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Abstract

A call has been issued within the measurement community to integrate cognitive 

psychology with assessment to inform test design and validation and to provide detailed 

diagnostic feedback (National Research Council, 2001). One approach to achieving this 

integration is to model item statistics, in particular item difficulty, in terms of the 

cognitive processes underlying item solving (Huff, 2003). To date, only a few models 

have been developed linking item statistics to the cognitive structure of test items or tasks, 

and these models are limited by the concepts and methods used. The purpose of this study 

was to use a cognitive-psychometric approach to model the reading items included in the 

MELAB, a large-scale high-stakes assessment of English as a second language.

The model was developed and tested through four stages. First, based on the review 

of the processes associated with reading and reading test taking by ESL learners, an 

initial cognitive model was hypothesized to underlie the MELAB reading test item 

performance. Then, this model was validated using a three-stage procedure: analyzing 

cognitive demands of the test items by raters, collecting students’ verbal reports of the 

processes they used to arrive at the correct responses, and examining the relationship 

between the proposed cognitive processes and item difficulty estimates using the 

tree-based regression.

A review of the literature suggested that seven reading processes, four 

test-management processes, and three testwise processes should be included in the initial 

cognitive model underlying the ESL reading test item performance. Triangulation of the
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three sources of evidence collected in the next three stages supported the conclusion that 

the seven reading processes and three test-management processes underlie successful 

performance on the MELAB reading test items.

This study demonstrated the value of using multiple sources of evidence to evaluate 

the performance of a cognitive model, and successfully demonstrated the union of 

cognitive psychology and assessment in the field of second/foreign language testing. 

While substantial evidence has been found in support of the cognitive model containing 

10 processing components, the model warrants further research so that large-scale 

language testing programs can yield more meaningful results regarding examinees’ 

reading abilities.
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1

CHAPTER 1: INTRODUCTION

Large-scale assessments are widely used for a variety of purposes such as measuring 

student achievement and matching students to appropriate instructional programs. The 

ultimate goal of testing is to enhance learning (National Research Council [NRC], 2001). 

In most cases, assessment results provide general information about where a student 

stands relative to others (e.g., that the student scored at the 90th percentile) or how the 

student has performed on the test (e.g., that the student correctly answered 50 out of 100 

test items). A serious limitation with current large-scale assessments, however, is that 

they are incapable of providing more detailed information that can be incorporated into 

the learning system, such as where the students’ strengths and weaknesses are, why they 

perform poorly, and how to improve their performance (Alderson, 2005a; Embretson & 

Gorin, 2001; NRC, 2001). For example, for a student who performed poorly on a reading 

test, a numeric score of 50 out of a total of 100 points does not tell whether this student 

lacks word knowledge to understand the text or lacks strategic competence to answer the 

questions. It is frequently found that students who achieve the same score have different 

levels of understanding and that students who correctly answer many questions lack the 

tested skills (e.g., Gao, 2002; Katz & Lautenschlager, 1995; 2001). As a result, tests 

provide very limited feedback to students, educators, administrators, and other 

stakeholders (Alderson, 2005b; Strong-Krause, 2001). In the case of large-scale tests used 

primarily for admission purposes, such as the Test o f  English as a Foreign Language 

(TOEFL), the validity of test scores as an admission tool is frequently questioned and the
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usefulness of the tests as a learning tool is compromised (Huff, 2003).

In the last two decades or so, a call has been issued for large-scale assessments to 

yield more meaningful information to benefit learning and instruction (Mislevy, 1996; 

Nichols, 1994). Developments from two fields, cognitive psychology and measurement, 

provide a scientific basis to accomplish this goal (NRC, 2001). Cognitive psychology is 

the study of how people leam, organize, store, and use knowledge (Sternberg & Ben-Zeev, 

2001). Conceptually, cognitive research suggests not only what aspects of learning are 

important to measure, but also how test tasks can be designed to provide evidence for the 

desired inferences (Messick, 1995; NRC, 2001). Contemporary cognitive theories 

acknowledge the active role of learners in constructing their understanding and 

emphasize the processes in which the learners represent, organize, and process 

knowledge (Sternberg & Ben-Zeev, 2001). Accordingly, the aspects of learning that a test 

should measure have included cognitive processing skills or strategies, such as reasoning 

(e.g., deduction, inference), problem-solving (e.g., using prior knowledge and 

metacognition), and decision-making (e.g., confirmation and discontinuation of answer 

choices). Methodologically, the methods that cognitive psychologists use to understand 

human thought have been applied in testing research to investigate examinees’ cognitive 

processes. Some of the most useful methods include the study of reaction times, protocol 

analysis (i.e., the analysis of people’s subjective reports as they solve problems), and 

computer simulations. The cognitive perspective of testing helps diagnose an examinee’s 

strengths and weaknesses in thinking and problem solving, and thus provides richer
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3

feedback to score users than a single numeric score or percentile rank (NRC, 2001).

Measurement models are statistical models used to draw inferences about 

proficiencies based on the information obtained from test tasks (NRC, 2001). Over the 

last several decades, item response theory (IRT) models have had a major impact on 

testing. Assuming that performance of an examinee on a test item can be explained by a 

set of latent traits or abilities, IRT models specify the relationship between item 

performance and the abilities underlying item performance (Hambleton & Swaminathan, 

1985; Lord & Novick, 1968). Another assumption common to the IRT models is that they 

are conditional upon abilities, whereby examinees’ responses to different items are 

statistically unrelated (i.e., assumption of local independence). The most commonly used 

IRT models are the one-, two-, and three-parameter logistic models (van der Linden & 

Hambleton, 1997).

The IRT models have advantages over the classical test theory (CTT) model. The 

most desirable feature of the IRT models is the invariance of item and ability parameters. 

That is, item indices do not depend on the ability distribution of the examinees being 

measured and the ability of the examinees does not depend on the set of items 

administered (Hambleton, Swaminathan, & Rogers, 1991). Despite the advantages of the 

IRT, without the linkage to contemporary theories of cognition, the IRT models cannot 

yield rich inferences about examinees’ knowledge and skills (NRC, 2001). As Embretson 

(1993) argued, “they (traditional IRT models) have little connection with the concerns of 

cognitive theory about processes, strategies, and knowledge structures that underlie item
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solving” (p. 125) and lack the capacity to interpret more complex forms of evidence 

derived from student performance.

To overcome this limitation, several cognitive IRT models have been proposed that 

capture examinees’ cognitive processes based on patterns of responses to test items, such 

as the logistic latent trait model (LLTM) (Fischer, 1973) and the multiple latent trait 

model (MLTM) (Whitely, 1980). More recently, in response to the call for an integration 

of cognitive psychology and measurement (Embretson & Gorin, 2001; Leighton, 2004; 

NRC, 2001), a variety of measurement models have emerged that incorporate cognitive 

elements, such as the tree-based regression model (Sheehan, 1997), rule-space model 

(Tatsuoka, 1995), attribute hierarchical model (Leighton, Gierl, & Hunka, 2004), and 

Bayes inference networks (Mislevy, Almond, Yan, & Steinberg, 1999). While these 

models may differ in the way in which cognitive information is used, they have two 

common elements. First, it is generally assumed that the ability to answer particular sorts 

of test questions involves a variety of cognitive components, and, because of this, these 

models have mainly been applied to mathematics (e.g., Ewing & Huff, 2004) and reading 

(e.g., Van Essen, 2001), where multiple cognitive components are assumed to be existing 

and related to the ability to answer a test question (Dibello, Stout, & Roussos, 1995; 

Gorin, 2002). Second, the statistical strategy for incorporating cognitive elements in these 

models is to add new parameters that describe the cognitive structures required by item 

solution (NRC, 2001).

The emergence of these complex measurement models makes it possible to
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incorporate what cognitive psychologists consider important to pursue: to provide 

substantially rich information on the cognitive demands of test tasks and to reveal 

meaningful cognitive processes of students (NRC, 2001). Nevertheless, due to technical 

complexity and lack of cooperation among cognitive psychologists, measurement 

specialists, educators, and domain experts, many of these models have not been widely 

applied to testing practice (NRC, 2001). This is true in the field of second/foreign 

language testing. Over the last decade, Educational Testing Service (ETS) has taken the 

lead to apply new measurement models to the TOEFL testing program (Buck, Tatsuoka, 

& Kostin, 1997; Huff, 2003) and launched a new generation of the TOEFL in 2005, 

incorporating principles of cognitive psychology (Mislevy, Steinberg, & Almond, 2002). 

However, the cognitive measurement models have been applied to few other language 

testing programs. Much work is required to link measurement models to critical features 

of cognitive models specific to a substantive testing context and to observations that 

reveal meaningful cognitive processes in a particular domain. This process requires not 

only statistical modeling but also substantive theories of the target domain (NRC, 2001).

The Michigan English Language Assessment Battery (MELAB)

Developed by the English Language Institute of the University of Michigan 

(ELI-UM), the MELAB is administered regularly at the 85 test centers in the United 

States and Canada following uniform procedures. According to the MELAB technical 

manual (ELI, 2003), the MELAB is designed to assess advanced-level English language 

competence of adult non-native speakers of English, who will need to use English for
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academic study in a university setting. The theoretical framework for developing the 

MELAB is closely related to the model of the communicative language ability construct 

proposed by Bachman (1990) and later revised by Bachman and Palmer (1996). 

According to this model, communicative language ability consists of “ both knowledge, 

or competence, and the capacity for implementing, or executing that competence in 

appropriate, contextualized communicative language use” (Bachman, 1990, p. 84).

The MELAB is used primarily for the purpose of higher education admission. The 

assessment results are widely accepted as evidence of English competence, as an 

alternative to the TOEFL, by educational institutions in the United States, Canada, United 

Kingdom, and other countries where English is the language of instruction. In addition, 

many scholarship programs, government agencies, and licensing/certification agencies 

use the MELAB results to make high stakes decisions about educational and employment 

opportunities (ELI, 2003).

The MELAB consists of three parts. Part 1 is a written composition. Part 2 is a 

listening test containing 50 multiple-choice items. Part 3 is a written test containing 100 

multiple-choice items (30 grammar, 20 cloze, 30 vocabulary, and 20 reading items). The 

speaking test is optional and not included in every MELAB administration. Composition 

and speaking tests are scored by trained raters using rating scales. Answer sheets for Parts 

2 and 3 are computer scanned and raw scores (i.e., the total number of test items 

answered correctly) are converted to scale scores. The MELAB reports a score for each 

part and the final score, which is the average of the scores on the three parts. Scores on

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



7

the speaking test are reported separately. As the manual (ELI, 2003) explains, part scores 

are intended to report examinees’ competence in separate language skill areas, while the 

final score is to report examinees’ general competence in English.

Current MELAB score reporting provides some information on examinees’ English 

proficiency and the use of rating scales for scoring compositions and speaking tests 

describes examinees’ proficiency in writing and speaking to some extent. However, a 

numeric score for Parts 2 and 3 provides very limited information to examinees, 

admission officers, and other stakeholders regarding examinees’ strengths and 

weaknesses in listening and, especially, in reading where a sub-score is lacking. Reading 

is a major part of language acquisition and language use activity in everyday life (Grabe 

& Stoller, 2002). In the context of using English as a second or foreign language for 

academic purposes, reading tends to be the single most important language use activity 

and language skill that non-native English speakers need for academic activities (Carr, 

2003; Cheng, 2003). Thus, understanding the nature of reading in a second or foreign 

language and how to assess it on large-scale high-stakes tests have become primary 

concerns for language researchers and testers (Alderson, 2000; 2005a; 2005b; Bernhardt, 

2003; Cohen & Upton, 2006).

Purpose and Research Questions

The purpose of this study was to model the cognitive processes underlying the 

MELAB reading test item performance using a cognitive-psychometric approach. The 

specific research questions addressed were:
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1. What components should be included in the initial cognitive processing model for the 

MELAB reading test items?

2. What cognitive processes are required to correctly answer the MELAB reading test 

items?

3. What cognitive processes are actually used by examinees when they correctly answer 

the MELAB reading test items? How are they related to the findings in response to 

question 2?

4. To what extent do the cognitive processes identified in response to questions 2 and 3 

explain the item difficulty parameter estimates?

To develop this model, theoretical information of the reading processes in a second 

or foreign language was considered and operational definitions of the cognitive processes 

were developed from the reading items included in the MELAB. Next, the hypothesized 

model was validated using a three-stage procedure. Specifically, the first stage of the 

model validation involved identifying the cognition demands of the MELAB reading 

items by judges. In the second stage of the model validation, the cognitive processes that 

examinees actually used when they correctly answered the MELAB reading items were 

investigated. In the last stage of the model validation, the proposed cognitive processes 

were validated through empirical studying of the objective performance on the MELAB 

reading items, using an advanced measurement model called the tree-based regression.

Significance of the Study 

The results of this study will contribute to the theory, methodology, and practice of
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testing ESL/EFL reading for academic purposes, and to the field of second or foreign 

language testing in general. Theoretically, the review and analysis of the cognitive 

processes involved in correctly answering the MELAB reading items will increase our 

understanding of the nature of ESL/EFL reading and the constructs of ESL/EFL reading 

ability. Moreover, modeling the cognitive processes underlying the MELAB reading item 

performance using a novel measurement model, the tree-based regression, will contribute 

to our understanding of the relationship between item features and item difficulty.

Methodologically, the resulting model will link the cognitive theories in the domain 

of ESL/EFL reading to a measurement model and be supported by theory and empirical 

data. The embracement of a theoretical review of the ESL/EFL reading processes and 

substantive analysis of the reading test items, which is lacking in current research on the 

MELAB, will make possible theory-based test development and score interpretations 

(Messick, 1995). Moreover, embarking on qualitative analysis of the cognitive processes 

required or used to solve the items and quantitative analysis of objective performance 

will demonstrate a unified procedure to validate a theoretical model (Bachman, Kunnan, 

Vanniarajan, & Lynch, 1988; VanderVeen, 2004). Finally, the use of verbal protocol 

analysis to investigate examinees’ cognitive processes and tree-based regression to model 

the cognitive processes underlying item performance will contribute to the progress of 

new methods for language testing research.

Practically, the resulting model of cognitive processes underlying performance on 

the MELAB reading items will have implications for the construct validity of the
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MELAB reading as a measure of ESL/EFL reading proficiency required for college-level 

academic study (Embretson, 1998; Gorin, 2002; Huff, 2003). In addition, the results of 

this study may guide test developers to design cognitively-based reading items (Enright, 

Morley, & Sheehan, 2002). As Gitomer and Rock (1993) suggest, “improved test design 

consists of building items that are constructed on the basis of an underlying theory of 

problem-solving performance” (p. 265). Most importantly, the results of this study can be 

used to develop descriptive score reports and lay a foundation for the MELAB as a 

diagnostic measure. In this manner, large-scale language testing programs will be able to 

provide more meaningful feedback to score users about examinees’ strengths and 

weaknesses in particular skills, suggest areas for improvement, and target instruction to 

individual needs (DiBello & Crone, 2001; Huff, 2003; Sheehan, 1997; Wainer, Sheehan, 

& Wang, 2000).

Definition of Terms

ESL vs. EFL: ESL is used where the context facilitates English learning or 

acquisition (e.g., a student whose first language is Mandarin learning English in Canada). 

In contrast, EFL is used where the context does not facilitate English learning or 

acquisition (e.g., a student whose first language is Mandarin learning English in China). 

In this study, both ESL and EFL are termed as L2 unless otherwise mentioned.

Skill, Strategy, Process, and Ability: These terms are not clearly distinguished in 

the literature and are often used interchangeably. To understand the term cognitive 

processes used in this study, distinctions between these terms are clarified as follows.
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Skills are automatic information-processing techniques that a reader uses 

unconsciously while interacting with written texts or taking reading tests (Paris, Wasik, & 

Turner, 1991). According to Urquhart and Weir (1998), skills have three features. First, 

skills are cognitive and part of the generalized process of reading and reading test-taking. 

Second, skills are deployed automatically and unconsciously. Third, skills are text or 

task-oriented. That is, skills focus on characteristics inherent in the text or test task itself 

without taking into account the readers (e.g., how readers might process the text or how 

familiar they might be with the text topic).

Strategies are conscious efforts that a reader deliberately makes to construct meaning, 

solve problems in understanding, and answer questions on reading tests (Alderson, 2000). 

According to Urquhart and Weir (1998), strategies are essentially problem solving, which 

involves selection and efficiency, and have several features. First, like skills, strategies 

are cognitive and part of the generalized process of reading or test-taking. However, 

strategies are purposeful and goal-oriented. Second, strategies are adopted consciously, 

describable, and teachable. Third, strategies are reader-oriented. Cheng (2003) points out 

that there is no clear-cut distinction between skills and strategies. Skills can become 

strategies when they are used in a deliberate and purposeful manner and strategies can 

become skills when conscious actions become automatic through practice or training.

Process is used in relation to product, the result of that process. The literature on L2 

reading assessment generally categorizes the processes used on reading tests into reading 

processes and test-taking processes. For example, Farr, Pritchard, and Smitten (1990)
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define reading processes as those used by readers when they read the passages before 

turning to the test items, and test-taking processes as those used by readers once they start 

reading the test items. The processes of reading and reading test-taking are commonly 

viewed as cognitive and part of a general process of reasoning and problem solving 

(Alderson, 2000; Bernhardt, 2000; Cohen & Upton, 2006). In the present study, the term 

cognitive process is used to refer to the process used by L2 readers to arrive at answers to 

the multiple-choice reading items included in the MELAB. This process is viewed as 

cognitive in nature and involving multiple components related to the use of knowledge, 

skills, and problem-solving strategies in the context of taking academic reading tests 

(Cohen & Upton, 2006; Urquart & Weir, 1998). The term cognitive process is used in a 

broad sense in this study, involving the reading processes assessed by the MELAB 

reading tests (e.g., identifying the structure of the text, identifying word meanings from 

context), test management processes (e.g., eliminating the options) and testwiseness (e.g., 

using educated guesses), all of which can be involved in answering the multiple-choice 

reading test items.

Ability refers to interpretations and inferences made based on observable 

performance and is observed through assessment tasks requiring those aspects of the 

process that testers consider important to measure (NRC, 2001). In the reading literature, 

ability is commonly viewed as involving distinct aspects, such as ability to make 

inferences and ability to recognize the main idea, though issues about divisibility of 

reading ability has not been completely settled (Carr, 2003). This study acknowledges the

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



13

existence of definable aspects of reading ability underlying performance and 

operationalises them in light of Bachman’s (1990) theoretical framework of 

communicative language ability. That is, ability in this study involves abilities to apply 

knowledge, skills, and strategies in a meaningful context.

Construct: Construct refers to what a test is intended to measure and represents 

examinees’ latent traits inferred from observable performance (NRC, 2001). Constructs 

are commonly defined in terms of a theory of the ability to be tested. In this study, the 

constructs are the L2 reading abilities required for academic study at the college level, 

and are defined in light of Bachman’s (1990) theory of communicative language ability.

Automatic vs. Controlled Processes: The process of reading and taking reading 

tests involves a great deal of automatic and conscious mental activities (Alderson, 2000). 

Automatic processes are beyond conscious control and are often referred to as “skill” 

(Williams & Moran, 1989). In this study, recognizing the meaning of basic vocabulary, 

using knowledge of syntax and text features to understand simple structures of sentences 

and texts are considered as automatic processes for the target examinees of the MELAB, 

that is, the advanced-level L2 learners having acquired basic English language knowledge 

and competence.

Controlled processes refer to those conscious processes during which examinees 

deliberately and purposefully exert an active control over their processes of reading and 

test-taking through the use of strategies (Williams & Moran, 1989). In the present study, 

controlled processes refers to the cognitive strategies that examinees consciously use to
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interact with the text and to answer the test items, such as synthesizing, drawing 

inferences, using prior knowledge, scanning through the print for the required 

information, and eliminating the impossible options to select the one that best fits. In 

addition, when the reading or the route to solve an item is unclear or ambiguous, readers 

may use the strategies such as guessing the meaning of an unknown word using context 

clues and determining how different parts of the text function in the discourse.

Academic Reading: refers to reading texts in a specific subject area for the purpose 

of learning in that area. In this study, it is conceptualized as a meaning-based activity that 

is closely related to tasks, texts, readers’ linguistic knowledge, subject matter knowledge, 

strategic competence, reader purpose, and the context of that purpose (Douglas, 2000).

Item Modeling: refers to “the process of explaining the variance of an item’s 

psychometric properties, such as difficulty or discrimination, with the features of the item, 

such as its content specifications, format, or the cognitive skill(s) and/or process(es) 

required to solve the item” (Huff, 2003, p. 19). In this study, it refers to mathematical 

modeling of an item’s difficulty in terms of the cognitive processes used to correctly 

answer the item.

Organization of the Dissertation 

This dissertation is organized into seven chapters. Chapter 1 introduces the context 

and rationale of the present study, highlights the purpose and research questions, and 

provides operational definitions of the terms used in this dissertation. Chapter 2 is a 

review of the literature, including (a) an overview of the theoretical positions related to

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



15

the L2 reading processes, (b) a review of the theoretical framework and ability constructs 

pertaining to the L2 reading assessment, (c) a critical review of the empirical studies of 

the factors that affect item performance on the L2 reading tests, and (d) a discussion of 

the key measurement model used in this study, the tree-based regression. Chapter 3 

outlines an initial model of cognitive processing following an analysis of the literature. 

Chapter 4 outlines the methods used and presents the results obtained for the first stage of 

the model validation -  the identification of cognitive demands of the test items included 

in two forms of the MELAB reading test. Chapter 5 outlines the method used and 

presents the results for the second stage of the model validation -  verbal protocols from 

the Mandarin-speaking students, who represent one of the largest language groups of the 

MELAB candidates. Chapter 6 presents the method and results for the third stage of the 

model validation -  relating the proposed cognitive processes to the item difficulty 

estimates using the tree-based regression. Chapter 7 summarizes the methods and 

findings for each stage, discusses the limitations, and presents the conclusions of this 

study. The chapter concludes with a discussion of the implications for educational 

practices and directions for future research.
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CHAPTER 2: LITERATURE REVIEW

This chapter presents the theoretical framework and empirical evidence relevant to 

modeling the MELAB reading items. The purpose of this literature review is threefold: (1) 

to provide theoretical support for the development of the cognitive processing model 

underlying the MELAB reading item performance; (2) to define a list of cognitive 

processes that would guide the analyses of the MELAB reading items and the verbal 

report data, and (3) to frame a new approach to modeling item performance. The review 

is organized into four main sections. The first section discusses the L2 reading and 

test-taking processes. The second section reviews the literature pertaining to the L2 

reading assessment. The third section critically reviews empirical studies of the factors 

affecting the L2 reading test item performance, mainly multiple-choice test item difficulty, 

which have specific relevance to the current study. The last section reviews the 

psychometric literature related to the quantitative methodology used for this study, the 

tree-based regression.

L2 Reading and Test-Taking Processes 

Understanding the processes of reading and test-taking used by examinees on tests of 

reading in a second or foreign language is critical to understanding and assessing L2 

reading (Cohen & Upton, 2006). This section begins with a review of the theoretical 

positions on reading as a general information-processing process. Then, it discusses the 

uniqueness of the L2 reading. Finally, it reviews the literature on the L2 reading and test- 

taking processes.
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Information-Processing Perspectives on Reading

Over the last couple of decades, the shift in psychology from a behavioral to a 

cognitive orientation has impacted enormously the understanding of reading. Bottom-up 

processing is an immediate left-to-right processing of the input data through a series of 

discrete stages (Ruddell, Ruddell, & Singer, 1994). Early theories viewed reading as 

bottom-up processing in which a reader passively and sequentially decoded meanings 

from letters, words, and sentences (e.g., Anderson, 1972; Bormuth, 1969; LaBerge & 

Samuels, 1974). The reading processes were considered to be completely under the 

control of the text and had little to do with the information possessed by a reader or the 

context of discourse (Perfetti, 1995).

Opposite to bottom-up processing, top-down processing refers to the way of 

information processing in which readers approach the text with their already-existing 

knowledge and then work down to the text (Hudson, 1998). The top-down view of 

reading emphasizes readers’ contribution over the textual information. Two representative 

examples of top-down processing models are psycholinguistic models (e.g., Goodman, 

1967, Smith, 1971) and schema-theoretic models (e.g., Carrell, 1983a; 1983b). 

Psycholinguistic models stress the interaction between language and thought, especially 

readers’ inferential abilities, and describe reading as an active, purposeful, and selective 

process (Smith, 2004). According to psycholinguistic models, readers predict or guess the 

meaning based on “minimal textual information, and maximum use of existing, activated, 

knowledge” (Alderson, 2000, p. 17).
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Schema-theoretic models describe the reading process through the activation of 

schemata (i.e., networks of information organized in memory) and stress the centrality of 

readers’ language and content knowledge. During the process of reading, readers apply 

their schemata to the text, confirm and disconfirm, and map the incoming information 

from the printed text onto their previously formed knowledge structures to create 

meaning (Ganzter, 1996; Hudson, 1998). Schema theory is valued at attempting to 

explain the integration of the new information with the old, but it fails to explain how 

completely new information is processed (Alderson, 2000). Critics of schema theory 

point out that it lacks strong supporting evidence and is not scientifically testable. In 

addition, it does not lead to an explicit account of reading processes due to the vague 

definition of schema, oversimplification of the memory retrieval and storage processes, 

and elision of readers’ intentionality (Phillips & Norris, 2002). Carver (1992a) argues that 

schema theory applies only when reading texts are relatively hard, such as the situation in 

which college-level students read academic texts.

More recent theories of reading stress the simultaneous interaction between 

bottom-up and top-down processing (e.g., Johnston, 1984; Rumelhart, 1977, 1980; 

Stanovich, 1980, 2000). According to the interactive theories, readers’ multiple sources of 

knowledge (e.g., linguistic knowledge, world knowledge) interact continuously and 

simultaneously with text. Current reading theories acknowledge the interactive nature of 

processing, and emphasize the importance of purpose and context to fluent reading (e.g., 

Alderson, 2000; Enright, Grabe, Koda, Mosenthal, Mulcahy-Emt, & Schedl, 2000;
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Hudson, 1998). As Butcher and Kintsch (2003) note, reading is the interaction among a 

variety of top-down and bottom-up processes, during which readers’ knowledge, 

cognitive skills, strategy use, and purpose of reading are crucial and must be taken into 

account when modeling text processing.

Uniqueness o f  the L2 Reading

Research of L2 reading has long been dominated by the view that the L2 reading is 

fundamentally the same as the first language (LI) reading (Phakiti, 2003). Recently, 

however, there have been doubts and attacks on the overgeneralization that the L2 and LI 

reading are the same (e.g., Bernhardt, 2003; Enright et al., 2000). These researchers argue 

that no existing theories, models, or views of L2 reading are capable of explaining L2 

readers’ reading process. They are concerned that the lack of thorough investigation of 

the L2 reading may influence the interpretation of the L2 reading constructs. To 

understand the processes of reading and test-taking on tests of reading in a second or 

foreign language, the uniqueness of the L2 reading is discussed briefly below.

First, L2 and LI readers have different knowledge structures. On the one hand, L2 

readers have limited knowledge of the second or foreign language, which may constrain 

their processing in L2. Unlike LI readers, who have acquired basic language competence 

prior to reading instruction and are continuously exposed to written symbols in their 

culture, L2 readers read the second or foreign language before attaining adequate oral 

proficiency and have to deal with the materials not in their initial cultural environment 

(Enright et al., 2000). On the other hand, L2 readers have additional sources of
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knowledge related to their native language, culture, and rhetoric to overcome their 

linguistic limitations and facilitate meaning construction (Gantzer, 1996; Skehan, 1998). 

Research has shown that when L2 readers reach a threshold in reading proficiency, their 

general and domain-specific knowledge has a facilitating effect on text comprehension 

and recall (Clapham, 1996). For example, for the L2 readers who have acquired basic 

reading proficiency, the topics that are concrete, realistic, culturally more familiar, and 

closer to a reader’s preexisting knowledge tend to be easier to understand than the topics 

that are abstract, arcane, and culturally or contextually less familiar.

Second, cognitive skills and strategies (e.g., deduction, inference, and monitoring) 

play an important part in L2 reading (Alderson, 2000; Koda, 2005; Skehan, 1998). Unlike 

reading in the native language, which begins at an early age, reading in a second or 

foreign language usually begins when L2 readers are teenagers or adults. Hence, L2 

readers’ cognitive resources (e.g., subject knowledge and problem-solving strategies) 

developed from reading in their native language enable them to fill in the comprehension 

gap when reading in L2 (Urquhart & Weir, 1998). Koda (2005) points out that with the 

development of cognitive abilities, older and more advanced students would be able to 

apply their LI reading skills and strategies to L2 reading tasks and monitor their L2 

reading process to judge whether a particular strategy is effective. Moreover, research 

studies repeatedly show that L2 readers depend heavily on their prior knowledge when 

they read in L2 (e.g., Gantzer, 1996; Gao, 2002; Johnston, 1984). In the context of this 

study, the target examinees of the MELAB are advanced-level adult non-native speakers
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of English who will need to use English for academic studies at the college level. They 

typically learned to read English after acquiring their LI reading proficiency, have 

mastered basic English language knowledge, and are capable of using cognitive skills and 

cognitive and metacognitive strategies to cope with the L2 reading tasks.

L2 Reading Processes

The conceptualization of reading has been evolving over the years; so has the 

understanding of the L2 reading processes. Current views of L2 reading emphasize the 

important contribution of bottom-up processing to fluent reading and acknowledge 

readers’ active role during reading (Alderson, 2000; Cohen, 2005; Urquhart & Weir, 

1998). Consistently, current models of the L2 reading process have generally included 

language knowledge, general or domain-specific background knowledge, cognitive skills, 

and cognitive and metacognitive strategies. Language knowledge, often referred to as 

“bottom-up processing” or “lower-level text-based processing”, consists of a number of 

relatively independent components, such as the knowledge of phonology, orthography, 

vocabulary, syntax, and text features. Background knowledge, often referred to as 

“top-down processing” or “higher-level knowledge-based processing”, represents the 

knowledge that a reader brings to a text (Cohen & Upton, 2006). Major components in 

current models of L2 reading process are discussed in this section.

Knowledge o f  phonology, orthography, and vocabulary. Word recognition and 

vocabulary knowledge have been considered central to fluent reading in current models 

of the reading process of skilled adult L2 readers (e.g., Alderson, 2000; Carrell & Grabe,
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2002; Koda, 2005; Hudson, 1996; Urquhart & Weir, 1998). Word recognition refers to the 

process of recognizing strings of letters that form words in print and being able to rapidly 

identify meanings from visual input (Rayner & Pollatsek, 1989). Two word recognition 

processes in reading have been distinguished: the phonological and the orthographic. The 

former requires “awareness of phoneme-grapheme correspondences and the word’s 

phonological structure”, while the latter requires memory for specific spelling patterns 

(Alderson, 2000, p. 344). In the recent reading literature, there is a growing consensus 

that all reading involves phonological and orthographic processing, which compose the 

process of identifying the word meanings (Alderson, 2000, Stanovich, 2000). Unlike 

skilled adult LI readers who are generally assumed to have phonological access to the 

lexicon and are familiar with the script, L2 readers encounter words that they have not 

heard pronounced and scripts that they are not familiar with in many cases (Urquhart & 

Weir, 1998). Hence, L2 readers are expected to experience greater difficulty in processing 

letters in a word and identifying word meanings, which may affect their reading in L2 

(Alderson, 2000).

In addition to word recognition, research studies of L2 reading have consistently 

shown that vocabulary knowledge is crucial to text comprehension and reading 

performance (e.g., Carrell & Grabe, 2002; Qian, 1999). Unlike skilled adult LI readers 

for whom the words encountered are normally in their lexicon, L2 readers have to handle 

unfamiliar vocabulary (Urquhart & Weir, 1998). In the context of academic reading, 

where large amounts of academic texts need to be processed, efficient word processing is
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extremely important. Inefficient word recognition and insufficient vocabulary knowledge 

would likely result in inefficient academic reading (Hudson, 1996).

Knowledge o f syntax. In addition to word processing, readers must process syntax in 

order to impose meaning on the recognized words (Urquhart & Weir, 1998). Syntax is the 

component of a grammar that determines the way in which words are combined to form 

phrases and sentences (Radford, 2004). In L2 reading, syntax knowledge is crucial for 

successful text processing, and syntactic processing has been included in many models of 

the L2 reading processes (e.g., Carrell & Grabe, 2002; Hudson, 1996; Koda, 2005).

Knowledge o f textual features. Readers’ knowledge of textual features, such as 

cohesion and text structure, has long been considered important in text processing 

(Alderson, 2000; Koda, 2005) and critical to successful L2 academic reading (Hudson, 

1996). Cohesion refers to “the connections between sentences”, which are furnished by 

pronouns that have antecedents in previous sentences, adverbial connections, known 

information, and knowledge shared by the reader (Kolln, 1999, p. 271). Cohesion occurs 

where understanding new information in the text depends on understanding the already 

available information (Hudson, 1996). Frequently used cohesive devices include 

reference, substitution, and ellipsis to replace previously occurring parts of the text, and 

conjunction to indicate “the pragmatic relationship between two text utterances or 

blocks” (Urquhart & Weir, 1998, p.74).

According to Thompson (2004), reference is the set of grammatical resources used to 

repeat something mentioned in the previous text (e.g., the pronoun “it”) or signal
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something not yet mentioned in the text (e.g., the non-definite article “A” in the sentence 

“They came again into their bedroom. A large bed had been left in it”). Substitution refers 

to the use of a linguistic token to replace the repetitive wording (e.g., “Do you like it? I 

think .so”). Ellipsis is the set of grammatical resources used to avoid the repetition of a 

previous clause (e.g., “How old is he? Two years old”). Conjunction refers to the 

combination of any two textual elements into a coherent unit signaled by conjunctions 

(e.g., however, by the way, thus).

Thompson (2004) further distinguishes cohesion and coherence, two terms often 

used interchangeably in describing textual features. According to Thompson, cohesion 

refers to the linguistic devices used to signal the coherence of the text. Textual features 

that serve a cohesive function can be identified. However, coherence is “in the mind of 

writer and reader”, which “cannot be identified or quantified in the same way as 

cohesion” (p. 179). Coherence of a text depends on not only cohesive devices but also 

text structure and organization pattern, that is, how the sentences and paragraphs relate to 

each other and “how the relationship between ideas are signaled or not signaled” 

(Alderson, 2000, p. 67). Examples of text structures include cause/effect, general/specific, 

problem/solution, comparison/contrast, and the use of illustration, classification, and 

topic sentence. Research has shown that the internal logic of text structures (strong or 

weak), organized patterns (tight or loose), and location of information within text (earlier 

or later) affect understanding (e.g., Carrell, 1984, 1985; Roller, 1990; Hudson, 1996). 

Coherent texts contribute to understanding, while ambiguous references, indistinct
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relationships between elements in the text, and inclusion of irrelevant ideas or events 

hinder comprehension (Alderson, 2000; Hudson, 1996; McKeown, Beck, Sinatra, & 

Losterman, 1992).

In summary, current views of the L2 reading process emphasize the importance of 

linguistic knowledge in L2. It is generally accepted that insufficient knowledge of L2 

would constrain L2 processing behaviors and likely result in poor understanding, as it 

impairs meaning construction based on textual information and restricts higher-level 

processing such as the use of background knowledge and cognitive strategies (Alderson, 

2000; Koda, 2005).

Background knowledge and subject matter/ topic knowledge. In addition to language 

knowledge, readers’ background knowledge (i.e., knowledge that may or may not be 

relevant to the text content) and subject matter/topical knowledge (i.e., knowledge 

directly relevant to the text content) affect text understanding and the way new 

information is recognized and stored (Alderson, 2000). According to schema theory and 

the interactive notion of reading reviewed earlier, when processing texts, readers’ 

preexisting general and domain-specific knowledge stored in the interlocking mental 

structures integrates with the new information from the text to fill in the comprehension 

gap and rapidly construct meaning (Anderson & Pearson, 1988; Rumelhart, 1980). While 

reading, readers activate their already-existing knowledge automatically and immediately, 

without which, comprehension would be hindered (Alderson, 2000). Readers’ 

background and topical knowledge play an especially crucial part in L2 academic reading
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where the reading materials are relatively difficult and the primary concern is to predict 

the performance on reading tasks involved in academic study (Grabe, 1999; 2002; 

Hudson, 1996; Urquhart & Weir, 1998).

Cognitive skills. In addition to knowledge, readers need skills to learn and process 

new information in the text. Cognitive skills have long been held as crucial to reading 

success. For example, Thorndike (1917) stated that reading was reasoning. He explained 

that, readers’ skills to construct meaning approximated logical inference and deduction, 

and that good readers thought clearly. Cognitive skills are especially important for L2 

readers to solve difficulties in text processing and understanding, such as unfamiliar lexis 

or complex syntax. Cognitive skills enable readers to use the cues from the text and 

information in their minds to construct meaning and monitor the process of reading 

(Alderson, 2000).

Over the last several decades, cognitive skills have been a major area in reading 

research and various taxonomies of L2 reading skills have been developed (e.g., Carver, 

1992a, 1992b; Farhady & Hessamy, 2005; Grabe, 1991; Koda, 1996; Munby, 1978). For 

example, Grabe (1991) proposed that fluent L2 reading involved automatic word 

recognition, synthesis and evaluation, and metacognitive skills. These skill taxonomies 

provide a framework for reading test construction. However, there are several limitations 

with many of these taxonomies (Alderson, 2000). First, the skills are frequently ill- 

defined or undefined. Second, the seemingly discrete skills have enormous overlap. For 

example, in Munby’s (1978) skill taxonomy, the skills “identifying the main point or
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important information in discourse”, “distinguishing the main idea from supporting 

details”, and “extracting salient details to summarize an idea” apparently overlap with 

one another. Third, the existing skill taxonomies lack empirical observation. Despite 

these criticisms, certain cognitive skills, such as inference, synthesis, and evaluation, 

have been major components in current models of the L2 reading processes.

Cognitive and metacognitive strategies. In the recent literature on L2 reading and its 

assessment, cognitive and metacognitive strategies used by ESL learners when processing 

text and responding to questions have received considerable attention (e.g., Abbott, 2005; 

Cohen, 1998; Cohen & Upton, 2006; Lumley & Brown, 2004; Phakiti, 2003; Yang, 2000). 

Further, cognitive and metacognitive strategies have become crucial components in many 

models of the L2 reading processes (Alderson, 2000; Carrell & Grabe, 2002; Hudson, 

1996; Koda, 2005). Research studies frequently found that good readers are more 

effective in using metacognitive strategies and more capable of describing the use of such 

strategies (e.g., Block, 1992; Grabe, 1991; Johnston, 1983; Phakiti, 2003). For example, 

Block (1992) compared the verbal protocols of proficient and less proficient ESL readers 

in an American college. His finding showed that proficient readers were adept at using 

metacognitive strategies to answer the reading items, were more aware of how to control 

the process, and were more capable of verbalizing their awareness than less proficient 

readers.

In the present study, cognitive strategies refer to the examinees’ ongoing mental 

processes to use their language, background, and topic knowledge to answer the given
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items, while metacognitive strategies refer to higher order executive processing 

deliberately used by examinees to direct and control their cognitive processing for 

successful performance (Phakiti, 2003). Different from cognitive processes that “are 

likely to be encapsulated within a subject area” such as EFL reading, metacognitive 

strategies are “thinking about thinking” (Phakiti, 2003, p. 29) and span multiple subject 

areas (Schraw, 1998). A list of cognitive and metacognitive strategies that L2 readers use 

during reading include monitoring progress of understanding, planning ahead how to read, 

and selectively attending to text (Alderson, 2000; Block, 1992; Johnston, 1983).

Purpose and context. In addition to knowledge, skills, and strategies, reader purpose 

and the context in which L2 readers engage in reading is increasingly being emphasized 

(e.g., Alderson, 2000; Cohen & Upton, 2006; Enright et al., 2000; Hill & Parry, 1992; 

Hudson, 1996). These researchers stress that reading is usually undertaken for some 

purpose and in a specific context, which affects the knowledge and skills required, 

strategies used, and the understanding and recall of the text. In the context of reading for 

academic purposes, important reading processes involve “locating discrete pieces of 

information by skimming and scanning the text”, “understanding the main ideas or major 

points of the text”, “constructing an organized representation of the text that includes 

major points and supporting details”, and “integrating information across multiple 

sources” (Enright et al., 2000, p. 4; Jamieson, Jones, Kirsch, Mosenthal, & Taylor, 2000). 

L2 Reading Test Taking Processes

Test-taking processes refer to the processes used by examinees to complete the tasks
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on a reading test. When taking a reading test, readers may use the processes that they 

would not use under non-test conditions (Alderson, 2000; Cohen & Upton, 2006). These 

may entail the reading processes assessed by the reading tests (e.g., drawing inferences, 

deducting the meaning of an unknown word, locating specific information in the text) and 

test management processes (e.g., matching the information in the test item to the 

information in the text, eliminating the impossible options, and using personal knowledge 

related to the text topic) (Abbott, 2005; Cohen & Upton, 2006; Drum, Calfee, & Cook, 

1981; Farr et al., 1990). In some circumstances, examinees may use short cuts to arrive at 

answers. For instance, when answering the multiple-choice reading test items, examinees 

may choose an answer based on their intuition or hunches, their already possessed 

common sense, the cues in test items, and surface features of the options without reading 

and comprehending the text. In such cases, examinees may be using testwiseness to 

circumvent the need to tap their language knowledge and strategic competence that a test 

is actually measuring (Cohen & Upton, 2006; Gao, 2002; Katz & Lautenschlager, 1995; 

2001; Powers & Leung, 1995; Yang, 2000).

The Assessment of L2 Reading 

Assessing L2 reading necessarily has some overlap with the nature of the L2 reading 

processes reviewed in the previous section. In addition, as an assessment issue, assessing 

L2 reading directly relates to the theoretical framework of language testing and 

psychometric concerns such as reliability and validity. This section first presents the 

current theory of communicative language ability (Bachman, 1990; Bachman & Palmer,
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1996), which is closely related to the constructs assessed by the MELAB reading (ELI, 

2003). Then, the constructs of the L2 academic reading ability are discussed. Finally, the 

section reviews the literature on the factors affecting the L2 reading performance.

A Theoretical Framework o f  Communicative Language Competence

In his seminal work Language and Mind (1968), Chomsky proposed the notion of 

language competence and distinguished it from language performance. According to 

Chomsky, language competence was limited to linguistic knowledge, while language 

performance was the actual use of that language in a concrete situation, which was 

affected by various psychological factors affecting language perception and production. 

As an alternative to Chomsky’s linguistic view of competence, several researchers 

proposed the notion of communicative competence, expanding language competence to 

the knowledge of the rules of language use in a specific context (e.g., Hymes, 1972; 

Munby, 1978). Canale and Swain (1980) extended earlier works and proposed the 

framework of communicative language competence, which included linguistics, 

sociolinguistic (i.e., the knowledge of how language is used), discourse, and strategic 

competence (i.e., the ability to use knowledge and competence in a meaningful situation).

Over the last decade, communicative language competence and its assessment have 

increasingly been emphasized in the language assessment community. Bachman (1990) 

expanded upon earlier work and proposed the framework of communicative language 

ability (CLA) for the development and use of language tests and language testing 

research (see Figure l).Bachman’s framework of CLA acknowledges the language
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LANGUAGE COMPETENCE 
Knowledge of language

STRATEGIC
COMPETENCE

PSYCHOPHYSIOLOGICAL
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CONTEXT OF 
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Figure 1. Components of communicative language ability (Bachman, 1990, p. 85). 

knowledge or competence, the capacity for using this knowledge or competence, and 

“characterizes the processes by which the various components interact with each other 

and with the context in which language use occurs” (Bachman, 1990, p. 81). Specifically, 

this framework consists of language competence, strategies competence, and 

psychophysiological mechanisms, and describes the interactions of these components 

with the language user’s knowledge structures and language use context. According to 

Bachman, language competence includes a set of language knowledge components used 

in communication. Strategic competence performs “assessment, planning, and execution 

functions in determining the most effective means of achieving a communicative goal” (p. 

107), and characterizes the “mental capacity” that relates the language competence to the 

language user’s knowledge structures and the context in which communication occurs (p. 

84). Psychophysiological mechanisms are “the neurological and psychological processes 

involved in the actual execution of language as a physical phenomenon” (p. 84). They
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characterize “the channel (auditory, visual) and mode (receptive, productive) in which 

competence is implemented” (p. 108).

Bachman further explains the components of language competence in his framework 

of CLA (see Figure 2). As Figure 2 shows, language competence includes organizational 

competence, which consists of grammatical and textual competence, and pragmatic 

competence, which consists of illocutionary and sociolinguistic competence.
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FunctionVocabulary Cohesion
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Register

Rhetorical
Organization

Manipulative
FunctionMorphology
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Grammatical
Com petence

Pragm atic C om petenceO rganizational C om petence

L anguage C om petence

Figure 2. Components of language competence (Bachman, 1990, p. 87).

Bachman and Palmer (1996) refined Bachman’s (1990) framework and clearly

defined language use as the dynamic creation of intended meanings in discourse by an

individual in a particular situation. According to Bachman and Palmer, context and

purpose of language use are crucial in defining language ability. As they noted,

If we are to make inferences about language ability on the basis of performance on 
language tests.. .(we) need to define language ability in a way that is appropriate for
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each particular testing situation, that is, for a specific purpose, (a particular) group of 
test takers, and (a specific) TLU domain (i.e., target language use domain, situation 
or context in which test takers will be using the language outside of the test itself), (p. 
66)

In this study, language use occurs in the context where English language ability of 

adult non-native English speakers is assessed for academic purposes. This context 

suggests that the reading ability defined in this study incorporates not only the ability to 

use language knowledge and strategic competence to solve the test task, but also the 

ability to apply this knowledge and competence to academic reading in the real world.

In addition to the emphasis of context and purpose, Bachman and Palmer pointed out 

that language use involves complex interactions among individual characteristics of 

language users and the interactions among these characteristics and characteristics of 

language use. Hence, “language ability must be considered within an interactional 

framework of language use” (p. 61-62). They presented their framework as a theory of 

the factors that affected performance on language tests and proposed that performance on 

language tests was affected by (1) the interactions among the examinees’ language 

knowledge, topical knowledge, affective schemata, strategic and metacogntive strategic 

competence, and personal characteristics such as age and native language, and (2) 

interactions between examinee characteristics and characteristics of the test task. 

Subsequently, Bachman (2002) clearly distinguished three sets of factors that affected test 

performance: examinee attributes, task characteristics, and the interactions between 

examinee and task characteristics.

The current theoretical framework of CLA (Bachman, 1990; Bachman & Palmer,
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1996) is consistent with current views of L2 reading ability and its assessment, which 

acknowledge the interactive nature of reading and the effect of text and item 

characteristics, reader knowledge, cognitive and metacognitive strategies, and purpose 

and context of reading on reading test performance (e.g., Alderson, 2000; Enright et al., 

2000; Jamieson et al., 2000).

Assessing L2 Academic Reading Ability

Constructs o f the L2 academic reading ability. The current theory of CLA and 

models of L2 reading suggest a range of constructs of the L2 academic reading ability, 

which has been operationalised differently in tests of L2 academic reading (Alderson, 

2000; Cohen & Upton, 2006; Douglas, 2000; Enright et al., 2000; Hudson, 1996; 

Jamieson et al., 2000). It has been accepted that word identification skills need to be 

tested, as word recognition is critical to fluent reading. Knowledge of the language, such 

as knowledge of vocabulary, sentence structure, and formal discourse structure (e.g., 

cohesion and rhetorical structure), is essential for L2 readers’ understanding of academic 

texts, and thus should be taken into account in testing L2 academic reading. Cognitive 

skill and cognitive and metacognitive strategies are important for L2 readers to overcome 

language difficulties especially when reading difficult academic texts. Hence, L2 

academic reading tests should allow examinees to apply their cognitive skills and 

strategies such as inference, synthesis, evaluation, and monitoring.

Alderson (2000) stresses that in the context of L2 reading, sufficient knowledge of 

the foreign or second language, cognitive skills, and problem-solving strategies are
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especially important. Nevertheless, Alderson reminds us that readers’ background 

knowledge is normally not included in the constructs to be assessed, though its influence 

on L2 reading process and product is recognized.

The MELAB reading. According to the MELAB manual (ELI, 2003), the MELAB 

reading is designed to measure examinees’ understanding of reading texts in college-level 

academic settings. The constructs assessed by the MELAB reading test items reflect 

current understanding of the L2 academic reading ability and its assessment reviewed 

above. Specifically, the constructs assessed by the MELAB reading include recognizing 

the main idea and supporting details of the text, understanding the relationship between 

sentences and portions of the text, recognizing the cohesive devices, organizational 

pattern, and argument method of the text, drawing text-based inferences, understanding 

pragmatic and rhetorical purposes of the text creator, and recognizing specific vocabulary 

in context. The reading section consists of four passages, with each followed by five 

multiple-choice items, for a total of 20 items. Each item consists of a question stem and 

four options (1 key and 3 distracters). Examinees are instructed to read the passages and 

then select the single best answer based on the information in the given passage.

In addition to the constructs, text and item characteristics are important 

considerations in assessing academic reading ability (Cohen & Upton, 2006). According 

to the specifications for the MELAB reading, all test passages are expository texts 

adapted from publications of general interest to educated adults and edited to make them 

coherent, clear, self-contained, and free of jargon. The total length of the passages
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included in each test form is 922-1021 words, with each passage containing 

approximately 250-300 words. The style of the language characterizes English for 

academic purposes. The readability of passages, as measured by a standard readability 

formula, suggests that the vocabulary size and structural complexity of the passages are at 

the college level. The genres of the passages include humanities (literature, folktales), 

social science (anthropology, history, government), physical science (astronomy, physics, 

mechanics), and biological science (biology, zoology, medicine). The topics of passages 

are accessible to all examinees; no specific prior knowledge is required to understand a 

passage or answer an item. Unfortunately, controlling for prior knowledge in assessing 

reading has been difficult, if not impossible, in most studies of reading tests (e.g., Carr, 

2003). Research has shown that for examinees having reached a certain minimum reading 

proficiency, prior knowledge possessed in the content area of a reading text can have a 

facilitating effect while deficit in text-related prior knowledge may increase the demands 

on processing, understanding, and recall of that text (Alderson, 2000; Clapham, 1996; 

Grabe, 2004; Phillips, 1988). In an attempt to counter any possible bias towards 

examinees of a particular educational or cultural background, ELI selects texts on a range 

of topics and includes different genres of passages in each test form.

According to ELI item-writing guidelines, the questions following each passage are 

intended to assess a variety of academic reading abilities assessed by the MELAB 

reading. The set of questions cover the entire passage rather than a portion of it, and 

assess understanding of the important information rather than insignificant details. The

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



37

questions recognize the complexity of the passage, but the questions themselves are short, 

clear, and simple in vocabulary and syntax so that they are easy to read and understand. It 

is emphasized that questions should be answered based on relevant information in the 

passages rather than by analysis of the question structure, information disclosed from 

response options, or examinees’ knowledge outside the passage.

Variables that Affect the Difficulty o f L2 Reading Test Items

Prior research has identified several potential sources of processing difficulty that 

may affect the difficulty of L2 reading test items and suggested a number of variables to 

score the cognitive complexity of these sources (e.g., Bachman, Davidson, Ryan, & Choi, 

1995; Bachman, Davidson, & Milanovic, 1996; Enright et al., 2000; Jameison et al., 2000; 

Perkins & Brutten, 1992; Rupp, Garcia, & Jamieson, 2001). Consistent with the emphasis 

of the reader-text interaction and the importance of test method in current literature of the 

L2 reading and its assessment (e.g., Alderson, 2000; Bachman & Palmer, 1996), the 

variables that affect the difficulty of L2 reading test items can be classified into two 

categories: task (text and item) variables and reader variables. Examples of task variables 

include text topic, text type (e.g., expository, narrative) and genre (e.g., magazine article, 

feature story), text organization, linguistic features (e.g., syntactic complexity, vocabulary 

difficulty), text readability and length, sufficiency and clarity of the given information, 

occurrence of distracting information in the text, language of questions, frequency and 

usage of particular words involved in the task, and concreteness of the requested 

information (Alderson, 2000; Bachman et al., 1996; Carr, 2003; Enright et al., 2000;
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Freedle & Kostin, 1993; Jamieson et a l, 2000; Skehan & Foster, 2001). Examples of 

reader variables include readers’ language knowledge (e.g., vocabulary and syntactic 

knowledge), background and topic knowledge, cognitive skills (e.g., drawing inferences), 

problem-solving strategies (e.g., monitoring), reader purpose (e.g., for entertainment or 

test taking), reader affect (e.g., motivation, interest), and other reader characteristics (e.g., 

age, personality) (Alderson, 2000; Enright et al., 2000; Jamieson et al., 2000; Skehan & 

Foster, 2001).

Alderson (2000) commented that task variables and reader variables that affect the 

L2 reading performance are like two sides of a coin in the reader-text interaction. The 

task variables simultaneously interact with the reader variables, which affects the process 

of reading and the difficulty of reading test items. For example, Clapham (1996) 

investigated the effect of text topic and content on L2 reading comprehension, and found 

that the topic of a passage interacted with both readers’ background knowledge and their 

L2 language knowledge.

In terms of the multiple-choice (me) reading test items which has specific relevance 

to the current study, the variables that can affect item difficulty have taken into account 

task characteristics, which involve characteristics of text, question stem, correct option, 

and distractors, and attributes of test-takers, which involve how they might process the 

task and how familiar they might be with the task content (Alderson, 2000; Bachman, 

2002; Kasai, 1997). Text characteristics are considered, because the difficulty of a 

reading test item has been considered a function of item characteristics and the text on
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which the item is based (Bachman et al., 1996; Enright et al., 2000). Example task 

variables that affect the processing difficulty of me test items include availability of 

context cues, vocabulary difficulty, complexity of syntax and text structure, type and 

location of requested information, text topic, degree to which the correct answer and the 

question stem match the wording of the information in the text, and plausibility of 

distractors. Examples of reader variables that affect the cognitive complexity and hence 

the difficulty of me items include readers’ knowledge of vocabulary, syntax, text structure, 

and their inference and synthesis skills (Alderson, 2000; Bachman et al., 1995; Enright et 

al., 2000; Huff, 2003; Jameison et al, 2000; Kasai, 1997; Sheehan & Ginther, 2001). The 

variables scored for consideration in the current study were based on both theoretical 

relationships suggested by the literature reviewed above and empirical relationships 

revealed by the studies on the factors that affect the L2 reading test item difficulty, which 

are reviewed in the next section.

Research into the Factors Affecting L2 Reading Test Item Difficulty 

Understanding the factors that affect task performance, especially the construct­

relevant sources of task difficulty, is the major goal of a theory in a particular domain 

(Messick, 1995) and the most pressing issue for language testing (Bachman, 2002). This 

issue is central because it guides the development and scoring of test tasks, and makes 

possible theory-based score interpretations and test use (Bachman, 2002; Embretson,

1998; Skehan, 1998). This section discusses the methods and issues concerning the study 

of the factors affecting the L2 reading test item performance, and critically reviews the
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representative studies. This section is intended to inform the concepts and methods for 

the current study and lead to a discussion of the psychometric literature of specific 

relevance to modeling the cognitive processes underlying reading test item performance. 

Methods and Issues Concerning This Research

Over the last decade, language testers have been studying the factors that affect 

reading task or item performance, especially the factors affecting the difficulty of 

multiple-choice reading test items. While a considerable amount of research has been 

devoted to the LI context (e.g., Drum et al., 1981; Farr et al., 1990; Embretson & Wetzel, 

1987; Gorin, 2002; Kirsch & Mosenthal, 1990; Kintsch, 1998; Sheehan, 1997; Singer & 

Kintsch, 2001; VanderVeen, 2004), only a few studies have been conducted in the L2 

context (e.g., Bachman et al., 1996; Carr, 2003; Freedle & Kostin, 1993,1999), and many 

of these studies are limited in terms of the concepts and methods used.

Research into the factors affecting the L2 reading test item performance has 

generally referred to three sets of factors: (1) task characteristics that are considered to be 

“inherent in the task itself’ and independent of readers, (2) reader attributes, such as how 

readers process the task and how familiar they are with the text topic, and (3) interactions 

between readers and task characteristics (Bachman, 2002, p. 469). A variety of empirical 

methodologies have been used, ranging from the qualitative analyses of item content and 

item-solving processes to the more commonly used quantitative analyses, such as 

multiple linear regression and factor analysis. In addition, a variety of reading tasks have 

been used that vary in topic, genre, vocabulary difficulty, syntactic complexity, textual
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organization, and purpose. This research has yielded a number of factors that appear to 

affect item performance across a variety of reading tests. However, limited by the 

concepts and methods employed, the research results, as a whole, have been equivocal 

and inconsistent (Bachman, 2002).

Conceptually, as reviewed earlier, current theories of reading recognize the 

interactions between reader and text and emphasize the purpose and context of reading 

(Alderson, 2000). Moreover, current theories of language testing consider task 

performance as a function of interactions between examinee attributes and test task 

characteristics (Bachman, 2002). However, many of the existing studies of the factors 

that affect the L2 reading test item performance either focused on the characteristics 

inherent in text and/or the item itself without taking examinees into account, or vice versa. 

In addition, varying purposes and contexts of reading tasks were not given proper 

attention in many of these studies. For example, a factor affecting the difficulty of 

reading test items in non-academic settings may not function similarly in academic 

settings. Methodologically, many of these studies are limited in the analyses employed. 

Consequently, the results of this research do not seem to advance our understanding of 

the L2 reading test item performance (Bachman, 2002). Empirical studies of the factors 

affecting the L2 reading test item performance are reviewed below along four lines, 

according to the concepts and methods used.

Studies o f  Surface Task Characteristics and Item Performance

Studies within this group typically identify a number of text and/or item
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characteristics that are considered to be independent of readers, and then investigate the 

effect of these characteristics on item statistics using quantitative methods, such as the 

commonly-used multiple linear regression (e.g., Freedle & Kostin, 1993,1999). These 

studies have suggested a number of text and item characteristics that may affect item 

performance across a variety of L2 reading tests, which have clear implications for the 

design of L2 reading tests. However, due to over-reliance on surface characteristics of 

texts and items without taking into account reader factors in item solving, the analyses 

provide neither detailed descriptions about the processes used by examinees during test- 

taking, nor meaningful feedback on what a reader should know and do to correctly 

answer a given item (Alderson, 2005b). In addition, the multiple linear regression 

analysis method used in many of these studies has its limitations, which may affect the 

accuracy of results and may not be satisfied in practice, such as oversensitivity to the 

presence or absence of an item characteristic variable (Kasai, 1997) and strict 

requirements for linearity and the number of items (Keppel & Zedeck, 2001).

Freedle and Kostin (1993) examined the effect of task characteristics on the difficulty 

of TOEFL reading items, as measured by equated delta (n items = 213; n examinees= 2000). 

Based on a review of previous studies predicting the difficulty of multiple-choice reading 

test items, they hypothesized that 12 categories of 65 text, item, and text-by-item 

interaction variables might influence the difficulty of TOEFL reading items. After a 

multiple-regression analysis, they found that 58% of the variance in item difficulty was 

explained by eight categories of text and text-by-item variables: negations, referentials,
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rhetorical organizers, sentence length, paragraph length, passage length, lexical overlap 

between text and options, and location of relevant text information. Their investigation of 

reading item difficulty as a function of text, item, and text-item interaction impacted later 

research and their findings have direct implications for text writing and item design for 

L2 reading tests. However, the variables used in their study, which were mainly word 

counts (e.g., the number of words in correct option, the number of referentials summed 

over incorrect options), fail to reveal examinees’ complex processes of item solving and 

lack interpretive and diagnostic value (Kasai, 1997).

Carr (2003) examined task characteristics in explaining the difficulty of 146 reading 

items included in three TOEFL test forms. Based on a review of previous research, he 

developed a rating instrument consisting of three sets of 311 passage, key sentence, and 

item variables (e.g., topic, rhetorical features, and cohesion of the passage, length and 

location of the sentences in the passage that contain key information required to correctly 

answer a given item, and characteristics of question stems, options, and the interaction 

between item and passage). He asked five graduate students in applied linguistics to rate 

the task characteristics using the rating instrument. Similar to Freedle and Kostin’s (1993) 

study, most of the variables used in Carr’s investigation were word and sentence counts. 

However, Carr considered text characteristics of a reading test as most relevant to fluent 

reading and most reflective of the target language use domain (Bachman & Palmer, 1996), 

but considered item characteristics as less authentic aspects of the test. Hence, only text 

(passage and key sentence) variables were included in his analyses. Through exploratory
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and confirmatory factor analyses, he constructed and tested a factor model of the text 

characteristics and concluded that passage content, syntactic features of key sentences, 

and vocabulary factors contributed to the difficulty of the TOEFL reading items.

Carr provides a thorough list of text variables that may affect the difficulty of L2 

reading test items and an alternative method for investigating the effect of text 

characteristics on reading item difficulty. However, excluding item variables from the 

analysis does not seem to be warranted, since the complete task of multiple-choice 

reading tests involves text, question stem, and options, and examinees’ mental processes 

used to answer multiple-choice reading test items may differ from those used to answer 

constructed response or essay questions (Kasai, 1997). Hence, item characteristics 

(question stems and options) need to be considered in the case of multiple-choice tests. In 

addition, like Freedle and Kostin’s (1993) study, a focus on the surface characteristics of 

text fails to describe in detail examinees’ cognitive processes during test-taking. Finally, 

the rating instrument consisting of 311 variables greatly increases the workload of the 

raters. In practice, a complicated rating instrument as such may not be feasible.

Studies o f Cognitive Demands o f Test Items and Item Performance

Studies within this group typically identify ‘item features’ that are essentially 

cognitive demands hypothesized to affect the performance of a given item (e.g., Alderson, 

1990a; Alderson & Lukmani, 1989; Bachman et al., 1995; Bachman et al., 1996; Skehan, 

1996, 1998). These studies used ‘expert’ ratings of the test items that included different 

combinations of the cognitive demands, and then related the ratings to item performance
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using cross-table or multiple linear regression analysis. ‘Experts’ employed in these 

studies have included various individuals, such as EFL teachers or administrators and 

graduate students in applied linguistics or educational psychology. The results of these 

studies consistently indicate no systematic relationship between ‘expert’ ratings and item 

statistics. The equivocal results are likely caused by methodological limitations. For 

example, none of these studies examine the relationship between ‘expert’ ratings of the 

cognitive demands of a given test item and item statistics using advanced measurement 

models that incorporate the cognitive elements of items. In addition, item statistics 

calculated using the classical test theory model have little connection with the cognitive 

processes used to answer an item (Embretson, 1999). Finally, ‘experts’ may process the 

test tasks differently from the target examinees (Alderson, 2000, 2005a; Leighton & Gierl, 

2005). Despite the limitations, these studies begin to pay attention to the effect of 

cognitive elements of test items on item performance, which anticipates the cognitive 

processes used by examinees when they answer test items and preludes the study of item 

performance in light of examinees’ actual cognitive processes. In addition, ‘expert’ 

analysis may reveal both automatic and controlled processes evoked by test items 

(Leighton, 2004). As automatic processes are inaccessible for description through 

conscious verbal reports (Cheng, 2003), the analysis of the cognitive demands of a test 

item provides valuable sources of data to supplement verbal reports.

Alderson and Lukmani (1989) investigated the cognitive skills required for correctly 

answering the reading items included in a L2 communication skills test taken by 100
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students at Bombay University (India), and related the skill requirements of individual 

items to item difficulty, as measured by percentage of correct responses. Nine teachers at 

Lancaster University (Great Britain) were asked to describe what was being tested by 

each of the 41 test items. Results showed little agreement among the judges on the skills 

being tested by each item and little relationship between item difficulty and the skill 

requirements of each item. Likely reasons for these equivalent results may include the 

lack of a pre-structured rating guide and pre-training of the judges. In addition, correctly 

answering an item may involve multiple skills. Moreover, the judges at Lancaster may 

not have been familiar with how students at Bombay processed the test task.

Using a rating instrument containing 14 reading skills, Alderson (1990a) conducted a 

similar study, in which 18 teachers of ESL were asked to decide the single skill being 

tested by each of the 15 short answer questions on two British language proficiency tests. 

Again, little agreement was reached among the judges and little relationship was found 

between item difficulty and skill requirements of the items. Two likely reasons for the 

equivocal results are: (1) correctly answering an item may require multiple skills, while 

the judges were allowed to specify only one skill for each item, and (2) the enormous 

overlap among the skills provided on the rating instrument may have affected the 

accuracy of expert rating.

The two studies reviewed above question the ability of expert judges to determine the 

skills being tested by a given item. However, other studies have reported high levels of 

agreement among expert judges when using well-designed and clearly-defined rating
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instruments, extensive discussion, exemplification, and re-categorization of the skills 

(e.g., Bachman et al., 1995; Bachman et al., 1996; Carr, 2003; Lumley & McNamara, 

1995; Xi, 2003). In Bachman et al.’s (1996) study, five trained applied linguists with 

experience as EFL teachers were asked to analyze the characteristics of 25 vocabulary 

and 15 reading items and passages on each of the six parallel forms of an EFL test from 

the University of Cambridge Local Examinations Syndicate. The number of examinees 

for each form ranged from 431 to 1099. A refined rating instrument was presented to the 

raters, which contained 23 test task characteristics (TTC) and 13 components of 

communicative language ability (CLA) defined using Bachman’s (1990) framework. The 

rating scales were ordered in the way that higher ratings corresponded to easier items, 

with TTCs scaled from 0 to 2 and CLAs scaled from 0 to 4 (see Bachman et al., 1995 for 

the full rating instrument). Rater agreement was checked using generalizability analysis 

and the rater agreement proportion, a statistic of agreement. The results showed that the 

overall rater agreement was very high and that the TTC ratings were more consistent than 

the CLA ratings. Content comparability and statistical equivalence of the forms were 

checked using descriptive statistics. Results supported the comparability of the forms. 

Finally, they related the TTC and CLA ratings to the IRT item parameter estimates 

calibrated using the 2PL model and the PC-BILOG version 3.04 computer program 

(Mislevy & Bock, 1990). Step-wise regressions were performed for all items and for 

vocabulary and reading items separately, by individual form, and for all forms combined. 

Results showed that neither TTC nor CLA ratings consistently predicted item difficulty or
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discrimination across the six test forms, though a combination of the TTC and CLA 

ratings consistently yielded high predictions.

Bachman et al.’s study demonstrates the possibility of achieving high-level 

agreement among judges and provides some evidence for the relationship between item 

characteristics and item statistics. It appears that their use of a rating instrument and rater 

training plays an important part in rater agreement. Several limitations with their study 

warrant improvement. First, more refined definitions of the abilities may increase the 

consistency of ability ratings. Second, the inconsistent prediction of item parameter 

estimates across the forms indicates that identifying item characteristics is likely affected 

by differences among tests in the passages used and the nature of items included. If that is 

the case, then a large number of tests may be examined to provide reliable item 

characteristics that affect item performance (Alderson, 2000). Finally, as ‘experts’ may 

process the test tasks differently from the target examinees, it is imperative to investigate 

examinees’ actual processes underlying the correct responses (Alderson, 2005a; Leighton 

& Gierl, 2005). As Alderson (2000) reminds us, “what matters is not what test 

constructors (or experts) believe an item to be testing, but which responses are considered 

correct, and what process underlies them” (p.97).

Processes in Task Performance Inferredfrom Verbal Reports

With the development of cognitive psychology, introspection, particularly in the form 

of concurrent verbal reports (i.e., an individual’s description of the processes he/she is 

using during task solving) and retrospective verbal reports (i.e., the recollection of how
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the task was solved), has been established as a valid means to obtain valuable sources of 

data on cognitive processing during task performance (Ericsson & Simon, 1993). Recent 

calls for the integration of cognitive psychology and test theory have resulted in a revival 

of the verbal report method for investigating the processes in task performance (Leighton, 

2004). Leighton (2004) recommends the collection of both concurrent and retrospective 

reports to triangulate the processes actually used by examinees to think about and solve 

the problems. She further identified the conditions critical to the successful use of verbal 

report, such as using tasks of moderate difficulty to maximize the verbalization elicited, 

conducting analyses of a task’s cognitive demands prior to eliciting verbal reports to 

anticipate the cognitive processes a respondent will use when solving the task. The last 

decade has seen an increasing use of verbal reports to inspect the processes of L2 readers 

during test taking (e.g., Abbott, 2005; Alderson, 1990b; Allan, 1992; Anderson, 1991; 

Anderson, Bachman, Perkins, & Cohen, 1991; Block, 1986; 1992; Cohen & Upton, 2006; 

Lumley & Brown, 2004; Phakiti, 2003; Yang, 2000). These studies have shed some light 

on the cognitive processes underlying L2 reading test item performance and suggested a 

number of cognitive processes that appear to predict item statistics on a variety of L2 

reading tests. However, as the test tasks and statistical analyses employed differ widely 

across the studies, these studies have produced different results on the cognitive processes 

that affect item statistics on the L2 reading tests.

Alderson (1990b) conducted a pilot study to inspect the cognitive processes used by 

examinees when they answered 10 short-answer questions in a L2 reading test. The
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participants were two graduate students studying English for academic purposes in the 

intermediate class at the Institute for English Education of the University of Lancaster. 

Concurrent and retrospective verbal reports were collected, with one student taking the 

test on his own and then being interviewed how he had answered the questions and the 

other thinking-aloud while answering the questions. Despite the limitations in scope and 

the way in which the verbal reports were collected (e.g., the lack of probing questions to 

systematically explore the processes), Alderson’s study reveals several interesting 

findings. First, the processes used to answer an item involve multiple skills. Second, 

correctly answering an item was often associated with test methods and knowledge of 

particular lexical items. Third, the relationship between cognitive processes and item 

difficulty is “far from clear, but is certainly not simple” (p. 478).

Anderson et al. (1991) investigated the strategies used by adult EFL learners to 

complete two forms of a standardized reading test, and then examined the relationships 

among test-taking strategies, item content, and item performance using a triangulation of 

three sources of data: retrospective verbal reports, item content, and item performance. 

The test consisted of 45 multiple-choice test items based on 15 reading passages. The 

passages were 44 to 135 words in length, on a range of topics, and in a variety of styles. 

The questions were designed to measure three types of reading skills: recognizing main 

ideas, understanding direct statements, and drawing inferences. Both forms of the test 

were administered to a group of 28 Spanish-speaking students enrolled at a 

university-level ESL program. The students were classified as beginning (9), intermediate
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(10), and advanced level (9) according to the placement test by the program. They ranged 

in age from 18 to 34 years and had studied in the US from nine weeks to nine months. 

The students were randomly assigned to two groups, with one group taking Form A and 

the other taking Form B. After the test, the students were introduced to the verbal report 

procedures and allowed to practice. One month later, the alternate form of the test was 

given to the same group of students. The students were told to (1) read the passages and 

answer the questions associated with each passage, and (2) retrospectively verbalize, in 

their LI (Spanish), L2 (English), or both, the strategies they used while reading the 

passages and answering the questions.

The verbal reports data were transcribed and coded for strategies in five categories: 

supervising, supporting, paraphrasing, establishing coherence, and test-taking strategies. 

Each processing strategy was defined and examples were provided. To investigate the 

reliability of assigning strategies to the categories, two raters independently classified 

data for ten randomly selected verbal reports. Their classifications were compared to 

those of the researcher, and the percentage of agreement across all three raters was 74% 

(i.e., the number of times that the raters agreed on the categorization of each reported 

strategy). Next, they conducted a content analysis of the items on the two test forms, 

based on test specifications (main idea, direct statement, and inference) and Pearson and 

Johnston’s (1978) taxonomy of text-item relationships (textually explicit, textually 

implicit, and scriptally implicit). Then, they examined test performance data. The items 

from the two administrations of the test were scored and the item difficulty (p) and
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discrimination (rpb,) were calculated. Finally, chi-square analyses were conducted to 

examine (1) the relationship between strategy use and item type, (2) the relationship 

between item type and item difficulty, and (3) the relationship of strategy use to item 

difficulty and discrimination.

Their results revealed a significant relationship between frequencies of the reported 

strategies and item type. For example, the strategy “match stem with text” was reported 

more frequently for inference items than for main idea items. Their results also indicated 

a significant relationship between frequency of strategy use and item difficulty. The 

strategies for which the significant relationships occurred included skimming, guessing, 

paraphrasing, responding affectively to text, matching stem with text, selecting answer 

through elimination, selecting answer because stated in text, selecting answer based on 

understanding text, and making reference to time. In addition, their results showed that 

more strategies were reported for the items of average difficulty (0.33 < p<  0.67) than for 

the difficult items ip < 0.33), and that more strategies were reported for the difficult items 

than for the easy items (p > 0.67). This finding appears to support the use of moderately 

difficult items to maximize the verbal report data (Leighton, 2004). However, no 

significant relationship was discerned between the item type and item difficulty.

Anderson et al.’s study demonstrates the use of a triangulation approach to the construct 

validation of a standardized reading test: the test developers’ analysis of the item content 

clarifies the constructs assessed by the test; the data inferred from verbal reports provide 

additional insights into the cognitive processes of L2 readers during test taking; the
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performance data provide a better understanding of the test. The authors recommend the 

use of multiple data sources and stress supplementing the traditional psychometric 

approach with qualitative analysis of item content and verbal reports. Their study offers 

considerable promise for further research on large-scale standardized reading tests.

Phakiti (2003) investigated cognitive and metacognitive strategy use in relation to the 

EFL reading test performance, using a combination of quantitative and qualitative 

analyses of three sources of data: questionnaire, test performance, and retrospective 

interview. In his study, 384 students enrolled in a fundamental EFL course at a Thai 

University took an 8 5-item multiple-choice reading comprehension achievement test in a 

3-hour period and then answered a 3 5-item cognitive-metacognitive questionnaire on the 

strategies they used while completing the test. The questionnaire used a 5-point Likert 

scale and included strategies such as “1 used my own English structure knowledge to 

comprehend the text”, “I tried to find topics and main ideas by scanning and skimming”, 

and “I asked myself how the test questions and the given texts related to what I already 

knew” (pp. 55-56). According to the test performance and teacher judgment, the 

participants were classified as highly successful, moderately successful, and unsuccessful, 

from which four highly successful and four unsuccessful students were selected for 

retrospective interviews. They were asked to report retrospectively the strategies used 

when they completed the test. Then, they took a 10-minute multiple-choice reading test 

with one passage and six items and described about the strategies they used 

retrospectively. All interviews were conducted in Thai and lasted about 30 minutes.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



54

The findings of Phakiti’s study revealed three major points. First, cognitive and 

metacognitive strategies explained, respectively, 15% and 22% of the test score variance, 

and had a positive relationship to the reading test performance (r = 0.391 and 0.469). 

Second, highly successful readers reported the use of metacognitive strategies more 

frequently than the moderately successful readers, who in turn reported the use of 

metacognitive strategies more frequently than the unsuccessful readers. Third, test-taking 

strategies were more frequently reported than reading strategies. However, his study was 

limited to the strategies, which are evoked only when examinees are faced with problems 

or difficulties that cannot be resolved by their automatic skills (Phakiti, 2003). Factors 

other than strategies that may result in different processing of examinees and affect task 

performance, such as text characteristics and knowledge and skill demands of the test 

items, are not taken into account.

Another study of L2 readers’ strategy use and item performance using a combination 

of qualitative and quantitative methodologies is Abbott’s (2005) investigation of 

differential item functioning with the Canadian Language Benchmarks Assessment 

(CLBA) across two cultural groups, Chinese and Arabian. In order to identify the 

strategies involved in answering each of the 32 CLBA reading items, non-mediated 

concurrent and retrospective verbal reports were collected from eight intermediate ESL 

learners of each cultural group. Due to the concern that 32 items was too long for verbal 

reporting, data were collected on two sessions during the same week. In each session, the 

participant was introduced to the verbal report procedures and provided with an
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opportunity to practice. Then, the participant was asked to think-aloud while working 

through the options and deciding the answer. Upon completing each item, the participant 

was asked to explain what he/she had thought and done to arrive at the answer. 

Supplementing the verbal reports, a background questionnaire and a questionnaire on 

topic familiarity and understanding of each item and passage were administered before 

and after the verbal report, respectively.

The audio-taped data were transcribed and translated into English, segmented and 

coded into seven categories of bottom-up and top-down strategies. Consistency of the 

coding was examined by having an independent rater code about 35% of the total items. 

The degree of agreement between the researcher and the rater was 90.6%. Next, three 

ESL reading experts independently classified each of the 32 reading items into one of 

seven strategy categories that were identified from the verbal report analysis. The items 

were coded based on expert judgment of the strategy most critical to correctly answering 

the items. The coding results of the three raters were compared; inconsistencies were 

discussed and consensus reached. Finally, the items were grouped into bundles based on 

the consensus codes to conduct the differential bundle function analyses.

Her findings revealed significant group differences in four bottom-up strategy 

categories and three top-down categories. The bottom-up strategies, “breaking words into 

smaller parts”, “scanning for details”, “identifying synonyms or paraphrases”, “and 

matching key vocabulary in the text to key vocabulary in the item” were found to favor 

the Chinese examinees, while the top-down strategies, “skimming for gist”, “connecting
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or relating information presented in different parts of the text”, and “drawing inferences 

based on information presented in the text”, were found to favor the Arabian examinees.

Abbott’s study has a couple of limitations. First, in her study, experts found it hard to 

classify the items into a specific category. A likely reason is that each item was coded for 

a single strategy, while correctly answering a reading test item often requires multiple 

cognitive processes (Alderson, 1990b; Huff, 2003; Kasai, 1997). Second, a coding 

scheme based on the framework that has a clear-cut distinction between bottom-up and 

top-down processing does not seem to be consistent with current theories of reading, 

which emphasize the consistent and simultaneous interaction between bottom-up and 

top-down processing (e.g., Alderson, 2000; Stanovich, 2000). Hence, her coding scheme 

failed to provide explicit and accurate definitions of the cognitive demands of the items, 

and as a result, it was frequently found that both bottom-up and top-down strategies were 

critical to correctly answer the items. A fine-tuned coding scheme representing more 

complex cognitive demands of the reading items and current theories about the constructs 

of L2 reading may enhance the interpretability of the results. Despite the limitations, 

Abbott’s study again demonstrates the value of using multiple sources of data and 

combining both qualitative and quantitative analyses. More significant, it takes the 

initiative in integrating cognitive psychology, L2 reading, and measurement, which has 

direct implications for the item difficulty research.

The last study reviewed in this group is Cohen and Upton’s (2006) study of the 

reading and test-taking strategies that examinees used to complete the Next Generation
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TOEFL reading tasks, using the verbal report method. To refine the coding scheme and 

procedures, they conducted a pilot study, which consisted of four subjects enrolled in the 

pre-academic ESL courses. The pilot results showed that the reading tasks were well 

beyond the subjects’ reading ability and the strategies they reported were mainly 

testwiseness strategies such as random guessing and using item design clues and 

assumptions. Hence, in their main study, only the students who scored above 20 out of 42 

points on the reading test were included. Concurrent and retrospective verbal reports 

were collected from 32 non-native speakers of English attending the undergraduate or 

graduate program at the University of Minnesota. These students represented four 

language groups (Chinese, Japanese, Korean, and Other) and had stayed in the US for 

four to sixty months. The verbal reports were coded using the coding scheme for reading, 

test management, and testwiseness strategies developed from the literature and refined 

through the data coding process. The frequency of strategy use was summarized across 

all item types and the item-solving processes were analyzed across the respondents. Their 

study revealed several findings. First, the respondents approached the reading tasks as a 

test-taking task rather than a reading task. That is, they focused on solving the items 

instead of learning information from the text. Second, the respondents tended to answer 

the questions based on their reading and understanding of the passages rather than on 

their background knowledge. Third, the reported strategies were generally consistent with 

the constructs of academic reading abilities assessed by the test. Lastly, the differences of 

strategy use were primarily due to proficiency level, not to language group. Overall, they
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concluded that the test was testing what it was purported to test. Their study reveals the 

processes used by examinees in responding to the Next Generation TOEFL reading tasks 

and sheds some light on the construct validation of this test. However, their study failed 

to include other cognitive processes in use that were not described in the verbal reports. A 

second source of data on the processes of item solving, such as a strategy questionnaire or 

raters’ analysis of the processes required to correctly answer a given item, may reveal 

more processes that supplement the verbal report data.

Item Modeling with New Concepts and Methods

Due to conceptual and methodological limitations discussed earlier, current 

approaches to understanding test item performance are “unlikely to yield consistent or 

meaningful results” (Bachman, 2002, p. 468). To overcome these limitations, new 

concepts and measurement models are required. A recent call for the union of cognitive 

psychology and measurement has seen a revived interest in the effect of a task or item’s 

cognitive demands on task or item performance within the language testing community 

(e.g., Brindley & Slatyer, 2002; Norris, Brown, Hudson, & Bonk, 2002; Skehan & Foster, 

2001). In addition, there has been a growing psychometric literature on modeling test 

item performance in light of the cognitive elements of an item (e.g., Embretson & Wetzel, 

1987; Gorin, 2002; Huff, 2003; Rupp et al., 2001; Sheehan 1997; Sheehan & Ginther, 

2001). Studies in this vein typically rely on expert analysis of cognitively-based item 

features (i.e., item characteristics associated with the cognitive processes involved in item 

solving), and then relate these features to item statistics using new measurement models
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that can incorporate such features. These studies have demonstrated that modeling item 

performance in light of the cognitive processes underlying item solving has many 

advantages such as informing test design and validation and providing detailed diagnostic 

feedback to benefit instruction and learning. As Wainer et al. (2000) suggested, linking 

“indicator variables that distinguish the cognitive processes assumed to be involved in 

item solving” and “observable item performance indices, in particular, item difficulties” 

can provide invaluable validity information and rich sources of data for understanding the 

cognitive processing during task performance (p. 114).

However, there are several limitations with some of these studies. First, the 

cognitively-based item features are simply judged by ‘experts’, without being validated 

by examinees’ rendition of the actual processes they used while answering the items. As 

mentioned earlier, as testers or raters may process the task in a way different from the 

target examinees, ‘expert’judgment about the cognitive processes required to answer an 

item may not represent examinees’ actual processes underlying item performance. Second, 

item parameter estimates calibrated using the 2-PL or 3-PL IRT measurement models are 

problematic in the case of passage-based testlets. This is because the interrelatedness 

among the set of items based on a common passage violates the local item independence 

assumption of IRT, which can cause inaccurate estimation of examinee abilities and item 

parameters (Kolen & Brennan, 2004; Lee, 2004; Wainer & Lukhele, 1997). However, no 

studies have attended to these problems. Third, due to the gap between cognitive 

psychology, measurement, and reading, many of these studies fail to incorporate the most
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current cognitive theories in reading or justify the item features within a framework of 

ability constructs, which are critical for defining item features and interpreting the models. 

Further, due to technical complexity, only a few studies have explained reading test item 

performance using new measurement models, and these studies have mainly been 

devoted to LI reading. As Cohen and Kolstad (2000) observed, current assessment 

practice either applies 20th century measurement models to 19th century substantive 

theories, or vice versa. More research into the L2 reading test item performance through 

more integration of current L2 reading theories with new measurement models is sorely 

needed. Recent psychometric literature modeling reading item performance with 

cognitively-based item features and the tree-based regression measurement model does 

offer considerable promise for understanding the L2 reading test item performance.

The Tree-based Regression (TBR)

This section discusses how the TBR measurement model can be used to model 

cognitive processing underlying reading item performance. The section begins with an 

introduction of the TBR, in which the definition, purpose, and procedures of the TBR are 

presented and advantages and issues associated with the TBR are addressed. Then, it 

critically reviews illustrative studies modeling item performance using the TBR.

A Description o f the TBR

TBR is a nonparametric technique for classifying cases into homogenous groups. In 

educational measurement, TBR has been successfully used to model the nonlinear ways 

in which cognitive demands of a test item interact with various features of the item to
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predict item statistical properties such as item difficulty, discrimination, and guessing 

(e.g., Enright, Morley, & Sheehan, 2002; Huff, 2003; Sheehan & Ginther, 2001). These 

studies have demonstrated that by estimating the probability that examinees at specified 

score levels will respond correctly to items requiring specified combinations of cognitive 

structures, the item difficulty model developed with the TBR can be used to draw 

inferences about examinees’ proficiency and provide empirical evidence for the effect of 

combined cognitive structures on task performance (Sheehan, 1997; Wainer et al., 2000). 

As the TBR involves specific patterns of skill mastery underlying examinees’ observed 

item responses, it can provide descriptive diagnostic information and useful feedback for 

instruction and learning (Sheehan, 1997).

Similar to classical regression, TBR provides a method for predicting the value of the 

criterion, Y, from a set of classifications or predictors, X. In the case where TBR is used 

for item modeling, Y is the vector of item difficulty or discrimination estimates, and X  is 

the matrix of hypothesized skill classifications for each item. The elements of X  can be 

expressed on a binary scale (e.g., Xy = 1 if skill j  is required to correctly answer item i, 

and 0 otherwise), on a multilevel categorical scale (e.g., Xy = A if item / belongs to 

schema A, xy = B if item i belong to schema B), or on a continuous scale (i.e., continuous 

numeric measures, such as vocabulary difficulty).

Compared to classical regression, TBR has three unique features. First, unlike 

classical regression where the criterion is predicted by a linear combination of the 

predictors, the TBR predicts the values of Fby clusters of observations sharing similar
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values ofX,  and is particularly useful when non-linear relations and higher-order 

interactions are expected (Introduction to AnswerTree, 2002). Second, unlike classical 

regression, the TBR does not need to specify interaction terms and is less affected by 

outliers. Third, unlike classical regression where generating a predicted value for Y  is the 

main purpose, the TBR uses the prediction rule to classify observations into 

homogeneous sets so that the resulting model is easier to interpret.

In TBR analysis, clusters are identified by successively splitting the observations into 

increasingly homogeneous subsets called nodes. A recursive partitioning algorithm 

(Breiman, Friedman, Olshen, & Stone, 1984) is used to determine the optimal variable on 

which the observations are split into two nodes. The algorithm can be used for either 

user-specified splits or data-optimized splits. At each stage of the analysis, the original set 

of observations is called the parent node and the two subsets are referred to as the left and 

right child nodes.

To illustrate the TBR analysis, consider an item by skill matrix, X, containing a set of 

28 items and a single binary-scaled skill classification. The prediction rule for this input 

is: Ifx, = 0, then y ,= y 0, (1)

Ifx, = 1, then y ,= y ,, (2)

where y 0 is the mean of y based on all items coded as not requiring skill x  (i.e., x, = 0), 

and y i is the mean of y based on all items coded as requiring skill x  (i.e., x, = 1). 

According to this prediction rule, items coded as requiring skill x are classified into one 

cluster, and items coded as not requiring skill x are classified into the other cluster. Hence,
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suppose 18 of the 28 items require skill x and the rest do not, the 18 items will be coded 

as 1 and the remaining 10 items will be coded as 0 (see Figure 3). In practice, the TBR 

analyses normally involve more predictor variables, which make the evaluation of each 

split quite intensive. To handle this problem, Breiman et al.’s (1984) recursive 

partitioning algorithm is used to evaluate all possible splits of all possible predictor 

variables at each stage of analysis.

18 Items
Requiring the Skill

10 Items
Not Requiring the Skill

28 Items
18 items requiring the skill 

10 item not requiring the skill

Figure 3. Illustration of the TBR splitting rules.

All possible splits are evaluated by deviance (i.e., the sum of squared differences 

between an observation and the expected value of all observations belonging to a single 

node). The best split is the one that maximizes the decrease in deviance between the 

parent node and the sum of the two child nodes. The deviance of the parent node, D (y, y ), 

is the sum of the deviances of all its members:

D(y,y)  = '£J(yi - y f  > (3)

where y  is the mean value of the criterion based on all observations in the node. The 

deviance of a potential split (D) is the sum of the deviances in the two child nodes:

DsPu, O'. y L,yR) = D(y> h ) + D(y> h ) = Z  O',- -  h  f  + Z  O'/ -  h  f  > (4)
L R
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where yL is the mean value of the criterion in the left child node and y R is the mean value 

of the criterion in the right child node. The best split (AD) maximizes the deviance 

between the parent node and the two potential child nodes, and is calculated as,

AD = D(y, y) -  Dsplit (y, y L y R ) . (5)

Graphically, the results of the TBR analysis of test items can be depicted as a tree-like 

model of item clusters, where the horizontal location represents the predicted values for 

the criterion and the vertical location represents the percentage of variance in the criterion 

explained by the predictors from the best split (see Figure 4). As seen in the figure, at the
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Figure 4. Illustration of the Tree-Based Regression Analysis.

top of the tree (parent node), all items are classified into a single cluster and 0% of the 

variance in the criterion is explained. That is, it is assumed that, at this node level, all
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items require a single, undifferentiated skill. At the bottom of the tree, each single item is 

classified into a unique cluster and 100% of the variance is explained. That is, it is 

assumed that, at this node level, each item tests a unique combination of cognitive 

structures. The best clustering solution (i.e., the optimal solution in terms of diagnosis 

and interpretative value) is the one by which the clusters defined by cognitive demands 

accounts for the maximum possible amount of the observed variation in the criterion. The 

final nodes that have no child nodes are called the terminal nodes.

After the TBR model is developed, pruning is often followed to increase the 

parsimony and interpretability of the model. Pruning is a process in which pairs of 

terminal nodes with common parents are collapsed by removing a split at the bottom of 

the tree. Pruning provides a useful method for model evaluation and model selection. For 

example, in item modeling where skills are difficult to code, pruning may be used to 

evaluate the effect of collapsing the terminal nodes associated with these skills.

The use of the TBR methodology for item modeling has several advantages. First, 

items selected from different test forms can be modeled simultaneously. For example, 

when the TBR is used for developing item difficulty models, the combinations of skills 

associated with differences in examinees’ performances are determined by IRT item 

difficulty parameters. Hence, “no matter how many items are administered to individual 

examinees on individual test forms, sufficient within-skill-area item representation can 

always be achieved by analyzing additional test forms” (Sheehan, 1997, p. 351). Second, 

as TBR is powerful at modeling nonlinear relationships, it is a promising statistical tool
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for modeling complex ways in which cognitive structures of test tasks or items interact 

with different task or item characteristics to affect task or item difficulty. For example, 

Sheehan’s (1997) TBR item difficulty model showed that the skills associated with each 

item set explained variance in item difficulty to various degrees. Based on this finding, 

Sheehan commented, “the SAT reading comprehension data would not be well fit by a 

linear model which required each skill to have the same effect on item difficulty, 

regardless of the item’s schema classification” (p. 341). Third, as the TBR is powerful at 

classifying observations (items) into homogeneous groups rather than predicting values 

for the criterion (item difficulty), item modeling solutions from a TBR analysis are easier 

to interpret than those from a linear regression analysis (Breiman et al., 1984). Despite 

these advantages, detailed distinctions of item features (predictor variables) require more 

items in each category and extensive expert resources for item coding. Hence, while finer 

distinctions among the items would increase the variance explained and interpretability of 

the resulting models, it is often practically unfeasible (Huff, 2003).

Applications o f the TBR to Item Modeling

Since Sheehan (1997) introduced the TBR methodology to item difficulty modeling, 

the TBR has been used for modeling item performance for the purpose of diagnostic 

score reporting (e.g., Huff, 2003; Sheehan, 1997; Wainer, et al., 2000), item development 

(e.g., Enright, et al., 2002), construct validation (e.g., Ewing & Huff, 2004; Rupp, et al., 

2001; Sheehan & Ginther, 2001), and domain theory development (Strong-Krause, 2001). 

Sheehan (1997) used TBR to model item difficulty based on item processing
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characteristics in order to develop student- and group-level diagnostic feedback. He 

analyzed examinee responses to 78 verbal items on the SAT Verbal Reasoning Test. In his 

TBR analysis, the criterion was the 3-PL IRT item difficulty estimates, and the predictors 

were hypothesized skills required for item solution. Using a user-specified split, the items 

were first classified according to four processing strategies specified in Kirsch and 

Mosenthal (1990): Vocabulary, Main Idea and Explicit Statement, Inference, and 

Application or Extrapolation. The first split explained 20% of the observed variance in 

item difficulty. To explain more variance, each strategy node was split into two child 

nodes based on different skills within each strategy. For example, the Vocabulary strategy 

was further divided into Standard Word Usage and Poetic/Unusual Word Usage, and the 

Inference strategy was further divided into Specific Purpose and Attitude. This split 

explained about 50% more of the observed variance in item difficulty. Important 

variables in explaining item difficulty included vocabulary in context, complexity (i.e., 

gist or detail, concrete or abstract, explicit or implicit), cognitive operations required to 

arrive at the correct answer, and features of correct option and distractors.

In a subsequent study, Sheehan and Ginther (2001) successfully applied the TBR to 

the development of an item difficulty model for the Main Idea type reading items on the 

TOEFL 2000, based on cognitive processing features of the items. They coded the Main 

Idea items with three variables describing item-passage overlap features: Correspondence 

between correct response and textual information (0 = No Inference, 1 = Low Level 

inference, and 2 = High Level Inference), Location of Relevant Information (1 -  Early, 2
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= Middle, 3 = Late; and 4 = Entire Passage), and Elaboration of Information (scored as 

the percent of text that must be processed to correctly answer the item). The resulting 

cognitive processing model accounted for 87% of the variance in item difficulty, with 

Correspondence as the strongest predictor and Elaboration an insignificant predictor.

Rupp et al. (2001) modeled item difficulty of reading and listening comprehension 

items included in an ESL test using multiple regression and TBR analyses. Despite a 

small sample size (84 non-native English speakers of varying ability levels), two 

strengths are unique to their study. First, the combination of two techniques, multiple 

regression and TBR, provided multiple perspectives to more fully interpret the item 

difficulty models. Second, like previous applications of TBR to item modeling, the 

predictors in Rupp et al.’s models were cognitive demands of test items. However, Rupp 

et al. clearly defined three types of predictors associated with the cognitive processing 

underlying item performance: text characteristics (e.g., word count, sentence length, and 

information density), item characteristics (e.g., lexical overlap between correct answer 

and distractors), and text-by-item interactions (e.g., type of match). A limitation with their 

study might be the lack of strong evidence for combining the items across the modalities 

(reading and listening) in item modeling. Rupp et al. assumed that items could be 

grouped according to information processing characteristics common to both modalities. 

A think-aloud or dimensionality analysis may help clarify whether modeling item 

difficulty separately for reading and listening item groups would be better in terms of 

interpretability of the models.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



69

Huff (2003) used the TBR to model item difficulty of the listening and reading items 

included in the new TOEFL to provide descriptive score reports regarding examinees’ 

English language proficiency. In her study, the data were examinee performances on the 

Listening and Reading items from two parallel forms (1,372 examinees for Form 1 and 

1,331 for Form 2). Her final models explained 56.0% of the variance in item difficulty for 

reading items and 48.0% for listening items. Several features distinguished her TBR 

analysis from previous TBR studies. First, both dichotomously- and polytomously-scored 

items were involved. Item difficulty parameters were estimated using the 3-PL IRT model 

for dichotomous items and the graded response model (Samejima, 1997) for polytomous 

items. Second, unlike previous TBR studies where items were classified using user 

specifications or expert coding of item features, Huff introduced cluster and 

dimensionality analyses to complement the subjective judgment of item classifications. 

Her study showed that dimensionality analyses facilitated item feature identification, item 

grouping, and substantive interpretations of item modeling solutions. Third, the 

predictors used in her TBR analyses were the existing item and passage codes developed 

by the TOEFL developers. These predictors included item and text characteristics, and 

were defined using Bachman’s (1990) framework of communicative language ability and 

Mislevy’s (1994) framework of evidence-centered design. However, as these existing 

codes were not defined specifically for the item difficulty research, sources of reading 

and listening item difficulty might not have been taken into account. Moreover, the 

interaction between item and text, that is, what an examinee is required to do and the type

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



70

of information in the text, was not fully represented in the predictors used in her study.

The studies reviewed above reveal that defining item features is the fundamental 

issue in applying the TBR to item modeling, as what item features are included in the 

model and how they are coded are closely related to model interpretability (Ewing & 

Huff, 2004; Huff, 2003). In reading assessment, assessing examinees’ processes when 

they read texts and respond to test items has been increasingly emphasized, and the 

methods in cognitive psychology such as task analysis and verbal reports have been used 

to gain insights into examinees’ processes during task performance (Alderson, 2000). 

Accordingly, identifying cognitive processes underlying reading item performance needs 

to consider theoretical information, cognitive structures of items, and examinees’ 

rendition of their actual item solving processes.

Literature Summary

This chapter reviewed the literature relevant to the cognitive-psychometric modeling 

of the MELAB reading items. The chapter first reviewed theories and models of the L2 

reading and test-taking processes to inform the components in the cognitive model 

underlying the MELAB reading item performance. Then, the literature pertaining to the 

L2 reading assessment was reviewed to clarify the constructs assessed by the MELAB 

reading. Next, empirical studies o f  the factors affecting the L2 reading test item 

performance were critically reviewed to obtain scales that could be used to score the 

processing difficulty of reading test items and to inform the methods for the model 

development and validation. Finally, the TBR was reviewed in the context of modeling
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item performance as a way to empirically validate the cognitive model.

The literature discussed in this chapter has two major implications for the current 

study. First, a review of the theories of and research into the L2 reading and test-taking 

processes suggested a cognitive processing model hypothesized to underlie the MELAB 

reading test item performance. This model is consistent with current theories of L2 

reading and its assessment (e.g., Alderson, 2000; Hudson, 1996) and the theoretical 

framework of CLA for language testing (Bachman, 1990; Bachman & Palmer, 1996), and 

takes into consideration the constructs assessed by the MELAB reading (ELI, 2003). 

Moreover, a review of the research into the factors affecting the L2 reading test item 

difficulty suggested scales that can be used to score the processing sources of cognitive 

complexity of the reading test items in the current study. These variables emerged from 

the cognitive processing model hypothesized to underlie the MELAB reading test item 

performance and linked examinees’ cognitive processes with test item characteristics.

Second, a review of the studies modeling the L2 reading item performance framed a 

unified procedure to develop and validate the cognitive processing model underlying the 

MELAB reading item performance (see Figure 5). As can be seen in Figure 5, the model 

was developed and tested through four stages. First, models of the L2 reading and reading 

test taking processes, constructs of the L2 reading ability, and factors affecting the L2 

reading performance were reviewed. Based on the theoretical information, an initial 

cognitive model was developed. Then, this model was empirically tested using a 

three-staged procedure: analyzing cognitive demands of the test items by raters,
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collecting students’ verbal protocols of the processes they used to arrive at the correct

responses, and examining the relationship between the proposed cognitive processes and

item difficulty estimates using the TBR, a cognitively-based measurement model.

Substantial Analysis

Models of L2 
Reading 

P ro cesses

C onstructs of L2 Theoretical
Reading Ability '* Information

Factors affecting 
L2 Reading 

Perform ance
Model

Development

Model
Validation

▼ ▼

Cognitive Analysis Verbal Protocols
of T est Items *  of S tudents

Stage 2 Stage 3

Figure 5. Model Development and Testing Procedures.

Previous studies identifying the cognitive structures of the L2 reading test items

either depended on theoretical information obtained from the literature, or on ‘expert’ 

analysis of the test items, or on examinees’ reports of the processes that they used to

respond to the test items. However, few studies have combined the three sources of data

to determine the cognitive structures of test items. Further, no studies have modeled the
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L2 reading test item performance using a combination of cognitive analyses of test items 

and advanced measurement models. In the current study, a review of the theoretical 

information regarding the L2 reading and its assessment provides the theoretical 

foundation for the proposed model. Systematic and reliable analysis of the cognitive 

demands of the MELAB reading test items refines the model and anticipates the 

cognitive processes used by examinees for item solving. Students’ verbal reports of the 

cognitive processes used when they answer the MELAB reading items further refine the 

model and empirically validate the cognitive analysis of the test items by raters. Finally, 

relating the processing components in the cognitive model to empirical indicators of item 

difficulty using the advanced measurement model, TBR, further validates the cognitive 

model. To conclude, the present study is justified in employing a combination of 

theoretical information, cognitive analysis of test items by raters, students’ verbal reports, 

and an advanced measurement model in an effort to develop a theoretically and 

empirically supported cognitive processing model underlying the MELAB reading test 

item performance. The initial cognitive processing model obtained from an analysis of 

the literature is outlined in the next chapter. The methods used to refine and validate this 

initial model and the findings obtained for each stage are described in Chapter 4, Chapter 

5, and Chapter 6, respectively.
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CHAPTER 3: AN INITIAL COGNITIVE PROCESSING MODEL

Following an analysis of the literature, a theoretically supported cognitive processing 

model was developed that was intended to explain the difficulty of the MELAB reading 

test items. The model contained three general cognitive categories. The first contained the 

reading processes assessed by the MELAB reading test items. The second included test 

management processes that examinees might use to arrive at their answers to the 

multiple-choice reading test items. The third category included testwise processes that 

examinees might use when deriving their answers. For each process, potential sources of 

processing difficulty were identified. Variables were then defined to score the cognitive 

complexity of these sources on the basis of theoretical and empirical relationships 

informed by previous research. The processing components in each of the categories and 

the variables related to these sources of processing difficulty are specified in this chapter.

Cognitive Processes and Cognitive Variables 

Reading Processes Assessed by the MELAB Reading

Word recognition. Recognizing words and word meanings has been considered 

central to fluent L2 reading. Unfamiliarity with word pronunciation and scripts can lead 

to difficulty in processing letters in words and word meanings, which may in turn affect 

reading success of L2 readers (Alderson, 2000). Word recognition was included in the 

initial cognitive model to represent the process of (1) identifying words and word 

meanings using phonological and orthographic knowledge, and (2) understanding the 

meaning of a specific word or phrase in context. According to Urquhart and Weir (1998),
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reading test items that require examinees to identify words using advanced phonological 

and orthographical knowledge or to identify the meaning of an unknown word with few 

context clues are generally difficult to process for adult L2 readers. For example, the 

word minute can be pronounced as [mai’nju:t] or [minit]; supercritical can be recognized 

as the prefix super plus the root critical; run can have different meanings in different 

contexts. Consequently, word recognition was included as a variable in the initial 

cognitive model. It was hypothesized that processing difficulty would increase if 

advanced phonological and/or orthographic knowledge was required for identifying 

words or if few context clues were available for identifying the meaning of an unknown 

word. Following Bachman et al., (1995), the “Word Recognition” variable was coded as 

the degree to which examinees need to identify words using phonological or orthographic 

knowledge, or to understand the meaning of a specific word or phrase in context to 

correctly answer an item. The variable was measured using a 3-point scale: 0 = Word 

recognition is not required to successfully complete the item; 1 = Word recognition is 

somewhat involved, but not critical to the successful completion of the item; and 2 = 

Word recognition is critical to successful completion of the item. More specifically, the 

variable was coded 0 if examinees did not need to identify words using advanced 

phonological or orthographical knowledge or to identify the meaning of an unknown 

word in context; coded 1 if examinees need to identify words using more advanced 

phonological and/or orthographical knowledge, or need to identify the meaning of an 

unknown word in context, but such processes were not critical to correctly answering the
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item; coded 2 if examinees need to identify words using advanced phonological and/or 

orthographical knowledge, or to identify the meaning of an unknown word with few 

context cues, and such processes were critical to correctly answering the item.

Vocabulary knowledge. Vocabulary knowledge has been found to be critical for fluent 

reading by adult L2 readers (Alderson, 2000). When reading academic texts, a major 

source of processing difficulty is the lack of familiarity with infrequently used vocabulary 

(i.e., low frequency in everyday use), specialized vocabulary (i.e., jargon, academic, or 

technical words or phrases specific to the general topic of the text), or both (Carr, 2003; 

Hudson, 1996). Texts containing infrequently used and/or specialized vocabulary would 

increase the demands on decoding, understanding, and recall of the text (Bachman et al., 

1995; Bachman et al., 1996; Carr, 2003), and this increased demand would increase item 

difficulty (Gorin, 2002). Vocabulary knowledge was included in the initial cognitive 

model to represent the process of answering an item through reading an academic text or 

part(s) of the text that contained a great deal of infrequently used and/or specialized 

vocabulary. It was hypothesized that texts containing more infrequently used and/or 

specialized vocabulary would be more difficult to process and decode for later use when 

responding to the items related to the texts. Again, based on Bachman et al.’s (1995) work, 

vocabulary knowledge was coded as the degree to which examinees need the knowledge 

of infrequently used and/or specialized vocabulary to correctly answer an item: 0 = 

knowledge of infrequently used or specialized vocabulary is not required to correctly 

answer the item; 1 = knowledge of infrequently used or specialized vocabulary is
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somewhat involved, but not critical to correctly answering the item; and 2 = knowledge 

of infrequently used or specialized vocabulary is critical to correctly answering the item. 

More specifically, the variable was coded 0 if the information requested by an item 

contained no infrequently used or specialized vocabulary; coded 1 if  the information 

requested by an item contained some infrequently used or specialized vocabulary, but 

knowledge of such vocabulary was not critical to arrive at the correct response to the item; 

and coded 2 if the information requested by an item contained a great deal of infrequently 

used or specialized vocabulary, and knowledge of such vocabulary was critical to arrive 

at the correct response to the item.

Syntactic knowledge. Syntactic knowledge is required to construct coherent 

representations of sentence structures (Koda, 2005) and has been identified as a potential 

source of processing difficulty for L2 readers (Bachman et al., 1996; Alderson, 2000). 

Syntactic knowledge was included in the initial cognitive model to represent the process 

of understanding the relationship between ideas within a sentence using one’s knowledge 

of syntax, grammar, punctuation, and/or parts of speech. It was hypothesized that reading 

test items requiring the processing of complex or infrequently used sentence structure, 

grammar, punctuation, or parts of speech would be more difficult than items requiring the 

processing of simple frequently used sentence structure, grammar, punctuation, and parts 

of speech. Syntactic knowledge was coded as the degree to which examinees required it 

to correctly answer an item, and was measured using Bachman et al.’s (1995) 3-point 

scale: 0 = Syntactic knowledge is not required to correctly answer the item; 1 = Syntactic
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knowledge is somewhat involved, but not critical to correctly answering the item; 2 = 

Syntactic knowledge is critical to correctly answering the item. More specifically, the 

variable was coded 0 if the information requested by an item contained simple, frequently 

used sentence structure, grammar, punctuation, and parts of speech; coded 1 if the 

information requested by an item contained more complex or less frequently used 

sentence structure, grammar, punctuation, or parts of speech, but knowledge of them was 

not critical to successful completion of the item; and coded 2 if the information requested 

by an item contained complex or infrequently used sentence structure, grammar, 

punctuation, or parts of speech, and knowledge of them was critical to successful 

completion of the item.

Knowledge o f  discourse structure. Knowledge of discourse structure is a critical 

element in L2 academic reading (Grabe, 2004, Hudson, 1996) and has been identified as 

a source of item difficulty on a variety of the L2 reading tests (Carr, 2003; Freedle & 

Kostin, 1993; Jamieson et al., 2000). Knowledge of discourse structure was included in 

the initial cognitive model to represent the process of understanding the relationship 

between sentences and text organization using cohesion, rhetorical organization, and 

information flow of the text. It was hypothesized that items requiring the reader to 

process texts with complex, infrequently used discourse structure would be more difficult 

than items requiring the reader to process texts with simple frequently used discourse 

structure. Knowledge of discourse structure was coded in terms of the degree to which 

examinees need knowledge of discourse structure to correctly answer an item and,
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following Bachman et al. (1995), was coded: 0 = Knowledge of discourse structure is not 

required to correctly answer the item; 1 = Knowledge of discourse structure is somewhat 

involved, but not critical to correctly answering the item; and 2 = Knowledge of 

discourse structure is critical to correctly answering the item. More specifically, the 

variable was coded 0 if the information requested by an item contained simple, frequently 

used discourse structure; coded 1 if the information requested by an item contained more 

complex or less frequently used discourse structure, but knowledge of them was not 

critical to successful completion of the item; and coded 2 if the information requested by 

an item contained complex or infrequently used discourse structure, and knowledge of 

them was critical to successful completion of the item.

Synthesis. Synthesis plays an important part in L2 academic reading (Hudson, 1996) 

and has long been a major skill measured on L2 reading tests (Alderson, 2000; Lunzer & 

Gardner, 1979). Synthesis was included in the initial cognitive model to represent the 

process of working across multiple places in the text to generate an organizing frame that 

was not explicitly stated in the text, ft was hypothesized that items became more difficult 

as the level of synthesis increased, because integrating the information presented in 

different sentences or parts of the text requires more complex processing strategies than 

processing the information contained within a single word, phrase, or sentence. Based on 

Kirsch and Mosenthal’s (1990) taxonomy of levels of synthesis, the “Synthesis” variable 

was coded as the degree to which examinees need synthesis to correctly answer an item, 

and was rated using a 3-point scale: 0 = No synthesis is required to correctly answer the
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item, 1 = Low-level synthesis is required to correctly answer the item, and 2 = High-level 

synthesis is required to correctly answer the item. More specifically, the variable was 

coded 0 if the information requested by an item was contained within a single place; 

coded 1 if the information requested by an item was contained within multiple adjacent 

sentences; and coded 2 if the information requested by an item was contained within 

multiple nonadjacent sentences or diffused across the passage.

Drawing inferences. Drawing inferences is part of the reading process of adult L2 

readers (Alderson, 2000) and a major skill measured on the L2 reading tests (ELI, 2003; 

Grabe, 2004). Prior research revealed that the level of inference required to arrive at the 

correct response contributes significantly to reading test item difficulty (Davey, 1988; 

Embretson & Wetzel, 1987; Gorin, 2002; Kasai, 1997; Rupp et al., 2001; Sheehan & 

Ginther, 2001). Inference was included in the initial cognitive model to represent the 

process of drawing inferences and conclusions based on information presented in the text. 

According to Rupp et al. (2001), items become more difficult as examinees need higher 

levels of inference to solve an item, because making inferences is more cognitively 

demanding than recognizing explicitly stated information. The “Inference” variable was 

coded as the level of inference that examinees need to correctly answer an item, and was 

measured using a 3-point scale: 0 = No inference is required to correctly answer the item; 

1 = Low-level inference is required to correctly answer the item; and 2 = High-level 

inference is required to correctly answer the item (Embretson & Wetzel, 1987; Gorin, 

2002; Sheehan & Ginther, 2001). More specifically, the variable was coded 0 if the
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information requested to correctly answer an item was explicitly stated in the passage, if 

examinees could answer the item without reference to the passage, or if the relationship 

of item to passage was unclear; coded 1 if the information requested to correctly answer 

an item was implicitly presented in a specific part or several specific parts of the passage; 

and coded 2 if the information requested to correctly answer an item could be generated 

based only on the examinee’s global understanding of the entire passage, capability of 

predicting the continuation of arguments or events, or ability to relate information in the 

passage to the real world.

Pragmatic knowledge. Analyzing pragmatic or rhetorical purposes of the text creator 

is a crucial component in L2 reading process (Bachman et al., 1995; Enright et al., 2000). 

Further, the ability to understand authors’ pragmatic and rhetorical purposes has been a 

major construct assessed by L2 reading tests such as TOEFL reading and MELAB 

reading (ELI, 2003; Enright et al., 2000; Jamieson et al., 2000; Vanderveen, 2004). This 

important reading skill, termed as Pragmatic Knowledge, was included in the initial 

cognitive model to represent the process of analyzing authors’ pragmatic or rhetorical 

purposes. In reading assessments, pragmatic and rhetorical purposes of the text creator 

has been proposed as a factor affecting reading item difficulty (Enright et al., 2000; 

Jamieson et al., 2000; Kirsch & Mosenthal, 1990; Rupp et al., 2001). For example, it has 

been argued that factual information with the primary purpose to inform the reader would 

be easier to process, understand, and recall than counterfactual information with the 

primary purpose to persuade the reader, and this effect should be reflected by item
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difficulty (Bachman et al., 1995; Enright et al., 2000; Jamieson et al., 2000; Rupp et al., 

2001). Based on Jamieson et al.’s (2000) description of task factors that can account for 

reading test item difficulty, pragmatic knowledge was coded as authors’ pragmatic or 

rhetoric purposes for specific part(s) of the text that examinees need to understand to 

correctly answer an item. Pragmatic knowledge was coded using a 5-point scale with 

higher numbers representing the purposes that require more complex processing 

strategies to distinguish or understand and thus leading to increased item difficulty: 1 = 

The information requested by an item was intended to inform a fact; 2 = The information 

requested by an item was intended to state a procedure or to describe an action; 3 = The 

information requested by an item was intended to analyze manner or goals; 4 = The 

information requested by an item was intended to express authors’ or others’ attitudes or 

opinions, to explain cause or effect, to provide evidence, to support a position, or to 

persuade the reader; and 5 = The information requested by an item was intended to 

establish equivalence or difference, to generate a theme from the information provided in 

the passage, or to apply the information provided in the passage to the real world.

Test Management Processes

Prior research has identified a series of processes that examinees use to manage their 

solutions to the multiple-choice reading test items. In the present study, these processes 

were called test management processes. The four test management processes included in 

the initial cognitive model are presented next.

Locating specific information requested by item. Locating specific details in the text
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is a test management process used by adult L2 readers when responding to reading test 

items (Abbott, 2005; Alderson & Lukmani, 1989; Enright et al. 2000; Jamieson et al.,

2000). The location of the requested information has been found to be a potential source 

of reading item difficulty when identifying the information requested by an item in the 

text passage. For example, requested information located earlier in the text may no longer 

be in the reader’s short-term memory, thereby increasing the number and complexity of 

cognitive operations the examinee needs to use to answer the item (Sheehen & Ginther, 

2001; Rupp et al., 2001). Locating specific details in the text was included in the initial 

cognitive model to represent a test management process. The variable “Location of 

Information” was coded by dividing the entire passage into three equal sections based on 

word count, with “1” being the later part (i.e., the third section) of the passage which was 

taken to be the most recent in memory, “2” being the middle part of the passage (i.e, the 

second section) which was taken to be further in memory, and “3” being the earlier part 

of the passage (i.e., the first section) which was taken to be out of readers’short-term 

memory. Then, the section in which the requested information could be found was 

recorded (Rupp et al., 2001). Based on Rupp et al. (2001) and Sheehan and Ginther 

(2001), this variable was rated using a 4-point scale: 1 = The information requested to 

correctly answer an item is located in the third section of the passage, 2 = The 

information requested to correctly answer an item is located in the second section of the 

passage, 3 = The information requested to correctly answer an item is located in the first 

section of the passage, and 4 = The information requested to correctly answer an item is

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



84

located across the entire passage or beyond the passage. It was assumed that the cognitive 

processes required for each code on this scale were progressively more complex, which 

would lead to increased item difficulty.

Matching information in question to information in text. During taking a reading test, 

examinees may match the information given in a question to the information provided in 

the text (Abbott, 2005; Cohen & Upton, 2006). Prior research revealed that the process of 

matching question to text consisted of a range of strategies that varied in difficulty and a 

variety of conditions that rendered processing strategies more or less difficult (Anderson, 

1982; Embretson & Wetzel, 1987; Freedle & Kostin, 1993; Gorin, 2002; Huff, 2003; 

Kirsch & Mosenthal, 1990; Jamieson et al., 2000; Rupp et al., 2001; Sheehan & Ginther,

2001). Matching was included in the initial cognitive model to represent the processes 

that examinees used to match the information given in a question stem to the 

corresponding information in a text. Depending on the correspondence between the 

phrasing used in the question stem and the phrasing used in the text, the matching process 

was considered to involve examinees’ directly matching the key vocabulary in the 

question stem to the key vocabulary in the text, and identifying or formulating a synonym 

or a paraphrase of the literal meaning of a word, phrase, or sentence in the text. It was 

hypothesized that question stems that required examinees to perform a literal or verbatim 

match to the text would be easier than question stems that required examinees to perform 

a paraphrase or synonymous match to the text, which would be easier than question stems 

that could not be matched to the text. Question stems having a literal match to the text
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were assumed to be easy because the requested information could be directly identified in 

the text without any transformation being conducted. Question stems having a 

synonymous match to the text were assumed to be more difficult, because wording and 

order of the information in both question and text must be transformed to map the 

question to the information requested to correctly answer the item. Question stems that 

could not be matched to the text were assumed to be the most difficult, because the idea 

structure of the entire passage had to be reworded, reordered, and integrated in order to 

infer the information requested to correctly answer the item (Gorin, 2002). The variable 

“Type of Match” was coded for the degree of correspondence between the phrasing used 

in the question stem and the phrasing used in the text. Type of Match was rated using a 

3-point scale with higher numbers representing more complex encoding comparisons that 

examinees need to answer an item correctly: 1 = One or more words or phases used in the 

question stem exactly match the word(s) or phrase(s) used in the text (i.e., literal match);

2 = the wording used in the question stem is the synonym or paraphrase of the wording 

used in the text (i.e., synonymous match); 3 = The wording used in the question stem can 

not be matched to the wording used in the text (i.e., no match).

Evaluating alternative choices. Before selecting the answer, examinees may evaluate 

the alternative choices to see which one best fits the syntactic and semantic features of 

the question and the passage information (Drum et al., 1981). Plausibility of the 

alternative choices has been found to be a major predictor for reading item difficulty 

(Drum et al., 1981; Jamieson et al., 2000; Rupp et al., 2001). Evaluating alternative
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choices was included in the initial cognitive model to represent the processes of selecting 

the one option that best fits the requirements of the question and the idea structure of the 

text and eliminating the choice(s) that appear unreasonable based on paragraph or overall 

passage meaning. It was hypothesized that item difficulty would increase as the number 

of plausible distractors increased, as examinees would need to make finer discriminations 

among the options to identify the correct answer. The number of plausible distractors was 

counted based on how many of the distractors had lexical overlap with or the same idea 

structure (both explicitly or implicitly) as the text (Rupp et al., 2001). Since each item on 

the MELAB had four options and a single key, the variable “Number of Plausible 

Distractors” was coded: 0 = No plausible distractors; 1 = One plausible distractor; 2 = 

Two plausible distractors; 3 = Three plausible distractors.

Using topical knowledge. Examinees may answer an item through using their 

knowledge related to the content or subject matter of the text (Carr, 2003). While the 

MELAB reading test is not intended to measure examinees’ topical knowledge, having 

knowledge related to the topic or content of the text facilitates examinee performance 

(Alderson, 2000). Using topical knowledge was included in the initial cognitive model to 

represent the process of constructing situation models using one’s knowledge related to 

the content or subject matter of the text. It was hypothesized that items based on text with 

unfamiliar topics would be more difficult for examinees than items based on text with 

familiar, everyday topics, since examinees may need special knowledge related to text 

content. Topical knowledge was coded as the degree to which examinees need topical
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knowledge to correctly answer an item and, following Bachman et al. (1995), was rated 

using a 3-point scale: 0 = Topical knowledge is not required to correctly answer the item;

1 = Topical knowledge is somewhat involved, but not critical to correctly answering the 

item; 2 = Topical knowledge is critical to correctly answering the item. More specifically, 

the variable was coded 0 if the item was based on a text with a familiar everyday topic; 

coded as 1 if the item was based on a text with a less familiar topic related to a specific 

subject area, but familiarity with the topic was not critical to correctly answering the item; 

coded as 2 if the item was based on a text with an unfamiliar topic related to a specific 

subject area and familiarity with the topic was critical to correctly answering the item. 

Testwise Processes

In addition to the reading and test management processes, examinees may correctly 

answer multiple-choice test items using testwiseness (Cohen & Upton, 2006; Gao, 2002; 

Powers & Leung, 1995). Following Cohen and Upton’s (2006) taxonomy of testwise 

processes that examinees may use to arrive at answers to the new TOEFL reading test 

items, three testwiseness elements were included in the initial cognitive model. The first 

was to use cues in the other items sharing a common passage to answer an item under 

consideration. For example, examinees may use the question stem of one item to identify 

the key to another item. Examinees may also use the interrelatedness of the items sharing 

the same passage to construct a situation model that can be used to reason what the 

correct response is. The second was to select an option through common sense, vague 

hunches, or intuition. The third was to eliminate or choose an option based on surface
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features of answer choices. For example, examinees may select an answer based on the 

observation that one option is longer than other options. In the current study, testwiseness 

was considered irrelevant to the constructs assessed by the MELAB reading and thus a 

potential threat to test validity. It was assumed that an item would be easier if examinees 

could employ testwiseness elements to correctly answer an item. The three testwise 

processes were coded as whether examinees could use the testwiseness elements 

considered to arrive at the correct answer: 0 = No, 1 = Yes.

A Summary of the Initial Model 

Table 1 at the end of this chapter summarizes the components of the initial cognitive 

processing model, sources of processing difficulty for L2 reading test items, and variables 

used to score the cognitive complexity of each process. Column 1 presents the 14 

components of the cognitive processing model. Column 2 describes the major cognitive 

processes associated with each component. Column 3 explains sources of processing 

difficulty, which links the processing sources of cognitive complexity to reading item 

difficulty. Column 4 presents example situations where different levels of processing 

difficulty are involved. The last column presents the scales used to score the processing 

difficulty of reading test items. For each scale, higher scores correspond to higher 

processing difficulty thus leading to more difficult items.

Take the first component, word recognition, as an example. The major cognitive 

processes associated with this component include recognizing words using phonological 

and orthographic knowledge, and identifying meaning of unknown words in context. The
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major sources of processing difficulty in the process of word recognition are the sound 

and orthography of words and the context of unknown words (Bachman & Palmer, 1996; 

Urquhart & Weir, 1998). Words with different sounds and complex orthography increase 

the demands on decoding and understanding, which should be reflected in increased 

reading item difficulty. For example, the word “minute” must be pronounced as 

[mai’nju:t] to recognize that it means tiny. The word “wind’ means air movement when 

pronounced as [wind], and means to wrap something around a centre or to coil thread 

when pronounced as [waind]. The word “counterintuitive” can be recognized as the 

prefix counter plus the root word intuitive. In addition to phonological and orthographical 

knowledge, context plays an important part in identifying meanings of a specific word. 

For example, the word “run” means to compete in a race for elected office in the context 

ran for mayor, means to move or go quickly in the context ran for the police, and means 

to flow in a steady stream in the context water runs from the spring. The word 

“magazine” means a periodical containing a collection o f articles, stories, and pictures, 

or means a compartment for bullets. The word “house” means a dwelling as a noun and 

means to store or shelter as a verb. The variable used to score this processing source of 

cognitive complexity is the degree to which the processes of identifying words using 

advanced phonological and orthographical knowledge or identifying meanings of an 

unknown word in context is required to correctly answer an item, and was coded using a 

3-point scale with 0 representing not really required, 1 representing somewhat involved, 

and 2 representing critically required to correctly answer the item.
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Table 1

Cognitive Processes Used by L2 Readers When Answering the Multiple-Choice Reading Test Items

Code/
Process

Definition Processing difficulty 
increases if:_______

Example Variable Name, Abbreviation, 
Description, & Scoring

Readme Processes Assessed by the MELAB Readme Test Items
R1 Identify words and word
Word meanings using
recognition phonological and

orthographic knowledge; 
Recognize and understand 
the meaning of a specific 
word or phrase using 
context clues (i.e., 
neighboring words, 
sentences, or overall 

_____________ passage)_______________

Advanced
phonological and/or 
orthographic 
knowledge is 
required; Less 
contextual info is 
available to help 
identify the meaning 
of an unknown word

Minute can be pronounced as [mai’nju:t] 
or [minit]; supercritical can be 
recognized as super + critical; Run can 
mean to flow in a steady stream (e.g., 
water runs from the spring), or to 
compete in a race for an elected office 
(e.g., run for mayor), depending on the 
context

Word Recognition Required (Rl): Degree 
to which examinees need to identify 
words using phonological or orthographic 
knowledge, or to understand the meaning 
of a specific word or phrase in context to 
correctly answer the item
0 = Not required;
1 = Somewhat involved;
2 = Critical

R2 Understand academic texts
Using with infrequently used
vocabulary vocabulary (i.e., low
knowledge frequency in everyday use)

and specialized vocabulary 
(i.e., jargons, academic, or 
technical words or phrases 
specific to the general topic 

_____________ of the text)______________

Texts contain 
infrequently used 
and/or specialized 
vocabulary

Infrequently used vocabulary: ebullient, 
cacophony, salad days; Specialized 
vocabulary:
deposition in chemical engineering, 
morpheme in linguistics, homoscedacity 
in statistics

Vocabulary Knowledge Required (R2): 
Degree to which examinees need to 
understand texts with infrequently used 
and/or specialized vocabulary to correctly 
answer the item
0 = Not required;
1 = Somewhat involved;
2 = Critical
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R3 Understand the relationship
Using of ideas within the sentence
syntactic using knowledge of syntax,
knowledge grammar, punctuation, or

parts of speech

Understanding 
infrequent or complex 
sentence structure, 
grammar, punctuation, 
or parts of speech is 
required

Inversion of subject and verb; passive 
voice; two or more clauses connected by 
a subordinate conjunction, a relative 
pronoun, or a relative adverb

Syntactic Knowledge Required (R3): 
Degree to which examinees need to 
understand the relationship of ideas 
within the sentence using knowledge of 
syntax, grammar, punctuation, or parts of 
speech to correctly answer the item
0 = Not required;
1 = Somewhat involved;
2 = Critical

R4
Using
knowledge of
discourse
structure

Understand the relationship 
between sentences and 
organization of the text or 
portion of the text using 
cohesion (i.e., cohesive 
devices used in text to 
indicate the relationship 
between text utterances or 
to replace previously 
occurring parts of the text), 
rhetorical organization (i.e., 
text rhetorical features and 
organization patterns), and 
information flow (i.e., idea 
structure of the text)______

Understanding 
complex discourse 
structure is required

Cohesion: reference, substitution, 
ellipsis, and conjunction; Rhetorical 
organization: cause/effect, 
comparison/contrast general/specific, 
problem/solution, using illustrations, 
topic sentence and supporting details; 
Information flow: using introduction, 
topic sentence, illustrations, transitions, 
conclusion, definitions, classifications, 
and supporting details

Knowledge of Discourse Structure 
Required (R4): Degree to which 
examinees need to understand the 
relationship between sentences and 
organization of the text or portion of the 
text using cohesion, rhetorical 
organization, and information flow to 
correctly answer the item
0 = Not required;
1 = Somewhat involved;
2 = Critical

R5 Integrate, relate, or
Synthesis summarize the information

presented in different 
sentences or parts of the 
text to generate an 
organizing frame that is not 
explicitly stated in the text

Working across 
multiple places in text 
is required, since the 
number and 
complexity of 
cognitive operations 
increase

No synthesis: the requested information 
is contained within a single word, phrase, 
or sentence

Low-level synthesis: the requested 
information is contained within multiple 
adjacent sentences

High-level synthesis: the requested info, 
is contained within multiple nonadjacent 
sentences or diffuses across the text

Synthesis Required (R5): Degree to 
which examinees need to work across 
multiple places in text to correctly answer 
the item
0 = No synthesis;
1 = Low level synthesis;
2 = High level synthesis

so
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R6
Drawing
inferences

Draw inferences and 
conclusions or form 
hypotheses based on 
information implicitly 
stated in the text

The requested info is 
implicitly given in the 
text, as relating the 
requested info to the 
info implicitly given 
in the text is more 
cognitively 
demanding than 
recognizing explicit 
info in the text

Understand pragmatic and 
rhetorical purposes of the 
text creator

No inference: the requested info is 
explicitly stated in the passage, the item 
can be answered without reference to the 
passage, or the relationship of item to 
passage is unclear

Low-level inference: the requested 
information is implicitly stated in certain 
part(s) of the passage 
High-level inference: the requested info 
can only be generated based on 
understanding of the entire passage, 
predicting the continuation of arguments 
or events, or relating info in passage to 
the real world

Inference Required (R6): Degree to which 
examinees need to draw inferences and 
conclusions based on information 
implicitly stated in the text to correctly 
answer the item
0 = No inference;
1 = Low level inference;
2 = High level inference

R7
Using
pragmatic
knowledge

More complex 
processing strategies 
are required to 
distinguish or 
understand the 
purpose or intent of 
the text creator

Fact: When you are fully awake and 
alert, your EEGs contain many beta 
waves, relatively high-frequency, 
low-voltage activity (selected from 
Enright et al., 2000, p. 20)
Q: What your EEGs contain when you 
are fully awake?
Opinion: Perhaps mimeographed 
Christmas letters should be used as a 
vanity indicator, since they expose those 
among us who yielded to, rather than 
resisted, the pervasive temptation to 
blow one’s own horn (selected from 
Enright et al., 2000, p. 21)
Q: What is the author’s position with 
regard to Christmas letters?___________

Purpose of Information (R7): Pragmatic 
or rhetorical purpose of the information 
requested to correctly answer the item 
1 = to inform a fact; 2 = to state a 
procedure or to describe an action; 3 = to 
analyze manner or goals; 4 = to express 
author’s or others’ opinions, to explain 
cause or effect, to provide evidence, to 
support a position, or to persuade the 
reader; 5 = to find out equivalence or 
difference, to generate a theme, or to 
apply to the real world
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Test Management Processes 
T1 Locate specific information 
Locating requested by question 
specific 
details in text

The requested info, is 
located in the earlier 
part of the text, as it is 
no longer in one’s 
short term memory

Items requiring information located in 
the earlier part of the passage would be 
more difficult to recall than items 
requiring information located in the later 
part of the passage; Items requiring 
information based on the entire passage 
or beyond passage do not require 
locating specific details but more 
complex processing strategies

Location of Information (Tl): The section 
of the text (1st, 2nd, last section, or entire 
passage) in which the requested 
information can be found
1 = 3rd section of the passage;
2 = 2nd section of the passage;
3 = 1st section of the passage;
4 = Entire passage or beyond the passage

T2
Matching 
question to 
text

Match the information 
given in the question stem 
to the relevant info in the 
text: Match key vocabulary 
items given in a question 
stem to key vocabulary 
items in the text; identify or 
formulate a synonym or a 
paraphrase of the literal 
meaning of a word, phrase, 
or sentence in the text

Matching is required 
and the lexical overlap 
between the text and 
the question is lower, 
as more complex 
processing strategies 
are required to 
identify or generate 
the requested 
information from the 
text

Questions containing a key word(s) that 
is the verbatim of the info in the text 
would be easier than questions that are 
paraphrases of the info in the text, e.g., 
The question What is the recommended 
adult dosage? requires a literal match 
between the phrase given in the question 
stem, adult dosage, and the 
corresponding phrase in the text; 
Questions that do not need matching the 
textual information would require more 
complex processing strategies and thus 
leading to increased item difficulty

Type of Match (T2): Correspondence 
between the wording used in the question 
stem and the wording presented in the 
text
1 = Literal match;
2 = Synonymous match;
3 = No match

T3
Evaluating
alternative
choices

Select the one that best fits 
the requirements of the 
question and the idea 
structure of the text and 
eliminating the option(s) 
that appear unreasonable 
based on paragraph or 
overall passage meaning

The number of 
plausible distractors 
increases and finer 
discriminations of the 
options are required to 
identify the correct 
option

One or more distractors appear 
reasonable and difficult to deny by 
information in the text, e.g., distractors 
have lexical overlap with the text or 
correct option, distractors are plausible 
given the situation/idea structure 
described in the text

Number of Plausible Distractors (T3): 
Number of distractors having lexical 
overlap with the text or plausible given 
the situation described in the text
0 = None;
1 = One;
2 = Two;
3 = Three

VsO
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T4
Using topical 
knowledge

Construct situation models 
using the knowledge 
directly relevant to the text 
topic

The topic of the text is 
arcane or in less 
familiar settings, as 
less familiar topics are 
harder to process and 
recall and prevent 
examinees from 
performing to the best 
of their ability

Easier topics: concrete, imaginable, 
interesting, or everyday topics; texts in 
familiar settings; texts describing real 
objects, events or activities 
Harder topics: texts on abstract, arcane 
topics or related to specific subject areas

Topical Knowledge Required (T4): 
Degree to which examinees need topical 
knowledge to correctly answer the item
0 = Not required;
1 = Somewhat involved;
2 = Critical

Testwiseness
TW1
Using clues 
in other items

Use cues in the other items 
of the item set to answer 
the item under 
consideration

The interrelatedness 
of the items is lower; 
fewer cues in the 
other items sharing a 
common text

The answer to one item might be cued 
from the question stem or options of the 
other item(s) of the item set

Item Cues (TW1): Examinee can use cues 
in other items to correctly answer the item 
0 = No; 1 = Yes

TYV2
Guessing

Select an option through 
common sense or prior 
knowledge unrelated to the 
passage topic; use vague 
hunches or intuition; guess 
randomly among the 
choices

The chance of 
guessing to the correct 
answer is lower

Arrive at the correct answer using culture 
knowledge, tend to guess a particular 
choice (e.g., B or C), or the correct 
answer is the easiest one to understand

Guessing (TW2): Examinees can use 
common sense or prior knowledge 
unrelated to the passage topic, vague 
hunches or intuition correctly, or even 
random guessing to correctly answer the 
item
0 =No; 1 = Yes

TW3
Using 
surface 
features of 
answer 
choices

Eliminate or choose an 
option based on surface 
features of answer choices 
rather than on the textual 
information

Less cues from the 
answer choices

The correct answer is selected based on 
its length, tone, concreteness, clarity, 
wording, complexity, location, similarity 
to other choices or question stem

Surface Feature of Options (TW3): 
Examinees can use surface features of 
answer choices, such as length or tone to 
correctly answer the item 
0 = No; 1 = Yes

4̂
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CHAPTER 4: ITEM CODING BY RATERS

As mentioned earlier, after an initial cognitive processing model was developed 

based on the review of the pertinent literature, which has been addressed in Chapters 2 

and 3, the initial model was validated using a three-stage procedure. In these three model- 

validation stages, two forms of the MELAB reading test were analyzed. The first stage of 

the model validation involved judges familiar with L2 reading and Mandarin-speaking 

students who take the MELAB tests. The judges identified the cognitive processes 

required to correctly answer each reading item on both forms. This analysis served to link 

the initial cognitive model presented in Chapter 3 to the MELAB reading items, to refine 

the initial cognitive model, and to verify the scoring scales presented in Table 1. In the 

second stage of the model validation, verbal report data were collected from advanced 

Mandarin-speaking L2 students as they worked through both forms of the MELAB 

reading test. The results were used to validate the rating results and to further refine the 

initial cognitive model so that the components of the model were clearly defined, 

informative, and faithful descriptors of examinees’ cognitive processes underlying the 

MELAB reading test item performance. In the last stage of the model validation, the two 

revised cognitive models obtained at the end of the previous stage were empirically tested 

through item difficulty modeling using the tree-based regression, a cognitively-based 

measurement model. The combination of the three stages of analyses provided a unified 

sequential procedure to validate the proposed model, with each data analysis task 

reflecting part of the triangulation of data sources.
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This chapter outlines the method used and presents the results for the first stage of 

the model validation —  cognitive analysis of each item on both forms of the MELAB 

reading test from the perspective of raters with knowledge of the reading process and the 

population of Mandarin-speaking ESL university-level students. The methods and results 

for the second and third stage of the model validation are presented in the following two 

chapters, respectively.

Method

Raters

As this study focuses on the Chinese language group, three raters familiar with the 

reading process and the population of Mandarin-speaking students who use English in a 

college or university setting analyzed the cognitive processes required to correctly answer 

the MELAB reading test items. All raters were graduate students in educational 

psychology at the University of Alberta. Two of the raters were trained psychometrians 

with expertise in measurement and cognition and experience in test design and 

construction. The third rater was a trained applied linguist with expertise in L2 reading 

and experience in teaching reading to adult Chinese EFL learners. To recruit raters, ten 

days before the data collection, the researcher sought permission from the Department of 

Educational Psychology to send a recruiting letter (see Appendix A), via the educational 

psychology graduate student mailing list. Four students who responded and expressed an 

interest in participation were contacted by the researcher. One withdrew from the study 

before the formal rating procedure began; the remaining three participated in the rating.
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Materials

MELAB test forms. All MELAB forms are designed to be parallel and are linked to a 

common scale. Each form consists of three parts: Part 1 (Composition), Part 2 (Listening), 

and Part 3 (Grammar, Cloze, Vocabulary, and Reading). For the purposes of this study, 

the analyses were performed using the reading passages and accompanying items 

included in Forms E and F administered during the year 2003-200411. Each form 

contained 20 four-option multiple-choice test items based on the four passages, with five 

items per passage. The passages included in each form ranged from 229 to 265 words in 

length, had comparable readability levels as measured by standard readability formulas, 

and were on topics of social sciences, biological sciences, physical sciences, and 

agriculture (ELI, 2003).

Rating instrument. In order to enhance the rating reliability, a rating instrument was 

employed for the analysis of the cognitive processes required to correctly answer the 

MELAB reading test items. The rating instrument consisted of four parts. Part 1 was the 

initial cognitive model and cognitive variables described in Table 1 (see Chapter 3). The 

components of the initial cognitive model listed in the first column of Table 1 provided 

the framework for developing the rating instrument. The next three columns, that is, the 

definition o f  cognitive processes covered, explanation o f rationale, and demonstration o f  

example item features, clarified concepts involved in the rating process. The cognitive 

variables and variable scorings presented in the last column of Table 1 were provided to

z '

the raters to judge the cognitive processes called for by the MELAB reading test items.
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Part 2 of the rating instrument contained the rating scales provided to the raters to code 

the reading items included in the two test forms, with the rows of the rating scale 

containing the items and the columns containing the 14 elements of the initial cognitive 

model. Part 3 of the rating instrument requested the raters to provide evidence for their 

ratings for the variables “Word Recognition Required” and “Vocabulary Knowledge 

Required”. For example, for the variable “Vocabulary Knowledge Required”, raters were 

asked to first code an item using the cognitive variables presented in the last column of 

Table 1 and the rating scale, and then to bracket the text that contained the information 

requested to correctly answer the item and list the words that they considered as 

infrequently used or specialized in that part of the text. Part 4 of the rating instrument 

allowed the raters to indicate any cognitive processes that were not included in the initial 

cognitive model but were required for solving the reading items included in Forms E and 

F. A copy of the full rating instrument with instructions is provided in Appendix B.

Data Collection

Pilot study. To test the rater training and rating procedures prior to their use, a pilot 

study for Phase 1 was conducted with two graduate students (one Chinese, one native- 

English speaker) in Educational Psychology at the University of Alberta. They were both 

familiar with the analysis of task characteristics for foreign language tests, and possessed 

expertise in L2 reading and experience in teaching reading English as a second or foreign 

language to L2 adults. The pilot study started with the training of the two raters. The 

initial cognitive model and the rating instrument were explained to the raters and
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discussed using the first passage and its associated items on Form E. As part of the 

training, the two raters coded the items related to this first passage and discussed each 

rating as it was completed with the researcher. Then, a copy of the researcher’s rating of 

the items related to the second passage was provided to each pilot test rater for them to 

consult while they were rating the items connected to Passage 2. The items related to the 

remaining two passages on Form E were rated independently by the two raters. After they 

had completed these two passages, their rating outcomes were discussed with the 

researcher to reach consensus. Based on the pilot study, the rater training and rating 

procedures were refined and then used in the main study.

Main study. After signing a consent form (see Appendix C), the three raters 

separately rated the reading test items included in both forms using the rating instrument. 

In order to enhance the rating reliability, a one-hour group training session was held on 

day 1. During the training session, the researcher introduced the study and the MELAB 

reading test forms, acquainted the raters with the content of Table 1, described the rating 

form, and clarified the rating procedures. Discussions were encouraged as a way of 

achieving common definitions and understanding of the procedure. As part of the training 

session, all raters separately rated the first two passages with their associated items 

included in Form E for practice. The raters were asked to first answer the set o f  items. 

After completing the items, the answer key was provided for them to mark their answers. 

Then, the raters used the rating instrument to rate the items in terms of all possible 

cognitive processes required to correctly answer each item. Upon completion, the rating
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results for these two passages were discussed, the rationale for rating particular cognitive 

processes shared, and inconsistencies resolved.

After the training session, the raters independently rated the remaining 10 items 

included in Form E and the 20 items in Form F of the MELAB reading test on days 2, 3 

and 4. To ensure that the procedure was followed exactly, each rater was provided with 

three envelopes, which contained instructions and materials for each step of the rating 

task. Envelope A contained Form E and Form F of the MELAB reading test. The raters 

were instructed to read the passages and answer the items as if they were indeed taking 

the reading test. Upon completion of this task, they were instructed to open Envelope B, 

which contained the answer keys (provided by the ELI) to the items included in both 

forms of the MELAB reading tests. The raters were instructed to check and correct their 

answers. Upon completing the marking task, they were instructed to open Envelope C, 

which contained the rating instrument and instructions for rating the items in terms of the 

cognitive processes required to correctly answer each item. The raters were asked to 

complete the entire task in three days, and to return their completed work with all the 

instructions and materials in the original envelopes to the researcher by 5pm of the third 

day. A copy of the final rating procedures with instructions for rater training and item 

rating is provided in Appendix D.

Data Analysis Procedures

Checking rating reliability. The researcher entered the rating data collected from the 

three raters into the Microsoft Excel 2000 (Microsoft Corporation, 2000) and verified the
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data entry to ensure 100% accuracy. Rater consistency was examined using G-theory 

(Brennan, 2004). G-theory was used for its ability to offer a more comprehensive 

framework for studying rater data and to examine rater performance across a number of 

different factors, such as cognitive processes and items. A fully crossed item-by-process- 

by-rater mixed effect G-study design was used. Items were treated as the object of 

measurement, raters were a random facet, and cognitive processing components a fixed 

facet. The computer program GENOVA (Crick & Brennan, 1983) was used to obtain the 

variance components and generalizability coefficient.

Reaching consensus ratings. The researcher summarized by hand the rating data 

provided by the three raters on the evening of day 4. Then, a working session involving 

the researcher and the three raters was held on day 5 for the raters to look at the rating 

summary and to reach consensus on the item ratings for which there was a lack of 

agreement. Following the meeting, the researcher entered the consensus ratings into the 

Microsoft Excel 2000 and verified the entered data for 100% accuracy. The final set of 

item ratings was formatted into two 20 x k  matrices (20 is the total number of items on 

each test form and k  is the cognitively-based item features), with one matrix for Form E 

and the other for Form F.

Results

Rating Reliability

The summary of the initial item ratings provided by the three raters is displayed in 

Appendix E. G-theory was applied to the data presented in Appendix E to check the
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rating reliability for all items rated by the three raters. Table 2 presents the variance 

components and generalizability coefficient obtained from the G-study and D-study. 

Table 2

Variance Components and Generalizability Coefficient from the G-Study and D-Study

Source of 
Variability

Degree of 
Freedom

Variance
Component

Percentage of Total 
Variance

Item 39 0.0295 3.85
Rater 2 0.0023 0.16
Process 13 0.4558 59.71
Item-Rater 78 0.0173 1.19
Item-Process 507 0.3071 20.78
Rater-Process 26 0.0073 0.50
Residual 1014 0.2413 13.82
Generalizability Coefficient p 0.90

Several notable findings can be observed from the table. First, the generalizability 

coefficient p was 0.90, which indicated that the items were fairly consistently rated by the 

three raters. Further examination of the relative sizes of the variance components 

involving raters provided a more comprehensive understanding of the raters’ performance. 

The effects involving raters and the interaction of raters with item and process accounted 

for a negligible amount of the total variance. Only 0.16% of the total variance was 

accounted for by the rater effect, 1.19% by the item-rater interaction, and 0.50% by the 

rater-process interaction. Hence, it was concluded that the raters performed consistently 

across processes and across items. Second, the first and second largest variance 

components came from the process effect and the item-process interaction respectively, 

indicating that different processes were required to solve different items. Third, the item
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effect only accounted for 3.85% of the total variance, while the item-by-process effect 

accounted for 20.78% of the total variance. This finding indicated that while an item 

might receive a high rating on one process and a low rating on another process, the 

average ratings received by the items across different processes were comparable.

Rating Results

The final set of consensus ratings that was generated in the discussion for the reading 

items included in Forms E and F is displayed in Table 3. The final set of consensus item 

ratings revealed several major points. First, four components of the initial cognitive 

model —  T4 (Using topical knowledge), TW1 (Using clues in other items), TW2 

(Guessing), and TW3 (Using surface features of answer choices) —  were considered by 

the raters as not really required for correctly answering the reading items included in both 

forms. Second, no additional processes were identified by the raters. The raters agreed 

that the set of processing components defined in the initial cognitive model covered all of 

the crucial processes required for correctly answering the reading items on the two 

MELAB test forms. Third, the final ratings indicated that correctly answering an item 

was often associated with the processes of using knowledge of particular lexical items, 

using syntactic knowledge, drawing inferences, locating specific details in text, and 

evaluating alternative options. Lastly, the rater results suggested that correctly answering 

an item often involved multiple cognitive processes. For example, to correctly answer 

Item 1 in Form E, the processes of recognizing words and word meanings, using syntactic 

knowledge, and drawing inferences are critically required, and the processes of

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



104

Table 3

Final Set o f  Consensus Ratings

Item R l1 R2 R3 R4 R5 R6 R7 T1 T2 T3 T4 TW1 TW2 TW3
El 2 1 2 1 1 2 1 2 1 1 0 0 0 0
E2 2 1 2 0 0 1 1 3 2 3 0 0 0 0
E3 2 1 1 2 2 2 5 4 3 2 0 0 0 0
E4 1 1 1 0 0 1 4 2 1 1 0 0 0 0
E5 2 2 0 0 2 4 1 1 2 0 0 0 0
E6 2 1 0 0 0 1 1 2 2 2 0 0 0 0
E7 1 1 1 0 0 1 1 2 1 1 0 0 0 0
E8 2 1 1 1 2 2 2 4 3 2 0 0 0 0
E9 0 1 0 0 1 0 1 3 1 0 0 0 0 0
E10 0 1 0 0 0 2 5 4 2 2 1 0 0 0
E ll 2 1 1 0 0 0 4 3 2 1 0 0 0 0
E12 1 2 2 0 0 1 2 2 2 2 0 0 0 0
E13 1 2 1 2 1 0 4 2 1 0 0 0 0 0
E14 2 2 2 2 1 1 3 1 1 1 0 0 0 0
E15 1 2 2 0 0 1 5 2 2 2 0 0 0 0
E16 2 2 2 1 1 1 4 3 2 2 0 0 0 0
E17 1 1 1 1 1 1 4 3 2 2 0 0 0 0
E18 0 0 2 1 0 1 4 2 2 1 0 0 0 0
E19 1 0 2 2 1 2 1 2 1 2 0 0 0 0
E20 1 0 2 0 1 1 4 1 1 2 0 0 0 0
FI 1 0 1 1 1 0 1 2 3 0 0 0 0 0
F2 2 1 2 1 1 1 1 1 1 0 0 0 0 0
F3 1 0 2 0 0 0 1 2 2 1 0 0 0 0
F4 1 1 1 0 0 1 4 3 3 3 0 0 0 0
F5 1 0 1 0 1 0 3 3 2 0 0 0 0 0
F6 1 0 1 2 2 2 1 4 3 2 0 0 0 0
F7 0 0 1 1 1 2 4 4 2 1 0 0 0 0
F8 2 1 2 2 1 1 5 2 2 1 0 0 0 1
F9 2 0 2 2 2 1 5 1 2 2 0 0 0 0
F10 2 2 2 1 1 1 4 3 2 1 0 0 0 0
F ll 2 1 1 2 2 2 3 4 3 1 0 0 0 0
F12 1 2 2 1 1 2 4 1 2 3 0 0 0 0
F13 2 1 2 1 2 2 4 3 2 3 0 0 0 0
F14 2 1 2 2 2 2 4 2 1 3 0 0 0 0
F15 2 2 2 1 2 2 4 3 2 3 0 0 0 0
F16 1 1 1 1 2 1 3 3 3 0 0 0 0 0
F17 1 0 2 0 0 0 4 3 2 2 0 0 0 0
F18 2 2 2 1 1 2 2 2 2 2 0 0 0 0
F19 2 1 1 2 2 2 2 1 2 2 0 0 0 0
F20 2 1 2 0 1 1 1 3 1 3 0 0 0 0

Note. 'Abbreviations used in the table: R1 = Word Recognition Required; R2 = Vocabulary Knowledge 
Required; R3 = Syntactic Knowledge Required; R4 = Knowledge o f Discourse Structure Required; R5 =
Synthesis Required; R6 = Inference Required; R7 = Purpose o f  Information; T1 = Location o f Information; 
T2 = Type o f Match; T3 = Number o f Plausible Distractors; T4 = Topical Knowledge Required; TW1 = 
Item Cues; TW2 = Guess; TW3 = Surface Feature o f Options.
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understanding infrequently used and/or specialized vocabulary, using knowledge of text 

structures, synthesizing information presented across multiple places in the text, 

understanding authors’ pragmatic or rhetorical purposes, locating specific details in text, 

matching question to text, and evaluating alternative choices to eliminate seemingly 

correct options are somewhat involved.

To compare the cognitive item features across the two test forms, the frequency of 

the final consensus ratings were summarized separately for Form E and Form F, and the 

results are presented in Table 4. The numbers 0-5 contained in the first column of the 

Table 4

Summary o f Consensus Item Ratings for Form E and Form F

Rating R l1 R2 R3 R4 R5 R6 R7 T1 T2 T3 T4 TW1 TW2 TW3
Form E

0 3 3 3 11 10 3 — - — 2 19 20 20 20
1 8 11 7 5 8 11 6 3 9 6 1 0 0 0
2 9 6 10 4 2 6 2 9 9 11 03 — — —

3 2 1 5 2 1 - — — —

4
5

8
3

3 — — — — — —

Form F
0 1 7 0 5 3 4 — — 4 20 20 20 19
1 8 9 8 9 9 7 5 4 3 5 0 0 0 1
2 11 4 12 6 8 9 2 5 12 5 0 - — —

3 3 8 5 6 — — — —

4 8 3 - - - - - -

5 - - - - - - 2 - - - - - - -

Note. 'Abbreviations used in the table: Rl = Word Recognition Required; R2 = Vocabulary Knowledge 
Required; R3 = Syntactic Knowledge Required; R4 = Knowledge of Discourse Structure Required; R5 =
Synthesis Required; R6 = Inference Required; R7 = Purpose of Information; T1 = Location of Information; 
T2 = Type of Match; T3 = Number of Plausible Distractors; T4 = Topical Knowledge Required; TW1 = 
Item Cues; TW2 = Guess; TW3 = Surface Feature of Options.
2The symbol “- ’’means that the point(s) in the rating scale were not applicable for that cognitive variable. 
3The “0”s in the table means that no items included in the test form were coded for that point.
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table represent the full range of points included in the rating scales for all cognitive 

variables, and the numbers in the next 14 columns represent the frequency of items coded 

for each point of the scale. For example, for the first variable “Word Recognition 

Required” (Rl), which was measured using a 3-point scale (0 = Word recognition is not 

required to successfully complete the item; 1 = Word recognition is somewhat involved, 

but not critical to the successful completion of the item; and 2 = Word recognition is 

critical to successful completion of the item), 3 out of the 20 items included in Form E 

were coded as 0, 8 items were coded as 1, and 9 items were coded as 2. As points 4 and 5 

in the first column of the table are not applicable for the variable R l, a dash is used in the 

corresponding cells, meaning “Not Applicable”.

As Table 4 shows, the distributions of the item ratings were sometimes similar and 

sometimes different across the two forms. For the variables R7 (Purpose of Information), 

T4 (Topical Knowledge Required), TW1 (Item Cues), TW2 (Guessing), and TW3 

(Surface Feature of Options), the distributions of the item ratings were comparable across 

the two test forms. For the variables T4, TW1, TW2, and TW3, almost all items included 

in both forms were coded as 0. This finding indicated that the processes using topical 

knowledge, using cues from the other items sharing the common passage, guessing, and 

using surface features of answer choices were not considered by the raters as required for 

correctly answering the items in both forms.

However, for the variables Rl (Word Recognition Required), R3 (Syntactic 

Knowledge Required), R4 (Knowledge of Discourse Structure Required), R5 (Synthesis
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Required), and R6 (Inference Required), more items in Form F were coded 2 (Critical) 

than items in Form E. This finding indicated that more items in Form F than items in 

Form E were perceived by the raters as requiring the cognitively complex and demanding 

processes to arrive at the correct responses. These processes were: identifying words with 

advanced phonological and/or orthographical knowledge or recognizing the meaning of 

an unknown word with few context cues, understanding infrequently used or complex 

sentence structure, grammar, punctuation, or parts of speech, understanding complex 

discourse structure, working across multiple places in text, and generating the answer 

based on a respondent’s global understanding of the entire passage, capability of 

predicting the continuation of arguments or events, or ability to relate information in the 

passage to the real world.

Further, for the variable T1 (Location of Information), while an identical number of 

items (3) in the two forms were coded 4 (The requested information is located across the 

entire passage or beyond the passage), more items in Form F than items in Form E (8 vs. 5) 

were coded 3 (The requested information is located in the earlier part of the passage). 

These ratings indicated that, from the raters’ perspective, more items in Form F requested 

information that might not have been in a respondent’s short-term memory. For the 

variable T2 (Type of Match), more items in Form F than items in Form E lacked lexical 

overlap between the question and the text. This indicated that the raters perceived that 

more items in Form F required rewording, reordering, and integrating the idea structure 

of the passage to infer the information requested to correctly answer an item. For the
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variable T3 (Number of Plausible Distractors), while fewer items in Form F than items in 

Form E were coded by the raters as having two plausible distractors (5 v,v. 11), more 

items in Form F were coded as having three plausible distractors (6 vs. 1). This indicated 

that the raters perceived that examinees taking Form F might need to make finer 

discriminations among the options to identify the correct answer.

Finally, of the 14 variables, R2 (Vocabulary Knowledge Required) appeared to be the 

only one with fewer items in Form F than items in Form E coded 1 or 2. This indicated 

that the raters perceived that the Form F items had a lower demand for understanding 

infrequently used and/or specialized vocabulary than the Form E items. As the cognitive 

demands of the items included in the two test forms differ, as perceived by the raters, the 

item difficulty distributions were likely to be different across the two forms.

Implications for the Model Revision

The results from coding the MELAB reading items in terms of the cognitive 

processes required to correctly answer each item had three major implications for 

revising the initial cognitive model. First, the rating results provided evidence that 10 

processing components in the proposed initial cognitive model were required for 

correctly answering the MELAB reading items. These processing components were: Rl 

(Word recognition), R2 (Using vocabulary knowledge), R3 (Using syntactic knowledge), 

R4 (Using knowledge of discourse structure), R5 (Synthesis), R6 (Drawing inferences), 

R7 (Using pragmatic knowledge), T1 (Locating specific details in text), T2 (Matching the 

information given in the question stem to the relevant information in the text), and T3
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(Evaluating alternative choices). Second, the rating results did not support the initial 

cognitive model in that four components of the model were not considered by the raters 

as required to arrive at the correct responses. These four components were: T4 (Using 

topical knowledge), TW1 (Using clues in other items), TW2 (Guessing), and TW3 (Using 

surface features of answer choices). It appeared that these four elements should be 

removed from the initial model. Third, no additional processes were identified by the 

raters, which suggested that the model overall covered all the crucial processes required 

for solving the reading items included in both forms. Hence, it appeared that no further 

processes needed to be added to the initial cognitive model.

Nevertheless, caution needs to be exercised when revising the model based on raters’ 

perspective of the cognitive processes required to correctly answer the items. As all raters 

were senior graduate students who had used English in Canadian university settings for 

years, the cognitive processes identified by the raters as being needed to correctly answer 

an item may differ from the cognitive processes actually used by the MELAB target 

examinees. In this sense, verbal reports from the students representing the MELAB target 

examinees on the cognitive processes they use to correctly answer the reading items may 

shed light on the actual processes underlying the MELAB reading item performance and 

provide part of data triangulation. It was for this reason that the initial model was not 

modified until checking the consistency between the rating and the verbal report data, 

which is discussed in the next chapter.
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'Due to test security, Form E and Form F of the MELAB reading test provided by the English Language 
Institute of the University of Michigan are not presented.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



I l l

CHAPTER 5: VERBAL REPORTS OF STUDENTS

This chapter outlines the method used and presents the results for the second stage of 

the model validation —  verbal reports from Mandarin-speaking students, who represent 

one of the largest language groups of the MELAB candidates. The results from the verbal 

reports analysis are then compared to the results from the raters’ analysis of the test items 

in the previous chapter, to further refine the initial cognitive model and to determine the 

final set of item features for use in the statistical model described in Chapter 6.

Method

Participants

The participants for Phase 2 were Mandarin-speaking students who started their 

undergraduate or graduate programs at the University of Alberta in the fall of 2005 or 

winter 2006 and who had resided in English-speaking countries for no more than nine 

months. These students were selected because they were considered (1) to be literate in 

their LI as a result of at least 11 years of basic education in China, and (2) to have 

acquired advanced-level English reading proficiency, that is, have mastered the English 

language knowledge and processing strategies required for reading academic texts at the 

college level. The selection of nine months was based on three studies in which verbal 

reports of the L2 students were used to investigate the processes they used to answer 

reading test items. Anderson et al. (1991) limited their participants to those who had 

studied in the US from nine weeks to nine months; Abbott (2005) limited her participants 

to those who had resided in Canada for less than two years; and Cohen and Upton (2006)
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used undergraduates and graduates who had resided in the US from nine to 84 months.

A recruiting letter (see Appendix F) was sent via the Chinese Students and Scholars 

Association mailing list, which is available to all Chinese students at the university, 10 

days prior to the data collection. The recruiting letter described the nature of the 

investigation, explained what would be expected of the participants, clarified the 

participant selection criteria, and asked for their voluntary participation. The students 

were assured that their names would not be used in any published work, and that their 

verbal reports would not be used for any purposes except by the researcher to determine 

how they answered the test items. The students who replied and expressed an interest in 

participation were contacted by the researcher. The sample size was set at 18 (2 for the 

pilot study and 16 for the main study). The recruited participants were randomly assigned 

to take either Form E or Form F, with equal numbers of participants for each form. This 

sample size was considered reasonable, as prior research had shown that all properties of 

the categories could be identified and no new relevant data emerged from the verbal 

reports after analyzing eight to ten protocols (Abbott, 2005; Wu, 1998).

Materials

Background questionnaire. A background questionnaire was used to interview all 

participants to obtain information on their age, gender, level of education, discipline of 

study, time spent studying English in their home country, and length of residence in 

English-speaking countries (see Appendix G). The use of the background questionnaire 

had three main purposes: (1) to determine the participants’ demographic characteristics,
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(2) to establish researcher-participant rapport, and (3) to make sure all participants met 

the selection criteria described earlier. To ensure that the participants understood the 

questions, the interviews were conducted in the participants’ first language (Chinese). 

The participants’ verbal responses to the background questions and test items were 

recorded using a digital audio recorder.

Verbal report practice tasks. Verbal report practice tasks were used to familiarize the 

participants with the verbal report method. In order to avoid misleading the participants, 

reading items were not used as practice tasks. Instead, the three verbal report tasks used 

by Ericsson and Simon (1993) to illustrate the concurrent and retrospective verbal report 

method were employed (see Appendix H).

MELAB test forms. Form E and Form F of the MELAB reading test used in the first 

stage of the model validation continued to be used for this investigation (see Chapter 4 

for the description of the two test forms).

Data Collection

Pilot study. A small-scale pilot study was conducted to refine the data collection 

procedure and the protocol analysis procedure to be used to analyze the responses of the 

students in the main study. Two Chinese students enrolled in a graduate program at the 

University o f  Alberta in the fall o f  2005 participated in the pilot study, with one taking 

Form E and the other taking Form F. For each student, one session of approximately two 

hours was scheduled to complete the consent form, background questions, training on 

giving verbal reports, 20-item reading test, and concurrent and retrospective verbal
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reports. The participants could respond in their LI (Mandarin), L2 (English), or both. The 

data collected were transcribed, translated into English, and coded by the researcher.

It was determined that the data collection and analysis procedures used in the pilot 

study needed to be revised. First, based on the observation that one session to complete 

all the tasks described above extended the workload beyond what could reasonably be 

tolerated by the participants, the data collection period was split into two sessions, with 

two reading passages and their associated items administered in each session.

Second, the retrospective verbal reports conducted immediately following the 

completion of the concurrent verbal reports for each test item resulted in sparse 

concurrent data. In other words, the students kept silent while answering the items, and 

verbalized their thoughts only after they had completed the items. Therefore, students 

were instructed to give a verbal report on each item as it was completed, and 

retrospective verbal reports were conducted immediately following the completion of the 

set of five items for each passage.

Third, the type and frequency of probes distracted, and, at times, misled the 

participants. Hence, researcher probes were replaced by non-mediated verbal probes 

successfully used by Abbott (2005).

Fourth, the verbal report data, which were collected entirely in Mandarin, were too 

extensive to transcribe, translate, and code for analysis in a timely manner. To improve 

the efficiency and economy of data analysis and be more faithful to the original data, the 

students’ verbal reports were not translated into English, except for those portions
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presented in this chapter to illustrate the students’ thinking.

Lastly, the verbal data had been intended to validate both the components of the 

initial cognitive model and the cognitively-based item features coded by the raters. 

However, it was found that the verbal data coded using the coding scheme based on the 

components of the initial cognitive model could not be completely matched to the rating 

data. Therefore, two-step intensive analyses of the verbal data were conducted. That is, 

the verbal data were first classified using the coding scheme based on the cognitive 

processes defined in the initial cognitive model (i.e., the first two columns of Table 1 in 

Chapter 3). Once this step was done, the verbal report data were further coded using the 

finer coding scheme based on the rating scales listed in the last column of Table 1. For 

example, using the initial coding scheme based on the components of the initial cognitive 

model, the verbal data for a given item were classified into two categories, drawing 

inferences and locating specific details in the text. Then, using the finer coding scheme 

based on the rating scales, the verbal data were further coded as drawing low-level 

inferences or high-level inferences and in which part of the text the requested information 

could be found (i.e., 1st section, 2nd section, 3rd section, or the entire passage).

Main study. The verbal report data were collected in individual sessions at the 

University of Alberta during the winter 2006. The respondents were told that they could 

respond in Mandarin, English, or both. As pointed out above, data from each participant 

were collected during two separate sessions scheduled on two different days within a 

week, with the first two passages and their associated items administered on day 1 and
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the remaining two passages and their associated items administered on day 2. To 

maximize the consistency among the sessions, standardized procedures and instructions 

were followed for each session (see Appendix G).

On day 1, the researcher met with each participant in an office at the university. The 

researcher and participant sat side-by-side at a table on which there was a microphone, a 

digital audio recorder, and a folder containing the experimental materials. These materials 

included a consent form (see Appendix I), a sheet of instructions and background 

questions, three practice tasks, and either Form E or Form F of the MELAB reading test. 

Before beginning the formal data collection, the researcher explained the nature of the 

task and the procedures to be followed. After the participant read and signed the consent 

form, the researcher interviewed the participant about his/her age, education level, major, 

length of time studying English, and length of residence in English-speaking countries.

Considering that the participants might not be familiar with concurrent and 

retrospective verbal report methods, the researcher then provided instructions and the 

three tasks for them to practice their verbal reporting skills. Once the participants were 

accustomed to the verbal report procedures and had no questions, the digital audio 

recorder was turned on and the first two passages with their accompanying 10 items from 

the assigned form were administered. Participants were asked to read the passages and 

answer the accompanying items as if they were taking a real reading test. They were 

asked to verbally express their thought processes while answering the items (concurrent 

reports), and upon completing the set of five items for each passage, to describe aloud
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their remembrance about the thought processes they used to answer the item 

(retrospective reports). The participants were instructed to verbalize whatever was on 

their minds while and after they completed each item and to talk constantly. If the 

participants remained silent for longer than 10 seconds, they were prompted by the 

researcher to keep talking.

After completing the verbal report for both passages, the participants were asked by 

the researcher to rate their familiarity with the passage topics using the scale 0 = familiar, 

1= somewhat familiar, 2 = not familiar. The topic familiarity ratings were intended to 

determine whether or not topical knowledge was a source of processing difficulty that 

affected the difficulty of the MELAB reading items, as indicated in the initial cognitive 

model. On day 2, the participants were asked to complete the remaining two passages 

with their accompanying 10 items on the test form. The procedures followed on day 2 

were the same as the procedures used on day 1.

Verbal Protocol Procedures

Coding the verbal report data. The students’ answers were marked to the key and 

their verbal reports were transcribed verbatim and typed into computer by the researcher. 

The researcher reviewed each of the verbal reports and coded them for the cognitive 

processes used for both correct and incorrect responses. The concurrent and retrospective 

data were combined for each item for analysis. The cognitive processes defined in the 

initial cognitive model were used as a coding scheme for classifying the verbal report 

data. The statement or phrase of the verbal reports associated with each cognitive process
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was segmented and assigned a code. Additional processes gleaned from the transcripts 

were categorized and added to the existing list of cognitive processes.

Upon completion, the verbal report data were recoded in a finely-tuned manner 

using the detailed coding scheme based on the rating scales listed in the last column of 

Table 1. As the coding proceeded, it became clear that the verbal data were not sensitive 

enough to make finely-tuned distinctions between the categories “Somewhat involved in 

correctly answering the item” and “Critical for correctly answering the item” for the 

processes R1 (Word recognition), R2 (Using vocabulary knowledge), R3 (Using syntactic 

knowledge), R4 (Using knowledge of discourse structure), and T4 (Using topical 

knowledge). Therefore, these two categories were collapsed. That is, the verbal data 

regarding these five processing categories were simply coded as 0 if they were not 

reported and coded 1 if reported. All the individual occurrences of the cognitive processes 

were identified and coded, and the total number of times each process was verbalized for 

the correct responses was counted.

Coding reliability. To evaluate the reliability of assigning the processes used by the 

students to the various processing categories in the initial model, an independent rater 

(i.e., a colleague of the researcher, who had comparable expertise as the researcher and no 

experience with the study) coded 37.5% of the verbal report data first using the initial 

coding scheme and then using the finer coding scheme mentioned above. To ensure the 

confidentiality of the data and research information, the independent rater was asked to 

read and sign a confidentiality agreement (see Appendix J). Prior to data coding, the
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independent rater was trained in the data coding procedures. During the training, the 

researcher discussed the coding schemes with the rater, demonstrated the coding, and 

provided the rater with a chance to practice using the verbal reports from one of the 

participants. After the training, the rater independently coded six verbal reports, three of 

which were randomly selected from the Form E participants and three randomly selected 

from the Form F participants. The codes assigned by the independent rater were then 

compared to those assigned by the researcher. The reliability of assigning processes to the 

various processing categories was evaluated. Consistency was defined as the extent to 

which the verbal report data segments were coded using the same processing categories 

by both raters. The percentage of total agreement between the researcher and the 

independent rater was 82.8%, which indicated that the cognitive processes segments were 

consistently coded.

Supplementary data analysis. The participants’ responses to the background 

questions and topic familiarity ratings were entered into the SPSS 13.0 and verified for 

100% accuracy. Descriptive statistics were calculated to determine the participants’ 

demographic characteristics and familiarity with the MELAB reading topics.

Comparing verbal reports to ratings. To determine the final set of item features, the 

cognitively-based item features coded by the raters were compared to the frequency of 

the cognitive processes inferred from the students’ verbal reports for the correct responses. 

Because of the variety in the total number of correct responses per item, a simple count of 

process frequencies would have distorted the importance of any given process. Hence, the
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raw frequencies of the processes used by the students for the correct responses to each 

item were converted into ratio scores, that is, the number of students reporting the use of 

a given process for the correct responses to a given item in relation to the total number of 

students who correctly answered that item. Then, criteria were developed to rigorously 

distinguish levels of consistency between the rating data and the verbal report data. The 

cutoff points were used as follows: The two data sources were considered as highly 

consistent when the ratio scores > 0.5, which meant a majority of the students who 

correctly answered a given item reported the use of a given process coded by the raters; 

moderately consistent when the ratio scores >0.25 and < 0.5; low consistent when the 

ratio scores < 0.25 and >0; and not consistent when the ratio scores = 0. Based on these 

criteria, consistency between the two data sources were checked, and reasons for the 

contradictory findings were examined. Based on the results of comparison, the processing 

components of the initial cognitive model and cognitive variables used for rating were 

refined as necessary. Given the complexity of validating the cognitive model based on 

frequency of the verbal data and comparison of the verbal data to the rating data, the 

components of the cognitive model derived from these analyses were analyzed in a partly 

empirical and partly intuitive way, relying more on qualitative criteria than on any hard 

and fast quantitative measures.

Results

Biographic Description

Table 5 presents the participants’ code (e.g., El means Form E Participant 1), age,
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gender, level of education, discipline of study, time spent studying English in their home 

country (TOE), and length of residence in English-speaking countries (LOR), as 

determined by the background questions answered by each participant at the beginning of 

session 1. The last column of Table 5 shows the participants’ total scores on the form they 

responded to.

Table 5

Characteristics o f the Verbal Report Participants
Code Age Gender Education Discipline TOE1 LOR2 Score
El 24 F Undergraduate Mathematics 9 2 13/20
E2 29 M Graduate Material Science 12 5 18/20
E3 32 M Graduate Psychology 13 5 18/20
E4 19 F Undergraduate Biology 11 6 15/20
E5 28 M Graduate Linguistics 13 6 19/20
E6 25 M Graduate Electrical

Engineering
10 1 16/20

E7 24 F Graduate Education 8 6 18/20
E8 32 F Graduate English Literature 19 6 16/20
FI 31 F Graduate Civil Engineering 8 9 11/20
F2 33 M Graduate Computer Science 13 5 14/20
F3 27 M Graduate Marketing 13 6 19/20
F4 25 M Graduate Chemical

Engineering
8 7 18/20

F5 26 M Graduate Pharmacy 13 6 19/20
F6 22 F Graduate Statistics 10 6 19/20
F7 30 M Graduate Computer Science 13 1 16/20
F8 26 F Graduate Education 13 6 15/20

Note. 'TOE = Time spent studying English in their home country (years) 
2LOR = Length of residence in English speaking countries (months)

As shown in Table 5, the interview sample included 2 undergraduates (i.e., El and 

E4) and 14 graduates. Eight students (4 males and 4 females, of whom two were 

undergraduates) responded to Form E, and eight students (5 males and 3 females)
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responded to Form F. The participants were from a variety of disciplines. At the time 

when they participated in the study, they had spent at least eight years studying English in 

their home country and resided in English-speaking countries for no more than nine 

months. The participants had a minimum score of 11 out of 20, which indicated that they 

were at a proficiency level where they had acquired at least basic understanding of the 

test passages and would be able to provide accurate reports of the processes they used to 

answer reading test items rather than simply guessing.

The mean, standard deviation, and range of the participants’ age, TOE, LOR, and 

total scores were calculated separately for Form E and Form F. The results are displayed 

in Table 6. As shown in the table, the mean age of the participants for Form E was 26.62 

(SD = 4.47), and for form F was 27.50 (SD = 3.59). The mean length of time spent in 

studying English in their home country (TOE) was 11 years and 10 months for the Form 

E participants (Mean =11.87, SD = 3.40), and 11 years and 5 months for the Form F 

participants (Mean = 11.38, SD = 2.33). At the time of completing the verbal reports, the 

Form E participants had resided in English-speaking countries for 4.62 months on 

average (SD = 2.00), and the Form F participants had resided in English-speaking 

countries for 5.75 months on average (SD = 2.25). The mean score of the participants for 

Form E was 16.63 (83.2%) (SD = 2.00), and for Form F was 16.38 (81.9%) (SD = 2.92). 

The mean differences between the Form E and Form F participants in each of the four 

variables were tested using independent samples /-tests. The results indicated that there 

was no significant difference between the two samples at the 0.05 level of significance
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(tage = -0.432, p  > 0.05; hoE = 0.343,p >  0.05; tLOR = -1.058,/? > 0.05; tscore = 0.200, p  > 

0.05).

Table 6

Descriptive Statistics for the Verbal Report Participants
Variables FormE Form F

Mean SD Range Mean SD Range
Age 26.62 4.47 13.00 27.50 3.59 11.00
TOE1 11.87 3.40 11.00 11.38 2.33 5.00
LOR2 4.62 2.00 5.00 5.75 2.25 8.00
Score 16.63 2.00 6.00 16.38 2.92 8.00

Note: 'TOE = Time spent studying English in their home country (years) 
2LOR = Length of residence in English speaking countries (months)

Topic Familiarity

Table 7 displays the distributions of the participants’ ratings on their familiarity with 

the topics of the reading passages included in Forms E and F. The passages in Form E 

were on the topics of sea life (PI), human mate selection (P2), rock formation (P3), and 

bread (P4), and in Form F were on the topics of pilgrimage (PI), sleep (P2), agriculture 

(P3), and fleas (P4). As shown in the table, with the exception of the first and third 

passages in Form E, a majority of the participants indicated that they were either familiar 

or somewhat familiar with the passage topics. The third passage in Form E, which was 

about rock formation, appeared to be the least familiar to the participants, with 2 

participants indicating familiarity and 6 indicating unfamiliarity. The first passage in 

Form E, which was about sea life, was the second least familiar to the participants, with 4 

participants indicating familiar or somewhat familiar and 4 indicating unfamiliar. The 

next two passages with relatively less familiar topics were the last passage in Form E
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(about bread) and the last passage in Form F (about flea), respectively. The second 

passage in Form F, which was about sleep, appeared to be the most familiar to the 

participants, with 5 participants indicating familiar, 2 indicating somewhat familiar, and 

only 1 indicating unfamiliar.

Table 7

Distributions o f MELAB Topic Familiarity by Test Form
Rating Scale Form E (N =8) Form F (N = 8)

P I1 P2 P3 P4 PI P2 P3 P4
Familiar 1 3 2 0 3 5 3 1
Somewhat
Familiar

3 4 0 5 4 2 4 4

Not Familiar 4 1 6 3 1 1 1 3
Note.lV represents passage. For example, PI means Passage One.

Comparison of the topic familiarity distributions between Form E and Form F 

revealed that Form E had more students who lacked topic familiarity than Form F. Given 

that no significant differences were found between the Form E and Form F students’ 

mean scores at the 0.05 level of significance, it appeared that topic familiarity was not 

that important for these two forms. This finding was not surprising, considering that the 

MELAB test specifications specify that topic knowledge is not required to understand the 

passages or to answer the items and that any bias toward examinees of a particular 

educational background should be avoided when selecting the test passages.

Nevertheless, considering that the topics of the MELAB test passages are intended to 

be accessible to all target examinees and not to be easier or more difficult for examinees 

of any particular field of study or from any particular country, cultural, or experiential
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background (ELI, 2003), it was surprising that some participants indicated that they were 

not familiar with the passage topics. An examination of their verbal reports provides 

some explanations of why they reported unfamiliarity. The following are examples of the 

participants’ comments on topic unfamiliarity. The notes in the bracket mean the test form, 

passage, and student. For example, EP2S1 means Form E Passage 2 Student 1.

a) “I was not familiar with this passage topic, especially the content of the passage. 
Indeed, movement of the earth’s crust was far from my background knowledge as a 
liberal art student. I had to read the passage carefully and then solved the items based 
on what was said in the passage. I felt I could answer the items, but could not tell 
exactly what was going on in this passage. I just didn’t know what it (the passage) 
talked about. For example, I didn’t understand the proper nouns and there was no way 
to guess their meanings.” [EP3S8]

b) “Judging from my common sense, I was not familiar with this topic. I met such a 
topic only when I took a test. I definitely lacked the knowledge about rock formation.
I didn’t know much about rock formation, especially when I had no idea about this 
key word [magma]. Fail to understand this word affected my understanding about the 
passage content. I think understanding the meaning of key words in the passage is the 
key to understanding the passage content.” [EP3S5]

c) “I said I was not familiar with the topic of the first passage. In fact, my unfamiliarity 
was mainly because my unfamiliarity with the vocabulary. In retrospect, actually I 
was somewhat familiar with all the passage topics. All test passages are about popular 
science and the texts are completely understandable.” [EP1S1]

d) “I was not familiar with this topic at all. A lot of words in the passage were not 
familiar to me. I had to guess their meanings. Besides, there were so many proper 
nouns and I did not know how to pronounce them. Although proper nouns did not 
affect understanding too much, they did affect understanding and recall to some 
degree. A big problem is that I feel so frustrated, so annoyed, and so impatient 
whenever reading texts with lots of unfamiliar words. I just have no interest reading it 
at all.” [EP1S3]

e) “Even if I am quite familiar with bread and eat it everyday, I doubt I am familiar with 
the content of this passage. I didn’t know the mechanisms for producing bread and 
the logical explanations for producing different types of breads. My common
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knowledge didn’t tell me the relationships between producing different breads and 
economies of a country and the author’s and economists’ opinions. It is like when you 
read a paper in your own field. Even if you are familiar with its topic, you don’t know 
its content, because different people may have different ideas and get different 
conclusions. You never know what they are talking about until you read their stuff. I 
have to read the passage anyway. Hence, I think ‘topic familiarity’ is not an important 
issue to purse, and indeed, I feel topic familiarity is a very ambiguous term” [EP4S6]

f) “I was not familiar with the topic of this passage. Theoretically, it is understandable 
that the topics of the test passages are not familiar or somewhat familiar, since the 
passages with very familiar topics are normally not used for test purpose. Say, this 
passage, I definitely knew flea. I even knew flea was the insect that jumped the 
highest in relative to its height. However, I didn’t know its physical characteristics, 
work mechanisms, and evolution. I knew about the plague endemic in the rat 
population, which caused death of tens of thousands of people during the 14th century. 
But I didn’t know how the plague found its way to the human population. I didn’t 
know the rats got the plague from the fleas. I had thought it was caused by the food 
taken by rats.”[FP4S4]

The students’ comments revealed three major reasons for why some of them reported 

unfamiliarity with certain passage topics. First, as can be seen from the comments given 

by the students EP3S8, EP3S5, EP1S1, and EP1S3, the appearance of proper nouns and 

failure to understand the meaning of key vocabulary in the passage affected their interest 

in reading the passages and understanding about the passage content. It appeared that the 

unfamiliarity with the passage topics reported by these students was likely due to their 

unfamiliarity with the infrequently used and/or specialized vocabulary. Second, as 

indicated by the students EP3S8 and EP3S5, who majored in English Literature and 

Linguistics, respectively, certain passage topics like rock formation might have bias 

toward the students from certain academic backgrounds. Third, as indicated by the 

students EP4S6 and FP4S4, topic familiarity appeared to be a vague term, as clear-cut 

descriptions to distinguish familiarity from unfamiliarity or different levels of familiarity
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were lacking. Consequently, evaluation of topic familiarity became very subjective in 

nature. For instance, certain students reported familiarity with the topic about bread based 

on the criteria that they were familiar with the bread. But some students reported 

unfamiliarity with this topic based on their criteria that they did not know about the 

details described in the passage, such as the mechanisms for producing the bread, though 

they knew about the bread. Maybe it is true to say “topic familiarity is not an important 

issue to pursue”, as commented by student EP4S6.

Validating the Components o f the Initial Model with the Verbal Reports

While both correct and incorrect responses were coded, only the cognitive processes 

underlying the correct responses are presented, because the interpretation of the correct 

responses to items was considered most pertinent to the validity of a test (Alderson, 2000) 

and the development of a cognitive processing model (VanderVeen, 2004). Tables 8 and 9 

present the frequency of each processing component of the initial cognitive model used 

by the students who correctly answered each item included in Form E and Form F, 

respectively. In both tables, the first column displays the test form and item number (e.g., 

El means Form E Item 1). The second column summarizes the number of correct 

responses for each item (e.g., 7 means 7 out of 8 participants correctly answered that 

item). The next 15 columns display the frequency of each cognitive process used by one 

or more students who correctly answered the item.

As shown in Tables 8 and 9, the verbal reports for a total of 134 correctly answered 

items in Form E and 131 correctly answered items in Form F were analyzed. The
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Table 8

Frequencies o f Cognitive Processes Used for the Correct Responses (Form E)

Item r i2 R2 R3 R4 R5 R6 R7 T1 T2 T3 T4 TW1 TW2 TW3 T53

El 4 2 1 2 0 3 3 0 3 2 3 0 0 0 0 1
E2 7 4 0 2 0 1 0 0 7 1 4 0 0 0 0 3
E3 5 0 0 0 3 1 0 4 0 0 5 0 0 0 1 1
E4 7 0 0 3 0 0 6 0 7 2 4 0 0 0 0 2

E5 3 0 0 1 0 0 3 0 3 2 0 0 0 0 0 3

E6 7 7 0 0 2 0 0 0 7 0 3 0 0 0 0 1
E7 8 0 0 0 0 0 0 0 8 0 2 0 0 0 0 4
E8 7 0 0 0 1 1 3 0 5 0 5 1 0 3 0 2
E9 8 0 0 1 0 2 0 0 8 3 6 0 0 0 0 4
E10 5 0 0 0 2 0 2 2 0 0 5 2 0 2 0 2
Ell 8 0 0 0 0 0 0 0 8 2 5 0 0 0 0 4
E12 8 1 0 1 0 0 4 0 8 3 4 0 0 1 0 4
E13 8 6 0 0 7 0 0 2 8 5 2 0 0 0 0 5
E14 8 2 0 0 1 1 6 0 8 3 6 0 0 2 0 4
E15 7 1 0 3 1 1 5 1 7 4 3 0 0 1 0 4
E16 7 7 0 0 1 0 4 0 6 2 4 0 0 1 0 1

E17 5 2 0 0 3 4 3 1 5 2 5 0 0 0 0 1
E18 6 0 0 5 0 0 4 1 6 2 4 0 0 0 0 2
E19 8 1 0 3 2 1 7 0 7 4 6 0 0 1 0 3
E20 8 0 0 5 3 2 5 2 8 3 6 0 0 0 0 3
Total 134 33 1 26 26 17 55 13 119 40 82 3 0 11 1 54
Note. l#S means the number of correct responses.
Abbreviations used in the table: R1 = Using word recognition; R2 = Using vocabulary knowledge; R3 = 
Using syntactic knowledge; R4 = Using knowledge of discourse structure; R5 = Synthesis; R6 = Drawing 
inferences; R7 = Recognizing authors’ pragmatic or rhetorical purposes; T1 = Locating specific details in 
text; T2 = Matching question to text; T3 = Evaluating alternative options; T4 = Using topical knowledge; 
TW1 = Using item cues; TW2 = Guessing; TW3 = Using surface features of answer choices.
3T5 = Additional processing category emerged from the data- metacognitive strategies.
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Table 9

Frequencies o f Cognitive Processes Used for the Correct Responses (Form F)

Item #sl Rl2 R2 R3 R4 R5 R6 R7 T1 T2 T3 T4 TW1 TW2 TW3 T53

FI 8 3 0 3 2 3 0 7 6 2 6 0 0 0 0 3
F2 7 1 0 4 2 0 5 0 7 3 5 0 0 0 0 5
F3 8 4 0 7 0 0 3 1 8 2 3 0 0 0 0 4
F4 6 4 0 0 0 0 5 0 5 2 3 0 0 1 0 2
F5 8 1 0 3 0 0 0 3 8 3 5 0 0 0 0 4
F6 7 2 0 0 2 4 6 2 2 2 6 0 0 2 0 5
F7 8 0 0 0 2 3 8 1 7 2 6 2 0 1 0 5
F8 7 0 0 0 1 3 5 0 5 3 2 0 0 0 0 4
F9 7 0 0 0 1 1 0 0 5 2 4 0 0 0 0 2
F10 7 2 0 1 0 0 0 0 7 2 5 1 0 0 0 4
Fll 7 0 0 0 4 4 0 4 0 0 6 0 0 0 0 4
F12 6 3 0 3 1 0 4 1 6 3 3 1 0 0 0 3
F13 6 1 0 0 2 1 5 1 5 2 4 1 0 1 0 3
F14 5 4 0 5 0 0 0 0 5 4 3 2 0 1 0 3
F15 4 0 0 1 0 1 0 2 4 4 3 1 0 0 0 1
F16 8 0 0 0 7 8 0 5 0 0 6 0 0 0 0 4
F17 4 0 0 3 0 1 0 0 4 2 2 1 0 0 0 2
F18 6 2 0 4 1 0 3 0 6 1 5 1 0 2 0 5
F19 5 2 0 4 0 2 0 1 3 1 3 1 0 1 0 2
F20 7 5 0 4 0 0 3 0 7 1 5 2 0 1 0 3

Total 131 34 0 42 25 31 47 28 100 41 85 13 0 10 0 68
Note. l#S means the number of correct responses.
Abbreviations used in the table: R1 = Using word recognition; R2 = Using vocabulary knowledge; R3 = 
Using syntactic knowledge; R4 = Using knowledge of discourse structure; R5 = Synthesis; R6 = Drawing 
inferences; R7 = Recognizing authors’ pragmatic or rhetorical purposes; T1 = Locating specific details in 
text; T2 = Matching question to text; T3 = Evaluating alternative choices; T4 = Using topical knowledge; 
TW1 = Using item cues; TW2 = Guessing; TW3 = Using surface features of answer choices.
3T5 = Additional processing category emerged lfom the data- metacognitive strategies.

cognitive processes used by the participants to correctly answer the reading items in both 

forms covered 11 (out of 14) components of the initial cognitive model. The three 

processing components not supported by the students’ verbal report data were R2 (Using 

vocabulary knowledge), TW1 (Using item cues), and TW3 (Using surface features of
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answer choices). This finding was not surprising, considering that the students were all 

advanced-level ESL students who have mastered basic English language knowledge and 

processing strategies required for reading university-level academic texts, and that using 

item cues and surface features of answer choices were irrelevant to the constructs 

assessed by the MELAB reading.

Additional processes emerged from the students’ verbal reports included assessing 

the correctness of the response to the test item, assessing the characteristics of the test 

item to determine the feasibility of correctly answering it, assessing what is required to 

complete the item, planning the order of steps to be taken to complete the items, and 

making verifications in order to answer the item correctly. Based on the literature (e.g., 

Alderson, 2000; Bachman & Palmer, 1996; Phakiti, 2003), these processes were 

classified into a new processing category of test management called the metacognitive 

strategies (T5).

The marginal frequency of each cognitive process used by the Form E and Form F 

students to arrive at the correct responses (i.e., the last rows of Tables 8 and 9) were 

compared, and the results are displayed in Figure 6. In the figure, the Y-axis represents 

the frequency of the cognitive processes used by the students, and the X-axis displays the 

15 cognitive processing categories inferred from the students’ verbal reports. Using Form 

E as the base form, these cognitive processes are ordered in terms of the descending 

frequency of Form E. For all processes, the frequencies of the processes used for Forms E 

and F are presented as pairs, with Form E being the left bar and Form E the right.
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Figure 6. Frequency of the cognitive processes used by the Forms E and F students1.

Note. Abbreviations used in the table: R1 = Word recognition; R2 = Using vocabulary knowledge; R3 = Using syntactic knowledge; R4 = Using knowledge of 
discourse structure; R5 = Synthesis; R6 = Drawing inferences; R7 = Using pragmatic knowledge; T1 = Locating specific details in text; T2 = Matching question 
to text; T3 = Evaluating plausible distractors; T4 = Using topical knowledge; TW1 = Using item cues; TW2 = Guessing; TW3 = Using surface feature of options; 
T5 = Metacognitive strategies.



Two features are immediately apparent in the figure. First, a majority of the cognitive 

processes have comparable frequencies of occurrences between Forms E and F, and only 

a small number of cognitive processes have different frequencies of occurrences between 

the two forms. The cognitive processes having comparable frequencies of occurrences 

between the two forms include T3 (82 times for Form E vs. 85 times for Form F), T2 (40 

times for Form E vs. 41 times for Form F), R1 (33 times for Form E vs. 34 times for 

Form F), R4 (26 times for Form E vs. 25 times for Form F), TW2 (11 times for Form E vs. 

10 times for Form F), R2 (once for Form E vs. zero for Form F), TW3 (once for Form E 

vs. zero for Form F), and TW1 (zero for both forms). The cognitive processes having 

different frequencies of occurrences between the two forms include T1 (119 times for 

Form E vs. 100 times for Form F), R6 (55 times for Form E vs. 47 times for Form F), T5 

(54 times for Form E vs. 68 times for Form F), R3 (26 times for Form E vs. 42 times for 

Form F), R5 (17 times for Form E vs. 31 times for Form F), R7 (13 times for Form E vs. 

28 times for Form F), and T4 (3 times for Form E vs. 13 times for Form F).

Second, as can be seen in the figure, the rank orderings of the cognitive processes in 

terms of their frequencies of occurrences display similar patterns for both forms. For 

example, for both forms, T1 (Locating specific details in text) and T3 (Evaluating 

alternative choices) were the two most frequently reported cognitive processes for the 

correct responses. The Form E students reported the use of T1 for the correct responses 

for a total of 119 times and T3 for a total of 82 times. The Form F students reported the 

use of T1 for the correct responses for a total of 100 times and T3 for a total of 85 times.
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Moreover, for both forms, R2 (Using vocabulary knowledge), TW1 (Using clues in other 

items), and TW3 (Using surface features of answer choices) were not really reported by 

the students for the correct responses. For the remaining 10 cognitive processes, only 

minor differences were discovered in their rank orders between the two forms. 

Specifically, these cognitive processes reported by the Form E students for the correct 

responses, in descending order, were R6, T5, T2, R l, R3, R4, R5, R7, TW2, and T4, and 

for Form F, in descending order, were T5, R6, R3, T2, R l, R5, R7, R4, T4, and TW2. 

Comparing the Item Feature Ratings to the Verbal Reports

Tables 10 and 11 present the results of comparisons between the final set of 

consensus ratings presented in Table 4 and the frequency of the cognitive processes 

inferred from the students’ recount for the correct responses and coded using the finer 

coding scheme based on the rating scale. The table was again set up as an item by process 

matrix, with rows containing the items and columns containing the 14 cognitive elements. 

Each cell of the table contained two numbers: the left one is the item feature coded by the 

raters and the right one in the bracket shows the frequency ratio of the corresponding 

cognitive process used by the students to correctly answer the given item. As mentioned 

earlier, frequency ratio was defined as the number of students reporting the use of the 

given process to reach the correct responses to the given item divided by the number of 

students who correctly answered that item. For example, the number 0/7 in a bracket 

means that 7 students correctly answered that item, and that the rating on a given process 

for that item could not be supported by the verbal reports from any of these 7 students.
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Table 10

Comparisons between Verbal Data and Rating Data (Form E)

Item R l1 R2 R3 R4 R5 R6 R7 T1 T2 T3 T4 TW1 TW2 TW3
El 2(2/4) 1(1/4) 2(2/4) 1(0/4) 1(3/4) 2(2/4) 1(0/4) 2(3/4) 1(2/4) 1(2/4) 0(4/4) 0(4/4) 0(4/4) 0(4/4)
E2 2(4/7) 1(0/7) 2(2/7) 0(7/7) 0(6/7) 1(0/7) 1(0/7) 3(7/7) 2(1/7) 3(4/7) 0(7/7) 0(7/7) 0(7/7) 0(7/7)
E3 2(0/5) 1(0/5) 1(0/5) 2(3/5) 2(1/5) 2(0/5) 5(4/5) 4(5/5) 3(5/5) 2(3/5) 0(5/5) 0(5/5) 0(5/5) 0(4/5)
E4 1(0/7) 1(0/7) 1(3/7) 0(7/7) 0(7/7) 1(6/7) 4(0/7) 2(7/7) 1(2/7) 1(2/7) 0(7/7) 0(7/7) 0(7/7) 0(7/7)
E5 2(0/3) 2(0/3) 2(1/3) 0(3/3) 0(3/3) 2(2/3) 4(0/3) 1(3/3) 1(2/3) 2(0/3) 0(3/3) 0(3/3) 0(3/3) 0(3/3)
E6 2(7/7) 1(0/7) 0(7/7) 0(5/7) 0(7/7) 1(0/7) 1(0/7) 2(7/7) 2(0/7) 2(3/7) 0(7/7) 0(7/7) 0(7/7) 0(7/7)
E7 1(0/8) 1(0/8) 1(0/8) 0(8/8) 0(8/8) 1(0/8) 1(0/8) 2(8/8) 1(0/8) 1(2/8) 0(8/8) 0(8/8) 0(8/8) 0(8/8)
E8 2(0/7) 1(0/7) 1(0/7) 1(1/7) 2(1/7) 2(2/7) 2(0/7) 4(5/7) 3(0/7) 2(3/7) 0(6/7) 0(7/7) 0(4/7) 0(7/7)
E9 0(8/8) 1(0/8) 0(7/8) 0(8/8) 1(2/8) 0(8/8) 1(0/8) 3(8/8) 1(3/8) 0(2/8) 0(8/8) 0(8/8) 0(8/8) 0(8/8)
E10 0(5/5) 1(0/5) 0(5/5) 0(3/5) 0(5/5) 2(2/5) 5(2/5) 4(3/5) 2(0/5) 2(4/5) 1(3/5) 0(5/5) 0(3/5) 0(5/5)
E ll 2(0/8) 1(0/8) 1(0/8) 0(8/8) 0(8/8) 0(8/8) 4(0/8) 3(8/8) 2(2/8) 1(5/8) 0(8/8) 0(8/8) 0(8/8) 0(8/8)
E12 1(1/8) 2(0/8) 2(1/8) 0(8/8) 0(8/8) 1(4/8) 2(0/8) 2(8/8) 2(3/8) 2(4/8) 0(8/8) 0(8/8) 0(7/8) 0(8/8)
E13 1(6/8) 2(0/8) 1(0/8) 2(7/8) 1(0/8) 0(8/8) 4(2/8) 2(8/8) 1(5/8) 0(6/8) 0(8/8) 0(8/8) 0(8/8) 0(8/8)
E14 2(2/8) 2(0/8) 2(0/8) 2(1/8) 1(1/8) 1(6/8) 3(0/8) 1(8/8) 1(3/8) 1(3/8) 0(8/8) 0(8/8) 0(6/8) 0(8/8)
E15 1(1/7) 2(0/7) 2(3/7) 0(6/7) 0(6/7) 1(5/7) 5(1/7) 2(7/7) 2(4/7) 2(3/7) 0(7/7) 0(7/7) 0(6/7) 0(7/7)
E16 2(7/7) 2(0/7) 2(0/7) 1(1/7) 1(0/7) 1(4/7) 4(0/7) 3(6/7) 2(2/7) 2(3/7) 0(7/7) 0(7/7) 0(6/7) 0(7/7)
E17 1(2/5) 1(0/5) 1(0/5) 1(3/5) 1(4/5) 1(3/5) 4(1/5) 3(5/5) 2(2/5) 2(4/5) 0(5/5) 0(5/5) 0(5/5) 0(5/5)
E18 0(6/6) 0(6/6) 2(5/6) 1(0/6) 0(6/6) 1(4/6) 4(1/6) 2(5/6) 2(2/6) 1(4/6) 0(6/6) 0(6/6) 0(6/6) 0(6/6)
E19 1(1/8) 0(8/8) 2(3/8) 2(2/8) 1(1/8) 2(7/8) 1(0/8) 2(6/8) 1(4/8) 2(5/8) 0(8/8) 0(8/8) 0(7/8) 0(8/8)
E20 1(0/8) 0(8/8) 2(5/8) 0(5/8) 1(2/8) 1(5/8) 4(2/8) 1(8/8) 1(3/8) 2(4/8) 0(8/8) 0(8/8) 0(8/8) 0(8/8)

Note. Abbreviations used in the table: Rl = Word Recognition Required; R2 = Vocabulary Knowledge Required; R3 = Syntactic Knowledge Required; R4 = 
Knowledge of Discourse Structure Required; R5 = Synthesis Required; R6 = Inference Required; R7 = Purpose of Information; T1 = Location of Information; T2 
= Type of Match; T3 = Number of Plausible Distractors; T4 = Topical Knowledge Required; TW1 = Item Cues; TW2 = Guessing; TW3 = Surface Feature of 
Options.
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Table 11

Consistencies between Verbal Data and Rating Data (Form F)
Item R l1 R2 R3 R4 R5 R6 R7 T1 T2 T3 T4 TW1 TW2 TW3
FI 1(3/8) 0(8/8) 1(3/8) 1(2/8) 1(3/8) 0(8/8) 1(3/8) 2(5/8) 3(0/8) 0(3/8) 0(8/8) 0(8/8) 0(8/8) 0(8/8)
F2 2(1/7) 1(0/7) 2(4/7) 1(2/7) 1(0/7) 1(5/7) 1(0/7) 1(7/7) 1(3/7) 0(4/7) 0(7/7) 0(7/7) 0(7/7) 0(7/7)
F3 1(4/8) 0(8/8) 2(7/8) 0(8/8) 0(8/8) 0(5/8) 1(1/8) 2(8/8) 2(2/8) 1(2/8) 0(8/8) 0(8/8) 0(8/8) 0(8/8)
F4 1(4/6) 1(0/6) 1(0/6) 0(6/6) 0(6/6) 1(5/6) 4(0/6) 3(5/6) 3(2/6) 3(3/6) 0(6/6) 0(6/6) 0(5/6) 0(6/6)
F5 1(1/8) 0(8/8) 1(3/8) 0(8/8) 1(0/8) 0(8/8) 3(3/8) 3(8/8) 2(3/8) 0(5/8) 0(8/8) 0(8/8) 0(8/8) 0(8/8)
F6 1(2/7) 0(7/7) 1(0/7) 2(2/7) 2(4/7) 2(5/7) 1(2/7) 4(4/7) 3(2/7) 2(5/7) 0(7/7) 0(7/7) 0(5/7) 0(7/7)
F7 0(8/8) 0(8/8) 1(0/8) 1(2/8) 1(3/8) 2(6/8) 4(1/8) 4(6/8) 2(2/8) 1(6/8) 0(6/8) 0(8/8) 0(7/8) 0(8/8)
F8 2(0/7) 1(0/7) 2(0/7) 2(1/7) 1(3/7) 1(5/7) 5(0/7) 2(6/7) 2(3/7) 1(2/7) 0(7/7) 1(7/7) 0(7/7) 1(7/7)
F9 2(0/7) 0(7/7) 2(0/7) 2(1/7) 2(1/7) 1(0/7) 5(0/7) 1(4/7) 2(2/7) 2(4/7) 0(7/7) 0(7/7) 0(7/7) 0(7/7)
F10 2(2/7) 2(0/7) 2(1/7) 1(0/7) 1(0/7) 1(0/7) 4(0/7) 3(7/7) 2(2/7) 1(4/7) 0(6/7) 0(7/7) 0(7/7) 0(7/7)
Fll 2(0/7) 1(0/7) 1(0/7) 2(4/7) 2(4/7) 2(0/7) 3(4/7) 4(7/7) 3(0/7) 1(6/7) 0(7/7) 0(7/7) 0(7/7) 0(7/7)
F12 1(3/6) 2(0/6) 2(3/6) 1(1/6) 1(0/6) 2(4/6) 4(1/6) 1(6/6) 2(3/6) 3(3/6) 0(5/6) 0(6/6) 0(6/6) 0(6/6)
F13 2(1/6) 1(0/6) 2(0/6) 1(2/6) 2(1/6) 2(5/6) 4(1/6) 3(3/6) 2(2/6) 3(4/6) 0(5/6) 0(6/6) 0(5/6) 0(6/6)
F14 2(4/5) 1(0/5) 2(5/5) 2(0/5) 2(0/5) 2(0/5) 4(0/5) 2(5/5) 1(4/5) 3(3/5) 0(3/5) 0(5/5) 0(4/5) 0(5/5)
F15 2(0/4) 2(0/4) 2(1/4) 1(0/4) 2(1/4) 2(0/4) 4(2/4) 3(3/4) 2(4/4) 3(3/4) 0(3/4) 0(4/4) 0(4/4) 0(4/4)
F16 1(0/8) 1(0/8) 1(0/8) 1(7/8) 2(8/8) 1(0/8) 3(5/8) 3(0/8) 3(0/8) 0(5/8) 0(8/8) 0(8/8) 0(8/8) 0(8/8)
F17 1(0/4) 0(4/4) 2(3/4) 0(4/4) 0(3/4) 0(4/4) 4(0/4) 3(3/4) 2(2/4) 2(1/4) 0(3/4) 0(4/4) 0(4/4) 0(4/4)
F18 2(2/6) 2(0/6) 2(4/6) 1(1/6) 1(0/6) 2(3/6) 2(0/6) 2(6/6) 2(1/6) 2(3/6) 0(5/6) 0(6/6) 0(4/6) 0(6/6)
F19 2(2/5) 1(0/5) 1(4/5) 2(0/5) 2(2/5) 2(0/5) 2(1/5) 1(3/5) 2(1/5) 2(3/5) 0(4/5) 0(5/5) 0(4/5) 0(5/5)
F20 2(5/7) 1(0/7) 2(4/7) 0(7/7) 1(0/7) 1(3/7) 1(0/7) 3(6/7) 1(1/7) 3(5/7) 0(5/7) 0(7/7) 0(6/7) 0(7/7)

Note. Abbreviations used in the table: Rl = Word Recognition Required; R2 = Vocabulary Knowledge Required; R3 = Syntactic Knowledge Required; R4 = 
Knowledge of Discourse Structure Required; R5 = Synthesis Required; R6 = Inference Required; R7 = Purpose of Information; T1 = Location of Information; T2 
= Type of Match; T3 = Number of Plausible Distractors; T4 = Topical Knowledge Required; TW1 = Item Cues; TW2 = Guessing; TW3 = Surface Feature of 
Options.
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Using the criteria for distinguishing the levels of consistency between the rating data 

and the verbal report data on a given process for a given item, the frequency of 

occurrence within each level was examined. Tables 12 and 13 summarize for Form E and 

Form F, respectively, the number of items for which different levels of consistencies 

occurred between the two data sources. In both tables, the first row contains the 14 

cognitive elements, and the first column contains different levels of consistency. As 

mentioned earlier, the two data sources were considered highly consistent when the ratio 

scores (i.e., the number of students reported the use of that item feature to arrive at the 

correct response in relation to the total number of students who correctly answered that 

item) > 0.5; moderately consistent when the ratio scores >0.25 and < 0.5; low consistent 

when the ratio scores < 0.25 and >0; and not consistent when the ratio scores = 0.

Table 12

Frequencies o f Occurrence within Each Level o f Consistency (Form E)

Process R l1 R2 R3 R4 R5 R6 R7 T1 4 2 T3 T4 TW1 TW2 TW3 Total
Highly
Consistent

7 3 5 14 12 12 1 20 4 8 20 20 20 20 166

Moderately
consistent

2 - 6 - 4 1 - 10 9 - - - - 32

Low
consistent

4 1 1 4 6 - 5 - 2 2 - - - - 25

Not
consistent 7 16 8 2 2 4 13 4 1 - - - - 57

Note. ‘Abbreviations used in the table: R1 = Word Recognition Required; R2 = Vocabulary Knowledge 
Required; R3 = Syntactic Knowledge Required; R4 = Knowledge of Discourse Structure Required; R5 =
Synthesis Required; R6 = Inference Required; R7 = Purpose of Information; T1 = Location of Information; 
T2 = Type of Match; T3 = Number of Plausible Distractors; T4 = Topical Knowledge Required; TW1 = 
Item Cues; TW2 = Guessing; TW3 = Surface Feature of Options.
2The symbol “- ’’means “Not applicable”.
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Table 13

Frequencies o f Occurrence within Each Level o f Consistency (Form F)

Process R l1 R2 R3 R4 R5 R6 R7 T1 T2 T3 14 TW1 TW2 TW3 Total
Highly
Consistent

4 7 7 7 6 11 2 18 2 13 20 20 20 20 157

Moderately
consistent

7 - 3 3 4 2 4 1 10 5 - - - 39

Low
consistent

3 - 2 6 3 - 5 5 2 - - .. 26

Not
consistent

6 13 8 4 7 7 9 1 3 - - . 58

Note. 'Abbreviations used in the table: R1 = Word Recognition Required; R2 = Vocabulary Knowledge 
Required; R3 = Syntactic Knowledge Required; R4 = Knowledge of Discourse Structure Required; R5 =
Synthesis Required; R6 = Inference Required; R7 = Purpose of Information; T1 = Location of Information; 
T2 = Type of Match; T3 = Number of Plausible Distractors; T4 = Topical Knowledge Required; TW1 = 
Item Cues; TW2 = Guessing; TW3 = Surface Feature of Options.
2The symbol “- ’’means “Not applicable”.

As shown in Tables 12 and 13, of a total of 560 (40 items x 14 variables) features 

coded for the reading items included in Forms E and F, 445 (79.5%) demonstrated 

different levels of consistency with the students’ verbal reports of the cognitive processes 

they actually used to correctly answer the reading test items. This finding indicated that 

the item features were, overall, reasonably rated. Hence, no further modifications were 

made to the final set of consensus item ratings. Further examination of the two tables 

reveals that for both forms, high consistency between the item ratings and the verbal 

report data occurred most frequently for the cognitive elements T1 (Location of 

Information), T4 (Topical Knowledge Required), TW1 (Item Cues), TW2 (Guessing), 

and TW3 (Surface Feature of Options). The ratings for almost all items included in both 

forms for these five cognitive elements were supported by the verbal report data. The 

finding that the item ratings on T1 could be validated using the verbal report data was not
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surprising, considering that the students were instructed to verbalize the place where they 

were attending to while giving both concurrent and retrospective verbal reports. The 

findings that the ratings on T4, TW1, TW2, and TW3 showed high consistency with the 

verbal data were not surprising neither, considering that these cognitive processes were 

irrelevant to the constructs assessed by the MELAB reading and that this group of 

students with advanced-level English proficiency most probably do not need to arrive at 

answers using these “shortcuts”.

Tables 12 and 13 also show that for both forms, the discrepancies between the item 

ratings and the students’ verbal reports most frequently occurred on the elements R2 

(Vocabulary Knowledge Required) and R7 (Purpose of Information). As can be seen from 

the last row of Table 12, for R2, 16 items (out of 20) did not show any consistency with 

the verbal report data, and for R7, 13 items did not show any consistency. Likewise, as 

seen from the last row of Table 13, for the features R2 and R 7 ,13 and 9 items did not 

show any consistency with the verbal report data, respectively. Considering that R2 and 

R7, as basic language knowledge and competence, are likely to become automatic for the 

students who are proficient ESL learners provides an explanation of why these processes 

were harder to trace through verbal description.

Implications for the Model Revision

The students’ verbal reports provided valuable insights into the processes they used 

to correctly answer the MELAB reading test items and had several implications for 

revising the processing components in the initial cognitive model. First, the cognitive
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processes inferred from the students’ verbal reports provided evidence that correctly 

answering an item often involved multiple processes, and that these processes covered 11 

components of the proposed cognitive model: R1 (Word recognition), R3 (Using 

syntactic knowledge), R4 (Using knowledge of discourse structure), R5 (Synthesis), R6 

(Drawing inferences), R7 (Using pragmatic knowledge), T1 (Locating specific details in 

text), T2 (Matching question stem to text), T3 (Evaluating alternative choices), T4 (Using 

topical knowledge), and TW2 (Guessing). Second, three components in the initial 

cognitive model —  R2 (Using vocabulary knowledge), TW1 (Using clues in other items), 

and TW3 (Using surface features of answer choices) —  were rarely or never reported by 

the students for the correct responses. Hence, these three components might be deleted 

from the initial model. Third, a new category, Using metacognitive strategies (T5), 

emerged from the verbal report data. T5 may need to be added to the initial model.

The verbal protocol results and the rater results regarding the model components 

were compared, and the outcomes of this comparison are presented in Table 14. An 

examination of the table reveals three points. First, the elements R l, R3, R4, R5, R6, R7, 

T l, T2, and T3 were found in both sets of results. Thus, these 9 elements were retained in 

the revised cognitive model. Second, the elements TW1 and TW3 were seldomly or never 

reported by the students for the correct responses, nor coded by the raters as relevant to 

reaching the correct responses. Hence, these two elements were deleted from the initial 

cognitive model. Third, the discrepancies between the two sets of results occurred for the 

elements R2, T4, TW2, and T5.
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Table 14

A Comparison o f the Verbal and Rater Results Regarding the Model Components

Item R l1 R2 R3 R4 R5 R6 R7 T1 T2 T3 T4 TW1TW2TW3 T5
Rater V ✓ V v' V ✓ V ✓ ✓ X X X X X

Verbal V X V V V V ✓ V X ■/ X ✓
Note. 'Abbreviations used in the table: R1 = Using word recognition; R2 = Using vocabulary knowledge; 
R3 = Using syntactic knowledge; R4 = Using knowledge of discourse structure; R5 = Synthesis; R6 = 
Drawing inferences; R7 = Recognizing authors’ pragmatic or rhetorical purposes; T1 = Locating specific 
details in text; T2 = Matching question to text; T3 = Evaluating alternative options; T4 = Using topical 
knowledge; TW1 = Using item cues; TW2 = Guessing; TW3 = Using surface features of answer choices; 
T5 = Using metacognitive strategies.
Vmeans the element can be obtained from the rater or verbal data; * means the element cannot be 
obtained from the rater or verbal data.

R2 was considered by the raters as needed to correctly answer the items, but was not 

found in the student protocols. As mentioned earlier, R2 likely was an automatic process 

that was used but seldom reported by this group of highly proficient students. In this 

sense, the raters’ perspective of the cognitive processes required to correctly answer the 

items revealed automatic processes that could not be verbalized by the students. Further, 

prior research in L2 reading revealed a close relationship between R2 and reading 

comprehension (e.g., Bachman et al., 1996; Carr, 2003). Therefore, R2 was retained in 

the revised cognitive model.

T4 and TW2 were coded by the raters as not required to correctly answer the items, 

but reported mainly by two students as being used to arrive at the correct responses to a 

small number of items. Hence, the use of T4 and TW2 was considered as idiosyncratic 

ways of answering the reading test items and not representative of all the MELAB target 

examinees. Further, as mentioned earlier, Form E had more students who lacked topic 

familiarity than Form F, but the students’ performances on the two forms did not show
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any significant difference. It appeared that topic familiarity was not that important for 

these two forms. As commented by one student (ES6), “ .. .topic familiarity is not an 

important issue to pursue, and indeed,... topic familiarity is a very ambiguous term.”

The verbal data categorized as TW2 mainly reflected using vague hunches and intuition. 

For example, one student (FS2) verbalized, “I can’t tell exactly why I chose B. I just feel 

that is correct answer.” It appeared that TW2 represented cognitive processes that could 

not be exactly described by the students. Thus, T4 and TW2 were deleted from the initial 

cognitive model.

T5 was an additional component identified in the students’ responses, but it vyas not 

identified by the raters. These proficient readers were good at using and describing the 

metacognitive strategies they used for planning, monitoring, and regulating their item 

solving processes. However, it was not clear whether or not T5 should be included in the 

final cognitive model as a new component and whether or not T5 affected the MELAB 

reading test item performance. Consequently, two revised cognitive models were 

obtained: One revised model contained 10 components -  R l, R2, R3, R4, R5, R6, R7, T l, 

T2, and T3 -  and the second model contained these 10 components plus T5. To examine 

for theoretical and statistical plausibility of developing an item difficulty model and to 

allow further evidence regarding the possible inclusion of T5, all these 11 components 

were submitted for the TBR analyses. The TBR analyses using 11 components as 

predictors for Form E and Form F are presented in the next chapter.
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CHAPTER 6: ITEM DIFFICULTY MODELING USING TBR

The method and results for the third stage of the model validation are presented in 

two sections in this chapter. The first section describes the method for this phase. A 

description of the data is presented first. The procedure used for data analyses is then 

presented. The results are presented in the second section. The psychometric 

characteristics of the two test forms used for the current study are provided first, followed 

by the results from the TBR analyses of the two revised cognitive models obtained at the 

end of Phase 2 (i.e., the 10- and 11-component cognitive models) for Form E and Form F.

Method

Data

Two data files containing examinee item responses on Form E and Form F of the 

MELAB reading tests were provided by the ELI-UM. One data file contained the item 

responses from 1,703 examinees on Form E administered from January 2003 through 

September 2004. The second data file contained the item responses from 1,044 

examinees on Form F administered from January 2003 through October 2004. The 

examinees who did not attempt one or more of the reading items (3.2% of the total 

number of examinees) were excluded by the ELI-UM under the assumption that such 

examinees were incapable of instigating the processes required to correctly answer the 

items (J. Jeffrey, personal communication, January 18, 2005). Consequently, neither file 

contained missing data.
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Data Analysis Procedure

Data scoring and analysis o f psychometric characteristics. Examinee response data 

were exported to the SPSS Version 13.0 (SPSS, Inc., 2005). Items were scored to the key 

provided by the ELI-UM, with 0 representing an incorrect response and 1 representing a 

correct response. The two dichotomously-scored datasets provided the basis for analyzing 

the psychometric characteristics of the test forms and calibrating the item parameter 

estimates. To better understand the two forms of the MELAB reading test used in this 

study, descriptive statistics and the reliabilities of Form E and Form F were computed.

Estimation o f item parameters. Given the lack of local item independence due to 

common passages (Kolen & Brennan, 2004), item parameter estimates were calibrated 

using the testlet response theory (TRT) model (Wang, Bradlow, & Wainer, 2002). The 

TRT is a four-parameter dichotomous IRT model that introduces a testlet effect parameter, 

yig(j). The TRT model is expressed as:

/ 11 \ exPK(6», -b, - y igU))\
r Cv,-,-=10,•) = £,-+(1-C ,.)---------     — -----, (6)

J J 1 + exp[fl; (0i -  bj -  y igU))]

where y tJ is the score for examinee i on item j ,  Gj is the ability level of examinee

p(y,j = 110i) is the probability that examinee i with ability 6\ will correctly answer item j ,

Oj is the discrimination parameter of item j ,  bj is the difficulty parameter of item j ,  Cj 

is the pseudo-guessing parameter of item j ,  and y ig{J) is the testlet effect parameter 

indicating the testlet effect for examinee i responding to item j  that is nested in testlet g.

As Equation 6 shows, the TRT model separates the testlet effect from examinee ability by
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estimating the testlet effect parameter (y) for each testlet and each examinee during the 

calibration of the a-, b-, and c-parameters. In this way, the problem of local dependence 

of the items referenced to the same reading passage is accounted for, and the resulting 

item parameter estimates are more accurate (Wang et al., 2002).

For the current study, the parameters of the reading items were estimated separately 

within Form E and Form F. The computer program SCORIGHT 3.0 (Wang, Bradlow, & 

Wainer, 2004), which is based on the TRT model, was used. The item difficulty 

parameter estimates obtained for each form were formatted into two 20 x 1 vectors, 

which were used as criterion for the TBR analyses.

TBR analyses. TBR analyses were performed to determine the extent to which the 

identified cognitive processes associated with each item explained the item difficulty. As 

mentioned at the end of the previous chapter, two item difficulty models were analyzed 

for each form. In the first analysis, the 10 components (i.e., R l, R2, R3, R4, R5, R6, R7, 

T l, T2, and T3) that were corroborated by the raters and inferred from the students’ 

verbal protocols were used as predictors of item difficulty. In the second analysis, the 10 

predictors used in the first analysis and T5, which was identified in the students’ verbal 

protocols but not by the raters, were used as predictors of item difficulty.

Given the nature of the scale data (see Table 1) and verbal report data, the scale data 

were used as predictors in the TBR analyses. Specifically, as not all cognitive processes 

were reported or reported every time by the students when they were used, it was not 

clear whether the non-verbalized processes were indeed not used by the students. For
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example, for the students in the current study, the use of some of the processes like R2 

was likely to be automatic rather than controlled. Further, the verbal report data were not 

sensitive enough to discern the levels for some of the variables. For instance, for the 

variable R3 (Syntax Knowledge Required), it was not possible to discern in the students’ 

protocols whether it was somewhat or critically used by the students to correctly answer 

an item. In contrast, the raters were able to distinguish the cognitive processes involved in 

item solving more finely. Therefore, the scales provided in Table 1 and corroborated by 

the raters were retained for the TBR analyses. For the variable T5 that was not identified 

by the raters, frequency ratios were used, that is, the number of students reporting the use 

of this process for the correct responses to a given item in relation to the total number of 

students who correctly answered that item.

The Classification and Regression Tree (CRT) module provided as part of SPSS 13.0 

(SPSS, Inc., 2005) was used to conduct the TBR analyses. The aim of the CRT is to 

maximize within-node homogeneity with respect to the dependent variable. Using the 

CRT, a maximal tree is grown that classifies all cases into its own cluster or terminates 

when one or more predetermined limits are imposed by the user, for example, when the 

number of cases in all terminal nodes falls below five cases per node (Rupp et al., 2001). 

In the tree evolution, predictor variables can be used repeatedly for splits, and the best 

split is the one that results in the largest reduction between the impurity of the parent 

node and the sum of the impurity of the two child nodes. Impurity is a statistical measure 

of the dissimilarity in the dependent variable among the items within a single node. The

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



146

smaller the impurity value is, the more homogeneous the items within a node. The CRT 

uses improvement values to measure the decrease in impurity caused by the split of a 

given node (AnswerTree User’s Guide, 2002).

The TBR analysis of Form E with 10 predictors began with the placement of the 20 

items in a single cluster (i.e., node) at the top of the tree, where 0% of the variance was 

explained. Using the 10 components as predictors, the items were successively split into 

nodes that were as homogeneous as possible with respect to item difficulty. A binary 

recursive partitioning algorithm (Breiman et al., 1984) was used to evaluate all possible 

splits of the predictor variables at each level of splitting. Using this binary algorithm, 

clusters were split into two nodes at each iteration and the nodes in turn become parent 

nodes and were split into the left and right child nodes, wherever possible. The best split 

was determined using the improvement values. After finding the optimal split, the CRT 

was repeated until one or more of the stopping rules were met. Since a small set of items 

was used, the stopping rules were: (1) an improvement value was less than 0.0001; (2) 

the parent node had fewer than three items; and (3) the parent node, if split, would result 

in a child node with no items.

After the tree was grown, the optimal number of the tree levels and terminal nodes

♦ . . .  . 9was determined based on the amount of variance in difficulty explained (R ) and the 

parsimony and interpretability of the tree model (Ewing & Huff, 2004; Rupp et al., 2001). 

If adding a new level of splits and more terminal nodes did not lead to a relatively large 

improvement in the variance explained, the more parsimonious model was selected (Huff,
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2003). For example, if a tree with 8 terminal nodes explained 79% of the variance and the 

tree with 9 terminal nodes explained 80% of the variance, the former would be selected 

as the optimal solution due to its parsimony. To achieve model parsimony and to improve 

model interpretability, pruning was conducted, which involved removing one or more 

sets of child nodes and creating a tree with the fewest possible terminal nodes. Pruning is 

subjective in nature. However, the final tree has to have an acceptable error rate. In this 

study, pruning was conducted when adding another level of split increased less than 2% 

of the variance explained (Huff, 2003). In sum, the final tree model should represent a 

reasonable compromise among variance explained, error, parsimony, and practical 

interpretability (i.e., making theoretical sense). As Rupp et al. (2001) commented, “any 

R2 measure in a regression tree setting is dependent on the somewhat subjective selection 

of the tree that is interpreted” (p. 203).

Using the procedure specified above, the TBR analyses were first performed using 

the Form E data to test the cognitive model with 10 components, and then to test the 

cognitive model with 11 components. Then, the TBR analyses were conducted using the 

Form F data to determine whether the item difficulty models for Form F matched the 

models obtained for Form E. Consistencies between the two forms would provide strong 

empirical support for the final cognitive model of the MELAB reading test items.

Results

Psychometric Characteristics

The psychometric characteristics of Form E and Form F are summarized in Table 15.
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The mean score of the 1,703 examinees for Form E was 10.94 (maximum score = 20), 

and the standard deviation was 4.19. The mean score of the 1,044 examinees for Form F 

was 10.71, and the standard deviation was 3.65. The mean scores on Form E and Form F 

were compared using the independent samples t-test. The results indicated that there was 

no significant difference between the two forms at the 0.05 level of significance (t -  1.54, 

p  > 0.05). While the results of the F test for two independent samples indicated that the 

two forms did not have equal variances at the 0.05 level of significance, F (j702, km3) =

1.32 ,p  <0.05, the value of the T-ratio was close to one and the significance was 

attributed to the large degrees of freedom in the numerator. The range of the scores for 

Form E (20) was comparable to that for Form F (19). The medians of the two forms were 

identical (Medians = Medianp-= 11). The skewness for Form E was 0.10 and for Form F 

was 0.21, which indicated that the distributions of the scores for both forms were 

approximately symmetrical around the mean. The kurtosis for Form E was -0.70 and for 

Form F was -0.50, which indicated that the distributions of the scores for both forms 

were platykurtic. The reliability of Form F (0.71) was slightly lower than that of Form E 

(0.79). Notwithstanding the ambiguity of the homogeneity of variance test, these results 

indicated that the two forms were nominally parallel.

Table 15

Descriptive Statistics and Reliability for the Two Forms

Form Min. Max. Median Mean SD Skew. Kurto. Reliability
E 0.00 20.00 11.00 10.94 4.19 0.10 -0.70 0.79
F 1.00 20.00 11.00 10.71 3.65 0.21 -0.50 0.71
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Figures 7 and 8 display the distributions of the total raw scores on Form E and Form 

F, respectively. As seen in the figures, both distributions are uni-modal, appear 

approximately symmetrical around the mean, and are somewhat flatter than the normal 

curve fit to the data.

1 8 0 -

Mean = 10.9413 
Std. Dev. =4.19166 
N = 1.703

1 5 0 -
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Figure 7. Histogram of total scores on Form E.
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Figure 8. Histogram of total scores on Form F.
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Figure 9 displays the test characteristic curves (TCCs) for Form E and Form F. The 

X-axis represents examinees’ ability scale. The Y-axis represents examinees’ expected 

total score for a given ability. As seen in the figure, for examinees with below-average 

ability, the differences in the expected total scores for a given ability between the two 

forms are slight. To determine whether the TCCs of the two forms were significantly 

different, the mean square residual (MSR) (Puhan, 2003) was calculated. The MSR result 

indicated that the difference between the TCCs of the two forms was not statistically 

significant (MSR = 1.025, d f~  29,p  > 0.05). Therefore, the two forms were regarded as 

parallel1.

25 -

20

15

10

 Form E

- -F o rm  F5

0
0 1 2 33 2 1

Ability

Figure 9. Test characteristic curves for Form E and Form F.

The item difficulty parameter estimates obtained for each form are presented in

ascending order in Table 16. As shown in this table, the values of b ranged from -1.16 to

1.88 for Form E, with the mean 0.23 and the standard deviation 0.85. The values of b
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ranged from -1.16 to 1.78 for Form F, with the mean 0.42 and the standard deviation 0.99. 

While Form E had four difficult items (i.e., b values larger than 1) and Form F contained 

eight difficult items, the easy items (i.e., b values less than 0) for Form F were somewhat 

easier than the easy items for Form E. Consequently, as revealed earlier, the two forms 

were overall equally difficult.

Table 16

Item Difficulty Parameter Estimates for All Items

Item Item Difficulty (b) Item Item Difficulty (b)
E9 -1.16 F5 -1.16
E13 -1.01 F16 -1.03
E4 -0.72 F8 -0.86
E3 -0.62 FI -0.71
E7 -0.46 F2 -0.62
E2 -0.30 F10 -0.45
E6 -0.25 F3 -0.42
E ll -0.23 F9 0.09
E12 0.09 F ll 0.43
E18 0.19 F6 0.47
E20 0.23 F19 0.54
El 0.26 F7 0.84
E14 0.47 F4 1.11
E16 0.65 F14 1.11
E19 0.67 F17 1.37
E8 0.85 F12 1.39
E5 1.24 F13 1.48
E15 1.31 F20 1.53
E10 1.54 F18 1.57
E17 1.88 F15 1.78
Mean 0.23 Mean 0.42
SD 0.85 SD 0.99

TBR Results

As mentioned earlier, the two revised cognitive models obtained at the end of Phase 

3 of the study were evaluated. The first model did not include T5, while the second did.
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Hence, in the first set of TBR analysis, 10 predictors of item difficulty were used. In the 

second set of TBR analysis, 11 predictors of item difficulty were used, including T5. In 

this section, the results from two sets of the TBR analyses are first presented for Form E 

and then for Form F, followed by a comparison of the results for the two test forms.

Test o f the 10-component cognitive model (Form E). All 10 predictors were included 

in the final tree for Form E: T3, R3, R l, R5, R4, T l, R2, T2, R7, and R6. Taken together, 

these ten variables accounted for 97.9% of the variance in item difficulty, which indicated 

that this was a good model. The tree diagram displayed in Figure 10 provides a graphic 

representation of the final tree solution for the 10-component cognitive model using the 

Form E data. The values for the variance explained at each level of split can be found to 

the left of the tree. Figure 10 also shows, in each node of the tree, the item means, and the 

number of items at that node. For example, Node 1 shows that the overall mean item 

difficulty was 0.232 and this node contained 20 items.

As Figure 10 shows, the TBR solution began with all 20 items in a single node with 

0% variance explained. The first variable entering the tree was T3 (Number of Plausible 

Distractors), which separated the items into two nodes. The left node contained 8 items 

coded as having zero or one plausible distractor (.Item Mean = -0.332). The right node 

contained 12 items coded as having two or three plausible distractors (Item Mean = 

0.608). This split indicated that items with more than one plausible distractor were more 

difficult than items with zero or one plausible distractor.

Subsequently, the items within Node 2 were split into two nodes based on R3
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Figure 10. Tree diagram for the cognitive model with 10 components (Form E).
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(Syntactic Knowledge Required). The five items coded as not or somewhat requiring 

syntactic knowledge were assigned to the left node (Item Mean = -0.716), and the three 

items coded as critically requiring syntactic knowledge were assigned to the right node 

{Item Mean = 0.307). This split indicated that items that required knowledge of complex 

infrequently used syntax were more difficult than items that did not. Next, the five items 

within Node 4 were further split based on R5 (Synthesis Required). The three items 

coded as not requiring synthesis were assigned to the left node {Item Mean = -0.470), and 

the two items coded as requiring low- or high-level synthesis were assigned to the right 

node {Item Mean = -1.085). Contrary to expectation, this split indicated that the items that 

required synthesis were easier than the items that did not. As the right node did not have 

any child nodes, it became a terminal node. The items within Node 8 were split based on 

T2 (Type of Match). The two items coded as requiring a literal match between question 

and text were assigned to the left node {Item Mean -  -0. 590), and the one item coded as 

synonymous or no match between question and text was assigned to the right node {Item 

Mean = -0.230). The results at this split indicated that items with a question stem that 

synonymously matched or did not match the text were more difficult than the item with a 

question stem that literally matched the text. Due to the lack of child nodes, these two 

nodes were terminal nodes. Returning to Node 5, the three items in Node 5 were split 

based on R4 (Knowledge of Text Structure Required). The two items coded as not or 

somewhat requiring the knowledge of text structure were assigned to the left node {Item 

Mean = 0.225), and the single item coded as critically requiring the knowledge of text
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structure was assigned to the right node (Item Mean -  0.470). This split indicated that the 

item critically requiring knowledge of text structure were more difficult than the items 

not or somewhat requiring the knowledge of text structure. Due to the lack of child nodes, 

these two nodes were terminal nodes.

On the right side of the tree, the items coded as having two or three plausible 

distractors were first evenly split into two nodes based on R1 (Word Recognition 

Required). The left node of this split contained 6 items coded as not or somewhat 

requiring word recognition (Item Mean = 0.953), and the right node contained 6 items 

coded as critically requiring word recognition (Item Mean = 0.262). Contrary to 

expectation, this split indicated that the items that not or somewhat required word 

recognition were more difficult than the items that critically required word recognition. 

Subsequently, the items within Node 6 were further split into two nodes based on T1 

(Location of Information). The four items requiring information located in the second or 

third section of the passage were assigned to the left node (Item Mean = 0.575), and the 

two items requiring information located in the first section of the passage, entire passage, 

or beyond the passage were assigned to the right node (Item Mean = 1.710). This split 

indicated that items requiring information in the earlier part of the passage, the entire 

passage, or beyond the passage were more difficult than items requiring information in 

the middle or later part of the passage. As the right node does not have child nodes, it 

became a terminal node.

Subsequently, the items within Node 9 were further split based on R7 (Purpose of
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Information). The left node contained three items coded as to inform a fact, state a 

procedure or action, express opinions, or persuade the reader (Item Mean = 0.330), and 

the right node contained one item coded as to compare or contrast, generate a theme, or 

apply to the real world (Item Mean = 1.310). This split indicated that items that required 

examinees to compare or contrast, generate a theme, or apply to the real world were more 

difficult than items that required examinees to understand a fact, a procedure, an action, 

or the authors’ opinions. As the right node did not have any child nodes, it became a 

terminal node. Lastly, the items within Node 11 were split into two terminal nodes based 

on R6 (Synthesis Required). The two items coded as requiring no inference or low-level 

inference were assigned to the left node (Item Mean = 0.160), and the one item coded as 

requiring high-level inference was assigned to the right node (Item Mean = 0.670). This 

split indicated that the item requiring high-level inference was more difficult than the 

items requiring no or low-level inference.

Returning to Node 7, the six items in Node 7 were split into two nodes based on R2 

(Vocabulary Knowledge Required). The left node contained four items coded as not or 

somewhat requiring vocabulary knowledge (Item Mean = -0.080), and the right node 

contained two items coded as critically requiring vocabulary knowledge (Item Mean = 

0.945). This split indicated that the items that required the knowledge of infrequently 

used and/or specialized vocabulary were more difficult than the items that did not. The 

right node was a terminal node in that no further split occurred. Next, the items within 

Node 10 were further split based R4 (Knowledge of Text Structure Required). The three
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items contained in the left node were coded as not or somewhat requiring knowledge of 

text structure {Item Mean — 0.100). The one item in the right node was coded as critically 

requiring knowledge of text structure {Item Mean = -0.620). Contrary to expectation, this 

split indicated that the items not or somewhat requiring knowledge of text structure were 

more difficult than the item critically requiring knowledge of text structure. Due to the 

lack of child nodes, the right node became a terminal node. Finally, the items within 

Node 12 were split based on R5 (Synthesis Required). The two items not requiring 

synthesis were assigned to the left node {Item Mean = -0.275), and the one item 

somewhat or critically requiring synthesis was assigned to the right node {Item Mean = 

0.850). This split indicated that the item that required synthesis was more difficult than 

the items that did not.

The final tree for the 10-component cognitive model using the Form E data included 

all 10 components, produced 13 terminal nodes, and involved five levels of splits. The 

first split at the root node explained 34.3% of the variance in item difficulty. The two 

splits at the second level increased the amount of variance explained to 57.8%. The four 

splits at the third level increased the variance explained to 82.7%. The three splits at the 

third level increased the portion of variance explained to 91.0%, and the two splits at the 

last level increased the variance explained to 97.9%. Given the magnitude of the increase 

of the variance explained at each level of split, no pruning was necessary.

Test o f the 11-component cognitive model (Form E). The TBR analysis of the 

cognitive model with 11 components using the Form E data produced an initial tree
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including nine predictors: eight of the 10 predictors in the Form E tree for the 

10-compoent cognitive model (i.e., T3, R3, R l, R4, T l, R2, R7, and R6), plus T5 

(Metacognitive Strategies Used). This tree produced 12 terminal nodes and accounted for 

93.0% of the variance in item difficulty (see Appendix K). However, when the two 

terminal nodes produced by the split based on R6 were pruned, the resulting tree had 11 

terminal nodes and explained 91.9% of the variance. Given the small change in variance 

explained and the desire for parsimony, the latter tree containing eight predictors (T3, R3, 

R l, R4, T l, R2, R7, and T5) was selected as the final tree for the 11-component cognitive 

model using the Form E data (see Figure 11).

As seen in Figure 11, the first variable entering the tree was T3 (Number of Plausible 

Distractors), which separated the items into two nodes. The left node contained 8 items 

coded as having zero or one plausible distractor (.Item Mean = -0.332), while the right 

node contained 12 items coded as having two or three plausible distractors (Item Mean = 

0.608). This split indicated that items with more than one plausible distractor were more 

difficult than items with zero or one plausible distractor.

Subsequently, the items within Node 2 were split into two nodes based on R3 

(Syntactic Knowledge Required). The five items coded as not or somewhat requiring 

syntactic knowledge were assigned to the left node {Item Mean = -0.716), and the three 

items coded as critically requiring syntactic knowledge were assigned to the right node 

{Item Mean = 0.307). This split indicated that items that required knowledge of complex 

infrequently used syntax were more difficult than items that did not. Next, the five items

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



R
eproduced 

with 
perm

ission 
of the 

copyright 
ow

ner. 
Further 

reproduction 
prohibited 

w
ithout 

perm
ission.

R2 = 0.3427

R2 = 0.5775

R2 = 0.8274

R2 = 0.9185

Figure 11.

T3

R3 R1

R5 R4 R2

R7 T5

Node 1 
Item Difficulty 
M ean = 0.232 

N = 20

Terminal Node 5 
Critical 

Mean = 0.945 
N = 2

Node 6 
Not required or 

Som ewhat involved 
Mean = 0.953 

N = 6

Terminal Node 6 
Frequency ratio £ 

0.39 
Mean = -0.720

Node 8 
1 plausible 
distractor 

Mean = -0.470 
N = 3

Terminal Node 1 
0 plausible 
distractor 

Mean = -1.085 
N = 2

Node 9 
3rd or 2nd section 

of the p a ssag e  
Mean = 0.575 

N = 4

Terminal Node 2 
Not required or 

som ew hat involved 
Mean = 0.225

Terminal Node 7 
Frequency ratio > 

0.39 
Mean = -0.345 

N = 2

Terminal Node 11 
Frequency ratio > 

0.24 
Mean = 0.275

Node 7 
Critical 

Mean = 0.262 
N = 6

Node 2 
0 or 1 plausible 

distractor 
Mean = -0.332

Node 4 
Not required or 

som ew hat involved 
Mean = -0.716 

N = 5

Node 10 
Not required or 

Som ew hat involved 
Mean = -0.080 

N = 4

Node 3 
2 or 3 plausible 

distractors 
Mean = 0.608 

N = 12

Terminal Node 3 
Critical 

M ean = 0.470

Terminal Node 10 
Frequency ratio s  

0.24 
Mean = -0.435 

N = 2

Node 5 
Critical 

Mean = 0.307 
N = 3

Terminal Node 4 
1 st section, entire, or 

beyond p a ssag e  
Mean = 1.710

Terminal Node 8 
To inform a  fact, 

express opinions, or 
persuade the  reader 

Mean = 0.330 
N = 3

Terminal Node 9 
To compare, generate 

a  theme, or apply to 
the real world 
Mean = 1.310

Tree diagram for the cognitive model with 11 components (Form E).

>—*

so



160

within Node 4 were further split based on R5 (Synthesis Required). The three items 

coded as not requiring synthesis were assigned to the left node (Item Mean = -0.470), and 

the two items coded as requiring low- or high-level synthesis were assigned to the right 

node (Item Mean = -1.085). Again, contrary to expectation, this split indicated that the 

items that required synthesis were easier than the items that did not. As the right node did 

not have any child nodes, it became a terminal node. The items within Node 8 were then 

split into two terminal nodes based on T5 (Metacognitive Strategies Used). The items for 

which metacognitive strategies were less frequently used (frequency ratios < 0.39) were 

assigned to the left node (Item Mean = -0.720), and the items for which metacognitive 

strategies were more frequently used (frequency ratios >0.39) were assigned to the right 

node (Item Mean = -0.345). This indicated that items that required the use of 

metacognitive strategies were more difficult than items that did not. Returning to Node 5, 

the three items in Node 5 were split based on R4 (Knowledge of Text Structure Required). 

The two items coded as not or somewhat requiring knowledge of text structure were 

assigned to the left node (Item Mean = 0.225), and the single item coded as critically 

requiring knowledge of text structure was assigned to the right node (Item Mean = 0.470). 

This split indicated that the item that critically required the knowledge of text structure 

was more difficult than the items that did not or somewhat required the knowledge of text 

structure. Due to the lack of child nodes, these two nodes became terminal nodes.

On the right side of the tree, the items coded as having two or three plausible 

distractors were first evenly split into two nodes based on Rl (Word Recognition

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Required). The left node of this split contained 6 items coded as not or somewhat 

requiring the process of R1 (Item Mean = 0.953), and the right node contained 6 items 

coded as critically requiring the process of R1 (Item Mean = 0.262). Counter-intuitively, 

this split indicated that the items that critically required word recognition were easier than 

the items that did not or somewhat required word recognition. Subsequently, the items 

within Node 6 were further split into two nodes based on T1 (Location of Information). 

The four items requiring information located in the second or third section of the passage 

were assigned to the left node (Item Mean = 0.575), and the two items requiring 

information located in the first section of the passage, entire passage, or beyond the 

passage were assigned to the right node (.Item Mean = 1.710). This split indicated that 

items requiring information in the earlier part of the passage, entire passage, or beyond 

the passage were more difficult than items requiring information in the middle or later 

part of the passage. As the right node did not have child nodes, it became a terminal node.

Subsequently, the items within Node 9 were further split into two terminal nodes 

based on R7 (Purpose of Information). The left node contained three items coded as to 

inform a fact, state a procedure or action, express opinions, or persuade the reader {Item 

Mean = 0.330). The right node contained one item coded as to compare or contrast, 

generate a theme, or apply to the real world {Item Mean = 1.310). This split indicated that 

items that required examinees to compare or contrast, generate a theme, or apply to the 

real world were more difficult than items that required examinees to understand a fact, a 

procedure, an action, or the authors’ opinions.
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Returning to Node 7, the six items in Node 7 were split into two nodes based on R2 

(Vocabulary Knowledge Required). The left node contained four items coded as not or 

somewhat requiring vocabulary knowledge (Item Mean = -0.080), and the right node 

contained two items coded as critically requiring vocabulary knowledge (Item Mean = 

0.945). This split indicated that items that required the knowledge of infrequently used 

and/or specialized vocabulary were more difficult than items that did not. The right node 

was a terminal node in that no further split occurred. Finally, the items within Node 10 

were split into two terminal nodes based on T5 (Metacognitive Strategies Used). The two 

items for which metacognitive strategies were less frequently used (frequency ratios < 

0.24) were assigned to the left terminal node (Item Mean = -0.435), and the two items for 

which such strategies were more frequently used (frequency ratios > 0.24) were assigned 

to the right terminal node (Item Mean = 0.275). This split indicated that items that 

required the use of metacognitive strategies were more difficult than items that did not.

The final tree for the 11-component cognitive model using the Form E data included 

eight components, produced 11 terminal nodes, and involved four levels of splits. The 

first split, at the root node, explained 34.3% of the variance in item difficulty. The two 

splits at the second level increased the amount of variance explained to 57.8%. The four 

splits at the third level increased the variance explained to 82.7%. The three splits at the 

last level increased the portion of variance explained to 91.9%.

A comparison o f  the 10- and 11-component cognitive model (Form E). A comparison 

of the final tree solutions for the 10- and 11-component cognitive model based on the
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Form E data, as shown in Figures 10 and 11, revealed four major points. First, for the

10-component cognitive model, the final tree included all 10 components in the cognitive 

model. However, for the 11-component model, the final tree included nine components in 

the cognitive model; R6 and T2 were not included in the final tree. Second, eight 

predictors -  T3, R3, R l, R5, R4, T l, R2, and R7 -  were in the same positions and 

produced the same results of split for both the 10- and 11-component cognitive models. 

However, the items within Node 8 and Node 10 were split, respectively, by T2 (Type of 

Match) and R4 (Knowledge of Discourse Structure Required) in the 10-component model, 

and both by T5 (Metacognitive Strategies Used) in the 11-component model. Third, the 

final tree for the 10-component cognitive model had five levels of split. However, 

following pruning, the final tree for the 11-component cognitive model had four levels of 

split. Lastly, the 10-component item difficulty model explained 97.9% of the variance in 

item difficulty, but the 11-component item difficulty model, after pruning, explained 

91.9% of the variance in item difficulty. Hence, the inclusion of T5 in the cognitive 

model did not substantially increase the explanatory power of the item difficulty model. 

Given the amount of variance explained and the statistical principle of parsimony 

(Kerlinger, 1979), it appeared that the cognitive model without T5 is a better model. 

Overall, the TBR results for Form E supported the 10-component cognitive model.

Test o f the 10-component cognitive model (Form F). The TBR analysis of the 

cognitive model with 10 components using the Form F data produced an initial tree that 

included nine predictors: T3, R6, R4, R3, R l, T2, T l, R7, and R2. This tree produced 13
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terminal nodes and accounted for 99.4% of the variance in item difficulty (see Appendix 

L). However, when the two terminal nodes produced by the split based on Tl were 

pruned, the resulting tree had 12 terminal nodes and explained 99.3% of the variance. 

Given the small change in variance explained and the desire for parsimony, the latter tree 

containing nine predictors (T3, R6, R4, R3, R l, T2, T l, R7, and R2) was selected as the 

final tree for the 10-component cognitive model using the Form F data (see Figure 12).

As seen in Figure 12, the TBR solution began with all 20 items in a single node with 

0% variance explained. The first variable entering the tree was, again, T3 (Number of 

Plausible Distractors), which separated the 20 items into two nodes. The left node 

contained 9 items coded as having zero or one plausible distractor {Item. Mean = -0.442). 

The right node contained 11 items coded as having two or three plausible distractors 

{Item Mean =1.131). This split again indicated that items with more than one plausible 

distractor were more difficult than items with zero or one plausible distractor.

The items within Node 2 were then split into two nodes based on R6 (Inference 

Required). The left node contained seven items coded as requiring no or low-level 

inference {Item Mean = -0.750), and the right node contained two items coded as 

requiring high-level inference {Item Mean = 0.635). This split indicated that the item that 

required high-level inferences were more difficult than the items that required no or 

low-level inferences. As the right node did not have any child nodes, it became a terminal 

node. Next, the seven items within Node 4 were further split into two nodes based on R3 

(Syntactic Knowledge Required). The left node contained three items coded as not or

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



R
eproduced 

with 
perm

ission 
of the 

copyright 
ow

ner. 
Further 

reproduction 
prohibited 

w
ithout 

perm
ission.

T3

R6 R 4

R3 T2

R7 R212 R 6

N o d e  1 
item  Difficulty 
M ean  = 0 .4 2 3  

N = 20

N o d e 11 
S y n o n y m o u s  o r 

n o  m atch  
M ean *  0 .367  

N = 3

N ode 8 
Critical 

M ean  = -0 .588  
N = 4

N ode 10 
Critical 

M ean  = 1 .590  
N = 4

N o d e  4  
No o r low level 

in fe ren ce  
M ean = -0 .750  

N = 7

N o d e  2 
0  o r 1 p lau sib le  

d istrac to r 
M ean = -0 .4 4 2  

N = 9

Term inal N ode 1 
High level 
in ference  

M ean  = 0 .635  
N = 2

N o d e  6 
Critical 

M ean  = 0 .5 5 2  
N = 4

N o d e  3  
2  o r  3  p lausib le  

d istrac to rs  
M ean = 1.131 

N = 11

T erm inal N o d e  2 
Literal m atch  
M e a n -  1 .110

N ode 7 
Not required or 

so m ew h at involved 
M ean  = -0 .967 

N = 3

N o d e  9 
Not req u ired  or 

S o m e w h a t involved 
M ean  = 1 .290  

N = 3

N ode 5 
Not req u ired  o r 

S o m e w h a t involved 
M ean  -  1.461

Term inal N ode 3 
3 rd o r 2 "<i section  
o f th e  p a s s a g e  
M ean = -0 .7 1 0  

N = 1

Term inal N o d e  8  
No m atch  

M ean = 1 .110 
N = 1

Term inal N o d e  7 
L iteral o r  

sy n o n y m o u s  
m atch  

M ean  = 1 .380  
N = 2

Term inal N ode 6  
T o co m p are , 

g e n e ra te  a  th em e , 
o r a pp ly  to  th e  real 

world 
M ean  = -0 .860

Term inal N o d e  4  
1st sectio n , en tire  

p a s s a g e ,  o r b eyond  
p a s s a g e  

M ean  = -1 .0 9 5  
N = 2

Term inal N o d e  5 
To inform a  fac t, 

e x p re s s  opin ions, 
o r  p e rs u a d e  th e  

r e a d e r  
M ean  = -0 .497  

N = 3

T erm inal N ode 9  
N ot requ ired  or 

so m e w h a t involved 
M ean  = 1.505 

N = 2

T erm inal N o d e  11 
No o r low-level 

in fe ren ce  
M ean *  0 .0 9 0

T erm inal N o d e  12 
H igh-level 
In fe ren ce  

M ean = 0 .5 0 5  
N = 2

Term inal N o d e  10 
Critical 

M ean  = 1 .675 
N s 2

Figure 12. Tree diagram for the cognitive model with 10 components (Form F).
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somewhat requiring syntactic knowledge (Item Mean = -0.967), and the right node 

contained four items coded as critically requiring syntactic knowledge (Item Mean = 

-0.588). This split indicated that items that required the knowledge of complex 

infrequently used syntax were more difficult than items that did not. The three items 

within Node 7 were further split into two terminal nodes based on Tl (Location of 

Information). The single item coded as requiring information located in the second or 

third section of the passage was assigned to the left node (Item Mean = -0.710), and the 

two items coded as requiring information located in the first section of the passage, the 

entire passage, or beyond the passage were assigned to the right node {Item Mean = 

-1.095). Contrary to expectation, this split indicated that the item requiring information 

located in the second or third section of the passage was more difficult than the items 

requiring information located in the first section of the passage, the entire passage, or 

beyond the passage. Lastly, the items within Node 8 were further split into two terminal 

nodes based on R7 (Purpose of Information). The three items coded as to inform a fact, 

state a procedure or action, express opinions, or persuade the reader were assigned to the 

left node {Item Mean = -0.497), and the single item coded as to compare or contrast, 

generate a theme, or apply to the real world was assigned to the right node {Item Mean = 

-0.860). Again, contrary to expectation, this split indicated that the items requiring 

examinees to recognize a fact or to understand a procedure, an action, or the authors’ 

opinions were more difficult than the item requiring examinees to compare or contrast, to 

generate a theme, or to apply to the real world.
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On the right side of the tree, the 11 items within Node 3 were split into two nodes 

based on R4 (Knowledge of Discourse Structure Required). The seven items coded as not 

or somewhat requiring knowledge of discourse structure were assigned to the left node 

(Item Mean = 1.461), and the four items coded as critically requiring knowledge of 

discourse structure were assigned to the right node (Item Mean = 0.552). Contrary to 

expectation, this split indicated that the items that did not require or somewhat required 

knowledge of discourse structure were more difficult than the items that critically 

required knowledge of discourse structure. Subsequently, the items within Node 5 were 

further split into two nodes based on Rl (Word Recognition Required). The three items 

coded as not or somewhat requiring the process of Rl were assigned to the left node 

(Item Mean = 1.290), and the four items coded as critically requiring the process of Rl 

were assigned to the right node (Item Mean = 1.590). The items that critically required 

recognizing words with advanced phonological or orthographical knowledge or 

identifying the meaning of an unknown word with few context cues were more difficult 

than the items that did not or somewhat required such processes. Next, the items within 

Node 9 were further split into two terminal nodes based on T2 (Type of Match). The two 

items coded as having a literal or synonymous match between question stem and text 

were assigned to the left terminal node (Item Mean = 1.380), and the single item coded as 

having no match between question stem and text was assigned to the right terminal node 

(Item Mean =1.110). Contrary to expectation, this split indicated that the items that 

required the match between question and text were more difficult than the item that did
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not. The items within Node 10 were evenly split into two terminal nodes based on R2 

(Vocabulary Knowledge Required). The two items coded as not or somewhat requiring 

the process of R2 were assigned to the left terminal node {Item Mean = 1.505), and the 

two items coded as critically requiring the process of R2 were assigned to the right 

terminal node {Item Mean = 1.675). This split indicated that the items that critically 

required knowledge of infrequently used and/or specialized vocabulary were more 

difficult than the items that did not or somewhat required such knowledge.

Returning to Node 6, the four items in Node 6 were split into two nodes based on T2 

(Type of Match). The single item coded as having literal match between question stem 

and text was assigned to the left node {Item Mean =1.110). The three items coded as 

having a synonymous match or no match between question stem and text were assigned 

to right node {Item Mean = 0.367). Again, contrary to expectation, this split indicated that 

the item requiring a literal match between question and text was more difficult than the 

items requiring a synonymous match or no match between question and text. Due to the 

lack of child nodes, the left node became a terminal node. Lastly, the items with Node 11 

were split into two terminal nodes based on R6 (Inference Required). The single item 

coded as requiring no or low-level inference was assigned to the left terminal node {Item 

Mean = 0.090), and the two items coded as requiring high-level inference were assigned 

to the right terminal node {Item Mean = 0.505). This split indicated that the items 

requiring high-level inference were more difficult than the item requiring no or low-level 

inference.
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The final tree for the 10-component cognitive model using the Form F data included 

nine components, produced 12 terminal nodes, and involved four levels of splits. The first 

split at the root node explained a substantial amount (67.3%) of the variance in item 

difficulty. The two splits at the second level increased the amount of variance explained 

to 93.2%. The three splits at the third level increased the variance explained to 97.3%.

The five splits at the last level increased the portion of variance explained to 99.3%.

Test o f the 11-component cognitive model (Form F). The TBR analysis of the 

cognitive model with 11 components using the Form F data produced an initial tree that 

included ten predictors: T3, R6, R4, R3, R l, T2, R7, T l, R5 and T5; R2 was the only 

predictor that was not included in the tree. This tree produced 14 terminal nodes and 

accounted for 99.5% of the variance in item difficulty (see Appendix M). However, when 

the four terminal nodes produced by the split based on Tl and R5 were pruned, the 

resulting tree had 12 terminal nodes and explained 99.4% of the variance. Given the 

small change in variance explained and the desire for parsimony, the latter tree containing 

eight predictors (T3, R6, R4, R3, R l, T2, R7, and T5) was selected as the final tree for 

the 11-component cognitive model using the Form F data (see Figure 13).

As seen in Figure 13, the first variable entering the tree was, again, T3 (Number of 

Plausible Distractors), which separated the 20 items into two nodes. The left node 

contained 9 items coded as having zero or one plausible distractor {Item Mean = -0.442). 

The right node contained 11 items coded as having two or three plausible distractors 

{Item Mean =1.131). This split again indicated that items with more than one plausible
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Figure IS. Tree diagram for the cognitive model with 11 components (Form F).
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distractor were more difficult than items with zero or one plausible distractor.

The items within Node 2 were then split into two nodes based on R6 (Inference 

Required). The left node contained seven items coded as requiring no or low- level 

inference (Item Mean = -0.750) and the right node contained two items coded as 

requiring high-level inference (Item Mean = 0.635). This split indicated that item 

requiring high-level inferences were more difficult than items requiring no or low-level 

inferences. As the right node did not have any child nodes, it became a terminal node. 

Next, the seven items within Node 4 were further split into two nodes based on R3 

(Syntactic Knowledge Required). The left node contained three items coded as not or 

somewhat requiring syntactic knowledge (Item Mean = -0.967), and the right node 

contained four items coded as critically requiring syntactic knowledge (Item Mean = 

-0.588). This split indicated that the items that required knowledge of complex 

infrequently used syntax were more difficult than the items that did not. The three items 

within Node 7 were further split into two terminal nodes based on R7 (Purpose of 

Information). The single item coded as to inform a fact was assigned to the left terminal 

node (.Item Mean = -0.710). The two items coded as to state a procedure or action, to 

express the authors’ opinions, to persuade the reader, to compare or contrast, to generate a 

theme, or to apply to the real world were assigned to the right terminal node (Item Mean  

= -1.095). Contrary to expectation, this split indicated that the item requiring examinees 

to recognize a fact was more difficult than the items requiring examinees to understand a 

procedure, an action, or the authors’ opinions, to compare or contrast, to generate a theme,
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or to apply to the real world. Lastly, the items within Node 8 were also split into two 

terminal nodes based on R7 (Purpose of Information). The three items coded as to inform 

a fact, state a procedure or action, express opinions, or to persuade the reader were 

assigned to the left node (Item Mean = -0.497), and the single item coded as to compare 

or contrast, generate a theme, or to apply to the real world was assigned to the right node 

{Item Mean = -0.860). Again, contrary to expectation, this split indicated that the items 

requiring examinees to recognize a fact or to understand a procedure, an action, or 

authors’ opinions were more difficult than the item requiring examinees to compare or 

contrast, to generate a theme, or to apply to the real world.

On the right side of the tree, the 11 items within Node 3 were split into two nodes 

based on R4 (Knowledge of Discourse Structure Required). The seven items coded as not 

or somewhat requiring knowledge of discourse structure were assigned to the left node 

{Item Mean = 1.461), and the four items coded as critically requiring knowledge of 

discourse structure were assigned to the right node {Item Mean = 0.552). Contrary to 

expectation, this split indicated that the items that did not require or somewhat required 

knowledge of discourse structure were more difficult than the items that critically 

required knowledge of discourse structure. Subsequently, the items within Node 5 were 

further split into two nodes based on Rl (Word Recognition Required). The three items 

coded as not or somewhat requiring the process of Rl were assigned to the left node 

{Item Mean = 1.290), and the four items coded as critically requiring the process of Rl 

were assigned to the right node {Item Mean = 1.590). The items that critically required
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recognizing words with advanced phonological or orthographical knowledge or 

identifying the meaning of an unknown word with few context cues were more difficult 

than the items that did not or somewhat required such processes. Next, the three items 

within Node 9 were further split into two terminal nodes based on T2 (Type of Match). 

The two items coded as having a literal or synonymous match between question and text 

were assigned to the left terminal node (Item Mean = 1.380), and the single item coded as 

having no match between question and text was assigned to the right terminal node {Item 

Mean =1.110). Contrary to expectation, this split indicated that the items that required 

the match between question and text were more difficult than the item that did not. The 

items within Node 10 were also split into two terminal nodes based on T5 (Metacognitive 

Strategies Used). The single item for which metacognitive strategies were less frequently 

used (frequency ratios < 0.34) was assigned to the left terminal node {Item Mean = 1.780), 

and the three items for which metacognitive strategies were more frequently used 

(frequency ratios > 0.34) were assigned to the right terminal node {Item Mean = 1.527). 

This split indicated that the item for which metacognitive strategies were less frequently 

reported by the students was more difficult than the items for which metacognitive 

strategies were more frequently reported.

Returning to Node 6, the four items in Node 6 were split into two nodes based on T2 

(Type of Match). The single item coded as having a literal match between question and 

text was assigned to the left node {Item Mean =1.110), and the three items coded as 

having a synonymous match or no match between question and text were assigned to
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right node (Item Mean = 0.367). Contrary to expectation, this split, again, indicated that 

the item requiring a literal match between question and text was more difficult than the 

items requiring a synonymous match or no match between question and text. Due to the 

lack of child nodes, the left node became a terminal node. Lastly, the three items with 

Node 11 were also split into two terminal nodes based on R6 (Inference Required). The 

single item coded as requiring no or low-level inference was assigned to the left terminal 

node (Item Mean = 0.090), and the two items coded as requiring high-level inference 

were assigned to the right terminal node (Item Mean = 0.505). This split indicated that the 

items requiring high-level inference were more difficult than the item requiring no or 

low-level inference.

The final tree for the 11-component cognitive model using the Form F data included 

eight components, produced 12 terminal nodes, and involved four levels of splits. The 

first split explained a substantial amount (67.3%) of the variance in item difficulty. The 

two splits at the second level increased the amount of variance explained to 93.2%. The 

three splits at the third level increased the variance explained to 97.3%. The five splits at 

the last level increased the portion of variance explained to 99.4%.

A comparison o f the 10- and 11-component cognitive model (Form F). A comparison 

of the final tree solutions for the 10- and 11-component cognitive model using the Form 

F data, as shown in Figures 12 and 13, revealed three points. First, for the 10-component 

cognitive model, the final tree included nine components in the cognitive model: T3, R6, 

R4, R3, R l, T2, T l, R7, and R2; R5 was the only component that was not included in the
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final tree. However, for the 11-component cognitive model, the final tree included eight 

of the 11 components in the cognitive model; three components -  R5, R2, and Tl -  were 

not included in the final tree. That R5 did not appear in the Form F trees for both the 10- 

and 11-component cognitive model was likely due to its high correlation with R4 (r = 

0.750, p  < 0.05) and moderately high correlation with R6 (r = 0.631 ,p  < 0.05). In other 

words, part of the information contained in R5 (Synthesis Required) may be captured in 

the variables R4 (Knowledge of Text Structure Required) and R6 (Inference Required). 

In contrast, for Form E, R5 had moderately high correlation with R4 only (r = 0.685,p <  

0.05). The correlation between R5 and the other variables were weak. The correlation 

matrix for Forms E and F are provided in Appendix N and Appendix O, respectively.

Second, the final tree solutions for the 10- and 11-component cognitive model using 

the Form F data were similar. After pruning, the final tree solutions for both cognitive 

models produced four levels of split. Moreover, the root node, the first three levels of 

splits, and the splits of the items in Node 8, Node 9, and Node 11 based on R7, T2, and 

R6, respectively, at the last level of split were in the same positions and produced exactly 

the same results for both cognitive models. However, the items within Node 7 and Node 

10 were split, respectively, by Tl (Location of Information) and R2 (Vocabulary 

Knowledge Required) in the 10-component model, and respectively by R7 (Purpose of 

Information) and T5 (Metacognitive Strategies Used) in the 11-component model.

Third, the 10-component item difficulty model explained 99.3% of the variance in 

item difficulty. The 11-component item difficulty model explained only 0.1% more
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(99.4%) of the variance than the 10-component model. Hence, the inclusion of T5 in the 

cognitive model did not lead to a substantial increase in the variance explained in item 

difficulty. Given the statistical principle of parsimony (Kerlinger, 1979), it appeared that 

the cognitive model without T5 is a better model. Overall, the TBR results for Form F 

supported the 10-component cognitive model.

A comparison o f the 10- and 11-component model across the test forms. The results 

from the two sets of TBR analyses for the two test forms are summarized in Table 17.

The table displays the components included and not included in each final tree, total 

number of splits, whether pruning was conducted or not, total number of terminal nodes, 

and the amount of variance explained by the final tree. An examination of Table 17 

reveals that for both 10- and 11-component models, the final trees had comparable 

number of terminal nodes across the two forms. Further comparison of the final trees for 

the 10- and 11-component cognitive models across the two forms (Figure 10 vs. Figure 

12; Figure 11 vs. Figure 13) reveals that T3 (Number of Plausible Distractors) was the 

first variable that was included in both the Form E and the Form F final trees, and that the 

first split of the Form F final trees explained much more variance than the first split of the 

Form E final trees (67.3% vs. 34.3%). Moreover, for both 10- and 11-component models, 

all variables but T3 entered the Form E and Form F trees in different orders. This was 

expected given that (1) the degree to which each process was called for by the items in 

the two forms were not strictly parallel, (2) the distribution of item difficulty was 

different across the two forms, (3) the TBR tended to select variables that can produce
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Table 17

The Final Trees for the Two Cognitive Models and Two Forms1
Cognitive
Model

Form Entered the Tree Not Entered 
the Tree

Levels of 
Split

Pruning
Occurred

# of Terminal 
Nodes

R2

E T3,R3,R1,R5,R4, 
T l, R2, T2, R7, R6 - - 5 No 13 97.9%

10 component
F T3, R6, R4, R3, Rl, 

T2,T1,R7,R2 R5 4 Yes 12 99.3%

E T3,R3,R1,R5,R4,
T1,R2,R7,T5 R6,T2 4 Yes 11 91.9%

11 component
F T3, R6, R4, R3, R l, 

T2, R7, T5 R5, R2, Tl 4 Yes 12 99.4%

Note. 1 Abbreviations used in the table: T3 = Number of Plausible Distractors; R3 = Syntactic Knowledge Required; Rl = Word Recognition Required; Tl = 
Location of Information; R2 = Vocabulary Knowledge Required; R4 -  Knowledge of Discourse Structure Required; T5 = Metacognitive Strategies.
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more splits in the tree-growing process, and (4) in the case where two or more different 

predictors produced an equal improvement statistic for a given split, the selection among 

these variables to split this node is simply based on the order of variables in the TBR 

analysis (AnswerTree User’s Guide, 2002).

Table 17 also reveals the differences between the 10- and 11-component cognitive 

model in light of the similarities and discrepancies of TBR results across the two forms. 

For the 10-component cognitive model, given that there was no need to prune, the final 

tree for Form E had five levels of split. Flowever, as the result of pruning, the final tree 

for Form F had four levels of split. For the 11-component cognitive model, following 

pruning, the final tree for both Form E and Form F had four levels of split.

However, compared with the 10-component cognitive model, the TBR analyses of 

the 11-component cognitive model produced largely divergent results across the two test 

forms. For the 10-component cognitive model, the final tree for Form E and the final tree 

for Form F had nine components overlapped, and the two final trees explained 

comparable amounts of variance (97.9% vs. 99.3%). For the 11-component cognitive 

model, the final tree for Form E and the final tree for Form F had only six components 

overlapped, and there was a relatively large difference between the total amount of 

variance explained by the two final trees (91.9% vs. 99.4%). Overall, the comparison of 

the TBR results for the 10- and 11-component cognitive model across the two forms 

provided further evidence in support of the 10-component model.

In sum, the 10-component cognitive model was superior to the 11-component
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cognitive model mainly for two reasons. First, for both forms, the final tree for the

11-component cognitive model included fewer components in the tree and did not 

explain substantially more variance than the 10-component cognitive model. Second, the 

10-component cognitive model had more variables that overlapped between the Form E 

and Form F final trees and explained comparable total amounts of variance across the 

two forms. Therefore, the 10-component cognitive model was considered more effective 

and parsimonious, and was thus retained as the final cognitive model for the MELAB 

reading test items.

As noted above, the TBR analyses produced a total of seven unexpected results of 

splitting, indicating that cognitively more demanding items were easier than cognitively 

less demanding items. These splits were, respectively, based on R5, R l, and R4 in the 

final tree for Form E and on R4, T l , T2, and R7 in the final tree for Form F (see Figures 

10 and 12). One possible explanation for these ambiguous findings may be the way in 

which the items were initially coded. For example, the result of the split based on R5 

indicated that the items that required synthesis were easier than the items that did not. An 

item was initially coded as “No synthesis” if the information requested by the item was 

contained within a single sentence, “Low-level synthesis” if the requested information 

was contained within multiple adjacent sentences, and “High-level synthesis” if the 

requested information was contained within multiple nonadjacent sentences or diffused 

across the passage. A problem with the present coding of R5 may be that the level of 

synthesis required to correctly answer an item might not be adequately evaluated simply
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based on the distribution of the requested information. Rather, synthesis involves 

complex thinking processes. The objective scoring used to code the items did not fully 

capture the complexity of actual thinking of the students, thus leading to inaccurate 

prediction of the item difficulty.

Item ambiguity is another possible explanation for the unexpected findings. In the 

Form F final tree, the split based on R4 indicated that the four items (i.e., items 6, 9,14, 

and 19) that critically required knowledge of discourse structure were easier than the 

seven items (i.e., items 4,12,13, 15,17, 18, and 20) that did not require or somewhat 

required this knowledge. Examination of the seven items assigned to the left node 

revealed that they were the seven most difficult items on Form F, with item difficulty 

estimates ranged from 1.11 to 1.78 (see Table 16). Further examination of the students’ 

verbal reports revealed that the poor quality of the items 12, 13, and 15 made them 

extremely difficult to understand, and thus leading to spuriously high difficulty, despite

the cognitive processes assessed by these items. For example, student FS3 reported,

This item (Item 12) is not well designed. I really think none of the options is correct. 
C appears to be the closest to the correct response, but it is not strictly logical. I 
expect the correct answer is “have different needs at the same time”. Option C is 
“have different needs at different time”. It is not logically correct, because “different 
needs at different time” involves the possibility of having the same needs at the same 
time. The passage does not mention “different needs at different time”. In fact, “same 
time, different needs” is the key to “competitive exclusion”. It does not matter 
whether they compete or not at different time. The key point of the passage is that 
they have different needs at the same time... This item (Item 13) does not have a 
sound answer. Monoculture means to plant the same type of crops in the same field, 
while the only seemingly correct response “Standard method” refers not only to plant 
the same type of crops in the same field, but also to plant the same crops each season. 
Hence, “Standard method” has a broader meaning than “Monoculture”. It is not a
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good answer, but I have to choose it.... This item (Item 15) is very confusing. The 
question asks the reasons for overyield. But none of the options explains the reason.

In addition to reading test items, the difficulty of the reading passages may have 

affected item difficulty. The difficulty of test passages is affected by a variety of factors, 

including text topic and content, text type and genre, text organization, and linguistic 

variables such as syntactic complexity (Alderson, 2000). The items referenced to easier 

passages tend to be easier than the items referenced to more difficult passages, despite 

the cognitive processes measured by the items (see, also, Alderson, 2000; Huff, 2003). 

This might be a possible explanation for the unexpected result of splitting produced by 

Rl in the Form E final tree (see Figure 10). This split indicated that the six items that 

critically required the process of word recognition (Items 2, 3, 5, 6, 8, and 16) were 

easier than the six items that did not require or somewhat required this process (Items 10, 

12,15,17,19, and 20). An interesting finding was that other than Item 10, the other five 

items in the left node were based on Passages 3 and 4, and that other than Item 16, the 

other five items in the right node were based on Passages 1 and 2. It is likely that 

Passages 3 and 4 were more difficult than Passages 1 and 2. Hence, while R l was not 

critically required to correctly answer these items, they were still more difficult than 

items that required Rl but were based on relatively easier passages. Due to the small 

number of items, only exploratory TBR analyses were conducted in the present study. 

Exploratory analysis simply considers the maximization of deviance statistically. 

However, the single process that statistically maximizes the deviance at each node does 

not necessarily represent the single most important process used by the students to arrive
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at the correct response. Confirmatory analyses using the TBR may be conducted in 

future when larger number of items is available to improve the model interpretability.

l X [* ,• (£ ) -T(0)12
The equation used to calculate the MSR is _ j=i________________ , where n represents the number o f  score

n  —  1

points on the theta scale and in the context o f  comparison o f the TCCs o f Form E and Form F, X /0 )  is the expected 

total score at 0  for Form E, and Y/0) is the expected total score at 0  for Form F. The null and alternative hypothesis 

tested for MSR are H0: MSR = 0; H,: MSR > 0.
The value o f the MSR was compared to the critical value in a chi-square distribution with n-1 degrees o f freedom to 
test whether the MSR is statistically different from 0 or not. If the MSR is statistically different from 0, then the two 
TCCs are said to be statistically different from one another. Similarly, if  the MSR is not statistically different from 0 
then the two TCCs are said to be statistically similar to each other. Thirty score points with equal intervals were 
selected from the theta scale in this study.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



183

CHAPTER 7: SUMMARY, CONCLUSION, AND RECOMMENDATIONS

Given the sequential nature of this study, the methods for each stage and the findings 

obtained are summarized together. The limitations of the study are then discussed, 

followed by the conclusion drawn in light of the limitations. Lastly, practical implications 

of the findings in this study are addressed, followed by directions for future research.

Summary of Methods and Discussion of the Findings 

In the present study, a cognitive processing model for the MELAB reading test items 

was developed and tested through four stages. First, informed by substantive theories of 

L2 reading processes and ability constructs and research into L2 reading test and item 

performance, an initial cognitive model was hypothesized to underlie the MELAB 

reading item performance. Then, this model was empirically tested through cognitive 

analysis of the test items by raters, students’ verbal protocols of the actual processes they 

used to arrive at the correct responses, and item difficulty modeling with the TBR. 

Development o f the Initial Cognitive Model

A review of the pertinent literature on the processes associated with reading and 

reading test taking by L2 learners suggested that seven reading processes, four test- 

management processes, and three testwise processes should be included in the initial 

cognitive model underlying the L2 reading test item performance. These processes 

included: Word recognition (Rl), Using vocabulary knowledge (R2), Using syntactic 

knowledge (R3), Using knowledge of discourse structure (R4), Synthesizing (R5), 

Drawing inferences (R6), Using pragmatic knowledge (R7), Locating specific details in
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text (Tl), Matching question to text (T2), Evaluating alternative choices (T3), Using 

topical knowledge (T4), Using clues in other items (TW1), Guessing (TW2), and Using 

surface features of answer choices (TW3).

Operational definitions for each of the 14 cognitive processes were then developed in 

the context of responding to multiple-choice reading test items. Next, potential sources of 

processing difficulty were identified for each process. These sources focused on different 

aspects of reading test items: processing of information, location of requested information, 

familiarity of passage topic, and characteristics of item stems and options. Lastly, scoring 

scales were defined to score the cognitive complexity of the processes on the basis of 

theoretical and empirical relationships informed by previous research (Bachman et al., 

1996; Jamieson et al., 2000; Rupp et al., 2001; Sheehan & Ginther, 2001).

Efforts were made to cover a wide range of processes thought to be involved when 

answering multiple-choice reading test items. Consistent with the emphasis of reader-text 

interaction and the importance of test method in current literature of L2 reading 

assessments (e.g., Alderson, 2000; Bachman & Palmer, 1996), the variables that affect the 

difficulty of reading test items were defined, with both reader and task (text and item) 

characteristics taken into consideration. Nevertheless, the set of 14 cognitive processes in 

the initial cognitive model were not meant to be a definitive set. Some processes may 

have been overlooked and certain definitions of the processes may not be clear. Hence, 

the initial model was refined and validated using a three-stage procedure.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



185

Cognitive Analysis o f  the Items by Raters

Three raters familiar with the L2 reading processes and the population of Mandarin­

speaking MELAB test takers separately identified which of the 14 cognitive processes in 

the initial model were necessary to correctly answer the items included in Forms E and F, 

and to suggest any additional processes required to correctly answer the items. The raters 

were provided with group training and a rating instrument.

G-theory analysis of the ratings by the three raters suggested a high level of 

agreement among the three raters’ item ratings (G-coefficient = 0.90). It appears that the 

use of a pilot study, rater training, a clearly-defined rating instrument, extensive 

discussion, exemplification of item coding, and standardized rating procedure in the 

present study contributed to the agreement among the raters. This level of agreement is 

consistent with other researchers (e.g., Bachman et al., 1996; Carr, 2003; Xi, 2003), who 

used well-designed rating instruments, exemplification, and re-categorization of the 

cognitive demands of the test items.

The final set of consensus ratings, which was generated through a thorough 

discussion of the reading items included in the two forms, revealed several points. First, 

the seven reading processes and the first three test-management processes in the initial 

cognitive model were identified by the raters as required to correctly answer the items in 

the two forms: R l, R2, R3, R4, R5, R6, R7, T l, T2, and T3. However, the raters did not 

identify the fourth test-management process and the three testwise processes. Second, the 

raters did not identify any additional processes that would be needed to correctly answer
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the reading items included in the two forms. However, failure to identify additional 

processes may also be caused by presenting the processes to the raters. While the raters 

were encouraged to identify any processes not included in the initial model, their 

perspectives might have been limited by the available processing components. Third, the 

raters confirmed that the scoring scales reflected discernible levels of performance for the 

processes considered. Fourth, the raters indicated that simultaneous use of multiple 

cognitive processes was required to correctly answer reading test items. This finding 

supports the view of some researchers that reading can be divided into specific cognitive 

elements, which are used in combinations to correctly interpret what has been read or to 

correctly answer reading test items (e.g., Gorin, 2002; Grabe, 1991). Lastly, a comparison 

of the cognitively-based item features coded by the raters across the two test forms 

revealed that the complexity and demands of the cognitive processes required by the 

items included in the two test forms were different, which suggested that the distributions 

of item difficulty might be different across the two forms.

The rater results linked the initial cognitive model to the MELAB reading items, 

corroborated the scoring scales defined in the initial model, and provided evidence in 

support of a revised cognitive model. However, as Alderson (2005a) and Leighton and 

Gierl (2005) pointed out, judges may process test tasks differently from the target 

examinees. Hence, examinees’ actual processes underlying the correct responses were 

investigated to determine the processes actually used by examinees when they responded 

to the MELAB reading test items.
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Student Protocols and Analysis

Verbal report data were collected from 16 Mandarin-speaking undergraduate and 

graduate students as they answered the reading items on Form E or Form F. Both 

concurrent and retrospective data were collected. Each interview was completed in two 

sessions scheduled within a week, with two reading passages and their associated items 

administered in each session. The researcher coded the verbal data first using the coding 

scheme based on the processing components in the initial cognitive model, and then using 

the finer coding scheme based on the scoring scales used by the raters. A trained coder 

independently coded 37.5% of the verbal data using the same coding schemes as those 

used by the researcher. The codes assigned by the researcher were compared to those 

assigned by the independent coder. The percentage of total agreement between the 

researcher and the independent coder was 82.8%, which indicated that the cognitive 

processes segments were consistently coded.

The verbal results supported the inclusion of R l, R3, R4, R5, R6, R7, T l, T2, and T3 

and warranted the elimination of T4, TW1, TW2, and TW3. However, the verbal results 

did not support R2 (Using vocabulary knowledge) and raised an additional component T5. 

Leighton (2004) reminded us that students’ verbal reports were sensitive to task demands, 

and that they were difficult to obtain when “the task used to elicit the reports was 

exceedingly difficult or called upon automatic processes” (p. 12). R2, which was not 

found in the students’ verbal reports, likely was an automatic process for the students 

who were quite proficient in English. In such cases, as suggested by Leighton (2004),

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



188

raters’ perspectives of the cognitive processes required to correctly answer the items 

would reveal the automatic processes that could not be verbalized by the students. Given 

that R2 was identified by the raters as needed to correctly answer the items and that prior 

research in L2 reading revealed a close relationship between R2 and reading 

comprehension (e.g., Bachman et al., 1996; Carr, 2003; Johnston, 1983), R2 was retained 

in the revised cognitive model.

Anew category, T5 (Using metacognitive strategies) emerged from the verbal report 

data. T5 was, respectively, the fourth and the third most frequently reported process for 

Forms E and F. Using metacognitive strategies while answering the reading test items is 

included in Bachman’s (1990) CLA framework. Further, a number of research studies 

have found that good readers are more effective in using metacognitive strategies and 

more capable of describing the use of such strategies (e.g., Block, 1992; Grabe, 1991; 

Johnston, 1983; Phakiti, 2003). Consistent with the findings in these studies, the 

proficient ESL students in the present study were good at using and describing the 

metacognitive strategies they used while answering the reading test items. However, 

since T5 was not identified by the raters, the inclusion of T5 was undetermined. Hence, 

two revised cognitive models were retained at this point of the study. The first one 

contained the first 10 components in the initial cognitive model, and the second contained 

these 10 components plus T5.

In agreement with the rater findings, the verbal results revealed that different 

processes were involved in responding to different items and simultaneous use of
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multiple processes was needed to correctly answer an item. However, unlike the rater 

findings, which revealed that the scoring guides for different cognitive processes were 

valid and useable, the verbal data were not sensitive enough to discern different levels of 

performance for processes such as R3 (Syntactic knowledge required). This finding lends 

support to Leighton’s (2004) comments on the advantages of using both raters’ analysis 

of the cognitive processes required to correctly answer test items and analysis of students’ 

think-aloud protocols to justify the cognitive proqesses underlying test item performance.

Taken together, the rater and verbal data revealed processes noted in other studies of 

the processes used by L2 readers during taking academic reading tests (e.g., Abbott, 2005; 

Alderson, 1990b; Enright et al., 2000; Hudson, 1996; Jamieson et al., 2000). The two sets 

of findings support the testing of two revised cognitive models with the TBR analyses. 

Item Difficulty Modelling using Tree-Based Regression

Two sets of TBR analyses were conducted, one using the Form E data and the other 

using the Form F data to test the cognitive model with 10 and 11 components, 

respectively. The TBR results supported the cognitive model with 10 components. For 

both test forms, the final trees for the 11-component model included fewer components 

and did not explain substantially more variance than the final trees for the 10-component 

model. Further, the 10-component model had more variables that overlapped between the 

Form E and Form F final trees and explained comparable total amounts of variance across 

the two forms. Therefore, the 10-component model was considered more effective and 

parsimonious, and was thus retained as the final cognitive model for the MELAB reading
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test items. These 10 processing components have been included in other models of the L2 

reading processes, albeit not together (e.g., Alderson, 2000; Koda, 2005), and have been 

revealed as important predictors in studies of the factors affecting reading item or test 

performance (e.g., Drum et al., 1981; Freedle & Kostin, 1993; Rupp et al., 2001; Sheehan 

& Ginther, 2001).

However, the final trees for Forms E and F were not identical: (1) while T3 led to the 

first split, the first split of the Form F tree explained much more variance than that of the 

Form E tree, (2) except for T3, the remaining variables entered the two trees in different 

orders, and (3) R5 entered the Form E tree only. The divergent tree structures were likely 

due to two reasons. First, as indicated by the rater and verbal results, the degree of 

cognitive processes called for by the reading items was different across the two test forms. 

Second, the psychometric characteristics of the two forms revealed that while the 

statistics such as independent samples t-test and MSR supported parallelism of the two 

test forms, the distributions of item difficulty were different across the two forms. Form F 

contained both more difficult and more easy items than Form E. These findings speak for 

the complexity of item construction and remind us that caution needs to be exercised 

when interpreting reading performance on different test forms. To better understand the 

validity of test scores, not only should the statistical properties of a test, such as mean, 

variance, and reliability, be examined, but also the cognitive processes elicited by the 

items need to be analyzed to provide substantive evidence regarding the nature of 

constructs assessed by the test. As Gorin (2002) noted, both statistical and substantive
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analyses of the items are required to effectively construct and evaluate reading test items. 

More importantly, test developers need to carefully consider the passages used and the 

nature of the items included at the test construction stage, and to construct tests based on 

predetermined cognitive processes defined from a cognitive model.

The final trees were relevant to the theoretical constructs of the MELAB reading and 

explained substantial amounts of the variance in item difficulty (97.9% for Form E and 

99.3% for Form F). Huff (2003) developed a tree-based item difficulty model for the new 

TOEFL reading items. Using already-existing item codes, which were not specifically 

related to reading item difficulty as predictors, her final tree explained only 56.0% of the 

item variance. Rupp et al. (2001) modeled item difficulty for a L2 reading test using the 

TBR. Using features of text, item, and text-item interaction informed by prior studies of 

reading item difficulty as predictors, their final tree explained only 50.0% of the item 

variance. However, Sheenhan’s (1997) tree-based item difficulty model developed for the 

items included in the SAT Verbal Reasoning Test explained about 80% of the variance in 

item difficulty. In her study, the test items were coded using the scoring scales based on 

the four cognitive processes described in Kirsch and Mosenthal (1990): (1) recognizing 

vocabulary in context, that is, determining the meaning of the referenced word or phrase 

by analyzing the surrounding text; (2) understanding of the points explicitly stated in the 

text; (3) drawing inferences about the author’s purpose, assumptions, attitude, or 

rhetorical strategy; and (4) determining which of several alternative options are best 

supported by the information in the text. Subsequently, Sheehan and Ginther (2001)
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developed a tree-based item difficulty model for the Main Idea reading items on the 

TOEFL 2000. Coding the items using three variables describing cognitive processing 

features of the items (i.e., Correspondence between Correct Response and Text, Location 

of Relevant Information, and Elaboration of Information), their final tree model 

explained ever more (87.0%) variance in item difficulty.

In the present study, finely-tuned scorning scales based on 14 cognitive processes 

were used that were parallel to those used in Sheehan’s (1997) and Sheehan and Ginther’s 

(2001) studies. It was not surprising that the final tree models developed in the present 

study accounted for larger item variance than that was explained in Sheehan’s (1997) and 

Sheehan and Ginther’s (2001) studies. The difference between the explained variance in 

the previous TBR studies and the present study is likely attributable to the use of a more 

thorough procedure to develop and validate the cognitive processes considered in the 

TBR analyses conducted in the present study.

Limitations

The verbal report data were collected from a group of Mandarin-speaking students 

enrolled in a university program. The English capability of these students was well 

advanced. As mentioned earlier, for the students with high English language proficiency, 

certain processes such as R2 (Using vocabulary knowledge) were likely automatic and 

thus could not be identified through verbal description. Examinees with different 

language backgrounds and proficiency levels likely have mastered different aspects of 

reading ability to different degrees and likely use different cognitive processes to arrive at
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their answers (Huff, 2003; Kasai, 1997). As item difficulty is affected by the interaction 

between examinee and test task (Bachman, 2002), item difficulty is likely to vary across 

different language groups and proficiency levels. Verbal protocols from students with 

other first non-English languages and at average and low proficiency levels may reveal 

more information regarding the cognitive processes required to arrive at the correct 

responses and increase the degree of correspondence among different sources of data.

The TBR is a tool that can be used to examine how underlying cognitive processes 

affect item difficulty. However, the findings from the TBR analyses need to be interpreted 

with caution. The TBR algorithm is designed to select variables at each stage of the tree 

that account for the greatest addition to explained variance and will continue to do so 

until the additional amount of explained variance is negligible. At the present time, there 

is no agreed upon rule regarding what constitutes negligible variance. Moreover, when 

two or more different predictors produce an equal improvement in explained variance for 

a given split, the selection among these variables is simply based on the initial order of 

variables in the TBR analysis (AnswerTree User’s Guide, 2002; Ewing & Huff, 2004). 

Hence, conclusions drawn from the tree structures need to be tempered. In the present 

study, two forms were considered. While final trees differed between the two forms, 

different distributions of item difficulties provided an explanation for this difference.

Conclusion

Despite the limitations discussed above, the triangulation of the three sources of 

evidence collected in this dissertation support the conclusion that seven reading processes
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-  R1 (Word recognition), R2 (Using vocabulary knowledge), R3 (Using syntactic 

knowledge), R4 (Using knowledge of discourse structure), R5 (Synthesizing), R6 

(Drawing inferences), and R7 (Using pragmatic knowledge) -  and three test-management 

processes -T1 (Locating specific details in text), T2 (Matching question to text), and T3 

(Evaluating alternative choices) -  underlie successful performance on the MELAB 

reading test items. Consistent with prior studies using the triangulation approach to 

determining the test or item performance (e.g., Abbott, 2005; Anderson et al., 1991; 

Leighton, 2004), this study demonstrated the value of using multiple sources of data to 

evaluate the performance of a cognitive model, and successfully demonstrated the union 

of cognitive psychology and assessment in the field of second/foreign language testing.

Implications for Educational Practice

The findings in this study have implications for curriculum and instruction, test 

development, and diagnostic feedback. First, the findings have implications for ESL/EFL 

classroom teachers concerning how reading strategies should be taught so that the reading 

strategies could work best for their students. In this study, both rater and verbal results 

indicated that the simultaneous use of multiple cognitive processes is needed to 

understand the texts and correctly answer the reading test items. In light of this finding, 

as noted by Grabe (2004), reading strategies may be taught through a combined-strategies 

instructional approach rather than taught independently of one another.

Second, the findings provide guidelines for the MELAB test takers concerning how 

to prepare for the MELAB reading tests effectively. The finding that the cognitive model
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underlying the MELAB reading item performance did not include the four construct- 

irrelevant processes -  T4 (Using topical knowledge), TW1 (Using clues of other items), 

TW2 (Guessing), and TW3 (Using surface feature of answer choices) -  suggested that 

stressing these processes would not be effective. Rather than focusing on learning and 

practicing how to become testwise, the MELAB test takers should focus on improving 

their English language knowledge and strategic competence.

Third, the findings can be used to guide test developers to design cognitively-based 

reading test items (Gorin, 2002; Embretson, 1999). While the TBR analyses produced 

somewhat divergent results across the two test forms, the pattern of agreement between 

the final trees for Forms E and F sheds some light on which of the construct-relevant item 

features most likely affected the MELAB reading item difficulties. For example, the final 

trees for Forms E and F both suggested that items with more plausible distractors were 

more difficult than items with less or none plausible distractors, and that items requiring 

high-level inference were more difficult than items requiring no or low-level inference. 

Further, the resulting tree models suggested some mechanisms for ordering the items 

based on the relationship between cognitively-based item features and item difficulty. For 

example, an item bearing the following features would be an easy item: it does not have 

plausible distractors and requires simple syntactic knowledge. In contrast, an item 

bearing the following features would be a difficult one: it has more than one plausible 

distractor, somewhat requires recognizing the meaning of unknown words using context 

clues, and requires information located in the entire passage. When item specifications
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are written in terms of cognitive processes to be assessed by each item, more direct 

assessment of what the students know and what they can do may be achieved.

Fourth, the findings from the TBR analyses can be used to provide detailed 

diagnostic feedback to the examinees and lay a foundation for the MELAB as a 

diagnostic measure. The tree models obtained in this study produced homogeneous 

clusters of items that measure similar cognitive processes and have similar item difficulty. 

By summarizing examinee performance against these item clusters, meaningful 

diagnostic score reports can be generated to suggest particular knowledge or skills that 

the examinee needs to work on. For example, if an examinee responds incorrectly to most 

of the items within a cluster measuring knowledge of complex syntax, conclusions can be 

drawn that this examinee has trouble understanding the sentences with complex syntax in 

academic texts and needs more work to gain such knowledge. If an examinee correctly 

answers the cluster of items measuring the competence of recognizing infrequently used 

or specialized vocabulary in academic texts, then conclusions can be drawn that this 

examinee can correctly identify vocabulary in academic texts, which is required for 

academic studies in an English-speaking setting.

Directions for Future Research

Although empirical evidence has been found in support of the 10-component 

cognitive model for successful performance on the MELAB reading forms, the model 

warrants further research so that other large-scale language testing programs designed for 

L2 and large-scale reading tests for LI could yield more meaningful results that validly
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reflect examinees’ reading ability. In this study, the use of students’ verbal protocols 

provided insights into what the examinees thought and where they attended to while 

answering the MELAB reading test items. However, the generalization of the findings of 

this study is constrained by the characteristics of the participants, the data collection 

procedure, and the data analysis procedure used for this stage of the study. As noted 

earlier, the verbal protocol participants were Mandarin-speaking students using English in 

a university setting. Hence, the findings generalize to this population only, which is 

characterized as Mandarin first language with relatively high English reading proficiency. 

This stage of the study should be replicated in an examinee population with more 

heterogeneous English language proficiency and native language backgrounds. The 

verbal protocols of the students who are about to take the MELAB would also provide a 

clearer picture of various cognitive processes underlying the MELAB reading test item 

performance.

The students’ verbal protocols were collected to shed light on what cognitive 

processes were actually used by examinees to correctly answer the MELAB reading test 

items. A look at the cognitive processes used by the students for the incorrect responses 

may reveal meaningful information as to what cognitive processes are truly required to 

solve an item. However, a limitation with the verbal report data is that not all cognitive 

processes are reported or reported every time when they are used (see, also, Cohen & 

Upton, 2006). Hence, it is unclear whether the processes not verbalized were indeed not 

used by the students. Interview strategies are needed to uncover whether or not processes
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such as R2 are automatic or not, and where the strategies lead the interviewee to produce 

an answer that is not true or valid.

The use of TBR to model the reading item difficulty can enrich understanding of the 

relationship between item features and item difficulty, and contribute to the progress of 

new methods for language testing research. However, the TBR technique has only been 

applied to a few language studies. Further research focusing on the evaluation of this 

measurement model is required. Among the items to consider are the stopping rule, the 

order in which competing variables at a given stage are selected, and whether modeling 

other item statistics, such as item discrimination, in terms of the cognitive processes 

involved in item solving may reveal more meaningful information for test developers. 

Another area of research would be to compare the TBR with other currently available 

measurement models, such as structural equation modeling, multivariate generalizability 

theory, and the attribute hierarchy model to examine the extent to which these 

measurement models adequately describe the response data that is the product of the 

interaction between reader abilities and test task characteristics.

In addition to the areas of future research mentioned thus far, research in four other 

directions hold promise. First, the combination of substantive theories of L2 reading and 

three sources of empirical data provided substantial support for the revised cognitive 

model containing 10 components. Further cross-validation studies using other MELAB 

reading test forms are required to determine whether the 10-component cognitive model 

holds with other test forms, whether T5 needs to be added, and whether the item features
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identified in this study are stable across different test forms. Second, studies in which test 

items are first developed using predetermined cognitive processes defined from a 

cognitive model and then validated using empirical evidence such as that considered in 

the present study may lead to tests that yield scores that can be more validly interpreted. 

Third, a cognitive model of the MELAB reading item performance was proposed in this 

study. Using substantive evidence along with statistical results to generate and validate 

the cognitive model, this research provides measurement specialists and content experts 

with rich validity information and characteristics of complex task performance, which 

will contribute to a better understanding of how students solve test tasks or items. Future 

studies are required to determine how best to meld the tree-based item difficulty model 

developed in this study with its cognitive base and with classical and item response 

model item analyses. Lastly, as mentioned in the earlier chapter, the way of item coding 

was a likely reason for the ambiguous findings from the TBR analyses. Further research 

is needed to improve the way in which the items were coded to clarify the role of R5 and 

to determine why the TBR analyses produced unexpected results of splits. An interesting 

attempt might be to first more clearly distinguish between two sets of factors that can 

affect item difficulty: cognitive processes used by examinees and characteristics inherent 

in the item itself, and then to separately examine the relationship of item difficulties to 

process ratings and task characteristic ratings, as suggested by Bachman (2002) and 

executed by Bachman et al. (1996).
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Appendix A: Recruiting Letter and Letter of Information for Raters

Recruiting Letter

Dear Graduate Students in Educational Psychology:

I am a doctoral student of the Department of Educational Psychology at the University of 
Alberta. I am conducting a study modeling the cognitive processes underlying 
performance on the reading items included in the Michigan English Language 
Assessment Battery (MELAB). The MEALB is a large-scale high stakes assessment of 
English as a foreign language and its assessment results are widely used by educational 
institutions, government agencies, and licensing agencies to make decisions about 
educational and employment opportunities.

This study is part of my studies for a doctoral degree and the information you provide 
will help identify the cognitive processes required to correctly answer the MELAB 
reading test items. Your participation would be greatly appreciated!

The data will be collected within a week in end November or early December 2005 and 
participating in this study will take a total of ten hours or so of your time. To participate 
in this study, you are expected to have expertise in the domain of L2 reading (e.g., took 
courses in applied linguistics or related area) and experience of teaching reading to adult 
EFL learners.

For details about participating this study, please refer to the letter of information attached 
in this email. Thank you for your consideration!

Sincerely,
Lingyun Gao, PhD candidate

Letter of Information

Dear Graduate Students in Educational Psychology:

I am a doctoral student of the Department of Educational Psychology at the University of 
Alberta. I am conducting a study modeling the cognitive processes underlying 
performance on the reading items included in the Michigan English Language 
Assessment Battery (MELAB), a large-scale high stakes assessment of English as a 
foreign language. This study is part of my studies for a doctoral degree and the 
information you provide will help identify the cognitive processes required to correctly 
answer the MELAB reading test items. Your participation would be greatly appreciated!

The data collection procedure consists of four steps, which will take a total of ten hours 
or so of your time. First, you will participate in a one-hour group training session to be 
held by the researcher at the University of Alberta to introduce you to the MELAB test 
forms, rating instrument, and rating procedures. Second, you will use a rating instrument
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to independently code the 40 items included in two forms of the MELAB reading test in 
terms of the cognitive processes required to correctly answer each item. You will be given 
three days to complete the task and return your completed work with all materials to the 
researcher by 5pm of the third day. Third, after coding, you will participate in a meeting, 
during which you will look at the summary of the coding conducted by all the raters and 
reach consensus where disagreement occurs. Fourth, after the verbal report data are 
collected from the students and coded in phase 2 of the study, you and I will meet as a 
group to compare the rating results and the processes actually used by the students to 
determine the cognitive processes required by the MELAB reading items. There are no 
risks or harms to you from participating in this study.

No names will be used in the data or published work; only codes (e.g., JR, MM) will be 
used in the data to identify the participants and only group results will be used. The data 
will not be released at any time to anyone, and will be used for research purposes only. 
The data will be sealed in envelopes and locked in the researcher’s office. Only the 
researcher can access the data. Five years after completing the study, all the data 
regarding this study will be destroyed. The results of the study will be reported in the 
working paper to be submitted to the University of Michigan and will also be reported in 
the dissertation currently undertaken by the researcher. Results may also be reported in 
scholarly conferences and journals. The data for all uses will be handled in compliance 
with the University of Alberta Standards for the Protection of Human Research 
Participants. If you wish to have a copy of the report, you can contact me and I would be 
pleased to send you a copy. Your participation is voluntary. If you agree to participate, 
please be advised that due to the nature of this study (i.e., your rating results are vital for 
the later phases of the study), you may not be allowed to withdraw once the formal rating 
procedure begins. I would appreciate your foreseeing the possible events that may lead to 
your withdrawal from the study and advising me before that point so that I could find 
another rater.

Should you have any questions or concerns about this study, you may contact Lingyun 
Gao, the researcher, at gaog@,ualberta.ca or 4925427, or Dr. Todd Rogers, supervisor of 
the researcher, at todd.rogers@ualberta.ca or 4923763. If you agree to participate in the 
study, please email me and I will contact you to set up the appointments. Thank you for 
your consideration!

Sincerely,
Lingyun Gao, PhD candidate

The plan for this study has been reviewed for its adherence to ethical guidelines and 
approved by the Faculties of Education, Extension and Augustana Research Ethics Board 
(EEA REB) at the University of Alberta. For questions regarding participant rights and 
ethical conduct of research, contact the Chair of the EEA REB at (780) 492-3751.
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Appendix B: Rating Instrument

Directions:
This rating instrument contains four parts: Part I  (The Rating Guide), Part II (The Rating 
Forms), Part III (Evidence o f  Ratings), and Part IV  (Comments). Table 1 provides a list 
o f cognitive processes that may be related to correctly answering the multiple-choice 
items included in the MELAB reading tests. To clarify the concepts involved in the rating 
process, Table 1 also provides definitions o f the cognitive processes covered, rationale, 
and examples for your reference. Please code each item using the variables listed in the 
last column o f Table 1, record your coding on the rating forms, and provide evidence for  
your ratings by taking notes, listing the key words, or bracketing the text containing the 
relevant information during rating. I f  you think correctly answering an item involves the 
cognitive processes not included in Table 1, please specify them on the rating forms under 
the column “Other ”.

Part I: The Rating Guide (Table 1 in Chapter 3 was attached in the next pages).

Part II: Rating Forms1 (See the pages following Table 1)

Part III: Evidence for your ratings for the variables “Word Recognition Required” and 
“Vocabulary Knowledge Required” (See attached)

Part IV: Your comments on additional cognitive processes involved (See attached)

1 As the Rating scales for Test Form E and Test Form F are exactly the same, only the Rating scales for Test 
Form E are included in this appendix. The Rating scales for Test Form F are identical with those for Test 
Form E.
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Rating Form1 (Test Form E)

Rater Code:____________________  Date

Item R l2 R23 R3 R4 R5 R6 R7 T1 T2 T3 T4 TW1 TW2 TW3 Other4
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20

Note. 'Abbreviations used in the table: R1 = Word Recognition Required; R2 = Vocabulary Knowledge Required; R3 = Syntactic Knowledge Required; R4 = 
Knowledge of Discourse Structure Required; R5 = Synthesis Required; R6 = Inference Required; R7 = Purpose of Information; T1 = Location of Information; T2 
= Type of Match; T3 = Number of Plausible Distractors; T4 = Topical Knowledge Required; TW1 = Item Cues; TW2 = Guess; TW3 = Surface Feature of 
Options.
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2 In the part of the text containing the information requested to correctly answer each item, please list any 
word(s) which need to be recognized using advanced phonological and/or orthographical knowledge, or the 
meaning of which need to be understood using context cues.

Item 1
Item 2
Item 3
Item 4
Item 5
Item 6
Item 7
Item 8
Item 9
Item 10
Item 11
Item 12
Item 13
Item 14
Item 15
Item 16
Item 17
Item 18
Item 19
Item 20
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3Please list the infrequently used and specialized words in the part of the text containing the information 
requested to correctly answer each item.

Item 1
Item 2
Item 3
Item 4
Item 5
Item 6
Item 7
Item 8
Item 9
Item 10
Item 11
Item 12
Item 13
Item 14
Item 15
Item 16
Item 17
Item 18
Item 19
Item 20

K)
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4Please use the space below to describe other cognitive processes involved in obtaining the correct answer 
to each item.

Item 1
Item 2 ___________________________________________________________________________________________ _ _
Item 3 _______________________________________________________________________________________________
Item 4 _______________________________________________________________________________________________
Item 5 _______________________________________________________________________________________________
Item 6 _______________________________________________________________________________________________
Item 7 _______________________________________________________________________________________________
Item 8 _______________________________________________________________________________________________
Item 9 _______________________________________________________________________________________________
Item 10 _______________________________________________________________________________________________
Item 11 _______________________________________________________________________________________________
Item 12 _______________________________________________________________________________________________
Item 13
Item 14 __________________________________________ ,____________________________________________________
Item 15 _______________________________________________________________________________________________
Item 16 _______________________________________________________________________________________________
Item 17 _______________________________________________________________________________________________
Item 18 _______________________________________________________________________________________________
Item 19 ______________________________________________________________________________ _______________
Item 20 _______________________________________________________________________________________________
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Appendix C: Consent Form for the Raters

Project Title: Cognitive-Psychometric Modeling of the MELAB Reading Items

I ,___________________________, agree to participate in the study being conducted by
the researcher. I have read the letter of information. Any questions that I had were 
answered to my satisfaction. I understand that I will be participating in a study modeling 
the cognitive processes underlying performance on the items included in the MELAB 
reading tests. I have been informed that my involvement consists of (1) participating in a 
one-hour group training session, (2) independently coding the 40 items included in two 
forms of the MELAB reading tests in the subsequent three days, and returning the coding 
results with all materials to the researcher by 5pm of the third day, (3) participating in a 
meeting to be scheduled on the following day to look at the summary of the coding 
conducted by all the raters and reach consensus where disagreement occurs, and (4) 
comparing the rating results to the processes used by the students to determine the 
features of the MELAB reading items. I understand that participating in this study will 
take a total of ten hours or so of my time and the information I provide will help to 
identify the cognitive processes required to correctly answer the MELAB reading test 
items. I understand that my participation is voluntary, and that due to the nature of this 
study, I am not allowed to withdraw once the formal rating procedure begins. I have been 
assured that my name will not appear on the data or published work to maintain my 
anonymity and confidentiality and that only codes (e.g., JR, MM) will be used in the data 
to identify the participants and only group results will be used. I am aware that I can 
contact the researcher and the researcher’s supervisor at the University of Alberta with 
any questions, concerns, or complaints that I have.

By signing below, I certify that I have read the Consent Form.

Name of the Participant: ___________________________________________________
(Please print)

Signature of the Participant: _________________________________________________

Date:

The plan for this study has been reviewed for its adherence to ethical guidelines and 
approved by the Faculties of Education, Extension and Augustana Research Ethics Board 
(EEA REB) at the University of Alberta. For questions regarding participant rights and 
ethical conduct of research, contact the Chair of the EEA REB at (780) 492-3751.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



228

Appendix D: Procedures for Rater Training and MELAB Reading Item Coding 

1. Training of the three raters
—  The researcher provides 1-hour group training on day 1. The procedures are:
•  Introduce the study and the MELAB reading test forms
•  Acquaint the raters with the rating instrument:

•S Give them 10-15 minutes to read and review Table 1 
S  The researcher describes each row of the table
Y  The researcher describes each column of the table
Y  Review together the scored variables in the last column of the table 
■S Describe the rating form

•  Clarify the rating procedure
•  Encourage discussions to achieve common definitions & understanding of the 

procedure
•  Provide the sample passage with five accompanying items for practice:

Y  The raters first answer the set of sample items
The researcher provides the answer key for the raters to mark their answers 

S  The raters code the items in term of all possible cognitive processes required to 
correctly answer each item, using the last column of Table 1 and the rating form. 

^  Upon completion, the coding results are discussed, the rationale for coding 
particular cognitive processes shared, and inconsistencies resolved.

2. Formal data collection
—  The raters independently code the MELAB reading items on days 2, 3, and 4.
General instructions for the ratine procedures
Instructions: Each o f you will be provided three envelopes, which contain the instructions 
and materials for each step o f the rating task. Specifically,

Envelope A contains Form E and Form F  o f the MELAB reading test 
Envelope B contains the answer keys to the 20 items included in each test form  
Envelope C contains Table 1, rating form, and instructions for coding each item in terms 
o f the cognitive processes required to correctly answer the corresponding item.

Please sequentially complete the task specified in each envelope. Do not proceed to open 
the next envelope until you complete the tasks in the previous envelope. You will be given 
three days to complete the entire task. Once you finish the tasks, please seal your 
completed work with all instructions and materials in the original envelopes and return 
them to me by 5pm o f the third day. Thank you!
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Instructions for the task specified in each envelope
Envelope A —
Instructions:
Please read through the two forms o f the test paper and answer each item to the best o f  
your ability, as i f  you were indeed taking a reading test.
Do not open envelope B until you complete answering all the items included in both 
forms.

Envelope B —
Instructions:
Now check your answers using the answer keys provided in this envelope. Score your test 
and correct your answers as necessary.
Upon completion, please proceed to open Envelope C.

Envelope C —
Instructions:
Table 1 in this envelope provides a list o f  cognitive processes that may be related to 
correctly answering the multiple-choice items included in the MELAB reading tests. To 
clarify the concepts involved in the rating process, Table 1 also provides definitions o f the 
cognitive processes covered, rationale, and example cognitive-based item features for  
your reference.

Please open Envelope A and take out the two forms that you have completed. Now, code 
each item included in the two forms using the variables listed in the last column o f Table 
1 and record your coding on the rating form provided in this envelope. I f  you think 
correctly answering an item involves other cognitive processes, please specify them on 
the rating form under the column “Other". Should you have further questions, please 
contact me.

3. Coding summary
The researcher summarizes the item coding submitted by the three raters on the evening 
of day 4 (i.e., Thursday evening).

4. Group meeting
The researcher and the three raters will meet as a group on day 5 (Friday) to look at the 
item coding summarized by the researcher. Consistencies will be checked.
Inconsistencies will be discussed to reach consensus item coding.
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Appendix E (continued)
Process T1 T2 T3 T4 TW1 TW2 TW3
Rater A B C A B C A B C A B c A B c A B c A B c
Item FI 2 4 2 3 2 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

F2 1 1 1 1 1 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0
F3 2 2 2 2 3 2 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0
F4 3 3 3 3 3 3 3 3 2 0 0 0 0 0 0 0 0 0 0 0 0
F5 3 3 3 2 2 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
F6 3 4 4 3 3 3 2 3 3 0 0 0 0 0 0 0 0 0 0 0 0
F7 3 4 4 2 2 2 3 3 1 0 0 0 0 0 0 0 0 0 0 0 0
F8 2 2 2 2 2 2 1 0 1 0 0 0 0 0 0 0 0 0 1 0 0
F9 1 1 1 2 2 2 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0
F10 3 3 3 2 2 2 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0
Fll 4 4 4 3 3 3 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0
F12 1 2 1 2 2 2 3 3 2 0 0 0 0 0 0 0 0 0 0 0 0
F13 4 3 3 3 2 2 3 2 2 0 0 0 0 0 0 0 0 0 0 0 0
F14 2 2 2 1 1 1 2 1 1 0 0 0 0 0 0 0 0 0 0 0 0
F15 3 3 3 3 2 2 2 1 1 0 0 0 0 0 0 0 0 0 0 0 0
F16 3 3 3 3 1 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
F17 3 3 3 2 2 2 2 1 2 0 0 0 0 0 0 0 0 0 0 0 0
F18 2 2 2 2 2 2 2 1 2 0 0 0 0 0 0 0 0 0 0 0 0
F19 1 1 1 3 2 2 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0
F20 3 3 3 1 3 1 1 2 1 0 0 0 0 0 0 0 0 0 0 0 0

Note. 'The first row contains 14 cognitive variables. The second row contains the three raters (i.e., Rater A, Rater B, and Rater C). The next rows contain the 
ratings by each rater for the items included in Forms E and F. As seen in the table, each of the three raters coded a total of 40 items on a list of 14 variables. 
Abbreviations used in the table: R1 = Word Recognition Required; R2 = Vocabulary Knowledge Required; R3 = Syntactic Knowledge Required; R4 =
Knowledge of Discourse Structure Required; R5 = Synthesis Required; R6 = Inference Required; R7 = Purpose of Information; T1 = Location of Information; T2 
= Type of Match; T3 = Number of Plausible Distractors; T4 = Topical Knowledge Required; TWl=Item Cues; TW2 = Guess; TW3 = Surface Feature of Options. k>
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Appendix F: Recruiting Letter and Letter of Information for Verbal Participants

Recruiting Letter

Dear Students:

I am a doctoral student of the Department of Educational Psychology at the University of 
Alberta. I am conducting a study modeling the cognitive processes underlying 
performance on the reading items included in the Michigan English Language 
Assessment Battery (MELAB). The MEALB is a large-scale high stakes assessment of 
English as a foreign language and its assessment results are widely used by educational 
institutions, government agencies, and licensing agencies to make decisions about 
educational and employment opportunities.

This study is part of my studies for a doctoral degree and the information you provide 
will help identify the cognitive processes used to correctly answer the MELAB reading 
test items. Your participation would be greatly appreciated!

The data will be collected during the period from Fall 2005 to Winter 2006 and 
participating in this study will take approximately 2.5 hours of your time. To participate 
in the study, you are expected to be Chinese-speaking students who started an 
undergraduate or graduate program at the University of Alberta in fall 2005 and have 
resided in Canada for no longer than nine months.

For further details, please refer to the letter of information attached in this email. If you 
agree to participate, please simply reply to this email and I will contact you to set up the 
appointment. Thank you very much for your consideration!

Sincerely,
Lingyun Gao, PhD Candidate

Letter of Information

Dear Students:

I am a doctoral student of the Department of Educational Psychology at the University of 
Alberta. I am conducting a study modeling the cognitive processes underlying 
performance on the reading items included in the Michigan English Language 
Assessment Battery (MELAB), a large-scale high stakes assessment of English as a 
foreign language. This study is part of my studies for a doctoral degree and the 
information you provide will help identify the cognitive processes used to correctly 
answer the MELAB reading test items. Your voluntary participation would be greatly 
appreciated.

The data collection procedure consists of two separate sessions. On day 1 ,1 will ask you
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Appendix G: Procedures and Instructions for Verbal Report Sessions

[Setting: The researcher and the participant sit side-by-side at a table on which there is a 
digital audio recorder, a microphone, and a folder containing a consent form, a sheet of 
directions, a couple of worm-up tasks, and Form E or F of the MELAB reading tests.]

Session 1

I. The researcher explains the nature and procedure of the task:
Instruction:
Hello, my name is Lingyun Gao. I am a doctoral student in the Department of 
Educational Psychology at the University of Alberta. I am currently conducting a study 
modeling the cognitive processes underlying the MELAB reading test items. In this study, 
I am interested in the cognitive processes you use to answer the test items. You will be 
asked to verbally report your thought processes while answering the items and your 
remembrances about your thoughts after completing each item. You will also be asked to 
answer several questions of basic background information before we begin and to rate the 
topic familiarity for each passage after your verbal reports. Data collection will be 
conducted during two separate sessions within this week. We will complete a total of 10 
items based on two passages during each session. Since I will be asking you to talk quite 
a bit during each session, I will be using a digital audio recorder to make sure that I 
capture everything that you tell me. This is completely voluntary and I want to be sure 
you are comfortable with being a part of this interview. Do you agree to participate? [If 
yes], Would you please fill out the consent form?
[The researcher provides the participant with the consent form to read and sign].

II. After the participant has read and signed the consent form, the researcher interviews 
the participant using the questions below:

1. How old are you?
2. What is your level /years o f  education?
3. Could I  know your discipline o f  study?
4. How long did you study English in your first country? (years and months)
5. How much time have you spent in an English speaking country?

III. The researcher introduces the verbal reporting procedures and presents the warm-up 
tasks (see Appendix K) to familiarize the participant with the verbal reporting procedure.

IV. Data collection using the Form E or Form F of the MELAB reading test
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Instruction:
In this main experiment, I’m going to ask you to read two passages and answer 10 
multiple-choice items based on these passages. It is important that you read the passages 
and answer the questions as if you were taking a real reading test. As you work through 
the items, I would like you to think aloud as you did in the practice. That is, I want you to 
talk out aloud about everything that you are thinking and attending to in whatever 
language you are thinking, from the time you start reading the question stem until you 
select an answer. Please do not try to plan out or explain to me what you are thinking. It 
may help to imagine that you are in the room by yourself. It is important that you talk 
constantly. If you are silent for any long period of time, I will remind you to keep talking.

Once you have answered an item, I would like you to tell me all that you can remember 
about what you were thinking and where you were attending to, from the time you began 
to read the question until you decide your answer, just as you did in the practice. I am 
interested in what you can actually remember, not what you think you may or should 
have thought. If possible, it would be best if you can tell me what you remember in the 
order in which your memories occurred as you worked through each item. If you are not 
sure about any of your memories, please say so. I do not want you to try to answer the 
question again. I just want you to tell me what you can remember about your thinking 
and the place you were attending to when you read and answered the item. You will not 
be interrupted or assisted once you begin, except that if you pause for any long period of 
time, you will be reminded to keep talking. Do you understand what I want you to do?

[If the participant has no more questions, the researcher administers the first two passages 
with their accompanying 10 items from Form E or F and turns on the digital recorder.] 
Now, let’s start with some reading test items.

[After they have completed the items and verbal reports]
Now, I would like you to rate your familiarity with the passage topics using the scale 0 = 
familiar, 1 = somewhat familiar, 2 = not familiar. The topic familiarity ratings are 
intended to determine whether topical knowledge is a source of processing difficulty that 
affects the difficulty of the MELAB reading items.

Session 2
Following the verbal report procedures described in IV, the participants complete the 
remaining two passages with their accompanying 10 items on Form E or Form F of the 
MELAB reading test.
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Appendix H: Practice Tasks for the Verbal Reporting Sessions1

Instruction and Tasks for Practicing Concurrent and Retrospective Verbal Report Skills
In this experiment, I am interested in what you think about when you find answers to the questions 
that I am going to ask you to answer. I will ask you to think aloud, as you work on the problem. That is, 
I want you to tell me everything you are thinking from the time you first see the question until you 
give an answer. I would like you to talk aloud constantly from the time I present each problem until 
you have given your final answer to the question. I don’t want you to plan out what to say or explain 
to me what you are saying. Just act as if you are alone in the room speaking to yourself. You can talk 
aloud in English, Chinese or both. It is most important that you keep talking. If you are silent for 
longer than 10 seconds, I will remind you to keep talking. Do you understand what I want you to do?

Good, now let’s start with some practice problems. First, I want you to multiply two numbers in your 
head and tell me what you are thinking as you get an answer.

What is the result o f  multiplying 22 x 28?

Good! Now I want to see how much you can remember about what you were thinking from the time 
you read the question until you gave the answer. I am interested in what you actually can remember 
rather than what you think you must have thought. If possible, I would like you to tell me about your 
memories in the sequence in which they occurred while working on the question. Please tell me if you 
are uncertain about any of your memories. I don’t want you to work on solving the problem again, just 
report all that you can remember thinking about when answering the question. Now tell me what you 
remember. You can tell me in English, Chinese, or both.

Good. Now I will give you two more practice problems before we proceed with the main experiment.
I want you to do the same thing for each of these problems. I want you to think aloud as before while 
you think about the question, and after you have answered it, I will ask you to report all that you can 
remember about your thinking. Any questions? Here is your next problem.

How many windows are there in your parent’s house?

Now tell me all that you can remember about your thinking.
Good, now here is another practice problem. Please think aloud as you try to answer it. There is no 
need to keep count, I will keep track for you.

Name 20 animals.

Now tell me all that you can remember about your thinking.

'Selected from Ericsson and Simon (1993).
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Appendix K: The Initial Tree for the 11-Component Cognitive Model (Form E)
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Appendix L: The Initial Tree for the 10-Component Cognitive Model (Form F)
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Appendix M: The Initial Tree for the 11-Component Cognitive Model (Form F)
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Appendix N: Correlation Matrix (Form E)

R1 R2 R3 R4 R5 R6 R7 T1 T2 T3 T5
R1 P earso n  Correlation 1 .332 .280 .186 .253 .225 -.138 -.031 .225 .350 -.078

Sig. (2-tailed) .153 .233 .433 .281 .340 .560 .898 .340 .130 .742
N 20 20 20 20 20 20 20 20 20 20 20

R2 P ea rso n  Correlation .332 1 .100 .005 -.092 -.170 .202 -.100 .006 -.067 .408
Sig. (2-tailed) .153 .675 .984 .699 .475 .394 .674 .980 .778 .074
N 20 20 20 20 20 20 20 20 20 20 20

R3 P ea rso n  Correlation .280 .100 1 .213 -.021 .205 .045 -.511* -.163 .293 .210
Sig. (2-tailed) .233 .675 .367 .931 .385 .849 .021 .492 .210 .375
N 20 20 20 20 20 20 20 20 20 20 20

R4 P ea rso n  Correlation .186 .005 .213 1 .685*’ .198 .083 .055 .053 -.183 -.215
Sig. (2-tailed) .433 .984 .367 .001 .403 .727 .818 .824 .439 .362
N 20 20 20 20 20 20 20 20 20 20 20

R5 P ea rso n  Correlation .253 -.092 -.021 .685** 1 .254 .000 .345 .254 -.061 -.360
Sig. (2-tailed) .281 .699 .931 .001 .281 1.000 .136 .281 .798 .119
N 20 20 20 20 20 20 20 20 20 20 20

R6 P ea rso n  Correlation .225 -.170 .205 .198 .254 1 .000 .150 .240 .553* -.130
Sig. (2-tailed) .340 .475 .385 .403 .281 1.000 .527 .309 .011 .584
N 20 20 20 20 20 20 20 20 '  20 20 20

R7 P ea rso n  Correlation -.138 .202 .045 .083 .000 .000 1 .108 .252 .045 .106
Sig. (2-tailed) .560 .394 .849 .727 1.000 1.000 .651 .284 .852 .656
N 20 20 20 20 20 20 20 20 20 20 20

T1 P earso n  Correlation -.031 -.100 -.511* .055 .345 .150 .108 1 .734** .192 -.443
Sig. (2-tailed) .898 .674 .021 .818 .136 .527 .651 .000 .418 .051
N 20 20 20 20 20 20 20 20 20 20 20

T2 P ea rso n  Correlation .225 .006 -.163 .053 .254 .240 .252 .734** 1 .501* -.426
Sig. (2-tailed) .340 .980 .492 .824 .281 .309 .284 .000 .024 .061
N 20 20 20 20 20 20 20 20 20 20 20

T3 P earso n  Correlation .350 -.067 .293 -.183 -.061 .553* .045 .192 .501* 1 -.187
Sig. (2-tailed) .130 .778 .210 .439 .798 .011 .852 .418 .024 .430
N 20 20 20 20 20 20 20 20 20 20 20

T5 P earso n  Correlation -.078 .408 .210 -.215 -.360 -.130 .106 -.443 -.426 -.187 1
Sig. (2-tailed) .742 .074 .375 .362 .119 .584 .656 .051 .061 .430
N 20 20 20 20 20 20 20 20 20 20 20

*■ Correlation is significant a t  the  0.05 level (2-tailed).

**■ Correlation is significant a t th e  0.01 level (2-tailed).
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Appendix O: Correlation Matrix (Form F)
R1 R2 R3 R4 R5 R6 R7 T1 T2 T3 T5

R1 Pearson Correlation 1 .524* .518* .400 .424 .276 .061 -.347 -.406 .267 -.021
Sig. (2-tailed) .018 .019 .081 .063 .239 .797 .134 .076 .255 .929
N 20 20 20 20 20 20 20 20 20 20 20

R2 Pearson Correlation .524* 1 .393 .107 .173 .516* .200 -.177 -.187 .370 .094
Sig. (2-tailed) .018 .086 .653 .467 .020 .398 .456 .429 .109 .692
N 20 20 20 20 20 20 20 20 20 20 20

R3 Pearson Correlation .518* .393 1 -.083 -.146 .000 .222 -.419 -.686** .387 .065
Sig. (2-tailed) .019 .086 .729 .539 1.000 .347 .066 .001 .092 .786
N 20 20 20 20 20 20 20 20 20 20 20

R4 Pearson Correlation .400 .107 -.083 1 .750** .595** .196 -.173 .097 .021 .174
Sig. (2-tailed) .081 .653 .729 .000 .006 .407 .465 .683 .929 .463
N 20 20 20 20 20 20 20 20 20 20 20

R5 Pearson Correlation .424 .173 -.146 .750** 1 .631** .104 .037 .057 .113 -.040
Sig. (2-tailed) .063 .467 .539 .000 .003 .663 .878 .810 .635 .866
N 20 20 20 20 20 20 20 20 20 20 20

R6 Pearson Correlation .276 .516* .000 .595** .631** 1 .189 .100 -.052 .515* .252
Sig. (2-tailed) .239 .020 1.000 .006 .003 .424 .674 .827 .020 .284
N 20 20 20 20 20 20 20 20 20 20 20

R7 Pearson Correlation .061 .200 .222 .196 .104 .189 1 .037 .000 .295 -.281
Sig. (2-tailed) .797 .398 .347 .407 .663 .424 .876 1.000 .207 .231
N 20 20 20 20 20 20 20 20 20 20 20

T1 Pearson Correlation -.347 -.177 -.419 -.173 .037 .100 .037 1 .411 -.023 .132
Sig. (2-tailed) .134 .456 .066 .465 .878 .674 .876 .072 .923 .578
N 20 20 20 20 20 20 20 20 20 20 20

T2 Pearson Correlation -.406 -.187 -.686** .097 .057 -.052 .000 .411 1 -.238 -.155
Sig. (2-tailed) .076 .429 .001 .683 .810 .827 1.000 .072 .311 .514
N 20 20 20 20 20 20 20 20 20 20 20

T3 Pearson Correlation .267 .370 .387 .021 .113 .515* .295 -.023 -.238 1 -.256
Sig. (2-tailed) .255 .109 .092 .929 .635 .020 .207 .923 .311 .275
N 20 20 20 20 20 20 20 20 20 20 20

T5 Pearson Correlation -.021 .094 .065 .174 -.040 .252 -.281 .132 -.155 -.256 1
Sig. (2-tailed) .929 .692 .786 .463 .866 .284 .231 .578 .514 .275
N 20 20 20 20 20 20 20 20 20 20 20

*■ Correlation is significant at the 0.05 level (2-tailed). 

**• Correlation is significant at the 0.01 level (2-tailed). t o
Ol


