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Abstract

The research described in this report investigates
readers’ mental processes as they complete onscreen
[ELTS (International English Language Testing System)
reading test items. It employs up-to-date eye tracking
technology to research readers’ eye movements

and aims, among other things, to contribute to an
understanding of the cognitive validity of reading

test items (Glaser, 1991; Field forthcoming).

Participants were a group of Malaysian
undergraduates (n=71) taking an onscreen test
consisting of two IELTS reading passages with a total
of 11 test items. The eye movements of a random
sample of these participants (n=38) were tracked.
Questionnaire and stimulated recall interview data
were also collected, and were important in order

to interpret and explain the eye tracking data.

Findings demonstrated significant differences
between successful and unsuccessful test-takers
on a number of dimensions, including their ability
to read expeditiously (Khalifa and Weir, 2009),

and their focus on particular aspects of the test
items and the reading texts. This demonstrates the
potential of eye tracking, in combination with post-
hoc interview and questionnaire data, to offer new
insights into the cognitive processes of successful
and unsuccessful candidates in a reading test. It
also gives unprecedented insights into the cognitive
processing of successful and unsuccessful readers
doing language tests.

As a consequence, the findings should be of value

to teachers and learners, and also to examination
boards seeking to validate and prepare reading tests,
as well as psycholinguists and others interested in the
cognitive processes of readers.
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Introduction

When we prepare reading tests, it is important to
ensure that our tests are valid, and part of a test’s
validity involves ensuring that the mental processes
which test-takers use as they respond are similar to
and representative of the mental processes they would
use in the target situation in real life — what is known

as cognitive validity (Glaser, 1991; Field, 2012). In the
case of tests of academic reading ability, such as IELTS,
this means that our tests should demonstrate that they
assess candidates on the same range and types of
cognitive operations as those required of students in
programmes of higher academic study. If they do not,
then the test cannot be considered cognitively valid.

This report describes a research project investigating
onscreen IELTS reading test items in terms of
candidates’ cognitive processing, in ways that can
potentially assist in understanding and improving the
cognitive validity of these and similar reading test
items. The research project reported here draws on
established methods for investigating these areas,
including interviews in which candidates report on the
processes they have employed, but in addition it makes
innovative use of eye tracking technology in order to

seek new insights into candidates’ cognitive operations.

Eye tracking technology has been used extensively
for several decades to investigate various forms

of reading. However, since its use to research the
particular type of reading employed during language
tests is rare, one contribution that this research seeks
to make is a methodological one, investigating the
extent to which eye tracking technology can offer
new understanding of test-takers’ reading behaviour.
A second potential contribution, as suggested above,
is to use eye tracking to help assess the cognitive
validity of elements of the IELTS reading paper. In
terms of application, the research reported here can
also assist the process of test design in future, and
can in addition inform language teachers and students
seeking to prepare for reading tests such as the IELTS
reading component.

3
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Cognitive validity in reading tests

It has long been argued that language tests should
exhibit what is known as cognitive validity (Glaser,
1991; Baxter and Glaser,1998), since cognitive
interpretive claims are ‘not foregone conclusions,
[but] need to be warranted conceptually and
empirically’ (Ruiz-Primo et al. 2001: 100). As Alderson
(2000: 97) argued ‘[tIhe validity of a test relates to
the interpretation of the correct responses to items,
so what matters is not what the test constructors
believe an item to be testing, but which responses are
considered correct, and what process underlies them.
In short, understanding of the trait being measured
requires an insight into the cognitive processing
required for completion of the task. Field has recently
summarised the situation as follows: ‘we need to find
out if the mental processes that a test elicits from

a candidate resemble the processes that he/she
would employ in non-test conditions’ (Field, 2012:140,
emphasis in original). Field (forthcoming) sets out
three central questions that a language test must
deal with in terms of its cognitive validity, namely:

a. Similarity of processing. Are the processes adopted
during a test sufficiently similar to those that would
be employed in the target context? Or do candidates
adopt additional processes that are a by-product
of facets of the test (procedure, test method, item)
rather than part of the normal operations associated
with the construct being tested?

b. Comprehensiveness. Do the items in the test elicit
only a small subset of the cognitive processes
that a language user would employ in a natural
context? Or do they tap into a sufficiently broad
range of such processes for the test to be deemed
representative of real-world behaviour?

c. Calibration. Across a suite of tests graded
by reference to a scale, are the cognitive
demands imposed upon test takers at each
level appropriately calibrated in relation to the
performance features that might be expected
of a listener at these levels?

(Field, forthcoming)

These considerations, which reinterpreted Messick’s
(1989) notions of construct-irrelevant variance and
construct under-representation from a cognitive
processing perspective, imply the need for better
understanding of candidates’ cognitive processing
in language tests, and underpin the research to

be described in this report in ways to be further
detailed below.

| Cognitive validity in reading tests



Modelling cognitive processing in reading

A recent analysis of the reading process, which not
only addresses reading under test conditions but
also pays close attention to the role of readers’
cognitive operations, is the model set out by Khalifa
and Weir (2009). This model derives in turn from
work by Urquhart and Weir, which characterises
reading as taking place at the local or global level,
and being in nature either careful or expeditious (i.e.
involving ‘quick, selective and efficient reading to
access desired information in a text: Khalifa and Weir,
2009). Khalifa and Weir's model describes cognitive
processing in reading in terms of different levels of
complexity, with, for example, lexical processing as
the least complex, and intertextual reading as the
most. Khalifa and Weir’'s model is therefore particularly
valuable in that it operationalises the concept of
cognitive processing in reading, and proposes in a
way amenable to empirical investigation a hierarchy
of cognitive processing complexity in reading. This
hierarchy is summarised in simple form in Table 1.

Table 1: Levels of cognitive processing in reading tests (adapted from Khalifa and Weir, 2009)

Level of activity Readers’ typical cognitive operations Size of typical unit

(ordered from more simple | in language tests
to more complex)

1 Lexis: word matching Reader identifies same word in question and text Word
2 Lexis: synonym and Reader uses knowledge of word meaning or Word
word-class matching word class to identify synonym, antonym or

other related word

3 Grammar/syntax Reader uses grammatical knowledge to disambiguate | Clause/sentence
and identify answer

4 Propositional meaning Reader uses knowledge of lexis and grammar Sentence
to establish meaning of a sentence.

5 Inference Reader goes beyond literal meaning to infer Sentence/ paragraph/text
a further significance

6 Building a mental model Reader uses several features of the text to build a Text
larger mental model

7 Understanding text function | Reader uses genre knowledge to identify text Text
structure and purpose

In terms of language testing, the authors then argue
that for a high-level academic reading test to be
cognitively valid it should test the full range of lower
and higher cognitive processes. Research by Weir,
Hawkey, Green and Devi (2009) then used this model
to investigate the cognitive processes underlying the
academic reading construct as measured by IELTS,
using retrospective questionnaires and reports as the
main research method.

| Modelling cognitive processing in reading



Metacognitive strategies

Another related area of reading that has in
recent years received research attention, and
which will figure in the research reported here,
is readers’ metacognitive strategies. Carrell
offers a straightforward definition:

The term metacognition refers to one’s
understanding of any cognitive process.
Metacognition in the context of reading is usually
understood to consist of two types of cognition:
first, one’s knowledge of strategies for learning
from texts, and, second, the control readers have
of their own actions while reading for different
purposes (Carrell, 1989: 650, emphasis in original).

The problem for researchers is where cognitive
processes end and metacognitive strategies begin,
since the difference in definition appears to reside
in the reader’s awareness and control, as Carrell
emphasises, and these might well vary from person
to person. Furthermore, metacognitive strategies
might take place at various points in the reading
process, which makes it difficult to separate them
from other processes. Nonetheless, metacognition
will be considered in the research in this paper
because, as Carrell continues:

Successful readers monitor their reading and
the state of their learning; they plan strategies,
adjust effort appropriately, and evaluate the
success of their ongoing efforts to understand.
(Carrell, 1989: 650).

The implication of this, which will be examined in
this research project, is that good readers can be
distinguished from weaker readers in terms of their
planning, direction of effort and self-evaluation,

a point which will be of relevance to the research
described below.

| Modelling cognitive processing in reading
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Eye tracking in reading research

4.1 Eye tracking and ‘default’ reading

The research described in this report builds on the
research by Weir, Hawkey, Green and Devi (2009)
described above, but also uses eye tracking
technology to gain further insight into readers’
cognitive processes while they complete IELTS
reading test items. The use of eye tracking to
investigate reading is not new. Rayner (1998) reviews
100 years of research into reading using eye tracking
of various sorts, divided into three periods before we
reach what Duchowski (2002) has called the current
‘fourth era’, distinguished by the possibility of
interactivity. Most of this research has been carried
out on what has been termed the ‘default’ mode

of reading, i.e. ‘when comprehension is proceeding
without difficulty and the eyes are continuing to
move forward along a line of text’ (Reichle et al.,
20009: 9), that is, with relatively few regressions.

This mode of reading is certainly employed by some
candidates in parts of reading tests, for example,
when a candidate reads a text before reading a test
item. However, much eye-movement behaviour during
reading tests is significantly different from that in
‘default’ modes of reading, and is particular to language
testing, for example, when a reader reads a test item
then searches for relevant parts of a text, or skims

for general meaning, or uses eye regression so as to
check a suspected answer. These behaviours, although
significantly different from those used in ‘default’
reading mode, have received almost no research
attention. Furthermore most research with eye tracking
has examined native-speaking English readers, not
second-language readers of the kind discussed in

this report, whose behaviour could be significantly
different. For these reasons many of the findings
derived from previous eye-movement research are
not directly applicable to the research to be discussed
here. Even so, it is useful briefly to review the main
strands of previous eye-movement research in order
to gather insights into methods and possible avenues
that could usefully be explored in researching test-
taker behaviour among second-language (L2) readers.

Rayner (1998) highlights some of the main insights
that eye tracking has offered for our understanding of
(mainly ‘default’) reading. First, when reading English,
it is noted that eye fixations (when the eye dwells
momentarily on a particular point) typically last about
200-250 milliseconds and the mean saccade size
(when the eye moves from one point to another) is
seven-nine letter spaces (Rayner, 1998: 375). This

is of interest in the present study, particularly when
identifying individual words in a text that constitutes
the answer to a test item.

Research further demonstrates that saccades can be
classified into different types according to their roles
(Rayner, 1998; Dussias, 2010; Rayner, Pollatsek, Ashby
and Clifton, 2012). In left-to-right languages rightward
saccades typically drive onwards through the text,
while four other types typically have the function (at
least in ‘normal’ L1 reading) of correcting ‘inefficient’
text processing (Rayner, 1998). The first of these,
‘regressions’, are defined as backwards motions for

a distance of a few letters so as to reprocess a word
which may not have been analysed properly during a
prior fixation. In Rayner’s (1998) view regressions of
more than a few letters are indicative of the reader’s
probable failure to understand the content (though
see below for the case of L2 readers).

The second type, termed ‘return sweeps’, consist of
the eye’s return to a precise fixation point, probably
recalled by the reader as a source of processing
difficulty. Importantly for the research discussed

in this report, it is usually surmised that higher-
proficiency readers typically use return sweeps more
efficiently, since they are able to determine and recall
the position in the text that caused them difficulties.

By contrast, readers at lower-proficiency levels

tend instead to adopt the third type, as they
‘backtrack’ through the text less efficiently until they
(re)discover the source of difficulty (Rayner, 1998).
The fourth type, termed ‘corrective saccades’, are
eye-movements that tend successfully to re-identify
text (Rayner, 1998), and again are considered a mark
of higher-proficiency readers. These last two types
are reminiscent of what Khalifa and Weir (2009)
term ‘expeditious reading’, in which effective
readers quickly find areas on which they need to
focus, whereas poorer readers by contrast are less
efficient at finding parts of a text which they need.

| Eye tracking in reading research



It is also apparent that eye movements are influenced
by numerous textual and typographical variables, for
example ‘as text becomes conceptually more difficult,
fixation duration increases, saccade length decreases,
and the frequency of regressions [where the eye
moves back rather than forwards] increases’ (Rayner,
1998: 376). Again this is of significance in the present
study, since one of the aims is to compare successful
and unsuccessful readers in IELTS tasks. Indeed, it
will be hypothesised below on the basis of research
into fixation duration that those readers who find the
text more difficult, i.e. those who are unsuccessful,
will demonstrate greater fixation duration on areas

of particular conceptual difficulty than those who are
more proficient.

A question that should also be considered is whether
or not eye tracking can assist at all in the identification
and explanation of underlying cognitive processes.
Importantly for the current project, Rayner affirms
that the basic theme of his historical review, in
particular of the third era from the 1970s onwards,

is indeed that ‘eye-movement data reflect moment-to-
moment cognitive processes’ (Rayner, 1998: 372).

He expands the point as follows:

A crucial point that has emerged recently is that
eye-movement measures can be used to infer
moment-to-moment cognitive processes in reading
[...] and that the variability in the measures reflects
on-line processing. For example, there is now
abundant evidence that the frequency of a fixated
word influences how long readers look at the word
(Rayner, 1998: 376)

More recent studies concur with Rayner as to the value
of eye tracking for researching cognitive processes in
general (e.g. Bertram, 2011; Buscher, Biedert, Heinesch
and Dengel, 2010; Eger, Ball, Stevens and Dodd, 2007).
Spivey, Richardson and Dale offer a detailed discussion
of how and why eye movements can be taken to be
good indicators of cognitive processes, and term them
‘a window into language and cognition’ (2009: 225).
The same metaphor is used by Salvucci and Goldberg
who see eye tracking as ‘a window into observers’
visual and cognitive processes’ (2000: 71; see also
Anson, Rashid Horn and Schwegler, 2009). Some
researchers, such as De Greef, Botzer and Van Maanen
(2010) take this to extremes, suggesting — to quote

the title of their article — that ‘Eye Tracking = Reading
the Mind’, but this is arguably over-confident. A more
cautious position would suggest that eye tracking data
should be treated as indicative of cognitive processing,
rather than a true and full reflection of it (Reichle,
Warren and McConnell, 2009).

4.2 Eye tracking and post-lexical
processing

Recent computational models of eye movements,
such as the latest versions of the E-Z Reader (Reichle
et al., 2009; Rayner, Pollatsek, Ashby and Clifton,
2012), are cautious about going beyond the lexical
encoding level. The main reason for this concerns
the limited evidence that eye tracking can provide
for such higher-order processes when researching
default-mode reading. Since such ‘default’ reading

is restricted to reading ‘when comprehension is
proceeding without difficulty and the eyes are
continuing to move forward along a line of text’
(Reichle et al., 2009: 9), the reader by definition makes
use of relatively few regressions, return sweeps,
backtracking and corrective saccades, and therefore
provides little evidence that could give insight into
processing above the lexical/syntactic levels.

However, in the few studies that focus on more
disrupted forms of reading, which, for example,
cause readers to make more regressions, evidence
does start to emerge which has started to shed light
on post-lexical cognitive processes. For instance,
studies of reading Finnish sentences containing

long compound words (Hy6na and Pollatsek, 1998;
Pollatsek, Hydna and Bertram, 2000, cited in Reichle
et al., 2009) were interpreted as giving evidence of
post-lexical cognitive activity, and the E-Z Reader
version 7 was adapted accordingly. The implication of
this is that research into ‘non-default’ reading activity
can potentially help to give insight into processes
beyond the lexical/syntactic levels, because such
reading provides different kinds of evidence of what
readers are doing.

The research reported here concerns readers
completing language-test items, which provides

eye tracking evidence quite different from that
offered in default reading research. As was illustrated
in a previous study into cognitive processes in reading
tests using eye tracking technology (Bax and Weir,
2012), the very nature of language tests means that
readers frequently jump between the text and test
item, and repeatedly regress and jump forward in
various ways in their search for answers, in ways

quite different from default reading patterns. It can
therefore potentially offer evidence about higher-
order processes of a kind not available to other
reading research. For example, if a language test

sets a question whose answer can only be found by
reading through a whole paragraph using ‘inferencing’
to deduce the answer (see Table 1, above), and
subsequently eye tracking data shows Reader X

8
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reading that question, then reading the correct
paragraph, then answering the question correctly,

it is legitimate to infer from these sources of evidence
that this reader has used high-order inferencing
strategies of the kind described by Khalifa and Weir
(2009). If Reader X then confirms this behaviour
through post-hoc questionnaire and stimulated
interview, the researcher can surmise with even
greater confidence that the reader has indeed made
use of those higher-order post-lexical processes. If,
by contrast, Reader Y reads the question but fails to
read the correct paragraph fully, then fails to answer
the test item correctly, and subsequently explains
accurately what s/he did in post-hoc questionnaire
and stimulated interview, then the researcher can
be similarly confident that Reader Y did not use
higher-order inferencing. In other words, carefully
constructed research into language-test reading,
making use of eye tracking technology in conjunction
with other research tools, has the potential to

offer interesting insights into readers’ post-lexical
processing behaviour.

9
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Research methodology

5.1 Research questions

This report addresses three research questions,
the first methodological:

1. To what extent and in what ways can current eye
tracking technology shed light on the cognitive
processing of participants completing IELTS
Academic reading test items on screen?

2. To what extent and in what ways are successful
readers differentiated from less successful
readers in terms of their eye movements while
completing IELTS Academic reading test items
on screen?

3. To what extent and in what ways are successful
readers differentiated from less successful
readers in terms of their cognitive and
metacognitive processing while completing on-
screen reading test (IELTS) items, as evidenced
from eye-movement data, and stimulated
retrospective interview data?

5.2 Research approach and instruments

In order to investigate these questions, the following
approaches were adopted.

5.3 Participants

A group of Malaysian undergraduates (n=71), with
first languages including Bahasa Melayu, Tamil,
Chinese and others, took an on-screen test consisting
of two IELTS reading passages with a total of 11 test
items that are considered to target the cognitive
operations which this research seeks to investigate.
The text items themselves are set out in Appendix 1
below. The students were first- and second-year
undergraduates studying a BEd at a UK university,
with an average of IELTS 6.5. The eye movements of
a random sample of participants (n=38) were tracked

in ways described below. Their activities were also
recorded using screen-recording software, which
captured every key press, mouse movement, eye
movements and facial expressions.

5.4 Preliminaries

Participants signed appropriate ethics forms and
personal-information forms. In addition, they were
asked to rate their familiarity with computers in
general and on-screen tests in particular. As was
expected with this young and educated group,

all reported extensive familiarity with computer
technology and on-screen tests of various kinds.

In this study, it was decided to examine only Careful
Local Reading and Expeditious Local Reading,

in Khalifa and Weir’s terms (2009). To this end, a
sentence completion task was chosen of a type
which, ‘tests [the] ability to find detail/specific
information in a text’, in other words, testing careful
local reading (Cambridge ESOL n.d.). The second
was a matching task, which ‘assesses [the] ability

to scan a text in order to find specific information’
(ibid), thereby testing expeditious local reading. The
particular texts and task had previously been piloted
by Devi (2010) and were selected from the IELTS
Practice Papers series (Cambridge University Press),
the Academic version, having been developed and
trialled by Cambridge ESOL (English for Speakers of
Other Languages), the partner responsible for IELTS
test production. They were therefore considered
representative of genuine IELTS reading tests and
items. Devi's research identified some test items
that were not functioning effectively, so these were
dropped, with the 11 remaining items being those
adopted for this research project.

Table 2: Characteristics of the selected reading test texts and items (Devi, 2010)

Number of
test items

Text topic Type of items

Human Genome |5
Project

Sentence completion — select words from
the passage — constructed response.

Cognitive process targeted cf. Khalifa
and Weir (2009)

Careful local reading

Biometric 6
Security Systems

Matching

Expeditious local reading

10
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5.5 Test delivery

The texts and items were delivered on screen using
Adobe Flash, and linked to a database. The original
IELTS test was delivered in paper format, and in order
to mitigate the possible effects of a transfer to an
on-screen version, it was ascertained in advance that
participants were fully conversant with computer use
in testing and non-testing environments. In addition,
careful training was provided on the format and
management of the on-screen test.

5.6 Eye tracking technology specifications

The eye tracker used was a Tobii T60, which dispenses
with chin rests, helmets and other distractions, as the
tracking cameras are hidden in the monitor casing,
thus ensuring that users’ behaviour is as natural as
possible. The T60 sample rate is 60 Hz per second,
which allows detailed tracking of normal reading, and
was set to a screen recording rate of ten frames per
second. (Full technical specifications can be found at:
www.tobii.com). In addition, the device was furnished
with binocular tracking (rather than tracking on one
eye only), a user camera and speakers for playing the
tutorial soundtrack.

5.7 Procedure

After all personal information forms, consent forms
and computer-familiarity forms had been completed,
the project consisted of the following steps:

Stage 1: for those participants using the eye tracker,
individual eye fixations and saccades were calibrated
for each participant using the device’s calibration
tool, which identified each person’s individual pattern
of gaze and saccade behaviour and ensured the
accuracy of the subsequent tracking of their reading
during the test.

Stage 2: all participants watched a short video tutorial
explaining each aspect of the process they were
about to follow, including the on-screen questionnaire,
which appeared between each test item.

Stage 3: participants then completed the IELTS
reading items on-screen. All answers and responses to
the items were saved to a database.

Stage 4: a sample of participants (n=20) then
completed a stimulated recall interview procedure,
observing video of their own performance with the
eye tracking data, and describing and explaining their
reading behaviour. This is further explained below
(Section 5.8).

5.8 Stimulated recall interviews

After the test had been completed, a sample of the
eye-tracked candidates (n=20) was then selected at
random to undergo a stimulated recall interview in
which they each viewed the video footage of their
own test, with their eye movements represented on
the screen. Each was asked to describe their reading
behaviour as they observed the video, and their
analysis was recorded, with the video slowed and
stopped at their request to allow them to view and
comment freely, with additional prompt questions
posed at various points. In this way readers offered
a moment-by-moment commentary and explanation
of why they read as they did, providing important
evidence to triangulate with the eye tracking data and
the on-screen questionnaire responses completed
after each item had been completed.

1"
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6

Analysis and findings

On completion of the data collection, the process
of analysis including statistical item analysis of the
test items, analysis of the eye tracking data both
quantitatively and qualitatively, analysis of the
onscreen questionnaire results and analysis of the
stimulated recall interview data, all of which will now
be described.

6.1 Item analysis

As summarised in Table 3 below, item analysis was
carried out on the results of the whole cohort of 71
students to examine the functioning of the reading
test items. It can be seen that the reliability coefficient
for the 11 items was .722 (Cronbach’s Alpha), which is
acceptable considering the limited number of items
analysed here. The items seem on the evidence to

be relatively easy for the tested population, but were
nonetheless still targeting the participating students’
proficiency levels reasonably well, since the mean of
the most difficult item (item 5) was .54 and that of the
easiest items (item 9) was .87. However, item 1 was
not functioning adequately, the item-total correlation
value being lower than .25 (Henning, 1987), so this
was excluded from further analysis.

Table 3: Item analysis of the 11 reading items (N=71)

Std. deviation Corrected item-total | Cronbach’s Alpha if
correlation item deleted
Item 1 .58 497 .046 752
Item 2 79 A1 .265 716
Item 3 .68 A7 295 713
Item 4 .66 476 464 .687
Item 5 .54 502 501 .680
Item 6 72 453 352 .705
Item 7 77 421 291 713
Item 8 .86 .350 433 696
Item 9 87 .335 492 .691
Item 10 65 481 494 .682
Item 1 .56 499 .501 .680

12
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6.2 Analysis of the eye tracking data

Quantitative analysis

The eye tracking data gathered consisted of
full recordings of 38 participants’ complete eye
movements for all test items. The procedure for
analysis was as follows:

Step 1: each item of the reading test was analysed

so as to identify the cognitive processes that a

reader would need to use in order to answer the item
correctly. For example, item 2, on the Human Genome
text, was as follows:

2. To write out the human genome on paper would
require books.

This was analysed as requiring the reader to locate
the following segment of the text (paragraph 3):

The human genome is the compendium of all
these inherited genetic instructions. Written out
along the double helix of DNA are the chemical
letters of the genetic text. It is an extremely long
text, for the human genome contains more than
3 billion letters. On the printed page it would fill
about 7,000 volumes.

Analysis of this test item suggested that the reader,
in order to answer the item correctly, would as a
minimum need to use lexical matching — synonymy
(in Khalifa and Weir’s terms, see Level 2 of Table 1),
by identifying the elements ‘on paper’ and/or ‘books’
in the question, and lexically matching them with the
synonymous or otherwise lexically related elements
‘volumes’ or ‘printed page’ and the number 7,000 in
the text (the answer), within a single sentence. The
reader might also use other clues and cues, but this
was taken as the minimum, and the item was therefore
analysed as requiring a relatively low (lexical) level of
cognitive processing in Khalifa and Weir’s terms. The
four elements aforementioned (‘on paper’, ‘books’

in the question and ‘volumes’ and ‘printed page’ in
the text) were therefore identified as targets for eye
tracking analysis, as will be described below.

By way of further exemplification, item 5, statistically
the most difficult item according to the item analysis
above, was as follows:

5. Research into genetic defects had its second
success in the discovery of the cause of one form
of

This was analysed as requiring a higher level of
cognitive processing in Khalifa and Weir’s terms than
item 2, since the reader must of necessity read across
sentences and use inference, in addition to lexical
matching (synonymy) to obtain the answer. The target
elements for eye tracking analysis were identified as

‘second success’ and ‘the cause of’ in the question
and in the text, ‘In 1989’ (required to identify this as
the second success), ‘gives rise to’ (the idiom which
implies causation) and the answer, ‘cystic fibrosis’.
Other items were analysed in the same way, and the
full list of analyses is set out in Appendix 2 below.

Step 2: once the items had been analysed the eye
tracking targets identified for each item were selected
and highlighted in the eye tracking software as Areas
of Interest (AQIs), to allow for the subsequent analysis
of each participant’s eye-visit count and duration,

plus eye-fixation duration and fixation count on each
target. A suitable margin of error was allowed in the
drawing of each AOI to allow for individual variation

in fixation location. This then allowed the software to
compare all participants’ eye movements, for example
to see if successful readers focused more on the
target elements, or dwelled longer on each one.

Step 3: the next step was to run analysis on the eye
tracking software, and then use statistical analysis so
as to answer research questions 2 and 3 (Section 5.1
above). This meant comparing, for each test item, the
eye movements of those students who were correct
on that item with those who were incorrect on that
item, the aim being to see whether differences in eye
movement could in part explain readers’ success or
failure. Analysis examined the attention (in terms of
visits and fixations) paid by each student:

1. tothe text as a whole while seeking specifically to
answer that test item (not including pre-reading
or post-reading);

2. to key sections of the text at sentence level or
beyond (e.g. on the whole text, on the correct
page of the text, or on the paragraph containing
the answer), while seeking specifically to answer
that test item;

3. tothose more specific sections (e.g. words or
phrases) of the text and test question previously
identified as targets for each test item.

To compare such reading behaviours of successful
and unsuccessful test-takers on each item, it was
decided to use non-parametric tests, as the datasets
did not meet the normality and homogeneity

of variances assumptions, and in each case the
Independent samples Mann-Whitney U test was used.

It was anticipated that of the three areas of
investigation cited above, the first (1) might give
insight into readers’ expeditious reading ability, since
it was hypothesised that better readers, i.e. those
who answered correctly in each item, would be able
more quickly and efficiently (expeditiously) to find the
correct parts of the text so as to answer the question.
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The second dimension (2) was intended to give
insight into readers’ higher order processing of a

kind that requires reading across larger segments

of text. It was surmised that in cases where better
readers paid more attention to these larger segments
of text, the reason might be that this was necessary
in order to carry out the required cognitive processes
beyond the clause level. If weaker readers spent
significantly longer, it could be assumed that it was
because they either could not find the answer (again
a failure of expeditious reading) or else had problems
with comprehension. Both possibilities could then be
checked through the onscreen questionnaire

and stimulated recall interview data.

It was anticipated that the third dimension (3) could
give insight into the extent to which better readers
or weaker readers attended to key areas of lexis and
syntax. If unsuccessful readers were shown to spend
longer over a particular word or phrase, it could be
surmised that they found it more taxing, and this
could be confirmed or disconfirmed at interview;

if, by contrast, it was successful candidates who
attended significantly more to a target element, it
could be supposed that that element was crucial in
their successful answering of the question, a point
which could also be confirmed or disconfirmed by
the interview data.

Step 4: in all cases where the results of the analysis
were found to be statistically significant, the findings
were analysed closely with regard to individual eye
movements (using GazePlot data, for example, as

will be illustrated below) and also drawing on the
stimulated recall interview data from successful and
unsuccessful participants as a means of interpreting
and explaining the findings. For example, as will

be reported below, it was found that in item 2,
unsuccessful students (those who answered the

item incorrectly) spent significantly more time
reading the page of the text where the answer was to
be found than did successful students. Interview data
was then used to explain this finding: unsuccessful
students reported that they had had difficulty finding
the correct part of the text, clearly a weakness in
their expeditious reading skills. A similar approach
was adopted for each test item, as can now be
reported in detail. Only those issues that were found
to be statistically significant need be discussed here,
and since for items 4, 6, 8, 9 and 11 no significant
differences between the eye movements of successful
and unsuccessful readers were found, in the
dimensions analysed attention will focus on items

2, 3,5, 7 and 10. (It will be recalled that item 1 was
excluded as not functioning well in discriminating

between successful and unsuccessful test-takers).
The findings will first be reported for each test item
individually and then the overall picture discussed in
greater detail below.

Item 2

Item 2 required readers, as a minimum, to identify
lexical synonymy within a single sentence, a
relatively low level of processing. Analysis of eye
movements for item 2 showed a significant difference
between successful and unsuccessful candidates
on one measure, namely the amount of time spent
(in seconds) on the correct page of the text. This
suggests that although this was a relatively easy
item (see Table 3), unsuccessful students were
unable to read expeditiously so as to find the
location of the answer, and so spent more time
looking fruitlessly than the successful readers.
Interview data corroborated this impression, with
unsuccessful students stating for example ‘l was
trying here to find where the answer was’ and
‘Now | was looking for the answer up and down’.

Item 3
Iltem 3 was as follows:

3. A genetic problem cannot be treated with drugs
because strictly speaking it is not a .

The answer can be found in this sentence:

None of the single-gene disorders is a disease in the
conventional sense, for which it would be possible
to administer a curative drug: the defect is pre-
programmed into every cell of the sufferer’s body.

It can be seen that this required readers, as a
minimum, to focus on specific terms in the question
(‘drugs’, ‘genetic problem’) and lexically match them
with related terms in the correct part of the text
(‘'drug’, ‘single-gene disorders’, ‘diseases’). This is

in itself a relatively low-level cognitive process in
Khalifa and Weir’s terms (see Table 1). Unlike item 2,
however, the lexis here is notably more complex and
technical, and the lexical relation between terms in
the question and terms in the text is more vague. In
addition, the reader first has to find the correct part
of the text (using expeditious reading skills) and then
to disambiguate the complex syntax, in order to
identify the answer as ‘disease’.

There were no significant differences between the
successful students and unsuccessful in terms

of expeditious reading, but numerous significant
differences in the area of lexis. To summarise in
brief, significant differences were found between the
successful and unsuccessful groups in terms of their
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total fixation duration, fixation count, visit duration and
visit count on one element in the question (the term
‘genetic problem’), and on two elements of the text
(the terms ‘drug’ and ‘single-gene disorder’, except
that the fixation count for the last element was not
significantly different). In all cases the unsuccessful
students showed greater focus on these elements
than successful students.

This is an interesting finding, pointing strongly in

one direction. Interview data revealed that weaker
students could not understand some of the terms, and
— more importantly — could not with confidence match
the elements of the answer with the appropriate
elements in the text, nor disambiguate the syntax

so as to arrive at the correct answer. Unsuccessful
students said, for example ‘l am here trying to
understand these words, looking at them a lot’. This
explains the significantly different dwell times and
fixations on these particular elements of the question
and text, as weaker students focused on them
repeatedly in a vain attempt to answer. According

to their retrospective reports, in short, the majority

of them did not have the lexical knowledge, nor the
syntactic knowledge, to disambiguate the target
sentence appropriately, and the-eye tracking data
appears to support that analysis.

Item 5

When item 5 was discussed above (Section 6.2.1) it
was noted that it required a higher level of cognitive
processing in term of inference, and reading across
sentences, as well as lexical knowledge. It is worth
noting that statistically it was the most difficult item
(see Table 3).

With this item unsuccessful students looked
significantly more at the whole text. For example,

the total fixation duration on the whole text for the
unsuccessful students was on average (by median)
122.5 seconds, while that for the successful students
was 65.39 seconds. This suggested that, as in item
2, they were unable efficiently to find the correct
location of the answer, apparently another failure

of expeditious reading.

However, with the same item successful students
focused significantly more on a key element of

the text. The question for this item asked readers

to consider ‘the cause of’ one form of a disorder
(‘cystic fibrosis’, the answer to the item). In order

to find the answer, the reader therefore had to find
and disambiguate the piece of the text that matches
this, in this case the phrase ‘gives rise to’. Successful
students did indeed focus more on this phrase in
terms of fixation duration, fixation count and visit
duration, indicating that they successfully identified
it and worked on it as they proceeded towards the

answer. For example, successful students spent an
average (median) of 3.83 seconds fixating on this
element while unsuccessful students spent only 0.9
seconds (median). This was supported by interview
evidence, for example ‘Il was looking at that piece

of the text a lot because | thought it fitted what the
question wanted’. In short, the evidence from eye
tracking and interviews seems to point to successful
students’ cognitive processing of the relevant syntax
in the text so as to arrive at the correct answer.

Item 7

Unlike items 1-5, the later test items did not require
the typing of a full word or number, but only the
selection of a letter corresponding to a given correct
answer. As reported above (Table 2), these items were
designed to make students read expeditiously for local
information, this being achieved by scattering the
answers across a lengthy text and obliging readers

to look for particular words or phrases in order to
identify the correct match.

As was suggested by evidence from items 2 and 5,
successful readers seem better at expeditiously
locating the place of a correct answer in the text.
In those two items it was the weaker students who
spent longer on larger areas of text (a page in one
case and the whole text in the other), presumably
unable to locate the correct part quickly, and then
read the target text carefully. However, with item 7
it was successful readers who focused significantly
more on a smaller, correct part of the text (see Table
7), suggesting that they were better able to identify
the correct segment so as then to work more
intensively on it. For example, correct students

had significantly more fixations on the correct
paragraph (median = 15.19) than unsuccessful
students (median = 2.51).

In addition, item 7 demonstrated a further significant
difference between successful and unsuccessful
students in terms of their focus on one element in
the text which was key to the answer, namely the
phrase ‘Olympic athletes’. On four different measures,
successful students gave significantly more attention
to this element, while unsuccessful students virtually
ignored it — to the extent that more than half did not
fixate on it at all (visit count mean = 0.56, median = 0).
The reason why this was significant to them is that
elsewhere in the text other athletes were mentioned,
and analysis of the video data shows that incorrect
students were distracted by that. As the previous
discussion shows, however, successful students
demonstrated greater acuity in locating the correct
paragraph, and in focusing on the key element, in
this case the mention of Olympic athletes specifically,
which gave them the correct answer.
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Item 10

As with item 7 above, this item achieved its aim of
testing expeditious reading skills, in that successful
students attended significantly more to the paragraph
with the correct answer than unsuccessful students,
reinforcing the evidence from earlier items suggesting
that unsuccessful students lacked the appropriate
expeditious reading locating skills. For example,
successful students spent 13.62 seconds on the
paragraphs (visit duration median) in comparison

with only 0.54 seconds for unsuccessful students.

Discussion

The eye tracking data, although it showed significant
differences in only five of the ten items analysed,
succeeded nonetheless in demonstrating clear
differentiation between proficient and less less-
proficient students at a range of levels of cognitive
processing in different test items, as follows:

Table 4

Levels of processing (see Gloss
Table 1 for details)

Lexis: word matching Matching of identical word in question and in the 3 (‘drug’in text)

text, as key to the answer 7 (‘Olympic athletes’ in text)
Lexis: synonym and Matching of synonym or lexically related word in 3 ‘genetic problem’ in the question,
word-class matching question and text and ‘single-gene disorder’ in the text
Grammar/syntax Focus on significant syntactic structure or 5 ‘gives rise to’ in the text

other grammatical element as part of working
out the answer

Propositional meaning Focus on elements, in question and/or text, required
for constructing a propositional meaning essential
to answering the question correctly

Inference Focus on elements, in question and/or text, required
for constructing inferences essential to answering
the question correctly

Building a mental model None, as this was not the focus
of these IELTS test items
Understanding text function None, as this was not the focus

of these IELTS test items

These test items were therefore successful in
distinguishing between proficient and less proficient
students in terms of their cognitive processing at
the lexical (word matching), lexical (synonymy) and
grammatical levels. There was no evident difference
between successful and unsuccessful students at
higher cognitive levels with this cohort, but this can
be attributed to the fact that the test items were
designed specifically to target lower-order specific
information.
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Expeditious reading

The results also showed significant differences in
terms of expeditious reading, with weaker students
apparently unable to locate the site of a correct
answer as effectively as stronger students on some
items and thus spent longer on larger chunks of text
(items 2 and 5), while stronger students demonstrated
that they could locate a smaller, particular part of

a text and focus more expeditiously on it so as to
extract the answer (items 7 and 10).

It should not be forgotten that in half of the test items
(five of ten), no significant differences were identified
in the eye-movement behaviour of those who were
correct on each item and those who were not. The
implication of this is that with these items the more
successful students did not use any one cognitive
process significantly more than the less successful
students in arriving at the correct answer, but perhaps
used a variety of processes and strategies, or other
faculties related, for example, to memory or lexical
knowledge, none of which was either predominant,
or else was traceable in the eye tracking record. This
in itself is of interest, suggesting that many test items
— even items designed to target particular cognitive
processes — might in practice be answered using a
range of cognitive processes operating together.

However, since the research showed that in some
test items there were clear and significant differences
between the cognitive processes of proficient and
less proficient test takers, it can be concluded that
—in terms of the first research question set out in
Section 5.1 above - the value of using eye tracking
analysis to evaluate the cognitive processing of text
takers in language tests has been established. In other
words, it is indeed possible, through the use of eye
tracking data, to gain insight into readers’ cognitive
processes during on-screen language tests.

At the same time, the research successfully

offered an answer to the second and third research
questions, in demonstrating that when completing
some IELTS Academic test items, proficient readers
use significantly different eye-movement behaviour
in comparison with less proficient test takers. Their
behaviour is presumably linked to different cognitive
processing on a number of levels.

At the same time, the research also demonstrated
limitations in eye tracking data, since with several
items there was no significant difference between

the eye movements of successful and unsuccessful
test takers, indicating that the former must have been
using cognitive processes and other resources (such
as memory), which did not show up in the eye tracking
data, and which need therefore to be investigated by
other means.

Implications for teachers, learners

and test design

The research has interesting implications for teachers
and learners, since it is clear that those candidates
were more successful who made use of expeditious
reading strategies, particularly to locate in the text
the possible site of the correct answer as speedily as
possible. Successful candidates also showed better
abilities at the lexical level (in matching words in the
question and the text, and in doing the same with
synonyms), which suggests that it is valuable to work
extensively on their lexical knowledge and their ability
to identify lexical matches of various kinds. They also
showed better ability in terms of dealing with syntactic
ambiguities, so it is useful for learners to expect in
reading test items, and then to deal with, grammatical
ambiguity, which might obscure the correct answer.

In terms of designing reading tests, the findings
from this study suggest that to some extent it

is effective for test designers to target specific
cognitive processes, since some items in this
research proved able to distinguish between
successful and unsuccessful candidates in terms
of their cognitive processing operations. Test-item
writers can therefore usefully draw on Khalifa
and Weir (2009), for example, to plan the kinds
of items they design so as to test different levels
of cognitive processing, with a view to achieving
greater cognitive validity in their reading tests.

In conclusion, then, the project reported here is
among the first substantial research reports into
reading tests using eye tracking technologies. It

has successfully illuminated some of the darker
corners of readers’ mental processing while they try
to complete such tests, demonstrating the potential
of this research tool and also showing some of its
limitations. It has offered insights into successful and
unsuccessful readers’ behaviour in ways that can be
of value to test designers, to students, to teachers
and to researchers interested in the wider cognitive
dimensions of reading.
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Appendix 1

Test items
a) Part 1: gap-fill questions

1. The passage compares the size of the project to
the

2. To write out the human genome on paper would
require books.

3. A genetic problem cannot be treated with drugs
because strictly speaking it is not a

4. Research into genetic defects had its first
success in the discovery of the cause of one form
of

5. The second success of research into genetic
defects was to find the cause of

b) Part 2: matching task

List of biometric systems List of users to be matched by the test taker
while reading

A. fingerprint scanner 6. sports students

B. hand scanner 7. olympic athletes

C. body odour 8. airline passengers

D. voiceprint 9. welfare claimants

E. face scanner 10. home owners

F. typing pattern 11. bank customers
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Appendix 2

Analysis of each test item in terms of anticipated cognitive processing

Level of text

Type of processing

required

Target in question
item - AOI

Target in the reading texts — AOI

2 Within one sentence Lexical, synonymy Books Printed page 7,000 volumes
On paper
3 Within one sentence Lexical matching Drugs Drug (only occurrence in text)
Syntactic parsing Genetic defects Single-gene disorders disease
4 Across sentences Inference (first) First success In 1986 (compared to 1989 later)
Lexical, synonymy One form of One type of Muscular dystrophy
5 Across sentences Inference (dates) Second success In 1989 (compared to 1986 earlier)
Lexical, synonymy The cause of Gives rise to cystic fibrosis
6 Within one sentence Lexical matching Sports students Students, athletic (para A)
Synonymy
Within one sentence Lexical matching Olympic athletes Olympic, athletes (para E)
Within one sentence Lexical matching Airline passengers Passengers, airport (para F)
Synonymy
9 Within one sentence Lexical matching Welfare claimants Welfare, welfare payments (para D)
10 Within one sentence Synonymy Homeowners Housing (para A)

il

Within one sentence

Lexical matching

Bank customers

Customers, bank (para A)
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