 

The first implication concerns the analysis of the Word Associates Test (Read, 

1998, 2000). This test was designed to measure two aspects of depth of knowledge, 

polysemy and collocational knowledge. In previous research employing the Word 

Associates Test (e.g., Noro, 2002; Qian 1998, 1999, 2002; Qian & Sehedl, 2004; 

Schmitt & Garras, 2011), the polysemy and collocational knowledge scores were 

added together. This scoring system is valid when the two aspects of depth of 

knowledge are fundamentally the same constructs or when there is an 

acknowledgement that the two constructs are different and standardized scores, such as 
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z-scores or T-scores, are summed. However, a pilot study (Matsuo, 2012) and the 

validation of the Revised Word Associates Polysemy Test and the Revised Word 

Associates Collocation Test in this study revealed that knowledge of polysemy and 

collocational knowledge are fundamentally different constructs. Therefore, they should 

be assessed and scored separately or summed using standardized scores. 

The second implication for assessment is that it is important to consider at least 

three factors when creating vocabulary knowledge tests. The first factor concerns the 

degree of sensitivity to partial knowledge. As discussed above, differing degrees of 

item sensitivity is a major factor that influenced the results of the micro-analysis of the 

12 anchor words. If the purpose of a test is to assess the growth of lexical knowledge, 

it is important to employ several instruments whose item sensitivity to partial 

knowledge differs (Nation & Webb, 2011). However, different degrees of item 

sensitivity should be minimized if the purpose is to investigate the order of difficulty of 

different aspects of lexical knowledge. 

The second factor is loanword status. As noted above, loanwords can generally 

be acquired easily for L2 learners and they help them recognize and infer the meaning 

of unknown vocabulary and produce English. Therefore, loanwords status should be 

considered when creating anchor items across different aspects of lexical knowledge 
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tests. For instance, the number of loanwords should be controlled in each word 

frequency level and loanwords should not be used as anchor items. 

The third factor is the L1 congruency or incongruency of a collocation. This 

factor specifically applies to tests designed to assess L2 learners’ collocational 

knowledge. As discussed previously, L1 incongruent collocations are generally more 

difficult to learn than L1 congruent collocations for L2 learners because they cannot 

rely on the L1 collocates. This status of collocation should be considered when 

choosing target collocations because if a collocation test consists of only L1 

congruency items, test-takers’ scores are likely to be higher than a test that consists of 

L1 incongruent collocations. 

Another implication of this study is the importance of piloting instruments 

thoroughly. Prior to this study, each of the lexical knowledge tests was piloted with 

101 first-year students with approximately the same proficiency and same major as the 

participants in this study. Thereafter, quantitative validation evidence was gathered for 

each test using Rasch analysis. However, the piloting phase should also have included 

the gathering of qualitative evidence using think-aloud protocols, as such evidence can 

shed light on how test-takers go about taking each item. In this way, it is possible to 

identify problematic options. In addition, it is possible to investigate whether test-

takers are likely to know all the options on a test. 
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The order in which lexical knowledge tests are administered should also be 

considered carefully in order to minimize learning effects. In this study, three pencil 

and paper lexical knowledge tests were administered: the Vocabulary Size Measure, 

the Revised Word Associates Polysemy Test, and the Revised Word Associates 

Collocation Test. The Vocabulary Size Measure was administered first, the Revised 

Word Associates Test second, and the Revised Word Associates Collocation Test last 

in order to avoid learning effects; even if the participants checked a dictionary after 

taking the Vocabulary Size Measure, they were unlikely to check the secondary 

meanings of the target words. They were also unlikely to check collocates of the target 

words after taking the Revised Word Associates Polysemy Test. If the order had been 

changed, the participants might have check information that could have helped them 

answer items on the following test. 

Finally, two computerized reaction time tests were employed this study, the 

Lexical Decision Task and the Antonym Sematic Decision Task. There are six points 

to keep in mind when creating and administering these tests. First, the number of the 

real words and pseudo-words in the Lexical Decision Task and the number of 

synonymous word pairs and unrelated word pairs in the Antonym Semantic Decision 

Task should be balanced in order to avoid response bias. Second, it is important to 

control various properties of the words that affect reaction time. In this study, word 
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frequency, the number of the letters in the word, the part of speech, and familiarity rate 

were controlled for the target items on the Lexical Decision Task. Even though there 

are many other lexical properties that can be considered, such as concreteness, 

spelling-sound regularity, and number of meanings, it is difficult or impossible to 

control all potentially influential variables. Therefore, it is important for researchers to 

consider which lexical properties to control. The lexical properties controlled in this 

study were selected because they are commonly controlled lexical properties in lexical 

decision tasks, and these lexical properties are more influential to reaction time than 

other lexical properties (Jiang, 2012). Third, the duration of presenting a prime word in 

the Antonym Semantic Decision Task should be adjusted based on the test-takers’ 

lexical proficiency. The duration should be long enough to enable the test-takers to 

orthographically process and access the meaning of the prime word; however, it should 

also be short enough to prevent the test-takers from using a test-taking strategy, such as 

predicting an antonym of the prime word before the next word appears on the 

computer screen. L1 researchers who have employed semantic priming methods have 

often set the duration of the presentation time of the prime word at around 300 ms 

(McDonough & Trofimovich, 2009). However, the presentation time in this study was 

1,000 ms because L2 learners with relatively low proficiency take longer to recognize 

words than literate native speakers of English. Fourth, piloting the instruments with 
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native speaker groups prior to using the tests with non-native speaker groups is 

recommended because the data from the native speaker group serves as a standard or 

norm when validating and interpreting the data provided by the instruments. Fifth, it is 

important to include approximately 15 practice items before administering the tests to 

make sure that the test-takers are familiar with the task and know how to use the 

computer software. Finally, a questionnaire to ascertain whether test-takers know the 

meaning of the target words should be administered after conducting the reaction time 

test. These data can provide validity evidence for the instrument. 

 

Pedagogical Implications 

The first pedagogical implication is that Japanese learners such as the ones in 

this study need to increase their vocabulary size. Laufer and Ravenhorst-Kalvoski 

(2010) suggested that learners need a vocabulary size between 4,000 and 5,000 words 

to successfully comprehend academic texts. However, the results of the Vocabulary 

Size Measure showed that the participants’ mean vocabulary size was about 3,000 

words families; therefore, EFL learners at this proficiency level need to use both 

implicit and explicit approaches to increase their written receptive vocabulary 

knowledge. 
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Second, it is important for learners to acquire collocational knowledge and 

knowledge of secondary word meanings for successfully reading academic texts. This 

study clarified the significant role of collocational knowledge and polysemy as being 

distinctive in terms of predicting reading comprehension. Based on my experience as a 

teacher and as Hill (2000) noted, many second language learners are unaware of the 

concept of collocation. Therefore, a good starting point is to introduce students to 

collocations and raise their awareness of collocations by asking them to identify 

collocations in texts. 

Finally, it is important to have a dedicated fluency component in a reading 

course. The participants’ relatively slow mean reaction times in both the Lexical 

Decision Task and the Antonym Semantic Decision Task indicated that they had not 

developed high-level word recognition skills in their six years of English study. As 

Perfetti (1985) suggested that rapid and accurate word recognition frees up cognitive 

capacity for comprehension, learners need to automatize lower-level word recognition 

processes: orthographic processing, phonological processing, and lexical meaning 

access. Lower-level processes can be developed by fluency-based reading activities, 

such as timed reading, repeated reading, and extensive reading, where they can 

practice reading large amounts of relatively easy materials. 
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CHAPTER 7 

CONCLUSION 

 

Summary of the Study 

This study was an investigation of the relationship of three dimensions of 

lexical knowledge—vocabulary size, depth of vocabulary knowledge, and automaticity 

of word recognition—and the degree to which these three dimensions predicted 

academic reading comprehension. 

Research question 1 asked about the relationship among vocabulary size, depth 

of vocabulary knowledge, and automaticity of word recognition. The macro-analysis 

showed strong correlations among the Vocabulary Size Measure, the Revised Word 

Associates Polysemy Test, and the Revised Word Associates Collocation Test; 

however, neither the Lexical Decision Task nor the Antonym Semantic Decision Task 

correlated significantly with these three measures of lexical knowledge. The micro-

analysis of 12 anchor words was conducted to examine whether there is an order of 

acquisition for vocabulary size, knowledge of polysemy, and collocational knowledge. 

The results indicated strong item dependency and wide individual variation; thus, no 

clear hierarchical acquisition pattern was identified for these aspects of lexical 

knowledge for the EFL learners in this study. 
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Research question 2 asked to what extent depth of vocabulary knowledge and 

automaticity of word recognition add to the prediction of reading comprehension, over 

and above the prediction afforded by vocabulary size. The results indicated that the 

three aspects of lexical knowledge measured by the Vocabulary Size Measure, the 

Revised Word Associates Polysemy Test, and the Revised Word Associates 

Collocation Test accounted for 47% of the variance in the Reading Comprehension 

Test, which suggested that both vocabulary size and depth of lexical knowledge play 

significant roles in academic reading comprehension. Moreover, the Revised Word 

Associates Collocation Test and the Revised Word Associates Polysemy Test 

explained 17% (p < .001) of the variance in the Reading Comprehension Test over and 

above the prediction afforded by the Vocabulary Size Measure, which indicated the 

unique contribution of these two aspects of depth of vocabulary. However, neither the 

Lexical Decision Task nor the Antonym Semantic Decision Task contributed 

significantly to the prediction of the Reading Comprehension Test, which indicated 

that word recognition, specified as orthographic decoding speed and lexical meaning 

access, did not uniquely contribute to the prediction of academic reading 

comprehension for the relatively low English proficiency participants who took part in 

this study. 
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Research question 3 asked to what extent vocabulary size, depth of vocabulary 

knowledge, and automaticity of word recognition correlated with each reading 

comprehension item type. The results indicated that the Vocabulary Size Measure, the 

Revised Word Associates Polysemy Test, and the Revised Word Associates 

Collocation Test were moderately correlated with each of the five Reading 

Comprehension item types. In addition, the correlation between the two aspects of 

depth of lexical knowledge and Guessing Vocabulary from Context indicated the 

unique role that polysemy and collocational knowledge play in this item type. 

Moreover, the results indicated that the Reading Comprehension Main Idea item type 

was most closely related to collocational knowledge, while the Reading 

Comprehension Paraphrased Details item type was more closely related to knowledge 

of polysemy and collocational knowledge than to vocabulary size. On the contrary, the 

results indicated that word recognition, specified as orthographic processing speed and 

lexical meaning access, did not uniquely contribute to the prediction of academic 

reading comprehension nor to the prediction of most of the five Reading 

Comprehension item types for the relatively low English proficiency participants in 

this study; thus, word recognition, specified as orthographic decoding speed and 

lexical meaning access, did not uniquely contribute to most of the five types of 

Reading Comprehension items for this participants in this study. However, 
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orthographic processing speed predicted 5% of the variance in the Reading 

Comprehension Paraphrased Details item type, which suggested that learners with 

faster word recognition benefitted in terms of correctly answering item type. 

 

Limitations of the Study 

The first limitation concerns the exclusive use of adjectives on the Revised 

Word Associate Polysemy Test. Adjectives were used because this test was developed 

based on the Word Associates Test (Read, 2000), which also uses adjectives. Hence, 

L2 learners’ knowledge of polysemy for other parts of speech, such as nouns and verbs, 

was not investigated. 

The second limitation concerns the use of limited combinations of word 

combinations on the Revised Word Associates Collocation Test. This test exclusively 

used adjective-noun collocations. Other combinations such as verb-noun (e.g., do 

laundry) and noun-noun (e.g., car accident) were not assessed. This is a concern 

because it is not yet known how these different combinations are related to one another. 

The third limitation concerns use of the monolingual version of the Vocabulary 

Size Measure. Nguyen and Nation (2011) argued that L2 learners, especially those 

with low proficiency, can be disadvantaged on monolingual tests if they misunderstand 

a definition containing a noun/verb phrase or relative clause, due to insufficient 
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knowledge of grammar or syntax. Nguyen and Nation proposed that bilingual versions 

of tests in which the multiple-choice options are written in the test-takers’ L1, can 

address this issue. In addition, Elgort (2013) suggested that bilingual versions of the 

Vocabulary Size Test might be perceived as easier than monolingual versions; hence, 

test-takers might be more willing to attempt less familiar items. Considering the fact 

that the participants in this study were relatively low proficiency learners, a bilingual 

version of the Vocabulary Size Measure might have provided a more accurate estimate 

of their vocabulary size. 

Another limitation concerns the possibility that the cognitive processes used 

when answering the Vocabulary Size Measure and those used when answering 

multiple-choice questions on the Reading Comprehension Test might differ 

significantly. The Vocabulary Size Measure assesses knowledge of decontextualized 

words, while the Reading Comprehension Test presents words in a natural, 

contextualized context; Thus, the two tests might require the use of qualitatively 

different cognitive skills and types of processing. This difference might have caused 

the relationship between the Vocabulary Size Measure and the Reading 

Comprehension Test to be suppressed. 

The fifth limitation is that the Reading Comprehension Measure was not 

accompanied by a speeded reading comprehension test, such as timed readings. Most 
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of the participants had sufficient time to read the passages administered in this study, 

so they did not have to read the text quickly. This might explain why neither the 

Lexical Decision Task nor the Antonym Semantic Decision Task contributed to the 

prediction of reading comprehension; rapid lexical access was not required on the 

Reading Comprehension Measure. Another possibility was that some participants 

might have deployed compensatory reading strategies that might have helped them 

answer some questions on the test. 

Another limitation is that some low-English proficiency participants might not 

have understood some of the Stated Details item types and Making Inferences item 

types on the Reading Comprehension Test. These students might have scored 

somewhat higher on the test as they had not clearly understood those questions. 

The seventh limitation is that the second-year students could have been 

influenced by the reading strategy instruction delivered in the class. These participants 

were taught skimming and scanning skills that they might have used when taking the 

Reading Comprehension Test. 

The eighth limitation is that in creating 12 anchor words, influential factors 

such as loan word status and the congruency/incongruency status of the collocations 

were not controlled. As discussed above, these factors might have contributed to the 

inconclusive results for the micro-analysis of the 12 anchor words. 



 301 

 Finally, the participants were relatively similar in terms of their lexical 

knowledge. Even though their vocabulary size ranged from 900 to 4,500 word families, 

only 16 out of 166 participants knew over 4,000 words. Thus, including participants 

with more or less lexical knowledge than the participants would have increased the 

variance, and greater variance would have resulted in somewhat more accurate 

statistical results. 

 

Suggestions for Future Research 

The results of this study indicated that two aspects of depth of vocabulary 

knowledge, polysemy and collocation, uniquely contribute to the prediction of 

academic reading comprehension. Future researchers can investigate the roles of these 

two aspects of depth of vocabulary knowledge using other parts of speech, such as 

verbs and verb-noun collocations. This line of research would expand the findings 

reported in this study and allow researchers to better understand the roles that 

polysemy and collocational knowledge play in academic reading comprehension. 

As noted above, one limitation of this study was that a speeded measure of 

reading comprehension was not used; the addition of such an instrument might allow 

the measures provided by the Lexical Decision Task and the Antonym Semantic 

Decision Task to contribute to the prediction of reading comprehension. Thus, future 
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researchers might benefit from using both speeded and unspeeded reading 

comprehension tests. 

Another topic that remains relatively underexplored is how the degree of 

automaticity of word recognition changes based on L2 learners’ vocabulary size. In 

this study, the Lexical Decision Task and the Antonym Semantic Decision Task did 

not correlate significantly with the Vocabulary Size Measure, the Revised Word 

Associates Polysemy Test, or the Revised Word Associates Collocation Test. As 

discussed previously, one explanation is that the participants’ average vocabulary size 

was so small that they had not developed much word recognition automaticity. The 

addition of advanced proficiency learners with an average vocabulary size over 5,000 

word families would enable researchers to re-examine Nation and Laufer’s (2001) 

results indicating that the development of fluency lags behind the development of 

vocabulary size. 

In a similar vein, the addition of advanced English proficiency learners would 

allow researchers to investigate how the role of depth of vocabulary knowledge and 

automaticity of word recognition changes in terms of predicting reading 

comprehension as learners’ vocabulary size increases. For example, Noro (2002) found 

that as learners’ vocabulary size approaches 3,000 word families, the depth of 
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vocabulary knowledge, specified as polysemy and collocational knowledge, becomes 

increasingly important in academic reading comprehension. 

Finally, longitudinal studies with treatments targeting these constructs can 

provide significant insights regarding vocabulary development. For example, 

researchers can investigate the effects of extensive reading on vocabulary size, two 

aspects of depth of vocabulary, polysemy and collocational knowledge, and degree of 

automaticity of word recognition. 

 

Final Comments 

As an educator teaching in an EFL university context, I am working to help my 

students to develop their ability to read passages in the TOEIC reading comprehension 

section. I see them struggle to grasp the main ideas, identify detailed information, find 

paraphrased information, guess the meaning of vocabulary from context, and make 

logical inferences. In regards to the relationship between EFL reading comprehension 

and lexical knowledge, I am often puzzled because even students with good reading 

comprehension skills state that they do not know many of the words in the TOEIC 

reading passages. I believed that they should have already acquired these words; 

however, I have come to realize that it is difficult to assess EFL students’ lexical 

knowledge and the role that lexical knowledge plays in academic reading 
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comprehension. This study has taught me that vocabulary size, knowledge of polysemy, 

and collocational knowledge play important roles in academic reading comprehension 

with relatively low-proficiency students. These results have led me to teach my 

students not only the primary meaning of words, but also secondary meanings and 

collocates. In addition, these results will lead me to dedicate my class time to more 

reading because learners need more time-on-task in order to effectively develop these 

aspects of lexical knowledge. 

Through this study, I have learned that at least two Reading Comprehension 

item types, Main Idea and Paraphrased Details, are more closely related to knowledge 

of polysemy and collocations than vocabulary size. This finding gives me confidence 

in encouraging students to identify different words that share a similar meaning and 

collocations in reading passages. Such tasks are expected to help them improve their 

knowledge of polysemy and collocation and acquire the skills needed to correctly 

answer these reading comprehension item types. 

Finally, this study has shed light on the relationships among three dimensions 

of lexical knowledge with relatively low proficiency of EFL learners and the role that 

the three dimensions play in academic reading comprehension. My hope is that other 

researchers and educators in the field of foreign language education will continue to 

investigate the relationship among the three dimensions of lexical knowledge and the 
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roles they play in academic reading comprehension using different aspects of lexical 

knowledge or with learners at different levels of English proficiency. Such 

investigations will reveal a more holistic picture of the three dimensions of lexical 

knowledge and provide important information concerning L2 learners’ vocabulary 

development. 
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APPENDIX A 

THE READING COMPREHENSION TEST 

 

Read this passage and answer questions 1-40 on the following pages. 

Reading A 

1   (1) Everyone knows the advantages of using e-mail. It’s much faster than ordinary mail, much 

2   cheaper than the telephone, and easier than trying to meet someone in person. However, it is 

3   not always good to use e-mail at work. Some companies are limiting the use of e-mail in their 

4   offices for several reasons. Along with the many benefits of e-mail, there seem to be some 

5   negative points too. 

6 

7   (2) One reason is that e-mail is only one-way. You send out your message and then you have 

8   to wait for an answer. This is not a problem if you send a message that does not require a 

9   response. In this type of situation, you may only need to know that the message was received. 

10  However, if the message is more complicated or requires a quick response, e-mail is not 

11  so good. It’s not a favorable method of communication, for example, if you need to make a 

12  decision or a plan. It can take many email exchanges and a lot of time to decide something by 

13  e-mail. In that case, it’s better to talk on the phone. Or, if you’re in the same building, you 

14  should go meet in person, at which time you could also take a little walk and get to know each 

15  other better. 

16 

17  (3) There is another problem with e-mail: In general, you don’t get much information from the 

18  message. You have only the words themselves. This doesn’t matter if the message only 

19  contains objective information, such as facts, or if the included information is not that 

20  important. But it might cause trouble if the message is about something important. In an e-mail, 21  

it is hard to tell much about the person who sent the message. You have no idea what she was 

22  thinking or feeling, so you may put your own feelings into the message. This can sometimes 

23  lead to communication breakdowns in a company. 

24 

25  (4) In England, psychologists did some research about using e-mail at work. They studied the 

26  effect that the contents of e-mails had on workers’ blood pressure. The psychologists measured 

27  the blood pressure of the workers while they were opening their e-mail. They found that 

28  certain kinds of messages made blood pressure go up. It went up if the messages seemed angry 

29  or negative or if they were from the boss. It went up the highest when the messages were both 

30  negative and from the boss. 
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31  (5) The psychologists said that people should be careful how they use e-mail at work. This is 

32  especially true for the people with top jobs in a company. Their messages can easily hurt or 

33  upset people. They should never send important news by e-mail. They should always meet 

34  face to face with the person. Then everyone will be able to better understand each other. This 

35  will hopefully foster a more relaxed and enjoyable workplace. 

 

1. According to the passage, which one of these items is NOT a benefit of e-mail? 

(a) It costs less money than other types of communication. 

(b) It is more convenient than arranging a meeting with someone directly. 

(c) Companies have e-mail so it is perfect for most business situations. 

(d) E-mails are usually quicker than other ways of sending messages. 

 

2. According to paragraphs (2) and (3), in what situation should an e-mail be sent? 

(a) when a boss wants to explain a complicated new rule to the workers 

(b) when a worker wants to exchange ideas with a co-worker 

(c) when a boss wants to inform a meeting with no reply necessary 

(d) when a co-worker wants to explain why she was angry at the last meeting 

 

3. The word “breakdowns” in line 23 is closest in meaning to: 

(a) failures 

(b) systems 

(c) origins 

(d) exchanges 

 

4. What is the author’s main point in paragraph (3)? 

(a) Although e-mails are useful to send basic information, they sometimes cause problems when feelings 

are included. 

(b) If feelings are expressed clearly in an e-mail, there will be no problem in communication. 

(c) E-mails are good for sending clear information as well as emotional information. 

(d) E-mails should not be used in businesses, because they can lead to problems with communication. 

 

5. Which of the following sentences is closest in meaning to the sentence in lines 21-22? 

(a) When reading an e-mail, you imagine how the writer is feeling, but you sometimes may make 

mistakes. 

(b) There is no way to know how the writer was feeling when she wrote the e-mail, so it is necessary to 

imagine how she felt. 

(c) Your feelings mean a lot, so you should think of your own emotions when reading an e-mail. 

(d) People should not think about emotions when they are reading e-mails. 
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6. According to the passage, who wanted to learn about the effects of e-mail on workers? 

(a) bosses 

(b) workers 

(c) psychologists 

(d) secretaries 

 

7. The word “foster” in the last line of the passage is closest in meaning to: 

(a) take 

(b) end 

(c) create 

(d) change 

 

8. What is the main idea of the passage? 

(a) If companies used e-mails more often, there would be fewer problems with e-mail. 

(b) Sometimes, when people read e-mails, changes in their blood pressure happen. 

(c) Many people think e-mails are useful, but they may sometimes cause problems. 

(d) High level business people should be careful when they use e-mails. 

 

9. What do you predict would be the topic of a paragraph following this passage? 

(a) The history of e-mail and its uses 

(b) A company that stopped using e-mail 

(c) Why e-mail is so popular in some companies 

(d) The ways to become a boss at a company 

 

10. Which of the following sentences is closest in meaning to the sentence in lines 13-15? 

(a) If you want to get to know your co-worker, e-mail is a good way to communicate. 

(b) You should send e-mail first for the appointment when you want to meet with someone who works at 

the same location. 

(c) When you want to communicate with your co-worker, it is better to talk face to face if your office is 

near his or hers. 

(d) You should always try to meet your co-workers instead of emails because it is cheaper than making a 

phone call. 
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Read this passage and answer questions 9-16 on the following pages. 

Reading B (Readability = 8.5) 

 

1   (1) In the second half of the 20th century, there was a fierce competition between the U.S. and 

2   Russia to be the first nation to reach space. In response to this competition, the U.S. developed 

3   a well-organized space program. The U.S. manned space flight program of the 1960s and 

4   1970s consisted of three distinct phases: Mercury, Gemini, and Apollo. Each of these distinct 

5   phases of the space flight program served a very different purpose. 

6 

7   (2) Mercury was the first phase of the manned space flight program. Its purpose was to get a 

8   person into orbital flight and circle the Earth. The tiny Mercury capsule carried only a single 

9   astronaut. Alan Shepard and Virgil Grissom piloted the first two Mercury flights in 1961. They 

10  were suborbital flights. John Glenn was in the next Mercury flight. It orbited the Earth in 1962. 

11  Three more Mercury flights followed. 

12 

13  (3) The next phase of the manned space flight program was Gemini. The purpose of the ten 

14  crewed Gemini flights in 1965 and 1966 was to conduct training tests necessary for longer 

15  space flights. For example, Gemini carried out training in orbital clocking techniques and tests 

16  of the effects of long-term weightlessness on astronauts. Unlike Mercury capsules, the Gemini 

17  capsules were designed to carry two astronauts. The name Gemini was taken from the name of 

18  the constellation. It means “twins.” 

19 

20  (4) The Apollo flights followed the Gemini flights with the goal of landing astronauts on the 

21  Moon. The Apollo spacecraft consisted of three modules. The command module carried three 

22  astronauts to and from the Moon. The service module housed the propulsion and 

23  environmental systems. The lunar module separated from the command module to land two 

24  astronauts on the Moon. There were seventeen total Apollo flights, of which the first six 

25  carried no crew. The seventh through tenth Apollo flights (1968-1969) circumnavigated the 

26  Moon without landing thereupon returning to Earth. The next seven Apollo flights 

27  (1969-1972) were intended to land on the Moon. All of them did, except Apollo 13. This flight 

28  developed complication. It had to abort the intended landing. But it still managed to return 

29  safely to Earth. 
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11. What is the main idea of the whole passage? 

(a) Modern U.S. space exploration started with the competition between the U.S. and Russia. 

(b) The astronauts in U.S. space programs were well-trained and prepared. 

(c) There were three phases to the American space flight program. 

(d) Many people have contributed to space exploration through the decades. 

 

12. What is the author’s main point in paragraph (2)? 

(a) The Mercury missions were to train two pilots in one spacecraft. 

(b) The Mercury missions were developed to fly an astronaut around the Earth. 

(c) Mercury space missions only carried one astronaut. 

(d) The first man in orbit was John Glenn. 

 

13. Which of these sentences is closest in meaning to the last sentence in paragraph (3)? 

(a) Gemini means the astronauts can see the “twin” stars. 

(b) Gemini was one of the two astronauts who rode in the spacecraft. 

(c) They named it Gemini after the Roman god of space. 

(d) Only two men could fly in the spacecraft, so the name was given to the program. 

 

14. The purpose of the Gemini flights was: 

(a) to prepare for flights that take more time 

(b) to attempt suborbital flights further away 

(c) to circumnavigate the Moon more times 

(d) to land on the Moon 

 

15. Which item is NOT stated in the passage? 

(a) how many astronauts a Mercury flight carried 

(b) any problems the flights had 

(c) how the Mercury flights were named 

(d) where each space flight went 

 

16. The word “circumnavigated” in line 25 is closest in meaning to: 

(a) traveled around 

(b) returned from 

(c) studied about 

(d) headed toward 
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17. The word “abort” in line 28 is closest in meaning to: 

(a) postpone 

(b) schedule 

(c) try 

(d) stop 

 

18. It can be determined from the passage that the manned space flight program discussed in the passage 

lasted for: 

(a) two years 

(b) just over 6 years 

(c) almost 12 years 

(d) over three decades 

 

19. What do you predict would be the topic of a paragraph following this passage? 

(a) The origin of Mercury’s name 

(b) How NASA prepared for these space programs 

(c) A Russian spaceship that returned to Earth safely 

(d) The problems Apollo 13 faced attempting to land on the moon 

 

20. Which of the following sentences is closest in meaning to the sentence in lines 24-25? 

(a) Seventeen astronauts were in Apollo flights but they did not have enough food for all. 

(b) The total number of Apollo flights was seventeen, and the last eleven flights carried men. 

(c) There was a total of seventeen astronauts in Apollo flights but six of them died in the spacecraft. 

(d) Seventeen Apollo flights went to the Moon, and there were a total of six astronauts on the flights. 
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Read this passage and answer questions 17-25 on the following pages. 

Reading C (Readability = 10.2) 

 

1   (1) The human body is a complex machine that allows us to function as living creatures. After  

2   we are brought into this world, our bodies grow and transform in response to our environment, 

3   diet, and habits. The body is composed of many organ systems and parts that work together to 

4   allow us to breathe, move, talk and digest food all at the same time. Usually, we are unaware 

5   of what is happening in our bodies. We usually only notice our bodies when we get sick. 

6 

7   (2) Many people do not take enough care of their complex machines, engaging in behavior like 

8   smoking, drinking too much alcohol, or eating junk food that can damage their bodies. Stress 

9   can also cause health problems. People who worry a lot often do not get enough sleep or eat 

10  properly, leading to many health complications. We also damage our bodies by playing sports 

11  or having accidents. A recent survey in the U.K. found that 14 percent of people had visited an 

12  emergency room or a hospital clinic in the previous three months with injuries or poisonings. 

13  Clinic patients were also treated for many other medical problems-from bad cuts and broken 

14  bones to serious illnesses that required extensive surgery. 

15 

16  (3) Just like any machine, different body parts sometimes deteriorate from old age. In fact, a 

17  study in the U.S. found that 60 to 70 percent of all patients in emergency rooms were 

18  considered elderly, aged 75 or over. Fortunately, older people who suffer from an illness or 

19  injury can now receive treatment to help extend their lives. 

20 

21  (4) Due to the increase in the population of elderly people, the scientific study of them is now 

22  one of the fastest growing areas of medicine. It is now quite common for elderly people with 

23  damaged joints, for example, to have surgery to replace the problematic joint with a new one 

24  made of plastic or metal. 

25 

26  (5) As with any machine, the better you take care of it, the longer it will last. Of course, the 

27  best way to take care of your amazing machine is to eat the right foods, exercise regularly, and 

28  get plenty of sleep. 
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21. What is the author’s main point in paragraph (2)? 

(a) No matter how much we try to be healthy, some illnesses cannot be prevented. 

(b) In order to live a healthy life, people have to manage stress better. 

(c) Injuries or poisonings account for a large number of physical problems in people. 

(d) There is a large number of people who live in an unhealthy way. 

 

22. Which of the following items is mentioned in paragraph (2)? 

(a) Playing sports will help protect a person’s body against damage. 

(b) Fourteen percent of the clinic patients had to undergo surgery. 

(c) Some of the clinic patients needed an operation due to serious disease. 

(d) Stress at work does not affect whether we sleep well or not. 

 

23. In paragraph (2), what does the term, “complex machines” mean? 

(a) brains 

(b) families 

(c) behaviors 

(d) bodies 

 

24. Which of the following sentences is closest in meaning to the sentence in lines 9-10? 

(a) Worrisome people almost always suffer from sicknesses caused by poor diets. 

(b) Stress affects people’s behavior which in turn, damages their physical well-being. 

(c) Health problems usually start with poor sleeping and eating habits. 

(d) Physical illnesses are directly caused by worry from poor sleeping habits. 

 

25. What is NOT mentioned in paragraphs (3)-(4)? 

(a) Elderly people made up more than half of the clinic patients in hospitals. 

(b) Plastic or metal is used for artificial joints in modern medicine. 

(c) The parts of the human body can be changed like in a machine. 

(d) The study of the elderly has led to great advances in medical technology. 

 

26. What does the word, “deteriorate” refer to in paragraph (3)? 

(a) strengthen 

(b) change quickly 

(c) get worse 

(d) die slowly 
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27. What can be inferred from reading paragraph (4)? 

(a) Science will find solutions to future health problems in old people. 

(b) Even if we do not take care of our bodies, doctors can help make us feel better. 

(c) There are few problems with the elderly that have not been solved by technology. 

(d) The number of elderly people will probably continue to grow. 

 

28. What is the main idea of this passage? 

(a) Smoking, eating junk food, and drinking alcohol hurt our bodies for a long time.  

(b) Playing sports can lead to injuries that can cause pain in your body later in life. 

(c) To live a healthy life, we must treat our bodies like quality machines. 

(d) Physical problems can happen anytime, so we have to live healthy lives now. 

 

29. What do you predict would be the topic of a paragraph following this passage? 

(a) Ways to stay healthy 

(b) Ways to find good health insurance 

(c) How to find a good hospital 

(d) How to take care of old people 

 

30. Which of the following sentences is closest in meaning to the sentence in lines 4-5? 

(a) If we don’t pay attention to what is happening in our bodies, we usually get ill. 

(b) We usually don’t get sick if we take good care of our bodies. 

(c) When we become aware of how our bodies work, we usually take better care of our bodies. 

(d) We usually don’t pay attention to how our bodies work except we get sick. 

 

Read this passage and answer questions 25-32 on the following pages. 

Reading D (Readability = 12.0) 

 

1   (1) It is generally well known that in a number of particularly dangerous parts of the world, for 

2   example the Middle East and the India/Pakistan border region, there are countries which either 

3   possess or have the technology to produce, nuclear weapons. It is also worth remembering, 

4   however, that the country which has more nuclear weapons than any other, the United States, 

5   is the only power to have used nuclear weapons against people. 

6 

7   (2) Nuclear weapons were first developed in the United States during the Second World War, 

8   in order to be used against Germany. However, by the time the first bombs were ready for use, 

9   the war with Germany had already ended. As a result, the decision was made to use the 

10  weapons against Japan instead. Unfortunately, Hiroshima and Nagasaki have suffered the 

11  consequences of this decision to the present day. 
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12 

13  (3) The real reasons why bombs were dropped on two heavily-populated cities are not 

14  altogether clear. A number of people in 1944 and early 1945 argued that the use of nuclear 

15  weapons would be unnecessary, since American Intelligence was aware that some of the most 

16  powerful and influential people in Japan had already realized that the war was lost, and wanted 

17  to negotiate a Japanese surrender. It was also argued that, since Japan has few natural 

18  resources, a blockade by the American navy would force it to surrender within a few weeks, 

19  and the use of nuclear weapons would thus prove unnecessary. If a demonstration in force was 

20  required to end the war, a bomb could be dropped over an unpopulated area like a desert, in 

21  front of Japanese observers, or over an area, which is less populated inside Japan, such as a 

22  forest. Opting for this course of action might minimize the loss of further lives on all sides, 

23  while the power of nuclear weapons would still be adequately demonstrated. 

24 

25  (4) All of these arguments were rejected, however, and the general consensus was that the 

26  quickest way to terminate the fighting would be to use nuclear weapons against centers of 

27  populated area inside Japan. In fact, one of the more likely reasons why this decision was 

28  reached seems to be quite shocking to us now. 

29 

30  (5) Some of the leading scientists in the world had collaborated to develop nuclear weapons, 

31  and this development had resulted in a number of major advances in technology and scientific 

32  knowledge. As a result, a lot of normal, intelligent people wanted to see nuclear weapons used; 

33  they wanted to see just how destructive this new invention could be. It no doubt turned out to 

34  be even more 'effective' than they had imagined. 

 

31. Which of the following is closest in meaning to the last sentence of paragraph (2)? 

(1) The cities of Hiroshima and Nagasaki were badly damaged when they were bombed. 

(2) Hiroshima and Nagasaki suffered because Japan would not agree to end the war. 

(3) The awful effects of dropping nuclear bombs on these cities can still be felt. 

(4) The end of the war with Germany meant that Hiroshima and Nagasaki would suffer. 

 

32. According to paragraph (3), a blockade would have been successful because: 

(1) Japan has to import most of its natural resources like coal and steel. 

(2) Japan would not be powerful enough to beat a blockade. 

(3) an attack would probably destroy Japanese resources within weeks. 

(4) the Americans could defeat Japan's navy without much trouble. 
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33. What is the main idea of paragraph (3)? 

(1) Some people suggested reasons not to drop nuclear bombs on Japan. 

(2) The U.S. should have decided not to drop the nuclear bombs on Japan. 

(3) The Americans did not want to use the nuclear bombs but they had to. 

(d) Dropping the bombs in places with fewer people would have been better. 

 

34. Which of the following does “a demonstration in force” in paragraph (3) refer to: 

(a) a show of strength 

(b) a full attack 

(c) a parade of weapons 

(d) a meeting between the armies 

 

35. In paragraph (5), “collaborated” is closest in meaning to: 

(a) argued about 

(b) decided 

(c) worked together 

(d) held conferences 

 

36. In the last sentence of paragraph (5), it can be inferred that: 

(a) he agrees with the decision to use nuclear weapons against Japan. 

(b) he thinks the decision to drop nuclear bombs on Japanese cities was wrong. 

(c) nuclear weapons worked much better than the scientists probably expected. 

(d) the weapons were effective because Japan surrendered soon after their use. 

 

37. Which of the following is NOT stated in paragraphs (1) and (2)? 

(a) America’s first choice was to use nuclear weapons on Japan. 

(b) The effects of the nuclear bombs can still be felt today. 

(c) Germany was not bombed because they surrendered early. 

(d) Today, the danger of nuclear weapons exists in many countries. 

 

38. What is the author’s main point in the passage? 

(a) World War II was a terrible waste of human life and resources. 

(b) Nuclear weapons were first developed in the U.S. but all countries must accept responsibility for 

their use. 

(c) Human curiosity may have been one of the main reasons nuclear weapons were used on Japan. 

 (d) It was a matter of being unlucky that Japan was bombed during World War II. 
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39. What do you predict would be the topic of a paragraph following this passage? 

(a) How destructive were the bomb 

(b) How Americans won the war 

(c) How nuclear weapons were invented 

(d) How Germany fought with the America 

 

40. Which of the following sentences is closest in meaning to the sentence in lines 21-23? 

(a) Most people disagreed with the use of nuclear weapons against populated cities in Japan to terminate 

the war quickly. 

(b) Most people supported the idea that the use of nuclear weapons against urban areas in Japan would 

make the war end sooner than other ways. 

(c) Few people agreed to use nuclear weapons against heavily populated areas in Japan to end the fighting 

immediately. 

(d) Most people opposed the idea of using nuclear weapons against large cities in Japan in order to finish 

the war as soon as possible. 

 

 

Answer to The Reading Comprehension Test 

1. c                    11. c                    21. d                    31. d        

2. c                    12. b                    22. c                    32. a 

3. a                    13. d                    23. d                    33. a 

4. a                    14. a                    24. b                    34. a 

5. a                    15. c                    25. a                    35. c 

6. c                    16. a                    26. c                    36. b 

7. c                    17. d                    27. a                    37. a 

8. c                    18. c                    28. c                    38. c 

9. b                    19. d                    29. a                    39. a 

10. c                  20. b                    30. d                    40. b 
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APPENDIX B 

THE VOCABULARY SIZE MEASURE 

* asterisk shows anchor item    

First 1000 

1. see: They saw it. 

 a.  cut 

 b.  waited for 

 c.  looked at 

 d.  started 

 

2. time: They have a lot of time. 

 a.  money 

 b.  food 

 c.  hours 

 d.  friends 

 

3. period: It was a difficult period. 

 a.  question 

 b.  time 

 c.  thing to do 

 d.  book 

 

*4. even: It is even. 

 a.  is done very well 

 b.  is far from one end to other 

 c.  has all of the people in a group 

 d.  is the same or equal 

 

 

*5. direct: This is direct. 

 a.  without turning or stopping 

 b.  coming after this one 

 c.  for everybody 

 d.  without any doubt 

 

6. drive: He drives fast. 

 a.  swims 

 b.  learns 

 c.  throws balls 

 d.  uses a car 

 

7. jump: She tried to jump. 

 a.  lie on top of the water 

 b.  get off the ground suddenly 

 c.  stop the car at the edge of the road 

 d.  move very fast 

 

8. shoe: Where is your shoe? 

 a.  the person who looks after you 

 b.  the thing you keep your money in 

 c.  the thing you use for writing 

 d.  the thing you wear on your foot 

 

9. standard: Her standards are very high. 

 a.  the bits at the back under her shoes 

 b.  the marks she gets in school 

 c.  the money she asks for 

 d.  the levels she reaches in everything 

 

*10. brief: It is a brief meeting. 

 a.  short or quick 

 b.  not involving new ideas 

 c.  unusual or surprising 

 d.  without making mistakes 

 

Second 1000 

1. maintain: Can they maintain it? 

 a.  keep it as it is 

 b.  make it larger 

 c.  get a better one than it 

 d.  get it 

 

2. stone: He sat on a stone. 

 a.  hard thing 

 b.  kind of chair 

 c.  soft thing on the floor 

 d.  part of a tree 

 

*3. fresh: This is very fresh. 

 a.  not kind or gentle 

 b.  not far from one side to the other 

 c.  difficult to move 

 d.  made recently 

 

4. drawer: The drawer was empty. 

 a.  sliding box 

 b.  place where cars are kept 

 c.  cupboard to keep things cold 

 d.  animal house 
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5. patience: He has no patience. 

 a.  will not wait happily 

 b.  has no free time 

 c.  has no faith 

 d.  does not know what is fair 

 

*6. bright: It is a bright day. 

 a.  is not mixed with anything else 

 b.  has a lot of light 

 c.  is exactly right 

 d.  is able to do something 

 

7. pub: They went to the pub. 

 a.  place where people drink and talk 

 b.  place that looks after money 

 c.  large building with many shops 

 d.  building for swimming 

 

8. circle: Make a circle. 

 a.  rough picture 

 b.  space with nothing in it 

 c.  round shape 

 d.  large hole 

 

9. microphone: Please use the microphone. 

 a.  machine for making food hot 

 b.  machine that makes sounds louder 

 c.  machine that makes things look 

bigger 

 d.  small telephone that can be carried 

around 

 

*10. calm: He is very calm. 

 a.  angry 

 b.  large 

 c.  not able to see 

 d.  not nervous 

 

Third 1000 

 

1. soldier: He is a soldier. 

 a.  person in a business 

 b.  student 

 c.  person who uses metal 

 d.  person in the army 

 

 

 

 

2. restore: It has been restored. 

 a.  said again 

 b.  given to a different person 

 c.  given a lower price 

 d.  made like new again 

 

3. jug: He was holding a jug. 

 a.  a container for pouring liquids 

 b.  an informal discussion 

 c.  a soft cap 

 d.  a weapon that explodes 

 

4. scrub: He is scrubbing it. 

 a.  cutting shallow lines into it 

 b.  repairing it 

 c.  rubbing it hard to clean it 

 d.  drawing simple pictures of it 

 

*5. bare: It is bare. 

 a.  correct 

 b.  easy to see 

 c.  strange and unknown 

 d.  without anything covering it 

 

6. strap: He broke the strap. 

 a.  promise 

 b.  top cover 

 c.  shallow dish for food 

 d.  strip of material for holding things 

together 

 

7. pave: It was paved. 

 a.  prevented from going through 

 b.  divided 

 c.  given gold edges 

 d.  covered with a hard surface 

 

8. dash: They dashed over it. 

 a.  moved quickly 

 b.  moved slowly 

 c.  fought 

 d.  looked quickly 

 

*9. vague: They are vague. 

 a.  having a lot of experience of the 

world 

 b.  not clear or not exact 

 c.  important and famous 

 d.  not yet made into 
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10. remote: It is a remote place. 

 a.  easily worried 

 b.  of the whole world 

 c.  far away from where other people 

live 

 d.  with a light color 

 

Fourth 1000 

 

1. compound: They made a new compound. 

 a.  agreement 

 b.  thing made of two or more parts 

 c.  group of people forming a business 

 d.  guess based on past experience 

 

2. latter: I agree with the latter. 

 a.  man from the church 

 b.  reason given 

 c.  last one 

 d.  answer 

 

*3. ample: It is ample. 

 a.  without a sharp point 

 b.  able to be carried easily 

 c.  empty and rough 

 d.  more than enough 

 

*4. ripe: Is it ripe? 

 a.  without an end 

 b.  ready to be eaten 

 c.  connected with office work 

 d.  easily broken 

 

*5. modest: She is modest. 

 a.  relaxed and friendly 

 b.  honest and cares about other people 

 c.  not talking much about things she can 

do well 

 d.  not showing strong emotion 

 

 

6. input: We need more input. 

 a.  information, power, etc. put into 

something 

 b.  workers 

 c.  artificial filling for a hole in wood 

 d.  money 

 

 

7. crab: Do you like crabs? 

 a.  sea creatures that walk sideways 

 b.  very thin small cakes 

 c.  tight, hard collars 

 d.  large black insects that sing at night 

 

8. vocabulary: You will need more vocabulary. 

 a.  words 

 b.  skill 

 c.  money 

 d.  guns 

 

9. remedy: We found a good remedy. 

 a.  way to fix a problem 

 b.  place to eat in public 

 c.  way to prepare food 

 d.  rule about numbers 

 

10. allege: They alleged it. 

 a.  claimed it without proof 

 b.  stole the ideas for it from someone 

else 

 c.  provided facts to prove it 

 d.  argued against the facts that 

supported it 

 

Fifth 1000 

 

1. deficit: The company had a large deficit. 

 a.  spent a lot more money than it earned 

 b.  went down a lot in value 

 c.  had a plan for its spending that used a 

lot of money 

 d.  had a lot of money stored in the bank 

 

2. weep: He wept. 

 a.  finished his course 

 b.  cried 

 c.  died 

 d.  worried 

 

3. nun: We saw a nun. 

 a.  long thin creature that lives in the 

earth 

 b.  terrible accident 

 c.  woman following a strict religious 

life 

 d.  unexplained bright light in the sky 
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4. haunt: The house is haunted. 

 a.  full of ornaments 

 b.  rented 

 c.  empty 

 d.  full of ghosts 

 

5. compost: We need some compost. 

 a.  strong support 

 b.  help to feel better 

 c.  hard stuff made of stones and sand 

stuck together 

 d.  rotted plant material 

 

6. cube: I need one more cube. 

 a.  sharp thing used for joining things 

 b.  solid square block 

 c.  tall cup with no saucer  

 d.  piece of stiff paper folded in half 

 

 

7. miniature: It is a miniature. 

 a.  a very small thing of its kind 

 b.  an instrument for looking at very 

small objects 

 c.  a very small living creature 

 d.  a small line to join letters in 

handwriting 

 

8. peel: Shall I peel it? 

 a.  let it sit in water for a long time 

 b.  take the skin off it 

 c.  make it white 

 d.  cut it into thin pieces 

 

 

9. fracture: They found a fracture. 

 a.  break 

 b.  small piece 

 c.  short coat 

 d.  rare jewel 

 

 

10. bacterium: They didn't find a single bacterium. 

 a.  small living thing causing disease 

 b.  plant with red or orange flowers 

 c.  animal that carries water in lumps on 

its back 

 d.  thing that has been stolen and sold to 

a shop 

 

Sixth 1000 

 

1. devious: Your plans are devious. 

 a.  tricky 

 b.  well-developed 

 c.  not well thought out 

 d.  more expensive than necessary 

 

 

2. premier: The premier spoke for an hour. 

 a.  person who works in a law court 

 b.  university teacher 

 c.  adventurer 

 d.  head of the government 

 

 

3. butler: They have a butler. 

 a.  man servant 

 b.  machine for cutting up trees 

 c.  private teacher 

 d.  cool dark room under the house 

 

 

4. accessory: They gave us some accessories. 

 a.  papers giving us the right to enter a 

country 

 b.  official orders 

 c.  ideas to choose between 

 d.  extra pieces 

 

 

5. threshold: They raised the threshold. 

 a.  flag 

 b.  point or line where something 

changes 

 c.  roof inside a building 

 d.  cost of borrowing money 

 

6. thesis: She has completed her thesis. 

 a.  long written report of study carried 

out for a university degree 

 b.  talk given by a judge at the end of a 

trial 

 c.  first year of employment after 

becoming a teacher 

 d.  extended course of hospital treatment 
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7. strangle: He strangled her. 

 a.  killed her by pressing her throat 

 b.  gave her all the things she wanted 

 c.  took her away by force 

 d.  admired her greatly 

 

8. cavalier: He treated her in a cavalier manner. 

 a.  without care 

 b.  politely 

 c.  awkwardly 

 d.  as a brother would 

 

9. malign: His malign influence is still felt. 

 a.  evil 

 b.  good 

 c.  very important 

 d.  secret 

 

10. veer: The car veered. 

 a.  went suddenly in another direction 

 b.  moved shakily 

 c.  made a very loud noise 

 d.  slid sideways without the wheels 

turning 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Answers to the Vocabulary Size Measure 

  First 1,000 

  1.   c       2.  c       3.  b        4. d         5.  a      

  6.   d       7.  b       8.  d        9. d        10. a 

 

  Second 1,000 

  1.  a         2.  a       3.  d        4.  a        5.  a      

  6.  b         7.  a       8.  c        9.  b       10. d 

 

  Third 1,000 

  1.  d        2.  d       3.  a        4.   c       5. d        

  6.  d        7.  d       8.  a        9.  b       10. c 

 

  Fourth 1,000 

  1.   b       2.  c       3.  d        4. b         5.  c      

  6.   a       7.  a       8.  a        9.  a       10.  a 

 

  Fifth 1,000 

  1.   a       2.  b       3.  c        4.  d        5.  d      

  6.   b       7.  a       8.  b        9.  b       10. a 

 

 

  Sixth 1,000 

  1.   a        2.  d       3.  a        4.  d        5.  b        

  6.   a        7.  a       8.  a        9.   a      10.  a
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APPENDIX C 

THE REVISED WORD ASSOCIATES POLYSEMY TEST 

* = anchor item 

First 1000 
 

1. beautiful 

 a.  quiet 

 b.  free 

 c.  lovely 

 d.  Wrong 

 

2. natural 

 a.  helpful 

 b.  deep 

 c.  warm 

 d.  normal 

 

3. general 

 a.  closed 

 b.  whole 

 c.  different 

 d.  fine 

 

4. common 

 a.  near 

 b.  light 

 c.  special 

 d.  shared 

 

5. original 
 a.  first 

 b.  careful 

 c.  clean 

 d.  simple 

 

*6. direct 

 a.  main 

 b.  total 

 c.  straight 

 d.  poor 

 

7. favourable 

 a.  hopeful 

 b.  public 

 c.  hard 

 d.  early 

 

 

 

 

 

 

 

*8.    even      

          a.   ready 

          b.   flat 

          c.   local 

          d.   fast 

 

*9. brief 

 a.  short 

 b.  high 

 c.  true 

 d.  new 

 

10. powerful 

 a.  sick 

 b.  mean 

 c.  strong 

 d.  late 

 

Second 1000 

 

*11. fresh 

 a.  weak 

 b.  senior 

 c.  sad 

 d.  crisp 

 

*12. calm 

 a.  large 

 b.  still 

 c.  open 

 d.  usual 

 

13. formal 

 a.  dangerous 

 b.  pretty 

 c.  quick 

 d.  organized 

 

 

14. dramatic 

 a.  essential 

 b.  familiar 

 c.  official 

 d.  exciting 
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15. conservative 

 a.  prime 

 b.  strange 

 c.  traditional 

 d.  relevant 

 

*16. bright 

 a.  afraid 

 b.  clever 

 c.  huge 

 d.  thick 

 

17. broad 

 a.  full 

 b.  moving 

 c.  social 

 d.  wide 

 

18. complex 

 a.  lost 

 b.  difficult 

 c.  necessary 

 d.  sudden 

 

19. tight 

 a.  final 

 b.  proper 

 c.  past 

 d.  busy 

 

20. distinct 

 a.  far 

 b.  separate 

 c.  similar 

 d.  lost 

 

Third 1000 
 

*21. bare 

 a.  empty 

 b.  peaceful 

 c.  wet 

 d.  reserved 

 

22. sensitive 

 a.  sharp 

 b.  legal 

 c.  famous 

 d.  typical 

 

 

23 dull 

 a.  critical 

 b.  pure 

 c.  rare 

 d.  boring 

 

 

 

24. convenient 

 a.  pale 

 b.  handy 

 c.  steady 

 d.  evil 

 

25. curious 

 a.  interested 

 b.  fair 

 c.  sure 

 d.  broken 

   

 

26. compact 
 a.  small 

 b.  correct 

 c.  odd 

 d.  long 

 

*27. vague 

 a.  unable 

 b.  uncertain 

 c.  unlocked 

 d.  unlucky 

 

28. wild 

 a.  fierce 

 b.  frequent 

 c.  deaf 

 d.  faint 

 

29. peak 

 a.  active 

 b.  loud 

 c.  expert 

 d.  maximum 

 

*30. remote 

 a.  intelligent 

 b.  distant 

 c.  entire 

 d.  blind 

 

 

Fourth 1000 
 

*31. ample 

 a.  possible 

 b.  enough 

 c.  individual 

 d.  windy 

 

32. chronic 

 a.  continuing 

 b.  suitable 

 c.  unplanned 

 d.  valuable 
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33 crude 

 a.  liberal 

 b.  rough 

 c.  royal 

 d.  stable 

 

*34. modest 

 a.  confident 

 b.  slight 

 c.  noisy 

 d.  excellent 

 

 

35. rigid 
 a.  loose 

 b.  sensible 

 c.  efficient 

 d.  firm 

 

36. elaborate 

 a.  complicated 

 b.  effortless 

 c.  medical 

 d.  initial 

 

37. surplus 

 a.  practical 

 b.  civil 

 c.  tall 

 d.  extra 

 

38. perpetual 

 a.  harmful 

 b.  keen 

 c.  variable 

 d.  constant 

 

39. prior 

 a.  advance 

 b.  intent 

 c.  narrow 

 d.  relative 

 

*40. ripe 

 a.  mature 

 b.  principal 

 c.  instant 

 d.  neat 

 

 

Fifth 1000 

 

41. coherent 

 a.  scared 

 b.  independent 

 c.  guilty 

 d.  logical 

 

 

42. dense 

 a.  tiny 

 b.  holy 

 c.  minor 

 d.  crowded 

 

43. profound 

 a.  complete 

 b.  painful 

 c.  marginal 

 d.  desirable 

 

44. vivid 
 a.  angry 

 b.  artificial 

 c.  graphic 

 d.  vague 

 

45. moderate 

 a.  previous  

 b.  potential 

 c.  perfect 

 d.  reasonable 

 

46. fake 

 a.  classic 

 b.  upper 

 c.  false 

 d.  unique 

 

47. organic 

 a.  living 

 b.  same 

 c.  low 

 d.  operating 

 

48. prolonged 

 a.  dirty 

 b.  extended 

 c.  attractive 

 d.  glad 

 

49. glossy 

 a.  shiny 

 b.  ancient 

 c.  silent 

 

 

d.  nervous 

 

50. arrogant 

 a.  fat 

 b.  plain 

 c.  vast 

 d.  proud 
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Sixth 1000 

 

51 radical 

 a.  fixed 

 b.  qualified 

 c.  wise 

 d.  severe 

 

 

52. adjacent 

 a.  extensive 

 b.  gradual 

 c.  profitable 

 d.  neighbouring 

 

 

53. eminent 
 a.  obvious 

 b.  pleased 

 c.  current 

 d.  concerned 

 

54. toxic 

 a.  fatal 

 b.  generous 

 c.  random 

 d.  naked 

 

55. grim 

 a.  brave 

 b.  cruel 

 c.  mild 

 d.  fond 

 

56. implicit 

 a.  prompt 

 b.  ashamed 

 c.  hinted 

 d.  polite 

 

57. exotic 

 a.  accessible 

 b.  nasty 

 c.  delicate 

 d.  foreign 

 

58. recurring 

 a.  repeated 

 b.  recent 

 c.  reduced 

 d.  regular 

 

 

 

 

 

 

 

59. robust 

 a.  healthy 

 b.  secondary 

 c.  endless 

 d.  stupid 

 

 

60. stern 

 a.  splendid 

 b.  strict 

 c.  deliberate 

 d.  fascinating  

 
 

Answers to The Revise Word Associate Polysemy 

Test 

 

1.  c                        21.  a                       41.  d 

2.  d                        22.  a                       42.  d 

3.  b                        23.  d                       43.  a 

4.  d                        24.  b                       44.  c 

5.  a                        25.  a                        45.  d 

6.  c                        26.  a                        46.  c 

7.  a                        27.  b                        47.  a 

8.  b                        28.  a                        48.  b 

9.  a                        29.  d                        49.  a 

10.  c                      30.  b                        50.  d 

11.  d                      31.  b                        51.  d 

12.  b                      32.  a                        52.  d 

13.  d                      33.  b                        53.  a 

14.  d                      34.  b                        54.  a 

15.  c                      35.  d                        55.   b 

16.  b                      36.  a                        56.   c 

17.  d                      37.  d                        57.  d 

18.  b                      38.  d                        58.  a 

19.  d                      39.  a                        59.  a 

20.  b                      40.  a                        60.  b 
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APPENDIX D 

THE REVISED WORD ASSOCIATES COLLOCATION TEST 

* shows anchor item 

 

First 1000 
 

1. beautiful                             . 

 a.  education 

 b.  government 

 c.  weather 

 d.  problem 

 

 

2. natural                               .  

 a.  song 

 b.  friend 

 c.  story 

 d.  life 

 

 

3. general                               . 

 a.  country 

 b.  idea 

 c.  return 

 d.  street 

 

 

4. common                              . 

 a.  heat 

 b.  circle 

 c.  party 

 d.  name 

 

 

5. original                               . 

 a.  plan 

 b.  respect 

 c.  brother 

 d.  mile 

 

 

*6. direct                                    .   

 a.  leg 

 b.  drop 

 c.  turn 

 d.  flight 

 

 

7. favourable                                    . 

 a.  air 

 b.  choice 

 c.  truth 

 d.  percent 

 

 

 

 

*8. even                                 . 

 a.  number 

 b.  eye 

 c.  learning 

 d.  form 

 

 

*9. brief                               . 

 a.  company 

 b.  end 

 c.  note 

 d.  ability 

 

 

10. powerful                          . 

 a.  leader 

 b.  stay 

 c.  rest 

 d.  loser 

 

Second 1000 

 

*11. fresh                                 .  

 a.  stone 

 b.  boundary 

 c.  language 

 d.  water 

 

 

*12. calm                           . 

 a.  light 

 b.  person 

 c.  hair 

 d.  size 

 

13. formal                                  . 

 a.  trap 

 b.  growth 

 c.  bank 

 d.  statement 

 

 

14. dramatic                        . 

 a.  patient 

 b.  salary 

 c.  hole 

 d.  adventure 



 348

 

 

15. conservative                             . 

 a.  surface 

 b.  touch 

 c.  estimate 

 d.  struggle 

 

 

*16. bright                               .  

 a.  thanks 

 b.  future 

 c.  cost 

 d.  mouth 

 

 

17. broad                               . 

 a.  baby 

 b.  dear 

 c.  save 

 d.  base 

 

 

18. complex                                . 

 a.  entry 

 b.  matter 

 c.  price 

 d.  walking 

 

 

19. tight                             . 

 a.  speaker 

 b.  head 

 c.  hope 

 d.  schedule 

 

 

20. distinct                                  . 

 a.  reach 

 b.  voice 

 c.  earth 

 d.  pleasure 

 

 

Third 1000 
 

*21. bare                             . 

 a.  feet 

 b.  tool 

 c.  thought 

 d.  push 

 

 

22. sensitive                                 . 

 a.  subject 

 b.  darkness 

 c.  countryside 

 d.  tradition 

 

 

 

23. dull                           . 

 a.  foods 

 b.  tea 

 c.  river 

 d.  knife 

 

 

24. convenient                                 . 

 a.  remain 

 b.  location 

 c.  childhood 

 d.  trouble 

 

 

25. curious                         . 

 a.  child 

 b.  computer 

 c.  loss 

 d.  steel 

 

 

26. compact                             . 

 a.  winner 

 b.  list 

 c.  date 

 d.  car 

 

 

*27. vague                               . 

 a.  summer 

 b.  freedom  

 c.  answer 

 d.  creator 

 

 

28. wild                                 . 

 a.  animal 

 b.  arrival 

 c.  star 

 d.  joint 

 

 

29. peak                                . 

 a.  wish 

 b.  speed 

 c.  program 

 d.  king 

 

 

*30. remote                            . 

 a.  limit 

 b.  fear 

 c.  island 

 d.  rock 
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Fourth 1000 

 

*31. ample                                . 

 a.  fate 

 b.  evidence 

 c.  climate 

 d.  feelings 

 

 

32. chronic                            . 

 a.  illness 

 b.  accident 

 c.  examination 

 d.  details 

 

 

33. crude                               . 

 a.  trade 

 b.  respect 

 c.  behaviour 

 d.  entrance 

 

 

*34. modest                               . 

 a.  dust 

 b.  improvement 

 c.  hole 

 d.  steel 

 

 

35. rigid                            . 

 a.  insult 

 b.  climate 

 c.  rumor 

 d.  discipline 

 

 

36. elaborate                                 . 

 a.  sale 

 b.  design 

 c.  need 

 d.  member 

 

 

37. surplus                            . 

 a.  quality 

 b.  wife 

 c.  energy 

 d.  fact 

 

 

38. perpetual                                . 

 a.  motion 

 b.  garden 

 c.  score 

 d.  team 

 

 

 

 

 

39. prior                          . 

 a.  danger 

 b.  tape 

 c.  space 

 d.  claim 

 

 

*40. ripe                                . 

 a.  cheese 

 b.  flower 

 c.  season 

 d.  bread 

 

 

Fifth 1000 

 

41. coherent                               . 

 a.  tool   

 b.  health 

 c.  crime 

 d.  theory 

 

 

42. dense                                . 

 a.  handle 

 b.  present 

 c.  view 

 d.  population 

 

 

43. profound                             . 

 a.  effect 

 b.  candle 

 c.  dust 

 d.  tool 

 

 

44. vivid                                 . 

 a.  machine 

 b.  mouse 

 c.  memory 

 d.  computer 

 

 

45. moderate                             . 

 a.  neighborhood 

 b.  meeting 

 c.  spirit 

 d.  demands 

 

 

46. fake                                 . 

 a.  center 

 b.  money 

 c.  pull 

 d.  wind 
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47. organic                          . 

 a.  farm 

 b.  hotel 

 c.  college 

 d.  park 

 

 

48. prolonged                                 . 

 a.  capital 

 b.  opinion 

 c.  shortage 

 d.  brain 

 

 

49. glossy                                . 

 a.  tree 

 b.  traffic 

 c.  paper 

 d.  eraser 

 

 

50. arrogant                                . 

 a.  manner 

 b.  pattern 

 c.  dinner 

 d.  industry 

 

 

Sixth 1000 

 

 51.    radical                             .  

 a.    sunlight 

 b.  similarity 

 c.  treasure 

 d.  expression 

 

 

52. adjacent                                 . 

 a.  guide 

 b.  secret 

 c.  argument 

 d.  land 

 

 

53. eminent                            . 

 a.  thief 

 b.  stranger 

 c.  army 

 d.  scholar 

 

 

 

54. toxic                                . 

 a.  waste 

 b.  radio 

 c.  angle 

 d.  margin 

 

 

 

55. grim                          . 

 a.  courage 

b.    reality   

 c.  breath 

 d.  flag 

 

 

56. implicit                                . 

 a.  reader 

 b.  patients 

 c.  trust 

 d.  medicine 

 

 

57. exotic                               . 

 a.  cold 

 b.  exception 

 c.  health 

 d.  species 

 

 

58. recurring                               . 

 a.  sequence 

 b.  branch 

 c.  board 

 d.  survival 

 

 

59. robust                             . 

 a.  results 

 b.  mark 

 c.  pack 

 d.  fortune 

 

 

60. stern                                 . 

 a.  ticket 

 b.  necessity  

 c.  gift 

 d.  effort 
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Answers to The Revise Word Associate 

Collocation Test 

 

1.  c                    21.  a                     41.  d 

2.  d                    22.  a                     42.  d 

3.  b                    23.  d                     43.  a 

4.  d                    24.  b                     44.  c 

5.  a                    25.  a                     45.  d 

6.  d                    26.  d                     46.  b 

7.  b                    27.  c                     47.  a 

8.  a                    28.  a                     48.  c 

9.  c                    29.  b                     49.  c 

10.  a                  30.  c                     50.  a 

11.  d                  31.  b                     51.  d 

12.  b                  32.  a                     52.  d 

13.  d                  33.  c                     53.  d 

14.  d                  34.  b                     54.  a 

15.  c                  35.  d                     55.  b 

16.  b                  36.  b                     56.  c 

17.  d                  37.  c                     57.  d 

18.  b                  38.  a                     58.  a 

19.  d                  39.  d                     59.  a 

20.  b                  40.  a                     60.  b  
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APPENDIX E 

STIMULUS WORDS FOR THE LEXICAL DECISION TASK 

Note. Freq = Word frequency level; POS = Part of Speech. 

  

 Real Words  Pseudo Words 

Fre
q 

4 5 6 POS   4 5 6 

1K 

*even  *brief *direct adj   wray clett shrown 

high first simple adj  venn hylmb bleele 

time house friend n  opie weibb smeeph 

girl night chance n  gumm phrup crulch 

help close finish v  nozz trebe thante 

take drink answer v  blam crolt droace 

2K 

*calm *fresh *bright adj  shil teene roodge 
cool sweet famous adj  rilc flane thrawt 
song store advice n  tolb plail psolph 
gift peace winter n  clur skoal shrorg 
rain smile repeat v  rebb piett scroom 
swim taste attack v  zomb shymb nourge 

3K 

*bare *vague *remote adj  luig chuth gwilse 

wild flash junior adj  girk knush spresc 

soul storm flight n  rylv thafe yordge 

hint guest vision n  wilp slont stooce 

snap crash scream v  nuim creum trailt 

grip steal regret v  zolv ghytt clorpe 

4K 

*ripe *ample *modest adj  pyse trewt voarck 

rave novel native adj  yump dursh cuique 

mode flesh device n  rorm quybb sprusp 

crew theme planet n  oogn nowsh chourl 

sigh slope review v  wuiv momph smuiff 

task curve import v  froo reuth quelgn 
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APPENDIX F 

STIMULUS WORDS FOR THE ANTONYM SEMANTIC DECISION TASK 

No. G 
Prime 
Word 

Freq of 
PW 

Target 
Word 

Freq of 
TW 

NBL 
Prime 

NBL 
Target POS 

1 A1 death 1 life 1 5 4 n 
2 B1 right 1 left 1 5 4 n 
3 C1 love 1 hate 1 4 4 v 
4 D1 stop 1 move 1 4 4 v 
5 A2 odd 1 even* 1 3 4 adj 
6 B2 early 1 late 1 5 4 adj 
7 C2 straight 1 round 1 8 5 n 
8 D2 boy 1 girl 1 3 5 n 
9 A3 teach 1 learn 1 5 5 v 

10 B3 open 1 close 1 4 5 v 
11 C3 long 1 brief* 1 4 5 adj 
12 D3 slow 1 quick 1 4 5 adj 
13 A4 question 1 answer 1 8 6 n 
14 B4 mother 1 father 1 6 6 n 
15 C4 begin 1 finish 1 5 6 v 
16 D4 remember 1 forget 1 8 6 v 
17 A5 indirect 3 direct* 1 6 6 adj 
18 B5 unusual  2 normal 1 8 6 adj 

1 C5 uncle 4 aunt 2 5 4 n 
2 D5 loss 2 gain 2 4 4 n 
3 A6 seek 2 hide 2 4 4 v 
4 B6 sleep 1 wake 2 5 4 v 
5 C6 thick 2 thin 2 5 4 adj 
6 D6 excited 1 calm*  2 7 4 adj 
7 A7 child 1 adult 2 5 5 n 
8 B7 major 1 minor 2 5 5 n 
9 C7 cry 2 smile 2 3 5 v 

10 D7 join 1 split 2 4 5 v 
11 A8 old 1 fresh* 2 3 5 adj 
12 B8 dead 1 alive 2 4 5 adj 
13 C8 servant 1 master 2 7 6 n 
14 D8 junior 3 senior 2 6 6 n 
15 A9 supply 1 demand 2 6 6 v 
16 B9 scatter 4 gather 2 7 6 v 
17 C9 dark 1 bright* 2 4 6 adj 
18 D9 stupid 1 clever 2 6 6 adj 

1 A10 front 1 rear 3 5 4 n 
2 B10 guest 3 host 3 5 4 n 
3 C10 freeze 1 melt 3 6 4 v 
4 D10 release 2 grip 3 7 4 v 
5 A11 covered 1 bare* 3 7 4 adj 
6 B11 sharp 2 dull 3 5 4 adj 
7 C11 friend 1 enemy 3 6 5 n 
8 D11 correction 1 error 3 10 5 n 
9 A12 please 2 annoy 3 6 5 v 

10 B12 decrease 4 boost 3 8 5 v 
11 C12 clear 1 vague* 3 5 5 adj 
12 D12 true 1 false 3 4 5 adj 
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13 A13 light 1 shadow 3 5 6 n 
14 B13 compliment 3 insult 3 10 6 n 
15 C13 cover 1 reveal 3 5 6 v 
16 D13 criticize 4 praise 3 9 6 v 
17 A14 near 1 remote* 3 4 6 adj 
18 B14 formal 2 casual 3 6 6 adj 

1 C14 opponent 4 ally 4 8 4 n 
2 D14 sunset 4 dawn 4 6 4 n 
3 A15 grow 1 trim 4 4 4 v 
4 B15 start 1 halt 4 5 4 v 
5 C15 immature 3 ripe* 4 8 4 adj 
6 D15 beautiful 1 ugly 4 9 4 adj 
7 A16 continent 3 ocean 4 9 5 n 
8 B16 blessing 2 curse 4 8 5 n 
9 C16 continue 1 cease 4 8 5 v 

10 D16 express 1 imply 4 7 5 v 
11 A17 soft 2 harsh 4 4 5 adj 
12 B17 lacking 2 ample* 4 7 5 adj 
13 C17 satisfaction 2 regret 4 12 6 n 
14 D17 export 3 import 4 6 6 n 
15 A18 lose 1 retain 4 4 6 v 
16 B18 remove 2 insert 4 6 6 v 
17 C18 proud 2 modest* 4 5 6 adj 
18 D18 foreign 1 native 4 7 6 adj 

Filler items for the Antonym Semantic Decision Task (Unrelated) 

No. G Prime Word 
Freq of 

PW 
Unrelate
d Word 

Freq of 
UW 

NBL 
Prime 

NBL 
UW POB 

1 A19 doctor 1 wife 1 6 4 n 
2 B19 king 1 fire 1 4 4 n 
3 C19 live 1 shut 1 4 4 v 
4 D19 change 1 find 1 6 4 v 
5 A20 poor 1 safe 1 4 4 adj 
6 B20 simple 1 sure 1 6 4 adj 
7 C20 student 1 paper 1 7 5 n 
8 D20 white 1 thing 1 5 5 n 
9 A21 catch 1 stand 1 5 5 v 

10 B21 laugh 1 drive 1 5 5 v 
11 C21 cheap 1 young 1 5 5 adj 
12 D21 wrong 1 great 1 5 5 adj 
13 A22 mother 1 course 1 6 6 n 
14 B22 nature 1 moment 1 6 6 n 
15 C22 return 1 decide 1 6 6 v 
16 D22 choose 1 listen 1 6 6 v 
17 A23 strong 1 pretty 1 6 6 adj 
18 B23 inside 1 famous 1 6 6 adj 

1 C23 nature 2 ship 2 6 4 n 
2 D23 reason  1 mail 2 7 4 n 
3 A24 sell 1 chat 2 4 4 v 
4 B24 hire 1 ride 2 4 4 v 
5 C24 weak 1 cool 2 4 4 adj 
6 D24 happy 1 tall 2 5 4 adj 
7 A25 fact 1 human 2 4 5 n 
8 B25 cause 1 dream 2 5 5 n 
9 C25 keep 1 taste 2 4 5 v 
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10 D25 push 1 hurry 2 4 5 v 
11 A26 pure 2 upset 2 4 5 adj 
12 B26 wise 2 spare 2 4 5 adj 
13 C26 heaven 2 expert 2 6 6 n 
14 D26 parent 2 animal 2 6 6 n 
15 A27 arrive 2 repeat 2 6 6 v 
16 B27 accept 1 escape 2 6 6 v 
17 C27 secret 2 female 2 6 6 adj 
18 D27 empty 2 modern 2 5 6 adj 

1 A28 summer 1 plot 3 6 4 n 
2 B28 peace 2 core 3 5 4 n 
3 C28 agree 1 cure 3 5 4 v 
4 D28 enjoy 1 fold 3 5 4 v 
5 A29 large 1 evil 3 5 4 adj 
6 B29 heavy 1 pale 3 5 4 adj 
7 C29 danger 1 essay 3 6 5 n 
8 D29 corner 1 panic 3 6 5 n 
9 A30 throw 1 steal 3 5 5 v 

10 B30 allow 1 flash 3 5 5 v 
11 C30 sick 1 angry 3 4 5 adj 
12 D30 above 2 bitter 3 5 5 adj 
13 A31 health 1 horror 3 6 6 n 
14 B31 soldier 3 reward 3 7 6 n 
15 C31 save 1 wander 3 4 6 v 
16 D31 reduce 1 expose 3 6 6 v 
17 A32 huge 2 polite 3 4 6 adj 
18 B32 stable 2 urgent 3 6 6 adj 

1 C32 quality 1 navy 4 7 4 n 
2 D32 sister 1 jail 4 6 4 n 
3 A33 arrest 3 gaze 4 6 4 v 
4 B33 marry 1 knit 4 5 4 v 
5 C33 local 1 dumb 4 5 4 adj 
6 D33 smart 2 alike 4 5 4 adj 
7 A34 theory 2 cattle 4 6 5 n 
8 B34 honor 2 trend 4 5 5 n 
9 C34 include 1 swell 4 7 5 v 

10 D34 destroy 2 input 4 7 5 v 
11 A35 severe 2 eager 4 6 5 adj 
12 B35 boring 2 urban 4 6 5 adj 
13 C35 client 1 valley 4 6 6 n 
14 D35 future 1 palace 4 6 6 n 
15 A36 enter 1 reform 4 5 6 v 
16 B36 follow 1 review 4 6 6 v 
17 C36 narrow 2 ethnic 4 6 6 adj 
18 D36 active 1 sacred 4 6 6 adj 
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APPENDIX G 

THE BACKGROUND QUESTIONNAIRE (JAPANESE) 

 

主にあなたの英語学習に関して質問します。以下の質問にできるだけ詳しく答えてください。 

 

1. 英語の学習、勉強は好きですか。 

 

２. １でそう答えた理由を書いてください。 

 

３. 英語はどちらかと言えば、得意なほうですか、苦手なほうですか。具体的に答えてくだ

さい（例、文法は比較的わかるが、単語がわからない / リスニングが苦手） 

 

４. 高校の授業ではどのように英語の勉強、学習をしていましたか。 

 

５. 学校以外で、英語の塾や英会話学校で英語を学習していましたか。学習していた人は、

何年間勉強しましたか。また、その授業でどのように英語の学習をしましたか。 

①学習場所 

②期間          年 

③学習方法 

 

６. 海外留学（短期も含む）や海外旅行をしたことがありますか。 

① 期間  (                    ) 

② 場所  (                         ) 

 

７. 英語の資格で取得しているものがあれば、書いてください。（例、英検２級、ＴＯＥＩ

Ｃ５００点） 
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APPENDIX H 

THE BACKGROUND QUESTIONNAIRE (ENGLISH) 

 

I will ask you about your history of learning English. Please answer the following questions in 

as much detail as possible. 

 

1. Do you like learning English? 

 

2. Give reasons why you do or don’t like English. 

 

3. Are you good at English or not? Describe your strengths and weaknesses (e.g., I understand 

English grammar, but I am not good at listening.)  

 

4. How did you study English when you were in high school? 

 

5. Have you studied English at a cram school or English conversation school? If so, how did 

you study English there? 

 

1. the name of the institution 

2. the length of your study at the institution 

3. how did you study? 

 

 6. Have you ever traveled abroad or studied abroad? 

 

1. length of time 

2. country  

 

7. Report your TOEIC score or your level of English proficiency on the Eiken test if you have 

taken the test. 
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APPENDIX I 

CHECK-LIST AFTER THE COMPUTERIZED TEST  
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APPENDIX J 

TRANSLATION TASK AFTER THE COMPUTERIZED TEST 


