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Abstract 

There is a call within the measurement communities to integrate cognitive psychology with 

measurement to inform test design and validation and to provide detailed diagnostic feedback 

(National Research Council, 2001). One approach to achieving this goal is to model item 

statistics, in particular item difficulty, in terms of the cognitive processes involved in item 

solving (Huff, 2003). To date, a number of models have been developed linking item statistics to 

text or item characteristics for a variety of foreign or second language (L2) reading tests (e.g., 

Carr, 2003). However, only a few models have been developed that link item statistics to the 

cognitive structure of reading test items (e.g., Sheehan & Ginther, 2001) and these models are 

limited by the concepts and methods used (Bachman, 2002). 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 a series of stages. First, informed by 

theoretical information regarding L2 reading processes and ability constructs, an initial model 

consisting of 14 components was hypothesized to underlie the MELAB reading test item 

performance. Then, this model was tested and revised through analyzing cognitive demands of 

the test items by raters, collecting representative examinees’ verbal reports of the cognitive 

processes they actually used when answering the items, and examining the relationship between 

the proposed cognitive processes and item difficulty estimates using tree-based regression. Ten 

components that were found in the three sets of results composed the final model. These included 

the seven reading processes assessed by the MELAB reading items and the first three test 

management processes presented in the initial model. The findings of this study provided 

empirical evidence that the final cognitive model describes the cognitive processes underlying 

the MELAB reading item performance. The proposed model warrants further research so that 

large-scale language testing programs could produce more meaningful, interpretable, and 

pertinent results regarding examinees’ reading abilities. 
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Cognitive-Psychometric Modeling of the MELAB Reading Items 

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

matching students to appropriate instructional programs, and enhancing learning (National 

Research Council (NRC), 2001). Assessment results typically provide a percentile rank to reveal 

where an examinee stands relative to others, or a numeric score to indicate how the examinee has 

performed. The one challenge with most large-scale assessments, however, is the lack of capacity 

to interpret more complex forms of evidence derived from examinees’ performance (Embretson 

& Gorin, 2001; NRC, 2001). Consequently, assessments provide very limited information to test 

developers and users, the validity of the inferences drawn from the assessment results is 

frequently questioned, and the usefulness of the assessments as a learning tool is compromised 

(Alderson, 2005a; Gorin, 2002; Strong-Krause, 2001).  

In the last two decades, within the measurement communities, there has been a growing 

emphasis on the union of cognitive psychology and assessments to yield meaningful information 

regarding examinees’ knowledge structure, skills, and strategies used during task solving (Cohen 

& Upton, 2006; Douglas & Hegelheimer, 2005; Embretson, 1999; Leighton, 2004; Mislevy, 

1996; Mislevy, Steinberg, & Almond, 2002; Nichols, 1994; NRC, 2001). One approach to 

achieving this goal has been to model item statistics, in particular item difficulty, in terms of the 

cognitive processes involved in item solving (Embretson, 1998; Huff, 2003). To date, a number 

of models have been developed linking item statistics to item features for a variety of foreign or 

second language assessments (e.g., Carr, 2003; Kostin, 2004). However, only a few models have 

linked item statistics to the cognitive structure of test items (e.g., Sheehan & Ginther, 2001), and 

many of these models are limited by the concepts and methods employed. Conceptually, many of 

the existing models fail to incorporate the most current cognitive theories in a particular domain. 

Methodologically, some of the most useful methods that cognitive psychologies use to 

understand human thought, such as task analysis and protocol analysis, have not been widely 

used to explain test item performance. In addition, advanced measurement models incorporating 

cognitive elements, such as the rule-space model (Tatsuoka, 1995), tree-based regression 
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(Sheehan, 1997), and Bayes inference networks (Mislevy, Almond, Yan, & Steinberg, 1999) have 

not been widely applied to assessment practice. Further, few studies have modeled the L2 

reading test item performance through triangulation of different data sources, especially the 

combination of cognitive analysis of test items and advanced measurement models. Much work 

is required to link critical features of cognitive models specific to a substantive testing context to 

new measurement models and to observations that reveal meaningful cognitive processes in a 

particular domain (NRC, 2001). 

The Michigan English Language Assessment Battery (MELAB) is designed to assess the 

advanced- level English language competence of nonnative speakers of English who will use 

English for academic study. The MELAB is used primarily for higher education admission, and 

the assessment results are widely accepted as evidence of English competence by educational 

institutions in the countries where English is the language of instruction. The MELAB consists 

of Part 1, composition, Part 2, a listening test, Part 3, a grammar/cloze/vocabulary/reading test, 

and an optional speaking test. Compositions and speaking tests are scored by trained raters using 

rating scales. Part 2 and Part 3 are computer scored. The MELAB reports a score for each part 

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

Current MELAB score reporting provides some information on examinees’ English 

competence and describes examinees’ competence in writing and speaking to some extent. 

However, a numeric score for Part 2 and Part 3 provides limited information to the stakeholders 

regarding examinees’ strengths and weaknesses in listening and especially in reading, where a 

subscore 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 skill and 

language use activity that nonnative English speakers need for academic activities (Carr, 2003; 

Cheng, 2003). Hence, the nature of reading in a second or foreign language and how to assess it 

on large-scale high-stakes tests have been a primary concern for language researchers and testers 

(Alderson, 2000; 2005a; 2005b; Bernhardt, 2003; Cohen & Upton, 2005). Consequently, the 
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purpose of this study is to model the cognitive processes underlying performance on the reading 

items included in the MELAB using a cognitive-psychometric approach.  

Developing the Initial Cognitive Model 

An extensive literature was reviewed to identify the theoretical framework and empirical 

evidence relevant to the cognitive-psychometric modeling the MELAB reading items. Theories 

and models of the L2 reading and test-taking processes (e.g., Alderson, 2000; Hudson, 1996) 

were first reviewed to inform the cognitive processes underlying the MELAB reading item 

performance. The literature pertaining to the L2 reading assessment (e.g., Bachman, 1990; 

Bachman & Palmer, 1996; ELI, 2003) was then reviewed to clarify the constructs assessed by the 

MELAB reading. Lastly, studies of the factors affecting the L2 reading test item performance 

(e.g., Carr, 2003; Freedle & Kostin, 1993) and psychometric literature on modeling the reading 

item performance (e.g., Huff, 2003; Rupp, Garcia, & Jamieson, 2001; Sheehan, 1997, 

Strong-Krause, 2001) were critically reviewed to suggest a list of variables for scoring the 

processing sources of cognitive complexity of the reading test items and to inform the procedure 

used for developing and validating the cognitive model in the current study.  

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. 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 testwiseness processes that examinees might use when deriving their 

answers. For each general 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.  

Table 1 summarizes the processing components in each of the categories, sources of 

processing difficulty for L2 reading test items, and variables related to these sources of 

processing difficulty. For each scale, higher scores correspond to higher processing difficulty. 
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Table 1.  

Cognitive Processes Used When Answering the MELAB Reading Items 

Code/ 

Process 

Definition Processing 

difficulty 

increases if: 

Example Variable Name, Abbreviation, 

Description, & Scoring 

Reading Processes Assessed by the MELAB Reading Test Items  

R1 

Word 

recogniti

on 

Identify words and 

word meanings using 

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 (R1): 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 

Using 

vocabulary 

knowledge 

Understand academic 

texts with infrequently 

used vocabulary (i.e., 

low 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 

Using 

syntactic 

knowled

ge  

Understand the 

relationship of ideas 

within the sentence 

using knowledge of 

syntax, 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 

knowled

ge of 

discours

e 

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  

Synthesis 

Integrate, relate, or 

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 
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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 

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 

Understand pragmatic and 

rhetorical purposes of the 

text creator 

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 

Locating 

specific 

details in text 

Locate specific information 

requested by question 

 

 

 

 

 

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 (T1): The section 

of the text (1
st
, 2

nd
, last section, or entire 

passage) in which the requested 

information can be found 

1 = 3
rd

 section of the passage; 

2 = 2
nd

 section of the passage; 

3 = 1
st
 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 
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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 

TW2 

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 

In
itial M

o
d

el 
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Cognitive Analysis of the Reading Test Items 

Method  

Raters. As this study focuses on Chinese language group, three raters familiar with the 

reading processes and the population of Mandarin-speaking students who use English in a 

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 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.  

Materials. The materials used were Forms E and F of the MELAB reading tests administered 

during the year 2003-2004 and a rating instrument. 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. The rating instrument consisted of four parts. Part 1 

was Table 1. 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 of cognitive processes covered, explanation of rationale, and demonstration of 

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 the raters to judge 

the cognitive processes called for by the MELAB reading test items. Part 2 contained the rating 

scales. Part 3 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 allowed the raters to 
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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 A. 

Data collection. After signing a consent form, the three raters separately coded the items 

included in both forms using the rating instrument. 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 of items. Upon completion, 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 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 coding task. Envelope A contained two 

forms 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 coding the items in terms 

of the cognitive processes required to correctly answer each item. The raters were asked to 
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complete the entire task in three days, and to return their completed work to the researcher by 

5pm of the third day.  

Data analysis. The researcher entered the rater data from the three raters into the Microsoft 

Excel 2000 and verified the data entry to ensure 100% accuracy on the evening of day 4. 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. On day 5, a working session involving the 

researcher and the three raters was held 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. The final set of item 

ratings was formatted into two 20 x k matrices (20 is the number of items on each form and k is 

the item features), with one matrix for Form E and the other for Form F. 

Results 

 Rating reliability. Table 2 presents the variance components and generalizability coefficient 

obtained from the G-study and D-study. Several notable findings can be observed from the table. 

First, the generalizability coefficient was 0.90, which indicated that the items were fairly 

consistently rated by the three raters. 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 effect 

only accounted for 3.85% of the total variance, while the item-by-process effect accounted for 



Cognitive-Psychometric Modeling  16

20.78% of the total variance. This 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. 

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 ρ  0.90 

Rater results. The final set of consensus ratings that were generated in the discussion for the 

reading items included in Forms E and F are displayed in Table 3. The rater results revealed 

several major points. First, 10 components in the initial cognitive model were identified by the 

raters: R1, R2, R3, R4, R5, R6, R7, T1, T2, and T3. Second, four components in the initial 

cognitive model were not identified by the raters: T4, TW1, TW2, and TW3. These four elements 

may need to be removed from the initial model. Third, no additional process was identified by 

the raters. It appeared that the model overall covered all the crucial processes required for 

solving the reading items included in both forms, and thus no further processes needed to be 

added to the initial cognitive model. Lastly, correctly answering an item often involved multiple 

cognitive processes. For example, to correctly answer Item 1 in Form E, R1, R3, and R6 are 

critically required, and R2, R4, R5, R7, T1, T2, and T3 are somewhat involved.  

Nevertheless, caution needs to be exercised when revising the model based on rater results. 

As all raters were senior graduate students who had used English in Canadian university settings 

for years, the processes identified by the raters may differ from those used by target examinees. 

It was for this reason that the initial model was not modified until checking the consistency 

between the rater and the verbal report data. 
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Table 3 

Final Set of Consensus Ratings  

Item R1
1
 R2 R3 R4 R5 R6 R7 T1 T2 T3 T4 TW1 TW2 TW3 

E1 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 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 

E11 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 

F1 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 

F11 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. 
1
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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Verbal Reports of Students 

Method 

Participants. The participants were Mandarin-speaking students who started their 

undergraduate or graduate programs at the University of Alberta in the fall 2005 or winter 2006 

and who had resided in English-speaking countries for no more than nine months. The sample 

size was set at 16. The recruited participants were randomly assigned to take Form E or Form F, 

with equal numbers of participants for each form. 

Materials. A background questionnaire was used to obtain information on the participants’ 

age, gender, level of education, discipline of study, time spent studying English in their home 

country, and length of residence in English-speaking countries. 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. To familiarize the participants with the verbal report 

method, the three verbal report tasks used by Ericsson and Simon (1993) to illustrate the verbal 

report method were used as verbal report practice tasks. Forms E and F of the MELAB reading 

test used in the previous stage were used for this investigation. 

Data collection. The verbal report data were collected in individual sessions at the University 

of Alberta during the winter 2006. The respondents were allowed to respond in Mandarin, 

English, or both. The 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 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 B). 

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, a sheet of instructions and background questions, three practice tasks, and either 
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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 practice 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. Students 

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 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 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 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. The students’ answers were marked to the key and their verbal 

data were transcribed verbatim by the researcher. The researcher coded the verbal reports for the 

cognitive processes used for both correct and incorrect responses. The concurrent and 
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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 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 

rating scales provided in Table 1 as the coding scheme. As the coding proceeded, it became clear 

that the verbal data were not sensitive enough to distinguish the degrees to which R1, R2, R3, R4, 

and T4 were used to reach the correct responses. Hence, the verbal data regarding these 

processes were simply coded as 0 if they were not reported and 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.  

To evaluate the reliability of assigning the processes to the various processing categories, an 

independent rater coded 37.5% of the verbal data first using the initial coding scheme and then 

using the rating scales as the coding scheme. Prior to data coding, 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 three verbal reports 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. 

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 reading topics. 
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To determine the final set of item features, the 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 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. Criteria were developed to rigorously distinguish levels of 

consistency between the rater 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. 

Using these criteria, consistency between the two data sources was checked, and reasons for 

contradictory findings were examined. Based on the results of comparison, the components of 

the initial cognitive model were refined as necessary. 

Results 

Biographic description. Table 4 presents the participants’ age, 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. The 

last column shows the participants’ total scores on the form they responded to. As shown in Table 

4, the interview sample included 2 undergraduates and 14 graduates. Eight students (4 males and 

4 females) responded to Form E, and eight (5 males and 3 females) 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 had acquired at least basic understanding of the test 
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passages and would be able to provide accurate reports of the processes they used to answer 

reading test items rather than simply guessing. 

Table 4 

Characteristics of the Verbal Report Participants 

Code Age Gender Education Discipline TOE
1
 LOR

2
 Score 

E1 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 

F1 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. 
1
TOE = Time spent studying English in their home country (years);  

2
LOR = Length of residence in English speaking countries (months) 

The mean, standard deviation, and range of the participants’ age, TOE, LOR, and total scores 

are displayed in Table 5. The mean differences between the Form E and Form F participants in 

each of the four variables were tested using independent samples t-tests. The results indicated 

that there was no significant difference between the two samples at the 0.05 level of significance 

(tage = -0.432, p > 0.05; tTOE = 0.343, p > 0.05; tLOR = -1.058, p > 0.05; tscore = 0.200, p > 0.05). 

Table 5 
Descriptive Statistics for the Verbal Report Participants on Form E and Form F 
Variables  Form E    Form F  

 Mean SD Range  Mean SD Range 

Age 26.62 4.47 13.00  27.50 3.59 11.00 

TOE
1
 11.87 3.40 11.00  11.38 2.33 5.00 

LOR
2
 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: 
1
TOE = Time spent studying English in their home country (years) 

2
LOR = Length of residence in English speaking countries (months) 

Topic familiarity. Table 6 displays the distributions of the participants’ ratings on their 
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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 (P1), human mate selection (P2), rock formation (P3), and 

bread (P4), and in Form F were on the topics of pilgrimage (P1), 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 6 indicating unfamiliarity. The first passage in Form E, 

which was about sea life, was the second least familiar to the participants, with 4 indicating 

unfamiliarity. 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 6 

Distributions of MELAB Topic Familiarity by Test Form 

Rating Scale Form E (N = 8)  Form F (N = 8) 

 P1
1
 P2 P3 P4  P1 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.
1
P represents passage. For example, P1 means Passage One. 

Comparison of the topic familiarity distributions between Form E and Form F revealed that 

Form E had more students lacking topic familiarity than Form F. Given that no significant 

differences were found between Form E and Form F students’ mean scores at alpha = 0.05, 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.  

Validating the initial model with the verbal data. While both correct and incorrect responses 

were coded, only the processes underlying the correct responses are presented. Tables 7 and 8 

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. As 
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shown in Tables 7 and 8, 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 cognitive processes used by the 

students to correctly answer the reading items included in both forms covered 11 components of 

the initial cognitive model. The three processing components not supported by the students’ 

verbal report data were R2, TW1, and TW3. This finding was not surprising, considering that R2 

is likely to become automatic for the proficient ESL students who have mastered advanced 

English language knowledge and processing strategies required for reading university-level 

academic texts, and that TW1 and TW3 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 complete the items, and making verifications in order to 

answer the item correctly. Based on Alderson (2000), Bachman and Palmer (1996), and Phakiti 

(2003), these processes were classified into a new test management category called the 

metacognitive strategies (T5).  
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Table 7 

Frequencies of Cognitive Processes Used for the Correct Responses (Form E) 

Item #�
1
 R1

2
 R2 R3 R4 R5 R6 R7 T1 T2 T3 T4 TW1 TW2 TW3 T5

3
 

E1 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 

E11 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. 
1
#�means the number of correct responses.  

2
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. 
3
T5 = Additional processing category emerged from the data– metacognitive strategies. 
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Table 8 

Frequencies of Cognitive Processes Used for the Correct Responses (Form F) 

Item #�
1
 R1

2
 R2 R3 R4 R5 R6 R7 T1 T2 T3 T4 TW1 TW2 TW3 T5

3
 

F1 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 

F11 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. 
1
#�means the number of correct responses.  

2
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. 
3
T5 = Additional processing category emerged from the data– metacognitive strategies. 

Validating the item features with the verbal reports. Table 9 summarizes for Form E and 

Form F the number of items for which different levels of consistencies occurred between the two 

data sources. As shown in the table, 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. This 

indicated that the item features were, overall, reasonably coded. Hence, no further modifications 

were made to the final set of consensus item ratings. 
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Table 9 

Frequencies of Occurrence within Each Levels of Consistency  

Process R1
1
 R2 R3 R4 R5 R6 R7 T1 T2 T3 T4 TW1 TW2 TW3 Total 

Form E                

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 

Form F                

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. 
1
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. 
2
The symbol “−”means “Not applicable”. 

Implications for the model revision. Table 10 displays the comparison between the verbal 

protocol results and the rater results regarding the model components. An examination of the 

table reveals three points. First, the elements R1, R3, R4, R5, R6, R7, T1, T2, and T3 were found 

in both sets of results. Hence, these nine elements were retained in the revised cognitive model. 

Second, the elements TW1 and TW3 were rarely or never reported by the students for the correct 

responses, nor identified by the raters. Hence, these two elements were deleted. Third, the 

discrepancies between the two sets of results occurred for R2, T4, TW2, and T5. 

Table 10 

A Comparison of the Verbal and Rater Results Regarding the Model Components 

Item R1
1
 R2 R3 R4 R5 R6 R7 T1 T2 T3 T4 TW1 TW2 TW3 T5 

Rater �
2
 � � � � � � � � � � � � � � 

Verbal � � � � � � � � � � � � � � � 

Note. 
1
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. 
2
�means the element can be obtained from the rater or verbal data; � means the element cannot be obtained. 
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R2 was identified by the raters, 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 contrast, the rater results 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, Davidson, & Milanovic, 

1996; Carr, 2003). Therefore, R2 was retained in the revised cognitive model.  

T4 and TW2 were not identified by the raters. As these two processes were reported mainly 

by two students as being used to arrive at the correct responses to a small number of items, 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, the verbal data revealed that 

topic familiarity (T4) was not that important for these two forms, and that TW2 represented 

processes that could not be exactly described by the students. Thus, T4 and TW2 were deleted.  

T5 was an additional component identified in the students’ responses, but not identified by 

the raters. 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 examined for theoretical and statistical 

plausibility of developing an item difficulty model using the TBR. One revised model contained 

10 components – R1, R2, R3, R4, R5, R6, R7, T1, T2, and T3 – and the second model contained 

these 10 components plus T5.  

Item Difficulty Modeling Using TBR 

Method 

Data. Two data files containing examinee item responses on Form E and Form F of the 

MELAB reading tests were used. 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.  

Data analysis. Examinee response data were exported to the SPSS 13.0 (SPSS, Inc., 2005). 
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Items were scored to the key, with 0 representing an incorrect response and 1 representing a 

correct response. Descriptive statistics and the reliabilities of Forms E and F were computed. 

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, γig(j). By estimating the testlet effect parameter (γ) for each testlet and 

each examinee during the calibration of the parameters, the TRT model separates the testlet 

effect from examinee ability. Hence, 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). The item parameters 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 estimates obtained for each form were 

formatted into two 20 x 1 vectors, which were used as target variable in the TBR analyses. 

TBR analyses were performed to determine the extent to which the identified cognitive 

processes associated with each item explained the item difficulty. Two item difficulty models 

were analyzed for each form. In the first analysis, the 10 elements in the first revised cognitive 

model - R1, R2, R3, R4, R5, R6, R7, T1, T2, and T3 - 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 that the raters were able to reveal the non-verbalized automatic processes and distinguish 

the degree to which the processes were involved in item solving more finely, the scale data were 

used as predictors in 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 TBR analysis of Form E with 10 predictors began with the placement of the 20 items in 
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a single cluster (i.e., node) at the top of the tree. Using the cognitive processes involved in item 

solving as predictors, the items were successively split into nodes that were as homogeneous as 

possible with respect to item difficulty. At each level of splitting, a binary recursive partitioning 

algorithm (Breiman, Friedman, Olshen, & Stone, 1984) was used to evaluate all possible splits of 

the predictor variables. 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 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 CRT uses 

improvement values to measure the decrease in impurity caused by the split of a given node. 

After finding the optimal split, the CRT was repeated until one or more of the following rules 

were met: (1) an improvement value was less than 0.0001; (2) the depth of the tree below the 

root node reached five levels; (3) the minimum number of cases (items) for the parent node was 

three; and (4) the minimum number of cases for a child node was one.  

After the tree was grown, the optimal number of the tree levels and terminal nodes was 

determined based on the amount of variance in difficulty explained (R
2
) and the parsimony and 

interpretability of the tree model (Ewing & Huff, 2004). The final tree represents a reasonable 

compromise among variance explained, error, parsimony, and practical interpretability. The TBR 

analyses were first performed using the Form E data to test the item difficulty model with 10 and 

the model with 11 predictors. Then, the TBR analyses were conducted using the Form F data to 

determine whether the item difficulty models obtained using the Form E data fit the Form F data. 

Consistencies between the two forms would provide strong empirical support for the cognitive 

model of the MELAB reading test items.  

Results  

Psychometric Characteristics. The psychometric characteristics of Form E and Form F are 

summarized in Table 11. 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 
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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). However, 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 (1702, 1043) = 1.32, p < 

0.05. 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 (MedianE = MedianF = 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). Taken 

together, these results indicated that the two forms were nominally parallel. 

Table 11 

Descriptive Statistics and Reliability for the Two Reading Tests 

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 

The item difficulty parameter estimates obtained for each form are presented in ascending 

order in Appendix C. 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 ranged from –1.16 to 1.78 for Form F, with the 

mean 0.42 and the standard deviation 0.99.  

TBR results. The final tree for the 10-component cognitive model using the Form E data 

included all of the 10 components: R1, R2, R3, R4, R5, R6, R7, T1, T2, and T3. This final tree 

produced 13 terminal nodes and explained 97.9% of the variance in item difficulty (see Figure 1) 

The TBR solution began with all 20 items in a single node with 0% variance explained. The first 

variable entering the tree was T3, which separated the items into two nodes. The left node 

contained 8 items coded as having zero or one plausible distractor. The right node contained 12 

items coded as having two or three plausible distractors. This split indicated that items with more 

than one plausible distractor were more difficult than items with zero or one plausible distractor.  
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Figure 1. Tree diagram for the cognitive model with 10 components (Form E). 
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At the first level of split, Node 2 was split into two nodes based on R3. The items coded as 

not or somewhat requiring syntax knowledge were assigned to the left node, and the items coded 

as critically requiring syntax knowledge were assigned to the right node. This split indicated that 

items that required knowledge of complex infrequently used syntax were more difficult than 

items that did not. Similarly, Node 3 was split into two nodes based on R1. At the second level of 

split, the items within Node 4, 5, 6, and 7 were split into two nodes based on R5, R4, T1, and R2, 

respectively. At the third level of split, the items within Node 8 was split based on T2, Node 9 

was split based on R7, and Node 10 was split based on R4. At the last level of split, Node 11 was 

split based on R6, indicating that items requiring high-level inference would be more difficult 

than items requiring no or low-level inference. Moreover, Node 12 was split based on R5, 

indicating that items somewhat or critically requiring synthesis would be more difficult than 

items not requiring synthesis. 

The final tree for the 11-componnt cognitive model using the Form E data included eight 

predictors: R1, R2, R3, R4, R7, T1, T3, and T5. This final tree produced 11 terminal nodes and 

explained 91.9% of the variance in item difficulty (see Figure 2). Similar to the final tree for the 

10-component model, the root node was split by T3, which separated the items into two nodes. 

The left node was further split into two nodes based on R3, and the right node was further split 

into two nodes based on R1. At the second level of split, the items within Node 4, 5, 6, and 7 

were split into two nodes based on T3, R4, T1, and R2, respectively. However, at the last level of 

split, both Node 8 and node 10 were further split based on T5, indicating that items that required 

the use of metacognitive strategies would be more difficult than items that did not. Node 9 was 

further split based on R7, indicating that items that required examinees to compare or contrast, to 

generate themes, or to apply to the real world would be more difficult than items that required 

examinees to recognize factual information or understand authors’ opinion. A comparison of the 

final tree solutions for the 10- and 11-component cognitive model revealed that the inclusion of 

T5 did not increase the explanatory power of the item difficulty model. Further, T5 accounted for 

a relatively small portion of the variance. It appeared that T5 was not a crucial component in the  
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Figure 2. Tree diagram for the cognitive model with 11 predictors (Form E).
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cognitive model based on the Form E data. 

Figures 3 displays the final tree for the 10-component cognitive model using the Form F data. 

As seen in the figure, all of the ten components entered the tree but R5 (Synthesis Required). 

This final tree produced 12 terminal nodes and accounted for 99.3% of the variance in item 

difficulty. Figure 4 displays the final tree for the 11-component cognitive model using the Form 

F data. As seen in the figure, eight of the 11 predictors entered the final tree: R1, R3, R4, R6, R7, 

T2, T3, and T5. This final tree produced 12 terminal nodes and explained 99.4% of the variance 

in item difficulty. A comparison of the final tree for the 10- and 11-component cognitive model 

revealed that the later model increased only 0.1% explanatory power over the former model. In 

other words, the inclusion of T5 in the cognitive model did not lead to a substantial increase in 

the variance explained. Given the statistical principle of parsimony (Kerlinger, 1979), it appeared 

that the cognitive model without T5 was a better one.  

Table 12 summarizes the results from the two sets of TBR analyses for the two test forms. 

An examination of the table reveals that the TBR analyses performed on the two forms produced 

comparable results for the 10-component cognitive model. First, nine of 10 components were 

included in the final tree solutions for both forms. Second, comparable amounts of variance were 

explained by the two models (97.9% vs. 99.3%). That R5 did not appear in the Form F tree is 

likely due to its high correlation with both R4 (r = 0.750, p < 0.05) and 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, the TBR analyses of the 11-component cognitive model using the Form E and 

Form F data produced largely divergent results. First, only six of the 11 components appeared in 

the final tree solutions for both forms. Second, while Node 10 in the Form E tree and Node 10 in 

the Form F tree were both split by T5, the results of split were not the same (see Figures 3 and 4). 

Third, there was relatively large difference between the amount of variance explained by the 

Form E and Form F 11-component model (91.9% vs. 99.4%).  

  



Cognitive-Psychometric Modeling  43

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Tree diagram for the cognitive model with 10 predictors (Form F). 
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Figure 4. Tree diagram for the cognitive model with 11 predictors (Form F).
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Table 12 

The Predictors in the Final Trees for the Two Cognitive Models and Two Forms1 

Form 10-Component Model  11-Component Model 
 Elements  R

2
  Elements  R

2
 

E R1, R2, R3, R4, R5, 
R6, R7, T1, T2, T3 

 0.9793  R1, R2, R3, R4, R7, 
T1, T3, T5 

 0.9185 

F R1, R2, R3, R4 
R6, R7, T1, T2, T3 

 0.9929  R1, R3, R4, R6, R7, 
T2, T3, T5 

 0.9939 

Note. 
1
 Abbreviations used in the table: T3 = Number of Plausible Distractors; R3 = Syntactic Knowledge Required; 

R1 = Word Recognition Required; T1 = Location of Information; R2 = Vocabulary Knowledge Required; R4 = 

Knowledge of Discourse Structure Required; T5 = Metacognitive Strategies. 

In sum, the 11-component cognitive model was inferior to the 10-component cognitive 

model, given the following considerations. First, the 10-component cognitive model had more 

variables overlapped between the Form E and Form F final tree. Second, the amounts of variance 

explained by the 10-component model for the two forms were closer to each other than the 

amounts of variance explained by the 11-component model for the two forms. Third, for both 

forms, the 11-component cognitive model did not explain substantially more variance in item 

difficulty than the 10-component cognitive model. 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. 

Discussion 

Summary and Discussion of the Findings 

Developing the initial cognitive model. Informed by models of L2 reading processes and 

ability constructs, 14 cognitive processes were hypothesized to underlie the MELAB reading test 

item performance. These processes were classified into three categories. The first category 

contained seven reading processes assessed by the MELAB reading: Word recognition (R1), 

Using vocabulary knowledge (R2), Using syntactic knowledge (R3), Using knowledge of 

discourse structure (R4), Synthesizing (R5), Drawing inferences (R6), and Using pragmatic 

knowledge (R7). The second category included four test-management processes that examinees 

might use to arrive at their answers to the multiple-choice reading test items: Locating specific 

details in text (T1), Matching question to text (T2), Evaluating alternative choices (T3), and 

Using topical knowledge (T4). The third category included three testwise processes that 
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examinees might use to derive their answers: Using clues in other items (TW1), Guessing (TW2), 

and Using surface features of answer choices (TW3). Operational definitions of the cognitive 

processes were then developed from the reading items included in the two test forms used in this 

study. Next, potential sources of processing difficulty were identified for each processing 

component. They focused on different aspects of reading test items: the processing of 

information, the location of the requested information, the passage topic, and the characteristics 

of the item stems and options. Lastly, scoring scales were defined to score the cognitive 

complexity of these sources on the basis of theoretical and empirical relationships informed by 

previous research (e.g., Bachman et al., 1996; Rupp et al., 2001; Sheehan & Ginther, 2001). 

Nevertheless, the cognitive processes defined in the initial cognitive model were not meant to be 

a definitive set; some cognitive processes might be overlooked and certain definitions of the 

cognitive processes might be unclear. Therefore, the initial cognitive model was refined and 

validated using a three-stage procedure. 

Cognitive analysis of the reading items. The analysis of the three raters’ item coding using 

G-theory produced a generalizability coefficient of 0.90, which indicated a high level of 

agreement among the three raters’ item coding. 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 this study contributed to the agreement among the raters. 

Ten components in the initial cognitive model were identified by the raters as required to 

correctly answer the items in the two forms. These included the seven reading processes and 

three of the four test-management processes: R1, R2, R3, R4, R5, R6, R7, T1, T2, and T3. Other 

than the components provided in the initial model, the raters did not raise any other processes. 

These findings provided some evidence in support of the proposed cognitive model. However, 

failure to identify additional processes may also be caused by presenting the processes to the 

raters, since their perspectives may have been limited by the available processing components. 

Moreover, as Leighton and Gierl (2005) pointed out, judges may process the test tasks differently 

from the target examinees. Hence, it is imperative to investigate examinees’ actual processes 
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underlying the correct responses. 

Verbal protocol analysis. The verbal protocol results and the comparison of the verbal 

protocol results and the rater results have several implications for revising the proposed cognitive 

model. First, six of the seven reading processes (R1, R3, R4, R5, R6, and R7) and the first three 

test management processes (T1, T2, and T3) were found in both sets of results. Hence, these nine 

processes were retained in the revised model. Second, two testwise processes, TW1 and TW3, 

were found in neither set of results. Further, T4 and TW2 were not identified by the raters and 

were reported mainly by two students for only a small number of items. Given that T4, TW1, 

TW2, and TW3 are irrelevant to the constructs assessed by the MELAB reading, it is not 

surprising that they had extremely low frequencies of occurrence. These findings warrant the 

elimination of T4, TW1, TW2, and TW3 from the initial model.  

Third, R2 (Using vocabulary knowledge) was identified by the raters as needed to correctly 

answer the items, but was not found in the student protocols. Leighton (2004) warned that verbal 

reports were sensitive to the demands of the task, 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). As mentioned earlier, the students in this study were advanced-level ESL learners using 

English for university-level academic studies. They may have already mastered the infrequently 

used and specialized vocabulary presented in the passages and been able to use various cognitive 

strategies to cope with the difficult vocabulary contained in the academic texts. Hence, R2 likely 

was an automatic process that was used but rarely reported by these highly proficient students. In 

such cases, as suggested by Leighton (2004), 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. Further, given that prior research in L2 reading has revealed a close 

relationship between R2 and reading comprehension (e.g., Bachman et al., 1996; Carr, 2003), R2 

was retained in the revised cognitive model. 

Fourth, a new category, Using metacognitive strategies (T5), emerged from the verbal report 

data. T5 was the fourth most frequently reported process for Form E and the third most 
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frequently reported process for Form F. Using metacognitive strategies while answering the 

reading test items has been expounded 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, 1984; Phakiti, 2003). Consistent with the findings in these studies, it was found 

in the present study that the proficient readers were good at using and describing the 

metacognitive strategies they used while answering the reading test items. However, as T5 was 

not identified by the raters, it was not clear whether T5 should be included in the cognitive model. 

To seek further evidence regarding the possible inclusion of T5, two revised cognitive models 

were examined for theoretical and statistical plausibility of developing an item difficulty model 

using the TBR. One revised model contained 10 components – R1, R2, R3, R4, R5, R6, R7, T1, 

T2, and T3 – and the second contained these 10 components plus T5. 

Item Difficulty Modelling. All tree models were relevant to the theoretical constructs of the 

MELAB reading and explained a substantial amount of the variance in item difficulty (91.9% - 

99.4%), which is much higher than the findings in Huff’s (2003) study and Rupp et al.’s (2001) 

study. It appeared that the use of thorough procedures to develop and validate the item features in 

the current study contributed to the improvement of explanatory power of the tree models. The 

TBR analyses for the 10-component cognitive model across the two test forms produced similar 

results, with nine of 10 components appearing in both the Form E tree and the Form F tree: R1, 

R2, R3, R4, R6, R7, T1, T2, and T3. However, the TBR analyses for the 11-component cognitive 

model across the two forms produced divergent results. Further the 11-component model did not 

lead to substantial increase of the variance explained in item difficulty. Hence, the TBR analyses 

provided evidence in support of the 10-component cognitive model.  

Practical Implications 

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 readers should be taught to take standardized tests so that their scores will more 
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appropriately reflect their students’ language abilities. In this study, both rater and verbal results 

indicated that correctly answering a reading item requires simultaneous use of multiple cognitive 

components. If that is the case, then strategies may be taught through a combined-strategies 

instructional approach rather than taught independently of one another, as noted by Grabe (2004). 

The findings also provide guidelines for the MELAB takers concerning how to prepare for the 

MELAB reading tests effectively. The finding that the cognitive model underlying the MELAB 

reading item performance did not include the four construct-irrelevant processes suggested that 

these processes were not effective. Rather than learning how to become testwise, the MELAB 

takers may focus on improving their English language knowledge and strategic competence.  

Second, the findings of this study may guide test developers to design cognitively-based 

reading test items (Gorin, 2002; Embretson, 1999). The patterns of agreement among the final 

tree models for Forms E and F shed some light on which of the construct-relevant item features 

most likely affected the performance on the MELAB reading items. For example, the TBR 

models suggested that items with more plausible distractors would be more difficult than items 

with less or none plausible distractors. Further, the resulting tree models suggest 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 tests are developed 

based on the results of TBR analyses and test specifications are written in term of cognitive 

processes underlying the test items, more direct assessment of what the students know and what 

they are capable of doing may be achieved.  

Third, the findings shed some light on how to provide diagnostic feedback to students about 

particular skills to work on, based on their performance against coded item clusters. For example, 
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a student responding incorrectly to most of the items contained with a specific skill cluster may 

indicate the weakness of this student on this particular skill. 

Limitations and Directions for Future Research 

Only 40 reading items included in two forms were used to develop the cognitive processing 

model. The identification of item features was likely affected by differences among test forms in 

the passages used and the nature of items included, which may lead to inconsistent prediction of 

item difficulty across the test forms. To obtain reliable item features affecting the MELAB 

reading item performance, a larger number of items from more test forms may be examined. 

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 phase of the study. As 

mentioned earlier, the verbal protocol participants were Mandarin-speaking students using 

English in a university setting. Hence, the findings may generalize to this population only, which 

is characterized by Chinese native language group with relatively high reading proficiency. The 

findings of this study may not be generalizable to other native language groups or populations 

that are more heterogeneous on reading ability. A promising area of research for the MELAB 

reading would be examining reading item difficulty conditioned on language background to 

determine whether the items perform differently across different language groups. It would also 

be interesting to replicate this study using an examinee population with more heterogeneous 

English language proficiency or using students who are about to take the MELAB. Their verbal 

protocols may reveal more 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. However, a 

limitation with the verbal report data is that not all cognitive processes were reported or reported 

every time when they were used (Cohen & Upton, 2006). Hence, it is unclear whether the 

processes not verbalized were indeed not used by the students. For example, for the process R2 
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that are likely to be automatic for highly proficient students, we have no way of knowing 

whether this process is indeed used by the participants while answering the items. The use of 

interviews and other instruments such as self-report process questionnaire may more fully reveal 

the cognitive processes used by the students and buttress the components in the proposed 

cognitive model. In terms of verbal protocol analysis, the present study focused on the cognitive 

processes underlying the correctly answered items. A look at the cognitive processes used by the 

students for the incorrect responses may reveal what cognitive processes are truly required to 

solve a given item.  

The use of TBR to model reading item difficulty in this study can enrich our understanding 

of the relationship between item features and item difficulty. 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. For example, an interesting area of research would be 

comparing TBR with other currently available measurement models, such as structural equation 

modeling and multivariate generalizability theory, to examinee the extent to which they 

adequately describe the response data that is the product of the interaction between reader 

abilities and test task characteristics. 

Conclusions 

Based on the theoretical information regarding the L2 reading processes and ability 

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

performance. This initial model contained seven reading processes assessed by the MELAB 

reading, four test-management processes, and three testwise processes. According to the raters, 

the most dominant processes were the seven reading processes and the first three 

test-management processes of the initial cognitive model. According to the students’ verbal 

protocols, the most dominant processes were all the reading processes in the initial cognitive 

model except R2, the first three test management processes, and an additional processing 

component T5. According to the TBR results, the tree solutions for the 10-component cognitive 

model using the Form E and Form F data included nine components and explained comparable 
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amount (97.9% and 99.3%) of variance in item difficulty. In sum, a triangulation of the three 

sources of data provided evidence in support of the 10-component cognitive model: R1, R2, R3, 

R4, R5, R6, R7, T1, T2, and T3. 

This study uses three data sources in the validation of the proposed cognitive model: raters’ 

analysis of the cognitive demands of test items, students’ verbal protocol of the processes they 

used while answering the test items, and modeling item difficulty in terms of the cognitive 

processes involved in item solving through TBR. The raters’ cognitive analysis of the test items 

linked the hypothesized cognitive model to the MELAB reading test items and supplement the 

verbal data by revealing the non-verbalized automatic processes. The verbal protocols revealed 

the processes actually used by students and validated both the cognitive model and the raters’ 

coding of the item features. Modeling item difficulty through TBR further evaluated the 

proposed cognitive processes by studying objective performance behaviours. The use of a 

triangulation approach to model evaluation helped determine the components in the proposed 

cognitive model and the item features for use in the statistical model. Consistent with prior 

research studies proposing the use of triangulation approach to better determine test, item, and 

cognitive model performance (e.g., Abbott, 2005; Anderson et al., 1991; Leighton, 2004), this 

study again demonstrates the value of using multiple sources of data. The current study promotes 

the union of cognitive psychology and assessment in the field of second and foreign language 

assessment. While strong empirical evidence was found in support of the 10-component model 

proposed in this study, this model warrants further research in an attempt to allow large-scale 

language testing programs to yield more meaningful and pertinent results that appropriately 

reflect examinees’ English language ability.  
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Appendix A: Rating Instrument 

 

 
Directions: 
This rating instrument contains four parts: Part I (The Rating Guide), Part II (The Rating 
Forms), Part III (Evidence of Ratings), and Part IV (Comments). Table 1 provides a list of 
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 of the cognitive processes covered, rationale, and examples for your 
reference. Please code each item using the variables listed in the last column of 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. If 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 Forms

1
 (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 Form
1
 (Test Form E) 
 

Rater Code: ___________________ Date __________________ 
 
Item R1

2
 R2

3
 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. 
1
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. 

A
p

p
en

d
ix

es 
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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  _______________________________________________________________________________________ 
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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 B: 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 of education? 
3. Could I know your discipline of 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 
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 
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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.  

 
 

Appendix C: Item Difficulty Estimates for Form E and Form F 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  F1 -0.71 
E7 -0.46  F2 -0.62 
E2 -0.3  F10 -0.45 
E6 -0.25  F3 -0.42 
E11 -0.23  F9 0.09 
E12 0.09  F11 0.43 
E18 0.19  F6 0.47 
E20 0.23  F19 0.54 
E1 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 

 
 


