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ABSTRACT 

Two studies were conducted to explore the feasibility of adapting reading 

passages by means of a computer thesaurus and an on-line dictionary. 

In Study 1, the Computer Thesaurus Study, three word replacement conditions to 

replace the marked mid- and low-frequency words of a reading passage were compared. 

Each condition’s performance for the proportion of marked words that could be 

replaced, the word frequency levels of the submitted synonyms that replaced the marked 

words, and the time duration needed to replace the marked words was examined. The 

participants were 12 English-language instructors who were native English speakers. 

The findings from Study 1 were determined by averaging the proportion of marked 

words replaced, averaging the word frequency level of submitted synonyms to replace 

the marked words, and averaging the time duration needed to replace the marked words. 

In Study 2, the On-line Dictionary Study, three look-up conditions for language 

learners to learn mid- and low-frequency target words and comprehend a reading 

passage when they are transferred away to an on-line dictionary were compared. The 

research questions were focused on how each look-up condition affected the recall and 

recognition of word forms, word meanings, and passage comprehension. The 
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participants were 84 first-year Japanese medical university students. The data were 

analyzed with the Rasch model with regard to the recall and recognition of word forms 

and word meanings, and passage comprehension. 

Overall, the results suggest three findings in order to adapt the lexis of reading 

passages for learners in a timely manner. First, the results from the Computer Thesaurus 

Study suggest in terms of proportion of synonyms offered, the frequency level of 

synonyms offered, and the amount of time to provide synonyms, it might be best for 

instructors to replace the unknown words in passage without the use of a computer 

thesaurus. This study showed that the dynamic involved in choosing synonyms listed 

from a computer thesaurus increases word frequency level and the time to replace target 

words in a reading passage. 

Second, with regard to the On-line Dictionary Study, if the results that were 

both statistically significant and measurably different are considered, the spell, click and 

control conditions might promote the learning the forms of words, the meanings of 

words, and passage comprehension, respectively. However, the click condition might 

promote both the learning of word meanings and passage comprehension because its 

effects were higher and measurably different to the spell condition on these measures. 
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Third, if only the results that were statistically significant from the On-line 

Dictionary Study are considered, there might be two conditions instead of three 

conditions to learn words and comprehend reading passages. The spell condition might 

be best for learning the forms and meanings of words and the control condition might 

be best for promoting passage comprehension. 

In terms of learning words, the results are consistent with the Type of 

Processing-Resource Allocation model in that there is a tradeoff for retaining the forms 

and meanings of words depending on if an activity emphasizes the spellings of words 

(spell) or the meanings of words (click). In terms of comprehending passages, the 

results are consistent with Cognitive Load Theory in that germane loads that increase 

the mental effort to complete a task (click or spell) diminish processing to learn 

information (control). 
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CHAPTER 1 

 INTRODUCTION 

 

The Background of the Issue 

Book-based thesauruses have helped language instructors replace low-frequency 

vocabulary in reading passages, and book-based dictionaries have been useful resources 

for language learners to identify the meaning of unknown words. However, as technology 

continues to evolve, there are now options to replace unknown words by means of a 

computer thesaurus and to learn words by means of an on-line dictionary. The purpose of 

this study is to explore the use of modern software devices language instructors can use 

to adapt reading texts and language learners can use to learn unknown words in authentic 

texts. First, three conditions of using a computer thesaurus to diminish the number of 

unknown words in a text are examined with the assistance of language instructors. 

Second, three conditions of using an on-line dictionary to learn unknown words in a text 

are examined with the assistance of Japanese learners of English. 

Studies of dictionary use have shown that language learners use dictionaries in 

three main ways when reading L2 texts: (a) look-up word meanings (b) check spelling, 
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and, to a lesser extent, (c) check grammar (Atkins & Varantola, 1997). When learners 

use dictionaries while writing, they utilize them more for checking spelling than for 

identifying word meanings (Harvey & Yuill, 1997). Although researchers have reported 

mixed results regarding dictionary use for increasing learners’ comprehension of 

reading passages (Aust, Kelly, & Roby, 1993), they have demonstrated positive effects 

for vocabulary learning (Gu, 2003; Laufer & Hill, 2000; Nation, 2001), particularly if 

learners try to guess the meaning of a word before looking it up (Fraser, 1999) or if a 

target word is pertinent to a reading task (Peters, 2007). Recent studies have shown that 

second language learners primarily use dictionaries while reading and that they prefer 

bilingual dictionaries because they can be used from the beginning of foreign language 

learning, unlike monolingual dictionaries, which require learners to know a minimum of 

2,000 words (Nation, & Webb, 2011). 

Over the past decade, the popularity, variety, and accessibility of modern 

dictionaries and thesauruses have increased; this is particularly true for electronic and 

on-line dictionaries. Loucky's (2005) Informal Electronic Dictionary Usage Survey 

Questionnaire of Japanese master's degree candidates at a national university in Kyushu, 

Japan, revealed that an average of 14.48% of the students had a computerized bilingual 
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dictionary before starting college. In addition, 90.75% of the students surveyed 

recommended purchasing a bilingual dictionary to aid in English language learning. 

This same trend has also occurred with on-line dictionaries. For instance, Lan (2005) 

stated that 70% of the students interviewed at the Polytechnic University in Hong Kong 

used an on-line dictionary more frequently than a book dictionary. 

The variety of on-line dictionaries and thesauruses also continues to grow. For 

instance, from 1997 to 2011, Onelook dictionary.com increased its index from just 188 

to 1,063 dictionaries, while in 2014 World Language.com offered hundreds of 

dictionary products in 175 languages. In addition, other Internet websites, such as 

Dictionary.com and Merriam Webster.com, offer both dictionaries and thesauruses. 

Moreover, computer programs, such as Microsoft Word, allow users to choose a 

dictionary connected to the Internet. With just a few mouse-clicks, users can quickly 

look-up the meaning of an unknown word or replace it with one of the many words 

offered from a list of synonyms. 

Lastly, the platforms on which on-line dictionaries and thesauruses can be 

accessed have also changed dramatically. The introduction of the Amazon Kindle 

e-book reader in 2007 as well as the Apple iPad tablet computer in 2010 are just two 
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examples of mobile devices that allow language learners to quickly select an unfamiliar 

word in a digital book or periodical and rapidly access its meaning from more than one 

dictionary virtually anywhere and at any time. A case study by Song and Fox (2008), 

who examined the uses and perceptions of mobile devices or Personal Digital Assistants 

(PDAs), revealed that when EFL students looked up new words, they preferred 

downloaded dictionaries on their devices compared to on-line computer dictionaries due 

to the convenience, speed, and the wide availability of wireless connections. In fact, 

Nation (2011) stated, "Increasingly, electronic dictionaries of various kinds are now 

available, and ownership is becoming less important than access because many 

dictionaries are available on-line, not only through computers but also through mobile 

phones and other electronic devices" (p. 211). However, because the advances in 

technology have changed the dynamic in which words can be accessed, it is specious to 

assume that the research findings of previous studies involving traditional book-based 

dictionaries and thesauruses are applicable when considering the use of modern 

electronic resources. As a result, a number of issues need to be addressed regarding how 

the different functions of such devices can assist foreign language vocabulary learning. 
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Statement of the Problems 

The first problem addressed in this study concerns the use of computer 

thesauruses to adapt authentic written texts. On one hand, using synonyms from a 

computer thesaurus might make authentic written texts more comprehensible by 

allowing users to substitute unknown words with known words that have similar 

meanings. On the other hand, it is unclear which is easier or more difficult for learners 

to understand, the synonyms offered by a computer thesaurus or the synonyms likely to 

be chosen by a language instructor from a computer thesaurus. In an analysis of the 

British National Corpus of spoken and written texts, Nation (2006) found that the first 

3,000 high-frequency words and proper nouns provided about 95% coverage of a 

passage. However, previous research (Hu & Nation, 2000; Schmitt, Jiang, & Grabe, 

2011; West, 1926) has suggested that in order for adequate comprehension to occur 

without the use of an external resource, learners should know 98% of the running words 

in a text. Therefore, if an additional 3% coverage of mid- and low-frequency words 

ranging from the 4,000 to 14,000 word families of a text are replaced with synonyms 

belonging to the first 3,000 high frequency words of English, learners can reach the 

98% coverage needed to read texts without the use of a dictionary or other resource. 
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However, the effectiveness of different word replacement conditions to substitute the 

mid- and low-frequency vocabulary of a text with the high-frequency words from a 

computer thesaurus to obtain 98% coverage of a reading passage is not known because, 

to date, no comparison of word replacement methods has been made. 

The second problem addressed in this study concerns how different look-up 

conditions of using an on-line dictionary affect the retention of word forms. Previous 

researchers examining the use of on-line dictionaries did not require participants to spell 

or type words completely into an on-line dictionary. Rather, the researchers had 

participants either partially type the spelling of a word (Knight, 1994) or choose from a 

list of annotations (Chun & Pass, 1996). Although Al-Shehri and Gitsaki (2010) found 

that learners who read a passage on a computer with access to an on-line dictionary 

performed better on vocabulary tests compared to those who did not, to date, a direct 

comparison for the retention of unknown word forms by mouse-clicking on unknown 

words linked to an on-line dictionary or the impact of typing the spelling of unknown 

words into an on-line dictionary has not been undertaken. 

The third problem addressed in this study concerns how different look-up 

conditions affect the retention of word meanings. Previous researchers, for example, 
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demonstrated that there are different effects on the retention of word meanings when 

learners access different resources, such as traditional book-based dictionaries 

compared to marginal glosses (Cho & Krashen, 1994; Hulstijn, Hollander, & Greidanus, 

1996). With regard to on-line dictionaries, Liu and Lin (2011) found that the meanings 

of words were learned more quickly when accessed through a pop-up dictionary as 

opposed to a type-in dictionary. However, in this study the participants were permitted 

to read the unknown words in the context of a sentence next to their definitions in a 

dictionary simultaneously. Al-Shehri and Gitsaki (2010) found that learners using either 

an integrated or split-attention format who had access to an on-line dictionary 

performed better on vocabulary tests compared to those who were not afforded 

dictionary access. However, in this study the participants were only required to 

mouse-click on unknown words to access meanings. Although past studies indicated 

that different resources can foster different levels of retention, a direct comparison of 

different look-up conditions, such as mouse-clicking on a word or typing its spelling 

into an on-line dictionary, and how they foster the retention of the meanings of 

unknown words, has not been made. 
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The fourth problem addressed in this study concerns how different look-up 

conditions using an on-line dictionary affect the comprehension of a reading passage. 

Some studies suggest that learners have greater passage comprehension when they use 

an on-line or book dictionary compared to not using a dictionary (Chun, 2001; Goyette, 

1997; Knight, 1994); other studies suggest that there is no significant difference for 

passage comprehension when different types of dictionaries are used (Aust, Kelly, & 

Roby, 1993; Liu & Lin, 2011; Prichard & Matsumoto, 2011). However, to date, there 

has not been a direct comparison between the look-up conditions of mouse-clicking on 

an unknown word linked to an on-line dictionary versus typing its spelling into an 

on-line dictionary and how each condition helps or hinders reading passage 

comprehension. 

 

Purposes and Significance of the Studies 

The first purpose of the computer thesaurus study is to examine the efficiency of 

different word replacement methods. The results from this study can provide 

information as to whether it is more effective for language instructors to provide 

synonyms without the aid of an external resource, to choose from among offered 
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synonyms from a computer thesaurus, or to select the first available synonym from a 

computer thesaurus when replacing mid- and low-frequency words. This study is 

valuable for second language acquisition researchers because it might shed light on how 

language instructors can best use a computer thesaurus in a timely and efficient manner 

in order to decrease the number of unknown words in an authentic text, and thus allow 

learners to devote more time and attention to leaning new words and understanding 

passage content. In addition, this study is important because the possibility of 

developing a computer program that can automatically replace words is explored. 

The first purpose of the on-line dictionary study is to examine the effect of 

different on-line dictionary look-up conditions to learn word forms. The results from 

this study can provide information as to whether transferring from a reading passage to 

an on-line dictionary is conducive to retaining word forms, or if it is no more effective 

than having learners simply read unknown words in a passage. The findings are 

important because the degree to which look-up conditions affect the learning of word 

spellings will shed light on how language instructors can design reading tasks to afford 

learners the best opportunity to recognize the forms of new words in future reading 

passages or language tasks. 
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The second purpose of the on-line dictionary study is to examine the effect of 

different on-line dictionary look-up conditions on learning word meanings. The results 

can provide information about whether using an on-line dictionary is beneficial for 

retaining word meanings or if it is no more effective than when learners simply read 

unknown words in a passage. The findings are important pedagogically because the 

degree to which look-up conditions affect learning word meanings will shed light on 

how language instructors can design lessons to help learners understand new words 

encountered in a reading passage. 

The fourth purpose of the on-line dictionary study is to examine the effect of 

different on-line dictionary look-up conditions on reading comprehension. The results 

can provide information as to whether using an on-line dictionary is beneficial for 

reading comprehension or if it is no more effective than when learners read words in a 

written passage. The findings are pedagogically important because the impact different 

look-up conditions have on reading comprehension will shed light on how language 

instructors can best design reading passages and how language learners can best 

understand reading passages that contain unknown words. 
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Replacing unknown words by means of a computer thesaurus allows language 

instructors to eliminate or reduce unfamiliar vocabulary in an authentic text, while 

looking up unknown words by means of an on-line dictionary helps language learners 

cope with unfamiliar vocabulary. An example is shown in Figure 1, which depicts a 

three-paragraph passage from an authentic text containing 13 unknown words (see the 

left side of the figure). First, language instructors can use a word replacement condition 

to significantly reduce the number of words that are unknown to the learners. The result 

of this replacement, as depicted on the right side of the figure for the same 

three-paragraph passage, results in six instead of 13 unknown words. Second, because 

after word replacement there is still a small percentage of unknown words, language 

learners can use an on-line dictionary to look up the remaining unknown words without 

having too many interruptions that could compromise passage comprehension. 
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Figure 1. Authentic reading passage before (A) and after (B) word replacement. 

--- = known word, *** = unknown word. 

 

Theoretical Perspectives 

Three theories are applied to the two studies to adapt texts and learn unknown 

words. First, Lexical Threshold Theory is applied in Study 1 involving the use of a 

computer thesaurus. Second, both the Type of Processing-Resource Allocation and 

Cognitive Load Theory are applied to Study 2 involving the use of an on-line dictionary. 
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Figure 1. Authentic reading passage before (A) and after (B) word           

replacement.--- = known word, *** = unknown word. 
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Lexical Threshold Theory 

First, with regard to the computer thesaurus study (Study 1), the principle 

referred to as Lexical Threshold (Laufer & Ravenhorst-Kalovski, 2010), or Lexical 

Threshold Theory (Prichard & Matsumoto, 2011), proposes that in order for adequate 

comprehension of a reading passage to occur without the use of an external resource, 

learners should posses a receptive knowledge of a high percentage of words in a text. 

The idea of adequate lexical coverage was first examined by Laufer (1989) who 

established "adequate" reading comprehension as 55% based on a passing score from an 

English for Academic Purposes course. The results from this study indicated that the 

majority of participants were able to score 55% or higher on the reading comprehension 

test if they knew 95% of the running words in the text. 

Similarly, Laufer (1992) set "adequate" comprehension at 56% and, using the 

Vocabulary Levels Test (Nation, 1983) or Eurocentres vocabulary tests (Meara & Jones, 

1990), examined the relationship between learners' vocabulary size and text 

comprehension. The results showed that a vocabulary of the first 3,000 word families 

predicted a reading score of 56%. In addition, a linear regression analysis indicated that 

for every additional 1,000 word-frequency level, reading comprehension scores 
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increased by seven additional points. For instance, a 4,000 word vocabulary predicted a 

reading score of 63%, and a 5,000 word vocabulary predicted a reading score of 70%. 

Hu and Nation (2000) set a higher percentage for adequate coverage and 

examined reading comprehension among four coverage groups. For example, their 

study established "adequate" reading comprehension based on their finding that learners 

with 100% coverage of the lexis in a text scored around 85.7% on a multiple-choice 

comprehension test. Using this percentage as a criterion, the analyses of four coverage 

groups indicated that while 80% text coverage was inadequate and 90% to 95% text 

coverage was feasible for some learners, 98% text coverage provided "adequate" 

coverage for virtually all the participants in their study. 

In an analysis of novels and newspapers from the British National Corpus, 

Nation (2006) examined the coverage provided by words at different frequency levels in 

greater detail than previous researchers. High-frequency words belonging to the first, 

second, and third 1,000 word families provided 78-81%, 8-9%, and 3-5% coverage, 

respectively. In addition, proper nouns covered about 2-4% of the lexis in the texts. The 

analysis also revealed the average coverage for both mid- and low- frequency words. 

For example, mid-frequency words belonging to the fourth through ninth 1,000 word 
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families provided an additional 2-3% coverage, and low-frequency words belonging 

from the tenth through fourteenth 1,000 word families were found to account for less 

than 1% coverage. 

Using the above figures from the analysis of novels and newspapers, the average 

coverage for each word family can be calculated. For example, the two percentages for 

the first 1,000 word families of 78% and 81% can be added for a sum of 159%. Next, 

this figure can then be divided by 2, the number of percentages added, to yield an 

average coverage of 79.5% for the first 1,000 word families. The same calculation can 

be applied to the second 1,000 word families (8% + 9% = 17% ÷ 2 = 8.5%), third 1,000 

word families (3% + 5% = 8% ÷ 2 = 4%), and proper nouns (2% + 4% = 6% ÷ 2 = 3%). 

Although it is important for learners to know the first 3,000 word families, they 

can still fall short of the 98% coverage needed to read authentic texts unassisted with a 

3,000-word vocabulary. For example, based on the above figures, if the averages of the 

first 3,000 high frequency words and proper nouns are added together, the result is an 

average of 95% text coverage (79.5 + 8.5 + 4 + 3 = 95% < 98%). However, because the 

analysis of the British National Corpus shows that the coverage afforded from both the 

mid- and low-frequency words is small, learners who are knowledgeable of the first 
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3,000 word families can potentially obtain sufficient coverage. For instance, if just an 

additional 3% of unknown mid- or low-frequency words in a text are replaced with 

synonyms belonging to the first 3,000 high frequency words of English, learners can in 

principle, reach 98% coverage of a text (3% + 95% = 98%) 

 

Type of Processing-Resource Allocation (TOPRA) 

Type of Processing-Resource Allocation (TOPRA) (Barcroft, 2000) is used to 

explain the processing of word forms and word meanings for Study 2. This model 

proposes an inverse relationship between the semantic and formal components for 

processing and learning vocabulary. The formal component refers to the structural or 

formal properties of a word. For instance, learners focus on the form of a word if they 

count how many syllables or letters there are in a word or think of words that rhyme 

with it. The semantic component refers to the meaning of a word. For example, this 

concerns the extent to which the word snail represents an animal, insect, or food, or, if 

the learners try to think of other words related to the word snail. The Type of 

Processing-Resource Allocation model states that if the processing demand of a 

semantic related task to learn a new word is high, the semantic learning for that word is 
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also high. However, this consequently decreases the learning of the formal properties of 

the word. Conversely, if the processing demands of word form are high, learning the 

form of that word is also high, while learning the semantic properties is low. Therefore, 

depending on the focus of an activity, there is an inverse tradeoff between learning the 

meanings and spellings of new words. 

The TOPRA model has been supported by studies demonstrating the negative 

effects that semantic tasks have on L2 word form learning. For instance, Barcroft (2004) 

found that when English-speaking learners of L2 Spanish wrote new Spanish words in 

sentences, there were negative effects for productive L2 vocabulary recall. In addition, 

Barcroft’s (2002) three groups of English-speaking learners of L2 Spanish were placed 

into a counterbalanced design to learn three sets of eight words by (a) semantic 

elaboration by focusing on word meanings by the task of making pleasantness ratings of 

Spanish words (+ semantic), (b) structural elaboration by focusing on word forms by the 

task counting the number of letters in Spanish words (+ structural), and (c) no 

elaboration by learning Spanish words without the specific instruction to focus or 

conduct a task noting either word meanings or forms (control). Results showed that 

there was a tradeoff in that Spanish free recall was higher for the structure or forms of 
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words while English free recall was higher for semantic information, suggesting that the 

increase in semantic processing can inhibit the ability to learn the formal properties of 

new words. 

 

Cognitive Load Theory 

Cognitive Load Theory (CLT) (Sweller, 1988) is also relevant to Study 2 and is 

used to explain how both learning vocabulary and understanding a reading passage can 

be influenced by the manner in which tasks are designed. Specifically, Cognitive Load 

Theory hypothesizes that three types of cognitive load determine how information is 

learned. Intrinsic cognitive load refers to the idea that all instruction has an inherent 

difficulty associated with it. For example, the calculation of adding 2 x 2 has an inherent 

difficulty. Although the calculation can be broken down into subschemas or smaller 

calculations and then synthesized, it has inherent properties that cannot be altered by an 

instructor. Extraneous cognitive load refers to how information is presented to learners. 

It can be altered to eliminate unnecessary information in order to make learning easier. 

For instance, the concept for calculating 2 x 2 can either be shown visually or described 

verbally to a learner. Using figures written on a chalkboard, the visual representation of 



19 

2 x 2 can be quickly understood; however, a verbal description of multiplying 2 x 2 

might take learners more time and effort to conceptualize. In this respect, the verbal 

information is extraneous and overloads learners' ability to process information; as a 

result, it limits their capacity for learning. Germane cognitive load refers to the mental 

effort learners devote to learning new material. This cognitive load can also be altered 

by instructors, if, for example, instructional presentations with abstractions and 

elaborations are created to help learners process and learn information. In order for 

efficient learning to occur, Cognitive Load Theory states that learners' cognitive 

capacity should not be overloaded. Both intrinsic and extraneous cognitive loads are 

cumulative and can limit cognitive resources in working memory for learning (Sweller 

et al., 1998). Therefore, instructors should reduce the extraneous cognitive load of a task 

and redirect instructional attention to the germane cognitive load to promote more 

effective learning. 

 

The Audience for the Studies 

The findings from the two studies will be of interest to those involved in 

vocabulary research, teaching, and learning. The first audience is for researchers 
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interested in how computerized thesauruses and dictionaries impact vocabulary 

acquisition. The Computer Thesaurus Study will yield information regarding whether 

the conditions of using a computer thesaurus to provide synonyms is a more effective 

approach to word replacement compared to using synonyms thought up by language 

instructors. In addition, the results from this study can be used to explore the feasibility 

of creating a computer thesaurus that can automatically replace the unknown words of a 

text with little or no help from a person. The On-line Dictionary Study can contribute to 

the research concerning vocabulary learning with regard to the impact that different 

on-line dictionary look-up conditions have on the intentional learning of word forms 

and word meanings when readers are transferred away from a passage to learn new 

words. The On-line Dictionary Study can also contribute to research concerning how 

dictionary look-up conditions impact reading comprehension when readers are 

transferred back and forth from a passage to an on-line dictionary to learn new words. 

The second audience is foreign language instructors who wish to adapt authentic 

texts for pedagogical purposes. If learners frequently need to look up a large number of 

unknown words in a text, the time needed to read a passage as well as the amount of 

attention directed toward understanding word meanings and passage comprehension 
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might be compromised. Given that text comprehension increases as the density of 

unknown words decreases (Hu & Nation, 2000), the findings concerning how unknown 

mid- and low-frequency words can be replaced using a computer thesaurus can 

empower instructors to adapt texts by decreasing the number of unknown words in the 

text. 

The third audience is language learners who must cope with unknown mid- and 

low-frequency words when reading texts. Previous studies have shown that repeated 

encounters with unknown words are important for learning word meanings from context 

(Elley, 1985; Stahl & Fairbanks 1986; Waring & Takaki, 2003; Webb, 2007b). However, 

it is unlikely that learners will be afforded multiple exposures to new words when they 

read short 250 to 300-word on-line passages. For example, Nation and Anthony (2013) 

found that in order to encounter a mid-frequency word belonging to the fourth 1,000 

word-frequency level 10 times, learners would need to meet 534,697 running words or 

read six average length novels. Moreover, the limited exposure to unknown words can 

compromise passage comprehension if key words are misinterpreted. To remedy this 

dilemma, the On-line Dictionary Study can serve to teach learners the look-up 

conditions of using an on-line dictionary that are most conducive for learning unknown 
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words and understanding passage content. In this way, reading texts on computers can 

become a more efficient and enjoyable experience. 

 

Delimitations 

This study is subject to several delimitations. The first delimitation concerns the 

type of computer thesaurus used in the Computer Thesaurus Study. Although the 

thesaurus function from Microsoft Word is able to provide a range of synonyms for most 

words written in the program, there are some words for which the thesaurus does not 

provide a replacement word. Therefore, the results produced by this thesaurus program 

might not apply to other computer thesauruses. 

The second delimitation concerns the type of on-line dictionary used in the 

On-line Dictionary Study. The Merriam-Webster Learner's Dictionary was chosen for 

this study because its homepage states that it is a monolingual resource for ESL and 

EFL students. However, due to the fact that other on-line dictionaries can be bilingual or 

use more elaborate L2 defining terminology, the results from this study should be 

interpreted cautiously. 
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The third delimitation concerns the part of speech analyzed the On-line 

Dictionary Study. Because verbs and adjectives serve different grammatical functions, 

the comparison of different parts of speech might have produced results based on 

learners' understanding of grammar rather than the impact of different look-up 

conditions. Therefore, in order to identify clear trends and patterns, only nouns were 

used as the unknown target words in this study. Nonetheless, although this study can 

shed light on the effects of look-up conditions, the findings might not be applicable to 

other parts of speech. 

The fourth delimitation concerns the number of word occurrences and the 

passage length in the On-line Dictionary Study. In order to identify the impact of 

different look-up conditions, the target words used in the On-line Dictionary Study 

appeared only once in a 230-300 word passage. However, the results from look-up 

conditions for target words that appear multiple times within longer passages might 

reveal different findings. Therefore, the findings should be interpreted cautiously. 

 

 

 



24 

The Organization of the Study 

This study is divided into the following chapters: Computer Thesaurus Study 

Literature Review: Computer Thesaurus Study, Literature Review: On-line Dictionary 

Study, Procedures for the Computer Thesaurus Study, Results and Discussion for the 

Computer Thesaurus Study, Procedures for the On-line Dictionary Study, Results and 

Discussion for the On-line Dictionary Study and Conclusion. Chapter 2, Literature 

Review: Computer Thesaurus Study, is divided into three sections: Problems caused by 

several unknown words in a text, Studies involving lexical coverage, and Lexical 

Threshold Theory. Chapter 3, Literature Review: On-line Dictionary Study, is made up 

of studies concerning writing words and using dictionaries with regard to learning word 

forms, word meanings and reading comprehension. Chapter 4, the Computer Thesaurus 

Word Replacement, Study contains the statement of the problem, the purposes of the 

study, a description of the three replacement conditions, research questions, hypotheses, 

participants, instruments, methods, results, and discussion. Chapter 5, On-line 

Dictionary Study, contains the statement of the problem, the purposes of the study, a 

description of the look-up conditions, research questions, hypotheses, participants, 

instruments, methods, results, and discussion. In Chapter 6, I present a summary of 
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findings, discuss theoretical and pedagogical implications, address limitation and offer 

suggestions for future research regarding the use of computer thesauruses and on-line 

dictionaries. 
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CHAPTER 2 

LITERATURE REVIEW: COMPUTER THESAURUS STUDY 

 

In order to understand how computer thesauruses can be used to adapt written 

texts, in this literature review, I first describe the problems learners can encounter when 

they look-up several unknown words. Second, to understand the different types of 

words within a written text, a brief description of word lists is provided. Third, Lexical 

Threshold Theory is introduced and reviewed through a series of studies examining the 

principle of adequate lexical coverage. Fourth, word repetition and the role of 

mid-frequency readers for reading support are discussed, as prominent components in 

the provision of sufficient exposure to unknown words. 

 

Problems Caused by Unknown Vocabulary in Reading Texts 

If reading passages have a high density of unknown words, the time required to 

read the passage, the ability to acquire word meanings, and the degree of passage 

comprehension can be compromised. These problems can occur even when learners 

look up an unknown word in an on-line dictionary. Previous research has shown that it 
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takes longer for learners to read passages when they look up unknown words in 

traditional dictionaries (Luppescu & Day, 1993; Nesi & Meara, 1991). Likewise, 

looking up unknown words using an on-line dictionary by clicking on a word or typing 

the spelling of a word not only increases the time needed to read a passage, but also 

contributes to an additional loss of time because learners must reorient themselves back 

to the text after the word is looked up. When performed numerous times, multiple 

look-ups for several unknown words can accumulate and cause a significant loss of time 

when reading a passage. 

The second problem of having to look up several unknown words in reading 

passages concerns the difficulty of correctly recalling word spellings and meanings. For 

example, previous investigations of looking up words in a traditional dictionary while 

reading have indicated that this action interferes with readers' short-term memory 

(Bensoussan & Laufer, 1984; Knight, 1994). In addition, if learners must learn several 

unknown words to understand a text, they risk losing focus and might look up the 

wrong word in a dictionary (Bogaards, 1998; Luppescu & Day, 1993; Tang, 1997). As a 

result, the benefit of using a dictionary to learn the meanings and spellings of words can 

be negated. 
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The third problem of learners having to look up several unknown words in 

reading passages concerns passage comprehension. For instance, each time learners 

look up an unknown word in an on-line dictionary, their attention shifts away from 

comprehending passage content to focusing on word meanings. This is especially the 

case if learners must leave a text and are unable to read both the definition of a word 

and the reading passage side by side. Therefore, it is important to minimize the number 

of unknown words learners encounter in written texts so that they can maximize 

learning. 

 

Word Frequency Levels 

One method of reducing the number of unknown words in a written text is to use 

a computer thesaurus to replace low frequency words that might be unfamiliar to 

learners. However, in order to understand how a thesaurus can be used effectively, it is 

first important to recognize the different categories of words that learners encounter 

when reading a typical text. The first category concerns high frequency words, which 

consist of the 2,000 most frequent word families (e.g., the General Service List [GSL] 

[West, 1953]) and cover about 68.5% of running words in spoken and written texts 
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(Nation, 2014). If an additional 9.2% of technical words concerning the topic and 

subject areas belonging to the first 2,000 word families are also included, the 

cumulative coverage for this category of words would amount to 77.7% (68.5 + 9.2 = 

77.7%) (Nation, 2014). The analysis of the British National Corpus has indicated that 

the first 2,000 words, along with proper nouns, transparent compounds, and marginal 

words, account for around 90% of words in an average text (Nation, 2014). Recently, 

Schmitt and Schmitt (2012) suggested that high-frequency words should be seen as the 

first 3,000 word families. This expanded list, along with proper nouns, transparent 

compounds, and marginal words, provide around 95% coverage of an average written 

text. 

A second category concerns mid-frequency words, which consist of the next 

7,000 words beyond the high-frequency word list and stretches from the third 1,000 to 

the ninth 1,000 word families. These words provide around an additional 9% coverage 

of an average text. However, even though these words occur less frequently than 

high-frequency words, they are useful to know because they largely consist of general 

purpose vocabulary that can help learners read texts without reference to an external 
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resource. For instance, together with high-frequency words and proper nouns, 

mid-frequency words can help learners reach 98% coverage of a text (Nation, 2014). 

A third category is low-frequency words, which are words beyond the 9,000 

word families. Although these words make up the largest group of words, they typically 

account for only 1-2% of the words in a text. Although learning the meanings of new 

words is beneficial, Nation (2014) suggested that, due to their specialized tendency and 

minimal coverage, low-frequency words be learned incidentally through reading and 

listening. 

Not included in the previous three word categories are words such as proper 

nouns, transparent compounds, and marginal words. Proper nouns are nouns that denote 

the name of a person, place, or thing, such as Lincoln, Florida, or Carnegie Hall. 

Transparent compounds, such as ashtray or aftershave, are words, "where the meaning 

of the compound is transparently related to the meaning of the parts" (Nation, 2014). 

Marginal words, such as aah, er, ooh, or sshh, are utterances that are rarely found in 

written texts and are not necessarily found in dictionaries. Together, these three types of 

words make up about 3-4% of the words in an average text (Nation, 2014). 
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Lexical Threshold Theory 

The principle referred to as Lexical Threshold (Laufer & Ravenhorst-Kalovski, 

2010) or Lexical Threshold Theory (Prichard & Matsumoto, 2011) proposes that in 

order for adequate comprehension of a reading passage to occur without the use of an 

external resource, learners should posses a receptive knowledge of a high percentage of 

the words in a reading text. 

One of the first researchers to examine what adequate means with regard to 

lexical coverage of a text was Laufer (1989). In this study, 100 first-year university 

students enrolled in a course of English for Academic Purposes, read a text and were 

given multiple-choice and open-ended questions to determine their reading 

comprehension score. Second, the students were instructed to underline unknown words 

in the text to determine the percentage of words they knew, or their lexical coverage 

score. The two scores were then analyzed with the lexical coverage scores as the 

independent variable and reading comprehension scores as the dependent variable. 

Based on a passing score from the English for Academic Purposes course, adequate 

reading comprehension was established at 55%. A t-test comparing the mean scores 

from the reading comprehension tests showed a significant difference between students 
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who had 95% and above lexical coverage compared to students who had 94% and 

below lexical coverage (t = 8.25 > 3.46, p = .001). Students familiar with 95% of the 

words in a text were able to achieve a passing reading comprehension score of 55% or 

higher while participants with lower lexical coverage failed to produced passing scores. 

Laufer (1992) also examined the relationship of learners' vocabulary size with 

text comprehension. This study involved 92 first-year university students who 

completed the Vocabulary Levels Test (Nation, 1983) or Eurocentres vocabulary tests 

(Meara & Jones, 1990). As with the previous study, adequate comprehension was 

established at a similar level of 56% comprehension. The results showed that a 

vocabulary of the first 3,000 word families predicted a reading score of 56%. In 

addition, a linear regression analysis revealed that for every additional 1,000 

word-frequency level, reading comprehension scores increased by 7%. For instance, a 

4,000-word level predicted a reading score of 63% and a 5,000-word level predicted a 

reading score of 70%. 

Although the reading scores were higher for learners with knowledge of 

lower-frequency word families compared to learners with knowledge of only 

higher-frequency word families, adequate comprehension was found to be significantly 
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higher at the transition between the 2,000 to the 3,000 word frequency levels. This 

finding might indicate that L1 readers need to reach the 3,000 word frequency level to 

transfer their L1 reading strategies to L2 texts. However, the author pointed out that the 

relationship between reading and vocabulary size might not always be liner because as 

learners reach advanced vocabulary levels, improvement in reading scores is likely to 

decrease. 

Hu and Nation (2000) examined the relationship between reading 

comprehension and text coverage by replacing low-frequency words with nonsense 

words. In the study, 66 adults, who were among the most proficient learners from a 

pre-university English course taken in an English speaking country, were divided into 

four groups of 16-17 persons each. Adequate reading comprehension was based on 12 

out of 14 correct answers on a multiple-choice (MC) test and 70 out of 124 correct 

answers on a cued written recall (WR) test. Each group read a 673-word story and then 

completed the multiple-choice and cued written recall tests. 

The analyses of four coverage groups indicated that greater text coverage led to 

better comprehension. For instance, for the respective multiple-choice and written recall 

tests, the mean scores were 6.06 and 24.60 for 80% text coverage, or one unknown 
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word for every five words. For 90% text coverage, or one unknown word for every ten 

words, the mean scores were 9.50 and 51.31. For 95% text coverage, or about one 

unknown word out of 20 words, the mean scores were 10.18 and 61.00. Based on this 

trend, the authors concluded that 98% text coverage, or about one unknown word out of 

50 words would have provided adequate coverage for virtually all the participants in the 

study. 

Laufer and Ravenhorst-Kalovski (2010) examined how lexical coverage, text 

coverage, and vocabulary size are related to reading comprehension. The study involved 

a total of 745 students. 735 of them were college students who received scores between 

75 and 133 on an English Psychometric Exam and were taking a course in English for 

Academic Purposes. The remaining 10 students received scores between 134 and 146 

on the English Psychometric exam and were exempt from the English course. 

The students took the English section of the Psychometric University Entrance 

Test to measure English reading comprehension and took a revised version of Nation's 

Vocabulary Levels Test (Schmitt, Schmitt, & Chapman, 2001) to measure vocabulary 

size. Lexical coverage was determined from the output of Tom Cobb's vocabulary 

profiler (http://lextor.ca), which matches the words in a text to 20 vocabulary frequency 

http://lextor.ca/
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lists based on the British National Corpus (BNC). Vocabulary size, lexical coverage, 

and reading comprehension are shown in Table 1. 

 

Table 1. Vocabulary Size, Lexical Coverage and Reading Comprehension (Laufer & 

Ravenhorst-Kalovski, 2010) 

Approximate 

vocabulary size 

Lexical 

coverage 

Percentile on the 

psychometric test 

Reading score  

M (SD) N 

1,000 78.58 50% 83 (6.0) 109 

2,000 87.67 53% 90 (7.8) 199 

3,000 90.56 66% 102 (8.9) 204 

4,000 92.81 72% 111 (9.4) 200 

5,000 94.00 83% 122 (8.3) 23 

6,000 94.48 — — — 

7,000 95.43 91-99% 138 (4.0) 10 

8,000 96.30 — — — 

Note. Missing data not provided. Percentile on the psychometric test refers to score percentile 

correct for the English reading comprehension portion of the Psychometric University Entrance 

Test. 

 

Although the percentage of lexical coverage gradually diminished for each 

additional 1,000 words, reading scores increased about 10 points between word families. 

For example, between the first 2,000 word families, the difference of the learners 

knowing 1,000 words and 2,000 words resulted in a difference in coverage of 9.09% 

(87.67 - 78.58 = 9.09%), and yielded a reading score difference of 7 points (90 - 83 = 7). 
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The difference of learners knowing 2,000 words and 3,000 words yielded a difference in 

coverage of 2.89% (90.56 - 87.67 = 2.89%) and yielded a reading score difference of 12 

points (102 - 90 = 12). 

The maximum score for the reading section of the Psychometric University 

Entrance Test was 150. However, a small number of learners earned scores of 134 or 

greater. These learners were able to read without the need of a dictionary and, therefore, 

were deemed to have adequate coverage. Specifically, these learners had a receptive 

vocabulary size of 6,000 to 8,000 words in addition to a coverage of 2.1% for proper 

nouns not included in Table 1. As a result, because these learners had an overall lexical 

coverage between 96.5% (94.48 + 2.1 = 96.58%) for a 6,000-word vocabulary and 

98.40% (96.30 + 2.1 = 98.40%) for an 8,000-word vocabulary, the authors concluded 

that adequate text coverage is around 98%. However, learners who had scores between 

116 and 133 and had receptive vocabulary sizes of 4,000 to 5,000 words for an overall 

coverage of 95.5% (92.81 + 94.00 = 186.81 ÷ 2 = 93.40 + 2.1 = 95.5%) required 

guidance or assistance to read a text. 

Prichard and Matsumoto (2011) conducted two studies to further investigate the 

role of lexical coverage and dictionary use on reading comprehension. Their study 
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included 103 lower-intermediate to intermediate proficiency first-year Japanese 

university students of English. First, to explore lexical coverage, three weeks prior to 

reading a 650- word passage, 49 students from the control group were given a pretest in 

which they were asked to write definitions of 71 words from a 650-word passage in 

Japanese. Incorrect definitions or blank responses were subtracted from the total 

number of words in the reading passage (650) and then divided by 650. For example, if 

a participant did not know 50 of the 71 pretest words, this number was subtracted from 

the total number of words in the reading passage (650 word reading passage - 50 

unknown words = 600 known words). This figure was then divided by 650, the total 

number of words in the reading passage, to find a participant’s lexical coverage of that 

passage (600 known words ÷ 650 word reading passage = 92.3% coverage). Second, 

three weeks later, students read the same 650-word passage and then answered a 

comprehension test that consisted of eight multiple-choice questions. To indicate an 

understanding of the main points as well as the details of the passage, a score of 70% 

was used as the measure for adequate comprehension. The results revealed that 

comprehension scores and lexical coverage of the passage significantly correlated (r 

= .29, p < .05). Although the correlation was low, the authors stated that for most 
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learners a lexical coverage of 90% to 96% was still not enough to reach adequate 

comprehension because less than a quarter of the participants were able to score 70% on 

comprehension. Nevertheless, based on a regression line, the authors speculated that at 

least 97% coverage might be necessary to reach adequate comprehension. 

Schmitt, Jiang, and Grabe (2011) also examined the relationship between the 

percentage of known vocabulary and level of comprehension. The first research 

question concerned the relationship between percentage of vocabulary coverage and 

percentage of reading coverage. The study involved 661 participants of various 

nationalities who ranged from high school freshmen to college graduates. On average, 

the participants had studied English for over 10 years and their proficiencies ranged 

from intermediate to advanced. First, the participants completed a 15-minute vocabulary 

checklist to determine how much receptive vocabulary they knew. Second, the 

participants read a passage for which they had prior background knowledge and 

answered comprehension items. Third, the participants read a second passage for which 

they lacked prior background knowledge and answered comprehension questions. The 

comprehension questions consisted of multiple-choice questions and 16 graphic 

organizer completion items in which the participants filled in partially complete 
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information. Finally, the data were entered into a spreadsheet that calculated the total 

vocabulary coverage for each text for each participant. 

The Spearman correlation between the variables for the percentage of 

vocabulary coverage of a text with reading comprehension scores of a text was .407 (p 

< .001). As a result, a linear relationship was established between the number of known 

words in a passage and text comprehension. For example, 90% vocabulary coverage 

increased comprehension to 50% and 100% vocabulary coverage increased 

comprehension to 75%. Based on this trend, the authors suggested that 60% 

comprehension could be obtained from 95% coverage, and that if 70% comprehension 

is necessary for adequate comprehension, 98-99% coverage of a text is necessary. 

The previous studies have shown the evolution of the Lexical Threshold Theory 

in terms of the percentage of the words known in a reading text. However, Grabe and 

Sweller (2011) pointed out that there are factors other than language proficiency also 

involved in text comprehension. For instance, second language learners differ in their 

L2 reading experiences, L2 knowledge, and familiarity with a topic. In addition, how a 

text is organized or the time learners are afforded to read a text can also impact 

comprehension. Due to these factors, for learners of similar language proficiency, a text 
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might be easy for some to read and difficult for others. Therefore, the authors stated that 

the threshold for learners to read texts fluently varies and depends on factors other than 

vocabulary. 

 

Analyses of Corpora 

Researchers have examined the categories of words within a text as well as the 

number of words necessary for unaided coverage. First, researchers have looked at the 

percentage of running words that are covered from different word frequency levels of 

typical texts. Second, a series of studies has determined that for language learners to 

read and understand texts without an external resource, they should know 

approximately 98% of the words in a text. Using these findings as a basis, it is useful to 

take a close look at how the coverage of different word frequency levels from a 

language corpus might be used to provide learners with 98% coverage necessary to read 

texts without the need for an external resource, such as a dictionary. 

Nation (2006) conducted used the British National Corpus (BNC) to examine 

the coverage of words in different frequency levels. The BNC corpus is a 100 

million-word collection of samples of written language from a wide range of sources, 
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such as novels, newspapers, periodicals, journals, and academic books that represent the 

type of vocabulary used from the latter part of the 20th century. The British National 

Corpus was divided into twenty 1,000 word-frequency levels plus other groups of 

words, such as proper nouns, marginal words, and compounds. Table 2 shows the 

coverage provided by the British National Corpus. 

 

Table 2. Coverage of the British National Corpus by Word-Frequency Lists (Nation 

2006) 

Frequency level % coverage of tokens % cumulative coverage 

1st 1,000 77.96 81.14 

2nd 1,000 8.10 89.24 

3rd 1,000 4.36 93.60 

4th 1,000 1.77 95.37 

5th 1,000 1.04 96.41 

6th 1,000 0.67 97.08 

7th 1,000 0.45 97.53 

8th 1,000 0.33 97.86 

9th 1,000 0.22 98.08 

10th 1,000 0.28 98.23 

11th 1,000 0.15 9838 

12th 1,000 0.11 98.49 

13th 1,000 0.09 98.58 

14th 1,000 0.07 98.65 

15th 1,000 0.06 98.71 

16th 1,000 0.04 98.75 

17th 1,000 0.04 98.79 

18th 1,000 0.03 98.83 
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Table 2 Continued 

Frequency level % coverage of tokens % cumulative coverage 

19th 1,000 0.02 98.86 

20th 1,000 0.01 98.86 

Proper nouns 2.57 — 

Marginal words 0.31 — 

Compounds 0.30 — 

Not in the lists 1.02  

 

As seen in Table 2, the first 3,000 high-frequency words provide about 90% text 

coverage (77.96% + 8.10% + 4.36% = 90.42%). The coverage for the following six 

1,000 mid-frequency word levels is between 4% and 5% (1.77 + 1.04 + .67 + .45 + .33 

+ .22 = 4.48%). Low-frequency words belonging from the tenth through the fourteenth 

1,000 word families provide less than 1% coverage (.28 + .15 + .11 + .09 + .07 + .06 

+ .04 + .04 + .03 + .02 + .01 = .9%). Proper nouns, marginal words, and transparent 

compounds account for 3% to 4% coverage (2.57 + .31 + .30 = 3.18%). 

Davies (2008) examined the coverage provided by the Corpus of Contemporary 

American English (COCA). This corpus is a collection of more than 450 million-words 

derived from over 160,000 texts. Like the British National Corpus, the Corpus of 

Contemporary American English includes samples of words from written texts such as 

books, magazines, newspapers, and academic journals. However, unlike the British  
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National Corpus, the Corpus of Contemporary American English also includes roughly 

85 million words of conversational transcripts from television and radio programs. 

Table 3 shows the coverage of the Corpus of Contemporary American English. 

 

Table 3. Corpus of Contemporary American English (COCA) (Davies 2008). 

Frequency level % coverage added by level Cumulative % 

1st 1,000 78.5 78.5 

2nd 1,000 7.9 86.4 

3rd 1,000 3.0 89.4 

4th 1,000 2.4 91.8 

5th 1,000 1.3 93.1 

6th 1,000 0.9 94.0 

7th 1,000 0.6 94.6 

8th 1,000 0.5 95.1 

9th 1,000 0.4 95.5 

Note. Numerals, words with apostrophes, and proper nouns are excluded. 

 

Like Nation's analysis of the British National Corpus, the Corpus of 

Contemporary American English shows comparable cumulative coverage for texts. For 

example, the first 3,000 high frequency words from the COCA provide 89.4% coverage 

(78.5% + 7.9% + 3.0% = 89.4%), and the cumulative coverage for the first nine 1,000 

word families is 95.5% (78.5 + 7.9 + 3.0 + 2.4 + 1.3 + 0.9 + 0.6 + 0.5 + 0.4 = 95.5%). 
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In written texts, the meanings and spellings of words differ somewhat between 

British English and American English. In terms of vocabulary, when referring to the 

same respective parts of a car, speakers of British English would say bonnet and boot 

while speakers of American English would say hood or trunk. In terms of spelling, 

British English speakers use the letters our to spell colour while American English 

speakers use the letters or to spell the same word as color. However, despite these 

differences between the two types of English, social linguists McKay and Hornberger 

(1996) stated that both American and British speakers are able to, “read each others’ 

newspapers and novels without any serious impediments” (p. 75). Although the 

impediments might be greater for ESL learners, the use of either corpus, can 

nevertheless be used to show how it is possible for learners of either British English or 

American English to obtain the 98% criterion for adequate coverage for sufficient text 

coverage if additional words are included. For example, the analysis for the British 

National Corpus reveals that proper nouns, marginal words, and transparent compounds 

provide 3.18% coverage. If this figure is added to the 94.9% cumulative coverage for 

the first 9,000 British National Corpus word families, learners can obtain sufficient 

coverage to read texts without an external resource (3.18% + 94.9% = 98.08%). In the 
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same respect, because the maximum difference between the corpora differs only by 1%, 

if the 3.18%, or an approximate 2.18% figure for extra words is added to the 95.5% 

cumulative coverage for the first 9,000 word families of the Corpus of Contemporary 

American English, learners can obtain or come very close to obtaining sufficient 

coverage to read texts without an external resource (3.18 + 95.5 = 98.68% or 2.18 + 

95.5 = 97.68%). 

 

Word Exposure Through Repetition 

As seen from the corpus analyses, 98% text coverage can be obtained if learners 

are acquainted with the first 8-9,000 word families in addition to other words, such as 

proper nouns, compound words, and transparent words (Hu & Nation, 2000; Laufer & 

Ravenhorst-Kalovski, 2010; Nation, 2006; Schmitt, Jiang, & Grabe, 2011). For learners 

to acquire this percentage of text coverage, however, they must have sufficient exposure 

to new words. Although previous research has demonstrated that repetition strongly 

influences learning (Waring & Takaki, 2003; Webb 2007b), some words are more 

difficult to learn than others, and thus there is not a definitive number of repetitions that 

ensures the learning of new words. Nevertheless, Nation (2014) conducted an analysis 
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of 25 classic novels that provided a rough estimate of the corpus sizes needed for 

learners to have at least ten repetitions of a word at each of the nine 1,000 word levels. 

Table 4 shows the results from the analysis of 25 classic novels. 

According to Table 4, to acquire mid-frequency words from the 8,000-word 

frequency family, learners need to read 20 novels of a 2.5 million-word corpus to 

receive 14 repetitions of a word or 25 novels of a nearly three million-word corpus to 

receive 12 repetitions of a word. To understand this amount of reading in another way, 

the same number of tokens in Table 4 can be calculated into hours of reading per week. 

 

Table 4. Corpus Sizes Needed to Gain an Average of Ten Repetitions at Each of the 

Nine 1,000 Word Levels Using a Corpus of Novels (Nation, 2014). 

 

Frequency level 

Corpus size to have at least 10 

repetitions at this word level 

Number of word 

families met 

Number of 

novels 

2nd 1,000 171,411 (13.4) 805 of 2nd 1,000 2 

3rd 1,000 300,219 (12.6) 830 of 3rd 1,000 3 

4th 1,000 534,697 (12.6) 812 of 4th 1,000 6 

5th 1,000 1,061,382 (13.7) 807 of 5th 1,000 9 

6th 1,000 1,450,068 (13.1) 795 of 6th 1,000 13 

7th 1,000 2,035,809 (13.7) 766 of 7th 1,000 16 

8th 1,000 2,427,807 (14.1) 755 of 8th 1,000 20 

9th 1,000 2,956,908 (12.0) 805 of 9th 1,000 25 

10th 1,000 2,956,908 (9.8) 754 of 10th 1,000 25 
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The results are shown in Table 5. The times listed in the third column in Table 

5 assume that learners read an average of 200 words per minute and the times listed in 

column 4 assume that learners read at a rate of 100 words per minute. 

 

Table 5. Amount of Reading in Tokens and Amount of TIme per Week to Meet the 1,000 

Word Families Around 10 Times (Nation, 2014) 

 

Frequency level 

 

Amount of reading 

Amount of time per 

week @ 200 wpm 

Hours per week @ 100 

wpm 

2nd 1,000 171,411 (13.4) 21 minutes 42 minutes 

3rd 1,000 300,219 (12.6) 38 minutes 1 hour 16 minutes 

4th 1,000 534,697 (12.6) 1 hour 5 minutes 2 hours 10 minutes 

5th 1,000 1,061,382 (13.7) 2 hours 12 minutes 4 hours 24 minutes 

6th 1,000 1,450,068 (13.1) 3 hours 6 hours 

7th 1,000 2,035,809 (13.7) 4 hours 5 minutes 8 hours 10 minutes 

8th 1,000 2,427,807 (14.1) 5 hours 3 minutes 10 hours 6 minutes 

9th 1,000 2,956,908 (12.0) 6 hours 10 minutes 12 hours 20 minutes 

10th 1,000 2,956,908 (9.8) 6 hours 10 minutes 12 hours 20 minutes 

 

It is possible for learners to easily expand their vocabularies for high frequency 

words; however, more reading time is required for learners to obtain sufficient 

repetitions of words as word frequency decreases. For instance, if a passage contains 

2% unknown target words, assuming that learners are able to read five days a week for 

40 weeks at a rate of 200 words per minute, to increase their vocabulary to the third 
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1,000 level, they need to read 38 minutes a week or between seven to eight minutes a 

day five days a week (38 minutes ÷ 5 days = 7.6 minutes). Learners who read at half 

that speed would take twice as long. That is, learners who read five days a week for 40 

weeks at a rate of 100 words per minute need to read for one hour and 16 minutes a 

week or about 15 minutes a day five days a week (76 minutes ÷ 5 days = 15.2 minutes). 

However, for the same 40-week five-day period, learners wanting to increase their 

vocabulary to the eighth 1,000 level and who are able to read at a rate of 200 words per 

minute, need to read an hour a day for five days a week (303 minutes ÷ 5 days = 60.6 

minutes), while learners who are able to read at a rate of 100 words per minute take 

twice as long or just over two hours of reading for five days a week (606 minutes ÷ 5 

days = 121 minutes). 

Learners face additional challenges to gain sufficient exposure to new words. 

First, the figures in Table 5 assume that learners are reading material where no more 

than 2% of the tokens are unfamiliar. This percentage is about five unknown words for a 

typical 250-word page of a novel (250 x 2% = 500 ÷ 100% = 5). This assumption might 

be unrealistic, as a great number of words are not known by most foreign language 

learners. Second, there is the problem of the actual number of word repetitions. The 
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figures in Table 5 are based on averages. However, several words might only appear one 

to three times in a novel. For example, for the fourth 1,000 word frequency level, 23 

words appear once, 26 words appear twice, and 22 words appear three times, while at 

the sixth 1,000 word frequency level, 48 words appear once, 44 words appear twice, and 

38 words appear three times (Nation, 2014). Third, the spacing between repetitions for 

some words in novels also varies. That is, the number of repetitions for words from 

Table 5 was based on a range of novels. However, some novels have few if any 

repetitions of target words compared to other novels. As a result, if there are large gaps 

between when learners encounter particular words, their memories of some words can 

fade and thus the opportunity to reinforce word meanings can be lost. 

 

Coping with Unknown Words Using Mid-Frequency Readers 

The dilemma of learners having to look up unknown words can be seen in Table 

6. Nation's (2014) analysis of a typical unsimplified text shows the cumulative coverage 

provided by nine 1,000-word families assumed to be known in column 1, based on the 

approximate figures from the analysis of the British National Corpus. The coverage of 
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the remaining mid-frequency and low-frequency words are shown in columns 2 and 3, 

respectively. 

 

Table 6. Coverage of High and Mid-Frequency Word Families in a Typical Unsimplified 

Text (Lord Jim) Given Various Vocabulary Sizes (Nation, 2014) 

Words assumed known 

(cumulative % coverage) 

Remaining mid-frequency 

(% coverage) 

Low frequency 

(% coverage) 

2,000 (90.03%) 8.45% 1.52% 

3,000 (92.69%) 5.79% 1.52% 

4,000 (94.95%) 3.53% 1.52% 

5,000 (96.22%) 2.26% 1.52% 

6,000 (97.05%) 1.43% 1.52% 

7,000 (97.64%) 0.84% 1.52% 

8,000 (98.11%) 0.37% 1.52% 

9,000 (98.48%) 0.00% 1.52% 

Note. Proper nouns and transparent compounds included in the coverage figures in column 1. 

 

On one hand, if learners only know the first 3,000 words, they can recognize 

approximately 92.69% of the running words in the text. This coverage means that 

learners are unacquainted with 5.79% of the mid-frequency words, or about 14 words 

per 250-token page (5.79% x 250 = 1447 ÷ 100 = 14.47), as well as an additional 1.52% 

or 3-4 low-frequency words (1.52% x 250 = 380 ÷ 100% = 3.8). Together, the total 

number of mid- and low-frequency words learners need to interpret is 18 words (14.47 
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+ 3.8 = 18.27) per 250-word page, or about one word for every 13-14 words in a 

passage (250 ÷ 18.27 = 13.68). On the other hand, if only low-frequency words are 

replaced, learners are afforded 94.21% text coverage (92.69% + 1.52% = 94.21%). In 

this case, learners would fall short of the 98% mark for adequate comprehension by 

3.79% (98 - 94.21 = 3.79%) and, as a result, be unacquainted with nine words per 

250-token page (3.79 x 250 = 947.5 ÷ 100 = 9.47), or about one out of every 26 words 

in a passage (250 ÷ 4.47 = 26.39). 

The dilemma of learners having to cope with several unknown words can be 

reduced by using mid-frequency readers, which replace a portion of the mid-frequency 

words with high-frequency words. Like graded readers, mid-frequency readers have a 

controlled vocabulary; however, unlike grader readers, which typically have a 

vocabulary size up to the 3,000-word-frequency level, they are designed for learners 

with knowledge of mid-frequency vocabulary (i.e., 4000-8,000 word-frequency levels). 

Their purpose is to systematically help learners acquire new vocabulary just beyond 

their current level. Table 7 shows the profile of mid-frequency readers for three target 

word levels. 
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A novel adapted to be at the 4,000-word-frequency level, for example, is 

designed for learners with a vocabulary size of 4,000 words. The words at the fifth 

1,000-word-frequency level are the target words, but the words beyond the fifth 

1,000-word-frequency level, which according to Table 6 include 2.26% of 

mid-frequency words and 1.52% of low frequency words, are replaced with synonyms 

belonging to the first four 1,000 word families. This leaves only 1.27% (96.22 - 94.95 = 

1.27%) of words to be learned between the 4,000- and 5,000-word-frequency levels, or 

about three words per 250-token page (1.27 x 250 = 317.5 ÷ 100 = 3.17). 

 

Table 7.Replaced Word Levels in Mid-Frequency Readers to Acquire Mid-Frequency 

Target Words 

Mid-frequency reader 

 learner level 

  

Target words 

Mid-frequency reader 

Replaced word level 

4,000 5,000-6,000 7,000 + 

6,000 7,000-8,000 9,000 + 

8,000 9,000-10,000 11,000 + 

Note. + = words beyond the replaced word level. 

 

Mid-frequency readers for both the 6,000 and 8,000 target word-frequency 

levels would be used in the same way. Therefore, because mid-frequency readers 

replace unknown words to achieve 98% lexical coverage of a text, in theory, learners 
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would only need to encounter and process a small number of unknown words just 

beyond their current level. This level of coverage would result in far fewer interruptions, 

which would reduce the amount of time needed to read a text. As a result, this lower 

density of unknown words would increase learners' recall of word forms and word 

meanings and allow them to focus more attention on the content of the text, thereby 

enhancing passage comprehension. 
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CHAPTER 3 

LITERATURE REVIEW: ON-LINE DICTIONARY STUDY 

 

This review of the literature covers studies investigating how on-line 

dictionaries can be used effectively. First, studies involving the processing and 

generating of vocabulary are presented. Next, studies concerning how vocabulary can 

be learned using dictionaries are reviewed with regard to three areas: the effect of 

different writing conditions on learning the spellings of words, the effect of different 

conditions on learning the meanings of words using dictionaries, and the effect of using 

dictionaries for reading comprehension. Finally, Type of Processing-Resource 

Allocation and Cognitive Load Theory are discussed pertaining to the use of 

dictionaries for the acquisition of word forms, meanings, and reading comprehension. 

 

Processing Vocabulary 

How letters and words are processed and remembered has been examined in a 

number of studies. Conrad (1964), for example, noticed that participants had more 

difficulty remembering letters with similar sounds compared to letters with different 
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sounds. Baddeley (1966a) found the same results for words where phonologically 

similar words were more difficult to remember compared to words with distinctive 

phonology. However, in an experiment examining long-term meaning, the negative 

effect of similar phonology between words disappeared and words that shared similar 

meanings were more difficult to recall. In addition to these findings, Tulving (1966) 

showed that the mere repetition of words did not foster better short- or long-term recall. 

Atkinson and Shiffrin (1968) proposed a structure of human memory flowing 

through a sequence of three stages from sensory memory to short-term memory to 

long-term memory. Sensory memory processes information about the world gathered 

through the senses and transfers it to short-term memory. In order to commit material to 

long-term memory, it was assumed that the longer an item was held in the short-term 

store, the more likely it would be to transfer into long-term memory. This model, 

however, was challenged by Shallice and Warrington (1970), who found that brain 

damaged patients with poor short-term memories presented no deficiencies with their 

long-term memories. In addition, Craik and Watkins (1973) found that participants 

required to hold a word in memory for a long time were no more likely to recall the 

word compared to participants required to hold the word in short-term memory. 
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Craik and Lockhart (1972) suggested that the chance of a piece of new 

information being stored in long term memory is determined by the “depth of 

processing or degree of stimulus elaboration” from two types of processing (p. 677). 

Type I processing, the repetition of an item, either aurally or visually, does not in and of 

itself improve retention. However, Type II processing, the deeper semantic processing 

for the meaning of an item improves memory. In support of this claim, Craik and 

Tulving (1975) found in a series of experiments that questions concerning the meaning 

of a word yielded higher retention than questions concerning its sound or physical 

characteristics. However, based on their findings, they further speculated that, rather 

than the intention to learn, the amount of effort involved or time spent on a task, “the 

qualitative nature of a task, the kind of operations carried out on the items, that 

determines retention” (p. 290). 

In addition to the findings for the varying degrees of recall, a number of 

researchers have compared the active versus the passive approach to learning words. 

One noteworthy study conducted by Slamecka and Graff (1978) investigated if 

self-generated words are better remembered than words that are externally presented. In 

their first experiment, 24 Canadian university psychology students participated in a 2 
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(generation vs. read) x 2 (timed vs. self-paced) x 5 (rules: associates, category, opposites, 

synonyms, and rhymes) factorial design. For the generation condition, index cards 

revealed a stimulus word and an initial letter (fast - f) while both words were revealed 

for the read condition (fast - rapid). For the timed condition, participants read index 

cards for four seconds, while for the self-timed condition, the participants placed the 

cards down after they responded. Under five rules, the participants learned five sets of 

20 index cards by thinking of or reading associated words (lamp - light), categories 

(ruby - diamond), opposites (long-short), synonyms (sea-ocean), and rhymes 

(cave-save). For every card each participant voiced the presented word or stimulus and 

their response aloud one time. After being presented all 100 cards (20 index cards x 5 

rules = 100), the participants immediately completed a recognition test requiring them 

to identify one word that occurred during the input phase of the experiment. 

The results revealed significant differences between the generate and read 

conditions, F(1, 20) = 9.68, MSe = .07. Moreover, the interaction of generate versus 

read conditions with rules was not significant, F(4, 80) = 209, MSe = .01. This finding 

showed that the degree of learning from the generation effect did not vary even though 

the participants learned words under different rules. As a result, the researchers 
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concluded that the act of generating words compared to the act of reading words is 

beneficial because participants are able to recognize more words through a variety of set 

rules and timed learning. Similarly, the ensuing experiments examining the different 

rule variations, timed and self-paced learning, the presence or absence of test 

information, and between or within-subject designs, revealed that the generation 

condition was superior to the read condition. The authors proposed a number of 

possibilities for this finding, including the notion that generating words requires more 

cognitive effort than reading words and thus results in better memory of the 

information. 

Researchers involved with the previous studies have found that different factors 

are involved in processing vocabulary. It appears that the length of time a word is held 

in mind does not necessarily impact the recall of a word. Rather, the depth or richness of 

how a word is processed impacts recall. For example, previous studies have shown that 

processing a word in terms of its appearance led to very poor recall, whereas paying 

attention to the sound of a word leads to better recall. However, studies in which 

participants attended to a word's meaning led to the best recall. In fact, tasks that 

required learners to actively generate words fostered stronger recall than tasks that 
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required learners to passively read words. This might be because generating words 

requires more cognitive effort on behalf of the learner. 

 

Writing Conditions and Word Forms 

Handwriting 

Related to the generation effect of employing more cognitive effort, some 

studies have suggested that more active methods are more effective for the retention of 

word forms than passive methods of observing letters or reading words. For instance, 

with regard to tracing, Hulme (1979) found that participants who were able to look at 

and trace around graphic forms had better recognition than participants who only looked 

at and pointed to graphic forms. However, the tracing condition did not improve the 

memory for the order of presented items. Nevertheless, because the two conditions were 

found to encode items differently, Hulme stated that the information obtained from 

looking at items and tracing items depends on two different stores of memory. 

Thomas and Dieter (1987) examined the effectiveness of oral and written 

practice to learn foreign words. The participants in their study included 60 native 

English speakers who had no previous instruction in French. The participants were 
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placed into four groups; one group copied and repeated aloud French words, a second 

group copied the French words but did not pronounce them, a third group only repeated 

aloud the French words, and the fourth group did not repeat or copy the French words. 

Next, after the participants studied the French words according to their assigned group, 

they were scored for their written and oral responses. For written responses, words were 

scored as correct, correct with one letter wrong, or incorrect. Oral responses, were 

scored as being correct or incorrect. 

Two 2 (oral practice vs. no oral practice) x 2 (writing practice vs. no writing 

practice) ANOVAs were conducted. The analysis for oral recall scores was not 

significant; however, writing practice for correct responses was significant F(1,56) = 

10.19, p < .01, MSe = 59.01 and for correct responses with one letter wrong F(1,56) = 

6.25, p < .05, MSe = 63.19. Based on these results, the authors suggested that copying 

words was beneficial because it draws attention and cognitive effort to the structure or 

form of a word and the action of copying might also involve a separate motor trace that 

assists with its retrial. 

Naka and Naoi (1995) conducted a series of experiments to investigate if the 

effect of repeated writing was an effective strategy for learning words and graphic 
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symbols. The participants included 32 Japanese and 32 American undergraduate 

university students. First, each participant was given a booklet and instructed to write 

20 items by copying five words, pseudowords, nonwords, and graphic designs on five 

pages and read another 20 items by marking five words, pseudowords, nonwords, and 

graphic designs on five separate pages. Second, the participants completed an 

intervening task of writing the alphabet backwards. Third, the participants completed a 

free-recall task that required them to write down the items they previously copied. Last, 

the participants completed a recognition task that required them to identify the items 

they previously read. 

A 2 (Japanese or American) x 2 (rehearsals by writing or reading) x 4 (words, 

pseudowords, nonwords, or graphic designs) ANOVA was conducted. Writing 

facilitated the recall of graphic designs but not for other items. With regard to 

recognition, although there was no interaction between rehearsal type and item, the 

overall effect of repeated writing was significant, F(1,62) = 7.36, MSe = 0.66, p = .008. 

Based on this finding, the authors stated that the visual-motor encoding from the 

combination of both viewing and writing items seems to contribute more to recall than 

only reading items. 
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 Naka (1998) conducted experiments to compare the retention of unfamiliar 

letters from the three conditions of looking, tracing, and writing. The participants 

included three first, third, and fifth grade classes or nine classes for a respective total of 

89, 86, and 97 Japanese elementary students. First, every class from each grade level 

was assigned to one of the following conditions: looking, tracing, or writing Arabic 

letters. Second, participants from each condition were given a seven-page booklet. On 

the first page, the participants were instructed to look at, trace, or write each Arabic 

letter on a page for eight to ten seconds. Third, the participants completed five pages of 

nine letters or 45 items from the booklet as instructed. Last, the participants took a free 

recall test on the last page of their booklet that instructed them to write as many of the 

items as they could remember. 

Next, a 3 x 3 ANOVA was conducted. The three independent variables were the 

three grade levels (three levels: first, third, or fifth) and learning conditions (three 

levels: looking, tracing, writing). The dependent variable was the number of correct 

recall scores. The experiment reported the means from the number of correct recalls for 

the looking, tracing, and writing conditions and the figures from the error bars indicated 

95% confidence intervals. The results showed that the means of the correct recall scores 



63 

from the writing condition were 3.7, 5.2, and 6.0 for the first, third, and fifth grade 

levels and were higher than the mean number of correct recall scores for either the 

looking or tracing conditions. In addition, the ANOVA showed a significant difference 

between the grade levels, F(2, 93) = 14.17, p < .0001, for the writing condition. Based 

on these findings, the author stated that the motor movements involved in tracing were 

not enough to foster the memory of letters and further speculated that the process of 

holding the image of a letter in mind is important for writing. 

 

Typing 

Results are mixed with regard to studies involving keyboard typing on 

computers for the retention of word forms. For example, Cunningham and Stanovich 

(1990) examined the presence and absence of naming letters along with the effect of 

three physical motor activity conditions of spelling words by arranging letter tiles, 

writing by hand on paper, and by typing on a computer keyboard. In the first experiment, 

24 first grade students were individually shown two groups of 15 words. On Monday 

and Wednesday the participants were asked to repeat aloud and write one group of 15 

words and on Tuesday and Thursday they were asked to repeat out loud and write 
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another group of 15 words. Using a counterbalanced design, each day five words were 

spelled by arranging letter tiles, by writing by hand on paper, or by typing on a 

computer keyboard. On the fifth day, the participants were tested and wrote the form of 

a word on a piece of paper after it was pronounced out loud by an experimenter. 

A 3 x 2 factorial design was used in the first experiment. The three motor 

activities of arranging letter tiles, writing by hand, and typing on a keyboard were one 

factor, and naming and not naming letters were the second factors. The dependent 

variables were the difference of mean scores assessed from naming letters and not 

naming letters. The 3 x 2 ANOVA revealed that the effect of the three motor activities of 

arranging letter tiles, writing by hand, and typing on a computer keyboard was 

statistically significant, F(2,46) = 21.77, p < .001, MSe = 1.86, the effect of naming 

letters was not significant, and the interaction of motor activity with letter naming was 

not significant. Nevertheless, a posteriori test using Tukey's HSD procedure showed the 

writing by hand condition was superior to both the arranging letter titles and the typing 

on a computer keyboard conditions (p < .05); however, the latter two conditions were 

not significantly different from one another. 
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To determine whether the superior effect of handwriting was due to the 

similarity of how the participants practiced new words during the week and how they 

were tested at the end of the week, a second experiment was conducted. The procedure 

for this experiment was the same as the first, but it was conducted with 24 new 

participants who were not required to repeat words out loud as they were introduced to 

the new words throughout the week from Monday through Thursday. Also, when tested 

at the end of the week, rather than spelling the words on a piece of paper, the 

participants spelled half of the words by arranging letter tiles and spelled the other half 

of the words by typing them on the computer after they had been voiced out loud and 

used in a sentence by the experimenter. 

A 3 x 2 ANOVA was also used in the second experiment. The motor activities of 

arranging letter tiles, writing by hand, and typing on a computer keyboard were one 

factor and the test conditions of arranging letter tiles and typing on a computer keyboard 

were a second factor. The dependent variables were represented by the difference in 

mean scores assessed from arranging tiles and keyboard typing. Like the first 

experiment, the results showed that the effect of motor activity was statistically 

significant, F(2,46) = 8.48, p < .001, MSe = 1.11. There was no significant interaction 
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effect. The posteriori analysis Tukey's HSD procedure revealed that the writing by hand 

condition was superior to both arranging letter tiles and the typing on a computer 

keyboard conditions (p < .05). However, the latter conditions were not significantly 

different from each other. Based on the results of both experiments, the authors stated 

that handwriting was superior to the other two motor activities of training on tiles and 

training on computers, and thus speculated that this might be because the motor activity 

of spelling promotes a more complete and precise orthographic representation of a word 

than the other two conditions. However, a replication of the same study (Vaughn, 

Schumm, & Gordon, 1992) found that the writing by hand condition was not 

significantly better than either arranging letter tiles or typing on a computer keyboard. 

The authors speculated that the reason for the difference in findings between the two 

studies can be attributed to the fact that Cunningham and Stanovich's participants 

represented a much higher socioeconomic sample and therefore were likely afforded 

more experience with books and writing. 

Two recent studies have shown results with regard to whether word forms are 

learned better from writing by hand or typing on a keyboard. For example, in a study 

involving preschool children, Longcamp, Zerbato-Poudou, and Velay (2005) reported 
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that training from writing by hand gave rise to better letter recognition than training 

from typing on a keyboard. In addition, in a study involving adults, Longcamp, Boucard, 

Gilhodes, and Velay (2006) found that characters that had been typed were more 

frequently confused than when they had been written by hand. The authors speculated 

that typing on keyboard and writing by hand involve distinct processes. Typing on 

keyboard only requires learners to make an association for the cue of a letter and its 

position on a keyboard. However, writing by hand provides more signals through vision, 

motor commands, and kinesthetic feedback that together provide a sequence of 

movements to help define the shape of a letter. 

 

Look-Up vs. Typing 

Koyama and Takeuchi (2003) conducted a study to examine how Japanese EFL 

learners differed in their look-up behavior when they searched for new words in a 

printed dictionary compared to when they typed in the spellings of new words in an 

electronic dictionary. The second research question of the study specifically concerned 

the retention of new words using the two types of dictionaries. First, 26 Japanese 

college students majoring in English were divided into a group of 13 students who used 
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an electronic dictionary (ED) and a group of 13 students who used a printed dictionary 

(PD). Likewise, 16 female high school students were equally divided into a group of 

eight students who used an electronic dictionary and eight students who used a printed 

dictionary. Second, the participants in both groups were instructed to read a text for 20 

minutes and underline the words they looked up in their dictionary. To look up words, 

the printed dictionary group flipped through pages of a book dictionary; however, the 

electronic dictionary group typed the spellings of word into a portable electronic 

compact dictionary. Third, the participants were given a questionnaire about their 

experience using their dictionary. Fourth, one week later, the participants were 

administered two tests. The first test asked the participants to recall or write the 

spellings of words they looked up the previous week. The second test asked the 

participants to recognize or identify the spellings of words they looked up the previous 

week. 

The results were the same for both college and high school participants. The 

Man Whitney U-test at the .05 level showed that participants’ scores from the printed 

dictionary group (PD) were not significantly different from the participants’ scores from 

the electronic dictionary group (ED) for looked up words in either the recall test or 
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recognition test. The information from the questionnaire about the use of dictionaries 

revealed that, although the participants thought that the electronic dictionary was easy 

to use, they thought the printed dictionary was more suitable for EFL learning because it 

provided more information. As a result, the authors speculated that although an 

electronic dictionary is convenient when searching for new words compared to a printed 

dictionary, it is limited in the quality of information it presents about a target word. 

Previous studies have shown mixed findings in that the retention of word forms 

might depend on how they are learned. For example, on one hand, some studies showed 

the more active task of tracing over a word led to better retention than only looking at a 

word. In addition, the tasks of writing words by hand or copying words by hand has 

been shown to have better retention than typing, tracing, reading, or vocalizing words. 

Researchers attribute the superior performance of writing words by hand to the 

visual-motor encoding of viewing and writing letters that employs more cognitive effort 

and attention toward learning words and letters than the other conditions. On the other 

hand, there was not a significant difference between typing the spellings of words in an 

electronic dictionary and looking words up in a printed dictionary. 
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Look-Up Conditions and Word Meanings 

Book Look-Up 

Several researchers have examined the use of book-based dictionaries and 

marginal glosses to consult or look up the meanings of unknown words. For example, 

with regard to book-based dictionaries, researchers have demonstrated that learners 

were better able to remember word meanings if they looked them up in a dictionary for 

a reading task (Cho & Krashen, 1994; Luppescu & Day, 1993). With regard to marginal 

glosses, some researchers found that word retention was better when learners had access 

to the meanings of words in the margin of a reading passage compared to when 

definitions were not available for a reading task (Hulstijn, 1992; Jacobs, Dufon, & Fong, 

1994; Watanabe, 1997). 

Hulstijn, Hollander, and Greidanus (1996) explored if the reoccurrence of 

unknown words along with one of the conditions of a marginal gloss, a dictionary, or 

reading from context increased incidental vocabulary learning. Seventy-eight Dutch 

first-year university students of advanced French were told to read a three-page 

1,306-word passage and answer comprehension questions after reading. In the passage, 

eight target words appeared three times and an additional eight target words appeared 
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only once. After reading, the participants were administered three tests to measure their 

vocabulary retention. 

Test 1 asked the participants to write the target word meanings without the help 

of contextual information. Answers were scored as fully correct, partially correct, or not 

correct. A MANOVA was conducted with Group (marginal gloss, dictionary, and 

control) as the between-subject factor and Frequency (F3: target word appeared three 

times; F1: target word appeared one time) as the within-subject factor. The MANOVA 

on the fully correct plus partially correct responses had a significant Frequency effect, 

F(1,75) = 48.49, p < .001, and a significant Group effect, F(2,75) = 13.61, p < .001, but 

no significant Frequency x Group interaction. Likewise, the MANOVA for fully scored 

responses had a significant Frequency effect, F(1,75) = 34, 24, p < .001, and a 

significant effect for Group, F(2,75) = 15.14, p < .001. The Group x Frequency 

interaction was significant, F(2,75) = 5.80, p < .01. For both MANOVAs, post hoc 

multiple-range tests between groups for F1 and F3 words revealed that the marginal 

gloss group performed better than the dictionary and control groups. However, the 

dictionary and control groups were not significantly different from each other. 
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Test 3 measured the participants’ target word knowledge with the help of 

contextual information. The MANOVA on the fully correct plus partially correct 

responses had a significant Frequency effect, F(1,75) = 218.11, p < .001, and a 

significant Group effect, F(2,75) = 17.47, p < .001. The Group x Frequency interaction 

was nearly significant, F(2,75) = 3.04, p < .054. Similarly, the MANOVA for fully 

scored responses had a significant Frequency effect, F(1,75) = 106, p < .001, a 

significant effect for Group, F(2,75) = 20.01, p < .001, and the Group x Frequency 

interaction was significant, F(2,75) = 8.29, p < .01. For both MANOVAs, post hoc 

multiple-range tests between groups for F1 and F3 words revealed that the marginal 

gloss group performed higher than the dictionary and control groups. However, the 

dictionary and the control groups were not significantly different from each other. 

Overall, both Test 1 and Test 3 demonstrated the same pattern of results. This 

finding was also confirmed in Test 2, which measured previous knowledge and showed 

that the students were not familiar with the target words. The researchers explained that, 

compared to referring to words in a marginal gloss, the use of a dictionary entails more 

mental effort because it causes a longer disruption from the flow of reading and requires 

learners to judge and look up words they perceive as relevant to a passage. Nevertheless, 
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although the participants of the dictionary group seldom consulted their dictionary, 

when they did look up a word, their chances of remembering its meaning were greater 

than the average retention of the recall of the participants in the marginal gloss group. 

 

Mouse-Click Look-Up 

Studies involving mouse-clicking have indicated that the number of 

mouse-clicks on a word does not necessarily correlate with word retention. Laufer and 

Hill (2000), for example, conducted a study involving mouse-clicking to examine 

look-up behavior to learn vocabulary while reading for comprehension. The third 

research question asked if there was a relationship between the number of look ups and 

vocabulary retention. The study involved 72 participants from two countries. Thirty-two 

participants were EFL non-English majors from a university in Israel and 40 

participants were ESL social science and arts majors from a university in Hong Kong. 

After completing a pretest, the participants were instructed that they had up to 10 

minutes to read and comprehend a 120-word passage. Although the participants were 

not instructed to learn specific words, they were informed that they could click on a 
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highlighted word if they thought its meaning was relevant. Finally, after reading, the 

participants completed a surprise vocabulary test. 

A Spearman correlation of each participant's selection and the retention score 

was calculated. The correlation for the Israeli participants who spent between five and 

six minutes reading a text was rs = .35. The correlation for the Hong Kong 

participants ,who spent nearly 10 minutes reading the text and looked up words almost 

twice as often than the Israeli participants, was rs = .24. Overall, the relationship 

between the number of selections and retention was weak. Therefore, in response to the 

third research question, the participants with a greater number of look-ups did not 

necessarily remember more words. 

Peters (2007) conducted a study involving the action of mouse-clicking on 

words to investigate students' look-up behavior and word retention for relevant and 

non-relevant words necessary and not necessary to answer comprehension questions. 

Specifically, research question 8 asked if there is a relationship between the students' 

frequency of look-ups and word retention. This study included up to 84 native Dutch 

speakers who were high-intermediate students of German. The participants were 

randomly assigned to either an incidental vocabulary-learning group or an intentional 
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vocabulary-learning group. With no time limit, the participants read a 1,096-word 

German passage on a computer and completed a comprehension task. Of the 16 target 

words in the passage, eight were plus-relevant words that needed to be looked up to 

answer the comprehension questions and eight words were minus-relevant words that 

the participants did not need to look up. Students looked up unknown words using an 

on-line dictionary by mouse-clicking, which provided both a L1 German definition and 

a L2 Dutch translation. Immediately after completing the comprehension task, both 

groups took four computer tests to measure partial vocabulary retention of word forms 

and word meanings. For example, the LexNotTest, or the lexical noticing test, required 

students to recognize word forms, the IsolTest test required students to supply L1 

definitions or L2 synonyms of target words in isolation, the ContTest test required 

students to supply L1 definitions of L2 synonyms of target words in context, and the 

MatchTest test required students to check the correct meaning of target words. 

The percentage of mean retention scores for words learned looked up for the 

ConTest versus the IsoTests showed that remembering word meanings for plus-relevant 

words was two or more times as high as minus-relevant words. However, the Pearson 

correlation coefficient of the number of look-ups and word retention revealed that only 
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the first (r = .37, n = 84, p = .05) and second (r = .33, n = 77, p = .05). ContTests were 

statistically significant for the minus-relevant words. Therefore, the frequency of clicks 

did not correlate highly with word retention. Nevertheless, the researchers explained 

that because the students’ priority was to comprehend content, relevant words relating to 

the understanding of a text were given more attention and therefore, were better 

remembered compared to minus-relevant words. 

 

Type-In Look-Up 

Knight (1994) conducted a study to investigate learning word meanings by 

typing them into a computer dictionary. Specifically, Knight examined learning 

vocabulary using a computer-based dictionary compared to learning vocabulary from 

context among 105 second-year native English-speaking university students learning 

Spanish. The participants were placed in either a high or low proficiency group and 

instructed to read Spanish articles using a computer to investigate unknown words by 

partially typing the spellings into a bilingual dictionary. After reading, the participants 

completed unannounced supply-definition and select-definition vocabulary tests via 
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computer. Two weeks later, delayed paper and pencil versions of the vocabulary tests 

were administered. 

Four ANOVAs were conducted to evaluate the effect of incidental vocabulary 

learning: two separate ANOVAs for the immediate and delayed Supply-Definition Tests 

and two separate ANOVAs for the immediate and delayed Select-Definition Tests. The 

between-subjects factor variables were verbal proficiency (high and low) and reading 

condition (dictionary and no dictionary), and the within-subjects factors were exposure 

and no exposure to unknown words in written context. Scores on immediate and 

delayed supply and select-definition vocabulary tests served as the dependent variables. 

Of the 24 possible points, the results for the supply-definition tests revealed that 

the mean scores for the dictionary access group were significantly higher than the group 

without dictionary access on the immediate test (4.95 and 1.72, respectively; p < .001) 

and for the delayed test two weeks later (3.37 and 2.3, respectively; p = .024). Similarly, 

for the select-definition tests, the mean scores for the dictionary access group were 

significantly higher than the group without dictionary access for both the immediate 

(14.56 and 8.75, respectively; p < .001) and delayed (12.24 and 8.06, respectively; p 

< .001) tests. Therefore, the participants who partially typed words to look them up in a 
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computer-based dictionary learned more words than those who only relied on the 

context of a passage. 

Based on these results, Knight speculated that the amount of time participants 

spent reading a passage was due to whether or not they used dictionary. To determine 

whether the increase in scores between the two conditions was attributable to only the 

increase in time of dictionary use while reading a passage, both the percentage from the 

increase in time spent reading a passage and the scores from both the dictionary group 

and the no dictionary group were calculated with the scores from the high and the low 

proficiency groups. For instance, the high proficiency dictionary group spent 41% more 

time reading and looking up words compared to the high proficiency no dictionary 

group. This extra time resulted in a greater increase of scores for only the immediate 

vocabulary supply and select tests and only an 18% increase in scores on reading 

comprehension. However, the low proficiency dictionary group spent 44% more time 

reading and looking up words compared to the low proficiency no-dictionary group. 

The extra time resulted in a greater increase in scores for both the immediate and the 

delayed supply and select tests in addition to a 45% increase in scores on reading 

comprehension. Based on these findings, Knight stated that although reading 
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comprehension increased proportionally with regard to time for the low and high 

proficiency dictionary groups, the amount of vocabulary learned for the low proficiency 

dictionary group increased in greater proportion compared to the high proficiency 

dictionary group and, therefore, the low proficiency students benefited more from using 

a dictionary than the high proficiency students. Knight suggested that, because the low 

proficiency participants were more dependent on vocabulary compared to the high 

proficiency participants, they were at a greater disadvantage when they guessed from 

context. Dictionary use, however, helped to compensate for this disadvantage. 

 

Look-Up Comparisons 

Liu and Lin (2011) conducted a study comparing the four conditions of a pop-up 

dictionary, a type-in dictionary, a book-based dictionary, and no dictionary in order to 

examine if using a dictionary enhances or reduces vocabulary learning. Eighty first-year 

Taiwanese college students learning English as a second language were instructed to 

read a four-paragraph passage of 517 words under no time limit in one of four possible 

conditions. In the pop-up condition, the students double-clicked on the computer mouse, 

which produced a word definition window. In the type-in condition, the students 
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double-clicked on the mouse, which produced an entry window. They then typed the 

spelling of an unknown word to retrieve a definition. In the book condition, the students 

were given a booklet dictionary containing only the words that appeared in the passage. 

In the control condition the students read a passage without the use of a dictionary. After 

reading the passage, the students completed a 10-item reading comprehension test and a 

surprise vocabulary test in which they were required to match 15 pre-selected items to 

one of 16 possible definitions. 

The results differed for vocabulary learning. With regard to incidental 

vocabulary learning, there was a significant main effect for using any one of the three 

dictionaries for vocabulary learning, F(3, 76) = 2.98, MSE = 802.57, p < .05. A post hoc 

analysis revealed that, although there was no difference found among dictionaries, using 

any type of dictionary was more effective than not using a dictionary. With regard to 

vocabulary-learning efficiency, there was a significant difference among the dictionary 

conditions, F(2, 57) = 69.65, MSE = 975,53, p < .001, which showed that students who 

used a pop-up dictionary learned words more quickly than those who used a type-in 

dictionary, and students in the type-in condition learned significantly more words than 

those who used a book dictionary. 
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The researchers attributed these findings to the dynamic offered by the use of a 

pop-up dictionary. For example, vocabulary-learning efficiency was influenced by the 

ease of use offered by the pop-up dictionary. As indicated from the frequency in which 

words were accessed, the researchers found that students were able to check the 

meanings of new words two or more times using a pop-up dictionary compared to the 

other two conditions. This additional exposure might have increased the likelihood of a 

word being learned. 

Amirian and Zahra (2013) compared the effects of learning vocabulary from an 

electronic dictionary (ED) and a printed dictionary (PD). Specifically, they investigated 

if electronic dictionaries had any effect on improving vocabulary learning of Iranian 

EFL learners. First, 60 female pre-university Persian speaking students were divided 

into two groups. The paper dictionary (PD) group consisted of 30 participants and the 

electronic dictionary (ED) group that used a CD-ROM dictionary consisted of 30 

participants. Second, for five separate sessions, both groups were instructed to read a 

passage and look up information about its seven highlighted words in the passage using 

their assigned dictionary. Third, after the seventh session, both groups were 

administered an unannounced 30- item test. Fourth, two weeks later, both groups were 
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given another unannounced 30-item test to examine their long term retention of 

vocabulary. 

The results for both the immediate and delayed tests were similar. The 

independent samples t-test for the immediate posttest showed that the mean difference 

between the electronic dictionary (ED) group and paper dictionary (PD) group was 

significant t (29) = 1.33, p = .02, p < .05). Likewise, the independent samples t-test for 

the delayed posttest showed that the mean difference between both dictionary groups 

was significant (t (29) = 1.33, p = .02, p < .05). As a result, for both tests, the electronic 

dictionary group (ED) that used a CD-ROM outperformed participants that used a paper 

dictionary (PD). 

The authors offer two explanations for the superior performance of the electronic 

dictionary group. First, the visual impact of the new word on a computer screen might 

have created a stronger memory trace of a word than a word presented in a paper 

dictionary. Second, compared to the paper dictionary group, the electronic dictionary 

group was afforded additional functions to repeat and pronounce new words. As a result, 

the two modes of both verbal and visual input afforded by the electronic dictionary 
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might have been more beneficial than only the visual input of seeing a new word in a 

paper dictionary. 

Previous researchers have presented mixed findings with regard to dictionaries 

and vocabulary learning. First, previous studies have shown that using a book dictionary 

was more beneficial to learn unknown words than not using a dictionary. Second, the 

number of times a word was mouse-clicked to look up meaning did not correlate with 

word retention. Third, partially typing words into a computer-based dictionary enhanced 

the learning of unknown words more than reading a passage without a dictionary. 

Finally, in a comparison of different dictionary types, words that were looked ups using 

a pop-up dictionary were learned more quickly than words looked up using a type-in 

dictionary, and words that were looked up using a type-in dictionary were learned more 

quickly than words looked up using a book dictionary. 

 

Dictionary Use and Reading Comprehension 

Dictionary vs. No Dictionary 

The findings of previous studies are mixed with regard to using a dictionary to 

aid reading comprehension. For example, Knight (1994) found that the overall mean 
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reading comprehension scores for both high and low verbal ability students who used a 

dictionary were higher than compared to students who did not use a dictionary. Goyette 

(1997) compared text comprehension in the three conditions of no dictionary access, 

hard-copy dictionary access, and on-line computerized dictionary access, and as a result, 

found that using a dictionary was better than not using a dictionary. Al-Sheri and Gitsaki 

(2010), however, examined the dynamic of using on-line dictionaries in different 

formats. Their study involved 20 intermediate level ESL students from a variety of 

countries in Australia. Students were randomly assigned to two settings of either using 

or not using an on-line dictionary in addition to being assigned to two formats of 

answering comprehension questions either next to or separate from a reading text for a 

total of four conditions. For the formats involving comprehension questions on a 

separate page, in the Split-Attention On-line Dictionary (SAOD) condition, the students 

read an on-line passage with the use of an on-line dictionary and then transferred their 

attention to answer comprehension questions on a separate page. However, in the Split 

Attention No Dictionary (SAND) condition, the students read an on-line text without 

the use of a dictionary and then transferred their attention to answer comprehension 

questions on a separate page. Concerning formats involving answering comprehension 
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questions on the same page, for the Integrated Format On-line Dictionary (IFOD) 

condition, the students read an on-line passage with the use of an on-line dictionary and 

then answered comprehension questions on the same webpage as the passage whereas 

in the Integrated Format No Dictionary (IFND) condition, the students read an on-line 

text without the use of a dictionary and answered comprehension questions on the same 

page. 

A one-way ANOVA revealed no significant difference among the four format 

groups, F = 0.368, df = 3, p = .78, for reading comprehension. The participants in both 

split-attention formats had similar mean scores. However, among the four conditions, 

the Integrated Format On-line Dictionary condition scored highest and the Integrated 

Format No Dictionary condition scored the lowest. The researchers speculated that an 

interaction effect took place between the use of the on-line dictionary and format. That 

is, the Split-attention formats of both the SAOD and SAND conditions decreased 

performance on the comprehension test because they both placed a high cognitive load 

on participants that reduced the effectiveness of the on-line dictionary. However, the 

IFOD condition had a more distinct effect on performance than the IFND condition 



86 

because its integrated format reduced the cognitive load on the participants, which 

increased the effectiveness of the on-line dictionary. 

Similarly, Liu and Lin (2011) also examined the effects of using a computer 

pop-up dictionary, a computer type-in dictionary, a book dictionary, and no dictionary 

on reading comprehension. The participants were 80 first-year Mandarin Chinese 

college students studying English as a second language. The results from the ANOVA 

revealed that there was no significant main effect among the pop-up, type-in, and book 

dictionaries on comprehension scores, and not having an aid to look up unknown words, 

F(3, 76) = 1.53, MSE = 646.09, p = .21. When examining the three dictionary groups, 

the authors found a positive correlation between longer reading times and higher 

comprehension, and when the participants spent more time searching and reading 

vocabulary, they devoted less time to comprehending the passage. The authors 

suggested that long periods of disruption could be attributed to the split-attention effect 

of looking up words while reading a text. 

Prichard and Matsumoto (2011) examined how dictionary use increased lexical 

coverage and comprehension of a short text. Their study involved 103 

lower-intermediate and intermediate first-year students studying at a Japanese women's 
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university. The students were divided into a control group (n = 49) and a dictionary 

group (n = 54). The dictionary group read a 650-word passage and clicked on unknown 

words to access their meanings in a bilingual English-Japanese dictionary. After reading 

the passage, students from both groups completed a comprehension test that consisted 

of eight multiple-choice questions. 

The mean comprehension score for the dictionary group (6.22) was higher than 

that of the control group (5.86), but the difference was not significant (p = .27). This 

result occurred because just 23 of the 54 learners (42.5%) in the dictionary group had 

scores of 7 or better compared to 12 of the 49 learners (25%) in the control group that 

did not use a dictionary. Although the dictionary group used dictionary links that 

increased the lexical coverage from 92.5% to 94.3%, the authors stated that if the 

learners had used more links and achieved a coverage of at least 96%, there might have 

been a significant difference in comprehension between the two groups. 

In previous studies researchers have presented mixed findings with regard to 

dictionary use and text comprehension. On one hand, some studies have demonstrated 

that using a book-based or computer dictionary while reading a passage was better for 

comprehension than not using a dictionary. On the other hand, other researchers have 
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found that there is no significant difference in comprehension between using a 

dictionary and not using a dictionary. Nevertheless, the results from studies suggest that 

dictionary use might be most beneficial for comprehension when it is not disruptive. 

Al-Sheri and Gitaski (2010), for example, found that accessing a computer dictionary 

while simultaneously reading a text promoted better comprehension. Similarly, Liu and 

Lin (2011) discovered that the more time participants spent looking up new words, the 

less time they spent reading a passage. 

 

Dictionary Type and Comprehension 

There are also mixed results with regard to whether the type of dictionary used 

while reading influences comprehension. Aust, Kelly, and Roby (1993), who conducted 

a study with 80 undergraduate university students learning Spanish as a foreign 

language, compared clicking on hyper-references directly linked to an on-line electronic 

aid to conventional paper dictionaries and found no significant comprehension 

differences. The number of consultations for using hyper-references was more than 

double the number for paper references. Due to their ease of access, the authors stated 

that hyper-references increased learners’ desire to learn more information. However, 
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because learners repeatedly looked up familiar information, this might have reduced the 

amount of study time to learn the content of the reading passage. 

Likewise, Goyette (1997), in a study involving 24 English speakers who were 

high-intermediate and advanced learners of French as second language in the Canadian 

armed forces, compared learners' comprehension of L1 and L2 texts with the following 

conditions: no dictionary access, hard-copy or book dictionary access, and on-line 

computerized dictionaries access. The results showed that there was no main effect for 

type of dictionary used for either the L1 or L2 texts. However, texts read with an on-line 

or a hard-copy dictionary had higher comprehension recalls than the no dictionary 

access group, F(1, 22) = 51.80, p < .001. 

The author stated that there is a benefit of using a dictionary versus not using a 

dictionary. However, the features offered from an on-line dictionary (ease of access, 

accessing the stems of words automatically, the ability to remain in context while 

reading) were not an advantage even though the participants stated that the ease of using 

an on-line dictionary led to faster and better text comprehension. As a result, the author 

concluded that, although on-line dictionaries might be as effective as book dictionaries, 

their accessibilty to information does not necessarily improve comprehension. 
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Chun (2001) examined the conditions of when learners consulted an internal 

glossary in which they mouse-clicked on hyperlinks to access an internal glossary 

compared to how frequently the learners consulted an external on-line dictionary in 

which they had to copy and paste or type words into the dictionary. Twenty-three 

students studying German as a foreign language in Southern California participated in 

this study. While reading Text 1, the students were able to click on a highlighted glossed 

word that led them to the internal glossary, or highlight and click on a word that led 

them to an external on-line German-English dictionary. When reading Text 2, however, 

the students were only able to use the external on-line dictionary. For the assessment, 

the students' written summaries were scored for the number of propositions recalled and 

a computer program tracked and noted the number of words looked up as well as the 

amount of time the learners spent on reading and writing tasks. In addition, the learners 

were interviewed about their strategies after reading the two texts. 

Significant differences were found in a paired sample t-test between the internal 

and external look-up behavior and for the number of propositions recalled from the two 

texts. The mean number of words looked up, for example, was 11.04 for the internal 

glossary compared to 4.48 for the external dictionary, t(22) = 7.702, p < .001. The mean 
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number of propositions correctly recalled was 3.70 for Text 1 compared to 1.74 for Text 

2, t(22) = 5.806, p < .001. Overall, the learners were able to recall more important ideas 

when they read a text and had access to both an internal gloss and an external dictionary 

than compared to when they only had access to an external dictionary. With regard to 

the preference between the two resources, Chun reported that learners tended to look up 

a word if it could be done simply and that glossing might have sped up the reading 

because it provided instant access to definitions whereas typing in or copy and pasting 

words into an on-line dictionary required more effort. 

Koyama and Takeuchi (2007) investigated the differences in look-up behavior 

between hand-held electronic dictionaries (ED) and printed dictionaries (PD) for 

Japanese EFL learners of different language proficiencies. Their second research 

question concerned whether higher look-up frequency affects the comprehension of 

reading material. In Study 1, first, 34 Japanese female college students were equally 

divided into two groups of 17 participants. Second, the participants were given a 

vocabulary checklist to investigate words they thought they knew from the text they 

were going to read. Third, in a counterbalanced design, Group 1 read Text A and Group 

2 read Text B with a printed dictionary (PD), circled the words they looked up while 
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reading, and took a short comprehension quiz. Then, Group 1 read Text B and Group 2 

read Text A with an electronic dictionary (ED), circled the words they looked up while 

reading, and took a short comprehension quiz. The procedure for Study 2 was the same; 

however, 31 participants of a higher language proficiency level were divided into two 

groups. Group 1 read a text using an electronic dictionary (ED) and Group 2 read a text 

using a printed dictionary (PD). Finally, for both studies, the amount of time and the 

number of words looked up while reading the text was recorded by the authors. 

The use of printed and electronic dictionaries revealed similar results for Study 1 

and Study 2. For example, results from the t-test analysis showed that there were 

significant differences between the two types of dictionaries for lapsed time (t = 2.120, 

df = 33, p < .05), looked up words (t = -3.984, df = 33, p < .001), and reported words (t 

= -4,408, df = 33, p < .001). However, there was not a significant difference between the 

two types of dictionaries and reading comprehension. Likewise, for Study 2, which 

involved higher proficiency participants, results from the Mann-Whitney U Test showed 

significant differences for lapsed time and reported Words (p < .001) as well as for 

looked-up words (p < .05). However, similar to Study 1, there was not a significant 

difference between the two types of dictionaries and reading comprehension. 
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The authors explained that for both studies the electronic dictionary groups 

looked up more words than the printed dictionary group. However, the electronic 

dictionary groups were able to read texts and complete comprehension quizzes in a 

shorter amount of time. Therefore, although the use of an electronic dictionary seemed 

to encourage the look-up behavior of words more than the use of a printed dictionary, 

despite language proficiency, look-up frequency does not necessarily increase the 

comprehension of a text. 

Considering the combined results of these studies, researchers have 

demonstrated that use of a dictionary while reading a passage in the target language is 

better for comprehension than not using a dictionary. Although it was not confirmed that 

computer-based dictionaries increase comprehension, researchers, nevertheless, 

reported that the ease in which words could be looked up was a desirable asset for 

participants. 
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On-line Dictionary Study: Theories of Processing Vocabulary 

The primary purpose of the On-line Dictionary Study is to investigate the effect 

of look-up conditions while using an on-line dictionary to learn the forms and meanings 

of unknown words and to comprehend reading passages. Therefore, to provide a basis 

for the research hypotheses, the theories of how vocabulary is processed through Type 

of Processing-Resource Allocation and Cognitive Load Theory are discussed. Each of 

these theories is reviewed in the following section. 

 

Type of Processing-Resource Allocation (TOPRA) 

Type of Processing-Resource Allocation (TOPRA) (Barcroft 2000) is used to 

explain the processing of word forms and word meanings for Study 2. This model 

proposes an inverse relationship between the semantic and formal components of 

processing and learning vocabulary. The formal component refers to the structural or 

formal properties of a word made up by the orthography and phonology of the word. 

For instance, learners can focus on the form of a word if they are engaged in activities 

that require them to count the number of letters to help solve puzzles such as word 

searches and crosswords, play games such as hangman, or distinguish between 
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homophones such as road and rode. Learners might pay attention to word phonology or 

count syllables to write a poem or song, or engage in listening and pronunciation 

activities to distinguish between minimal pairs such as sung and song. Alternatively, 

learners might focus on the formal properties of both letters and sounds to access the 

meanings of unknown words in a dictionary. The semantic component refers to when 

learners focus on the meaning of a word. For example, this issue concerns the extent to 

which the word snail represents an animal, insect, food, or if the learners try to think of 

other words related to the word snail. Learners can focus on this component when they 

receptively listen to or read words to understand content or productively vocalize or 

write words. The Type of Processing-Resource Allocation model states that if the 

processing demand of a semantic related task to learn a new word is high, the semantic 

learning for that word is high. However, this processing demand consequently decreases 

the learning for the formal properties of the word. Conversely, if the processing demand 

of a task to learn the formal properties of a word is high, the formal learning for that 

word is high. However, this consequently decreases the learning for the semantic 

properties of a word. Therefore, depending on the focus of an activity, there is an 
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inverse tradeoff between learning the meanings and the spellings of new words. The 

Type of Processing-Resource Allocation model (Barcroft, 2003) is depicted in Figure 2. 

 

 

 

 

 

 

 

The Type of Processing-Resource Allocation model has been supported by 

studies demonstrating the negative effects that semantic tasks have on learning L2 word 

forms. Barcroft (2002) examined the effect of semantic and structural elaboration on 

learning second language vocabulary. In the study, 48 English-speaking learners of L2 

Spanish were placed into a counterbalanced design to learn 24 new Spanish words in 

three conditions. The semantic elaboration condition had participants focus on word 

meanings by making pleasantness ratings of Spanish words (+ semantic). The structural 

elaboration condition had participants focus on word forms by counting the number of 
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Figure 2. Type of Processing-Resource Allocation (TOPRA) (Barcroft, 2003). 
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letters in Spanish words (+ structural). The no elaboration condition had participants 

learn Spanish words without the specific instruction to focus on or conduct a task noting 

either word meanings or word forms (control). The results showed there was a tradeoff 

in that Spanish free recall was higher for the structure or forms of words while English 

free recall was higher for semantic information. As a result, the researcher suggested 

that due to the limited capacities for learners to process words, an increase in semantic 

processing can inhibit the ability of learners to process the formal properties of new 

words. 

Barcroft (2009) conducted a study that examined synonym generation on second 

language vocabulary. Participants included 114 native Spanish speakers who read an 

English passage that contained 10 target words that were translated in the text in one of 

four conditions. The participants in the incidental condition read the English passage 

only for meaning, those in the intentional condition read the English passage and tried 

to learn the translated target words, and those in the incidental + semantic condition 

read the English passage and generated Spanish synonyms for the translated target 

words. The participants in the intentional + semantic condition read the English passage 

for meaning, tried to learn the translated target words, and generated Spanish synonyms 
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for the translated target words. The results indicated that, regardless of whether learning 

was intentional or incidental, requiring learners to generate synonyms affected learning 

L2 word forms while reading negatively. The researcher stated that due to the limited 

capacity to process both the meaning and form of a word, semantically orientated tasks 

that focus on processing meaning diminish the processing to learn new word forms. 

The Type of Processing-Resource Allocation model has also been supported by 

studies demonstrating the negative effects that form-related tasks have on learning L2 

word meanings. For example, Barcroft (2006) examined the effects of word writing on 

learning second language vocabulary. The participants included 20 English-speaking L2 

university students who were required to learn 24 flash cards that contained a word 

written below each picture. In a counterbalanced design, 10 participants learned 12 

words in a word-writing condition while the other 10 participants learned 12 words in a 

no-writing condition. The results for both the immediate and delayed posttests revealed 

that vocabulary learning was higher for the no-writing condition and suggested that 

copying words had a negative effect on vocabulary learning. As a result, the researcher 

stated that forced output in the form of word writing detracts from L2 vocabulary 

learning. 
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Barcroft (2007) examined how writing target words and word fragments affects 

second language vocabulary learning. The participants were 21 English-language 

learners who were university students. Each word was presented for six seconds and, in 

a counterbalanced design, each group of seven participants learned eight words in a 

word-writing condition, eight words in a fragment-writing condition, and eight words in 

a no-writing condition. The results for both the immediate and delayed posttest revealed 

that the scores for the no-writing condition were significantly higher than those for the 

fragment-writing condition and that scores were significantly higher for the word 

writing condition than the fragment-writing condition. Like the previous study, Barcroft 

explained that both the word-writing condition and fragment-writing condition entail 

subtasks of motor activity and that looking at words on a screen and looking at words 

on a paper distract learners from learning new words. 

 

Cognitive Load Theory 

Cognitive Load Theory (CLT) (Sweller, 1988) is also relevant to Study 2 and is 

used to explain how both learning vocabulary and understanding a reading passage can 

be influenced by the manner in which tasks are designed. Specifically, this theory 
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hypothesizes that three types of cognitive load determine how information is learned. 

Intrinsic cognitive load refers to the idea that all instruction has an inherent difficulty 

associated with it. For example, the calculation of adding 2 x 2 has an inherent difficulty. 

Although the calculation can be broken down into subschemas or smaller calculations 

and then synthesized, it has inherent properties that cannot be altered by an instructor. 

Extraneous cognitive load refers to how information is presented to learners. It can be 

altered to eliminate unnecessary information in order to make learning easier. For 

instance, how to calculate 2 x 2 can be shown either visually or described verbally to 

learners. Using figures written on a chalkboard, the visual representation of 2 x 2 can be 

quickly understood; however, a verbal description of multiplying 2 x 2 might take 

learners more time and effort to conceptualize. In this respect, the verbal information is 

extraneous and overloads learners’ ability to process information; as a result, it limits 

their capacity for learning. Germane cognitive load refers to the mental effort learners 

devote to learning new material. This cognitive load can also be altered by instructors, if, 

for example, instructional presentations with abstractions and elaborations are created to 

help learners process and learn information. In order for efficient learning to occur, 

Cognitive Load Theory states that learners' cognitive capacity should not be overloaded. 
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Both intrinsic and extraneous cognitive loads are cumulative and can limit cognitive 

resources in working memory for learning (Sweller et al., 1998). Therefore, instructors 

should reduce the extraneous cognitive load of tasks and redirect instructional attention 

to the germane cognitive load to promote more effective learning. 

Researchers have explored how intrinsic cognitive load, extraneous cognitive 

load, and germane cognitive load affect vocabulary learning and text comprehension 

tasks in both paper-based and computer-based studies. For instance, Yeung, Jin, and 

Sweller (1997) compared the effects on vocabulary learning and passage 

comprehension when high and low proficiency ESL readers read vocabulary definitions 

integrated in a reading passage (integrated format) to when they read with list of 

vocabulary definitions separate from a reading passage (separated format). In this study, 

the intrinsic cognitive load was learning new words and comprehending the information 

in the reading passage, the extraneous cognitive load was the presentation of vocabulary 

definitions that were either integrated or separated from the reading passage, and the 

germane cognitive load was the mental effort learners devoted to learning and 

comprehending the material in the text. 
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The integrated format enhanced passage comprehension but reduced vocabulary 

learning for the low proficiency ESL readers, while it reduced passage comprehension 

but enhanced vocabulary learning for high proficiency ESL learners. The researchers 

explained that previous knowledge of words that were defined in the reading passages 

might have compromised comprehension. That is, because word meanings were already 

known by the high proficiency learners, the presence of vocabulary definitions in the 

integrated format reading passages were more difficult to ignore compared to 

vocabulary meanings that were in the separate format reading passages. As a result, the 

integrated definitions were a redundant source of information and thus interfered with 

comprehension, as they imposed an extraneous cognitive load on high proficiency 

learners, overloading their ability to process information. 

Al-Sherhri and Gitaski (2010) examined the effects of comprehension and 

vocabulary learning with participants who read texts and separately answered 

comprehension questions in a split-attention format versus those who read texts with 

comprehension questions inserted within a text in an integrated format. In this study, the 

intrinsic cognitive load was learning new words and comprehending the information in 

the reading passage, the extraneous load was the presentation of comprehension 
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questions that were either inserted or separate from the text, and the germane cognitive 

load was the mental effort learners devoted to answering those questions. Twenty 

intermediate ESL students were randomly assigned to four conditions of Split-Attention 

No Dictionary (SAND), Split-Attention with pop-up On-line Dictionary (SAOD), 

Integrated Format No Dictionary (IFND), and Integrated Format with a pop-up On-line 

Dictionary (IFOD). Mean scores revealed that access to an on-line dictionary was better 

for vocabulary learning and the Integrated format promoted better reading 

comprehension. 

The researchers explain that the extraneous cognitive load of using an on-line 

dictionary was greater for participants who read passages in the Split-Attention format 

compared to participants who read passages in the Integrated format. With regard to 

comprehension, the participants who read passages in the IFND and IFOD formats 

consistently completed the reading comprehension test faster than the participants who 

read passages in the SAND and SAOD formats. With regard to vocabulary learning, the 

participants using the Split-Attention on-line dictionary format (SAOD) looked up 

about 30% more words than the Integrated on-line dictionary format (IFOD). The 

Split-Attention format reduced the effectiveness of the on-line dictionary because the 
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participants in the SAND condition needed to look up more words compared to those in 

the SAOD condition. As a result, the Split-Attention format of switching attention back 

and forth between web pages to complete reading comprehension and vocabulary tasks 

was extraneous in that it caused a cognitive overload in terms of processing 

information. 

Previous theories and studies have shown how the vocabulary and content might 

be processed. With regard to learning new words, based on the Type of 

Processing-Resource Allocation model, if learners focus their attention on learning the 

spelling of words, their retention of a word form will be high, but their retention for the 

meaning of a word will be low. Conversely, if learners focus their attention on learning 

the meanings of words, their retention for word meanings will be high, but their 

retention for the form or spelling of a word will be low. With regard to comprehending 

reading content, based on Cognitive Load Theory, the difficulty of a learning task 

depends on the amount of cognitive load placed upon learners. 
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CHAPTER 4 

STUDY 1: COMPUTER THESAURUS STUDY 

 

Statement of the Problem 

Previous research has demonstrated that the more repetitions learners have for a 

new word, the more likely it is to be remembered (Waring & Takaki, 2003; Webb, 

2007b). Previous research has also shown the number of classic novels that should be 

read and the amount of time that should be spent reading for learners to systematically 

increase their knowledge of mid-frequency words (Nation, 2014). However, there might 

be problems that learners encounter in expanding their vocabulary when it comes to 

reading shorter passages. First, looking up several unknown words by clicking on them 

or typing their spellings into an on-line dictionary creates interruptions that temporarily 

take learners away from a passage. For example, if learners stop reading to look up one 

out of every 25 words, the result is an average of 10 interruptions for a typical 250-word 

passage. Unfortunately, each interruption forces learners to reorient themselves back to 

a text, which can result in a significant loss of time. However, the use of synonyms in 

place of some mid- and low-frequency words can lessen the need for learners to look up 
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all the unknown words of a text. With fewer interruptions, language learners might be 

able to finish reading passages in a shorter amount of time. 

Second, having learners look up several unknown words in a short reading 

passage might create confusion with regard to correctly recalling their forms and 

meanings. However, the use of synonyms can help alleviate the burden of learners 

having to remember the meanings of too many target words in a text. That is, rather than 

having learners look up the meanings of several words, higher frequency synonyms can 

replace low-frequency words and free up learners to focus on those mid-frequency 

words closer to their current vocabulary level. This kind of word replacement can 

prevent learners from becoming overwhelmed, as they might be more likely to keep 

track of and remember the forms and meanings of fewer words. 

Third, having learners read passages with a high density of unknown words or 

engage in a semantic activity while reading can compromise their attention to passage 

content. For example, with regard to word density, Hu and Nation (2000) found that text 

comprehension increased as the density of unknown words decreased. Therefore, the 

use of synonyms in place of mid- and low-frequency words in a reading passage can 
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reduce the density of unknown words and the need to look up those words; as a result, 

learners can devote more attention to comprehending passage content. 

 

The Purposes of the Study 

The purpose of Study 1 is to examine the effectiveness of replacing target words 

in three conditions: (a) an instructor automatically selects the first synonym listed from 

a computer thesaurus (first-listed); (b) an instructor independently thinks of synonyms 

without a computer thesaurus (person-unassisted); and, (c) an instructor selectively 

chooses among synonyms offered from a computer thesaurus (computer-assisted). 

These three word replacement conditions are compared to determine which word 

replacement condition is most conducive to adapting authentic texts with regard to the 

proportion of words (percentage of words that are replaceable among conditions for a 

reading passage), frequency levels of words (median word-frequency level of words 

used to replace unknown words in a reading passage), and time efficiency (average time 

duration necessary to replace unknown words among conditions for a reading passage). 

The results from Study 1 can aid language instructors in modifying the vocabulary of 

reading passages so that learners might be able to read passages more rapidly, retain 
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words more effectively, and devote more attention to passage content when synonyms 

are used to reduce the number of unfamiliar words in an authentic text. In addition, 

because the relative effectiveness of using a computer thesaurus program and having a 

language instructor to replace target words has not been examined, Study 1 might also 

serve to explore the feasibility of developing a computer thesaurus program that can 

replace unfamiliar words. 

In Study 1, the three conditions for word replacement of first-listed, 

person-unassisted, and computer-assisted vary with regard to the amount of input or 

effort required to replace target words by language instructors. For example, for the 

first-listed condition, the language instructor simply selects the first-listed synonym 

offered by a computer thesaurus. For the person-unassisted condition, the language 

instructor thinks of and substitutes suitable words and phrases for target words without 

the use of an external resource. The computer-assisted condition, however, is a 

combination of the two previous conditions. Like the first-listed condition, the language 

instructors in the computer-assisted condition employ the use of an external resource, a 

computer thesaurus, to view a list of possible synonyms for a target word. In addition, 

like the person-unassisted condition, the language instructors in the computer-assisted 
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condition must also decide and choose among synonyms offered by the computer 

thesaurus that might be appropriate replacements for a target word. 

These different conditions also present a tradeoff with regard to the number of 

suitable words that can be provided, the appropriateness of words provided for the 

context of a passage, and the amount of time needed to provide suitable words. For 

example, on one hand, due to the convenience of using a computer thesaurus, the 

first-listed and computer-assisted conditions can provide a large number of synonyms 

that can potentially replace unknown words in a short amount of time. On the other 

hand, words thought up in the person-unassisted condition might be more suitable for 

the context of a passage because language instructors independently think of and judge 

the appropriateness of the replacement words for the passage. As a consequence, this 

method might be more time consuming than the first-listed or computer-assisted 

conditions. 
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Conditions 

Person-Unassisted Replacement 

This condition has three steps. First, the language instructor reads through the 

reading passage. Second, upon encountering a highlighted target word, without the use 

of the computer thesaurus, the instructor thinks of a synonym or two to three-word 

phrase that suitably replaces the meaning of the highlighted target word. Third, the 

language instructor types in the thought-up synonym or phrase in a spreadsheet 

positioned beside the reading passage. 

 

Computer-Assisted Replacement 

This condition has five steps. First, the language instructor reads through the 

reading passage. Second, upon encountering a highlighted target word, the instructor 

positions the cursor over the highlighted target word and right clicks the computer 

mouse to access a menu of functions. Third, the instructor scrolls down the menu and 

finds and clicks the synonym function. Fourth, from the synonym function, the instructor 

chooses a synonym or two to three-word phrase that suitably replaces the meaning of 

the highlighted target word. If an appropriate synonym or two to three-word phrase is 
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not provided by the synonym function, the instructor thinks of a synonym or two to 

three-word phrase. Fifth, the instructor types the synonym or phrase that was chosen or 

thought of in the spreadsheet positioned beside the reading passage. 

 

First-Listed Replacement 

This condition has five steps. First, the language instructor reads through the 

reading passage. Second, upon encountering a highlighted target word, the instructor 

positions the cursor over the highlighted target word and right clicks the computer 

mouse to access a menu of functions. Third, the instructor scrolls down the menu and 

finds and clicks the synonym function. Fourth, from the synonym function, the instructor 

finds the first-listed synonym or two to three-word phrase that is displayed at the top of 

the synonym list from the menu. Fifth, the instructor types the synonym or phrase that 

was found in the spreadsheet positioned beside the reading passage. This condition does 

not entail decision making on behalf of the instructor and, therefore, functions as a 

control condition in the study. 
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Research Questions 

Study 1 involves mid-frequency and low-frequency words belonging to the 

4,000 to 5,000; 6,000 to 7,000; 8,000 to 9,000, and 10,000 and above (10,000+) 

word-frequency levels. The research questions for Study 1 are as follows: 

1. What proportion of target words, from the 4,000 to 5,000; 6,000 to 7,000; 8,000 to 

9,000, and 10,000+ word families can be replaced by participants in the first-listed, 

person-unassisted, and computer-assisted conditions? 

2. What is the median word frequency level used to replace target words belonging to 

the 4,000 to 5,000; 6,000 to 7,000; 8,000 to 9,000, and 10,000+ word-frequency 

levels by participants in the first-listed, person-unassisted, and computer-assisted 

conditions? 

3. What is the average amount of time participants need to replace target words in a 

reading passage using first-listed, person-unassisted, and computer-assisted 

conditions? 
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Research Hypotheses 

Two hypotheses are presented for each of the three research questions for the 

Computer Thesaurus Study. For the first research question concerning the proportion of 

target words replaced with synonyms, Hypothesis 1 is that the participants in the 

computer-assisted and person-unassisted conditions will submit a higher proportion of 

synonyms to replace target words compared to the participants in the first-listed 

condition. The first-listed condition is an automatic condition that does not require 

judgment on behalf of the participants because they are only required to select one 

synonym or phrase displayed at the top of the synonym menu. However, the other two 

conditions require judgment by the participants. For example, participants in the 

person-unassisted condition are free to think of more than one synonym or phrase for a 

target word because they are not limited to selecting just the first-listed synonym. 

Likewise, participants in the computer-assisted condition might be able to provide more 

than one synonym because they are not only free to think of several synonyms or 

phrases, but 

they are also free to find and think about the suitability of more than one synonym or 

phrase listed in the computer thesaurus. 
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Hypothesis 2 is that participants in the computer-assisted condition will provide 

more synonyms than participants in the person-unassisted condition. For instance, the 

participants in the computer-assisted condition are afforded the use of two resources, the 

Microsoft Word thesaurus program to look up synonyms and their own ideas to produce 

synonyms for the target words in a reading passage. Participants in the 

person-unassisted condition, however, only have one resource, their own ideas, to 

produce synonyms for the target words. 

The second research question concerning the median frequency levels of 

submitted synonyms has two hypotheses. Hypothesis 1 is that the participants in the 

computer-assisted and person-unassisted conditions will provide more synonyms that 

are high-frequency words than participants in the first-listed condition. For example, the 

use of only the Microsoft Word thesaurus might be limited due to the number of 

synonyms it provides. In addition, the dynamic of the first-listed condition, unlike the 

computer-assisted and person-unassisted conditions, does not allow participants to 

independently judge the appropriateness or gauge the level of difficulty of a synonym 

for a target word in context. 
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Hypothesis 2 is that the participants in the computer-assisted condition will 

replace more target words with high-frequency synonyms than participants in the 

person-unassisted condition. For instance, the computer-assisted condition affords 

participants a larger array of synonyms to choose from compared to what participants in 

the person-unassisted condition might be able to think up by themselves. 

The third research question concerns the amount of time participants in each 

condition need to replace target words; this research question is accompanied by two 

hypotheses. Hypothesis 1 is that the participants in the first-listed condition will require 

less time to replace target words with synonyms compared to the participants in the 

computer-assisted and person-unassisted conditions because the participants in the 

first-listed condition do not need to spend time reading, understanding, and judging how 

a synonyms suit the context of the reading passage. Rather, they only need to select the 

first-listed synonym from the Microsoft Word thesaurus program. 

Hypothesis 2 is that the participants in the person-unassisted condition will 

require less time to replace target words than the participants in the computer-assisted 

condition. For instance, the dynamic of the person-unassisted condition only requires a 

participant to engage in a two-step process of understanding the context of a passage 
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and thinking of a synonym. The computer-assisted condition, however, requires the 

participants to engage in a longer three-step process of understanding the context of a 

passage, accessing a synonym list from Microsoft Word thesaurus program, and 

deciding which synonym might be the best replacement for a target word. 

 

Participants 

The participants for Study 1 were 12 native-speaking English language 

instructors. All of the instructors had eight or more years of experience teaching English 

as a Second Language (ESL) in Japan. The six instructors who spoke General American 

English included five men and one woman. One instructor held a doctorate degree in 

education and the other instructors held master’s degrees in education or linguistics. The 

six instructors who spoke British English also included five men and one woman. All 

six instructors held master’s degrees in education or linguistics. Two speakers of 

American English and two speakers of British English were placed in the 

computer-assisted, person-unassisted, and first-listed conditions, respectively. I was not 

a participant in this study. 
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There are a few limitations with regard to the participants used in the Computer 

Thesaurus study. First, because there were only 12 participants, the results might not be 

reflective of what might be found if a larger number of participants were used. Second, 

the significance might be further diminished because the 12 participants were equally 

divided into two smaller groups between those who spoke American English and British 

English, therefore the results might not necessarily be reflective of the two types of 

English. Third, because the number of participants was not confirmed until the last 

minute, a counterbalanced design of pairing different participants with different reading 

passages was not employed. This lack of counterbalancing might have produced an 

order effect for the types of synonyms participants submitted in their condition. For 

example, because all participants read all the passages in the same order, it is possible 

that as they read through the reading passages they became more acquainted and adept 

at submitting synonyms in the condition they were assigned. As a result, the number and 

type of synonyms submitted for the first and second reading passages might have 

differed from those synonyms submitted for the fourth and fifth reading passages. A 

counterbalanced design of participants and reading passages might have offset this order 

effect. 
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Instruments 

Thesaurus Software 

The thesaurus used in this study is a part of the Microsoft Word 2010 computer 

program. This software program enables its users to view a reading passage in Microsoft 

Word and access a list of synonyms provided by its thesaurus simultaneously. For 

example, if readers read a passage, position their computer mouse cursor over a target 

word, and right click their mouse on that target word, a window containing a menu of 

functions appears. One of the functions within this menu is Synonyms. If readers 

position their mouse cursor over this function, an additional menu of possible synonyms 

for the target word appears on the computer screen beside the target word. 

 

AntWordProfilier 

AntWordProfiler 1.30w (Anthony, 2012) is a free downloadable word profiling 

software program developed by Laurence Anthony, a professor of linguistics at Waseda 

University, Japan. When a text is uploaded into AntWordProfiler, the program identifies 

the frequency level of each word belonging to the first 1,000 baseword list, second 

1,000 baseword list, 570 academic word list, or an off-word list. However, for the 
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Computer Thesaurus Study, the number of baseword lists was expanded to include the 

thirty-four 1,000-frequency lists from the British National Corpus (BNC) and the 

Corpus of Contemporary American English (COCA) to identify high frequency (first 

1,000 to third 1,000), mid-frequency fourth 1,000 to ninth 1,000), and low-frequency 

(tenth 1,000 and beyond) words. 

The AntWordProfiler program can be particularly useful for language instructors 

because it can be used to systematically modify reading passages that might be of 

interest to learners. For example, after a text is uploaded into the program and analyzed, 

instructors can quickly identify the mid- and low-frequency words that might be 

unknown to the learners they are teaching. Once identified, these words can be replaced 

with synonyms of a higher word frequency. In this way, the vocabulary from a book, 

magazine, or newspaper can be modified and made easier for learners to read without 

major revisions that might compromise content. 

 

Reading Passages 

The five reading passages used in this study had similar profile statistics. The 

reading passages consisted of 217 or 218 words and six target words. As a result, in 
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principle, if learners were unfamiliar with all the target words, the lexical coverage 

offered from these passages would be slightly less than the required 98% coverage to 

read a passage without the aid of an external resource (218 - 6 = 212 ÷ 218 = 97.2%; 

217 - 6 = 211 ÷ 217 = 97.2%). The Flesch Reading Ease scores for four of the five 

passages ranged from 65.1 to 69.9, and the Flesch-Kinkaid grade levels for these 

passages varied from 7.9 to 8.0. Only the Nutrition passage had a substantially lower 

Flesch Reading Ease score (47.3) and higher grade level (12.1) compared to the four 

other passages. 

The reading passages varied with regard to the target word-frequency levels. For 

example, for the six target words in the Nutrition passage, three target words were in the 

fourth 1,000 word-frequency level, two were in the sixth 1,000 word-frequency level 

and one target word was of the eighth 1,000 word-frequency level. However, for the six 

target words in the Aging passage, one target word was in the fourth 1,000 

word-frequency level, two were in the fifth 1,000 word-frequency level, one was in the 

eighth, 1,000 word-frequency level, one was in the ninth 1,000 word-frequency level 

and one was above the tenth 1,000 word-frequency level. Table 8 shows the passage 

profile statistics. 
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Table 8. Profile Statistics for the Five Reading Passages 

 

Passage 

Target 

words 

Word 

count 

Lexical 

coverage 

Flesch Reading 

Ease 

Flesch-Kinkaid 

Grade Level 

Nutrition 6 218 97.2 47.3 12.1 

Aging 6 217 96.7 67.0 8.0 

Smoking 6 217 96.7 65.8 8.0 

Exercise 6 218 97.2 65.1 8.0 

Sleep 6 218 97.2 69.9 7.9 

 

Table 9 shows the target word-frequency levels for the five reading passages. 

 

Table 9. Target Word Frequencies for the Five Reading Passages 

Word-frequency levels 

Passage TW 3 4 5 6 7 8 9 10 10+ 

Nutrition 6  3  2  1    

Aging 6  1 2   1 1  1 

Smoking 6  1 1 1 1    2 

Exercise 6       1 2 3 

Sleep 6 1 1    3 1   

Note. TW = Number of target words in the reading passage; passage 3 = 1; passage 4 = 6; 

passage 5 = 3; passage 6 = 3; passage 7 = 1; passage 8 = 5; passage 9 = 3; passage 10 = 2; 

passage 10+ = 6. 

 

Target Word Replacement Spreadsheet 

In Study 1, the participants were instructed to position their Excel spreadsheet to 

the right of each reading passage so that they could view both documents side by side 

on the computer simultaneously. The spreadsheet was divided into three columns. First, 



122 

the far left column contained the target word that was in the reading passage. Second, 

the participant typed one synonym or phrase for each target word in the center column. 

The participant typed the time it took to replace all the target words at the bottom of this 

column. Third, I used the far right column to list the word frequency levels of the 

synonyms or phrases listed by the participant. Figure 3 shows an example of a target 

word replacement spreadsheet used in Study 1 for the computer-assisted condition. 

 

Target Word Computer-Assisted  Word Level 

infant   

spectrum   

tumult   

migraine   

fervor   

precept   

XXXXXXX Time: 

 

 

Figure 3. Target Word Replacement Spreadsheet. 

 

Figure 4 is an example two target words were presented in the Sleep passage. 
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An infant, for example, requires a lot of sleep to grow. A teenager needs to have about 

10 hours of sleep a night, while an adult requires about seven to eight hours. Therefore, 

there seems to be a spectrum of hours needed for sleep depending on one’s age. 

Figure 4. Target words in the Sleep passage. 

 

Procedure 

Although the testing conditions varied, the testing procedures were similar. With 

regard to testing conditions, the participants in the computer-assisted condition were 

instructed to produce one possible replacement synonym or phrase using the Microsoft 

Word thesaurus for each target word in the reading passage. The participants in the 

first-listed condition also used the Microsoft Word thesaurus, but they were instructed to 

select only the first-listed synonym or phrase displayed at the top of the synonym menu. 

The participants in the person-unassisted condition were instructed to think of one 

possible replacement synonym or phrase for each target word in the reading passage 

without using the Microsoft Word thesaurus program. 

With regard to the testing procedures, first, before the study was conducted 

participants were informed that their results would not be revealed and their 

participation would remain anonymous. Second, the participants in all conditions were 



124 

instructed to position documents in a two-page format with the reading passage on the 

left side of the computer screen and the corresponding Excel spreadsheet on the right 

side of the computer screen so that they could view both documents on the computer 

screen simultaneously. Third, with regard to the testing situation, the participants were 

instructed to act as though they read the following passages in a newspaper or magazine. 

However, to prepare the passages for an intermediate level ESL class (500 TOEIC), it 

was necessary to replace the target words in the passages. Fourth, the participants were 

instructed to set their stopwatch and, when ready to begin reading a passage, start the 

stopwatch. Fifth, while reading the passage with the stopwatch running, the participants 

were instructed to type a suitable synonym or phrase for a target word in the center 

column of the corresponding Excel spreadsheet. The participants were instructed to 

proceed in the same manner until all the highlighted target words were replaced. Sixth, 

when the participants finished replacing all of the highlighted target words in the 

passage, they were instructed to stop their stopwatch and record the time displayed in 

the bottom center cell of the Excel spreadsheets. The participants completed all five 

reading passages in the same manner. 
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Spreadsheet Scoring 

The number of possible synonyms varied for each target word. For example, for 

the target words of spectrum, tumult, and migraine from Figure 3, the Microsoft Word 

thesaurus presented eight, seven, and zero synonyms, respectively. Although the number 

of synonyms differed for target words, aside from the instructors using their own idea, 

this would be the dynamic all language instructors would encounter if they used the 

Microsoft Word thesaurus as their sole electronic resource to replace target words in a 

reading passage for a language lesson. Therefore, in this respect, the number of 

synonyms was controlled by using language instructors with similar ESL backgrounds 

and using the same computer program, the Microsoft Word thesaurus. 

The frequency level of submitted synonyms was identified using 

AntWordProfilier in four steps. First, the synonyms submitted by each participant were 

uploaded into the User File(s) window of the AntWordProfilier software program. 

Second, the baseword lists from the thirty-four 1,000 word-frequency lists from the 

British National Corpus (BNC) and the Corpus of Contemporary American English 

(COCA) were uploaded into the Level Lists(s) window of the AntWordProfilier 

software program. Third, settings such as Statistics, Word Types, Word Groups 
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(Families), and Include Complete Frequency List were selected from the Output 

Settings, and Frequency was selected from the Sort Settings. Fourth, the start button 

that produced a window of statistics was selected. Upon scrolling down the menu 

window, each synonym submitted was identified as belonging to a baseword list that 

indicated the frequency level of that particular synonym. Fifth, the frequency level for 

each synonym was recorded in the far right column target word replacement 

spreadsheet so that it could be easily identified for calculation. 

 

Methods of Calculation 

Four methods of calculation were used to determine the average number of 

substitutions, median word frequency level for synonyms submitted by the language 

instructors, the average word frequency level for the synonyms submitted for each 

condition, and the average time needed to replace the target words. Using the 4,000 to 

5,000 word-frequency level words for the following examples, the average number of 

substitutions for the five reading passages was calculated by dividing the total number 

of synonyms submitted by a participant by the total number of 4,000 to 5,000 

word-frequency level target words in the five reading passages. For example, for the 



127 

person-unassisted condition, if a participant produced and submitted 10 synonyms for 

the ten 4,000 to 5,000 word-frequency level target words, the average number of 

substitutions for this condition would be 100% (10 synonyms ÷10 target words = 1). 

However, if a participant only submitted six possible synonyms for the same 10 target 

words, the average number of substitutions in this condition would be 60% (6 synonyms 

÷ 10 target words = .60). 

Second, the median word frequency level of the synonyms submitted by each 

participant was calculated. For this question, the median, rather than the average, was 

used because the frequency levels for some of the synonyms submitted varied greatly 

from the others and, as a result, the distributions were skewed. Therefore, to prevent 

outliers from influencing the central tendency, the median was used to represent the 

midpoint in the frequency distribution for submitted synonyms. For instance, for the 

participants in the person-unassisted condition, the frequency of a submitted synonym, 

or the highest frequency of a word in each submitted word phrase, was added together 

to yield a sum of 22 (1 + 6 + 1 + 1 + 3 + 1 + 1 + 1 + 4 + 3 = 22). This sum was then 

divided by 10, or the total number of target words belonging to the 4,000 to 5,000 

word-frequency levels present in the five reading passages. This process yielded a score 
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of 2.2 (sum of submitted synonyms is 22 ÷ 10 4,000-5,000 word-frequency items = 2.2). 

As a result, the median word frequency level of synonyms submitted by the participant 

for the target words belonging to the 4,000 to 5,000 word-frequency levels in the 

person-unassisted condition was 2.2, or near the 2,000 word-frequency level. 

Third, the average word frequency for the synonyms submitted for each 

condition was calculated. For example, the average word frequency levels from the four 

participants in the person-unassisted condition were added to yield a total of 7.9 (1.8 + 

2.1 + 2.0 + 2.0 = 7.9). Next, the total was then divided by 4, the number of participants 

in the same condition, to yield a score of 1.97 (7.9 [total of average word frequency 

levels] ÷ 4 [number of participants in the person-unassisted condition] = 1.97). As a 

result, the average word-frequency level of the synonyms submitted for the 

person-unassisted condition for the target words belonging to the 4,000 to 5,000 

word-frequency levels was 1.97, or near the 2,000 word-frequency level. 

Finally, the average time required to replace target words with synonyms was 

calculated. First, all recorded times were converted from minutes and seconds into only 

seconds. Second, to calculate individual averages, the time the language instructors 

needed to read the five passages was totaled and then divided by five (the number of 
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reading passages). Third, to calculate the average time it took the participants to replace 

the target words in a particular condition, the individual participants' averages were 

added and divided by four (the number of participants in a condition). 

 

Synonym Quality 

Participants 

To further complement the research questions and to investigate to what extent 

the results were due to individual characteristics, English variety, and replacement 

condition, all synonyms were rated. The raters were ESL instructors who held master’s 

degrees in education or linguistics and had eight or more years of experience teaching 

ESL in Japan. Two raters, General American English speakers, included one man and 

one woman from the United States. Two raters, British English speakers, included one 

man from the England and one woman from Ireland. I was not a rater. 

 

Procedure 

The rating procedure was a five-step process. First, the raters were informed that 

their results would not be revealed and that their participation would remain anonymous. 
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Second, the raters were asked to open a PDF attachment on their computer. The PDF 

enabled the raters to view the reading passage on the left side of their computer screen 

and a list of synonyms that participants submitted from Study 1 for each target word in 

the reading passage on the right side of their computer screen. “Yes / No” was written 

beside each synonym. Third, before rating the synonyms and phrases, the raters were 

instructed to read through the reading passage on the left side of their computer screen. 

Fourth, after the raters read a passage, they were instructed to indicate whether or not 

the synonyms listed on the right side of their screen were suitable to replace the target 

words in the reading passage. To do this, the raters were asked to delete “No”, leaving 

“Yes” to indicate that a synonym was suitable or, to delete “Yes”, leaving “No” to 

indicate that a synonym was not a suitable replacement for the target word. The raters 

could look back and forth between the reading passage and synonyms as often as they 

liked. Fifth, when the raters were finished rating all the synonyms, they saved the PDF 

document and e-mailed it back to me. Figure 5 shows an example of the two-page PDF 

document that enabled the raters to view, read, and judge whether the synonyms were 

suitable replacements for target words in the reading passage. 
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(Left side) Reading Passage 

An infant, for example, requires a lot of sleep 

to grow. A teenager needs to have about 10 

hours of sleep a night, while an adult requires 

about seven to eight hours. Therefore, there 

seems to be a spectrum of hours needed for 

sleep depending on 

(Right side) Synonyms for target words 

infant 

baby = Yes / No 

child = Yes / No 

 

spectrum 

range = Yes / No 

variety = Yes / No 

Figure 5. Two-page PDF document to rate synonyms and phrases for target words in 

the Sleep passage. 

 

Methods of Calculation 

Calculations were performed to investigate the impact that individual 

characteristics, English variety, and conditions had on the replacement for target words. 

To examine the impact of individual characteristics on word replacement, the number of 

synonyms judged suitable for a target word from each rater was calculated. First, each 

rater’s results for suitable synonyms for the target words were added together. For 

example, in Table 15, the first British rater (B1) judged that three of four participants in 

the first-listed condition in Study 1 submitted a suitable synonym for the target word 

mandate. However, the second British rater (B2) judged that all four participants in the 

first-listed condition submitted a suitable synonym for the same target word. Second, 

the average number of suitable synonyms according to each rater in a condition was 
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determined by adding the total number of suitable synonyms for a word-frequency level 

and then dividing that number by the number of target words in that word-frequency 

level. For instance, the number of suitable synonyms from the B2 rater was 36 (4 + 4 + 

4 + 0 + 4 + 4 + 4 + 4 + 4 + 4 = 36). This number was divided by 10, the number of 

target words from the reading passage belonging to the 4,000-5,000 word-frequency 

level, to yield 3.6 (36 ÷ 10 = 3.6). The figure of 3.6 can be divided by four, the number 

of participants in each condition, to covert the average number of suitable synonyms 

into percentages. Therefore, the average percentage of synonyms submitted by the 

second British rater (B2) in the first-listed condition judged to be suitable was 90% (3.6 

÷ 4 = 0.9). 

The number of suitable synonyms judged to be suitable and produced by the 

American and British raters was calculated separately. First, the average number of 

suitable synonyms from the two American raters in the first-listed condition were added 

and then divided by 2 to yield an average of 2.9 (3.0 + 2.7 = 5.7 ÷ 2 = 2.85). Likewise, 

the average number of suitable synonyms from the two British raters in the same 

condition were added and then divided by 2 to yield an average of 3.5 (3.4 + 3.6 = 7 ÷ 2 

= 3.5). These figures can be divided by four, the number of participants in each 
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condition, to covert the average number of suitable synonyms into percentages. For 

example, for the participants in the first-listed condition, the percentage of synonyms 

judged to be suitable was 73% (2.9 ÷ 4 = .725) by the American raters and 88% (3.5 ÷ 4 

= .875) by the British raters. 

Last, the number of synonyms judged to be suitable replacements for the target 

words from each replacement condition was calculated. For example, the average 

number of suitable synonyms from the two American raters and the two British raters 

were added together and divided by 2, the number of English varieties (i.e., American 

and British English), to yield 3.2 (2.9 + 3.5 = 6.4 ÷ 2 = 3.2). This figure can be divided 

by four, the number of participants in each condition to covert the average number of 

suitable synonyms into percentages. Therefore, overall, the average percentage of 

synonyms judged to be suitable by the raters for participants in the first-listed condition 

was 80% (3.2 ÷ 4 = 0.8). 
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Results 

Table 10 shows the results from the participants in the first-listed, 

person-unassisted, and computer-assisted conditions for mid-frequency target words 

belonging to the 4,000 to 5,000 word-frequency levels. 

 

Table 10. Word Replacement Levels for the 4,000-5,000 Word-Frequency Levels 

 First-listed  Person-unassisted  Computer-assisted 

Target word  1 2 7 8  3 4 9 10  5 6 11 12 

infant (3)  1 1 1 1  1 1 1 1  1 1 1 1 

contempt (4)  6 6 6 6  6 6 3 6  1 5 6 8 

mandate (4)  3 1 1 1  1 4 2 1  1 2 2 1 

quota (4)  1 1 1 1  1 1 2 1  1 1 1 1 

spectrum (4)  2 2 2 2  2 2 2 3  2 2 2 3 

surplus (4)  1 1 1 1  1 1 1 3  1 3 3 1 

vigor (4)  1 7 7 7  2 2 2 1  1 2 2 1 

comrade (5)  6 1 1 1  1 1 1 1  1 1 1 1 

menace (5)  2 2 2 2  1 1 2 1  1 1 1 1 

prudence (5)*  1 No No No  1 2 1 4  1 2 2 1 

Average FL  2.6 2.4 2.4 2.4  1.8 2.1 1.8 2.0  1.1 2.0 2.1 2.0 

Total average     2.5     1.9     1.8 

Note. No = word not provided, Average FL = Average frequency level for a participant. Total 

average = Average frequency level for a condition, * = Target word not included in the averages. 

 

Overall, the results shown in Table 10 show that the average word-frequency 

level of the synonyms used to replace mid-frequency target words belonging to the 
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4,000 to 5,000 word-frequency levels was 1.8 for the participants in the 

computer-assisted condition, 1.9 for the participants in the person-unassisted condition 

and 2.5 for the participants in the first-listed condition. These results suggest that the 

target words replaced with synonyms by the participants in the computer-assisted 

condition were of a slightly higher word frequency than those selected by the 

participants in the person-unassisted and first-listed conditions. 

Table 11 shows the results for the participants in the first-listed, 

person-unassisted, and computer-assisted conditions for mid-frequency target words 

belonging to the 6,000 to 7,000 word-frequency levels. The results from Table 11 reveal 

the average word-frequency level of synonyms used to replace mid-frequency target 

words belonging to the 6,000 to 7,000 word-frequency levels was 2.5 for the 

participants in the computer-assisted condition, 1.0 for the participants in the 

person-unassisted condition, and 5.5 for the participants in the first-listed condition. 

These results suggest that target words replaced with synonyms by participants in the 

person-unassisted condition were of a higher word frequency level than those selected 

by the participants in either the computer-assisted or first-listed conditions. 
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Table 11. Word Replacement Levels for the 6,000-7,000 Word-Frequency Levels 

 First-listed  Person-unassisted  Computer-assisted 

Target word  1 2 7 8  3 4 9 10  5 6 11 12 

obese (6)  1 1 1 1  1 1 1 1  1 7 7 1 

poultry (7)  10 10 10 10  1 1 1 1  1 1 1 1 

remorse (7)*  6 No 3 3  3 2 3 1  2 3 3 1 

Average FL  5.5 5.5 5.5 5.5  1.0 1.0 1.0 1.0  1.0 4.0 4.0 1.0 

Total average     5.5     1.0     2.5 

Note. No = word not provided, Average FL = Average frequency level for a participant. Total 

average = Average frequency level for a condition, * = Target word not included in averages. 

 

Table 12 displays the results of participants in the first-listed, person-unassisted, 

and computer-assisted conditions for mid-frequency target words belonging to the 8,000 

to 9,000 word-frequency levels. The results from Table 12 reveal the average 

word-frequency level of synonyms used to replace mid-frequency target words 

belonging to the 8,000 to 9,000 word-frequency levels was 2.8 for the participants in the 

computer-assisted condition, 2.3 for the participants in the person-unassisted condition, 

and 3.9 for the participants in the first-listed condition. These results indicate that the 

target words replaced with synonyms by the participants in the person-unassisted 

condition were of a higher word frequency than those selected by the participants in the 

computer-assisted or first-listed conditions. 

  



137 

Table 12. Word Replacement Levels for the 8,000-9,000 Word-Frequency Levels 

 First-listed  Person-unassisted  Computer-assisted 

Target word  1 2 7 8  3 4 9 10  5 6 11 12 

fervor (8)  3 3 3 3  1 2 2 1  1 3 3 1 

grandeur (8)  7 7 7 7  1 1 3 No  1 7 4 1 

kernel (8)  1 2 2 2  3 2 1 3  3 1 3 1 

migraine (8)*  * No * *  * * * *  * * * * 

tantrum (8)  7 7 7 7  3 3 1 6  7 7 5 7 

tumult (8)  8 8 8 8  1 6 4 2  4 2 9 1 

penchant (8)  1 1 1 2  2 1 2 1  2 1 1 1 

precept (9)  1 3 3 3  1 7 2 1  1 1 7 1 

solace (9)  1 1 1 1  7 2 2 1  1 1 1 1 

Average FL  3.6 4.0 4.0 4.1  2.4 3.0 2.1 1.9  2.5 2.9 4.1 1.8 

Total average     3.9     2.3     2.8 

Note. No = word not provided, Average FL = Average frequency level for a participant. Total 

average = Average frequency level for a condition, * = Target word not included in averages. 

 

Table 13 shows the results of the participants in the first-listed, 

person-unassisted, and computer-assisted conditions for low-frequency target words 

belonging to the 10,000+ word-frequency levels. The results shown in Table 13 indicate 

that the average word-frequency level of synonyms used to replace low-frequency target 

words belonging to the 10,000+ word-frequency levels was 2.5 for the participants in 

the computer-assisted condition, 1.6 for the participants in the person-unassisted 

condition, and 3.3 for the participants in the first-listed condition. These results indicate 

that the synonyms that replaced target words by the participants in the person-unassisted 



138 

condition were of a higher word frequency level than those selected by the participants 

in the computer-assisted or first-listed conditions. 

 

Table 13. Word Replacement Levels for the 10,000+ Word-Frequency Levels 

 First-listed  Person-unassisted  Computer-assisted 

Target word  1 2 7 8  3 4 9 10  5 6 11 12 

chagrin (10)  10 4 4 4  1 2 3 1  1 2 2 1 

malaise (10)  2 1 1 1  2 1 1 1  2 6 1 1 

bulwark (11)*  6 6 6 6  1 1 1 1  1 1 * 1 

quagmire (11)  5 5 5 5  1 1 1 1  1 1 7 1 

aplomb (12)  2 2 2 2  2 3 3 1  2 3 8 1 

damsel (12)*  x x 1 x  1 1 1 1  1 1 1 1 

fracas (13)  2 5 5 5  1 3 2 1  2 2 1 1 

gumption (16)  3 1 1 1  2 1 1 3  3 3 8 1 

Average FL  4.0 3.0 3.0 3.0  1.5 1.8 1.9 1.3  1.8 2.8 4.5 1.0 

Total average     3.3     1.6     2.5 

Note. x = word not found, Average FL = Average frequency level for a participant. Total average 

= Average frequency level for a condition, * = Target word not included in averages. 

 

Although the participants were instructed to choose the first word displayed at 

the top of the synonym menu, the choice of synonyms differed somewhat among 

participants in the first-listed condition. Upon inquiring as to the type of computer 

thesaurus used, participants 1 and 2 confirmed that they used a Macintosh computer 

despite being instructed to use a Windows computer. On one hand, the type of computer 
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might have had a considerable impact on the synonyms selected because the first 

participant chose 12 synonyms that were different from participants 3 and 4 who used a 

Windows computer. On the other hand, the answers for participant 2, who also did not 

use a Windows computer, differed in that he did not provide the same synonym for just 

one target word. Therefore, due to this disparity and because computers are 

continuously being updated, the version of the software rather than the type of computer 

operating system might determine the type of synonym that is listed in a computer 

thesaurus. 

The differences for the average word frequency levels between the American 

English speakers (1-6) and British English speakers (7-12) were calculated. The 

differences for the respective 4,000 to 5,000, 6,000 to 7,000, 8,000 to 9,000, and 10,000 

+ word-frequency levels were 0.1 (2.5 – 2.4 = 0.1), 0.0 (5.5 – 5.5 = 0.0), 0.2 (4.0 – 3.8 = 

0.2), and 0.6 (3.5 – 3.0 = 0.5) for the first-listed condition, 0.1, 0.0, 0.7, and 0.1 for the 

person-unassisted condition, and 0.5, 0.0, 0.5, and 0.4 for the computer-assisted 

condition. Figure 6 displays the differences in average frequency levels between 

American English and British English speakers for each replacement condition. 
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Figure 6. Word frequency averages for American and British-English speakers in the 

first-listed (n = 4), person-unassisted (n = 4) and computer-assisted (n = 4) conditions. 

 

These results show that the averages between the American and British English 

participants in every condition differed by less than one word frequency level for each 

word-frequency level. 

 

Research Question 1: Proportion of Target Words Replaced 

Research question 1 asked, What proportion of target words, from the 4,000 to 

5,000, 6,000 to 7,000, 8,000 to 9,000, and 10,000+ word families can be replaced by 

participants in the first-listed, person-unassisted, and computer-assisted conditions? 
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The comparison for the proportion of words replaced from each condition 

revealed that all participants in the computer-assisted condition had 100% coverage for 

target words incorporated into the five reading passages for all word frequency levels. 

The participants in the person-unassisted condition also provided 100% coverage for 

target words belonging to the 4,000 to 5,000, 6,000 to 7,000, and 10,000+ word 

frequency levels. However, for the 8,000 to 9,000 word frequency families, the 

participants in this condition provided 97% coverage (31 ÷ 32 = 97.4%). The 

participants in the first-listed condition provided 93% coverage for the 4,000 to 5,000 

word-frequency items (37 ÷ 40 = 92.5%), 92% coverage for the 6,000 to 7,000 

word-frequency items (11 ÷ 12 = 91.6%), 97% coverage for 8,000 to 9,000 

word-frequency items (38 ÷ 39 = 97.2%), and nearly 94% coverage for the 10,000+ 

word-frequency items (30 ÷ 32 = 93.8%). Figure 7 shows the proportion of target words 

replaced for the three replacement conditions among the four word-frequency levels. 
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Figure 7. Proportion of target words replaced. First-listed (n = 4), person-unassisted (n = 

4), and computer-assisted (n = 4) conditions. 

 

Overall, the computer-assisted and person-unassisted conditions were more 

effective in replacing a higher proportion of target words than the first-listed condition 

for the 4,000 to 5,000, 6,000 to 7,000, and 10,000+ word-frequency levels. In addition, 

the person-unassisted condition was only slightly less effective than the 

computer-assisted condition yet equal to the first-listed condition for replacing target 

words in the 8,000 to 9,000 word-frequency level. Because both the computer-assisted 

and person-unassisted conditions were more effective in providing synonyms and 

phrases for targets than the first-listed condition, Hypothesis 1 that the 
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computer-assisted and person-unassisted conditions will provide a higher proportion of 

synonyms to replace target words compared to the first-listed condition, was supported. 

In addition, because the proportion of submitted synonyms for the computer-assisted 

condition was slightly higher for one word-frequency level and equal to the 

person-unassisted condition for three word-frequency levels, Hypothesis 2 that the 

computer-assisted condition will provide the highest proportion of words to replace 

target words, was also supported. 

 

Research Question 2: Average Word Frequency of Target Words Replaced 

Research questions 2 asked, What is the median word frequency level used to 

replace target words belonging to the 4,000 to 5,000, 6,000 to 7,000, 8,000 to 9,000, and 

10,000+ word-frequency levels by the participants in the first-listed, person-unassisted, 

and computer-assisted conditions? 

In an effort to unify the analysis of each condition, the frequency levels for some 

target words were not included when calculating the average frequency levels for a 

participant. For instance, the target words prudence, remorse, migraine, and damsel 

were omitted across all conditions for the four respective word-frequency levels 
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because some participants from the first-listed condition did not provide synonyms 

offered from their computer thesaurus. In addition, the target word bulwark from the 

11,000 word-frequency level was omitted because one participant from the 

computer-assisted condition provided a synonym that was 25 frequency levels higher 

than the next highest synonym listed by a participant from the first-listed condition. To 

include the absence of a frequency level word for a target word in the former case or 

one exceedingly high frequency level word in the latter case for the calculation of 

averages would have skewed the results. 

The median frequency level for the American English and British English 

speakers was calculated across the three conditions. The results for the 4,000 to 5,000 

word-frequency level words were 2.5 (2.6 + 2.4 + 2. 4 + 2.4 = 9.8 ÷ 4 = 2.45) for the 

first-listed condition, 1.9 for the person-unassisted condition (1.8 + 2.1 + 1.8 + 2.0 = 7.7 

÷ 4 = 1.92), and 1.8 for the computer-assisted condition (1.1 + 2.0 + 2.1 + 2.0 = 7.2 ÷ 4 

= 1.8). The averages for the same conditions among the other three word-frequency 

levels were 5.5, 1.0, and 2.5 for the 6,000 to 7,000 word-frequency level items, 3.9, 2.3, 

and 2.8 for the 8,000 to 9,000 word-frequency level items, and 3.3, 1.6, and 2.5 for 

10,000+ word-frequency level items. Figure 8 displays the word frequency averages for 
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both American English and British English speakers across the four word-frequency 

levels. 

 

 

Figure 8. Word frequency level averages for both American-English and British-English 

speakers for the first-listed (n = 4), person-unassisted (n = 4), and computer-assisted (n 

= 4) conditions. Note. Word frequency level expressed in thousands. 

 

The participants in the computer-assisted and person-unassisted conditions were 

able to provide more high frequency synonyms and phrases than the participants in the 

first-listed condition. Therefore, Hypothesis 1 for the second research question, which 

stated that the participants in the computer-assisted and person-unassisted conditions 

will provide more synonyms that are high frequency words compared to the participants 
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in the first-listed condition, is supported. However, although the synonyms and phrases 

submitted by the participants in the computer-assisted condition were of a slightly lower 

frequency level compared to those selected by the participants in the person-unassisted 

condition for only the 4,000 to 5,000 word-frequency level, the participants in the 

person-unassisted condition provided higher frequency synonyms and phrases for the 

6,000 to 7,000, 8,000 to 9,000, and 10,000+ word-frequency levels. As a result, 

Hypothesis 2 for the second research question, which stated that the participants in the 

computer-assisted condition will replace more target words with synonyms that are high 

frequency words than the participants in the person-unassisted condition, was not 

supported. 

 

Research Question 3: Average Time Needed to Replace Target Words 

Research question 3 asked, what is the average amount of time participants need 

to replace target words in a reading passage using the first-listed, person-unassisted, and 

computer-assisted conditions? 

The time to replace target words varied among the participants, the type of 

English spoken, and replacement condition. First, the amount of time for individual 
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participants to replace words ranged widely in each condition. For the participants in the 

first-listed, person-unassisted, and computer-assisted conditions, the number of seconds 

to replaced words was 135 (194 – 59 = 135), 90 (159 – 69 = 90), and 248 (330 – 82 = 

248) seconds, respectively. The range for replacing words differed from 1.5 minutes to 

5.5 minutes. Therefore, for all three word replacement conditions, some participants 

were able to replace target words with synonyms faster than others. 

Second, the amount of time to replace words differed between the American and 

British participants was compared. For the participants in the first-listed, 

person-unassisted, and computer-assisted conditions, the averages for the recorded 

times were 101 (144 + 59 = 203 ÷ 2 = 101), 114 (69 + 159 = 228 ÷ 2 = 114), and 135 

( 82 + 188 = 270 ÷135) seconds for the American participants, and 140 (86 +194 = 280 

÷ 2 = 140), 137 (134 + 140 = 274 ÷ 2 = 137), and 244 (330 + 159 = 489 ÷ 2 = 244) 

seconds for British participants. Thus, for all three word replacement conditions, the 

average times recorded by the American participants were less than those recorded by 

the British participants. 

Third, the number of seconds to replace a target words also varied for each 

replacement condition as a whole. For example, the average time among the four 
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participants in each condition showed that the participants in the computer-assisted 

condition took the longest time (190 seconds), the participants in the person-unassisted 

condition took the second longest (126 seconds), and the participants in the first-listed 

condition took the shortest time (121 seconds). Therefore, the participants in the 

computer-assisted condition took the longest to replace the target words, but the 

participants in the person-unassisted and first-listed conditions only differed from each 

other by 5 seconds. 

Table 14 shows the average number of seconds for a participant to replace target 

words in the five reading passages as well as the overall or total average number of 

seconds for a group of four participants to replace target words in the first-listed, 

person-unassisted, and computer-assisted conditions. Although the recorded times of the 

individual participants varied in each replacement condition, as a whole, the participants 

in the first-listed condition took less time to replace the target words than the 

participants in the other two word replacement conditions. 
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Table 14. Average Word Replacement Times for the Five Reading Passages 

  First-listed  Person-unassisted  Computer-assisted 

Passage  1 2 7 8  3 4 9 10  5 6 11 12 

Nutrition  130 59 63 276  31 120 179 100  73 160 340 58 

Aging  200 62 140 150  59 150 172 170  88 225 383 111 

Smoking 140 62 74 193  88 180 163 125  66 150 289 162 

Exercise 110 57 81 195  114 165 97 127  88 225 335 211 

Sleep 140 54 70 155  53 180 58 180  94 180 303 255 

Avg. Sec. 144 59 86 194  69 159 134 140  82 188 330 159 

Total Avg.    121     126     190 

Note. Times written in seconds 

 

Therefore, Hypothesis 1 for the third research question, which stated that the 

participants in the first-listed condition will require less time to replace target words 

with synonyms compared to the participants in the computer-assisted and 

person-unassisted conditions, was supported. In addition, because it was predicted that 

the participants in the person-unassisted condition would take less time to replace target 

words compared to the participants in the computer-assisted condition, Hypothesis 2 for 

the third research condition, which stated that the participants in the person-unassisted 

condition will require less time to replace target words than the participants in the 

computer-assisted condition, was supported. 
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Table 15 shows the American and British raters’ results for submitted synonyms 

deemed suitable for mid-frequency target words belonging to the 4,000 to 5,000 

word-frequency levels for the first-listed, person-unassisted, and computer-assisted 

conditions. Table 15 shows that the average number of synonyms rated as suitable 

varied among the raters as well as between the American and British raters. 

 

Table 15. Synonyms Rated as Suitable for Target Words Belonging to the 4,000-5,000 

Word-Frequency Levels 

 First-listed  Person-unassisted  Computer-assisted 

Target word  A1 A2 B1 B2  A1 A2 B1 B2  A1 A2 B1 B2 

infant (3)  4 0 4 4  4 1 4 4  4 0 3 4 

contempt (4)  4 4 4 4  4 4 4 4  3 3 4 4 

mandate (4)  3 3 3 4  3 2 3 4  2 4 4 4 

quota (4)  3 0 4 0  2 3 3 4  2 2 4 2 

spectrum (4)  0 4 4 4  4 3 3 4  1 3 3 4 

surplus (4)  4 4 4 4  4 4 4 4  3 4 3 3 

vigor (4)  3 1 0 4  4 4 4 4  4 4 3 4 

comrade (5)  4 4 4 4  3 3 3 4  4 4 4 4 

menace (5)  4 4 4 4  3 2 2 4  4 0 4 4 

prudence (5)*  1 3 3 4  2 1 0 3  4 3 0 4 

Average  3.0 2.7 3.4 3.6  3.3 2.7 3.0 3.9  3.1 2.7 3.2 3.7 

Eng. Average   2.9  3.5   3.0  3.5   2.9  3.5 

Con. Average     3.2     3.2     3.2 

Note. A1, A2 = American English rater; B1, B2 = British English rater; Average = Average number 

of acceptable synonyms for the rater; Eng. Average = Average number of acceptable synonyms 

for English variety; Con. Average = Average number of acceptable synonyms for a condition. * = 

Target word not included in the averages. 
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However, the average number of synonyms rated as suitable from the participants in the 

first-listed, person-unassisted, and computer-assisted conditions was 3.2 or 80% (3.2 ÷ 4 

= 80%) for each condition. These results indicate that each condition offers the same 

number of suitable synonyms for mid-frequency words belonging to the 4,000-5,000 

word-frequency level. 

Table 16 shows the American and British raters’ results for synonyms submitted 

by the participants in the first-listed, person-unassisted, and computer-assisted 

conditions that were rated as suitable for mid-frequency target words belonging to the 

6,000 to 7,000 word-frequency level. 

 

Table 16. Synonyms Rather as Suitable for Target Words Belonging to the 6,000-7,000 

Word-Frequency Levels 

 First-listed   Person-unassisted  Computer-assisted 

Target word A1 A2 B1 B2  A1 A2 B1 B2  A1 A2 B1 B2 

obese (6) 3 4 1 4  4 4 1 4  4 2 0 4 

poultry (7) 3 4 0 4  3 4 4 3  3 3 4 4 

remorse (7)* 2 2 2 3  4 3 4 4  4 4 3 3 

Average 3.0 4.0 0.5 4.0  3.5 4.0 2.5 3.5  3.5 2.5 1.0 4.0 

Eng. average  3.5  2.3   3.8  3.0   3.0  2.5 

Con. average    2.9     3.4     2.8 

Note. A1, A2 = American English rater; B1, B2 = British English rater; Average = Average 

number of acceptable synonyms for the rater; Eng. Average = Average number of acceptable 

synonyms for English variety; Con. Average = Average number of acceptable synonyms for a 

condition; * = Target word not included in averages. 



152 

Table 16 shows that the average number of suitable synonyms varied among the 

raters and between the American and British raters. In addition, the average number of 

suitable synonyms for the participants in the person-unassisted condition was 3.4 or 

85% (3.4 ÷ 4 = 85%), which was higher than that of the participants in the first-listed 

condition, which was 2.9 or 73% (2.9 ÷ 4 = 73%) and the participants in the 

computer-assisted condition, which was 2.8 or 70% (2.8 ÷ 4 = 70%). These results 

indicate that, compared to the two other conditions, the participants in the 

person-unassisted condition submitted more suitable synonyms for mid-frequency 

words belonging to the 6,000-7,000 word-frequency levels. 

Table 17 shows the American and British raters’ results for synonyms submitted 

by participants in the first-listed, person-unassisted, and computer-assisted conditions 

that were rated as suitable for mid-frequency target words belonging to the 8,000-9,000 

word-frequency levels. Table 17 shows that the average number of suitable synonyms 

varied among the raters and between the American and British participants. However, 

the average number of suitable synonyms by the participants in the first-listed condition 

was 3.3 or 83% (3.3 ÷ 4 = 82.5%), which was slightly higher than the number of 

suitable synonyms provided by the participants in the computer-assisted condition, 
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which was 3.2 or 80% (3.2 ÷ 4 = 80%), or the participants in the person-unassisted 

condition, which was 2.7 or 68% (2.7 ÷ 4 = 67.5%). Thus, the participants in the 

first-listed and computer-assisted conditions submitted substantially more suitable 

synonyms than the participants in the person-unassisted condition for mid-frequency 

words in the 8,000-9,000 word-frequency level. 

 

Table 17. Synonyms Rated as Suitable for Target Words Belonging to the 8,000-9,000 

Word-Frequency Levels 

 First-listed  Person-unassisted  Computer-assisted 

Target Word  A1 A2 B1 B2  A1 A2 B1 B2  A1 A2 B1 B2 

fervor  4 4 4 4  1 0 2 2  4 2 3 2 

grandeur  4 4 4 4  1 3 0 3  2 4 3 4 

kernel  1 1 1 4  2 3 4 4  4 2 4 4 

migraine *  2 2 1 1  4 1 2 4  4 4 4 4 

tantrum  4 4 4 4  3 2 0 3  3 3 4 4 

tumult  3 0 0 4  4 1 2 4  3 3 3 4 

penchant  4 4 4 4  4 3 2 4  4 4 4 4 

precept  4 4 1 4  4 4 3 4  3 2 1 4 

solace  4 4 4 4  3 4 2 4  2 3 3 3 

Avg.  3.5 3.1 2.8 4.0  2.8 2.5 1.9 3.5  3.1 2.9 3.1 3.6 

Eng. Avg.   3.3  3.4   2.7  2.7   3.0  3.4 

Con. Avg.     3.3     2.7     3.2 

Note. A1, A2 = American English rater; B1, B2 = British English rater; Average = Average 

number of acceptable synonyms for the rater; Eng. Average = Average number of acceptable 

synonyms for English variety; Con. Average = Average number of acceptable synonyms for a 

condition; * = Target word not included in averages. 
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Table 18 shows the American and British raters’ results for synonyms submitted 

in the three conditions that were rated as suitable replacements for low-frequency target 

words in the 10,000+ word-frequency level. 

 

Table 18. Synonyms Rated as Suitable for Target Words Belonging to the 10,000+ 

Word-Frequency Level 

 First-listed  Person-unassisted  Computer-assisted 

Target word  A1 A2 B1 B2  A1 A2 B1 B2  A1 A2 B1 B2 

chagrin (10)  0 3 0 0  3 1 1 3  3 2 1 2 

malaise (10)  3 1 4 3  1 4 1 1  3 2 4 2 

bulwark (11)*  0 4 4 4  4 3 3 4  4 4 4 4 

quagmire (11)  0 0 0 1  4 4 3 4  3 4 2 4 

aplomb (12)  0 4 0 4  4 1 2 4  0 1 3 4 

damsel (12)*  1 2 1 1  0 3 2 1  4 4 4 4 

fracas (13)  3 0 3 3  3 0 1 3  4 0 3 3 

gumption (16)  1 1 1 4  4 1 1 4  3 3 2 2 

Avg.  1.0 1.9 1.7 2.7  3.9 2.0 1.7 3.9  2.9 2.9 2.7 3.0 

Eng. Avg.   1.5  2.2   3.0  2.8   2.9  2.9 

Con. Avg.     1.9     2.9     2.9 

Note. A1, A2 = American English rater; B1, B2 = British English rater; Average = Average 

number of acceptable synonyms for the rater; Eng. Average = Average number of acceptable 

synonyms for English variety; Con. Average = Average number of acceptable synonyms for a 

condition; * = Target word not included in averages. 

 

Table 18 shows that the average number of suitable synonyms varied among 

raters and between the American and British raters. However, the average number of 
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suitable synonyms for the participants in both the person-unassisted and 

computer-assisted conditions was 2.9 or 73% (2.9 ÷ 4 = .725%), which was slightly 

higher than the number of suitable synonyms by the participants in the first-listed 

condition, which was 1.9 or 48% (1.9 ÷ 4 = 48%). These results indicate that the 

participants in both the person-unassisted and computer-assisted conditions were able to 

produce substantially more suitable synonyms compared to the participants in the 

first-listed condition for low-frequency words in the 10,000+ word-frequency level. 

The Computer Thesaurus Study results showed that the word replacement 

conditions vary in the proportion of words they provide, the number of high frequency 

words they generate, the time required to replace target words, and their suitability for 

the reading passage context. It is possible to produce a comparison of the three word 

replacement conditions using these variables by summing the results of the four word 

frequency levels and dividing by four. For instance, the cumulative average proportion 

of words replaced for the 4,000 to 5,000; 6,000 to 7,000; 8,000 to 9,000, and 10,000+ 

word-frequency levels is 94% (92.5 + 91.6 + 97.2 + 93.8 = 375.1 ÷ 4 = 93.7) in the 

first-listed condition, 99% (100% + 100% + 97.4% + 100% = 397.4 ÷ 4 = 99.3%) in the 

person-unassisted condition and 100% (100% + 100% + 100% + 100% = 400 ÷ 4 = 
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100%) in the computer-assisted condition. In the same respect, the variables for the 

median word frequency level, average time to replace target words, and the suitability 

of synonyms under each condition can be calculated. Table 19 shows the ranking of the 

three replacement conditions. 

 

Table 19. Ranking of Word Replacement Conditions 

Replacement condition 

Variable First-listed Person-unassisted Computer-assisted 

Average proportion 94.0% 99.0% 100.0% 

Median word level 4.3 1.7 2.4 

Average time (sec.) 121.0 126.0 190.0 

Average suitability 69.0% 74.0% 74.0% 

 

As seen in Table 19, the person-unassisted condition ranks the highest for 

word-frequency level and suitability. In addition, for the proportion of synonyms, the 

person-unassisted condition differs from the computer-assisted condition by only one 

percent and, for the time to replace target words, differs from the first-listed condition 

by just five seconds. As a result, because the person-unassisted condition ranks high for 

all four variables, the results from the Computer Thesaurus Study suggest that, rather 

than use of a computer thesaurus, the person-unassisted condition might be the most 
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favorable word replacement condition for language instructors. That is, like the 

computer-assisted condition, the person-unassisted condition can provide a high 

proportion of high frequency replacement words and, like the first-listed condition, the 

person-unassisted condition can supply replacement words in a short amount of time. 

Therefore, based on these findings, when unknown words from a text need to be 

modified to make a text readable to learners, language instructors should act 

independently from a computer thesaurus as their own ability to think of appropriate 

level synonyms might be the most favorable method to replace unknown words in the 

least amount of time. 

 

Discussion 

The results from Study 1 contribute to previous knowledge concerning the 

effectiveness of using a computer thesaurus to replace target words in a reading passage. 

First, with regard to the proportion of target words that can be replaced, the participants 

in both the computer-assisted and the person-unassisted conditions were able to replace 

around 98% or more of the target words. Previous researchers established that the 

criterion to read material without a need for an external resource as 98% (Hu & Nation, 
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2000; Laufer & Ravenhorst, Kalovski, 2010; Schmitt, Jiang, & Grabe, 2011). Because 

the participants in the computer-assisted condition provided synonyms and phrases that 

made the lexis in the passage reach the 98% level of comprehensibility for each 

word-frequency level, this condition is the most suitable for replacing target words for 

all word-frequency levels. Likewise, the same can be said for the participants in the 

person-unassisted condition because word-frequency level averages for this condition 

were above or very close to the 98% criterion. However, the first-listed condition was 

not as effective because the averages for the word-frequency levels were all below the 

98% criterion. 

Second, with regard to the word replacement levels of the submitted synonyms, 

overall, the participants in the person-unassisted condition submitted a larger number of 

high frequency synonyms and phrases compared to the other two conditions. Previous 

literature concerning the use of mid-frequency readers states that for learners with a 

4,000 word vocabulary, increasing their vocabulary to 5,000 word families, means that 

words in mid-frequency readers with lexis at the 6,000 word-frequency level or higher 

need to have the lower-frequency words replaced (Nation, 2014). Therefore, the 

person-unassisted condition might be the most favorable way to replace target words 
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because this condition replaced target words at the 6,000-7,000 word-frequency level 

with high frequency synonyms (Nation, 2001). The same can be said for the 

computer-assisted condition because the participants in this condition submitted high 

frequency synonyms around the first 3,000 high frequency words. However, the 

first-listed condition was not as effective as the other two conditions because the 

average frequency level of the submitted synonyms and phrases to replace 6,000 to 

7,000 level words was 5.5, or above the 5,000 word-frequency level. Although this 

average is slightly below the 6,000 word-frequency level, the first-listed condition is 

still not the best way to replace target words, as it might only add to the total word count 

and require learners to acquire more mid-frequency words at the 5,000 word-frequency 

level. 

Third, with regard to the amount of time to replace synonyms, the participants in 

both the person-unassisted and the first-listed conditions replaced target words over one 

minute faster than the participants in the computer-assisted condition. Although the time 

difference among conditions might not seem like much when modifying the vocabulary 

of a one to three page article from a newspaper or magazine, it might add up when 

adapting longer passages or texts. For example, to replace six words from a 217 word 
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page or one out of every 36 words, the participants in the computer-assisted condition 

required 190 seconds, the participants in the person-unassisted condition required 126 

seconds, and the participants in the first-listed condition needed 121 seconds. If the 

times of these conditions were applied to the same number of unknown words for each 

page of a 25-page short story, it would take the participants in the computer-assisted 

condition around 79 minutes (190 seconds x 25 pages = 4,750 seconds ÷ 60 seconds = 

79.1), the participants in the person-unassisted condition around 53 minutes (126 

seconds x 25 pages = 3,150 seconds ÷ 60 seconds = 52.5), and participants in the 

first-listed condition 50 minutes (121 seconds x 25 pages = 3025 seconds ÷ 60 seconds 

= 50.4). While the difference between the participants in the person-unassisted and 

first-listed conditions is only around 3 minutes (53 - 50 = 3), the difference between the 

participants in the computer-assisted and the person-unassisted conditions is 26 minutes 

(79 - 53 = 26) and the difference between the participants in the computer-assisted and 

the first-listed conditions is 29 (79 - 50 = 29) additional minutes. 

Study 1 also showed the effect that the three word replacement conditions had 

on text quality. With regard to whether a submitted synonym was a suitable replacement 

for a target word, the results from the raters revealed that there is variation for the types 



161 

of synonyms deemed suitable replacements for target words. For example, for the target 

word infant, which is at the 4,000-5,000 word-frequency level, three raters (A1, B1, and 

B2) deemed the synonyms of baby, child, or small child submitted by the four 

participants in Study 1 in the first-listed condition as suitable replacements for the target 

word. However, for the same target word, the second American rater (A2) did not deem 

these synonyms as a suitable replacement. This was also the case for other target words, 

such as quota, spectrum, vigor, and prudence for the same word-frequency level. 

Nevertheless, although the results for American and British English raters varied 

for each word-frequency level, overall the number of synonyms that were rated as 

suitable replacements for target words was similar for each condition. For instance, with 

regard to the first-listed condition, the cumulative average of suitable synonyms for the 

4,000 to 5,000, 6,000 to 7,000, 8,000 to 9,000, and 10,000+ word-frequency levels was 

2.8 (2.9 + 3.5 + 3.3 + 1.5 = 11.2 ÷ 4 = 2.8) for the American raters and 2.9 (3.5 + 2.3 + 

3.4 + 2.2 = 11.4 ÷ 4 = 2.85) for the British raters resulting in only 0.1 (2.9 – 2.8 = .01) 

difference between the two groups of raters. Similarly, the cumulative average for the 

number of synonyms judged as suitable between American and British raters was 3.1 
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and 3.0 for the person-unassisted condition and 3.0 and 3.0 for the computer-assisted 

condition. 

Third, the number of synonyms rated as suitable replacements for target words 

was slightly higher for the participants in the person-unassisted condition compared to 

the participants in the other two conditions. For example, the cumulative average of 

suitable synonyms produced by the participants in the first-listed, person-unassisted, 

and computer-assisted conditions for the 4,000 to 5,000, 6,000 to 7,000, 8,000 to 9,000, 

and 10,000+ word-frequency levels was 2.8 (3.2 + 2.9 + 3.3 + 1.9 = 11.3 ÷ 4 = 2.82), 

3.1 (3.2 + 3.4 + 2.7 + 2.29= 12.2 ÷ 4 = 3.05), and 3 (3.2 + 2.8 + 3.2 + 2.9 = 12.1 ÷ 4 = 

3.02), respectively. Table 20 shows the average number of synonyms judged as suitable 

replacements for target words by type of English and replacement condition. 

 

Table 20. Average Number of Synonyms Rated as Suitable Replacements for the 

Target Words by Type of English and Condition 

 First-listed  Person-unassisted  Computer-assisted 

  Am. Br.  Am. Br.  Am. Br. 

English average 2.8 2.9  3.1 3.0  3.0 3.0 

Condition average  2.8   3.1   3.0 

Note. Am. = American raters; Br. = British raters; English average = Average number of suitable 

pronouns for the raters; Condition average = Average number of suitable pronouns for the 

condition. 
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Finally, the three word replacement conditions affected the quality of the reading 

passages insofar as the fit of the replacement words in the context of the sentences. First, 

with regard to providing synonyms that sounded natural in the reading passage, some of 

the synonyms selected by the participants in the computer-assisted condition sounded 

natural in the passage but they were of a lower word-frequency level. For example, two 

participants in the computer-assisted condition submitted overweight, while the 

participants in the person-unassisted and first-listed conditions submitted fat for the 

target word obese in the sentence, A poor diet can cause health complications such as 

heart disease or it may put a person at risk for becoming obese. Although overweight 

does not have exactly the same meaning as obese, it suits the context of the sentence 

and sounds natural. However, compared to obese, which is in the 6,000 word-frequency 

level, overweight is in the 7,000 word-frequency level. Therefore, replacing the target 

word with this synonym does not contribute to making the sentence or reading passage 

easier to read. 

Second, some of the synonyms selected by the participants in the first-listed 

condition sounded unnatural in the passage and were from lower word-frequency levels. 

For instance, the participants in the first-listed condition submitted potency, and the 
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participants in the person-unassisted and computer-assisted conditions submitted energy 

or strength as a synonym for the target word vigor in the sentence, Eating a good diet 

helps a person’s immunity system and gives us vigor for daily activities. In addition to 

sounding awkward or unnatural, potency does not convey the same meaning or nuance 

as energy or strength in that particular sentence. Moreover, the use of potency increases 

the level of difficulty of the reading passage because it is a mid-frequency word in the 

seventh 1,000 word-frequency level, whereas energy and strength are both 

high-frequency words in the first 2,000 word-frequency level. 

Third, some synonyms submitted by participants from the person-unassisted 

condition differed in meaning compared to the synonyms submitted from the other two 

replacement conditions. For instance, the participants in the person-unassisted condition 

submitted the synonym peace, while the participants in the first-listed and 

computer-assisted conditions submitted comfort or relief for the target word solace in 

the sentence, However, today, instead of living in quiet solace, older people want to 

share their experiences. Both comfort and relief are listed in the thesaurus menu as 

synonyms for the word solace, but peace is not listed. Therefore, the participants in the 

person-unassisted condition might have focused more on the context of the passage than 
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on the meaning of the target word when supplying the synonym. For this reason, the 

meanings of target words might vary widely from participants in the person-unassisted 

condition because this condition allows a freer interpretation of target words than the 

thesaurus menu that directs readers to focus on a list of synonyms that have similar 

meanings to the target word. 

Due to the replacement conditions, the synonyms submitted from non-native 

English language teachers might differ from those submitted from native English 

language teachers. For example, non-native English language teachers might have more 

difficulty than native English teachers in terms of providing a high proportion of 

synonyms for a target word in the person-unassisted condition because their knowledge 

of a particular target word might be limited to understanding it only from the context in 

which it is presented. This challenge might not only be linguistic, but also cultural if the 

target word refers to a concept unique to English-speaking countries. Furthermore, even 

if non-native English language teachers are presented with a list of synonyms from a 

thesaurus in the computer-assisted condition, it is possible that they might choose a 

synonym that is not entirely suitable in meaning or that sounds unnatural in the context 

of a sentence and reading passage. 
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Summary of Study 1 

The Computer Thesaurus Study was a comparison of how synonyms offered 

from a computer thesaurus or person can be used to reduce the number of number of 

unknown words in a reading text. The first research question concerned the average 

number or proportion of words that could be submitted for target words by each 

condition. The participants in the computer-assisted condition replaced 100% of the 

target words for each word-frequency level. This was followed by the participants in the 

person-unassisted condition, which provided slightly less coverage at 97% for only the 

8,000 to 9,000 word-frequency level. However, of the three conditions, the first-listed 

condition had the lowest coverage of 95% or less across all word-frequency levels. 

The second research question concerned the average frequency level of the 

submitted synonyms and phrases for the target words by the participants in each 

condition. Overall, the participants in the person-unassisted condition provided the 

highest number of high frequency synonyms and phrases. The participants in the 

first-listed condition, however, provided a higher number of low frequency synonyms 

and phrases across all four word-frequency levels compared to the other two conditions. 
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The third research question concerned the average time required to submit 

synonyms and phrases by the participants in each condition. The results showed that the 

participants in the computer-assisted condition took an average of 64 seconds longer to 

submit synonyms and phrases than the participants in the person-unassisted condition 

and an average of 69 seconds longer than the participants in the first-listed condition. 

The participants in the person-unassisted condition took only 5 seconds longer to submit 

synonyms and phrases than those in the first-listed condition. Reducing the number of 

unknown words is beneficial because it decreases the number of interruptions that can 

compromise the time to read a text, learning unknown words, and comprehending 

passage content. However, even if the number of unknown words is reduced, there still 

might be words in a text that instructors would like their learners to learn. Therefore, in 

Study 2 I examined how the functions of using an on-line dictionary might best be used 

for language learners to learn unknown words and passage content. 
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CHAPTER 5 

STUDY 2: ON-LINE DICTIONARY STUDY 

 

Statement of the Problem 

Previous literature provides mixed findings with regard to the use of on-line 

dictionaries to learn word forms and word meanings, as well as the effect different 

look-up conditions have on passage comprehension. First, previous studies have shown 

that there are differences in word form retention between passively viewing a word and 

actively writing a word. However, previous studies also are somewhat mixed with 

regard to how motor activities such as writing by hand affect learning word forms 

compared with typing on a computer keyboard. To date, researchers have not directly 

compare the effect of different look-up conditions for learning word forms when 

learners transfer their focus away to an on-line dictionary while reading a passage. 

Therefore, it is worth examining if there is a difference in how word forms are retained 

when learners passively read a target word in a context, mouse-click on the target words, 

or more actively type the spelling of a target word into an on-line dictionary. 

Second, previous studies have shown that there are differences in the retention 

of word meanings when learners use a dictionary, do not using a dictionary, or use a 
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gloss, and the efficiency for learning word meanings differs among the look-up methods 

of using a pop-up dictionary, a type-in dictionary, and a book dictionary. Furthermore, 

researchers have not directly compared the effect of different look-up conditions for 

learning word meanings when learners transfer away to an on-line dictionary while 

reading a passage, Therefore, it is worth examining if there is a difference in how word 

meanings are retained when learners passively read a target word in context, 

semi-actively mouse-click on target words or more actively type the spelling of targets 

word into an on-line dictionary. 

Third, previous studies have shown mixed findings with regard to the conditions 

and formats of using dictionaries for passage comprehension. Some researchers found 

that dictionary use results in better comprehension than not using a dictionary, while 

other researchers did not find a significant difference. In addition, some researchers 

have shown that there is no significant difference for comprehension if learners use a 

computer-based dictionary or a book dictionary. Furthermore, researchers have not 

directly compared the effect that different look-up conditions have on passage 

comprehension when learners transfer away to an on-line dictionary. Therefore, it is 

worth examining if there is a difference in how passage content can best be learned 
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when learners passively read target words in a context, semi-actively mouse-click on 

target words, or more actively type the spelling of targets words into an on-line 

dictionary. 

 

Purposes of the Study 

The primary purpose of the On-line Dictionary Study is to examine the 

effectiveness of learning vocabulary and understanding passage content using on-line 

dictionaries in three conditions; reading and understanding a word from only the context 

of a passage (control), mouse-clicking on unknown words that are linked to an on-line 

dictionary (click), or spelling the form of an unknown word into an on-line dictionary 

search box using a computer keyboard (spell) on the retention of word forms, word 

meaning, and passage composition. Therefore, the three conditions for the On-line 

Dictionary Study were as follows: 

Control treatment (control): Reading + no definition of unknown words. 

Experimental treatment 1 (click): Reading + L2 (English) definition of unknown word 

using a mouse-click that transfers the user to an on-line dictionary. 
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Experimental Treatment 2 (spell): Reading + L2 (English) definition of unknown words 

using a mouse-click transfer to an on-line dictionary + typing the form of the word into 

the word search box of an on-line dictionary. 

 

Research Questions 

For the On-line Dictionary Study, Reading + no definition of unknown words 

(control) does not require the learners to leave the reading passage. However, both 

mouse-clicking (click) on an unknown word or typing in (spell) the form of an unknown 

word require learners to transfer away from a reading passage temporarily in order to 

access word meanings in the on-line dictionary. Therefore, the research questions for 

this study are as follows: 

1.  To what extent do the control, click, and spell conditions differ in their effect on 

learners’ attempt to recognize and recall the forms of recently encountered new 

words? 

2. To what extent do the control, click, and spell conditions differ in their effect on 

learners’ attempt to recognize and recall the meanings of recently encountered new 

words? 
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3. To what extent do the control, click, and spell conditions differ in their effect on 

learners’ comprehension of a reading passage? 

The Type of Processing-Resource Allocation theory (Barcroft, 2000, 2002) is applied to 

Study 2. If the semantic processing to learn the meaning of a new word is high when a 

learner reads it in a reading context (control) or when the meaning of a word is accessed 

by mouse-clicking on it to transfer to an on-line dictionary (click), the formal 

processing or retention for the spelling of a new word might be low. This is because 

learners focus their attention on learning the meaning of the word rather than learning 

the form of a word. Conversely, if learners focus is on learning and retaining the 

spelling of a new word by typing the word into an on-line dictionary (spell), the 

semantic processing or retention of the word’s meaning might be limited. This is 

because learners tend to focus attention on learning the form or spelling of the word 

rather than its meaning. 

Cognitive Load Theory (Sweller, 1988) is also applied to Study 2 with respect to 

the use of the control, click, and spell conditions when using an on-line dictionary to 

learn the meanings of words while comprehending passage content. A cumulative 

cognitive load score for the intrinsic (inherent difficultly of a task), extraneous (the 
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presentation of information), and the germane (mental effort to process information) 

cognitive load can be assigned for each condition. For example, with regard to the 

control condition, there is an intrinsic load or inherent difficulty of understanding a 

reading passage, the extraneous load or presentation of information is on one page, and 

the germane load or mental effort to process and understand the meanings of unknown 

words and passage content can be learned from the reading passage itself. As a result, 

the cumulative load score for this condition is 3 (1 intrinsic + 1 extraneous + 1 

germane). 

The cumulative cognitive load for the click condition is more robust than that of 

the control condition. For example, like the control condition, there is the intrinsic load 

of understanding the passage content. However, unlike the control condition, the 

extraneous load of information is presented in two separate formats, the reading passage 

and the on-line dictionary. In addition, the germane load to understand the meanings of 

unknown words and understand passage content involves a two-step process. First, the 

learners must read the passage. Second, they must recall the meanings of newly learned 

words presented in the context of the reading passage. Therefore, the cumulative 

cognitive load score for this condition is 5 (1 intrinsic + 2 extraneous + 2 germane). 
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The spell condition has the largest cumulative cognitive load score of the three 

conditions. Like the control and click conditions, there is the intrinsic load of passage 

content. In addition, the extraneous load of information, like that of the click condition, 

is presented in two separate formats, the reading passage and on-line dictionary. 

However, unlike the click condition, the germane load or mental effort to learn the 

unknown words of a text involves a three-step process. First, learners must read the 

passage. Second, they must take note of a word form in order to access it in an on-line 

dictionary. Third, they must recall the meanings of newly learned words in the context 

of the reading passage. Therefore, the cumulative cognitive load score for this condition 

is 6 (1 intrinsic + 2 extraneous + 3 germane). Table 21 displays the cognitive loads for 

the control, click, and spell conditions. 

 

Table 21. Cognitive Load for the Control, Click, and Spell Conditions 

 Control Click Spell 

Intrinsic load 1 1 1 

Extrinsic load 1 2 2 

Germane load 1 2 3 

Cumulative load 3 5 6 
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The cumulative cognitive load score can help predict the amount of learning that 

can be obtained for each condition. For example, the control condition allows learners 

to focus their attention on only the reading passage and does not involve processes 

involved in learning words outside the context of the reading passage. Therefore, this 

condition might be most favorable for passage comprehension, but least favorable for 

learning the forms and meanings of unknown words. The click condition divides 

learners’ attention between two separate formats and involves two steps to access and 

then learn the meanings of words using an on-line dictionary. As a result, this condition 

might be less effective for passage comprehension yet more effective for learning word 

meanings. Finally, the spell condition divides learners’ attention between the two 

separate formats of the reading passage and an on-line dictionary and further involves 

three steps to note the form of a word: access an on-line dictionary, type the form of a 

word in the on-line dictionary, and access word meaning. Therefore, this condition 

might be the least effective for passage comprehension, but the most effective for 

learning word forms. 
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Research Hypotheses 

There are three hypotheses for each of the three research questions in the 

On-line Dictionary Study. For the first research question concerning the retention of 

word forms, Hypothesis 1 is that the spell condition will yield significantly higher recall 

and recognition scores for the forms of unknown target words than the click condition. 

According to the Type of Processing-Resource Allocation model, if the processing 

demands of a word form are high, then learning the form of that word will also be high 

(Barcroft, 2000, 2002, 2004). Therefore, because the spell condition challenges learners 

to note the form of a word to access its meaning in an on-line dictionary, it will foster 

higher retention of word forms than the click condition. 

Hypothesis 2 is that the spell condition will have significantly higher recall and 

recognition scores for the forms of unknown target words than the control condition of 

only reading words from context. This is because the processing demands of the spell 

condition, more than the control condition, challenges learners to attend to the form of a 

word in order to access its meaning in an on-line dictionary. 

Hypothesis 3 is that the click condition will yield significantly higher recall and 

recognition scores for the forms of unknown target words than the control condition. 
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This is because learners in the control condition might only notice the form of a word 

from their exposure to a reading passage. However, the click condition exposes learners 

to the form of a word both in the reading passage and in the on-line dictionary. 

The second research question concerning the retention of word meanings has 

three hypotheses. Hypothesis 1 is that the click condition will yield significantly higher 

recall and recognition scores for the meanings of unknown target words than the spell 

condition. According to the Type of Processing Resource-Allocation model, there will 

be fewer resources available for learners to semantically process new words in the spell 

condition compared to the click condition because the processing demands to learn 

word forms will diminish resources for learners to focus on and learn word meanings 

(Barcroft, 2000, 2002, 2003). Therefore, noting the spelling of a word combined with 

mouse-clicking to transfer to an on-line dictionary and learning word definitions as part 

of the spell condition will be less conducive for learning the meanings of words than 

only mouse-clicking on words in the click condition. 

Hypothesis 2 is that the click condition will have significantly higher recall and 

recognition scores for the meanings of unknown target words than the control condition. 

Learners in the control condition can only learn the meanings of target words from 
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reading the passage. However, learners in the click condition can learn the meanings of 

target words from both reading the passage and accessing the definitions in the on-line 

dictionary. 

Hypothesis 3 is that the control condition will yield significantly higher recall 

and recognition scores for the meanings of unknown target words than the spell 

condition. As previously mentioned, according to the Type of Processing 

Resource-Allocation model, the processing demands to learn word forms in the spell 

condition will diminish resources for learners to focus on and learn word meanings. 

However, learners in the control condition, unlike those in the spell condition, do not 

need to divide their attention and can therefore focus on the meanings of the target 

words based on the context in the reading passage. 

The third research question concerning reading comprehension has three 

hypotheses. Hypothesis 1 is that the control condition will yield significantly higher 

reading comprehension scores than the click condition. According to Cognitive Load 

Theory, the extraneous cognitive load is the lowest and thus the most favorable if 

learners read and understand a passage only from context (Sweller, 1988). This might 

be because the information to be learned is presented in one format, the reading passage. 
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However, extraneous cognitive load might increase and thus further challenge learners 

if the presentation of information to be learned is in two formats, the reading passage 

and the on-line dictionary. 

Hypothesis 2 is that the control condition will yield significantly higher reading 

comprehension scores than the spell condition. As previously mentioned, the extraneous 

cognitive load might increase and challenge learners if the presentation of information 

to be learned is in both the reading passage format and the on-line dictionary. 

Hypothesis 3 is that the click condition will yield significantly higher reading 

comprehension scores than the spell condition. Although both conditions share the 

intrinsic cognitive load of learning a passage along with the extraneous cognitive load 

of transferring to the on-line dictionary to learn target words, learners in the spell 

condition must also undergo the added challenge of noting the form of the target words 

if they are to access them in an on-line dictionary. This mental effort, which is not 

required of learners in the click condition, places additional germane cognitive load on 

learners and therefore might diminish their capacity to comprehend passages. 
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Participants 

The participants in the on-line dictionary study were three cohorts of 28 

first-year Japanese medical students (N = 84). There were approximately 20 male and 8 

female students in each cohort. All 84 students came from various prefectures around 

Japan to study to become doctors at a medical university in eastern Japan. The 

participants were enrolled in a core class that met once a week for 70 minutes over a 

10-week trimester. The purpose of the core English course was to introduce the students 

to medical terminology and related issues in English. Before entering the medical 

university, all participants had at least six years of formal English instruction at their 

respective junior and senior high schools. The participants had an average score of 511 

on a 30-minute computerized abridged version of a TOEIC test that measured listening 

and reading comprehension. The participants were intrinsically motivated and worked 

hard for university admittance because, after six years of study, graduates are afforded 

the opportunity to practice medicine in a rural district of their home prefecture for a 

period of nine years in lieu of paying university tuition. 
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Instruments 

Computer Lab 

Four of the ten class sessions took place in the university computer lab and the 

remaining six sessions were held in a traditional-style classroom. The computer lab 

consisted of 10 rows of 15 desks with chairs. Each desk was equipped with an 

individual laptop computer that services a Japanese version of the Microsoft Windows 7 

and the Microsoft Office 2010 productivity suite. In front of the rows of desks was a 

long white table from where the instructor administered lessons. The instructor's 

desktop computer and flat screen monitor were positioned in the center of the white 

table. On the right and left sides of this table were large overhead projector (OHP) 

screens descending from the ceiling that were used to show the content of the 

instructor's computer monitor to the students. 

The traditional-style classroom consisted of 7 rows of 11 chairs and desks that 

could be, if necessary, maneuvered within the classroom. In front of the desks and 

chairs was a platform, approximately 15 centimeters above the floor, and a podium for 

the instructor to place materials to deliver a lesson. Behind the podium was a 

blackboard that extended approximately the entire width of the classroom. 
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Computer Language Lab Website 

The website used in this study was created by the instructor using a program 

called Homestead.com. The title of the homepage was Computer Language Lab with a 

one-sentence description of the website written below the title. Beneath the title and 

description were four groups: Group 1, Group 2, Group 3, and Group 4 (See Appendix 

C). In each group were the titles of five reading passages: Nutrition, Aging, Exercise, 

Sleep, and Smoking. Each title opened a reading passage that replaced the homepage. 

The passages were exactly the same for each title. Each passage contained six target 

words in bold print. The participants were told that they would be tested on the form 

and meanings of these words after reading the passage. The target words in bold print 

were the same for all groups, and the passage link from the titles in each group differed 

only in the hyperlinked resources for looking up the bolded target words. 

The participants in each cohort were instructed to read the title of the same 

reading passage in the same learning condition. For instance, Group 1 functioned as the 

control condition in which all participants only read a reading passage and learned its 

target words from context. 
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Group 2 functioned as the gloss condition. Although this condition was used in 

pilot studies, it was not used as a part of the On-line Dictionary study. 

Group 3 functioned as the click condition. In order to look up a word in this 

condition, the participants mouse-clicked on a highlighted target word. This action led 

them away from the passage to the on-line Merriam-Webster Learner's Dictionary, 

which provided the meaning for that particular word. In order to return to the reading 

passage, the participants double-clicked on the left-pointing arrow at the top left corner 

of the screen. 

Group 4 functioned as the spell condition. To look up a word in this condition, 

all participants first mouse-clicked on a highlighted word that was linked to the on-line 

Merriam-Webster Learner's Dictionary. Second, they typed the spelling of the 

highlighted word in the search box of the Merriam-Webster Learner's Dictionary. Third, 

they mouse-clicked the Dictionary button located beside the search box, which 

transferred them to the definition of the word. After reading the definition, the 

participants clicked three times on the left-pointing arrow at the top left corner of the 

screen return to the reading passage. 
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On-Line Dictionary 

All target words were linked to the Merriam-Webster Learner's Dictionary 

because its homepage states that this dictionary is for ESL and EFL students as well as 

those preparing for the TOEIC test, and its design characteristics were conducive to 

helping the participants easily access and understand the meanings of unknown words. 

The definitions provided by this dictionary, for example, were also preceded by a 

number, which made it easy for the participants to identify which definition of a word, 

as numbered in a reading passage, fits the context of the reading passage. In addition, 

this on-line dictionary was free of distracting clutter and contained an easily identifiable 

large search box for learners to type in target words. This on-line dictionary also used 

high-frequency words so that the definitions would likely be comprehensible to learners. 

For instance, an analysis, conducted with AntWordProfilier and 34 baseword lists from 

the British National Corpus (BNC) and Corpus of Contemporary American English 

(COCA) revealed that nearly 99% of the 126 defining words for the target words in this 

study belonged to the first 3,000 most frequent words of English. Only one word, 

headache, was identified as being a compound noun. Table 22 shows the number of 

defining vocabulary for each word level and the percent of coverage. 
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Table 22. Word Levels and Coverage for the Defining Vocabulary of Target Words in 

Merriam-Webster Learner’s Dictionary 

Word frequency 

level Number of words 

 

Coverage (%) 

Cumulative 

coverage (%) 

First 1,000 91 72.2 72.2 

Second 1,000 25 19.8 92.0 

Third 1,000 9 .7 99.0 

Compound noun 1 .1 100.0 

 

Target Word Criterion 

In order to accurately assess retention, several criteria were applied for selecting 

target words on the basis of meaning, form, and both meaning and form. With regard to 

meaning, all of the target words underwent a five-step screening process. First, because 

there were only six target words for each reading passage and to obtain conclusive 

results for one part of speech, all target words were nouns. Implementing a study with 

different parts of speech (e.g., nouns and verbs) might have yielded inconclusive results. 

Second, potential target words were assessed using Tom Cobb's Vocabprofiler (2011) to 

determine if they were high-frequency words belonging to the 2,000 to 3,000 most 

common word families. Third, words that did not belong to the 2,000 to 3,000 most 

common word families were screened a second time by the chairperson of the English 

language department at the medical university to assess, based on 15 years of 
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professional experience working at the university, which words first-year students might 

not know. Fourth, mid- and low-frequency words thought to be unfamiliar to the 

students by the department chair were then screened by six upperclassmen. These 

upperclassmen, who were second- or third-year students at the medical university, 

indicated whether or not they were, as first-year students, already familiar with the 

low-frequency words when they entered the university as first-year students. Fifth, the 

target words were then checked to see if they had clear and concise definitions in the 

on-line Merriam-Webster Learner's Dictionary. 

Three criteria were used to control for the accurate assessment of target word 

forms. First, none of the target words contained the same consecutive letter (e.g., oo as 

in booklet or nn as in connect). Having the scores from words without the same 

consecutive letters measured against words with the same consecutive letters might 

have yielded inaccurate results for word form retention because a word with more than 

one consecutive letter might be a salient marker for the recognition of some words 

compared to others. Second, each passage contained two target words with six letters, 

two target words with seven letters, and two target words with eight letters. Third, all 

the target words in the four reading passages were two-syllable words. 
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Four criteria were used to control for the accurate assessment of both word form 

and meaning. First, none of the target words included in the On-line Dictionary Study 

were identified as being loan words in Japanese as determined by the asianoffbeat.com 

and infohost.nmt.edu websites, which list over 2,000 English loan words in Japanese. 

Second, the target words did not resemble synonyms that share similar spellings. For 

example, although a word such as respite might have been unknown to the participants, 

it was not included as a target word because its form resembles the word rest. The 

inclusion of a target word that resembles the spelling of a synonym might have afforded 

the participants an advantage of recalling its spelling and meaning over other target 

words that do not have synonyms with similar spellings. Third, none of the target words 

were compound words. For example, a word such as notebook was not used in this 

study because it is a combination of two words and therefore could assist participants in 

not only noting the spelling of the word (note + book) but also in discerning the 

meaning. Fourth, proper nouns and nouns of an occupation ending with -er were not 

used because the participants could recognize that a word such as painter has something 

to do with a person who paints. Table 23 lists the criteria for selecting the target words. 
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Table 23. Target Word Criteria 

Feature Definition Sample or resource 

Meaning All nouns penchant, comrade 

 Unknown to participants Word Preview Quiz * 

 ESL on-line dictionary Learner's Dictionary ** 

Form No consecutive letters booklet, connect 

 Words are 6, 7, or 8 letters solace, bulwark, gumption 

 Words contain two syllables aplomb, menace 

Meaning and Form No English loan words Asianoffbeat, infohost *** 

 No compound words notebook, playground 

 No proper nouns Venus, Xerox, Europe 

 Do not end in -er painter, lawyer, 

 Do not look like meanings respite for rest 

Note. * = Word Preview Quiz; ** = Merriam Webster's ESL Learner's Dictionary; *** = 

asianoffbeat.com and infohost.nmt.edu. 

 

Vocabulary Preview Quiz 

To determine whether the participants had previous knowledge of the target 

words, a Vocabulary Preview Quiz was administered (See Appendix A). The 

participants were presented with target words and they indicated if they had seen the 

words or knew their meanings. The participants who thought that they knew a target 

word wrote its meaning in either English or Japanese. An example item from the 

Vocabulary Preview Quiz is shown below. 
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WORD      I have seen   I know its 

this word     meaning     It means (英語・日本語) 

 

1.Nadir         Yes / No ・ Yes / No     _______________________ 

 

The Vocabulary Preview Quiz was made up of 56 English words. Thirty-two 

words included in the handout were included as distracters while the remaining 24 

words were used in the study. A large number of words were chosen to prevent the 

participants from identifying and remembering words that would be used in the study 

two weeks later. However, in order to reduce frustration, 16 of the 32 distracter words 

were from the first 2,000 high-frequency words of English. 

The quiz was first explained to the participants. To avoid misunderstanding, a 

Japanese translation of the instructions was provided on the first page. The Vocabulary 

Preview Quiz contained a knowledge penalty in that if participants knew the meaning of 

a target word, they were required to write its meaning. This problem was remedied by 

having the participants complete the quiz at the beginning of class on the first day of the 

course. In addition, because each class had 28 participants, I was able to circulate 

around the classroom to confirm that the participants completed the quiz correctly. 



190 

Reading Passages 

Four of the five reading passages used in the Computer Thesaurus study were 

also used in the On-line Dictionary study. Each reading passage was approximately 220 

words in length and contained six target words for a total of 24 target words (See the 

Sleep reading passage as an example in Appendix D). Because the participants were 

medical students studying to become doctors, the passages were related to health issues 

and were adapted from textbooks written for ESL learners by John S. Lander (2002, 

2006). However, the target words were not necessarily medically related. 

The final versions of the five passages differ considerably from the original text 

because vocabulary, paragraph arrangement, and sentence structure were modified to 

unify them with regards to word length, readability, and Flesch-Kincaid grade level. 

Readability statistics using Microsoft Word 2010 were produced and the lexical 

composition of the passages was checked using Tom Cobb's Vocabprofiler (2011). Table 

24 shows the Flesch Reading Ease Scores and Flesch-Kincaid Grade Level readability 

statistics for the four passages. 
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Table 24. Readability Statistics for the Four Reading Passages 

Passage Word count 
Flesch 

reading ease 
Flesch-Kinkaid 

grade level 

Sleep 222 70.3 8.0 

Aging 224 68.1 8.0 

Exercise 223 65.8 8.0 

Smoking 223 66.8 8.0 

 

Table 25 shows the lexical composition of each passage. The number of low 

frequency words in the Smoking passage was higher than those in the other three 

passages. 

 

Table 25 Lexical Composition of the Four Reading Passages 

Passage K1 K2 AWL Low-frequency 

Sleep 87.04 4.63 2.78 5.56 

Aging 88.18 4.09 3.18 4.55 

Exercise 83.63 7.94 1.87 6.54 

Smoking 76.68 13.00 1.79 8.52 

Note. K1 = the first 1,000 high-frequency words of English; K2 = the second 1,000 

high-frequency words of English; AWL = Academic Word List Vocabulary; Low frequency = 

10,000 word frequency level and above. 

 

However, this does not necessarily mean that this passage was more difficult to 

read for the following reasons. The low frequency words used in this passage (i.e., 

cancer, pregnancy, and infections) were known by the participants because these words 
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are health-related words and the participants were first-year medical students studying 

to become doctors. In addition, a few low-frequency words such as cigar (x2) and 

cigarette (x2) were written more than once in the passage. 

Pilot studies showed that the passages containing eight target words took longer 

than five minutes for the participants to read. Therefore, each passage contained six 

target words. However, to discourage the participants from only looking up word 

meanings, two target words in bold print were placed in each paragraph so that the 

participants could use the context provided by different sentences to help learn the 

target word meanings. In addition, each target word began with a different letter to 

avoid confusion between the spellings of two target words that might have begun with 

the same letter. 

 

Quiz Booklets 

Quiz booklets were designed to examine the effects that the control, click, and 

spell conditions had on passage comprehension and the recall of word forms and word 

meanings. Therefore, each booklet contained five quiz types. For example, Quiz 1, the 

Comprehension Quiz, was a multiple-choice quiz with six questions designed to 



193 

measure the participants’ overall comprehension of the reading passage. In Quiz 2, the 

Productive Form Recall Quiz, the participants had to recall and write the spellings or 

forms of the target words. Quiz 3, the Receptive Form Recognition Quiz, was a 

receptive test in which the participants had to choose the correct English spelling of a 

target word in the reading passage from one of four possible options. Quiz 4, the 

Productive Meaning Recall Quiz, was a meaning-focused quiz in which the participants 

had to write, in either English or Japanese, a brief definition or synonym of the target 

word from the reading passage. Quiz 5, the Receptive Meaning Recognition Quiz, was a 

meaning-focused receptive quiz that listed a target word and asked the participants to 

choose the exact meaning of a target word out of four options (See Appendix D). 

 

Quiz Sequence 

The five quizzes were arranged in a predetermined order in each quiz booklet. 

For example, Quiz 1, the Comprehension Quiz, was the first quiz in the booklet. The 

participants might have solely focused their attention on the unknown target words 

highlighted in the passage if this quiz had been placed last. Therefore, the 
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Comprehension Quiz was placed first to emphasize to the participants that their 

understanding of passage content was important to the exercise. 

With regard to the quizzes designed to measure knowledge of the forms and 

meanings of the target words, productive recall quizzes were administered before the 

receptive recognition quizzes. Quiz 2, the Productive Form Recall Quiz, which required 

the participants to write the form of the target words, was administered before Quiz 3, 

the Form Recognition Quiz, which required the participants to choose the correct form 

of the target words. If the Form Recognition Quiz had been administered first, the 

participants would have had a higher probability of spelling the target word correctly 

because they would have had an additional exposure to the word form before spelling it 

on the Productive Form Recall Quiz. 

The same principle applies to the two quizzes designed to assess word meaning. 

Quiz 4, the Productive Meaning Recall Quiz, which required the participants to write 

the meaning or synonym of the target words, was administered before Quiz 5, the 

Receptive Meaning Recognition Quiz, which required the participants to choose the 

correct meaning of the target words. If the Receptive Meaning Recognition Quiz had 

been administered first, the participants would have had a higher probability of 
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producing the correct meaning of the target words because they would have been 

exposed to the words’ meanings in the Receptive Meaning Quiz before writing them on 

the Productive Meaning Recall Quiz. 

 

Quiz Scoring 

Comprehension Quiz 

The Purpose of Quiz 1, the Comprehension Quiz, was to gauge how much 

information the participants could remember by having them focus on both the target 

words and passage content. This quiz was made up of two questions from each 

paragraph for a total of six questions. The participants had to choose the best answer to 

each question from four options based on the information in the reading passage. 

Correct responses received a score of 1 point and incorrect responses or no answer 

received a score of 0 points. An example of two of the six items on the Comprehension 

Quiz is shown below: 
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DIRECTIONS: Read the questions below and circle the letter of the best answer 

according to the Sleep passage. You have one minute (60 seconds). 

 

DO NOT LOOK BACK AT THE PASSAGE! 

 

4. Sleep keeps the body healthy and prevents a person from _______________ 

 

A. getting ill  B. becoming weak  C. becoming angry  D. making mistakes 

 

5. How many hours of sleep do teenagers need? 

A. 8 B. 9  C. 10  D. 11 

 

Productive Form Recall Quiz 

In Quiz 2, the Productive Form Recall Quiz, the first letter of each target word 

was provided as a prompt to elicit recall of the forms of the target words in the reading 

passage. Pilot tests demonstrated that the participants wrote the spellings of very few 

target words if no prompt was given. Therefore, to elicit the recall of the spellings of 

more words, the first letter of each target word was provided. Each of the six target 

words used in the reading passages began with a different letter. Upon seeing the first 

letter, the participants were asked to complete the spelling of the target word. Two of the 

six items on the Productive Form Recall Quiz are shown below. 
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DIRECTIONS: Complete the spelling of the bold-faced (dark) English words that you 

read in the Aging passage. You have one minute (60 seconds). 

 

1.  m____________________________ 

 

2. e _____________________________ 

 

 

The scoring for Quiz 2, the Productive Form Recall Quiz, was as follows. If 

participants were able to write the correct spelling of a target word, they received 1 

point. However, if they were unable to write the complete spelling of a target word or if 

they did not provide any letters for a word, they received 0 points. 

 

Receptive Form Recognition Quiz 

Quiz 3, the Receptive Form Recognition Quiz, presented four spellings for each 

of the six target words. One of the four choices was correct, while the remaining three 

incorrect options were spelled in a phonetically plausible way. In the following example, 

the letters o and i were exchanged to maintain the rules of English spelling and to avoid 

the appearance of two unlikely consonants appearing together. In addition, for two 

choices the letter c was replaced with the letter s because they sometimes share the 
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same sound and challenge participants to correctly recall the spelling of a word. An 

example of one of the six items presented in the Receptive Form Recognition Quiz is 

shown below (The correct answer is C). 

 

DIRECTIONS: Choose and write the letter for the correct spelling of the bold-face 

(dark) English word that you read in the Aging passage. You have one minute (60 

seconds). 

______ 

6. nivose 

7. nivoce 

8. novice 

9. novise 

 

The scoring for the Receptive Form Recognition Quiz was as follows. If the 

participants selected the correct spelling of a target word, they received 1 point. 

However, if they did not select the correct spelling or if they did not select one of the 

four choices, they received 0 points. 
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Productive Meaning Recall Quiz 

Quiz 4, the Productive Meaning Recall Quiz, required the participants to write 

the meanings of each of the six target words in either English or Japanese. An example 

of one of the six items on the Productive Meaning Recall Quiz is shown below. 

 

DIRECTIONS: Write the meaning of the words below from the reading passage in 

English (英語) or Japanese (日本語) according to the Aging passage and the on-line 

dictionary. You have one minute (60 seconds). 

1. myriad - 

 

The scoring for the Productive Meaning Recall Quiz was as follows. If the 

participants were able to write the correct meaning or synonym of a target word, they 

received 1 point. However, if they did not write the correct meaning or synonym of a 

target word, or if they did not provide any letters for a word, they received 0 points. 

 

Inter-Rater Reliability 

To determine inter-rater reliability, the definitions and synonyms that were 

written in Japanese on the Productive Meaning Recall Quiz were evaluated by two 

Japanese professors fluent in English. Cohen's kappa coefficient was used as a measure 
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of agreement between the two professors. Cohen's kappa coefficients were computed 

for the target words in the Smoking passage that were evaluated by the two Japanese 

professors. The Cohen's kappa coefficients ranged from K = .79 to 1.00, p < .01 

indicating that the overall reliability for all the target words in all the conditions was 

acceptable. Table 26 shows the kappa coefficients for the target words by the Japanese 

professors for the three conditions for the Smoking passage. 

 

Table 26. Cohen's Kappa Coefficients by Two Japanese Professors for the Smoking 

Passage 

 Condition  

Word Control Click Spell 

frenzy .94 .80 .79 

quagmire .88 .84 .93 

bulwark .83 1.00 .89 

contempt .94 .94 .95 

menace .94 .94 1.00 

remorse .94 .93 .89 

Note. p < .01 

 

The Cohen's kappa coefficients were then computed for the target words in the 

Exercise passage. The target word malaise had a reliability estimate of K = .47, p < .01 

in the control condition, K = .67, p < .01 in the spell condition, and K = .80 to 1.00, p 
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< .01 in the click condition. The Cohen's kappa coefficients for other target words under 

the other conditions ranged from at K = .81 to 1.00, p < .01, indicating that the overall 

reliability was acceptable. Table 27 shows the kappa coefficients for the target words as 

rated by the two Japanese professors for the three conditions for the Exercise passage. 

 

Table 27. Cohen's Kappa Coefficients by Two Japanese Professors for the Exercise 

Passage 

 Condition  

Word Control Click Spell 

aplomb 1.00  .92  .86 

penchant 1.00  .86 1.00 

chagrin *  .91  .90 

fracas *  .84  .81 

malaise  .47  .80  .67 

gumption 1.00 1.00  .83 

Note. p < .01. * = no statistic computed. 

 

Next Cohen's kappa coefficients were computed for the target words in the 

Aging passage as rated by the two native Japanese professors. The Cohen's kappa 

coefficients ranged from K = .83 to 1.00, p < .01, indicating that the overall reliability 

for all the target words in all conditions was acceptable. Table 28 shows the kappa 
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coefficients for the target words evaluated by the two Japanese professors for the three 

conditions for the Aging passage. 

 

Table 28. Cohen's Kappa Coefficients by Two Japanese Professors for the Aging 

Passage 

 Condition  

Word Control Click Spell 

comrade 1.00 .94 1.00 

prudence .83 1.00 1.00 

comrade 1.00 .94 1.00 

prudence .83 1.00 1.00 

grandeur 1.00 .95 1.00 

damsel 1.00 .93 1.00 

mandate .91 .95 1.00 

solace 1.00 1.00 1.00 

 

Inter-rater reliability for the definitions and synonyms written in English were 

assessed by two American native English speakers who hold advanced degrees in 

linguistics and have taught English as a second language for over 18 years in Japan. The 

Cohen's kappa coefficients were computed for the target words in the Smoking passage 

as evaluated by the native English speakers. The Cohen’s kappa coefficient was K = .49, 

p < .01, for malaise in the control condition. For the other target words, the Cohen's 

kappa coefficients were K = 100, p < .01. Table 29 shows the kappa coefficients for the 
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target words evaluated by native English speakers for the three conditions for the 

Smoking passage. 

 

Table 29 Cohen’s Kappa Coefficients by Native English Speakers for the Smoking 

Passage 

  Condition  

Word Control Click Spell 

frenzy 1.00 1.00 1.00 

quagmire * 1.00 * 

bulwark * * 1.00 

contempt .49 * * 

menace * * 1.00 

remorse * * * 

Note. p < .01. * = no statistic computed. 

 

Cohen's kappa coefficients were computed for the target words in the Exercise 

passage as evaluated by the two native English speakers. The Cohen’s kappa 

coefficients ranged from K = .74 to 1.00, p < .01 indicating that the overall reliability for 

all the target words in all conditions was acceptable. Table 30 shows the kappa 

coefficients for the target words evaluated by the two native English speakers for the 

three conditions for the Exercise passage. 
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Table 30. Cohen’s Kappa Coefficients by the Native English Speakers for the Exercise 

Passage 

 Condition 

Word Control Click Spell 

aplomb 1.00 1.00 1.00 

penchant * 1.00 1.00 

chagrin * .74 * 

fracas * 1.00 1.00 

malaise 1.00 .82 1.00 

gumption 1.00 1.00 1.00 

Note. p < .01. * = no statistic computed 

 

Cohen's kappa coefficients were computed for target words in the Aging passage 

as evaluated by the two native English speakers. The Cohen’s kappa coefficients were K 

= 1.00, p < .01, indicating that overall reliability for the target words in all conditions 

was good. Table 31 reveals kappa coefficients for target words for the three conditions. 

 

Table 31. Cohen’s Kappa Coefficients by the Native English Speakers for the Aging 

Passage 

  Condition  

Word Control Click Spell 

comrade 1.00 1.00 1.00 

prudence 1.00 1.00 1.00 

grandeur 1.00 1.00 1.00 

damsel 1.00 1.00 1.00 

mandate 1.00 1.00 1.00 

solace 1.00 1.00 1.00 

Note. p < .01. 
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Receptive Meaning Recognition Quiz 

Quiz 5, the Receptive Meaning Recognition Quiz, required the participants to 

identify the correct meaning of each of the six highlighted target words in the reading 

passage from four possible choices. One choice was the correct definition of the target 

word, one choice was the definition of another highlighted word taken from the same 

paragraph as the target word, one choice was another highlighted word taken from 

another paragraph, and one choice was an incorrect definition related to the content of 

the paragraph. The following is an example of one of the six items on the Receptive 

Meaning Recognition Quiz. 

 

DIRECTIONS: Write the letter for the EXACT answer that matches the meaning of 

target word according to the Aging passage and the on-line dictionary. You have one 

minute (60 seconds). 

 

mandate ___A___ 

10. an official order to do something 

11. a close friend you have worked with 

12. a great and impressive quality 

13. aging populations in wealthy countries 
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The scoring for the Receptive Meaning Recognition Quiz was as follows. If the 

participants were able to identify and select the correct definition for the listed target 

word, they received 1 point. If they selected one of the four incorrect definitions, or if a 

definition was not selected, they received 0 points. 

 

Research Design 

Initially, the participants in one class session were divided equally into the 

control, click, and spell conditions. However, this design was abandoned, as it was 

problematic for two reasons. First, despite all students having both an orientation lesson 

in the second week of class as well as explicit instruction each week thereafter, running 

multiple conditions in the computer lab for the same cohort of students led to confusion 

regarding how the target words should be looked up. Second, the classroom setting was 

noisy and thus students who spelled words or clicked words caused disruptions 

compared to the students in the control condition who quietly looked up words while 

reading. Table 32 shows the research design that was implemented. 
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Table 32. Research Design 

Cohort Second week Fourth week Sixth week Eighth week 

Autumn Sleep (Or) Smoking (Cl) Exercise (Sp) Aging (Cn) 

Winter Sleep (Or) Aging (Sp) Smoking (Cn) Exercise (Cl) 

Spring Sleep (Or) Exercise (Cn) Aging (Cl) Smoking (Sp) 

Note. Or = Orientation; Cl = Click; Sp = Spell; Cn = Control. 

 

The participants first underwent an orientation in which they read the Sleep 

passage and learned the first two unknown marked words in the first paragraph from 

context, looked up the second two unknown marked words in the second paragraph 

from mouse-clicking, and then looked up the last two unknown marked words in the 

third paragraph by spelling the forms of the words into an on-line dictionary. Thereafter, 

for the following weeks in the Computer Lab, all participants in the same class session 

read the same passage under the same conditions. 

The above design has both advantages and disadvantages. One advantage of this 

design is that over the course of the three trimesters during the academic year, all 

reading passages were read under three conditions. In this way, confusion regarding the 

procedures and noise disruptions were minimized. Second, data from a large number of 

participants looking up target words under the same condition could be collected in each 

session in the computer lab. However, the disadvantage of the above design is that one 
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cohort of participants did not read a single passage under the three conditions. This 

design could lead to uneven findings over the course of academic year because the 

participants of the latter cohorts might have become more knowledgeable and adept 

with their English communication skills than the first cohort. Nevertheless, the use of 

the former design was used to obtain an understanding with regard to how the three 

conditions might impact vocabulary learning and passage comprehension. 

 

Procedures 

Placement and Purpose 

In order to receive permission to conduct the study, both university officials and 

the participants were informed. First, faculty and administrators of the university’s 

Internal Review Board (IRB) were contacted before conducting the study and informed 

about the methods and purpose of the On-line Dictionary Study and assured that 

anonymity would be guaranteed. Next, during the second week of the trimester, a class 

was held in the university computer lab. The 28 participants were placed in the first 

seven seats of eight rows and given a quiz booklet. At this time the participants were 

asked to take part in a 20-minute activity in which they read a passage using an on-line 
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dictionary and completed the quiz booklet. The participants were told that the activity 

was meant as a warm-up exercise for the class session, the results would be collected as 

part of a research project by the instructor, the results would not affect their course 

grades, and personal identification information would not be released. Although the 

participants were given the option not to participate in the activity, none of the 

participants from the three cohorts in this study chose to decline to participate. 

 

Website and Quiz Orientation 

After explaining the purpose of the activity, the participants were instructed to 

mark their consent on the first page of their quiz booklets and to log onto the instructor's 

homepage. When it appeared that all participants had logged on to the instructor's 

homepage on their laptop computers, they were told to focus their attention on the large 

screens to the right or left of the instructor's table in the front of the computer lab. I 

accessed the Computer Language Lab homepage via the Internet using the desktop 

computer at the front of the lab. The activity I performed on the desktop computer was 

visible to the students on the large screens in the front of the computer lab. 
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For the first orientation session in the computer lab, the participants were told 

that they were to read the Sleep passage and learn the six highlighted target words in 

bold print. For example, to learn the first two target words in the first paragraph, the 

participants were instructed to only read the context of a passage. However, learning the 

second two target words in the second paragraph of the passage involved two-steps. 

First, the participants were told that they were to read the passage and mouse-click on 

the highlighted target words to learn their meanings. This action brought the participants 

to another website where they could view the definitions in the on-line 

Merriam-Webster's Learner's Dictionary. Second, the participants were shown how to 

return to the reading passage by double-clicking the left-pointing arrow in the top left 

corner of the screen. The participants were then shown how to return to the Computer 

Language Lab homepage from the reading passage by single clicking on the left 

pointing arrow in the top left corner of the page. 

Four steps were needed for the participants to learn the last two target words in 

the third and final paragraph of the reading passage. First, they were told to read the 

passage and to learn the highlighted words by clicking on them, which brought them to 

an empty word search box in the Merriam-Webster's Learner's Dictionary. Second, they 
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were told to type the spelling of the highlighted word in the on-line dictionary’s word 

search box. Third, after typing the word, they were told that they should press the 

"Enter" key on their keyboard, which then provided the website where they could view 

the words’ definitions. Fourth, I showed the participants how to return to the reading 

passage by double-clicking the left pointing arrow at the top left corner of the screen. 

After learning the target words through context, context and mouse-clicking, and 

context and typing, the participants were instructed to return to the Computer Language 

Lab homepage, refer to their quiz booklets and follow an eight-step sequence. First, on 

the cover of their quiz booklet, the participants were instructed to write the date, their 

name and student number, and check yes or no for their consent to use the data from the 

quiz booklet for research purposes. Second, they were instructed to read the Sleep 

passage from my website on their laptop computer and learn the first two words from 

context (control), the second two words from mouse-clicking on the target words to the 

find meanings in the on-line dictionary (click), and the last two words by 

mouse-clicking and typing the target words in the on-line dictionary (spell). After five 

minutes, the participants were told to stop reading and to click back to the homepage. 

Third, the participants were told to turn to Page 2 of their booklet and answer the 
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question concerning the difficulty of the reading passage. Fourth, they were told to turn 

to Page 3 of their booklet. I read aloud the directions for the quiz and then the 

participants completed Quiz 1, the Comprehension Quiz, in one minute. Fifth, after one 

minute, the participants were instructed to turn to Page 4 of their booklet and answer the 

question concerning the difficulty of Quiz 1. Sixth, they were instructed to turn to Page 

5 of their booklets, Quiz 2, the Productive Form Recall Quiz. At this time I read the 

directions for the quiz and the participants completed Quiz 2 in one minute. Seventh, 

the participants were instructed to turn to page 6 of their booklet and answer the 

question concerning the difficulty of Quiz 2. This same procedure was used to lead the 

participants through the remaining Receptive Form Recognition, Productive Meaning 

Recall, and Receptive Meaning Recognition quizzes. When the last quiz was completed, 

the participants were told to turn their booklets face down and pass them forward to the 

front of the class. When all the quizzes were collected, the participants were thanked. 

For the remaining 40 minutes of the class period, they took an abridged 30-minute 

TOEIC test via their laptop computer. However, for the following three class sessions in 

the computer lab, after the participants finished their quiz booklets, they completed an 

on-line activity related to the topics they read on my website for class study. 
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About every other week, the participants were instructed to visit the computer 

lab. For each session they were asked for their consent to participate and then instructed 

to log onto the homepage of my website, read an assigned passage, and learn the target 

words in bold print either from context, mouse-clicking, or spelling. After five minutes, 

I asked the participants to stop reading and return to the website homepage. The 

participants were then asked to complete their quiz booklets in the sequence described 

above. The procedures for the participants for the spring, autumn, and winter trimesters 

were exactly the same except that the passages and conditions were randomized in order 

to examine how the same reading passages fared under different conditions. Table 33 

shows the procedures for the On-line Dictionary Study. 

 

Table 33 Computer Lab Procedures 

Week First activity Second activity 

1 Vocabulary Quiz Preview Course introduction 

2 Reading Passage & Quiz Booklet 30 minute TOEIC exam 

4 Reading Passage & Quiz Booklet On-line activity 

6 Reading Passage & Quiz Booklet On-line activity 

8 Reading Passage & Quiz Booklet On-line activity 

Note. Week 2 = Orientation. 
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Analyses 

The analyses conducted for the On-line Dictionary Study were to explore the 

extent the control, click, and spell conditions differed in their effect on learners 

recognition and recall of the forms and meanings of the target words and their 

comprehension reading passages. Therefore, after each class, the quiz booklets were 

reviewed by native speakers of English and native speakers of Japanese. One native 

English speaker reviewed the participants’ answers for the Comprehension Quiz, the 

Productive Form Recall Quiz, the Receptive Form Recall Quiz, and the Receptive 

Meaning Recognition Quiz. However, for Quiz 3, the Productive Meaning Recall Quiz, 

two native English speakers working as university English instructors reviewed the 

answers written in English, while two native Japanese speakers working as university 

English instructors at the medical university reviewed the answers written in Japanese. 

As described above, it was necessary to use different cohorts of participants to 

test the effect of the control, click, and spell conditions on the Productive Form Recall, 

Receptive Form Recognition, Productive Meaning Recall, and Receptive Meaning 

Recognition Quizzes. Although rating the three passages through the three treatment 

conditions controlled for differences in passage-item difficulty, a possible cohort effect 
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might have been created. In addition, because each participant read one passage under 

only one of the three treatment conditions, arranging the data into SPSS would result in 

a data matrix with two thirds of the data missing and a need to impute values for the 

missing cells. For this reason, a Rasch analysis was used. 

Rasch analysis handles missing data easily and requires no imputing. By 

anchoring various facets to zero in sequential analyses, it was possible to determine 

whether cohort ability and passage difficulty were measurably different. Using FACETS, 

it was possible to treat quiz type and treatment condition as non-measurement facets by 

anchoring them to zero, and to examine whether the treatment condition “biased” the 

performance on the four quiz types, the primary area of interest for two research 

questions of Study 2. Therefore, the bias interaction output from FACETS with 

attendant t-values was used to judge the statistical significance between Form and 

Condition interactions for Research Questions 1, 2, and 3. 

 

The Rasch Model 

The Rasch model is a method for analyzing data based on relationship between a 

person’s responses to a question and item difficulty. Items are used to define a scale and 
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people are then placed on the scale based on their responses to the items. The benefit of 

using the Rasch model is that persons and items can be placed on the same invariant 

scale. For this reason, the Rasch model was used to determine whether or not the items 

scored from the participants adequately fit the model. In addition, the Rasch model was 

used to examine how the quiz items or questions related to the look-up conditions. The 

results from the model should reflect the hypotheses that were used to predict the 

difficulty of the quizzes that measure the recall and retention of word forms, word 

meanings, and passage comprehension. 

 

Rasch Fit Statistics 

The Rasch model uses Infit and Outfit statistics to indicate the degree of 

agreement between the observed responses and the model expectations. The Infit 

statistics are weighted to indicate deviation from the model at levels near the test-takers’ 

ability. The Outfit statistics are not weighted and are therefore more sensitive to highly 

improbable responses. Both statistics are reported in the form of mean square and 

standardized mean square. Mean square statistics (MNSQ) show the amount of 

randomness in the data and the discrepancies between observed and expected responses, 
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while the standardized fit statistic (ZSTD) shows the probability of the discrepancy. 

Linacre (2008) has suggested that statistics that are productive for measurement should 

have Outfit and Infit values ranging between 0.5 and 1.5. For the measurement of a 

construct, items that have fit values greater than 1.5 are unproductive as that figure 

indicates unpredictability. Items with mean-square fit statistics less than 0.5 are less 

productive for measurement purposes in that they too predictable. In this study, a 

relatively strict mean-square criterion of 0.7-1.3 was used to assess the fit of the quiz 

items. Linacre (2008) also recommended the use of the following four guidelines when 

assessing items. First, negative point-measure or point-biserial correlations should be 

identified. Second, outfit mean-square (MNSQ) statistics should be inspected before the 

infit mean-square statistics. Third, the mean-square fit statistics should be inspected 

before standardized (ZSTD) fit statistics. Fourth, high fit values should be examined 

before low or negative fit values. 

 

Rasch Person and Item Reliability and Separation 

Rasch analyses provide reliability estimates for persons and items. Person 

reliability reflects the consistency of whether the participants would score the same way 
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on other tests measuring the same construct. For instance, if person reliability is high 

and participant A scores higher than participant B on one test, then participant A would 

score higher than participant B on another test that measures the same construct (Bond 

& Fox, 2007). The person separation statistic classifies participants based on their 

ability on the construct. A high separation statistic indicates greater reliability; however, 

a lower separation statistic can indicate that the measurement instrument is not sensitive 

enough to distinguish between high and low performers. 

Rasch item reliability indicates the consistency to which items would have the 

same order of difficulty if they were administered to another sample group. For example, 

if item reliability is high, and if item A is more difficult than item B on one test, then 

item A would be more difficult than item B on another test that measures the same 

construct (Bond & Fox, 2007). The Rasch item separation statistic verifies the hierarchy 

of items measuring the construct. A higher separation statistic indicates that the items 

can be separated into more statistically distinct measures of performance, while a low 

separation statistic implies that the number of participants might not be large enough to 

distinguish item difficulty. 
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Interviews 

Participants 

Three participants were interviewed to gain an understanding of the processing 

language learners employ when learning words using an on-line dictionary in the 

control, click, and spell conditions. The participants were first-year students who were 

enrolled in my elective courses and who were asked to volunteer because their 

academic schedules indicated that they would not be enrolled in any of my future core 

classes in which I gathered quantitative data. 

 

Design 

The interviews for the qualitative portion of the study consisted of two sessions 

approximately one week a part. The first session, consisted of orientation and a control 

condition while the second session consisted of the click and spell conditions. Table 34 

shows the interview design for the On-line Dictionary Study: 
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Table 34. Interview Design for the On-line Dictionary Study 

First session (Week 1) Second session (Week 2) 

No interview First interview  Second interview Third interview 

Orientation Control  Click Spell 

P1 P1  P1 P1 

Sleep Exercise  Aging Smoking 

Orientation Control  Click Spell 

P2 P2  P2 P2 

Sleep Aging  Smoking Exercise 

Orientation Control  Click Spell 

P3 P3  P3 P3 

Sleep Smoking  Exercise Aging 

Note. P1, P2, P3 = Participant 1, Participant 2, Participant 3, respectively. 

 

Procedure 

The participants were asked to take part in two sessions with four reading 

passages. The first session consisted of two reading passages, quizzes, and interviews, 

and the second session the following week consisted of two reading passages, quizzes, 

and interviews. First, the participant confirmed his consent to participate in the study on 

the front page of the quiz booklet, and then I introduced my website and asked him to read 

the Sleep passage within five minutes. As noted previously, this passage oriented the 

participants to the three research conditions by having them learn the first two target 

words in the first paragraph from context, the second two words in the second paragraph 
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by clicking, which linked them to a target word’s meaning in an on-line dictionary, and 

the last two words in the third paragraph by clicking, which linked them to an on-line 

dictionary, and then typing the spelling of the target word, which linked them to the target 

word’s meaning in the on-line dictionary. Third, after five minutes, I asked the participant 

to click back to my homepage so that he could no longer read the reading passage. Fourth, 

I told the participant to turn to the first quiz of the booklet, the comprehension quiz, I read 

the directions aloud, and the participant completed the quiz within one minute. The 

participant was then asked to stop and turn to the next quiz. I read the directions for the 

next quiz and then the participant completed it within one minute. This procedure 

continued for the five quizzes in the quiz booklet: the Comprehension Quiz, the 

Productive Form Recall Quiz, the Receptive Form Recognition Quiz, the Productive 

Meaning Recall Quiz, and the Receptive Meaning Recognition Quiz. When the final quiz 

of the booklet had been completed, the participant took a 10-15 minute break. 

After the break, for the second reading in the first session, the participant was read 

another passage in the control condition; he attempted to learn the six target words only 

from context within five minutes. After reading the passage, the participant was given a 

quiz booklet related to the passage and he completed the quizzes in the manner described 
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above. After each quiz and before proceeding to the next quiz, I briefly interviewed the 

participants and asked them to recall the strategies they used when they read the passage. 

The procedure was the same one week later in the second session except that the 

participant was first asked to read a passage in the click condition followed by another 

passage that was read in the click and spell condition. The participants were encouraged 

to express themselves as much as possible. I often repeated sentences and the comments 

expressed by the participant in order to verify their responses. In addition, the verbal and 

non-verbal data from video recordings verified that participants’ answers were their own. 

After the interviews were transcribed, the data were analyzed to identify the themes that 

appeared in the control, click, and spell conditions. 

 

Results 

Rasch reliability and separation statistics were calculated for the students, 

cohorts, passages, conditions, form, and items. The Rasch student reliability estimate 

was .81, and student separation was 2.04. The Rasch reliability (separation) for the other 

factors was .00 (.00) for cohort, .94 (3.84) for passage, .67 (.00) for condition, 1.00 

(18.79) for form, and .94 (3.92) for items. Figure 9 shows the Rasch variable map. 
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The Rasch variable map indicates the range of item difficulty with more difficult 

items at the top of the map and easier items at the bottom. Aging-2 and Aging-6 were 

the most difficult items with observed logit values of 1.75 , whereas item Exersize-1 

was the easiest with an observed logit of -2.12. With regard to the quiz types or forms, 

the Productive Form and Productive Receptive Quizzes that required the participants to 

produce the spellings or meanings of words were more difficult than the Receptive 

Form, Receptive Meaning, or Comprehension Quizzes that required participants to 

choose the correct answer for a question. The Exercise passage was slightly more 

difficult than both the Aging and Smoking passages. This might be attributed to the fact 

that the target words aplomb and fracas from the Exercises passage were shown by the 

Rasch analysis to be the most difficult of the 18 target words in the three reading 
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Figure 9. Rasch variable map. Each * = 2 people; each . = 1 person. PM = Productive Meaning 

Recall Quiz; PF = Productive Form Recall Quiz; RM = Receptive Meaning Recognition Quiz; RF 

= Receptive Form Recognition Quiz. 

 

+----------------------------------------------------------------------------+ 

|Measr|+student|-Passage  |-Form |-Items                                     | 

|-----+--------+----------+------+-------------------------------------------| 

|   2 +        +          +      +                                           | 

|     |        |          |      |                                           | 

|     |        |          |      |                                           | 

|     |        |          |      | Aging-2     Aging-6                       | 

|     |        |          |      |                                           | 

|     |        |          |      |                                           | 

|     | .      |          | PM   |                                           | 

|     | *      |          |      |                                           | 

|     | *      |          |      |                                           | 

|     | .      |          |      | aplomb                                    | 

|   1 + .      +          + PF   + fracas                                    | 

|     | .      |          |      | Smoking-4                                 | 

|     | *.     |          |      | comrade     grandeur                      | 

|     | ***    |          |      | quagmire    remorse                       | 

|     | *      |          |      | prudence                                  | 

|     | *      |          |      | chagrin     menace                        | 

|     | *.     |          |      | frenzy      penchant                      | 

|     | ***.   |          |      | Exercise-2  Smoking-5   bulwark  mandate  | 

|     | *.     | Exercise |      | gumption                                  | 

|     | ***    |          |      | malaise                                   | 

*   0 * *      * Aging    *      * solace                                    * 

|     | ****.  |          |      |                                           | 

|     | .      | Smoking  | RM   | Aging-5                                   | 

|     | ****** |          |      | Aging-1                                   | 

|     | *.     |          |      | Exercise-6  Smoking-1                     | 

|     | **.    |          |      | Aging-3     Exercise-3  contempt          | 

|     | *.     |          | Comp |                                           | 

|     | *.     |          |      |                                           | 

|     | *      |          |      | Smoking-3   damsel                        | 

|     | *.     |          |      |                                           | 

|  -1 + .      +          +      + Smoking-6                                 | 

|     |        |          |      | Exercise-4                                | 

|     |        |          |      |                                           | 

|     | *      |          |      |                                           | 

|     |        |          |      | Exercise-5                                | 

|     |        |          |      |                                           | 

|     |        |          | RF   |                                           | 

|     |        |          |      | Aging-4     smoking-2                     | 

|     |        |          |      |                                           | 

|     |        |          |      |                                           | 

|  -2 +        +          +      +                                           | 

|     |        |          |      | Exercise-1                                | 

|     |        |          |      |                                           | 

|     |        |          |      |                                           | 

|-----+--------+----------+------+-------------------------------------------| 

|Measr| * = 2  |-Passage  |-Form |-Items                                     | 

+----------------------------------------------------------------------------+ 
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passages. Nonetheless, a comparison of the locations of the student measures and item 

measures shows that the mean for the student measures (M =.03; SD = .62) was 

virtually equal to the mean of the item measures (M = 00; SD = .92). 

Table 35 displays the Rasch item fit statistics. Item 12 showed the greatest 

overfit to the model at .80 and item 32 showed the largest underfit at 1.17; however, all 

of the items met the Infit MNSQ .7-1.3 fit criteria. 

 

Table 35. Rasch Item Fit Statistics 

 
Item 

   
Infit Infit Outfit Outfit 

Item type Passage Measure SE MNSQ ZSTD MNSQ ZSTD 

12 chagrin EX .49 .14 .80 -.30 .70 -2.90 

1 contempt SM -.50 .13 .83 -.32 .72 -3.00 

34 Aging-4 AG 1.73 .38 .94 .00 .75 -.60 

2 quagmire SM .74 .13 .94 -1.70 .81 2.00 

29 Exercise-5 EX -1.42 .33 .89 -1.00 .81 -.60 

15 solace AG -.01 .13 .88 -2.00 .82 -2.10 

17 mandate AG .26 .13 .88 -1.90 .82 -2.10 

9 gumption EX .18 .14 .89 -1.60 .84 -1.70 

6 remorse SM .71 .13 .91 -1.40 .85 -1.50 

28 Exercise-4 EX -1.11 .30 1.00 .00 .86 -.50 

30 Exercise-6 EX -.41 .26 .94 -.50 .90 -.70 

3 bulwark SM .32 .13 .93 -1.10 .91 -1.00 

10 aplomb EX 1.14 .16 1.02 .20 .92 -.41 

25 Exercise-1 EX -2.12 .43 .98 .00 .93 .00 

16 prudence AG .60 .14 .99 .00 .94 -.60 

8 penchant EX .42 .14 1.05 .70 .96 -.31 
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Table 35 Continued  

 
Item 

   
Infit Infit Outfit Outfit 

Item type Passage Measure SE MNSQ ZSTD MNSQ ZSTD 

11 fracas EX .99 .15 1.07 .80 .96 -.20 

27 Exercise-3 EX .48 .26 1.02 .10 .99 .00 

7 malaise EX .06 .14 1.04 .60 1.02 .20 

4 frenzy SM .44 .13 1.00 .00 1.03 .40 

22 Smoking-4 SM .88 .23 1.04 .70 1.05 .70 

23 Smoking-5 SM .26 .23 1.03 .30 1.07 .60 

5 menace SM .47 .13 1.08 1.20 1.08 .90 

36 Aging-6 AG 1.75 .26 1.06 .50 1.10 .60 

26 Exercise-2 EX .34 .24 1.10 1.50 1.13 1.60 

33 Aging-3 AG -.45 .26 1.04 .40 1.14 .90 

18 comrade AG .83 .14 1.19 2.50 1.20 1.60 

19 Smoking-1 SM -.39 .26 1.09 .70 1.22 1.20 

35 Aging-5 AG -.20 .25 1.06 .60 1.22 1.60 

20 Smoking-2 SM -1.74 .40 1.08 .30 1.30 .80 

31 Aging-1 AG -.32 .25 1.15 1.30 1.31 2.10 

13 damsel AG -.81 .13 1.16 2.60 1.33 2.80 

21 Smoking-3 SM -.75 .28 1.12 .70 1.33 1.40 

14 grandeur AG .83 .14 1.28 3.60 1.34 2.70 

24 Smoking-4 SM -1.01 .31 1.08 .40 1.35 1.30 

32 Aging-2 AG 1.75 .26 1.17 1.30 1.37 2.10 

Note. EX = Exercise, AG = Aging, SM = Smoking. 

 

Table 36 shows the fit statistics for the reading passages. The Smoking passage 

overfit the Rasch model slightly with a fit statistic of .96, while the Aging passage 

displayed the greatest underfit at 1.06. All of the passages met the Infit MNSQ criterion 

of .7-1.3. 
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Table 36. Rasch Reading Passage Fit Statistics 

   
Infit Infit Outfit Outfit 

Passage Measure SE MNSQ ZSTD MNSQ ZSTD 

Smoking -.21 .05 .96 -1.50 .97 -.90 

Exercise -.18 .05 .98 -.60 .91 -2.10 

Aging .03 .05 1.06 2.60 1.09 2.30 

 

Table 37 shows the cohort fit statistics. In the initial analysis, FACETS indicated 

that the cohorts were not measurably different. All three cohorts met the Infit 

MNSQ .7-1.3 criterion. 

 

Table 37. Rasch Cohort Fit Statistics 

   
Infit Infit Outfit Outfit 

Cohort Measure SE MNSQ ZSTD MNSQ ZSTD 

1st  -.01 .05 .98 -.60 .98 -.40 

2nd  .00 .05 .99  -.20 .95 -1.30 

3rd  .01 .05 1.03  1.30 1.04 1.00 

 

Table 38 displays the condition fit statistics with the condition facet anchored to 

0 as it was in the final analysis. All three conditions met the Infit MNSQ .7-1.3 

criterion. 
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Table 38. Rasch Condition Fit Statistics 

   
Infit Infit Outfit Outfit 

Condition Measure SE MNSQ ZSTD MNSQ ZSTD 

Control .00 .05 .87 -5.30 .80 -5.30 

Spell .00 .05 1.04   1.40 1.03 .80 

Click .00 .05 1.09   3.60 1.12 3.00 

 

Table 39 shows the quiz or form fit statistics. The fits statistics for all of the 

quizzes met the Infit MNSQ .7-1.3 criterion. 

 

Table 39. Rasch Form Fit Statistics 

   
Infit Infit Outfit Outfit 

Form Measure SE MNSQ ZSTD MNSQ ZSTD 

PF .96 .07 .90 -2.80 .84 -3.40 

RF -1.64 .06 .99 -.20 .99 -.10 

PM 1.42 .07 .99 .20 .93 -1.00 

RM -.15 .06 1.06 2.90 1.07 3.00 

Comp -.50 .06 1.05 1.70 1.11 2.00 

Note. PF = Productive Form Recall Quiz; RF = Receptive Form Recognition Quiz; PM = 

Productive Meaning Recall Quiz; RM = Receptive Meaning Recognition Quiz; Comp = 

Comprehension Quiz. 

 

Form and Meaning Quizzes 

The initial FACETS analysis indicated that the three cohorts were not 

measurably different and therefore the cohorts were anchored to zero. However, to 
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determine whether the control, click, or spell conditions differentially affected 

performance on the four quiz forms, the FACETS analysis was run again with Form and 

Condition anchored to zero. The zero setting prevented the Form and Conditions from 

affecting the estimates of the other four facets, student ability, cohort ability, passage  

difficulty, and item difficulty. The degree to which Form and Condition impacted 

performance can be seen in Figure 10, the FACETS bias interaction expressed in 

t-values. 
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Figure 10. Interaction of look-up conditions with quizzes. PF = Productive Form Recall 

Quiz; RF = Receptive Form Recognition Quiz, PM = Productive Meaning Recall Quiz, 

RM = Receptive Meaning Recognition Quiz, Comp. = Comprehension Quiz 

 

The FACETS Bias Interaction Pairwise Report table for Condition and Form 

was used to examine t-values and probabilities (see Table 40). Probabilities of p < .05 

were considered measurably different in the context of this particular sample. To control 

for inflated Type II error because of multiple statistical comparisons (3 conditions x 5 

quizzes = 15), a Bonferroni adjustment was applied. As a result, comparisons at p 

< .003 (.05 ÷ 15 = .003) were considered statistically significant and generalizable to a 
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larger population. Table 40 shows the comparisons of the conditions with each test form 

or quiz. 

 

Table 40. Productive Form Recall Quiz Bias Sizes and t-values 

Test form Condition 1 Condition 2 SE t df p 

Productive Form Click Spell .16 1.44 987 .149 

 Click Control .17 -0.87 937 .383 

 Spell Control .16 -2.26 928 .024 * 

Receptive Form Click Spell .16 3.31 982 .001** 

 Click Control .15 -0.80 942 .423 

 Spell Control .17 -4.02 939 .000 ** 

Productive Meaning Click Spell .16 -2.60 985 .009 * 

 Click Control .23 -7.90 840 .000 ** 

 Spell Control .24 -5.93 860 .000 ** 

Receptive Meaning Click Spell .14 -2.29 987 .022 * 

 Click Control .15 -10.80 927 .000 ** 

 Spell Control .15 -8.77 922 .000 ** 

Comprehension Click Spell .15 -2.25 987 .025 * 

 Click Control .17 2.12 936 .034 * 

 Spell Control .16 4.28 928 .000 ** 

Note. * = Measurably different p < .05 in the context of this study. ** = Statistically significant p 

< .003. 

 

 

Research Question 1: Look-Up Conditions and Learning Word Forms 

Research question 1 asked, To what extent do the control, click, and spell 

conditions differ in their effect when learners attempt to recognize and recall the forms 

of recently encountered new words? 
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The results lend partial support to the first hypothesis, that the spell condition 

will yield significantly higher recall and recognition scores for the forms of unknown 

target words than the click condition, and partial support for the second hypothesis, that 

the spell condition will have significantly higher recall and recognition scores for the 

forms of unknown target words than the control condition. However, results did not 

support the third hypothesis, that the click condition will yield significantly higher 

recall and recognition scores for the forms of unknown target words than the control 

condition. First, the effects were neither measurably different nor statistically significant 

between the click and spell (p = .149) conditions for the Productive Form Recall Quiz. 

However, the effects between the click and spell conditions, t = 3.31, p = .001, were 

statistically significant for the Receptive Form Recognition Quiz. Therefore, the first 

hypothesis, that the spell condition will yield significantly higher recall and recognition 

scores for the forms of unknown words than the click condition, was partially supported. 

Second, the effects were statistically significant for the Receptive Form Recognition 

Quiz, t = -4.02, p = .000, and, in the context of this study, measurably different between 

the spell and control conditions, t = -2.26, p = .024, for the Productive Form Recall 

Quiz. As a result, the second hypothesis, that the spell condition will have significantly 
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higher recall and recognition scores for the forms of unknown words than the control 

condition, was also partially supported. Third, the effects were neither statistically 

significant nor measurably different between the click and control (p = .423) conditions 

for either the Productive Form Recall or Receptive Form Recognition Quizzes. 

Therefore, although the scores from the click condition were higher, the third hypothesis 

that the click condition will yield higher recall and recognition scores for the forms of 

unknown words than the control condition was not supported. 

 

Research Question 2: Look-Up Conditions and Learning Word Meanings 

Research question 2 asked, To what extent do the control, click, and spell 

conditions differ in their effect when learners attempt to recognize and recall the 

meanings of recently encountered new words? 

The results did not support the first hypothesis, that the click condition will yield 

significantly higher recall and recognition scores for the meanings of unknown target 

words than the spell condition, or the third hypothesis, that the control condition will 

yield significantly higher recall and recognition scores for the meanings of unknown 

target words than the spell condition. However, the results fully support the second 
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hypothesis that the click condition will have significantly higher recall and recognition 

scores for the meanings of unknown target words than the control condition. First, 

although the effects between the click and spell conditions were measurably different 

for both the Productive Meaning Recall Quiz, t = -2.60, p = .009, and the Receptive 

Meaning Recognition Quiz, t = -2.29, p = .022, they were not statistically significant. 

Therefore, the first hypothesis that the click condition will yield significantly higher 

recall and recognition scores for unknown word meanings than the spell condition was 

not supported. Second, the effects between the click and control conditions were 

statistically significant for both the Productive Meaning Recall Quiz, t = -7.90, p = .000, 

and Receptive Meaning Recognition Quiz, t = -10,80, p = .000. As a result, the second 

hypothesis, that the click condition will have significantly higher recall and recognition 

scores for unknown word meanings than the control condition, was fully supported. 

Third, the effects between the spell and control conditions were statistically significant 

for both the Productive Meaning Recall Quiz, t = -5.93, p = .000, and Receptive 

Meaning Recognition Quiz, t = -8.77, p = .000. Therefore, the third hypothesis, that the 

control condition will yield significantly higher recall and recognition scores for 

unknown word meanings than the spell condition, was not supported. 
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Research Question 3: Look-Up Conditions and Passage Comprehension 

Research questions 3 asked, To what extent do the control, click, and spell 

conditions differ in their effect when learners attempt to comprehend a reading passage? 

The results did not support the first hypothesis that the control condition will 

yield significantly higher reading comprehension scores than the click condition, or the 

third hypotheses that the click condition will yield significantly higher reading 

comprehension scores than the spell condition. However, the results fully supported the 

second hypothesis that the control condition will yield significantly higher reading 

comprehension scores than the spell condition. First, although the click and control 

conditions were measurably different, they were not statistically significant, t = 2.12, p 

= .034. Therefore, the first hypothesis that the control condition will yield significantly 

higher reading comprehension scores than the click condition was not supported. 

Second, the effects between the spell and control conditions, t = 4.28, p = .000, were 

statistically significant. As a result, the second hypothesis that the control condition will 

yield higher reading comprehension scores than the spell condition was supported. 

Third, although the effects between the click and spell conditions were measurably 

different, they were not statistically significant, t = -2.25, p = .025. Therefore, the third 
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hypothesis that the click condition will yield significantly higher reading 

comprehension scores than the spell condition was not supported. 

Table 41 summarizes the interview data of the processing strategies that the 

participants in the control condition used to comprehend passage content and learn the 

forms and meanings of new words.  

 

Table 41. Processing Strategies for Participants Reading Passages in the Control 

Condition 

 Reading passage 

Quiz P2: Aging  P1: Exercise  P3: Smoking 

Comprehension 

 

Doesn’t remember. 

 

 First, focused on 

passage meaning. 

Second, focused on 

word meanings, Third, 

focused on word 

spellings. 

 

Remembers the 

paragraph where the 

question is found. 

Productive Form 

 

Doesn’t remember. 

 

 Remembers spellings 

that are similar to words 

he knows. 

 Thinks of where the 

target appears in the 

passage. 

Receptive Form Doesn’t remember. 

 Pronounces target 

words to himself when 

reading. 

 Pronounces the target 

word to himself when 

reading. 

Productive Meaning 
“Meaning comes  

from my head.” 

 Remembers the 

paragraph with the 

target word. 

 Remembers the 

paragraph with read the 

target word. 

Receptive Meaning 

 Learns target words 

from context. 

 

 remembers the 

paragraph and image of 

the target word. 

 Remembers the 

paragraph and image of 

the target word. 
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Table 41 shows that the participants had different processing strategies in the 

control condition. For example, to remember passage content Participant 1 first 

prioritized learning the information from the passage, second, he focused on learning 

the word meanings, and third, he learned the spellings. However, Participant 3 stated 

that he tried to recall the paragraph that had the answer for a comprehension question. 

To remember word forms, Participant 1 said that he focused on both the spelling and the 

pronunciation of target words while Participant 2 focused on where a target word was 

found in a passage as well its pronunciation. Finally, to remember the meanings of 

target words both Participants 1 and 2 stated that they tried to remember the paragraph 

where they had read the target word in the reading passage as well as any positive or 

negative image conveyed by content. 

Table 42 summarizes the interview data concerning the processing strategies 

that the three interview participants used under the click condition to comprehend the 

content and learn the forms and meanings of new words.  
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Table 42. Processing Strategies for Participants Reading Passages in the Click 

Condition 

  Reading passage 

Quiz  P1: Aging  P3: Exercise  P2: Smoking 

Comprehension  

Recalls target word 

in paragraph. 

 

 Reads passage 

content and tries to 

recall numbers. 

 Recalls paragraph for 

the questions. Also 

recalls numbers. 

Productive form 

 Remembers the 

spelling of the target 

word in the 

paragraph. 

 First, reads the 

passage. Second, 

reviews target word 

spellings. 

 Pronounces the target 

word to himself when 

reading. 

Receptive form 

 Pronounces the 

target word to himself 

when reading. 

 Pronounces target 

word to himself when 

reading. 

 Pronounces the target 

word to himself when 

reading. 

Productive 

meaning 

 

Thinks about the 

paragraph’s meaning. 

 Uses the dictionary 

and recalls the 

paragraph the target 

word was in. 

 
Recalls the target 

word’s paragraph and 

uses the dictionary. 

Receptive 

meaning 

 First, clicks on the 

word. 

Second, reads the 

paragraph. 

 

 

Recalls key words 

from the dictionary 

definition. 

 Uses the dictionary but 

if he forgets, he tries to 

recall content. 

 

Table 42 shows that the three interview participants in the click condition had 

different processing strategies. For example, to remember passage content, Participant 1 

stated that he tried to remember target words in the passage when reading. However, 

Participants 2 and 3 said that they tried to remember the place in the passage where an 
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answer to a question was found in addition to what numbers were mentioned in the 

passage. To remember word forms, Participants 1 and 2 tried to remember the spellings 

of the target words. However, all three participants said that they pronounced the target 

words several times to themselves as they were reading the passage. Finally, to 

remember the meanings of the target words, all three participants stated that they used 

the on-line dictionary as well as contextual information in the passage. 

Table 43 summarizes the interview data of the processing strategies that the three 

interview participants used when reading the passages in the spell condition.  
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Table 43. Processing Strategies for Participants Reading Passages in the Spell 

Condition 

 Reading passage 

Quiz  P3: Aging  P2: Exercise  P1: Smoking 

Comprehension 

 
“I can’t summarize 

smoothly.” 

 
Tries to recall passage 

content. 

 Recalls the paragraph 

where the question is 

found. Also numbers. 

Productive Form 

  

“Very difficult.” 

 

 
Can’t complete. 

Needs more time. 

 Recalls the 

pronunciation of the 

target word. 

Receptive Form 

 
Recalls target words 

place in the passage. 

 Tries to remember 

target word sound or 

pronunciation. 

 Recalls the 

pronunciation of the 

target word. 

Productive 

meaning 

 Can’t remember the 

meaning of target 

words from text. 

 Remembers the 

paragraph in which the 

target word was found. 

 
Recalls the paragraph 

the target word was in. 

Receptive 

meaning 

 
Can’t remember. 

 

 Uses the dictionary 

and then recalls 

passage content. 

 Recalls the paragraph 

and then recalls the 

dictionary definition. 

Note. P1 = Participant 1; P2 = Participant 2; P3 = Participant 3. 

 

Table 43 shows that the three interview participants used different processing 

strategies in the spell condition. For example, to remember passage content, Participant 

1 stated that he could not summarize smoothly or remember the information from the 

reading passage, while Participant 2 said that he tried to recall or focus on passage 

content, and Participant 3 stated that he tried to remember the location of where an 

answer to a question was found as well as the numbers mentioned in the passage. To 
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remember word forms, Participants 1 and 2 said that they tried to pronounce target 

words to themselves and Participant 3 said that he tried to remember where the target 

word was located in the passage. Finally, to remember target word meanings, both 

Participants 1 and 2 stated that, in addition to using the on-line dictionary, they tried to 

remember the particular paragraph where a target word was located in the passage. 

Participant 3, however, said that he had difficulty remembering the meanings of target 

words. 

The results from the On-line Dictionary Study showed that look-up conditions 

vary in their ability to foster the retention of word forms, word meanings and passage 

comprehension. Nevertheless, by using the results from the quizzes, it is possible to 

view a side by side comparison and rank the effectiveness of the three conditions. For 

example, Table 44 shows the ranking among conditions if both statistical significance 

and measurably differences, from the context of this study, are considered. As shown in 

Table 44, the spell condition ranks first among conditions for the form-based quizzes 

because it was measurably different to the control condition for the Productive Form 

Recall Quiz and statistically significant to both the click and control conditions for the 

Receptive Form Recognition Quiz. The click condition ranks first among conditions for 
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the meaning-based quizzes because it was measurably different from the spell condition 

and statistically significant to the control condition. The control condition ranks first 

among conditions for the Comprehension Quiz because it was measurably different 

from the click condition and statistically significant to the spell condition. On one hand, 

these results suggest that the three distinct look-up conditions of spell, click, and control 

are respectively suited for the retention of word forms, word meanings and passage 

comprehension. However, the click condition might be a strong condition for both the 

retention of word meanings and passage comprehension because its effects were higher 

and measurably different from the spell condition on both measures. 

 

Table 44. Ranking of Statistically Significant and Measurably Different Look-Up 

Conditions 

 Look-up condition 

Quiz Control Click Spell 

Productive Form -1.49 -0.33 1.74* 

Receptive Form -2.27 -1.77 3.36** 

Productive Meaning -6.23 5.09*** 1.11** 

Receptive Meaning -9.06 6.01*** 2.80** 

Comprehension 3.01*** 0.17* -3.06 

Note. * = Measurably different to condition(s) with lower t-values. ** = Statistically significant to 

condition(s) with lower t-values. *** = Measurably different to the next condition with lower 

t-values and statistically significant to the condition with the lowest t-value. 
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On the other hand, Table 45 shows the ranking of the condition if only statistical 

significance among the three conditions is considered. As shown in Table 45, the spell 

condition is statistically significant to the control and click conditions for the Receptive 

From Quiz. The click condition and the spell condition were both significant to the 

control condition for the Productive Meaning Recall Quiz and the Receptive Meaning 

Recognition Quiz, and the control condition was statistically significant to the spell 

condition for the Comprehension Quiz. 

 

Table 45. Ranking of Statistically Significant Look-Up Conditions 

 Look-up condition 

Quiz Control Click Spell 

Productive Form (1st) -1.49 (1st) -0.33 (1st) 1.74 

Receptive Form (2nd) -2.27 (2nd) 1.77 (1st) 3.36 ** 

Productive Meaning (2nd) -6.23 (1st) 5.09** (1st) 1.11 ** 

Receptive Meaning (2nd) -9.06 (1st) 6.01** (1st) 2.80 ** 

Comprehension (1st) 3.01** (1st) 0.17 (2nd) -3.06 

Note. ** = Statistically significant to the click condition. 

 

However, the control and click conditions were not statistically significant 

different to each other. Although there is somewhat of an overlap between the click and 

spell conditions for the meaning-based quizzes, these results suggest that there might be 
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two conditions to learn word meanings and comprehend reading passages. That is, like 

the previous ranking, the control condition is effective for the retention of passage 

comprehension. However, unlike the previous ranking, the spell condition is effective 

for both the retention of word forms and word meanings. 

 

Discussion 

Information from the Type of Processing-Resource Allocation model, Cognitive 

Load Theory, and interviews help to explain the results of using different conditions to 

learn the forms and meanings of the words and comprehend the reading passages. First, 

with regard to the retention of word forms, the Type of Processing-Resource Allocation 

(TOPRA) model (Barcroft, 2000, 2002) states that if the processing demands of word 

forms are high, learning the form of that word will also be high. Therefore, the reason 

why the effects from the spell condition were measurably different from the control 

condition for the Productive Form Recall Quiz and statistically significant for both the 

click and control conditions for the Receptive Form Recognition Quiz might be because, 

more than the other two conditions, the act of noting the form of a target word by typing 

its spelling requires greater processing of word form than the other two conditions. 
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However, although the effects from the click condition were slightly stronger, they were 

neither measurably different nor significantly superior to the control condition for both 

form-based quizzes. As a result, clicking on a target word to access its meaning in an 

on-line dictionary does not result in substantially better retention of word forms 

compared to reading a target word in a passage. 

A possible explanation for why the scores for the participants in the control and 

click conditions were not significantly better than those of the participants in the spell 

condition for the Productive Form Recall Quiz but were significantly better than the 

spell condition on the Receptive Form Recognition Quiz might be due to the focus on 

the spellings or pronunciation of target words. For example, the interviews showed that 

to complete the Productive Form Recall Quiz, two interview participants in the click 

condition and one interview participant under the Control Condition stated that they 

focused on the spellings of target words. However, to complete the Receptive Form 

Recognition Quiz, the interview participants in the control or click conditions did not 

learn the spellings of the target words. Rather, the interview participants in these 

conditions stated that they tried to remember the pronunciations of the words. Therefore, 

unlike the strategy of focusing on the sounds of the words, noting that the letters in the 
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words might be a more effective way to learn the forms of the new words because it is 

similar to what the participants under the spell condition do when they type a target 

word into an on-line dictionary to access its meaning. For example, the following is an 

excerpt taken from the transcription from an interview conducted by the Interviewer 

(IN) with Participant (P2), concerning the different conditions to learn the spellings of 

words: 

 

IN: This passage you are clicking and spelling (Gesturing clicking and spelling with hands), 

the Aging passage only clicking (Gesturing clicking with hand). 

P2: Yes. 

IN: In order to remember the spelling which is easier, Click and Spell or Click? 

P2: Click and Spell. 

IN: Click and Spell. Okay, interesting. Ah, so, you think spelling the word (Mimicking typing 

on a keyboard) is helpful... 

P2: Yes. 

IN: to remember spelling. 

P2: Yes. 

IN: I see. Ah, okay. Good. Ah, what is your strategy? What do you think 

about when you only see the first letter? 

P2: Ah, I. When I spelling in the computer... 

IN: Mm. 

P2: ...ah, I must remember it a little time. 

IN: A little bit? 

P2: Yes. 

IN: I see. 

P2: So, I…So I remember the word’s spelling. 
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The results build upon previous examinations of methods of producing words and their 

effects on the retention of word forms. For example, Cunningham and Stanovich (1990), 

Longcamp, Zerbato-Poudou, and Velay (2005), and Longcamp, Boucard, Gilhodes, and 

Velay (2006) found that writing words by hand was superior to typing words on a 

keyboard. In addition, Koyama and Taguchi (2003) found that there was no significant 

difference for the retention of word forms between typing the spellings of words in an 

electronic dictionary and looking them up in a printed dictionary. The results from this 

study suggest that, when looking up words in an on-line dictionary, typing the form of a 

word might be superior for the retention of word forms compared to clicking on a word 

or simply reading a word. 

Second, with regard to the retention of word meanings, the TOPRA (Barcroft, 

2000, 2002) model states that if the processing demand of a semantic task to learn a 

new word is high, the semantic learning for that word will also be high. However, if the 

processing demand of word forms is high, the semantic properties will be low. 

Therefore, the reason why the scores from the click and spell conditions were both 

significantly higher than those of the control condition might be because both 

conditions allowed for more semantic processing of the target words than the control 
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condition. For example, the click and the spell conditions afforded the participants the 

possibility of learning the target words both from its definition in an on-line line 

dictionary and from the context of the reading passage. The participants in the control 

condition, however, were only afforded an opportunity to learn the target words from 

the reading passage context. 

A possible explanation why the scores from the click condition were measurably 

different from those of the participant in the spell condition might be due to the need to 

note word form. That is, unlike the control or the click conditions, the spell condition 

required the participants to focus on the formal properties or spellings of words to 

access their meanings in the on-line dictionary. The click and spell conditions afforded 

the same number of exposures to a target word when it was first encountered, looked up 

and reapplied to a reading passage. Yet, despite the same number of exposures to the 

target words, noting and typing the spelling of a word into an on-line dictionary might 

have compromised the participants' ability to recall and recognize word meanings in the 

spell condition. For instance, to demonstrate how the focus on the formal properties of a 

word might compromise the acquisition of its semantic properties, the following is an 

excerpt taken from the transcription from an interview conducted by the Interviewer 
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(IN) with Participant 3 (P3), concerning the different conditions to learn the meanings 

of words. 

 

IN: Ah. We have click. 

P3: Mm. 

IN: No. (Correcting myself.) We have nothing nothing. 

P3: Mm. 

IN: Click. 

P3: Mm. 

IN: Or, click and spell. 

P3: Ahhh. Click. Click. Spell No Spell. Click click the meaning is ah I I can find the meaning. 

IN: Okay so, clicking only. 

P3: Yes. 

IN: What about click and spell? 

P3: Ah, click only. 

IN: Click only. Why do you like click more than click and spell? 

P3: Mmmm. Eto. Ah, Eto. I. I con concentrated on on mmm on re remembering the words... 

 

The results reinforce previous studies that have examined similar dictionary 

look-up conditions to learn new words. For instance, Knight (1994) showed that 

participants who partially typed words into a computer dictionary learned more words 

than participants who only read and learned words from a reading passage. Similarly, 

this study showed that participants who typed the form of a word into an on-line 

dictionary in the spell condition learned significantly more words than the participants 
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who only read and learned target words from context in the control condition. In 

addition, Liu and Lin (2011) found that participants who used a pop-up dictionary 

learned more words than participants who used a type-in dictionary. Likewise, this 

study revealed that the effects were higher and measurably different for participants 

who accessed words under the click condition compared to participants who typed the 

form of a word into an on-line dictionary in the spell condition. 

Third, with regard to passage comprehension, the Cognitive Load Theory  

(Sweller, 1988) states that how well information is learned can depend on the manner in 

which the three cognitive loads of an activity are coordinated. Specifically, the 

combination of the intrinsic cognitive load, or the inherent difficulty of a task, the 

extraneous cognitive load, or how information is presented to learners, and the germane 

cognitive load, or the mental effort learners devote toward learning new material affects 

the quality of learning. In this study, the intrinsic, extraneous, and germane cognitive 

loads might have caused the scores to vary among the three conditions. 

The participants in the control condition might have scored highest among the 

three conditions for reading comprehension because they had the lowest cumulative 

cognitive load placed upon them. For example, the participants in this condition were 
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subjected to the intrinsic load of reading and learning information presented in reading 

passage (1 intrinsic), the extraneous load or presentation of information on one page (1 

extraneous), and the germane load or mental effort to process and understand the 

meanings of the unknown words and the passage content from the reading passage itself 

(1 germane). Therefore, the cumulative cognitive load score for this condition was 3 (1 

intrinsic + 1 extraneous + 1 germane). 

The participants in the click condition were subjected to a higher cumulative 

cognitive load than those the control condition. Like the participants in the control 

condition, the participants in the click condition were subjected to the same intrinsic 

load of understanding passage content (1 intrinsic). However, because the information 

was presented in both the reading passage and the on-line dictionary, extraneous load 

was higher (2 extraneous). In addition, the germane load to process and understand the 

meanings of unknown words and understand passage involved a two-step process. First, 

the participants had to read the passage. Second, they needed to recall the meanings of 

the newly learned words and apply them to context in order to understand the reading 

passage (2 germane). Consequently, the cumulative cognitive load score for this 

condition was 5 (1 intrinsic + 2 extraneous + 2 germane). 
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The spell condition had the highest cumulative cognitive load of the three 

conditions. Like the control and click conditions, the intrinsic load of understanding the 

content of the passage was 1 (1 intrinsic). In addition, the extraneous load of 

information, like that of the click condition, was presented in both the reading passage 

and in the on-line dictionary (2 extraneous); however, unlike the click condition, the 

germane load or mental effort to learn the unknown words in the reading passage 

involved three steps (a) reading the passage, (b) noting the form of the target word in 

order to type and spell it correctly into the on-line dictionary, and (c) recall the 

meanings of the newly learned words to apply them in a context in order to understand 

the reading passage (3 germane). Therefore, the cumulative cognitive load score for this 

condition was 6 (1 intrinsic + 2 extraneous + 3 germane). 

To further support the Cognitive Load Theory for the On-line Dictionary study, 

the following excerpt taken from the interview conducted by the Interviewer (IN) and 

Participant 1 (P1) demonstrates how typing the form of word into an on-line dictionary 

in the spell condition increased the germane cognitive load or mental effort to 

comprehend the reading passage: 

 



253 

P1: Maybe I, ah, I I don’t know the black word and meaning so the this time I I check the 

meaning of the black word I must, ah, type the spell. 

IN: Mmmm. 

P1: ...so... 

IN: So you must. Mm, dozo. 

P1: Eto. When when I type in the spelling, I forget the text text a context the meaning. 

  

IN: Okay. 

P1: So, nandero. Nakanaka seru. Nagareba. Ah, smooth, smooth, smoothly. 

IN: Smoothly. It’s... 

P1: Not smoothly. 

IN: It’s not smooth. 

P1: It’s not ah read reading smoothly. 

IN: Not reading smoothly. So, for example, when you read a paragraph, and you must go to the 

dictionary, and type (Gesturing typing on a keyboard). 

P1: Yes. 

IN: ...it makes the reading more difficult? 

P1: More difficult. 

IN: Oh, I see. So, it’s not smooth. 

P1: Yes. 

IN: Ah. Do you think clicking is smoother? 

P1: Yes, smooth. 

IN: And spelling. So, not useful. So click and spell is not useful 

P1: Yes. 

IN: ...for learning meaning and learning spelling? 

P1: Yes. 

IN: Because? 

P1: Because, ah, I need to understand the meaning of the text 

IN: Yeah. 

P1: ...and the meaning of the black words and spelling 

IN: Yes. 

P1: and so...eto...it is easy and clicking ap appears the definition soon. 

IN: Mm. 
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P1: but, click and typing is ah click and typing makes ah difficult to understand  the  

context meaning and context meanings... 

IN: Yeah. 

P1: ...so I I check the I I the spell type eh after checking the definition and after back the text 

text I forget I forget the meaning of text. 

IN: Mm, after spelling. 

P1: Yes. So, I re return to read ah I must eto. I must read again and the saisho ho kara. 

IN: Mm. From the beginning. 

P1: Yes, from the beginning. 

 

The results of this study are somewhat contrary to previous studies that have 

examined similar dictionary look-up conditions to comprehend reading passages. For 

instance, with regard to the use of an on-line dictionary versus not using a dictionary, 

Goyette (1997) found that participants who accessed the stems of words in an on-line 

dictionary had higher comprehension compared to participants that did not use a 

dictionary. In addition, Prichard and Matsumoto (2011) found that participants who 

clicked on unknown words to access their meanings had higher comprehension scores 

than participants who read a passage without a dictionary. However, the present study 

revealed that the participants who did not access a dictionary in the control condition 

scored higher and were measurably different from the participants who accessed an 

on-line dictionary in the click condition. With regard to more active look-up methods, 

Knight (1994) found that participants who partially spelled new words in a computer 
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dictionary had higher comprehension to those who did not use a dictionary. However, in 

the present study the participants who only read a passage in the control condition had 

significantly higher comprehension than the participants who typed words into an 

on-line dictionary. 

 

Summary of Findings 

In Study 2, the On-line Dictionary Study, three look-up conditions—control, 

click, and spell—were compared in terms of how well the participants learned mid- and 

low frequency target words. The first research question examined how the three look-up 

conditions affected the recall and recognition of word forms. With regard to the 

Productive Form Recall Quiz, the results revealed that the effects were not significantly 

different among the three replacement conditions. However, the effects of the spell 

condition were higher and measurably different from the control condition. With regard 

to the Receptive Form Recognition Quiz, the spell condition was significantly higher 

than the click and control conditions. However, the click and control conditions were 

neither statistically significant nor measurably different from one another. 



256 

The second research question examined how the three look-up conditions 

affected the recall and recognition of word meanings. For both the Productive Form 

Recall Quiz and the Receptive Form Recognition Quiz, the results revealed that the 

effects for both the click and spell conditions were significantly higher than the control 

condition. In addition, for both the Productive Form Recall Quiz and the Receptive 

Form Recognition Quiz, the effects of the click condition were higher and measurably 

different from the spell condition. 

The third research question examined how the three look-up conditions affected 

the comprehension of reading passages. The Comprehension Quiz results revealed that 

the participants under the control condition scored significantly higher than participants 

under the spell condition. In addition, the results from the Comprehension Quiz 

revealed that scores from participants under the control condition were higher and 

measurably different from participants under the click condition. However, scores from 

participants under the click condition were higher and measurably different from the 

spell condition.  
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CHAPTER 6 

 CONCLUSION 

 

The feasibility of adapting reading passages containing unknown target words 

was explored by means of a computer thesaurus and an on-line dictionary. Study 1, the 

Computer Thesaurus Study, compared three word replacement conditions for language 

instructors to replace target words belonging to the 4,000 to 5,000, 6,000 to 7,000, 8,000 

to 9,000, and 10,000+ word frequency levels. The three word replacement conditions 

were by means of an instructor (person-unassisted), an instructor with the assistance of 

a computer thesaurus (computer-assisted), and an instructor selecting the first listed 

synonym offered by a computer thesaurus (first-listed). Study 2, the On-line Dictionary 

Study, compared three look-up conditions for language learners to learn mid- and low 

frequency target words. The three look-up conditions were learning target words only 

from the context of a reading passage (control), mouse-clicking on a target word to 

transfer to its definition in an on-line dictionary (click), and mouse-clicking on a target 

word and typing its spelling into an on-line dictionary to access its definition (spell). 
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 Theoretical Implications 

The results from both the Computer Thesaurus Study and the On-line Dictionary 

Study offer theoretical implications to consider for replacing and learning unknown 

words in a text with computers. First, the results from the Computer Thesaurus Study 

suggest that the word replacement conditions vary in their ability to replace unknown 

target words in a reading passage. However, Lexical Threshold Theory proposes that in 

order for adequate comprehension of a reading passage to occur without the use of an 

external resource, learners should posses a receptive knowledge of approximately 98 

percent of words in a text. To meet this approximation, the person-unassisted condition 

showed that it was better able to substitute target words with a greater proportion of 

high frequency words in a shorter amount of time that were more suitable for a reading 

passage than the first-listed or computer-assisted conditions. This might be attributed to 

the fact that participants under the person-unassisted condition were freer to read, judge 

and think up synonyms appropriate for the context of a reading passage than the other 

two conditions. For example, participants under the first-listed condition were not free 

to think of synonyms because they were confined to choose words from the computer 

thesaurus. In addition, participants under the computer-assisted condition were not as 
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free as those under person-unassisted condition because they might have been 

influenced by the synonyms they were directed to consider in a computer thesaurus. 

Second, the On-line Dictionary Study suggests that there is a tradeoff with 

regard to learning the forms and meanings of new words when learners transfer away to 

investigate the meaning of an unknown word in an on-line dictionary. Consistent with 

the Type of Processing-Resource Allocation model, when learners in the spell condition 

focused on the forms of words, their retention for the spellings of words was higher than 

participants in the click and control conditions. However, as a consequence, their 

retention for word meanings was low. Conversely, when learners in the click condition 

focused on the meanings of words, their retention for word meanings was higher than 

participants in the spell or control conditions. However, as a consequence, their 

retention for word forms was low. 

Third, the On-line Dictionary Study suggests the comprehension of a passage 

might be compromised when learners transfer their attention away and type the 

spellings of unknown words into an on-line dictionary to investigate their meanings. 

Consistent with the Cognitive Load Theory the activity of learning the meanings of 

words in an on-line dictionary added to the germane cognitive load or amount of mental 
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effort learners needed to understand the information in the reading passage. Unlike the 

participants in the control condition who only read a passage, the participants in the 

spell condition were further challenged because they not only noted the form of a word 

to access its meaning in an on-line dictionary, but they were also forced to reorient 

themselves back to the reading passage after looking up the meaning of a target word in 

the on-line dictionary. 

 

Pedagogical Implications 

The results from both the Computer Thesaurus Study and the On-line Dictionary 

Study offer pedagogical implications for language instructors to consider when they use 

computers to replace and teach unknown words in a text. For example, results from the 

Computer Thesaurus Study offer three implications to replace unknown words. First, 

the results suggested that the number of possible synonyms that an individual can think 

of for a target word with or without the use of a computer thesaurus is greater than the 

number of synonyms a computer thesaurus can provide independently. As a result, the 

use of a computer thesaurus as a way to provide a large number of synonyms might 
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provide no greater benefit than if individuals think up replacement synonyms by 

themselves. 

Second, the results of the Computer Thesaurus Study suggest that the level of 

synonyms that an individual can think of without the use of a computer thesaurus 

(person-unassisted) are of a higher word frequency level than the first-listed synonyms 

provided by a computer thesaurus (first-listed). As a result, the use of a computer 

thesaurus as a resource to provide an appropriate level synonym for a target word might 

provide no greater benefit than if individuals think of an appropriate level synonym for 

a target word by themselves. 

Third, the Computer Thesaurus study revealed that participants in both the 

person-unassisted condition and the first-listed condition were able to replace target 

words over one minute sooner than participants in the computer-assisted condition. 

These findings suggest that the more steps involved in thinking and looking up 

synonyms, the longer it takes to replace a target word. That is, the first-listed condition 

involved the one-step process of selecting, the person-unassisted condition involved the 

two-step process of understanding passage content and thinking of a synonym, and the 



262 

computer-assisted condition involved the three-step process of understanding passage 

content, accessing a list of synonyms, and deciding among those synonyms. 

The results of the On-line Dictionary Study offer three implications to teach 

unknown words. First, the results suggest that the condition of typing the spellings of an 

unknown word into an on-line dictionary (spell) promotes better retention for word 

forms than the conditions of only reading unknown words in a passage (control) or 

mouse-clicking on unknown words linked to an on-line dictionary (click). As a result, 

when learners need to learn the forms of a handful of unknown words in a reading 

passage, the condition of typing the spelling into an on-line dictionary might be the best 

method to learn word forms. 

Second, results from the On-line Dictionary Study suggest that the condition 

mouse-clicking on unknown words linked to an on-line dictionary in a reading passage 

promotes better retention for word meanings than the conditions of only reading a word 

in a passage or transferring away from a passage and typing their spellings into an 

on-line dictionary. Therefore, when learners need to learn a handful of unknown word in 

a reading passage, the condition of mouse-clicking to an on-line dictionary might be the 

best method to learn word meanings. 
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Third, results from the On-line Dictionary Study suggest that the condition of 

reading a passage only from context promotes better comprehension than 

mouse-clicking on unknown words linked to an on-line dictionary or typing the 

spellings of unknown words into an on-line dictionary. As a result, if learners need to  

comprehend a reading passage that has a handful of unknown words, the condition of 

only reading content might be the best method to learn passage content. 

Together the results from both the Computer Thesaurus Study and the On-line 

Dictionary Study can be used to adapt and accommodate reading passages for learners. 

For example, if language instructors want to adapt an authentic article from a newspaper 

or magazine that is related to the subject matter of their class, they might consider first 

replacing its mid- and low-frequency words with synonyms they think of themselves 

instead of choosing synonyms from a computer. By not using a computer thesaurus, 

instructors can replace the mid- and low-frequency words of an article with a larger 

percentage of suitable high frequency words in a timely manner. Next, after the number 

of unknown words in a text has been reduced, language instructors should encourage 

learners to utilize look-up conditions that promote the learning of words and passage 

content depending on the resources available and the language goal. For instance, when 
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learners use laptop computers to learn a handful of new words, if the goal of a learning 

task is to learn word forms, they should be instructed to type their spellings into an 

on-line dictionary. Or, if the goal of the learning task is learning the meanings of words, 

the learners should be instructed to mouse-click on target words linked to an on-line 

dictionary. If the learning goal is to learn both the forms and meanings of new words, it 

might be best for them to type the spelling of a target words into an on-line dictionary. 

If passage comprehension is the goal, learners should be instructed only to read passage 

content and not use a dictionary. However, if the language goal is to learn word 

meanings and to comprehend passage content, learners should mouse-click on target 

words linked to an on-line dictionary as they read the passage. 

 

Limitations 

First, a limitation of the Computer Thesaurus Study was that a counterbalanced 

design of pairing different participants with different reading passages was not 

employed. This lack of counterbalancing might have produced an order effect for the 

types of synonyms the participants submitted in their condition. For example, because 

all the participants read all the passages in the same order, it is possible that as the 
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participants read through the reading passages they became more adept with submitting 

synonyms in their assigned condition. As a result, the number and type of synonyms 

submitted for the first and second reading passages might have varied from those 

submitted for the fourth and fifth reading passages. 

A second limitation of the Computer Thesaurus Study is that its design allowed 

the frequency levels of the target words to vary among the three reading passages. 

Although there were two target words in each of the three paragraphs for a total of six 

target words in each reading passage, the word frequency levels differed from passage 

to passage. Nine target words were from the 4,000-5,000 word frequency level, two 

were from the 6,000-7,000 word frequency level, eight were from the 8,000-9,000 word 

frequency level, and nine were from the 10,000+ word frequency level. As a result, 

calculations based on the averages differed among the word frequency levels. On one 

hand, the variation of the target words in the Computer Thesaurus Study might be 

reflective of what language instructors might typically encounter when editing authentic 

texts. On the other hand, because the averages were not equal, the findings from this 

study might not offer a fair analysis of how each replacement condition might affect 

each word-frequency level. In order to have a clearer understanding of the replacement 
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conditions for mid-frequency target words, future researchers might consider creating 

reading passages with an equal number of target words from each word frequency level. 

In this way, a more uniform analysis for the effect that word replacement conditions 

have on mid-frequency words could be conducted. Table 46 shows the alternative 

design for the Computer Thesaurus Study. 

 

Table 46. Alternative Design: Computer Thesaurus Study 

 Word frequency level 

Passage 4,000-5,000 6,000-7,000 8,000-9,000 

Nutrition 2 2 2 

Aging 2 2 2 

Sleep 2 2 2 

Exercise 2 2 2 

Smoking 2 2 2 

Total 10 10 10 

 

There is also a limitation in the research design of the On-line dictionary study. 

As noted above, the research design required the participants in the same class session 

to look-up and learn target words in one condition for each class session held in the 

computer lab. This design was adopted because previous pilot studies that divided the 

cohort into three separate conditions during the same class session led to confusion. 
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However, it is possible that over the course of the academic year, the participants in the 

latter cohorts might have become more knowledgeable and adept with their English 

communication skills than the first cohort. Consequently, participants from the third 

cohort might have had higher scores than participants from the first cohort. To remedy 

this problem, future researchers might consider adopting a research design that allows 

participants to look up the target words not once, but three times under a single 

condition. Table 47 shows an alternative design for the on-line dictionary study. 

 

Table 47. Alternative Design: On-Line Dictionary Study 

  Term  

Passage First Second Third 

Smoking Control Click Spell 

 Click Spell Control 

 Spell Control Click 

Exercise Click Spell Control 

 Spell Control Click 

 Control Click Spell 

Aging Spell Control Click 

 Control Click Spell 

 Click Spell Control 
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Future Studies 

Future studies can build upon the findings of the Computer Thesaurus study and 

the On-line Dictionary Study. First, only one type of computer thesaurus, Microsoft 

Office, 2010, was used in the computer thesaurus study. It is possible that the 

replacement words and phrases provided by one type of computer thesaurus might 

differ from those offered by another thesaurus. If so, the number or proportion of words 

offered, the word frequencies, and the time to replace the target words might vary 

depending on the computer thesaurus used; thus, future researchers can consider 

comparing the findings from the Computer Thesaurus Study with other computer 

thesauruses. In this way, it can be determined to what degree the findings of this study 

can be generalized to other types of computer thesaurus. 

Second, with regard to the on-line dictionary study, the data collected were 

examined shortly after the participants' computer lab sessions, so only short-term effects 

were investigated. Other studies exploring the long-term retention of vocabulary 

through using on-line dictionaries would be useful. 

Third, the target words used in the On-line Dictionary Study were two-syllable 

nouns with five to seven letters. In order to determine whether the findings from this 
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study can be generalized to different parts of speech, future researchers might consider 

incorporating verbs, adverbs, or adjectives as target words. In addition, to determine 

whether the length of a word is a factor with regard to the retention of word forms, 

future researchers might consider using longer target words. 

Fourth, the on-line dictionary study sometimes required the participants to 

transfer their attention to an on-line dictionary to look up and learn target words. Recent 

studies, however, permitted participants to simultaneously view the definitions of 

unknown target words from an on-line dictionary while reading a passage (Al-Sheri & 

Gitsaki, 2010; Liu & Lin, 2011). Therefore, future studies could be designed to explore 

how transferring away from a reading passage to an on-line dictionary compares with 

simultaneously viewing both the reading passage and on-line dictionary. Such a study 

might yield useful information for both teachers and learners as tablet computers now 

afford users the convenience of simply touching on a word within a downloaded book 

or periodical to view its meaning while reading. However, researchers should examine 

this issue in terms of learning word forms, word meanings, and passage comprehension. 
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APPENDIX A 

WORD REPLACEMENT DOCUMENT 

 

I. Thank you for your participation. For this activity your will need: 

1) 20 to 30 minutes 

2) Microsoft Windows computer with Microsoft Word. 

3) A stopwatch. (This stopwatch can be from a wristwatch, IPad or IPhone. However, if it is 

from the Internet, it should be on a separate device from the computer you are using.) 

========================================================== 

II. Please complete the following information. (It will be held anonymous). 

Name: 

Home: 

Years teaching English in Japan: 

========================================================== 

III. This activity is simple. However, in order to be clear, please read the following six 

instructions before you begin.  

1
st
: Position the pages below in a two page format so that you able view two pages 

simultaneously—the reading passage placed on your left and its corresponding Excel Spreadsheet 

on your right. You should only have two pages on your screen. Do not look at other passages or 

Excel spreadsheets 

 

2
nd

: Set your stopwatch and, when you are ready, start your stopwatch. 

 

3
rd

: Think as though you read the following passages in a newspaper or magazine and thought 

they would be useful to share in class. However, in order to do so, you want to replace the 

vocabulary within the passages. Therefore, without spending too much time, think of only one 

synonym or one two/three-word phrase to replace a red target word that: 

  

(A) is an easy substitute for ESL learners, (500 TOEIC/Intermediate level) 

(B) is appropriate and fits the context of the reading passage 

 

 DO NOT USE ANOTHER RESOURCE (i.e. thesaurus or Internet). Use only your brain! 
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4
th

. When you have thought of an appropriate synonym or two/three-word phrase for a red target 

word, type it in the center column of the Excel Spreadsheet. However: 

 

 Do not change the content of the reading passage. 

 

 You may, however, use a synonym or two/three word phrase that begins with either a 

consonant or vowel despite the kind of article ( a or an ) that precedes a target word. 

 

5
th

 After you have typed in a suitable synonym or two/three-word phrase for one target word, 

proceed in the same manner until you have finished replacing all the target words in the passage. 

When you have finished, stop your stopwatch and type the time displayed on your stopwatch in 

the center column where it says Time: 

 

6
th

 Take a break. When you are ready to begin again, reset your stop watch, scroll down to the 

next passage and corresponding spreadsheet, and begin in the same manner described above. 

 

IV. There are two blank pages between each reading passage. 

1. Nutrition 

2. Aging 

3. Smoking 

4. Exercise 

5. Sleep 

  



283 

Nutrition 

 

The food we consume directly affects our well being. Eating a good diet helps a person’s 

immunity system and gives us vigor for daily activities. On the other hand, a poor diet can cause 

health complications such as heart disease or it may put a person at risk for becoming obese. 

Therefore, it is important to eat a healthy diet in order to help the body to perform well and look 

good. 

The kernel of any healthy diet is drinking plenty of water. Water, makes up 50% to 75% 

of the human body so people should try to drink about two and a half liters of water every day to 

help spread of important minerals throughout the body. Also, drinking plenty of water is 

important because it assists the body in removing surplus waste through sweat and exercise 

Nutritionists understand the correct food combinations that make up a healthy diet so in 

1992 the United States Department of Agriculture developed a food pyramid. This diagram 

explains the daily quota of nutritional information a person should consume to promote good 

health. For example, the diagram suggests every day a person should eat 6-11 servings of bread, 

3-5 servings of vegetables, 2-4 servings of fruit, 2-3 servings of milk or yogurt, and 2-3 servings a 

day of meat such as poultry. 
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Nutrition 

 

Target Word Personal Assisted Substitution Word Level 

vigor   

obese   

kernel   

surplus   

quota   

poultry   

XXXXXXXX Time:  
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Aging 

 

When we are young we do not think about old age until we are about fifty or sixty 

years-old. A damsel may think she will be beautiful forever and a young man may think he will 

always have a lot of energy. But, as we get older, the grandeur of our youthful bodies changes 

and we cannot do the same things we did before. So, we begin to worry about what we are going 

to do and how we are going to live when we are older. 

The population for many wealthy nations around the world is getting older. Therefore, 

health care and feeling alone in these countries can be problems for older people to overcome. 

However, today, instead of just living in quiet solace older people want to share their experiences. 

For example, they want to teach and give prudence to younger people. 

One solution to this problem is a “continuing care” retirement community. These facilities 

provide medical care to aid older people when their doctor gives them a mandate to follow. In 

addition, at these places older people can remain independent and come and go as they please. In 

this way they can still be active and contribute to society. Finally, a good comrade is free to visit 

whenever he or she has the time. 
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Aging 

 

Target Word Personal Assisted Substitution Word Level 

damsel   

grandeur   

solace   

prudence   

mandate   

comrade   

XXXXXXXX Time:  
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Smoking 

 

Many people now view smokers with contempt because scientists have shown that the 

death of one out of six people is caused from smoking. The most common causes of death from 

smoking tobacco are lung cancer and heart disease. Lung cancer is 10 times greater in smokers 

than for non-smokers. For many companies this creates a quagmire because work performance 

decreases when employees become ill from smoking. 

Some kind of bulwark should be provided for children who are exposed to cigar and 

cigarette smoke, too. For example, children of mothers who smoked during pregnancy are more 

likely to have a tantrum than children of mothers who did not smoke. In addition, smoke 

exposure from cigars and cigarettes is more likely to cause medical conditions such as ear 

infections. 

Therefore, smoking is a menace for your health and lowers work productivity. As a result, 

smokers should quit smoking. The good news is that it is never too late to stop. Scientists have 

proven that, after two years of not smoking, the risk of heart attack returns to average. Also, after 

10 years of not smoking, the risk from lung cancer returns to the same level as people who have 

never smoked. Thus, the sooner a smoker quits the less remorse she or he will feel in the future. 
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Smoking 

 

Target Word Personal Assisted Substitution Word Level 

contempt   

quagmire   

bulwark   

tantrum   

menace   

remorse   

XXXXXXXXX Time:  
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Exercise 

 

Exercise should be an important part of your daily lifestyle. In addition to losing weight, 

some benefits include increasing stamina, relieving malaise, and better sleep. Weight training is 

good for building strong muscles and bones. However, if you have a penchant for moving around, 

then swimming, running, or bicycling are examples of aerobic exercises that are good for the 

heart. 

But, how much and how often should you exercise? You should start slowly perhaps with 

bicycling or fast walking. When you are ready and feel you have the gumption, you can work up 

to harder exercises. You only need to exercise for 20 minutes at a time. Or, for better results, 50 

minutes at a time. You should try to exercise at least three times every week to achieve and feel 

any results. So, if you can demonstrate some aplomb with how you manage your free time, you 

can gradually improve your health. 

Yet, some people do not feel comfortable exercising in front of strangers, or they want to 

avoid a fracas when using a bike or weights in a busy and crowded gym. To avoid this chagrin, 

you can buy fitness equipment to use inside the home. This is popular because a person can watch 

TV and talk with family members or a friend while exercising. 

  



290 

Exercise 

 

Target Word Personal Assisted Substitution Word Level 

malaise   

penchant   

gumption   

aplomb   

fracas   

chagrin   

XXXXXXXX Time:  

 

  



291 

Sleep 

 

In today’s busy world getting plenty of sleep is an important part of the day because it 

gives people the energy and strength to live and grow. An infant, for example, requires a lot of 

sleep to grow. A teenager needs to have about 10 hours of sleep a night, while an adult requires 

about seven to eight hours. Therefore, there seems to be a spectrum of hours needed for sleep 

depending on one’s age. 

Not sleeping enough can gradually turn a person’s life into a tumult. For example, a 

person may feel sleepy the next morning if he or she only sleeps two or three hours one night. If a 

person does not sleep for one night, it may be difficult to think clearly the next day. However, if a 

person does not sleep for two consecutive nights, he or she can get a migraine or be at risk to have 

a serious accident. 

There are other reasons to get plenty of sleep every night. Sleep keeps the body healthy 

and prevents a person from getting ill. Also, sleep gives people the energy to share fervor and joy 

with family and friends. Thus, everybody should get enough sleep and remember the precept, 

“Early to bed and early to rise makes a person healthy, wealthy, and wise.” 
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Sleep 

 

Target Word Personal Assisted Substitution Word Level 

infant   

spectrum   

tumult   

migraine   

fervor   

precept   

XXXXXXXX Time:  
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APPENDIX B 

VOCABULARY PREVIEW QUIZ 

 

Name: (Romaji) ____________________ Student Number ______________ 
 
Do you know the meaning of the words below? If you do, write a short meaning of the word in 
English 英語 or Japanese 日本語。 
 
WORD  I have seen I know its meaning 

this word.  It means（英語・日本語） 
Example: 
Burgundy  Yes / No  Yes/No  ____________________________ 
 
edifice  Yes / No //  Yes / No  ____________________________ 
 
------------------------------------------------------------------------------------------------------- 
 
WORD  I have seen I know its 

this word. meaning.  It means（英語・日本語） 
 
1. damsel  Yes / No * Yes / No __________________________ 
 
2. income  Yes / No * Yes / No ___________________________ 
 
3. precept  Yes / No * Yes / No ___________________________ 
 
4. panache  Yes / No * Yes / No ___________________________ 
 
5. juncture  Yes / No * Yes / No ___________________________ 
 
6. gumption Yes / No * Yes / No ___________________________ 
 
7. solace  Yes / No * Yes / No ___________________________ 
 
8. fervor  Yes / No * Yes / No ___________________________ 
 
9. nexus  Yes / No * Yes / No ___________________________ 
 
10. havoc  Yes / No * Yes / No ___________________________ 
 
11. hermit  Yes / No * Yes / No ___________________________ 
 
12. habit  Yes / No * Yes / No ___________________________ 
 
13. turmoil Yes / No * Yes / No ___________________________ 
 
14. instinct Yes / No * Yes / No ___________________________ 
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15. grandeur Yes / No * Yes / No ___________________________ 
 
16. stigma  Yes / No * Yes / No ___________________________ 
 
17. ailment Yes / No * Yes / No ___________________________ 
 
18. penchant Yes / No * Yes / No ___________________________ 
 
19. spectrum Yes / No * Yes / No ___________________________ 
 
20. culprit  Yes / No * Yes / No ___________________________ 
 
21. migraine Yes / No * Yes / No ___________________________ 
 
22. gamut  Yes / No * Yes / No ___________________________ 
 
23. adage  Yes / No * Yes / No ___________________________ 
 
24. aspect  Yes / No * Yes / No ___________________________ 
 
25. target  Yes / No * Yes / No ___________________________ 
 
26. remorse Yes / No * Yes / No ___________________________ 
 
27. skirmish Yes / No * Yes / No ___________________________ 
 
28. visage  Yes / No * Yes / No ___________________________ 
 
29. moisture Yes / No * Yes / No ___________________________ 
 
30. contempt Yes / No * Yes / No ___________________________ 
 
31. leisure  Yes / No * Yes / No ___________________________ 
 
32. mandate Yes / No * Yes / No ___________________________ 
 
33. ardor  Yes / No * Yes / No ___________________________ 
 
34. aplomb  Yes / No * Yes / No ___________________________ 
 
35. torpor  Yes / No * Yes / No ___________________________ 
 
36. pathos  Yes / No * Yes / No ___________________________ 
 
37. curfew  Yes / No * Yes / No ___________________________ 
 
38. hygiene  Yes / No * Yes / No ___________________________ 
 
39. comrade Yes / No * Yes / No ___________________________ 
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40. prudence Yes / No * Yes / No ___________________________ 
 
41. quagmire Yes / No * Yes / No ___________________________ 
 
42. malaise Yes / No * Yes / No ___________________________ 
 
43. brochure Yes / No * Yes / No ___________________________ 
 
44. burden  Yes / No * Yes / No ___________________________ 
 
45. despair Yes / No * Yes / No ___________________________ 
 
46. menace Yes / No * Yes / No ___________________________ 
 
47. memoir Yes / No * Yes / No ___________________________ 
 
48. novice  Yes / No * Yes / No ___________________________ 
 
49. fracas  Yes / No * Yes / No ___________________________ 
 
50. chagrin  Yes / No * Yes / No ___________________________ 
 
51. facet  Yes / No * Yes / No ___________________________ 
 
52. havoc  Yes / No * Yes / No ___________________________ 
 
53. novice  Yes / No * Yes / No ___________________________ 
 
54. solace  Yes / No * Yes / No ___________________________ 
 
55. bulwark Yes / No * Yes / No ___________________________ 
 
56. frenzy  Yes / No * Yes / No ___________________________ 
 
57. hiatus  Yes / No * Yes / No ___________________________ 
 
58. mayhem Yes / No * Yes / No ___________________________ 
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APPENDIX C 

LOOK-UP GROUPS AND READING PASSAGES 

 

Computer Language Lab 
Welcome to the Computer Language Lab. This website will give you the 

opportunity to read passages in English and learn new vocabulary. 

 

 

Group #1  Group #2 
Nutrition (1)  Nutrition (2)  

Aging (1)   Aging (2) 

Exercise (1)  Exercise (2) 

Sleep (1)   Sleep (2) 

Smoking (1)  Smoking (2) 

 

Group # 3  Group #4 
Nutrition (3)  Nutrition (4) 

Aging (3)   Aging (4) 

Exercise (3)  Exercise (4) 

Sleep (3)   Sleep (4) 

Smoking (3)  Smoking (4) 
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APPENDIX D 

SLEEP READING PASSAGE 

 

Sleep 

In today's busy world getting plenty of sleep is an important part of the day because it 

gives people the energy and strength to live and grow. An infant (1), for example, requires a lot 

of sleep to grow. A teenager needs to have about 10 hours of sleep a night, while an adult 

requires about seven to eight hours. Therefore, there seems to be a spectrum (1) of hours 

needed for sleep depending on one's age. 

Not sleeping enough can gradually turn a person's life into a tumult (2). For example, a 

person may feel sleepy the next morning if he or she only sleeps two or three hours one night. If 

a person does not sleep for one night, it may be difficult to think clearly the next day. However, 

if a person does not sleep for two consecutive nights, he or she can get a migraine (1) or be at 

risk to have a serious accident. 

There are other reasons to get plenty of sleep every night. Sleep keeps the body healthy 

and prevents a person from getting ill. Also, sleep gives people the energy to share fervor (1) 

and joy with family and friends. Thus, everybody should get enough sleep and remember the 

precept (1), "Early to bed and early to rise makes a person healthy, wealthy, and wise." 



298 

APPENDIX E 

ORIENTATION SLEEP PASSAGE QUIZ BOOKLET 

 

Group Number: ________ 

 

Today's Date: _____________________________ 

 

Name: ____________________________________ 

 

Student Number: __________________ 

 

The following quizzes are for the research purposes of Mr. Dilenschneider and the university. Your results 

will not affect your course grade. 

 

Please check Yes or No below: 

 

(1) I accept to participate in this study:  Yes _____ No _____ 

-------------------------------------------------------------------------------------------------------  

DIRECTIONS: 

1. Read the passage that you are assigned and, when necessary, look up the target words. 

 

2. When you have finished reading, immediately look at the screen in front of the classroom and 

record your remaining time on the line below. 

 

3. Click back to the homepage and wait for further instructions from your instructor. 

 

Example: START TIME: 05:00 Your Start Time: _____ 

  END TIME: 00:50Your End Time: _____ 

 

Do not write down words with your pencil! 

Do not talk to another student! 
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SLEEP: PAGE #2 

 

Was the reading passage difficult to understand? 

文章を理解するのは難しかったですか。 

 

A. Very easy  とても簡単だった 

 

B. Easy  簡単だった 

 

C. A little difficult 少し難しいかった 

 

D. Difficult  難しかった 

 

E. Very Difficult とても難しかった 

 

 

Please wait! 

Do not turn the page! 
==============================================================

==============================================================

==============================================================

==============================================================

==============================================================

==============================================================

==============================================================

==============================================================

==============================================================

==============================================================

==============================================================

============================================================== 
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SLEEP: PAGE #3 

 

DIRECTIONS: Read the questions below and circle the letter of the best answer 

according to the Sleep passage. You have one minute (60 seconds) 

 

DO NOT LOOK BACK AT THE PASSAGE! 

14. If a person does not sleep for ____, it may be difficult to think clearly the 

following day. 

 

A.one night  B. two nights  C. three consecutive hours D. four consecutive hours 

 

15. How many hours of sleep do adults need? 

 

A. 6 to 7    B. 7 to 8       C. 8 to 9    D. 9 to 10 

 

16. Sleep keeps the body healthy and prevents a person from _______________ 

 

A. getting ill  B. becoming weak  C. becoming angry   D. making mistakes 

 

17. How many hours of sleep do teenagers need? 

 

A. 8 B. 9  C. 10  D. 11 

 

18. Finish the sentence: "Early to bed and early to rise makes a person 

___________, wealthy, and wise." 

 

A. happy  B. hardy    C. healthy D. holy  

 

19. A person may feel sleepy the next morning if he or she only sleeps ____ hours 

one night. 

 

A. one or two B. two or three   C. three or four  D. four or five  

 

After you have finished this page, turn to PAGE # 4 and answer the question. 
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SLEEP: PAGE #4 

 

How difficult was the previous quiz? この前のクイズは難しかったですか。 

 

A. Very easy  とても簡単だった 

 

B. Easy   簡単だった 

 

C. A little difficult  少し難しかった 

 

D. Difficult  難しかった 

 

E. Very Difficult  とても難しかった 

 

 

Please wait! 

Do not turn the page! 
==============================================================

==============================================================

==============================================================

==============================================================

==============================================================

==============================================================

==============================================================

==============================================================

==============================================================

==============================================================

==============================================================

==============================================================

==============================================================

============================================================= 

 



302 

SLEEP: PAGE #5 

 

DIRECTIONS: Complete the spelling of the bold (dark) English word that you read in the 

Sleep passage. You have one minute (60 seconds). 

 

 

20. s______________________ 

 

 

21. t______________________ 

 

 

22. f______________________ 

 

 

23. i ______________________ 

 

 

24. p______________________ 

 

 

25. m______________________ 
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SLEEP: PAGE #6 

 

How difficult was the previous quiz? この前のクイズは難しかったですか。 

 

A. Very easy   とても簡単だった 

 

B. Easy   簡単だった 

 

C. A little difficult 少し難しかった 

 

D. Difficult  難しかった 

 

E. Very Difficult  とても難しかった 

 

Please wait! 

Do not turn the page! 
==============================================================

==============================================================

==============================================================

==============================================================

==============================================================

==============================================================

==============================================================

==============================================================

==============================================================

==============================================================

==============================================================

==============================================================

==============================================================

==============================================================

==============================================================

============================================================= 
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SLEEP: PAGE #7 

 

DIRECTIONS: Choose and write the letter for the correct spelling of the bold (dark) word 

that you read in the Sleep passage. You have one minute (60 seconds). 

1.____ 

A. migraine 

B. migreine 

C. mirgaine 

D. mirgeine 

2._____ 

A. ifnent 

B. ifnant 

C. infant 

D. infent 

3. _____ 

A. spactrum 

B. spectrum 

C. specturm 

D. spacturm 

4. _____ 

A. tolmot 

B. tulmut 

C. tomult 

D. tumult 

5._____ 

A. fervor 

B. ferver 

C. frevor 

D. frever 

6._____ 

A. percipt 

B. percept 

C. precipt 

D. precept 
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SLEEP: PAGE #8 

 

How difficult was the previous quiz? この前のクイズは難しかったですか。 

 

A. Very easy   とても簡単だった 

 

B. Easy  簡単だった 

 

C. A little difficult  少し難しかった 

 

D. Difficult   難しかった 

 

E. Very Difficult とても難しかった 

 

Please wait! 

Do not turn the page! 
==============================================================

==============================================================

==============================================================

==============================================================

==============================================================

==============================================================

==============================================================

==============================================================

==============================================================

==============================================================

==============================================================

==============================================================

==============================================================

==============================================================

==============================================================

============================================================== 
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SLEEP: PAGE #9 

 

DIRECTIONS: Write the meaning of the words below in either English (英語) or 

Japanese (日本語) according to the Sleep passage and the on-line dictionary. You have one 

minute (60 seconds). 

 

 

26. precept- 

 

 

27. tumult- 

 

 

28. spectrum - 

 

 

29. migraine- 

 

 

30. fervor -  

 

 

31. infant- 
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SLEEP PAGE #10 

 

How difficult was the previous quiz? この前のクイズは難しかったですか。 

 

A. Very easy   とても簡単だった 

 

B. Easy   簡単だった 

 

C. A little difficult 少し難しかった 

 

D. Difficult   難しかった 

 

E. Very Difficult  とても難しかった 

 

Please wait! 

Do not turn the page! 
==============================================================

==============================================================

==============================================================

==============================================================

==============================================================

==============================================================

==============================================================

==============================================================

==============================================================

==============================================================

==============================================================

==============================================================

==============================================================

==============================================================

==============================================================

============================================================== 
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SLEEP: PAGE #11 

DIRECTIONS: Write the letter for the EXACT answer that matches the meaning of the 

bold (dark) word. You have one minute. (60 seconds) 

 

1. tumult _____ 

A.  a very serious accident 

B.  a state of great mental or emotional disorder 

C.  a very bad headache 

D.  a rule that says how someone should behave 

2. fervor_____ 

A.  the amount of sleep depending on one’s age 

B.  a rule that says how people should behave 

C.  a complete range of different opinions, people, etc. 

D.  a strong feeling of excitement and enthusiasm 

3. infant _____ 

A.  a very bad headache 

B.  a complete range of different opinions, people, etc 

C.  a sleeping disorder 

D.  a very young child 

4. precept ____ 

A.  a rule that says how people should behave 

B.  a strong feeling of excitement and enthusiasm 

C.  a state of great mental or emotional disorder 

D.  the amount of sleep depending on one’s age 

5. migraine _____ 

A.  a very serious accident 

B.  a very young child 

C.  a state of great mental or emotional disorder 

D.  a very bad headache 

6. spectrum ____ 

A.  a very young child 

B.  a complete range of different opinions, people, etc. 

C.  a strong feeling of excitement and enthusiasm 

D.  a sleeping disorder 
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SLEEP: PAGE #12 

 

How difficult was the previous quiz? この前のクイズは難しかったですか。 

 

A. Very easy  とても簡単だった 

 

B. Easy   簡単だった 

 

C. A little difficult  少し難しかった 

 

D. Difficult  難しかった 

 

E. Very Difficult  とても難しかった 

 

Please wait! 

Do not turn the page! 
==============================================================

==============================================================

==============================================================

==============================================================

==============================================================

==============================================================

==============================================================

==============================================================

==============================================================

==============================================================

==============================================================

==============================================================

============================================================== 

==============================================================

==============================================================

============================================================== 
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APPENDIX F 

ON-LINE DICTIONARY DEFINITIONS 

 

Aplomb [Def. 1]. (n.d.) confidence in a skill shown especially in a difficult situation 

In Merriam-Webster's Learner's Dictionary, 

Retrieved November 18, 2014, http://www.learnersdictionary.com/definition/aplomb 

 

Bulwark [Def. 2]. (n.d.) a wall that is built for protection 

In Merriam-Webster's Learner's Dictionary, 

Retrieved November 18, 2014, http://www.learnersdictionary.com/definition/bulwark 

 

Chagrin [Def. 1]. (n.d.) a feeling of being frustrated or annoyed because of failure or 

disappointment 

In Merriam-Webster's Learner's Dictionary, 

Retrieved November 18, 2014, http://www.learnersdictionary.com/definition/chagrin 

 

Comrade[Def. 1]. (n.d.) a close friend you have worked with 

In Merriam-Webster's Learner's Dictionary, 

Retrieved November 18, 2014, http://www.learnersdictionary.com/definition/comrade 

 

Contempt [Def. 1]. (n.d.) a feeling that someone or something is not worth any 

respect or approval 

In Merriam-Webster's Learner's Dictionary, 

Retrieved November 18, 2014, 

http://www.learnersdictionary.com/definition/contempt 

 

Damsel [Def. 1]. (n.d.) a young woman who is not married 

In Merriam-Webster's Learner's Dictionary, Retrieved November 18, 2014, from 

http://www.learnersdictionary.com/definition/damsel 
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Fervor [Def. 1]. (n.d.) a strong feeling of excitement and enthusiasm 

In Merriam-Webster's Learner's Dictionary, 

Retrieved November 18, 2014, http://www.learnersdictionary.com/definition/fervor 

 

Frenzy[Def. 1]. (n.d.) great and often wild uncontrolled activity 

In Merriam-Webster's Learner's Dictionary, 

Retrieved November 18, 2014, http://www.learnersdictionary.com/definition/frenzy 

 

Fracas [Def. 1]. (n.d.) a noisy argument or fight 

In Merriam-Webster's Learner's Dictionary, 

Retrieved November 18, 2014, http://www.learnersdictionary.com/definition/fracas 

 

Gumption [Def. 1]. (n.d.) courage or confidence 

In Merriam-Webster's Learner's Dictionary, 

Retrieved November 18, 2014,http://www.learnersdictionary.com/definition/gumption 

 

Grandeur [Def. 1]. (n.d.) a great and impressive quality 

In Merriam-Webster's Learner's Dictionary, 

Retrieved November 18, 2014, http://www.learnersdictionary.com/definition/grandeur 

 

Infant [Def. 1]. (n.d.) a very young child 

In Merriam-Webster's Learner's Dictionary, 

Retrieved November 18, 2014, http://www.learnersdictionary.com/definition/infant 

 

Malaise [Def. 1]. (n.d.) a slight or general feeling of not being healthy or happy 

In Merriam-Webster's Learner's Dictionary, 

Retrieved November 18, 2014, http://www.learnersdictionary.com/definition/malaise 

 

Migraine [Def. 1]. (n.d.) a very bad headache 

In Merriam-Webster's Learner's Dictionary 

Retrieved November 18, 2014, http://www.learnersdictionary.com/definition/migraine 

 

  

http://www.learnersdictionary.com/definition/fervor
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Mandate [Def. 1]. (n.d.) an official order to do something 

In Merriam-Webster's Learner's Dictionary, 

Retrieved November 18, 2014, http://www.learnersdictionary.com/definition/mandate 

 

Menace [Def. 1]. (n.d.) a dangerous or possibly harmful person or thing 

In Merriam-Webster's Learner's Dictionary, 

Retrieved November 18, 2014, http://www.learnersdictionary.com/definition/menace 

 

Penchant [Def. 1]. (n.d.) a strong liking for something or a strong tendency to behave in 

certain way 

In Merriam-Webster's Learner's Dictionary, 

Retrieved November 18, 2014, http://www.learnersdictionary.com/definition/prudence 

 

Precept [Def. 1]. (n.d.) a rule that says how people should behave 

In Merriam-Webster's Learner's Dictionary, 

Retrieved November 18, 2014, http://www.learnersdictionary.com/definition/precept 

 

Prudence [Def. 1]. (n.d.) Computer-Assisted good judgment that allows someone to 

avoid danger 

In Merriam-Webster's Learner's Dictionary, 

Retrieved November 18, 2014, http://www.learnersdictionary.com/definition/prudence 

 

Quagmire [Def. 2]. (n.d.) a situation that is hard to deal with or get out of 

In Merriam-Webster's Learner's Dictionary, 

Retrieved November 18, 2014,http://www.learnersdictionary.com/definition/quagmire 

 

Remorse [Def. 1]. (n.d.) a feeling of being sorry for doing something bad or wrong in 

the past 

In Merriam-Webster's Learner's Dictionary, 

Retrieved November 18, 2014, http://www.learnersdictionary.com/definition/remorse 

 

Tumult [Def. 1]. (n.d.) a state of noisy confusion or disorder 

In Merriam-Webster's Learner's Dictionary, 

Retrieved November 18, 2014, http://www.learnersdictionary.com/definition/tumult  
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Solace [Def. 1]. (n.d.) something or someone that gives a feeling of comfort 

In Merriam-Webster's Learner's Dictionary,  

Retrieved November 18, 2014, http://www.learnersdictionary.com/definition/solace 

 

Spectrum [Def. 1]. (n.d.) a complete range of different opinions, people, etc.  

In Merriam-Webster's Learner's Dictionary,  

Retrieved November 18, 2014, http://www.learnersdictionary.com/definition/spectrum 

 

Surplus [Def. 2]. (n.d.) more than the amount that is needed 

In Merriam-Webster's Learner's Dictionary,  

Retrieved November 18, 2014, http://www.learnersdictionary.com/definition/surplus 

 

Vigor [Def. 1]. (n.d.) strength, energy, or determination 

In Merriam-Webster's Learner's Dictionary,  

Retrieved November 18, 2014, http://www.learnersdictionary.com/definition/vigor 

 

 


