
RESEARCH Open Access

Exploring the validity evidence of a high-
stake, second language reading test: an
eye-tracking study
Hyojung Lim

Correspondence: lim@kw.ac.kr
Department of English Language
and Industry, Kwangwoon
University, Hanwool 707,
Kwangwoon-ro 20, Nowon-gu,
Seoul, Korea

Abstract

The current study aims to explore the cognitive validity of the iBT TOEFL reading test
by investigating test takers’ eye movements on individual items. It is assumed that
successful test takers would adopt the intended reading processes, the same types
and levels of cognitive processes that they would use for real-world reading tasks.
Forty-seven Chinese ESL students participated in the study, in which they took the
TOEFL reading practice testlet on a computer, completed comprehension subskill
tasks, and had stimulated recall interviews. Results showed that test takers tend to
rely heavily on careful reading skills, while expeditious reading skills were rarely
activated. The scope of reading was often restricted to the local level; learners hardly
read more than a paragraph to answer questions. In some factual question items,
successful readers were more efficient in reading and locating key information,
whereas such group differences were not found in other items. Lastly, the gaze plots
suggest that learners’ eye movements manifest various interactions between
comprehension subskills, primarily subject to bottom-up linguistic processing. The
limitations and implications of learners’ eye-tracking data for test validation will be
further discussed.
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Introduction
The concept of validity has been expanded and diversified for recent decades, resulting

in variations (e.g., content validity, criterion validity, construct validity, cognitive valid-

ity, consequential validity); of fundamental interest to language testers would be

whether a test measures what it is supposed to measure. In a proficiency test, the tar-

get construct, or the psychological reality defined by theoretical models, is often the

object of discussion; a valid test should be able to tap the construct to be measured

and thus test scores adequately reflect on the construct that test takers possess, or

language ability.

To evaluate the construct validity of a language test, test validation has relied heavily

on correlation-based statistical analysis. By approximating a test’s factor structure, test
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developers intended to show that the test measures the latent construct of language

ability (e.g., Sawaki, Stricker, & Oranje, 2009; Stricker & Rock, 2008). Otherwise, ex-

perimental evidence was examined through differential-groups and intervention studies

(Brown, 2005). However, such statistical approaches based on test outcomes have

gained much criticism because numbers do not convey conceptual information and test

scores do not explain how test takers derived their answers (Weir, 2005). A number of

scholars underlined the importance of understanding test takers’ response behaviors

and their cognition for the sake of test validation (Borsboom, 2005; Gorin, 2007). With-

out knowing test takers’ thinking processes, any inferences and actions derived from

test scores cannot be justified.

Along these lines, efforts have been made to inspect test takers’ perspectives, percep-

tions, and cognitive processing. Cohen and Upton (2006) demonstrated test takers’ read-

ing and test-taking strategies on a TOEFL reading test by conducting retrospective

interviews. Weir et al. (2009) examined the association between the skills measured by the

International English Language Testing System (IELTS) reading test and what and how

learners actually read in real-world academic settings through interviews and survey ques-

tionnaires. More recently, technology advances have enabled researchers to study cogni-

tive validation in a wider variety of ways. Chan (2013) investigated ESL students’ writing

processes as they completed the writing section of the Pearson Test of English (PTE) aca-

demic test using a screen capture technique. Bax (2013) used eye-tracking technology to

gain insight into the reading processes involved in the IELTS reading test. Arguments for

cognitive validity necessitate the close scrutiny of test takers' mind. Cognitive validity

means the extent to which test tasks elicit from test takers the same types and levels of

cognitive processing as similar real-world tasks do or are expected to do (Bax and Weir

2012; Field 2011; Weir 2005).

Though language testers voiced the gravity of understanding learners’ cognition, em-

pirical studies are relatively scarce. Oftentimes, test validation has recourse to the ana-

lysis of test outcomes on the assumption that the test correctly exploited and thus

measured the intended cognitive processes as well as the target construct. Of special

interest to this study is therefore whether the TOEFL iBT reading test, a standardized

second language (L2) academic reading test, in effect functions as designed by provok-

ing the thinking processes inherent to academic reading under normal conditions. It is

assumed that successful test takers would deploy the intended reading processes to ar-

rive at a correct answer, and a valid test should be able to assess a wide range of cogni-

tive processes that learners are to adopt in real-world academic settings.

Cognitive validity

While construct validity is a comprehensive and thus popular concept in language test-

ing, cognitive validity appears relatively new. In terms of its conceptual and operational

definitions, some investigated whether a test of scientific thinking or logical reasoning

actually activates the processes it is supposed to measure (Baxter and Glaser 1998;

Thelk and Hoole 2006). Others discussed how valid the test is as a predictor of real-life

performance (Glaser 1981) and/or whether a test task elicits from test takers the same

type and level of cognitive processing expected when performing real-world tasks (Bax

and Weir 2012; Khalifa and Weir 2009; Weir et al. 2009). This sounds similar to
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Bachman and Palmer’s (1996) test-authenticity argument: “to justify the use of language

tests, we need to be able to demonstrate that performance on language tests corre-

sponds to language use in specific domains other than the language test itself.” (p.23)

Weir’s (2005) context validity also accentuates the alignment between test tasks and

real-world tasks in terms of linguistic and interlocutor demands. Context validity con-

cerns “the extent to which the choice of tasks in a test is representative of the larger

universe of tasks of which the test is assumed to be a sample” (p. 19). What makes cog-

nitive validity distinct from the rest is that the former focuses on test takers’ mental

processes rather than on task characteristics. However closely test tasks simulate real-

word tasks, they cannot be identical because of practical constraints. Thus, the focus of

cognitive validity lies in the extent to which test takers’ minds operate similarly to the

way they do in real-world settings; cognitive validation in language testing is interested

in learners’ language skills, rather than linguistic knowledge, and their mental processes

provoked by the test tasks rather than test scores.

The operational definition of cognitive validity has been treated, in math and science

testing (Killen 2003) as the correspondence between the intended cognitive demands of

the test task and the cognitive activity that the test actually invokes and/or the corres-

pondence between the quality of the cognitive activity elicited by the test and test takers’

performance scores. Hence, any positive correlation between the nature and scope of cog-

nitive activity and students’ test scores is often assumed to be evidence of cognitive valid-

ity (Baxter & Glaser, 1998); high scorers should be the ones who can deploy relevant

cognitive resources and efficiently apply relevant thought processes. Similar points have

been made by Field (2011). For an L2 speaking test to be cognitively valid, (a) the test

tasks should be able to elicit from participants a set of processes that resemble those

employed in real-word speaking events and (b) the relevant processes should be finely

graded across levels in terms of the cognitive demands that they impose upon the partici-

pant. Field (2012) also suggested two ways to empirically examine cognitive validity in the

IELTS listening test. The first involves comparing learners’ language performance to ex-

perts’ (e.g., native speakers or advanced learners). In such methods, native-like perform-

ance is treated as a primary criterion. The second involves comparing learners’ mental

processes in testing conditions to those activated in real-world settings. In this method,

predictive validity serves as a primary criterion. Field (2013) concluded by summarizing

three important features of cognitive validity: similarity of processing, comprehensiveness,

and calibration (p. 80). The similarity of processing feature describes to what extent the

cognitive processes elicited by a test are comparable to those that would be employed in a

real-world setting, comprehensiveness refers to whether the range of processes elicited by

a test is comprehensive enough to be representative of behavior in a real-world setting,

and calibration addresses whether the cognitive demands imposed by a test are finely cali-

brated to reflect the level of the test. In the following section, empirical studies on the

cognitive validity of language tests will be further reviewed in depth.

Cognitive validation: review of empirical studies

Discussions on the cognitive validity of language testing have increased among UK-

based universities. Field (2012) attempted to evaluate the cognitive validity of the IELT

S lecture-based listening test using verbal protocols. First, test takers’ thinking
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processes were compared to those described by a conventional psycholinguistic model

of first language listening. Second, learners’ responses to listening under test conditions

were compared to their responses under free “lecture” conditions. Third, the test scores

were correlated to participants’ listening performance in the real lecture setting. The

retrospective verbal reports revealed that test takers frequently capitalized on test-wise

strategies, such as exploiting cues provided by the wording or the ordering of items.

The results showed that students focused on lexical matches rather than the main ideas

of the lecture in question, indicating learners’ relatively shallow processing under test

conditions. Some students who performed badly on the listening test showed good

comprehension in the non-test condition. Taken together, the author doubted the cog-

nitive validity of the lecture-based question items and suggested that test authenticity

could be improved by revising test formats and incorporating multi-modalities.

In research directly related to the current study, Bax and Wei (2012) conducted the

first empirical research that investigated the cognitive validity of the Cambridge English:

Advanced (CAE) reading test. Of 103 international students who participated in the

study, the authors analyzed only six proficient learners’ eye movements on five valid

items, opting for a relatively conservative process of participant and item selection. For

data analysis, the authors first developed nine predetermined criteria (p. 8) by them-

selves, identified reading types from test takers’ eye movements accordingly, and calcu-

lated the agreement rates between the two analysts. It was observed that those who

correctly answered the items also correctly adopted the reading processes the items

were intended to activate. On one question, the students spent more time reading the

question than the text, which the authors explicate indicates that readers had strongly

constructed the meaning representation of the text by the time they had reached the

question. This preliminary study took impressive strides in cognitive validation as it re-

vealed the limitations of retrospective survey questionnaires; participants’ actual reading

behaviors diverged from their responses to the questionnaires. The findings also pro-

vide insight into the potential of eye-tracking technology as a research tool for language

testing. In a more complete form, Bax (2013) compared successful test takers’ reading

processes to unsuccessful test takers’ during the IELTS reading test. Of the original

pool of 71 Malaysian undergraduate students, 38 students were randomly selected for

eye recordings, and 20 of the eye-tracked students participated in the ensuing stimu-

lated recall interviews. According to the results, (a) the unsuccessful readers read target

words more slowly due to their limited vocabulary knowledge, (b) the successful

readers were more efficient at locating key information and reading a text, and (c) un-

successful readers sometimes read faster than successful readers but disregarded key in-

formation in the text. The author notes that the application of the eye-tracking

methodology for test validation seems limited in this study given the question items

analyzed predominantly relied on learners’ word recognition skills.

More recently, Bax and Chan (2019) investigated eight Taiwanese learners’ eye move-

ments on the high-intermediate and advanced general English proficiency test (GEPT)

Reading paper. As in the previous studies, the authors conducted a differential group

study, while further inspecting the effect of item types (the cloze MC items, the MC

reading comprehension items, and the cloze summary items). Their results showed that

for some items successful readers did exhibit different cognitive processes from unsuc-

cessful readers, such as spending more time on relevant areas in text and employing
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the expected cognitive processes. Stimulated recall interviews and students’ self-report

checklist as supplements substantiate the claim that different item types provoke differ-

ent reading processes. Notably, one MC reading question that aims to elicit learners’

intertextual activity failed to do so; students seemingly checked out the whole text, not

to integrate information across paragraphs but to exert their skilled test-taking strategy

(e.g., the elimination of distractors). Overall, there appears to be a real dearth in the lit-

erature of empirical studies on cognitive validation, despite its widely acknowledged

value. The studies reviewed thus far pioneered the relevant research methodology and

therefore represent valuable research. Having said that, the discussion of cognitive val-

idity requires a clear understanding of a cognitive model of the skills to be measured;

Field (2012) relied on psycholinguistic theories of speech perception and production

when validating a speaking test. For a reading and writing test, Weir’s socio-cognitive

model has laid foundation for data analyses and interpretations (e.g., Bax and Weir

2012; Bax 2013; Bax and Chan 2019; Chan 2013). In this regard, the following section

will provide an overview of the cognitive model of second language reading and its

contribution to validating a reading test.

Cognitive model of second language (L2) reading

As in prior studies for test validation, the present study draws on Khalifa and Weir’s

(2009) cognitive processing model of real-life reading comprehension. The cognitive

processing model originates from Weir’s (2005) socio-cognitive framework, in which

readers’ internal processes are to interact with the context variables (e.g., task purposes,

physical conditions of test administration, and linguistic features of reading passages)

and the test taker characteristics (e.g., test takers’ physiological and psychological attri-

butes, reading experiences). Khalifa and Weir’s reading model focuses on the internal

processes, which comprise three major areas, executive processes, cognitive resources,

and monitoring. The metacognitive activities, such as goal setting and goal monitoring,

play a significant role in determining the types and levels of reading and thus the rela-

tive importance of the associated mental processes.

Under the cognitive processing model, reading is characterized as either careful or

expeditious at the local or global level. Local comprehension takes place at the “level of

decoding (word recognition, lexical access, and syntactic parsing) and establishing

propositional meaning at the sentence and clausal level” (Khalifa & Weir, 2009, p. 45).

Global comprehension covers larger scope of reading, such as understanding main

ideas of a whole reading passage and recognizing text structures. Careful reading aims

to extract complete meaning out of a given text. It is described as “slow, careful, linear,

and incremental reading for comprehension” (Khalifa & Weir, 2009, p. 46). Note that

careful reading is the default reading that most reading theories and eye-tracking stud-

ies take into account. Expeditious reading, on the other hand, refers to quick, selective,

and efficient reading to locate specific information. The importance of reading speed

for comprehension, alongside reading accuracy, has been highlighted by a number of

scholars (Carver 1992; Overmann 1999; Weir et al. 2009); high correlations were re-

ported between reading comprehension and reading fluency (Fuchs et al. 2001), Span-

ish-as-a-second-language learners in Judith (1995) counted scanning and skimming as

the most necessary skills, and a causal relationship between word recognition skills and
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reading comprehension measures was reported in Verhoeven (2000). Khalifa and Weir’s

cognitive processing model identifies three kinds of expeditious reading skills, depend-

ing on a reading purpose; skimming, search reading, and scanning.

The core reading processing begins with bottom-up processes (word decoding, lexical

access, and syntactic parsing). For the decoding processes to get going, strong vocabu-

lary and grammar knowledge should be instantly available to a reader. Building on the

automatized linguistic processing, meaning-making processing starts from relatively

simple, explicit, and literal comprehension at the local level to complex, implicit, figura-

tive reading comprehension at the global level. Beyond the textual comprehension at

the clausal and sentential level, non-linguistic knowledge, such as readers’ world know-

ledge, topical knowledge, and knowledge of text structure, should be established for

use. The hierarchical nature of processing skills is entailed in Khalifa and Weir’s (2009)

review of cognitive processing across Cambridge ESOL levels. In the review, the A-level

reading test is limited to assessing learners’ bottom-up processing skills, ranging from

word recognition to semantic proposition formation at the sentence level. From the B-

level upwards, learners are expected to be able to exert their inferencing ability and

build a meaning structure of a text. From the C-level upwards, learners start to be able

to create a text level representation including main ideas and supporting details. Finally,

C2 level students are distinguished from C1 level students in their ability of selecting,

connecting, and organizing information from multiple texts. Adopted from Khalifa and

Weir’s, Bax (2013) clarified the levels of cognitive processing in reading tests (p. 3).

Readers’ cognitive processes are to start from simple activities, such as word matching,

through more complex ones, such as building a mental model of a text or understand-

ing the text function. The linguistic units involved in each step also evolve from a single

word, through a sentence, to an entire text. Given the implicational and hierarchical

nature of the cognitive processing in reading, making inference requires a certain level

of automatization in lexical access and syntactic parsing. It is noteworthy that multiple

parallel processing is also possible, meaning that any processes beneath can take place

simultaneously (personal communication with Weir, 2014).

Khalifa and Weir took caution about relating the difficulty levels in processing to the

hierarchical nature of processing in language tests. They reasoned that without consid-

ering linguistic factors, language tests cannot be solely determined by the complexity of

cognitive processing, in that reading problems are often language problems for lan-

guage learners (Jeon & Yamashita, 2014). With highly frequent vocabulary and simple

grammar structures, inference questions can be easy, whereas with less frequent vo-

cabulary and complex grammar structures, basic comprehension questions can be diffi-

cult. That said, Khalifa and Weir stated that readers’ mental processing is “mediated by

the contextual parameters of the text and task in hand” (p. 81). The contextual parame-

ters involve the factors impacting on readers’ cognition such as linguistic complexity

and response formats.

The purpose of reading also comes into play in stimulating the cognitive processes

with a differing level of emphasis. To scan a newspaper, the word recognition process-

ing can be exclusively activated. For reading to write a research paper, readers’ mental

processing may go all the way up to the highest to create an intertextual representation.

The metacognitive mechanisms (e.g., goal setting and monitoring) therefore mediate

the different processing skills, while the goal setter comes in the first place to decide on
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a reading purpose and relevant cognitive processing, monitoring takes place throughout

the whole reading process at different stages. Monitoring evaluates whether letters are

decoded accurately and/or a writer’s intention is understood successfully. The signifi-

cant contributions of readers’ metacognition to reading comprehension have been well

documented by a number of empirical studies (e.g. Phakiti 2003; Purpura 1998; Song

and Cheng 2009). All considered, Khalifa and Weir’s (2009) cognitive processing model

of reading can be an adequate reference to analyze the mental processing involved in

the TOEFL iBT reading test.

Eye-tracking methodology

Eye-tracking technology is particularly useful in reading research because it provides

moment-to-moment information that reflects readers’ cognitive processing (Rayner, 2009).

More recently, its application scope has been expanded; an increasing number of empirical

studies examine learners’ eye movements in second language studies, with a focus on word

and grammar processing, vocabulary learning, multimodal information processing, language

production and language assessment (Godfroid, 2020). Cognitive-control models provide a

theoretical backing for the interpretation of eye-tracking data, assuming that cognitive pro-

cessing determines readers’ eye movements and eye fixations. For example, the eye-mind

hypothesis suggests a strong association between eye movements and human mind (Just

and Carpenter 1980; Morrison 1984; Pollatsek et al. 2006). Eye fixations and saccades are

found to reveal what readers pay attention to, or which linguistic features receive readers' at-

tention (Conklin et al. 2020; Reichle et al. 1998). Godfroid (2019) further specified that eye

gaze represents one's focal attention or noticing, thereby emphasizing that skipped areas still

receive peripheral attention. Several factors can affect the pattern of eye movements (Rayner

2009); longer fixations, shorter saccades, more regressions often stem from the complexity

of linguistic features (e.g., word frequency or syntactic complexity) and/or readers' compre-

hension difficulty (e.g., learners' deficiency in language proficiency or reading skills). Namely,

the duration and number of eye fixations account for how much cognitive effort readers

make to comprehend the visual input. Readers' eye movements are also susceptible to a

reading mode and a text genre; readers tend to fixate longer and saccades shorter when

reading aloud (Laubrock and Kliegl 2015) and when reading non-fiction (Rayner et al.

2012). More relevant to the current study, the length of saccades and the angles between

saccades can help to identify types of reading (Lemaire et al. 2011). The horizontality of sac-

cades denotes the incidence of skimming and/or reading to memorize. Minimizing the dis-

tance to the current fixation turned out to be important for skimming, less important for

memorizing, and not important for scanning.

Eye-tracking studies in reading research extensively investigated the effect of lexical

properties on readers’ eye movements, including word frequency, predictability, ambi-

guity, and the age at which a word is acquired (Juhasz & Rayner, 2006). However, little

has been reported with regard to the impact of higher-order cognitive processing. Of

the few empirical studies, Rayner, Chace, Slattery, and Ashby (2006) demonstrated how

textual features affected readers’ eye movements beyond the sentential level. In one ex-

periment, the difficulty of a reading passage determined by a readability formula was

correlated with average fixation duration, the number of fixations, and total reading

time. As expected, more difficult text predicted longer fixation durations and more
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fixations. In a second experiment, readers’ eye movements were compared when an ana-

phor was consistent or inconsistent with the antecedent across different distance levels. In

near conditions, inconsistencies caused longer fixations and more regressions. As the dis-

tance between the anaphor and the antecedent increased, however, neither the number of

regressions nor the fixation duration increased; thus, the inconsistency between the ana-

phor and the antecedent might not have been detected. Nevertheless, the second-pass

reading time (i.e., the sum of all fixations in a region following the initial first-pass time,

including the zero times when a region was not refixated) over the inconsistent ante-

cedent was longer than that over the consistent one, possibly indicating that, apart from

the distance effect, readers were more likely go back and reread the antecedent. Based on

the findings, the authors concluded that eye movement data can adequately account for

global reading difficulties and reading processing beyond the sentential level.

In regard to eye movement measures, Rayner et al. (2012) suggest using first-pass

reading time (the time spent in a region before moving on or looking back), second-

pass reading time (the duration of re-fixations), go-past time (the elapsed time from

when a reader first enters a region until they move past it forward in the text), and total

reading time in case the interest area is larger than a single word. However, the com-

mon measures for word reading have been first fixation duration (the duration of the

first fixation on a word), single fixation duration (those cases where only a single fix-

ation is made on a word), and gaze duration (the sum of all fixations on a word prior

to moving to another word). More recently, Godfroid and Hui (2020) recommended

running a principal component analysis of eye-tracking measures to reduce the number

of measures to report and maximize the informativeness of statistics. Although eye

movement measures should be selected a priori according to the intention of data ana-

lysis, researchers occasionally do not have options; some eye-tracking software pro-

grams such as Tobii Studio automatically generate pre-programmed metrics. Moreover,

eye-tracking for the purpose of test validation is exploratory in nature, compared to

conventional reading studies heavily focusing on lexical and syntactic processing. Fol-

lowing the eye-tracking studies published in the field of language assessment (e.g., Bax,

2013), the current study therefore consider six indices for eye-tracking analysis; the

time to the first fixation (i.e., the time it takes before the eyes first fixate on the interest

area), fixations before (i.e., the number of fixations on the stimuli before the eyes first

fixate on the interest area), first fixation duration (i.e., the duration of the first fixation

on the interest area), total fixation duration (i.e., the sum of the duration for all fixa-

tions within the interest area), total visit1 duration (i.e., the duration of all visits within

the interest area), and visit count (i.e., the number of visits within the interest area).

The study

To explore the cognitive validity of the iBT TOEFL reading test, successful readers’ eye

movements were compared with unsuccessful readers’. Such a group difference is as-

sumed to reveal the degree of which each question item succeeds in eliciting the read-

ing processes designed by test developers and thus make a valid distinction between

good and poor L2 readers. With reference to the test specification of iBT TOEFL

1A visit is defined as the interval of time between the first fixation on the interest area and the next fixation
outside the interest area
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reading section, it is expected that those who scored high on the test would be profi-

cient in reading for information, reading for basic comprehension and reading to learn.

Note that the TOEFL iBT takes a reader-purpose approach to control task characteris-

tics, rather than a task perspective or a processing perspective (Jamieson, Eignor, Grabe,

& Kunnan, 2008). The reader-purpose perspective views reading “in terms of the coor-

dinated application of knowledge and processes to a text or texts in the service of a

goal or purpose” (Enright & Schedl, 2000). The TOEFL research team cast doubt on

the processing approach for the sake of assessment by indicating that linguistic pro-

cesses such as word recognition, fluency, and processing efficiency have limited value

in explaining the hierarchy of language proficiency. However, Weir and his associates

have shed light on the hierarchical nature of processing skills, specifying CEFR levels

from the process perspective. An increasing number of language testers as well as read-

ing researchers underscore the importance of assessing reading fluency at the tertiary

level (Grabe 2010; Weir et al. 2009). The official guide to the TOEFL test (ETS 2009)

also alludes to the importance of assessing reading fluency and rate; one characteristic

of academic reading is effectively finding important information from text, thereby jus-

tifying the assessment of the reading-for-information type of reading. Hence, it seems

legitimate to validate the TOEFL reading section with reference to cognitive processing

model of reading, in which a purpose of reading still performs a predominant role. The

research questions guiding the study are as follow.

Research questions

1. How do successful and unsuccessful learners differ in processing the first reading

of the iBT TOEFL reading test?

2. How do successful and unsuccessful learners differ in processing the multiple-

choice reading questions and the associated text?

(a) How do they differ across question types (factual question, inference question,

and vocabulary question)?

(b) How do learners’ comprehension subskills affect their eye movements?

Methods
Participants

A total of 47 Chinese ESL students from a midwestern university were invited to an

eye-tracking lab to complete one reading testlet, extracted from the TOEFL iBT

complete practice test volume 24, and several tasks that measure a range of compre-

hension subskills. The study included both undergraduate and graduate students with

academic status varying from provisional to regular: 33 undergraduate students, 11

graduate students, and 3 provisional students. Thirty-one students were female. Note

that out of 47, 46 students (98%) had sat a standardized English test before, either

TOEFL or IELTS, 36 students (76%) had taken a language test preparation course, and

40 students (85%) reported a high degree of familiarity with the MC test format. Partic-

ipants received $20 as compensation upon completing all required tasks. A summary of

the demographic information of those who participated in the primary experiment is

presented in Table 1.
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Instruments

Reading test

One expository reading passage was selected from the TOEFL iBT complete practice

test volume 24 (http://toeflpractice.ets.org/) with 14 associated reading comprehension

questions. The testlet was first devised in HTML format and then installed in Tobii stu-

dio. The font was 12-point Times New Roman. As in the actual TOEFL iBT test, a

text-only screen was presented, and the first question appeared on the next screen. Be-

ginning with the second page, one question was presented on the left side of the screen,

and the text remained on the right; by clicking the back and next buttons in the left

upper-hand corner of the screen, a test taker was able to return to the previous ques-

tions or move forward to the next question. As in the actual TOEFL iBT test, text

scrolling (up and down) was enabled. The results of item analysis and text analysis are

summarized as below. Note that the last question (question 14) asks students to

summarize the reading passage, allowing for partial credits. Hence, the weighted item

was excluded from the item analysis. The rest was scored correct or incorrect. Only the

items with item-total correlation values more than .25 (see Henning 1987) were sub-

mitted to the subsequent eye-tracking analysis (Table 2).

Comprehension subskill tasks

To tap into the sub-reading components of learners' reading ability, the following tasks were

administered; the test of vocabulary knowledge (adopted from Schmitt et al. 2001), the test of

grammar knowledge (adopted from Shiotsu 2003), lexical processing task (Lim and Godfroid

2015), sentence processing task (Lim and Godfroid 2015), and the automated symmetry span

task (Redick et al. 2012). The vocabulary test had 90 questions in total, 30 for the 3000 level,

the 5000 level, and the academic vocabulary, respectively. Participants were asked to choose

one of six given words to match a definition. The grammar test consisted of 35 MC questions

with four options. Both vocabulary and grammar test were untimed and paper-based.

In the lexical processing task, participants had to decide as quickly as possible

whether a word presented on a computer screen referred to a living creature (e.g., a

girl) or non-living artifact (e.g., a desk). Segalowitz and his associates (Segalowitz & de

Almeida, 2002; Segalowitz & Frenkiel-Fishman, 2005) support the validity of the ani-

macy judgment task, in that it tends to better provoke stronger semantic processing

than a traditional lexical decision in which participants discriminate between real words

and non-words. In the sentence processing task, participants were asked to choose a

word that would come immediately after the beginning part of the sentence. For in-

stance, the beginning of a sentence was provided (e.g., “After some time…”) on the first

screen, and on the next screen, two possible options followed (e.g., A. “works”, B.

Table 1 Description of participants (n = 47)

Mean SD Range

Age 20.93 2.63 19–31

Onset of learning (year) 9.85 2.79 5–16

Age of arrival (year) 19.72 2.84 16–28

Length of residence (year) 1.39 1.34 0.08–4

Number of test-taking experiences (TOEFL, IELTS, GRE, MSUELT) 3.02 1.35 1–8
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“she”). A participant was allowed to read the beginning at their own pace; however, he

or she had to quickly select a word that best continued the phrase presented. The re-

sponse time as well as accuracy rate were collected for both processing tasks. Lim and

Godfroid (2015) provide empirical justification for the use of the sentence construction

task, rather than the sentence verification task, to gage learners’ syntactic processing

skills. The response times as well as accuracy rates were recorded from both processing

tasks; the coefficient of variance (CV) were calculated and submitted to the subsequent

data analysis.

To measure participants’ working memory capacity, we used the automated sym-

metry span task (Redick et al., 2012). In the task, participants made symmetry judge-

ments regarding pictures while memorizing spatial locations. While the reading span

task is more common in reading research studies, we intended to choose the symmetry

task in an attempt to forestall the influence of learners’ L2 proficiency. The reported

Cronbach’s alphas for the symmetry span task were .81 for partial scores and .73 for

absolute scores (Engle, Tuholski, Laughlin, & Conway, 1999).

Stimulated recall interviews

Immediately after participants completed the MC reading test, a recall interview

using gaze plots as stimuli was administered. The gaze plot displayed gaze data

from one or several recordings as individual gaze points, fixations, and scan paths

so that the order and length of fixations could be visualized. Because of time con-

straints, only three items that appeared in the latter part of the test were reviewed:

one vocabulary question, one factual question, and one inference question. The

stimulated recall sessions were conducted in English, audio-recorded, and tran-

scribed. The purpose of the stimulated recall data was to confirm or supplement

the identification of the types and levels of cognitive processes using eye movement

data (e.g., Bax, 2013).

Table 2 Item analysis of the 13 MC reading items (N = 47, K = 13)

Mean Std.
deviation

Item
discrimination

Corrected item-total
correlation

Cronbach’s alpha if item
deleted

Item 1 (reference) .64 .486 .65 .459 .636

Item 2 (vocabulary) .32 .471 .26 .130 .686

Item 3 (inference) .45 .503 .33 .154 .684

Item 4 (inference) .64 .486 .34 .197 .677

Item 5 (vocabulary) .79 .414 .41 .174 .678

Item 6 (factual) .49 .505 .70 .496 .629

Item 7 (inference) .45 .503 .39 .330 .657

Item 8 (factual) .49 .505 .45 .256 .669

Item 9 (inference) .66 .479 .70 .533 .624

Item 10
(vocabulary)

.81 .398 .35 .393 .650

Item 11 (factual) .83 .380 .29 .196 .674

Item 12 (negative
factual)

.85 .360 .35 .320 .660

Item 13 (cohesion) .55 .503 .52 .352 .653
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Data collection procedures

Every participant was invited to the eye-tracking lab, in which we first explained the en-

tire procedure of the experiment to the individual and collected a consent form. Then,

she took the reading testlet with 14 comprehension questions on a computer screen

with the Tobii TX300 eye-tracker attached. Tobii TX300 records eye movements at a

rate of 300 Hz (i.e., gaze data are sampled every 3.3 ms). A binocular camera was at-

tached to the bottom of a 23” wide-screen TFT monitor. Unlike chinrest eye-trackers,

the Tobii remote eye-tracker allows large head movements and is relatively unobtrusive

and therefore ecological. The tracking distance between the eyes and the camera was

held between 55 cm to 65 cm to optimize gaze accuracy. On average, gaze accuracy

(i.e., a distance of 65 cm with 300 lux illumination) was 0.4°, whereas gaze precision

0.01° with a noise-reduction filter. To display the textual stimuli, collect eye movement

data, and obtain eye movement measures (or metrics), Tobii Studio software was used.

The velocity-threshold identification (I-VT) fixation classification algorithm was chosen

to identify fixations and saccades. The I-VT filter was used to classify eye movement data

based on the velocity of the directional shifts of the eye. As in Sereno and Rayner (2003),

the minimum fixation duration was set at 100ms, meaning that eye fixation was defined

as the maintaining of the visual gaze for at least 100ms. Before reading, the participant

adjusted her sitting posture and performed a 9-point calibration. If a calibration point was

missing or large errors occurred (e.g., a large difference between the gaze point calculated

by the eye-tracker and the actual dot position), then the erroneous points were recali-

brated. Twenty minutes were allowed for the reading test, during which the eye-tracker

recorded participants’ eyes. The weighted gaze samples turned out to be 90.03% on aver-

age, meaning that approximately 90% of the time, the eye-tracker successfully located and

recorded learners’ eyes. Immediately after the reading test, the stimulated recall interview

and strategy questionnaires were completed. Then, I conducted the working memory test,

the grammar test, and the lexical processing task in order. Participation was voluntary

and $20 was given as compensation (Fig. 1).

Data analysis

As in Bax (2013), McCray and Brunfaut (2018), and Bax and Chan (2019), successful

test takers’ eye movements were compared with unsuccessful test takers’. Recall the as-

sumption that successful readers are to deploy the expected cognitive processes on

valid items, promptly adopt either expeditious or careful reading skills on demand,

quickly locate relevant information in text, and pay more attention to key sentences or

phrases, compared to unsuccessful readers.

To answer the first research question, the patterns of test takers’ first reading, in

which a text is presented without a question for the purpose of previewing, were exam-

ined. For this particular comparison, participants were grouped based on their total

scores; the top 30% (N = 14) and the bottom 30% (N = 13) were tagged as high scorers

and low scorers, respectively. Each group’s total fixation duration on the entire reading

passage was submitted to the t test. To further investigate any group differences in their

first reading patterns, learners’ eye fixation duration on each paragraph was submitted

to the Kruskal-Wallis test. It was hoped to reveal which paragraph received more atten-

tion from readers.
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To answer the second research question, the numerical eye-tracking data on each

valid item were compared between those who got each question item correct (success-

ful readers) and those who did not (unsuccessful readers). Note that the number of stu-

dents for comparisons differed across items. First, we identified the areas of interest

(AOIs) in the MC test as follows: (1) question stem, (2) response choice, (3) associated

paragraph, and (4) key information in text. The key information, which provides cues

to a key answer, consisted of one word to several sentences in the text (see Additional

file 1). This information was determined by the author and double-checked by a non-

linguist. The Mann-Whitney U test was conducted on the quantitative eye movement

data for the AOIs (e.g., time to first fixation, fixations before, first fixation duration,

total fixation duration, total visit duration, and visit count) when the normality and

homogeneity of variance assumptions were not met. Otherwise, independent t tests

were performed. To measure the test takers’ attention and account for individual differ-

ences in reading speed, the reading time associated with the key areas was divided by

the total reading time for the associated reading passage. In the “Results” section, how-

ever, we report only the criteria worth discussing with reference to statistical signifi-

cance or meaningful insignificance. The gaze plots and interview data were examined

to supplement the findings that emerged from the quantitative data analyses.

To explore the impact of test takers’ sub-reading ability profile on their eye gaze, the

collected data from the vocabulary and grammar test, the lexical and sentence process-

ing task, and the working memory task were submitted to the t test for group compari-

sons. The gaze plots extracted from both groups were compared and examined

qualitatively on a case-by-case basis.

Results
High scorers vs. low scorers: the first reading of the iBT TOEFL reading test

As shown in Table 3, high scorers demonstrated larger vocabulary and grammar know-

ledge and faster processing skills at the sentence level, compared to low scorers. How-

ever, the two groups did not seem much different from each other in processing the

Fig. 1 Procedure of the study
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first reading part (Table 4). High scorers on average spent 76.99 s on the entire text,

while low scorers spent 71.84 s. The difference was not statistically significant, however (p

= .91). The results of the Kruskal-Wallis test showed that both high and low scoring

groups equally spread out their attention over the six paragraphs (χ2 = .728, p = .981 for

the high scoring group and χ2 = 4.461, p = .485 for the low scoring group); the first or the

last paragraph did not necessarily receive more attention from the readers and thus the

reading patterns did not differ across groups. It is also noteworthy that only the half of

the entire test takers, regardless of their reading test scores, managed to complete the first

reading, quickly rolling over their eyes from the first to the last paragraph and moving

onto the first question. Taken together, evidence appears to be scant that either high

scorers or low scorers used skimming skills properly on the first reading part.

Successful vs. unsuccessful readers: their reading processes across question types

Out of three vocabulary questions (question 2, 5, and 10), only one question (question 10)

was found to be valid according to the earlier item analysis. Except for four participants

(three successful readers and one unsuccessful reader), all checked out the associated

paragraph to solve the question. The unsuccessful readers spent more time on the

distractor A than the successful readers (U(Nsuccessful = 38, Nunsuccessful = 9) = 95.50, z = −

2.05, p = .04, d = .62 for total fixation duration, U(Nsuccessful = 38, Nunsuccessful = 9) =

97.50, z = − 1.99, p = .05, d = .61 for total visit duration, and U(Nsuccessful = 38, Nunsuccessful

= 9) = 94.50, z = − 2.12, p = .03, d = .63 for visit count). The unsuccessful readers checked

out the associated paragraph more frequently (U (Nsuccessful = 38, Nunsuccessful = 9) = 92.00,

z = − 2.14, p = .034, d = .66 for visit count on paragraph 6). However, there was no group

difference in terms of the amount of test takers’ attention on the key sentence (U (Nsuccess-

ful = 38, Nunsuccessful = 9) = 110.00, z = − .94, p = .35, d = .50; Table 5).

Out of four, three factual information questions turned out to be valid: question 6, 8

and 12. In the question item 6, it took more time for the unsuccessful group to finish

reading the question stem (U(Nsuccessful = 23, Nunsuccessful = 24) = 174.50, z = − 2.16, p

= .031, d = .66). In terms of text reading, the successful group paid more attention on

the key phrases (U(Nsuccessful = 23, Nunsuccessful = 24) = 103, z = − 3.07, p = .002, d =

1.27), while they read the associated text faster than the unsuccessful group (U(Nsuccess-

ful = 23, Nunsuccessful = 24) = 172, z = − 2.21, p = .027, d = .68). The successful group

likely picked up the key words/phrases in the text faster and revisited them more fre-

quently, compared to the unsuccessful group; the former caught the key phrase no

Table 3 Total fixation duration on the first reading

High scorers (N = 14) Low scorers (N = 14)

Mean SD Kruskal-Wallis N Mean SD Kruskal-Wallis N

1st paragraph 8.15 8.38 χ2 = .728, p = .981 14 11.26 11.91 χ2 = 4.461, p = .485 13

2nd paragraph 13.20 16.31 12 15.60 24.19 10

3rd paragraph 13.09 18.56 10 7.91 13.32 8

4th paragraph 14.47 13.51 7 15.29 22.87 5

5th paragraph 12.32 14.26 8 13.43 23.41 4

6th paragraph 15.76 17.32 7 8.35 14.01 5

SUM 76.99 71.84
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stream and steady water more quickly than the latter. In case of the key phrase steady

water, the difference was statistically significant (U(Nsuccessful = 23, Nunsuccessful = 24) =

48.00, z = − 2.49, p = .013, d = 2.00, for time to first fixation). The successful group’s

fixation count and visit count for the phrase no stream was significantly higher than

the unsuccessful group (U(Nsuccessful = 23, Nunsuccessful = 24) = .05, z = − 2.01, p = .045,

d = 3.32, and U(Nsuccessful = 23, Nunsuccessful = 24) = 44.50, z = − 2.10, p = .036, d =

2.07, respectively), possibly indicating that the successful group was actively matching

the phrase no stream in the key option to that in the given text. A likely explanation

for the different statistical results of the key words is that in the case of no stream, the

exactly same wording appeared in the option and the text, whereas steady water in the

text was replaced with constant water in the option. Hence, the key word no stream

could have encouraged high scorers’ word-matching behavior, presumably explaining a

higher number of visits on the phrase no stream, while the other key phrase steady

water did not yield the same effect (Table 6).

In item 8, no group differences were found in terms of text reading. Compared to the

unsuccessful readers, the successful readers spent more time reading the text and the

key sentence. However, the difference was not statistically significant. Considering the

reading time spent on the paragraph and the key area, the successful readers appeared

to give more attention on the key sentence. However, the difference was not statistically

significant, either (U (Nsuccessful = 23, Nunsuccessful = 24) = 197.50, z = − 1.47, p = .141, d

= .50). When it comes to their reading patterns on the question and options, the suc-

cessful readers spent more time on the key option C and the distractor D (U(Nsuccessful

= 23, Nunsuccessful = 24) = 156.50, z = − 2.54, p = .011, d = .80 for total fixation duration

on option C and U(Nsuccessful = 23, Nunsuccessful = 24) = 169.50, z = − 2.27, p = .023, d =

Table 4 The sub-reading abilities of each group

High scorers (N = 14) Low scorers (N = 14) t test

Vocabulary knowledge 79.85 (7.41) 58.07 (12.71) t = 5.54 (p < .01), d = 2.09

Grammar knowledge 30 (2.80) 19.57 (4.62) t = 7.22 (p < .01), d = 2.73

Lexical processing skills 0.26 (0.08) 0.30 (0.06) t = − 1.63 (p = .12), d = .57

Sentence processing skills 0.40 (0.11) 0.62 (0.13) t = − 4.77 (p < .01), d = 1.83

Working memory capacity 23.57 (7.95) 20.21 (7.87) t = 1.12 (p = .27), d = .43

Table 5 Eye-tracking statistical results for item 10

Total fixation
duration on
option A

Total visit
duration on
option A

Visit count
on option
A

Visit count
on paragraph
6

Visit count on
the key
sentence

Attention on
the key
sentence

Incorrect
(N = 9)

1.28 (.87) 1.28 (.87) 2.78 (1.56) 11.89 (9.32) 5.67 (5.61) .30 (.25)

Correct
(N = 38)

.70 (.69) .72 (.71) 1.66 (1.17) 6.55 (8.64) 3.79 (3.33) .42 (.31)

Mann-
Whitney
U

95.50 97.50 94.50 92.00 138.00 110.00

Z − 2.05 − 1.99 − 2.12 − 2.14 − .90 − .94

Sig. (2-
tailed)

.041 .046 .034 .032 .369 .349

Cohen’s
d

.62 .61 .63 .66 .26 .50

Lim Language Testing in Asia           (2020) 10:14 Page 15 of 29



Ta
b
le

6
Ey
e-
tr
ac
ki
ng

st
at
is
tic
s
fo
r
ite
m

6

To
ta
lf
ix
at
io
n

du
ra
tio

n
on

st
em

To
ta
lv
is
it

du
ra
tio

n
on

st
em

A
tt
en

tio
n
on

th
e
ke
y
ph

ra
se
s

To
ta
lf
ix
at
io
n

du
ra
tio

n
on

pa
ra
gr
ap
h
3

Ti
m
e
to

fir
st
fix
at
io
n

on
st
ea
dy

w
at
er

Ti
m
e
to

fir
st

fix
at
io
n
on

no
st
re
am

Vi
si
t
co
un

t
on

st
ea
dy

w
at
er

Vi
si
t
co
un

t
on

no
st
re
am

Fi
xa
tio

n
co
un

t
on

st
ea
dy

w
at
er

Fi
xa
tio

n
co
un

t
on

no
st
re
am

In
co
rr
ec
t

(N
=
24
)

5.
70

(4
.0
8)

7.
13

(5
.2
2)

.0
9
(.0
8)

39
.0
8
(2
2.
63
)

57
.4
8
(2
5.
71
)

64
.1
6
(2
2.
09
)

4.
13

(2
.5
9)

2.
31

(1
.3
8)

6.
20

(4
.1
3)

2.
54

(1
.6
1)

C
or
re
ct

(N
=
23
)

3.
52

(1
.9
8)

4.
21

(2
.6
0)

.2
2
(.1
5)

24
.6
6
(1
9.
76
)

38
.2
2
(3
1.
04
)

47
.4
6
(3
2.
47
)

5.
79

(3
.0
2)

3.
85

(2
.0
4)

9.
14

(5
.1
1)

4.
23

(2
.3
2)

M
an
n-

W
hi
tn
ey

U

17
4.
50

16
1.
00

10
3.
00

17
2.
00

48
.0
0

50
.0
0

70
.5
0

44
.5
0

.1
2

.0
5

Z
−
2.
16

−
2.
45

−
3.
07

−
2.
21

−
2.
49

−
1.
77

−
1.
52

−
2.
10

−
1.
55

−
2.
01

Si
g.

(2
-

ta
ile
d)

.0
31

.0
14

.0
02

.0
27

.0
13

.0
77

.1
29

.0
36

.1
20

.0
45

C
oh

en
’s
d

.6
6

.7
6

1.
27

.6
8

2.
00

1.
97

1.
66

2.
07

3.
32

3.
32

Lim Language Testing in Asia           (2020) 10:14 Page 16 of 29



.70 for total fixation duration on option D). In particular, the successful readers more

repeatedly checked out the key option C (U (Nsuccessful = 23, Nunsuccessful = 24) =

144.50, z = − 2.82, p = .005, d = .89 for visit count on option C), compared to the un-

successful readers (Table 7).

In item 12, which asks readers to pick false factual information, both groups were simi-

lar in reading the given paragraph. The successful readers spent more time reading the

text and the key areas, compared to the unsuccessful readers, which was not statistically

significant (U (Nsuccessful = 40, Nunsuccessful = 7) = 133.00, z = − .21, p = .834, d = .061 for

total fixation duration on paragraph 6). As regards the question and options, the unsuc-

cessful readers likely spent more time on the distractor A and B (U(Nsuccessful = 40, Nunsuc-

cessful = 7) = 56.00, z = − 2.51, p = .012, d = .79 for total fixation duration on option A and

U(Nsuccessful = 40, Nunsuccessful = 7) = 73.00, z = − 2.00, p = .045, d = .61 for total fixation

duration on option B, respectively), while the key was option D (Table 8).

Out of three inference questions, two turned out to be valid, question 7 and 9. In

item 7, the unsuccessful readers looked at the question itself more frequently than the

successful readers (U(Nsuccessful = 21, Nunsuccessful = 26) = 179.50, z = − 2.01, p = .045, d

= .61 for visit count on stem), possibly indicating their difficulty in registering what is

being asked. One of the unsuccessful readers on item 7 recalled during the interview

that “the thing is I can’t really concentrate on the first or the second time I read some-

thing. Like I am just reading it but not actually, like reading it, just see it. So, I have

to…and I saw a term I am not familiar with, like, molecule”. The unsuccessful readers

also checked out the distractor A more frequently and for a longer period of time

(U(Nsuccessful = 21, Nunsuccessful = 26) = 151.50, z = − 2.62, p = .009, d = .82 for visit

count on option A, U(Nsuccessful = 21, Nunsuccessful = 26) =128.00, z = − 3.10, p = .002, d

= 1.015 for total fixation duration on option A). Unexpectedly, the unsuccessful readers

appeared to give more attention to the key area in the text, which shows a substantial

trend towards significance (U (Nsuccessful = 21, Nunsuccessful = 26) = 188.00, z = − 1.82, p

= .069, d = 0.55). This was the opposite pattern observed in item 6, where it was the

successful readers who paid more attention to key areas (Table 9).

In item 9, the successful readers looked at the key option A for longer (U(Nsuccessful =

31, Nunsuccessful = 16) = 159, z = − 2.00, p = .045, d = .61 for fixation count, U(Nsuccessful

= 31, Nunsuccessful = 16) = 161.00, z = − 1.95, p = 0.51, d = .59 for total visit duration),

whereas the unsuccessful readers stayed on the distractor D more (U(Nsuccessful = 31,

Nunsuccessful = 16) = 151.50, z = − 2.17, p = .030, d = .67 for fixation count, U(Nsuccessful

= 31, Nunsuccessful = 16) = 133.00, z = − 2.58, p = .010, d = .81 for total fixation dur-

ation). It took almost double the time for the unsuccessful readers to read the associ-

ated text, which almost approached significance (U (Nsuccessful = 31, Nunsuccessful = 16) =

166.00, z = − 1.84, p = .066, d = .56). However, the amount of attention on the key

sentence was not dissimilar between the groups (Table 10).

With regard to other item types, in item 1, the reference question, the unsuccessful

readers looked at the distractor B longer (U(Nsuccessful = 30, Nunsuccessful = 17) = 102.00,

z = − 3.39, p = .001, d = 1.14), whereas the successful readers stayed on the key option

D longer (U(Nsuccessful = 30, Nunsuccessful = 17) = 129.50, z = − 2.78, p = .005, d = .89). It

took more time for the unsuccessful readers to finish reading the relevant text than the

successful readers (U (Nsuccessful = 30, Nunsuccessful = 17) = 150.00, z = − 2.33, p = .020, d

= .72). With regard to the amount of their attention on key phrases, however, no group
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differences were found. In item 13, the cohesion question, no group differences were

detected, either in question reading or in text reading (Table 11).

To recap, the eye-tracking data seem to corroborate that successful readers are more

efficient in reading a text and a question than unsuccessful readers; successful readers

were faster in reading either a text or a stem in question 1, 6, 7, 9, and 10. The eye

movements on item 6 best demonstrated successful readers’ efficiency in locating im-

portant information. One unsuccessful reader (ID40) recalled that “I spent a lot of time

reading the question, and then read the entire paragraph. And then go back to read

again. First time to find a key word and the second time I read. I don’t know why, but

it takes time to start reading,” whereas a successful reader (ID41) said “because I am

sure the latter of the paragraph is not relevant about the question because last two

paragraph said that obvious might be seepage dominated…It seems that constant and

passage refer to something like constant water, the same meaning… because I want to

find the word stream so B and C both has stream. C has a stream following so it is to-

tally the opposite.” The short response times in the sentential processing task among

high scorers also suggest successful readers’ effective use of expeditious reading skills.

Table 7 Eye-tracking statistics for item 8

Total
fixation
duration on
option C
(key)

Total
fixation
duration
on option
D

Fixation
count on
option C
(key)

Fixation
count
on
option
D

Visit
count
on
option C
(key)

Total
fixation
duration on
paragraph
5

Total fixation
duration on
the key
sentence

Attention
on the
key
sentence

Incorrect
(N = 24)

2.70 (1.99) 1.68 (1.24) 8.75 (6.18) 5.42
(3.87)

3.46
(2.13)

29.76
(13.95)

1.56 (1.56) .05 (.04)

Correct
(N = 23)

4.56 (2.68) 2.57 (1.40) 14.57
(7.87)

8.26
(4.51)

6.00
(3.13)

33.80
(23.30)

2.39 (2.19) .07 (.04)

Mann-
Whitney
U

156.50 169.50 157.50 177.50 144.50 269.00 213.00 197.50

Z − 2.54 − 2.27 − 2.53 − 2.11 − 2.82 − .15 − 1.34 − 1.47

Sig. (2-
tailed)

.011 .023 .012 .035 .005 .882 .179 .141

Cohen’s
d

.80 .70 .79 .64 .89 .04 .40 .50

Table 8 Eye-tracking statistics for item 12

Total fixation
duration on
option A

Total
fixation
duration on
option B

Fixation
count on
option A

Fixation
count on
option B

Total fixation
duration on
paragraph 6

Total fixation
duration on
the key area 1

Total fixation
duration on
the key area 2

Incorrect
(N = 7)

1.91 (1.35) 1.86 (1.27) 6.00 (4.36) 6.29
(4.42)

9.46 (9.00) 1.11 (1.54) .50 (1.07)

Correct
(N = 40)

.87 (.79) 1.05 (.92) 3.08 (2.72) 3.38
(2.72)

9.59 (10/35) 1.18 (1.83) .56 (.91)

Mann-
Whitney
U

56.00 73.00 75.00 73.00 133.00 134.00 137.50

Z − 2.51 − 2.00 − 1.98 − 2.02 − .21 − .19 − .09

Sig. (2-
tailed)

.012 .045 .048 .043 .834 .872 .932

Cohen’s
d

.79 .61 .59 .61 .06 .05 .02
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However, such a general tendency was not always applicable to all question types; at

times, successful readers slowed down their reading rate (question 8), or unsuccessful

readers were not necessarily slower than the successful readers.

The assumption that successful readers would give more attention to key phrases in

text was not verified by the current data. One of possible reasons is that especially in

later questions, readers likely depended on their memory rather than the text given.

The interview data substantiated this impression, “Honestly I read through the para-

graph when I found this not enough time so I just based on my memory I think it

should be one. (ID38)” Not surprisingly, in question 6, test takers are forced to read the

third paragraph for details first time, unless they skimmed it through during the first

reading. Therefore, it is highly likely that test takers’ eye movements directly affect their

comprehension output. The amount of readers’ attention on key phrases, operational-

ized by their eye fixation duration and visit count, does not appear to go hand in hand

with the accuracy rate of comprehension. While successful readers paid more attention

to the key area in question 6, it was unsuccessful readers who devoted more attention

to the key area in question 7. Such discrepancy seems attributable to the question type,

albeit in need of further investigation. Question 6 is the factual question in which test

takers are expected to understand surface information by means of word-matching

Table 9 Eye-tracking statistics for item 7

Visit count
on stem

Total fixation
duration on
option A

Fixation count
on option A

Total visit
duration on
option A

Visit count
on option A

Attention on
the first key
area

Incorrect
(N = 26)

11.04
(6.88)

5.59 (3.07) 18.04 (9.16) 6.48 (3.45) 7.5 (4.15) .23 (.9)

Correct
(N = 21)

7.38 (4.36) 3.22 (1.75) 11.10 (5.59) 3.72 (2.03) 4.62 (2.37) .18 (.11)

Mann-
Whitney
U

179.50 128.00 129.00 128.50 151.50 188.00

Z − 2.01 − 3.10 − 3.09 − 3.09 − 2.62 − 1.82

Sig. (2-
tailed)

.045 .002 .002 .002 .009 .069

Cohen’s
d

.61 1.02 1.01 1.01 0.82 0.55

Table 10 Eye-tracking statistics for item 9

Fixation count
on option A
(key)

Fixation
count on
option D

Total visit
duration on
option A (key)

Total visit
duration on
option D

Total fixation
duration on
paragraph 5

Attention on
the key
sentence

Incorrect
(N = 16)

11.50 (9.09) 11.31 (9.17) 4.25 (3.65) 4.46 (3.28) 14.15 (14.45) .042 (.052)

Correct
(N = 31)

17.35 (11.29) 6.55 (5.33) 6.40 (4.21) 2.42 (2.10) 6.39 (7.32) .037 (.038)

Mann-
Whitney
U

159.00 151.50 161.00 133.00 166.00 234.00

Z − 2.00 − 2.17 − 1.95 − 2.58 − 1.84 − .31

Sig. (2-
tailed)

.045 .030 .051 .010 .066 .761

Cohen’s
d

.61 .67 .59 .81 .56 .09
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skills. In question 7, test takers are asked to make inferences, synthesizing scattered in-

formation and reading between the lines. In the latter case, longer gaze on the key areas

could not necessarily contribute to the output of such high-order cognitive activities.

The current data propose the potential use of eye-tracking data for distractor analysis with

sophistication. In general, unsuccessful readers likely spent more time on distractors than key

options, whereas successful readers fixated their eyes on key options for a longer time. In the

case of question 8, the successful readers spent more time on the key (option C) and one of

the distractors (option D) than the unsuccessful readers, presumably indicating that the option

D is a highly attractive distractor among high scorers. In question 12, the unsuccessful readers

spent more time on the distractors A and B, meaning that for some reason, those distractors

grabbed much attention among the lower scorers. Admittedly, the eye-tracking data are lim-

ited in accounting for the cognitive reasons for test takers’ eye fixations.

The effect of reading comprehension subskills

Thus far, we have examined the aggregated eye movement data item by item. However, the

analyses drawing on the averaged numerical data can cloud individual differences, which an

eye-tracker intends to pinpoint with precision. As the relatively large standard deviations in

eye-tracking measurements suggest, L2 learners seem to differ to great extent in their ap-

proaching reading questions and associated texts. The following gaze plots demonstrate con-

siderable variation across readers, regardless of their comprehension output. Among those

who got the question item 6 correct, for instance, some carefully read through the entire para-

graph, while others focused only on relevant areas (see Figs. 2 and 3). Others did not even

glance at the text but still found the answer correctly, presumably relying on their memory

from previous questions (see Fig. 4). Among those who missed the question, some meticu-

lously read the whole text, like some of the successful readers, while others simply failed to

locate key information in text (see Figs. 5 and 6).

Learners’ gaze plots themselves do not always explain how test takers derived the

varying degree of comprehension output. Rather, the levels of learners’ linguistic know-

ledge and processing skills seem to induce the differences in the graphic eye movement

data. For instance, ID79, ID26, and ID82 produced relatively large CVs in the sentence

Table 11 Eye-tracking statistics for item 1

Total fixation
duration on
option B

Total fixation
duration on
option D (key)

Total fixation
duration on
paragraph 1

Fixation
count on
option B

Fixation
count on
option D
(key)

Fixation
count on
paragraph
1

Attention
on the
key area

Incorrect
(N = 17)

6.62 (3.72) 2.34 (2.25) 24.26 (11.79) 20.00
(10.33)

7.53 (7.06) 70.18
(32.69)

.19 (.11)

Correct
(N = 30)

3.76 (4.76) 4.31 (2.56) 16.99 (9.52) 12.17
(13.77)

12.87 (8.08) 54.30
(29.67)

.22 (.19)

Mann-
Whitney
U

102.00 129.50 150.00 107.50 138.00 166.50 247.00

Z − 3.39 − 2.78 − 2.33 − 3.27 − 2.60 − 1.96 − .18

Sig. (2-
tailed)

.001 .005 .020 .001 .009 .050 .859

Cohen’s
d

1.14 .89 .72 1.08 .82 .60 .05
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construction task, meaning less automatized syntactic processing skills; their slow sen-

tence processing skills are realized as long fixation durations and a short distance be-

tween fixations in the gaze plot. Frequent visits and long fixation durations could also

result from test takers’ intention to adopt careful reading skills, matching up to the pur-

pose of reading; however, we cannot rule out the possibility that such reading behavior

is simply the corollary of learners’ deficiency in L2 language ability. ID52 who demon-

strated the fast processing skills at both lexical and sentential levels as well as the large

knowledge of vocabulary and grammar does not seem to stay long on each word and

sentence in the question, reasonably interpreted as the possession of expeditious read-

ing skills. She did not lay her eyes on the associated paragraph but still succeeded in lo-

cating the key answer, presumably because she could have established her

comprehension already during the first reading and the question 5, which is also linked

to the same paragraph (Table 12).

Fig. 2 Gaze plot from the successful candidate (ID79) on item 6

Fig. 3 Gaze plot from the successful candidate (ID41) on item 6
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Discussion
What does the iBT TOEFL reading section measure?

Assuming that reading is a purposeful behavior, the iBT TOEFL claims to measure aca-

demic reading skills, including reading to find information, reading for basic compre-

hension, and reading to learn (ETS, 2009). From a process-based perspective, reading to

find information is to involve expeditious reading skills at both local and global level

(e.g., scanning, searching, and skimming), whereas reading for basic comprehension re-

quires careful reading skills for both explicit and implicit information. The current

study aimed to investigate to what extent the TOEFL reading test successfully elicited

the intended reading processes.

Overall, high scorers tended to read fast compared to low scorers; such disparity

seems better observed in factual questions than in inference questions. Learners’ eye

movements, especially fixation duration and visit counts, may effectively account for

Fig. 4 Gaze plot from the successful candidate (ID52) on item 6

Fig. 5 Gaze plot from the unsuccessful candidate (ID26) on item 6

Lim Language Testing in Asia           (2020) 10:14 Page 22 of 29



their comprehension of surface information; without looking at relevant areas, test

takers may well fail to identify facts explicitly stated in the text. Little or no relation be-

tween learners’ reading rate and their comprehension for implicit information could

provide evidence in support of the cognitive validity of inference questions; as fast

readers likely slow down for higher-order thinking, differences between successful and

unsuccessful readers could become obscured in respect of reading speed. However, the

jury is still out on whether the TOEFL questions in effect provoked the expeditious

reading skills. In some factual questions, successful readers were not always faster in

processing a reading passage. In the first reading page, presumably the only place where

learners can exert their expeditious reading skills across paragraphs, both high and low

scorers did not read the text properly, rushing into the first question on the subsequent

page. The actual TOEFL iBT test does not allow test takers to move to the first ques-

tion without scrolling down to the bottom of the text, which was not programmed in

the present study. Apart from the technical issue, there seems to be a clear tendency

for test takers to opt out the first reading page; only 30% of high scorers skimmed

through the entire text. Such behaviors could be the manifestation of learners’ use of

test-taking strategies in an attempt to save time for challenging questions. As results,

careful reading at the local level seems to prevail in the TOEFL reading test, primarily

verified by the reading time, the saccade length between fixation points, and the fix-

ation count. Test takers are asked to read each paragraph (or less than a paragraph)

carefully in orderly fashion, taking a comprehension question as guidance to process

Fig. 6 Gaze plot from the unsuccessful candidate (ID82) on item 6

Table 12 The sub-reading abilities of each test taker from item 6

Item 6 Vocabulary
knowledge

Grammar
knowledge

Lexical
processing
skills

Sentential
processing skills

Working
memory

Total reading
scores

ID79 Correct 67/90 26/35 .45 .50 23 11/14

ID41 Correct 74/90 27/35 .31 .47 18 11/14

ID52 Correct 88/90 33/35 .18 .37 34 14/14

ID26 Incorrect 72/90 16/35 .24 .52 27 6/14

ID82 Incorrect 51/90 17/35 .34 .59 15 6/14
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the text. In the final summary question, which ostensibly calls for global reading, many

test takers seem to rely on their memory; none of the high scorers glanced at the read-

ing passage to solve the question. In Cohen and Upton (2007), the international stu-

dents reported that the reading-to-learn questions were relatively easy. The authors

reasoned that test takers are to become too familiar with the reading passage by the

time they reached the last question. Owing to the repeated readings induced by previ-

ous questions, test takers could feel that they already know the key ideas too well to

take a second look at the text. Otherwise, they might have been simply running out of

time for the last question.

Assessing reading fluency is crucial especially for advanced learners. Fluency helps to re-

duce learners’ cognitive load for linguistic processing at every level, thus enabling readers to

focus more on meaning (Logan, 1997). Empirical studies have reported a significant correl-

ation between reading speed and reading comprehension (e.g., Fuchs et al., 2001). Good L2

readers have been found to have faster word recognition and automatic syntactic processing

skills than poor L2 readers (Nassaji 2003; Grabe and Stoller 2002). Note that reading fluency

entails both accuracy and automaticity; without accurate comprehension, reading speed

alone cannot account for fluent reading skills. According to the ACTFL (American Council

on the Teaching of Foreign Languages) proficiency guidelines, fluency becomes the deter-

mining factor as learners advance to higher levels; superior learners are described as being

able to read diverse texts efficiently. Because fluency is acquired in the latter stage of L2 de-

velopment (e.g., Anderson’s ACT-R theory), it would be appropriate to administer fluency

measures to advanced learners, such as those preparing to enter US universities. Language

testing researchers have also voiced the need of assessing reading fluency; Alderson (2000)

criticized the current comprehension test for not taking speed into account and backs timed

readings as a means of diagnosing learners’ development of automaticity. Weir et al. (2009)

also indicated international students’ struggle with fast reading in the academic setting.

Taken together, because (a) fluency is an important constituent of the reading construct, (b)

academic reading requires rapid reading skills, and (c) the target population of such high-

stake tests are usually advanced learners, it seems high time for high-stakes, academic tests

to incorporate or enhance testing reading fluency.

The other point of discussion is the purpose of vocabulary question items. The

TOEFL vocabulary question items are supposed to measure learners’ inferencing ability,

i.e., guessing meaning from context. Of three vocabulary questions, only one turned

out to be valid as a result of item analysis. The eye-tracking analyses also challenged

the cognitive validity of vocabulary questions; nearly one third (30%) of the participants

were able to find the correct answers without looking at the text. Even in the case

where learners fixated their eyes on the text, reading was often limited to a phrase or a

word level, presumably indicating that test takers may turn to their knowledge of collo-

cation by checking the words adjacent to a target word. Moreover, little or no group

difference was found in terms of test takers’ reading time on the associated paragraph

and the amount of attention on key phrases. In Cohen and Upton (2007), test takers,

most of whom were from East Asian countries, reported that they utilized their vocabu-

lary knowledge if they already knew the target word. Similar ideas were echoed in the

current stimulated interview; ID38 said, “When I see the word considerable, because I

know this word, so I know I just check which one is the meaning, like, considerable so

once I found, I think I choose A.” ID51 also noted “Because it’s further and the only
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option is additional, I didn’t look at… I found out when I read the TOEFL test, it may

be a bad habit. It’s just like fifty-fifty chance sometimes you don’t have to look at the

passage you can just choose answer but sometimes it didn’t work.” Overall, vocabulary

questions may have succeeded in differentiating between high and low scorers, in that

good readers are likely to have larger vocabulary size (Jeon & Yamashita, 2014). How-

ever, whether the question items effectively tapped into the intended reading skills—

guessing meaning from context—remains questionable.

What can the eye-tracking data reveal about cognitive validity?

The value of eye-tracking data, triangulated with other qualitative research methods, primar-

ily lies in uncovering test takers’ subconscious reading processes, including the direction and

the amount of their attention. However, in the context of L2 testing, longer fixation duration

does not necessarily represent more amount of learners’ attention; it could presumably result

from learners’ deficiency in linguistic knowledge, inefficiency in processing skills, or the vary-

ing degree of complexity of language itself (Rayner, 2009). Not surprisingly, in quite a few

question items, there was little or no significant group difference in terms of learners’ eye

movements, both qualitatively and quantitatively (Bax & Chan, 2019; McCray & Brunfaut,

2018). In a similar vein, the collected data in the current study also failed to meet the funda-

mental assumption that successful readers would be efficient in reading and locating key in-

formation and better attend to key phrases; on some items, successful readers were slower

than unsuccessful readers in reading and did not necessarily pay more attention to key infor-

mation. In Bax (2013), only five out of 11 items succeeded in showing group differences in

terms of test takers’ reading processes. The author reasoned that successful candidates might

not necessarily go through more cognitive processes different from unsuccessful ones, or

that they might employ some other strategies that cannot be traced by eye-tracking technol-

ogy. That said, we should not be misled into believing that the items that did not yield a stat-

istical group difference are cognitively invalid. L2 readers have different profiles of strengths

and weaknesses in comprehension subskills. As far as such individual differences are con-

cerned, not all successful readers may well take the same trajectory to obtain the same out-

come of comprehension (see Figs. 2, 3, and 4). Likewise, reasons can vary why unsuccessful

readers missed a question, some of which may not be reflected in their eye movements.

Bax (2013) highlighted that the cognitively valid items, identified by eye movement ana-

lyses, involved only lexical or grammatical processing. This is reminiscent of the fact that a

number of reading studies have limited the use of an eye-tracker to investigating learners’

word recognition or sentential processing skills, although some have tried to expand the

application of eye-tracking study beyond the sentential level (e.g., Rayner et al., 2006). The

gaze plots illustrated earlier also suggest that learners’ eye-tracking data are susceptible to

their bottom-up processing skills, regardless of their comprehension outcome; the success-

ful reader in Fig. 2 and the unsuccessful reader in Fig. 5, both of whom were slow in the

sentence processing task, exhibited the similar pattern of eye movements, including fre-

quent visit counts and short saccade lengths between fixations. In a similar vein, the items

that made relatively distinct group differences in eye movements were often limited to fac-

tual questions, which primarily demand locating and matching skills at the lexical level.

Admittedly, we could not observe any meaningful group differences in text reading associ-

ated with inference questions, which involve more than L2 language processing skills.
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The application of eye-tracking technology to language testing has emerged in recent

years. Thus, the method of using eye movement data is still explorative for the purpose

of test validation. Caution needs to be taken in interpreting the results and relating

them to validity arguments. It is also noteworthy that test validity is a matter of degree

(Brown, 2005); thus, it would be unreasonable to appraise the validity of the test in a di-

chotomous manner. For some of the items, the eye movement data successfully differ-

entiated good from poor readers, which can effectively defend the validity of the test

items. In other items, unexpected patterns turned up, which may question the validity

of the item, but this difference is not sufficient to undermine the entire test’s validity.

Additional evidence, such as from the stimulated recall data, would be necessary to in-

vestigate the reasons for test takers’ peculiar eye movements. Lastly, the present study

suggests the potential use of eye-tracking analysis for the purpose of distractor analysis.

At present, distractor analysis is based on the final responses that test takers mark on

the answer sheet, which may veil their decision-making process. As test takers’ attrac-

tion to a distractor does not necessarily lead to their final decision, eye movement data

would help evaluate the quality of the response choices more accurately.

Conclusion
The present study set out to explore the validity evidence for the iBT TOEFL reading

test by observing the cognitive processes involved in the test. The eye-recording ana-

lysis has led to the following general observations; test takers tend to rely heavily on

the careful reading skills, whereas the expeditious reading skills were rarely activated.

The scope of reading was often restricted to the local level; learners hardly read more

than a paragraph to answer questions. In some factual question items, successful

readers were more efficient in reading and locating key information, whereas we could

not notice such group differences in other items. Lastly, the gaze plots hinted that

learners’ eye movements manifest the various form of interactions among comprehen-

sion subskills, chiefly subject to bottom-up linguistic processing. Interpretations can

vary in light of the judgment of cognitive validity, however. Such findings can challenge

the cognitive validity of the test, as it fails to fully satisfy similarity and comprehensive-

ness, the important characteristics of cognitive validity proposed by Field (2013). Others

who view L2 reading as a language problem (e.g., Jeon & Yamashita, 2014), meaning

that the knowledge of L2 vocabulary and grammar has the primary responsibility for

L2 reading comprehension, could admit that the test is valid enough to measure the es-

sence of learners’ reading ability. Note that high scorers in this study showed a larger

knowledge of vocabulary and grammar than low scorers.

Findings yield practical implications for test development. As an increasingly number

of scholars, teachers, and students acknowledge the importance of L2 reading fluency

in a post-secondary education, test developers and item writers need to devise effective

ways of assessing learners’ fast reading skills beyond the paragraph level. Rearranging

item types can make a quick and simple change to test takers’ reading patterns; placing

skimming items in front may adequately induce learners to deploy expeditious reading

skills, while minimizing the involvement of other reading strategies and skills. Other-

wise, using hyperlinks, which allow reading across texts in a test setting, could be a

technical solution. With regard to a vocabulary item, its item specification needs to be

reconsidered. Evidence seems scant that test takers harnessed their inferencing skills to
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solve vocabulary items. By carefully selecting a test word and a context where the word is

situated, we can prevent the inferencing question item from assessing one’s vocabulary size.

There are a number of limitations inherent in the experiment design and data ana-

lysis. Participants did not take the full set of the TOEFL iBT reading test, primarily due

to time constraints. As the reading passages used for the experiment are limited to the

expository texts, learners’ reading behaviors observed in the eye movements might not

be generalizable to the test associated with the historical or argumentative text. There

is an ecological issue as well; albeit with an attempt to closely replicate the real testing

setting, the one-to-one lab-based data collection procedure might have to some extent

affected learners’ test-taking behaviors. Also, the participants could be too homoge-

neous to reveal group differences; except for a couple of provisional students, they were

all regular international students who met the minimum requirement of the standard-

ized English test. Finally, the use of Times New Roman could have been a source of er-

rors in analyzing the eye-tracking data, as it is not a fixed-width font.

Despite the limitations, the present study still contributes to enriching validity argu-

ments by providing additional and concurrent empirical evidence, while suggesting a

great potential of the eye-tracking analysis for test validation. Future research should

further delve into the analysis methods, presumably in quantifying the qualitative na-

ture of eye movement data for group comparisons, expanding the application of eye-

tracking technology to beyond the lexical level, and relating other qualitative data (e.g.,

interviews and questionnaires) to eye-tracking analysis. It is hoped that the present

study, far from complete, can serve as a stepping stone for future work in the direction

of looking into test takers’ cognition and thus fleshing out validity arguments.
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