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Introduction

This study by Guoxing Yu, Lianzhen He and Talia Isaacs was
conducted with support from the IELTS partners, as part of the
IELTS joint-funded research program. Research funded by the
British Council and IDP: IELTS Australia under this program
complement those conducted or commissioned by Cambridge
English Language Assessment, and together inform the ongoing
validation and improvement of IELTS.

A significant body of research has been produced since the joint-funded research program
began in 1995, with more than 110 empirical studies receiving grant funding. After undergoing
a process of peer review and revision, many of the studies have been published in academic
journals, in several IELTS-focused volumes in the Studies in Language Testing series
(http://www.cambridgeenglish.org/silt), and in IELTS Research Reports. Since 2012, in order
to facilitate timely access, individual research reports have been made available on the IELTS
website immediately after completing the peer review and revision process.

The present study extends earlier work by the first author on the cognitive processes involved
in producing a response for IELTS Academic Writing Task 1 (Yu, Rea-Dickins & Kiely, 2011).
In order to get at participants’ cognitive processes, that study had participants verbalise their
thoughts while writing. While the researchers were careful to put in control conditions and to
triangulate their data, there is always the risk that the act of verbalising the process changes
the process. With that in mind, this study uses eye-tracking as the main data collection tool so
that test-takers’ cognitive processes can be investigated in a natural manner with little
methodological interference from data collection.

The two studies came to very similar conclusions. The use of eye-tracking data adds the
ability to quantify and provide empirical evidence for some of those findings. For example,

the researchers found that, on average, test-takers spent 10% of their time on reading the
instructions, 20% on reading the graphs, and 70% on writing. It would seem that, as intended,
the task is substantially a writing task, even if some multi-modal reading is involved.

By tracking eye movements, the researchers were also able to show that test-takers followed
essentially the same composing process, no matter their ability level. This observation raises
interesting questions about the nature of writing ability, and is something that theorists and
researchers can pursue in the future, in order to further develop the construct of writing.

Another finding was that test-takers in the study were equally familiar with different types of
graphs. It could be that the study simply did not sample people who have a greater level of
graphicacy with some types of graphs over others, or it could be that people who can read
bar graphs can read line graphs can read pie charts and so on. The latter seems more likely.
The study shows that test-takers’ interactions with the graphs reflected “cognitive naturalness’
(Zacks & Tversky, 1999). That is, test-takers were very much aware that “the type of graph
indicates what kind of information is normally included in the graph, and also determines how
[they] would process such information and how they would present their understandings in
their writings”. If test-takers are, in fact, equally adept at reading different types of graphs,
then the use of different ones on the IELTS test does not introduce construct-irrelevant
variance, therefore providing evidence in support of the test being fair and valid.

At the end of the day, it is probably impossible to control for every possible factor in in the
design of performance assessment tasks. An example from this study makes the point: some
candidates consider having more graph features a good thing because it gives them more to
write about, whereas others think it's a bad thing because it gives them too much to process.
Test-takers are individual, and no task will be equally to everyone’s preference, but such is
writing in real life. But, as for possible large sources of variance and unfairness, which a well-
made test should consider, this study indicates that where cognitive processing is concerned,
the IELTS Writing Task 1 accounts for them quite well.

Dr Gad S Lim, Principal Research Manager
Cambridge English Language Assessment
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The cognitive processes of taking
IELTS Academic Writing Task 1:
An eye-tracking study

Abstract

Yu, Rea-Dickins and Kiely (2011) used concurrent thinking-aloud
as the main research instrument to examine test-takers’ cognitive
processes of completing IELTS Academic Writing Task 1 (AWT1).
In the current follow-up study, we employed an eye-tracking
system (Tobii X2-60) with retrospective stimulated individual
interviews and focus-group discussions as the major data
collection tools to examine:

1. the overall pattern of test-takers’ cognitive processes

2. the extent to which cognitive processes differ due to the
use of different AWT1 graph prompts

3. the extent to which cognitive processes are related to
their graph familiarity

4. English writing abilities.

Twenty-seven prospective IELTS test-takers from a large Chinese university volunteered
to complete three AWT1 tasks of different types of graphs which were randomly assigned
to them out of four tasks. The participants’ eye movements when taking the AWT1 tasks
were recorded. Immediately after the participants had completed the three AWT1 tasks,
we conducted retrospective stimulated recall interviews with each individual participant,
with episodes of the recorded eye movement videos replayed as stimuli for discussions.
The interviews were simultaneously video recorded via Tobii Studio 3.2.1 (Enterprise version).
After completing all the retrospective stimulated interviews, we conducted six student-led
focus-group discussions which were audio recorded. In total, the final dataset includes

27 hours of eye movement videos, 11 hours of retrospective stimulated recall interviews,

6 hours of focus-group discussions, and 81 writings produced at eye-tracking experiments.
In addition, prior to the eye-tracking experiments, we collected the baseline data on all
participants’ graphicacy, computer familiarity, and English writing abilities under normal
examination condition.

The quantitative eye-movement data showed that less than 10% of time was spent on
reading task instructions, 20% on reading graphs and 70% focusing on writing. This is clear
evidence that IELTS AWT1 is fundamentally a writing task. The qualitative analysis of the
visualisations of eye-movement data demonstrated the dynamics and uniqueness of each
participant’'s eye-movements. Graph features were found to have exerted significant impacts
on the aggregated metrics of eye-movement (total fixation duration and total visit duration),
but such impacts were not noticeable in the two metrics of single fixations (first fixation
duration, and fixation duration). Bar graph, line graph and pie chart were considered much
easier than statistical tables due to the nature of the graphs, as well as the amount of
information contained in the different types of graphs.

<< www.ielts.org IELTS Research Reports Online Series 2017/2



http://www.ielts.org/

The cognitive naturalness and perceptual properties of graphs influenced the participants’
engagement with, preference towards and judgement about the difficulty level of different
types of graphs. Graph familiarity was found to have weak and short-lived impacts on the
participants’ test-taking cognitive processes. Similarly, the correlations between English
writing ability and the eye-movement metrics were also weak and fuzzy. In the participants’
view, it was the rigid overall structure of IELTS AWT1 writing and the predictable nature of
graphs and the associated cognitive conventions of graph comprehension and presentation
that can make AWT1 tasks highly coachable and mouldable and consequently a weaker
relationship between English writing ability and test-taking process and performance.

The findings to the four research questions present some glimpses into the complex nature
of the IELTS AWT1 tasks, and the dynamic interplays between test-taker characteristics
(e.g., graph familiarity, English writing ability) and task features (e.g., different types of
graphs, amount of information contained in a graph, and the relationships between task
instructions, graphs and the textbox as the three major components of a task). A number

of suggestions are made to conduct further quantitative and qualitative analysis of the
eye-movement data to explore the dynamics and the idiosyncratic nature of each participant’s
eye-movements.
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1 Introduction

This research addresses the first area of interest identified by the IELTS Joint
Research Committee — “test development and validation issues” in relation to

“the cognitive processes of IELTS test-takers”. In our previous study funded by the
IELTS Partners (Yu, Rea-Dickins & Kiely, 2011), concurrent thinking-aloud was used
as the main instrument to collect test-takers’ cognitive processes when completing
IELTS AWT1 tasks of different graph prompts at two time points (before and after
test preparation training). Although we did not find the use of think-aloud too intrusive,
it was almost inevitable that this data collection method was quite demanding as it
added some extra processing load for some participants (see also Bowles, 2010).
We considered this as a major limitation of the study — “although sufficient training

for think-aloud was provided to the participants...the effects of think-aloud on test
performance may never be removed completely” (Yu et al. 2011, p.409). At the
annual conference of British Association for Applied Linguistics in September 2011,
we received several constructive suggestions from the audience, including one from
Professor Cyril Weir recommending using eye-tracking systems instead of concurrent
thinking-aloud, to investigate test-takers’ cognitive processes.

The continuous development in eye-tracking research (Liversedge, Gilchrist &
Everling, 2011; Rayner, 1978, 1998) provides language testing professionals with
opportunities to look into the cognitive processes of test taking (see for example Bax,
2013; Bax & Weir, 2012; Brunfaut & McCray, 2015; Cubilo & Winke, 2013; Suvorov,
2015; Winke, 2013). However, eye-tracking can still be quite distracting if the system
itself constrains too much head movement and, therefore, distorts the normal
examination condition. Furthermore, not all eye movements can mirror exactly the
thinking processes as Anderson, Bothell and Douglass (2004) rightly pointed out

the limits of the eye-mind hypothesis.

As a follow-up study of Yu et al. (2011), this current study has the same research
aims, but using different main data collection tools, to investigate:

the patterns of cognitive processes involved in the AWT1 tasks

2. the extent to which test-takers’ cognitive processes differ due to the use
of different AWT1 graph prompts

3. the extent to which test-takers’ cognitive processes are related to their
“graphicacy” (Weiner, 1992, p.16)

4. English writing abilities.

In order to better capture and understand test-takers’ cognitive processes, we used
a screen-based, highly portable eye-tracking system Tobii X2-60 (www.tobii.com),
supplemented by retrospective stimulated recall interviews where the recorded

eye movement videos were replayed as stimuli to further explore the relationships
between test-takers’ cognitive processes and eye movements from the test-takers’
perspectives. After the retrospective stimulated interviews, we conducted six focus-
group discussions with all participants. In total, the final dataset includes 27 hours
of eye movement videos, 11 hours of retrospective stimulated interviews, 6 hours
of focus-group discussions, and 81 writings produced at eye-tracking experiments.
Prior to the eye-tracking experiments, baseline data on all participants’ graphicacy,
computer familiarity, and English writing abilities (IELTS Academic Writing Tasks 1
and 2) under normal examination conditions were also collected.
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The findings of the study have the potential to contribute to the ongoing validation
and development of AWT1 tasks from the perspectives of test-takers’ cognitive
processes. Language testing researchers, prospective IELTS test-takers, English
language professionals and teachers are also likely to benefit from the findings of the
study to develop a greater understanding of the AWT1 tasks, as well as other tasks
which use similar graphs as prompts in listening, speaking (e.g., Pearson Test of
English Academic) and writing assessments (e.g., General English Proficiency Test,
Taiwan).

The findings will also contribute to the development of theories and practices in
second language academic writing, in relation to the roles that non-language
knowledge and skills (i.e., graphicacy in this case, defined as “proficiency in
understanding quantitative phenomena that are presented in a graphical way”
(Wainer 1992, p.16)) can play in academic writing performance. As the reviewer of
the final report of our previous study (Yu et al. 2011) pointed out, our working model
of cognitive processes “could well become a standard point of reference for future
research in this field, since many of the aspects of the processes will be applicable to
other types of writing tasks”.

In the present study, we will use the working model (see Appendix 1, reproduced in
this report) to guide our data analysis. Methodologically, by examining test-takers’
eye-movements and the eye-mind relationships, this study presents a new
perspective in understanding the complex nature of the test-taking process, for the
purpose of test validation. Furthermore, this screen-based eye-tracking research also
provides important findings for future computer-based IELTS tests.

2 Literature review

According to the IELTS Handbook (2006, p.8), the AWT1 tasks require test-takers
to “describe some information (graph/chart/table/diagram), and to present the
description in their own words”. It is recommended that test-takers should spend

20 minutes on this and write at least 150 words. Test-takers are assessed on their
ability to organise, present and possibly compare data, describe the stages of a
process or procedure, describe an object or event or sequence of events, or explain
how something works. In AWT1 tasks, test-takers need not only to comprehend the
graph input, but also to re-present in written English the information accessible to
them (see Appendix 1). We use “graph” as the umbrella term in this research to
represent all the three other terms, i.e., chart/table/diagram (see Yu et al. 2011

for the rationale for this). Graph comprehension is, in theory, a sine qua non for
successful performance of this type of integrated writing tasks (but see Knoch &
Sitajalabhorn, 2013 and Yu, 2013 for their different views on what constitutes an
integrated writing task). The variability in the features of graphs and test-takers’
ability in comprehending the graphs may pose a threat to the validity and fairness of
AWT1 as a measure of writing abilities.

Yu et al. (2011) conducted an extensive review of the literature on graph
comprehension in the fields of cognitive and educational psychology and
mathematics education (e.g., Carpenter & Shah, 1998; Freedman & Shah, 2002;
Guthrie, Weber & Kimmerly, 1993; Hollands & Spence, 1998, 2001; Kérner, 2004;
Lohse, 1993; Peebles & Cheng, 2002, 2003; Pinker, 1990; Schnotz, Picard, & Hron,
1993; Shah, Freedman, & Vekiri, 2005). We also reviewed the very few studies that
investigated the use of graphs in assessing writing (Golub-Smith, Reese & Steinhaus,
1993 on TWE of TOEFL Program; Mickan, Slater & Gibson, 2000; O’Loughlin &
Wigglesworth, 2003 on IELTS AWT1), listening (e.g., Ginther, 2002)", and speaking
(e.g., Katz, Xi, Kim & Cheng, 2004; Xi, 2005).
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graphs or similar
visual clues in a
listening test (e.g.,
Ginther 2002) tend
to play a facilitative,
rather than
indispensable, role.
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Below we review more recent publications on the use of graphs in language tests
(Xi, 2010; Yu et al. 2011; Yang, 2012; Yu & Lin, 2014). Xi and colleagues (e.g., Katz,
et al., 2004; Xi, 2005, 2010) examined the impacts of the different features of graphs,
among other assessment conditions such as planning time and scoring methods, on
test-takers’ speaking performances?. Katz et al. (2004) manipulated the number of
visual chunks in bar graphs in a speaking test to examine their impacts on the quality
of test-takers’ oral responses to the tasks. They found that test-takers produced more
sophisticated language in global comparisons and trend descriptions based on bar
graphs where the key points or information were packed in relatively fewer visual
chunks (see also O’Loughlin & Wigglesworth, 2003). Xi (2005) investigated the
relationships between the holistic scores of test-takers’ oral descriptions of two

types of graphs (line and bar graphs) and their graph familiarity, features of graphs
(in terms of the number of visual chunks in graphs), and the task conditions (in terms
of the amount of planning time provided). Under the planning conditions, the test-
takers received higher holistic scores on both bar and line graph tasks.

Furthermore, when the line graphs have fewer chunks, test-takers’ performance
was improved. Overall, test-takers’ graph familiarity was found to have a significant
positive influence on their performance on both bar and line graph tasks, but with
stronger influence on bar graph tasks. Xi (2010) re-investigated the relationships
aforementioned, by using analytic scoring method this time. She found that test-
takers who were less familiar with line graphs described the graphs in a less
organised manner and that their oral descriptions were also weaker in content.
However, when test-takers were provided with planning time and the graphical
displays were less complex, the oral descriptions of the graphs were improved,

in terms of fluency, organisation and content,. Therefore, the influence of graph
familiarity, which she considered as a source of construct—irrelevant variance in the
speaking tasks, was mitigated.

Yu et al. (2011) used think-aloud as the main instrument to collect data on test-takers’
cognitive process when completing IELTS AWT1 tasks. In this research, we found
that test-takers’ cognitive processes were affected, to varying degrees, by features of
graphs, test-takers’ graph familiarity and English writing ability, as well as their
interpretation and expectation of task requirements.

1. Features of graphs affected how test-takers processed the graphic
information and how they followed the graphic conventions to re-produce
their graph comprehension in written discourse in English. Such effects of
different graph prompts on the cognitive processes were clearly evidenced
in the mean scores of the writings, in their use of vocabulary, and in whether
and how they would make comparisons or trend assessments, following the
graph conventions in presentation, interpretation and re-production.

2. Although graph familiarity, as measured via the graphicacy questionnaire,
did not seem to affect task performance in terms of the marks of the writings,
test-takers clearly expressed some potential psychological impact of their
graph familiarity on task performance. The more familiar they were with a
certain type of graph, the more confident they would become in the whole
process of writing.

3. There was a strong correlation between the test-takers’ performance in the
AWT1 integrated writings and their writing performance as measured via
topic-based argumentative essays (i.e. IELTS Academic Writing Task 2,
AWT2). This is clear evidence that AWT1 measures largely test-takers’
writing ability rather than anything else.

4. The test-takers reported that they had a natural and strong tendency to try
to make interpretations, predictions and comments by linking the graph
information with their domain knowledge about the graphs, although they
were not asked to do so explicitly according to the task instructions.
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Using questionnaire as the main data collection tool, Yang (2012) asked Taiwanese
medical students to self-report retrospectively their use of test-taking strategies when
completing the graph-based writing task of the General English Proficiency Test
(GEPT). She found that test-takers were engaged in graph comprehension, graph
interpretation and graph translation strategies during the task®. In addition, the test-
takers’ performance was generally positively affected by their engagement with the
three abovementioned activities (i.e., comprehension, interpretation and translation),
as well as by test-takers’ graph familiarity, topic knowledge and test-wiseness, which
she considered as sources of construct—irrelevant variances.

Following Yu et al. (2011), Yu and Lin (2014) also investigated the extent to which
test-takers’ performance and cognitive processes were affected by their graphicacy,
English writing ability, and features of graph prompts. We compared test-takers’
cognitive processes when completing GEPT-Advanced Writing Task 2 (GEPT AWT2)
and IELTS AWT1, which used the same graph prompts in the research, but differed
in the amount of information provided in the task instructions. In addition, GEPT tasks
require personal interpretations of the phenomenon depicted in the graphs, while
such personal interpretations are not allowed in IELTS tasks. Thirty-two students
completed four writing tasks each (two IELTS AWT1 and two GEPT AWT2) in
randomised order, while thinking-aloud their writing processes. After the tests, all
participants were interviewed. The data showed that graphicacy and types of graphs
had only negligible impacts on the participants’ test scores. Furthermore, their test
scores in GEPT AWT2 and IELTS AWT1 tasks were highly correlated. However,
differences in cognitive processes were clearly evidenced, in particular, towards the
second part of the GEPT AWT2 tasks, which required test-takers to make personal
interpretations of the data presented in the graphs. Both the think-aloud and interview
data provide ample and clear evidence of the differential impacts of graph prompts,
test-takers’ graphicacy and writing ability on test-takers’ cognitive processes.

In summary, the studies reviewed above and in Yu et al. (2011) which used different
data elicitation methods (e.g., concurrent think-aloud, retrospective self-report
questionnaire) and unit of analysis (product vs. process) contribute collectively to
better understanding the complex nature of graph-based test tasks. They identify a
number of factors, including features of graphs (e.g., types of graphs, quantity and
quality of information contained in the graphs), characteristics of test-takers (e.g.,
their graphicacy, language proficiency, test-taking strategies and other skills),
requirements of the tasks (e.g., purpose of the tasks, descriptive or interpretative
account of source information), which could affect, in varying degrees and directions,
the test-taker's performance in graph-based writing tasks. Such effects are context
and task specific; in other words, they are dependent on the requirements of the
writing tasks. What seems to be essential for successful completion of one task might
not be that important for successful completion of another task.
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3 Methods

3.1 Research aims and questions

The primary focus of this study is the same as Yu et al. (2011) to examine the
cognitive processes of IELTS test-takers when completing AWT1 tasks. However,
unlike Yu et al. (2011), which used think-aloud as the main data collection instrument,
this study used Tobii X2-60 to record test-takers’ eye-movements as a window to
understand their test-taking cognitive processes. To be specific, the research
questions are as follows.

‘ RQ1: What are the cognitive processes involved in taking IELTS AWT1 tasks?

RQ2: To what extent are there differences in test-takers’ cognitive processes
due to different features of AWT1 graph prompts?

4. These 27 students

RQ3: To what extent are test-takers’ cognitive processes affected by were coded as

their graphicacy? Participant #1, 2, 5,
e 6,7,8,9, 10, 13, 14,
RQ4: To what extent are test-takers’ cognitive processes related to 16. 17. 18. 19. 20
their English writing abilities? 21,22, 24, 25 26,
27, 28, 29, 30, 31,
32 and 33.
. L. When we report the
3.2 Research site and participants qualitative data in
Sections 4.6.2, 4.7.2,
In order to make meaningful comparisons between this and our previous research 4.8.2and 4.8.3, we

(Yu et al. 2011), we collected data from the same institution — Zhejiang University use these codes.

(www.zju.edu.cn). It is one of the largest and most prestigious universities in China; a
large number of its undergraduate and postgraduate students take the IELTS
Academic module each year.

The call for participation (Appendix 2) was circulated on the university’s websites.
There was enormous interest among the students; nearly 800 students signed up
within a couple of days to register their interest via www.survey.bris.ac.uk by
providing some personal information such as their name, mobile phone number,
email address, gender, department, IELTS test experience and results, and IELTS
test plan. Due to the nature of collecting eye-movement data, we selected 5% of
them initially as our potential participants. They were selected according to a number
of criteria, including first of all that they were intending to take the official IELTS test
within the next six to nine months or had had IELTS test experience in order to
ensure that they were sufficiently familiar with IELTS AWT1 and also committed to
their participation in this project. To achieve a balanced sample, the participants’
gender, subject (science, social sciences, or arts) and academic status (i.e.,
undergraduate or postgraduate) were also considered. We also operated a waiting
list to replace those students who had to withdraw or be withdrawn due to failure in
eye calibrations (see below). The students who completed all the tasks received a
small honorarium (£20) as a token of our appreciation for their participation.

In total, 34 students participated at various points (i.e., completed at least one of

the tasks in the project, they were identified as Participant #1, Participant #2, ...
Participant #34). To further ensure anonymity, every participant was reported as “he”.
Our final dataset included 27 students* whose eye-movements were successfully
recorded and who completed all the writing tasks, interviews and focus-group
discussions. All the subsequent analyses are based on the data collected from these
27 students. Nine of them took an official IELTS test recently. Some basic
information about these participants is reported in Table 1.
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Table 1: Characteristics of 27 participants who completed every data collection

Faculty
Status Arts and Enaineeri L .~ Social
Humanities | nglneerlngi Medlcmei | science
Master Female 1 1 2 1 5
Male 1 2 1 1 5
Sub-total 2 3 3 2 10
PhD or other Female 0 0 1 1 2
doctoral study Male 1 1 0 1 3
Sub-total 1 1 1 2 5
Undergraduate Female 2 0 1 5 8
Male 0 3 1 0 4
Sub-total 2 3 2 5 12
Total Female 3 1 0 4 7 15
Male 1 6 1 2 2 12
Total 4 7 1 6 9 27

There were 15 female and 12 male students in the sample. Twelve students were
studying in undergraduate programs, 10 in master programs and 5 in doctoral
programs. A third of them (9) were studying in social science, 7 from engineering,
6 from science, 4 from arts and humanities, and 1 from medicine.

3.3 Data collection procedure

The research collected qualitative and quantitative data at three stages using
different instruments, as summarised below.

At the first stage, we collected some baseline data in one session. The purpose and
procedure of the project was explained to the students before they signed the
consent form (Appendix 3). First, we administered IELTS Academic Writing Tasks 1
and 2 (Appendices 4 and 5) to measure the students’ writing abilities under normal
IELTS test condition. The students’ hand-written scripts were word processed® (in
Calibri, font size 11) as they were, i.e., no grammatical errors or typos were corrected,
before being marked by IELTS certificated raters. A few scripts were double-marked.
Second, we administered the graphicacy questionnaire to understand the participants’
knowledge, familiarity and experience of using different types of graphs (Appendix 6).
Finally, we administered the questionnaire on computer familiarity and word
processing (Appendix 7), as a measure of the students’ knowledge, familiarity and
experience of using computers, especially word processing software, because the
Tobii eye-tracking system we used is screen-based and interactive (in the sense that
the students need to type their written response). We are confident that these
participants are highly computer literate, therefore, this was just a cautious step.

The results of the questionnaire confirmed our prediction (see Section 4).

At the second stage, each participant was randomly assigned to three out of four
AWT1 tasks of different graph prompts (Appendices 8 to 11); and the order that the
participants completed their three tasks was also randomised.

o Eye-tracking Task 1 (E1 hereafter) has two graphs (one line, the other horizontal
bar) about credit card debt.

e Eye-tracking Task 2 (E2 hereafter) has one vertical bar and the other pie chart
about the carbon dioxide emissions (1990-2008) and the sources for producing
electricity (2008) in China.

e Eye-tracking Task 3 (E3 hereafter) has one line graph about the global fossil
carbon emissions from 1880 to 2000.
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e Eye-tracking Task 4 (E4 hereafter) has two statistical tables about IELTS and
TOEFL iBT test-taker performance by geographic regions in Asia in 2011 and
2012 respectively.

The four tasks were completed by a similar number of participants (E1=22
participants, E2=20, E3=19, and E4=20). The design of these tasks followed the
same procedure as in Yu et al. (2011). Each task was allocated 20 minutes, plus a
five-minute break between the two tasks to ensure that the participants remained
attentive. The participants were reminded verbally of the time remaining at 10, 5, 3,
2 and 1 minute(s).

The tasks were presented on the screen (15 inch diagonal, 10 inch height,
1920x1080 resolution) of Hewlett-Packard Elitebook 8570 laptop (Windows 7
Professional, Core i7, 8GB RAM), as a “screen recording” element in Tobii Studio
(Enterprise version 3.2.1). The tasks were presented on the left half of the screen,
and the participants were asked to type their writings into the right half of the screen,
with spelling and grammar check functions disabled. The task prompt and the writing
column were originally designed as two separate A4-size pages as an Adobe fillable
form, but they were presented during the test on a two-page view (see Appendix 12),
i.e., on one screen, and non-scrollable. Firstly, this was to make sure that all the
participants were working on exactly the same screen presentation, which helps
reduce the margins of errors when defining Areas of Interest (AOI) for the analysis of
eye-movement data. Secondly, this design mirrors real-life paper-based test situation
where test-takers can read the test prompt on the left side and write their responses
on the right side simultaneously. Although the presentation of two pages on one
screen made the words and graphs look smaller, our pilot study with students of
normal eye-sight indicated that the words and graphs were big enough and readable.
It should also be noted that the focus of this research is not on any single word,
therefore, the font size of any single lexical item in this research is of less concern
than Spinner, Gass and Behney’s (2013) study on “articles” in a reading passage.
However, we do agree with them that screen layout is critical in any eye-tracking
research.

The participants’ eye-movements were captured using Tobii X2-60 eye-tracker which
has a sampling rate at 60 Hz. This eye-tracker does not require chin rests. It has an
operating distance (i.e., eye tracker to participant) between 45-90cm, and freedom or
tolerance of head movement at 70cm as 50x36¢cm (width x height). The eye-tracker
was attached to the mounting bracket which was placed in the centre of the bottom
frame of the laptop’s screen to minimise any distractions to participants. Each
participant’s eye fixations and saccades were carefully calibrated to ensure the
accuracy of subsequent eye-tracking. Before starting to track the participants’ eye-
movement, the procedure of doing the eye-tracking experiment was clearly explained
to the participants verbally and then as on-screen instructions in Tobii Studio
(Appendix 13).

The calibration type was set as “regular” with “red” as foreground colour and
“medium” calibration speed and nine calibration points. There were a few cases of
failure in calibrations due to various reasons (mostly because of the participants
wearing some strange coloured or shaped glasses or contact lenses) and the
concerned participants had to be withdrawn from the project. The “screen capture”
was set at 10 frame rate, with user camera and audio (HP laptop integrated) turned
on so that the participants’ head movements and any background audio were
recorded simultaneously. The recorded head movements and audio (e.g., the sound
of typing) provide supplemental background information for interpretation of each
individual participant’s eye-movement data. I-VT filter was selected as the fixation
filter in Tobii Studio, with the following settings:
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Gap fill-in (interpolation) Enabled, with max gap length 75 ms

Eye selection Average of left and right
I-VT classifier Velocity threshold: 30 degrees/second
Merge adjacent fixations Enabled, with max time between fixations 75 ms,

and max angle between fixations 0.5 degrees
Discard short fixations Enabled, with minimum fixation duration of 60 ms

Immediately after finishing the three eye-tracking tasks, the participants were
interviewed individually, with their recorded eye-movement videos replayed as stimuli
for further discussions to explore the cognitive processes involved and the ways in
which their cognitive processes may be affected by the different graph prompts, their
graphicacy and writing abilities. The interviews were conducted in Chinese. Initially
we had planned to replay every single recorded eye-movement video full-length as
the stimuli during the interviews, and we did that with the first few participants.
However, we found that this became unrealistic and an unnecessary burden on our
participants because some of them were already very tired after working intensively
and staring at the computer screen for over one hour. To achieve the best and most
active contribution of the participants, we decided to re-play only randomly selected
episodes as stimuli for discussion (see Appendix 14). The length of the interviews
ranged from a few minutes to half an hour for each task. In total, we conducted about
11 hours of retrospective stimulated interviews; with just less than half an hour, on
average, with each participant.

After we finished the stimulated recall interviews, we conducted six focus-group
discussions in Chinese. The focus-group discussions used the same guiding
questions (see Appendix 14) as in the individual retrospective stimulated interviews.
However, unlike the individual interviews, the group discussions were led by the
students, with the researcher as a facilitator only if needed, in order to minimise the
researcher’s influence on how the students would respond to the questions and on
how they would interact with each other. Although the stimulated recall interviews
were not conducted in full length as originally planned, together with the focus-group
discussions they provide abundant supplemental information to facilitate
interpretation of the participants’ eye-movement data.

In summary, this research comprised three distinct stages (see Table 2). The data
includes the participants’ performance in two writing tasks (graph-based and topic-
based) in normal examination condition, their graphicacy and computer familiarity
(Stage 1). Stage 2 collected data on participants’ cognitive processes when
completing three different AWT1 tasks, through eye-tracking and retrospective
stimulated interviews. In Stage 3, six student-led focus-group discussions were
conducted. Throughout the data collection, field notes were taken, which provide
useful additional information about the participants and their test-taking processes.

Table 2: Summary of data collection stages, sources and size

Data collection stage Instrument/data Data size
Stage 1 (normal test IELTS AWT1 27 scripts
condition) IELTS AWT2 (topic-based) 27 scripts

Graphicacy questionnaire 27 participants

Familiarity: computer and word processing 27 participants
Stage 2 (eye-tracking Eye-movements videos 27 hours
experiments) Stimulated retrospective interviews videos 11 hours

IELTS AWT1 (three tasks) 81 scripts
Stage 3 (focus group) Student-led focus-group discussions 6 hours
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3.4 Methods of data analysis

A mixed approach in data analysis was adopted to explore the multiple sources of
data in order to understand the complexity of test-takers’ cognitive processes.

The participants’ written scripts produced in normal examination condition (Stage 1)
were word-processed as they were (i.e., no grammatical errors or typos were
corrected). Their writings in the eye-tracking experiments were extracted from Tobii
Studio. These scripts were anonymised and marked by certificated IELTS raters
according to IELTS rating criteria and practice. A few scripts were double-marked to
check rating consistency. Together with the participants’ computer familiarity and
graphicacy data, the participants’ writing performance data were used to model the
relationship between graphicacy, computer familiarity and test performance.

The qualitative interviews and focus-group discussions were transcribed, coded
and categorised in Nvivo 10 to understand test-taking cognitive processes, from
the participants’ perspectives (i.e., based on what they said). The eye-tracking data
provide us with the main source of quantitative and qualitative evidence (i.e., based
on how they did) of the test-taking cognitive processes.

As the first step of analysing any qualitative data, we watched the visualisations of
the recorded eye-movements to get an overview and general impression of the eye
movement data. To be specific, we viewed, through “replay” and then “visualisations”
functions in Tobii Studio, each single recording individually. At the “visualisations”
stage, the eye-movement data were viewed in two modes — “sliding window” and
then “accumulate” — in sequence, in both “gazeplot” and “heatmap” outputs.

After all the recordings have been viewed individually, the accumulated gazeplot and
heatmap of each recording/participant of each AWT1 task was compared to get a
sense of the differences, visually, in eye fixations and saccades between different
participants and between different AWT1 tasks (see Appendices 15 and 16 for
examples. Note: We used the same three participants’ eye-movement data in Task 1
to generate the gazeplots and heatmaps). After we had compared all the
visualisations of the eye-movements at individuals’ level, we then looked at the
visualisations of all recordings at task and group levels, at different time-segments.
To be specific, we examined the differences and similarities in “visualisations” by the
type of graphs (table, line graph, pie chart, horizontal bar graph, vertical bar graph,
see Appendices 8 to 11), participants’ English writing ability, graphicacy level, as well
as computer familiarity.

To do further statistical analysis of the eye movement data, we created areas of
interest (AOI) of the recorded media. In the left half of the screen, we defined two to
three AOQIs, depending on the number of graphs used in the task prompt. The
standard task instructions were defined as one AOI. Each graph was defined as one
AOI. If there were two graphs used in a task, then there would be three AQIs in the
left half of the screen. In the right half of the screen, we defined only one AQI,
approximately the top 50% of the main textbox where the participants entered their
responses. The eye fixations on different AOls and the saccades between different
AOQIs, especially the saccades between the AOls in the left half and those in the right
half of the screen provide the essential evidence into test-takers’ cognitive processes.
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4 Results

Before we focus on the eye-movement data to address the four research questions,
it is important to provide an overview of the characteristics of the participants, in
terms of their computer familiarity, graphicacy, and English writing proficiency.

4.1  Participants’ familiarity with using computers
and word processing

As a cautious step, we measured the participants’ familiarity in using computers and
word processing. Responses to Question 2 (see Appendix 7) can be exclusive to
each other; in other words, students who use computers more often in the dormitory
may be less likely to use computers in university labs as often, and vice versa.
Therefore, we decided to choose the biggest score of Question 2a, 2b, 2c, as the
representative score for Question 2. The questionnaire used a scale from 1 to 4,
with a larger number indicating a higher computer familiarity. In total, the maximum
possible score of the questionnaire is 72 (i.e., 18 questions x 4 points). As shown in
Figure 1, the mean score was nearly 63 (i.e., 87.5% of the maximum possible score),
which confirmed our prediction that these participants are highly familiar with using
computer and Word processing (minimum=53, maximum=71, std. deviation=4.85).
The difference between male and female students, with female students about

3 points higher, was not statistically significant (note the small sample).

Figure 1: Participants’ familiarity with using computers and word processing
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computer familiarity and word processing

However, it should be noted that these students were probably much more familiar
with using Chinese than English word processing (see Table 3), although they were
highly familiar with both (mean of English word processing=3.26, std. deviation=1.02;
mean of Chinese word processing=4.00, std. deviation=0; mean of sending English
emails =2.81, std. deviation=0.83; mean of sending Chinese emails=3.89,

std. deviation=0.42).
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Table 3: Participants’ familiarity with word processing in English and Chinese

Paired Samples Test
Paired Differences

95% Confidence Interval

Std. Std. error of the difference

deviation | mean

Pair 1 Word processing
(English) — Word -.741 1.023 197 -1.145 -.336
processing (Chinese)

-3.764

26

Sig.
(2-tailed)

.001

Pair 2 Sending English
emails — Sending -1.074  .781 .150 -1.383 -.765
Chinese emails

-7.148

26

.000

4.2 Participants’ graphicacy

The graphicacy questionnaire used a scale of 1 to 6, with a larger number indicating

a higher graphicacy level for all the questions but No. 12, 13, 33 and 34-37.

For Questions 12, 13 and 33, a larger number indicated a lower graphicacy level,

because the statements were phrased negatively; therefore, the participants’
responses to these three questions were recoded (e.g., 1 t0 6, and 6 to 1) to be
consistent with the other questions. Questions 34-37 asked for the participants’

views on the relationships between their graphicacy and IELTS AWT1 performance,
in other words, these questions did not measure directly the participants’ graphicacy
level. Data from these four questions were analysed separately. In total, there were
31 items in the questionnaire to measure the participants’ graphicacy level, with the

maximum of 186 (31x6) points and minimum of 31 (31 x1) and Cronbach’s
Alpha=0.915.

As shown in Figure 2, the mean of the participants’ graphicacy was 138.2
(minimum=90, maximum=176, std. deviation=19.3), i.e., around 74.2% of the
maximum possible score. Overall, they had the similar graphicacy profile as the
participants in Yu et al. (2011). There was no statistically significant difference
between male and female students, with male students having about 7.5 points
higher.

Figure 2: Participants’ graphicacy level

Mean = 13515
Std. Dev. =19.301
M=27

N

Frequency
i

A \\

T
80.00 100.00 120.00 140.00 160.00 180.00

graphicacy
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Table 4: Participants’ familiarity with different types of graphs (N=27)

graphQ14 graphQ15 graphQ16 graphQ17 graphQ18
(bar graph) (line graph) ((sI3)) (diagram) (statistical table)

Mean 4.56 4.70 4.89 4.41 4.22
Std. deviation 1.281 .993 1.050 1.185 1.368
Minimum 2 3 2 2 1
Maximum 6 6 6 6 6

Questions 14, 15, 16, 17 and 18 measured the participants’ familiarity with particular
types of graphs (bar, line, pie, diagram and statistical table respectively). The data
(see Table 4) indicated that the participants were more familiar with pie chart than
any other types of graphs and that they were least familiar with statistical tables,
however, none of the differences were statistically significant.

Four additional questions asked for the participants’ views on the relationships
between their graphicacy and IELTS AWT1 task performance. The participants’
responses to Question 34 (/ am concerned that | cannot fully demonstrate my writing
ability in IELTS Academic Writing Task 1 because | am not good at describing
graphs) spread across the six categories and the differences among them were

not significant according to the chi-square test statistics (chi-square=3.89, df=5, n.s.).
In other words, they did not think that their skills in describing graphs would be

the determining factor in their IELTS AWT1 writing performance. However, the
overwhelming majority of the participants (24 out 27, chi-square=10.59, df=4, p<.05)
chose 4 to 6 (i.e., on the strongly agree side) in their response to Question 35 (/ may
do better in IELTS Academic Writing Task 1 using familiar graphs than unfamiliar
ones). In other words, they believed, perhaps vaguely, that their familiarity with
certain types of graphs would be helpful for them to achieve a higher score. However,
they were not so clear as to which type of graph they would wish to see in the test, as
their responses to Question 36 (/ would prefer one type of graph to be used in IELTS
Academic Writing Task 1) clearly showed (chi-square=6.1, df=5, n.s.). Their trust on
the value of some special training on how to describe graphs (Question 37: Special
training on how to describe graphs would be helpful for me to get a higher score in
IELTS Academic Writing Task 1) was unanimous — 26 participants chose 5 or 6 and
the remaining one chose 4 (chi-square=12.67, df=2, p<.005). The questionnaire data
indicated that there existed some complicated relationships between graphicacy and
IELTS AWT1 test performance, from the test-takers’ perspectives. Further qualitative
data from the retrospective stimulated interviews and focus-group discussions, and
the eye-movement data (see Section 4.5) will be useful to understand such
complicated relationships.

4.3 Participants’ writing performance

Twenty-seven students completed all the tests. The scripts were marked by two
IELTS certificated raters according to the official IELTS rating scales and practice.

A few scripts were double-marked to check the consistency in marking. Each script
was awarded four scores on Task Achievement (TA), Coherence and Cohesion (CC),
Lexical Resources (LR), and Grammatical Range and Accuracy (GRA). We added
the four scores and divided it by 4 to get the band score. The figures after decimal
point were rounded in this way: anything below 0.25 was ignored, above 0.25 (e.g.,
0.40) was rounded up to 0.5, above 0.5 (e.g., 0.75) was rounded up to 1. The mean
band scores awarded to these university students (see Table 5) were below the
national average (5.3) of test-takers from China (see IELTS Test-takers’ Performance
2013). They were about 0.5 to 1.0 band lower than the first author of this report
expected after reading all the scripts.
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Table 5: Participants’ performance in the six writing tasks (unadjusted band scores)

& e B B T 12|
N 22 20 19 20 27 26

Mean 5.09 5.18 5.08 5.25 5.15 5.98
Std. deviation 7813 = .6544 .6925 .7164 7572 .8183
Minimum 3.00 4.00 4.00 4.00 4.00 4.50
Maximum 6.50 6.00 6.50 6.50 7.00 8.00

Notes: E1= eye-tracking Task 1; E2= eye-tracking Task 2; E3= eye-tracking Task 3; E4 =eye-tracking Task 4
T1= academic writing task 1 without eye-tracking; T2= academic writing task 2 without eye-tracking

In our sample, nine students who had taken IELTS before our data collection
achieved a mean band score of 6.67 in Total (mini.=6.0, max.=7.5, std.
deviation=0.50) and 6.0 in Writing (mini.=5.5, max.=7, std. deviation=0.56), higher
than the scores reported in Table 5. There could be a number of reasons for this
lower-than expected mean scores of the participants’ performances in this research.
Firstly, the scripts were presented to the raters on computer screen, therefore, any
spelling or grammatical errors were perhaps more noticeable than if the scripts were
handwritten and on paper. Secondly, the two raters might be harsher than average
and there might also be some inconsistency between the two raters. Fifteen scripts of
E1 task, and 10 of T2 task were double-marked. On average, Rater 1 was about 0.7
band score more generous in Task Achievement than Rater 2 in the 15 double-
marked E1 scripts. In the 10 double-marked scripts of T2 task, Rater 1 was again
more generous than Rater 2. Rater 1 was 1.2 band score more generous in Task
Achievement, 0.7 band score more generous in both Coherence and Cohesion and
Lexical Resources. All these differences were statistically significant. Rater 2 seemed
to be harsher in this respect. All E3 and E4 scripts and 12 of E2 scripts were marked
by Rater 2 only. Rater 2 also marked all E1 scripts, with a proportion of E1 scripts
double-marked by Rater 1.

This has been particularly puzzling. The first author then presented some scripts,
which he would have given a higher score, to three experienced IELTS writing
teachers to mark independently, without disclosing the scores already assigned by
the certificated IELTS raters. These teachers also gave higher scores than the
certificated raters. After very careful consideration of the situation, especially the fact
that Rater 2 might be harsher in marking and marked the majority of the scripts
produced in the four eye-tracking tasks, the author decided it was necessary to
adjust the scores by adding 0.5 to the average of the four sub-scores (TA, CC, LR
and GRA), and then rounded the scores as explained in the first paragraph of this
section. We could have asked other IELTS certificated raters to blind mark the scripts
again if we had resources to do so. As a result of the adjustment, some scores
remained the same as the unadjusted, the majority were 0.5 higher, and the rest
were 1.0 higher (see Table 6). On average, it was about 0.5 higher (see Table 7).

Table 6: Adjustment of scores

. & | e B & T | 12 |
N 22 20 19 20 27 26

Same 5 3 3 7 1 7
0.5 higher 12 14 9 10 11 16
1.0 higher 5 3 7 3 5 3

Table 7 reports the participants’ performances in the six writing tasks after
adjustment. The mean scores are slightly above the national average of 5.3, although
still lower than the mean scores achieved by the nine students who had taken IELTS
before our data collection. The adjusted band scores were used in the subsequent
analysis in this report.

<< www.ielts.org IELTS Research Reports Online Series 2017/2 23


http://www.ielts.org/

Table 8 reports the correlations in students’ performances between the six writing
tasks. The majority of the correlations in test scores between the tasks were
statistically significant and reasonably strong. However, it should be noted that E1
and E2 did not have significant correlations with T1 or T2; and E2 and E3 did not
have significant correlation either.

Table 7: Participants’ performance in the six writing tasks (adjusted band scores)

. & | e B & T | 12|
N 22 20 19 20 27 26

Mean 5.59 5.68 5.68 5.65 5.54 6.40
Std. deviation = .7659 .6340 .7676 .6902 7712 .8002
Minimum 4.00 4.50 4.50 4.50 4.00 5.00
Maximum 7.00 7.00 7.00 7.00 7.00 8.50

Table 8: Correlations between the six writing tasks

... B B B T 1|
652" 562" 655" .300 .168

E1 Pearson correlation
Sig. (2-tailed) .008 037 .008 74 466
N 15 14 15 22 21
E2 Pearson correlation 428 T17 .293 .364
Sig. (2-tailed) 165 .006 211 126
N 12 13 20 19
E3 Pearson correlation .888" .596" 547
Sig. (2-tailed) .000 007 015
N 12 19 19
E4 Pearson correlation .520° 622"
Sig. (2-tailed) 019 .004
N 20 19
T Pearson Correlation 6517
Sig. (2-tailed) .000
N 26*

**_ Correlation is significant at the 0.01 level (2-tailed).
*. Correlation is significant at the 0.05 level (2-tailed).
Note #: One T2 script went missing, so N=26 for T2

4.4 Correlations between computer familiarity, graphicacy
and writing performance

In this section, we briefly report the correlations between the participants’ computer
familiarity, graphicacy and their performance on the eye-tracking writing tasks.
Although the participants’ computer familiarity did not have significant correlations
with their overall/averaged performance in the three writing tasks they completed
(r=0.353, N=27, n.s.), the correlations between computer familiarity and E1 and E3,
at the individual task level, were statistically significant (see Table 9).
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Table 9: Correlations between computer familiarity and performance on the eye-tracking writing tasks

Pearson correlation
Sig. (2-tailed) .041 .754 .039 .381
N 22 20 19 20

*. Correlation is significant at the 0.05 level (2-tailed).

Computer familiarity
and word processing

There was no significant correlation between the participants’ graphicacy score and
their overall performance in the three eye-tracking writing tasks they completed
(r=0.293, N=27, n.s.). At the individual task level, no significant correlation was
observed either (see Table 10).

Table 10: Correlations between graphicacy and performance on four eye-tracking writing tasks

Pearson correlation
Graphicacy Sig. (2-tailed) .073 .549 .961 104
N 22 20 19 20

No significant correlation was noted, either, between the participants’ familiarity with
a specific type of graph and their performance in a task that used the type of graph
concerned. However, it is worth pointing out that the correlation between the
participants’ familiarity with line graph (Q15) and their performance in E3 which used
a complex line graph was close to statistical significance (r=0.444, p<0.0575). We
speculated that test-takers’ knowledge and familiarity with a certain type of graph
could become essential for their successful task performance when the
comprehension of the graph requires more than basic familiarity with the graph. See
further analysis and discussion in Section 4.7 (Research Question 3).

In Sections 4.1 to 4.4, we presented an overview of the participants’ familiarity with
using computers and word processing (typing speed), their graphicacy, and writing
performance in the eye-tracking experiments and under normal examination
conditions, as well as the correlations between computer familiarity, graphicacy and
writing performance. In the next sections (Sections 4.5 to 4.8), we address the four
research questions, focusing on test-takers’ cognitive process as evidenced in their
eye-movement.

4.5 Research question 1

RQ1: What are the cognitive processes involved in
taking IELTS AWT1 tasks?

RQ1 is an overarching question to understand test-takers’ overall cognitive
processes when they complete the graph-based writing tasks. Research questions
2—4 aim to explore further in detail the effects on test-takers’ cognitive processes of
different features of graphs, test-takers’ graphicacy and writing abilities. There are
four sources of data: test-takers’ performance, recorded eye-movement, stimulated
recall interviews and focus-group discussions. Unlike our previous study which used
think-aloud protocols as the major source of data to examine test-takers’ cognitive
processes (Yu et al. 2011), this present study used the recorded eye-movement data
as the major source of data to understand test-takers’ cognitive processes,
supplemented by data of test performance and interviews/discussions.
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Three main areas of interest were identified: instructions, graph(s) and the textbox for
entering responses to the tasks. When a task used two graphs, each graph was
defined as one area of interest; hence there were four AOls in E1, E2 and E4 and
three AQIs in E3.

The eight key metrics of eye-movement, defined below, are reported for each AOI,
task by task.

1. Time to first fixation: the time from the start of the stimulus display until the
participant fixates on the AOI or AOI group for the first time (seconds)

2. First fixation duration: duration of the first fixation on an AOI or an AOI group
(seconds)

3. Fixation duration: duration of each individual fixations within an AOI or within
all AOlIs belonging to an AOI group (seconds)

4. Total fixation duration: duration of all fixations within an AOI or within all
AOIs belonging to an AOI group (seconds)

5. Fixation count: number of times the participant fixates on an AOI or an AOI
group (count)

6. Visit duration: duration of each individual visit within an AOI or an AOI group
(seconds); an individual visit is defined as the time interval between the first
fixation on the active AOI and the end of the last fixation within the same
active AOI where there have been no fixations outside the AOI

7. Total visit duration: duration of all visits within an AOI or an AOI group
(seconds)

8. Visit count: number of visits within an AOI or an AOI group (count)

4.51 Time to first fixation

In Task 1, as shown in Table 11, on average, the participants paid their attention first
to the task instructions. The lowest standard deviation (6.11) and lowest maximum
value of E1-instructions showed that there was also a high level of uniformity in the
participants’ attention to task instructions. The next AOI that the participants read
was the line graph, followed by the main textbox. It is interesting to observe that the
mean values of the line graph and the main textbox were very close, 12.50 and 14.54
respectively; however, the standard deviation of the main textbox was bigger, which
indicated a much larger variation among the participants in their first attention to the
main textbox. This was probably caused by the fact that some participants dived
straight in (i.e., started to write) immediately after they had viewed the line graph and
some started to write only after they had read both the line graph and the bar graph,
attempting to gain an overview of the task (see Appendix 8 for the task layout). This
pattern was also evidenced by the largest mean (45.10), standard deviation (56.29)
and maximum (260.52) of the bar graph.

Overall, the data on time to first fixation on the four AOIs of Task 1 demonstrated that
test-takers were not necessarily following a linear approach from top to bottom. The
participants started to write their responses at the point when they felt they could
write down anything, not waiting until they had finished reading all graphs. The
normal distribution tests using one-sample Kolmogorov-Smirnov showed that only
the last AOI (bar graph) was of normal distribution (Z=1.128, n.s.), which provided
further evidence of the large variation among the participants in their first attention to
the other three AOls.
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Table 11: Time to first fixation on the four AOIs of Task 1

_m E1-linegraph E1-writingmaintext E1-bargraph

Mean 4.9136 12.5032 14.5418 45.0950
Std. error of mean 1.30357 3.50745 6.16557 12.00207
Median 1.2200 .9500 3.1900 40.0450
Std. deviation 6.11427 16.45139 28.91910 56.29471
Skewness 1.353 .976 2.771 2.849
Kurtosis .755 -511 7.660 10.348
Minimum .00 .00 12 .15
Maximum 20.56 49.72 117.38 260.52
Kolmogorov-Smirnov Z = 1.460 1.426 1.821 1.128
Asymp. Sig. (2-tailed) .028 .034 .003 157

In Task 2, a similar pattern was observed (see Table 12), with some interesting
differences between Task 1 and Task 2. As in Task 1, the participants also read the
task instructions first. It took almost the same length of time for the participants to pay
attention to the first graph (bar) and the main textbox, which was about 2—4 seconds
shorter than in Task 1. The smaller standard deviation (10.63) and maximum values
(30.90) of the bar graph compared to those for main textbox (18.78 and 83.22)
indicated that there was a larger variation among the participants in their first
attention to the main textbox than the bar graph. The larger variation in the main
textbox than the first graph is also observed in Task 1. Again, as in Task 1, it took the
longest time for the participants to pay attention to the second graph in the task
(mean=15.10), in this case, the pie chart (see Appendix 9 for the task layout).
However, it took much longer in Task 1 (45 seconds, see Table 11) than in Task 2
(15 seconds, see Table 12).

Table 12: Time to first fixation on the four AOIs of Task 2

Mean 4.7865 10.0310 10.1410 15.0985
Std. error of mean 1.42611 4.20042 2.37737 3.30891
Median 1.1450 3.2350 8.8800 10.3450
Std. deviation 6.37778 18.78486 10.63191 14.79789
Skewness 1.669 3.487 .526 511
Kurtosis 2.577 13.248 -1.182 -1.259
Minimum 12 .00 .00 .38
Maximum 23.56 83.22 30.90 43.35
Kolmogorov-SmirnovZ @ 1.357 1.496 1.181 .933
Asymp. Sig. (2-tailed) .050 .023 123 .349

In Task 3, as shown in Table 13, the participants also paid attention to the task
instructions first, followed by the line graph and the main textbox. The main textbox
had the biggest standard deviation and maximum values in time to first fixation.
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Table 13: Time to first fixation on the three AOIs of Task 3

Mean

Std. error of mean
Median

Std. deviation
Skewness

Kurtosis

Minimum

Maximum
Kolmogorov-Smirnov Z
Asymp. Sig. (2-tailed)

3.2016
1.02180
1.3600
4.45391
1.819
1.925
13
14.45
1.808
.003

6.7242
2.72161
.7100
11.86324
1.964
3.377

.00

41.71
1.755
.004

15.5000
6.87377
2.5300
29.96209
2.382
4.999

.00
107.33
1.590
.013

Table 14: Time to first fixation on the four AOIs of Task 4

[ | Eddnstructions |  E4-Writingmaintext Ed-table1 Ed-table2

Mean 3.7640 13.5080 22.7160 117.3310
Std. error of mean 1.21935 6.30715 4.83655 48.87619
Median 1.1500 2.6100 24.2100 57.9850
Std. deviation 5.45308 28.20644 21.62973 218.58099
Skewness 2127 2.981 .276 3.622
Kurtosis 4.717 9.340 -1.503 13.883
Minimum 15 .00 .03 .20
Maximum 21.31 115.63 60.94 975.96
Kolmogorov-SmirnovZ = 1.635 1.817 1.076 1.753
Asymp. Sig. (2-tailed) .010 .003 .198 .004

In Task 4 (see Appendix 11 for the task layout), we also found that the participants

paid attention to the task instructions first, before moving on to the main textbox (see

Table 14). However, it is interesting to note that it took significantly longer for the

participants to have their first fixation on the two tables; and this is particularly 6. The English

notable for the second table, with a mean of 117.33 and maximum of 975.96.

In summary, it took about 3.2 to 4.9 seconds for participants to fixate on the first AOI
— the task instructions (see Figure 3). The participants would not necessarily have
already viewed all the graphs before noticing the main textbox or attempting to write

in the textbox, as Participant #30 commented during focus-group discussions:

“I would like to spend around one minute finding out the overall information of the
graphs, start to write straightaway, then write and read graphs in turn; in other words,

I would not spend a lot of time reading graphs in the first instance”

AR ANRRIERNEREERHNE LD P AEE — Tl MERES
B8, REMESUTHAS, UEAESNESEZRFRE, MAR—THATRIKESEREE).

Furthermore, it is noted that the gap between the second and the third AOI was very
small in both Tasks 1 and 2; however, the gap was larger in Tasks 3 and 4. The gap
between the third and the fourth/last AOI (or between the second and the third/last in
Task 3) varied enormously across the tasks, from 4.96 seconds in Task 2, 8.78 in
Task 3, 30.56 in Task 1, to 94.61 in Task 4. The biggest gap was noted in Task 4

between the two tables (see Figure 3), which suggests that the participants had

spent a much longer period of time on the first table before moving on to look at the
second table. This is clear evidence of impacts of graph features on the test-taking

process.
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Figure 3: Time to first fixation of all AOls in the four tasks
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4.5.2 First fixation duration

As anticipated, there was not much variation in the first fixation duration between the
AOIs within a task, as shown in Tables 15 to 18.

Table 15: First fixation duration on the four AOIs of Task 1

_ E1-linegraph E1-writingmaintext E1-bargraph E1-instructions

Mean

Std. error of mean
Median

Std. deviation
Skewness

Kurtosis

Minimum

Maximum
Kolmogorov-Smirnov Z
Asymp. Sig. (2-tailed)

.1100 1291 .1350
.01510 .01520 .01830
.0800 .1000 .1000
.07085 .07131 .08584
2.545 1.330 2.228
8.358 1.097 6.047
.03 .07 .07
.37 .32 43
.983 1.169 1.053
.289 130 .218

A377
.01679
.1100
.07874
1.373
2.056
.07

.37
914
374

Table 16: First fixation duration on the four AOIs of Task 2

_ E2-bargraph E2-writingmaintext E2-piechart m

Mean

Std. error of mean
Median

Std. deviation
Skewness

Kurtosis

Minimum

Maximum
Kolmogorov-Smirnov Z
Asymp. Sig. (2-tailed)

1165 .1280 .1305
.01407 .01329 .02328
.1100 1150 .0900
.06293 .05944 .10410
2.250 913 2.790
6.656 -.231 8.518
.04 .07 .07
.33 .25 .50
1.185 .834 1.350
120 489 .052

1315
.01232
.1300
.05509
1.270
1.637
.07
.28
.754
.621
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Table 17: First fixation duration on the three AOIs of Task 3

_ E3-linegraph E3-writingmaintext E3-instructions

Mean .1026 1226 1421
Std. error of mean .01216 .01760 .02150
Median .0800 .0900 .1000
Std. deviation .05300 .07673 .09372
Skewness .979 2.291 1.333
Kurtosis .188 5.591 .857
Minimum .02 .07 .07
Maximum 22 37 .37
Kolmogorov-Smirnov Z 1.294 1.095 .963
Asymp. Sig. (2-tailed) .070 .182 312

Table 18: First fixation duration on the four AOIs of Task 4

_ E4-table1 E4-table2 E4-Writingmaintext E4-Instructions

Mean .1055 .1095 .1190 1755
Std. error of mean .01146 .01160 .01140 .03474
Median .0800 .0800 .1000 .1350
Std. deviation .05125 .05186 .05098 .15538
Skewness 2.196 1.660 1.823 3.401
Kurtosis 5.135 2172 4.216 13.134
Minimum .07 .07 .07 .07
Maximum .27 .25 .28 .78
Kolmogorov-Smirnov Z 1.092 1.186 .873 1.285
Asymp. Sig. (2-tailed) 184 120 430 074
As shown in Kolmogorov-Smirnov Z statistics in Tables 15 to 18, the data were of
normal distribution (Note: E2 pie chart was at borderline of significance, see
Table 16). The paired samples t-tests between any two AOIs within each task
confirmed that there was no statistically significant difference in first fixation duration.
Although not statistically significant, task instructions had the longest first fixation
duration among all the AOls across the four tasks consistently (0.138, 0.132, 0.142,
and 0.176 for Task 1, 2, 3 and 4 respectively, see Figure 4).
Figure 4: First fixation duration of all AOls in the four tasks

First fixation duration
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4.5.3 Fixation duration

Fixation duration refers to the average of durations of individual fixations within an
AOI, and it is measured in seconds. Below, we report the descriptive statistics and
one-sample Kolmogorov-Smirnov tests of fixation duration of each AOlI, task by task.
Appendices 17 to 20 provide further information such as maximum, minimum,
median and standard deviation of fixation duration of each AOI within a task.

Table 19: Fixation duration on the four AOIs of Task 1

E1-bargraph E1-linegraph E1-Writingmaintext E1-instructions
_Mean _Mean _Mean _Mean

Mean 1127 1218 .1345 1445
Std. error of mean .00343 .00495 .00714 .00920
Median .1100 .1200 .1300 .1300
Std. deviation .01609 .02322 .03348 .04317
Skewness 1.321 .812 1.380 1.189
Kurtosis 2.545 438 2.055 792
Minimum .09 .09 .10 .10
Maximum .16 .18 .23 .25
Kolmogorov-Smirnov Z 1.382 .786 .872 1.045
Asymp. Sig. (2-tailed) .044 .567 433 .225

As shown in Table 19, the average fixation duration within the two graph AOls (line
and bar) was lower than the average fixation duration within the instructions and
textbox AOlIs in Task 1. The majority of the paired-sample t-tests on the AOls showed
statistically significant difference, to be specific, bar graph vs. instructions (t=-3.598,
p<0.0025), bar graph vs. textbox (t=-2.970, p<0.0075), line graph vs. instructions (t=-
4.183, p<0.0005), and line graph vs. textbox (-2.944, p<0.0085). However, the
difference between bar and line graph (t=-1.715, n.s.) was not significant; and the
difference between instructions and textbox is at borderline of statistical significance
(t=2.013, p<0.0575). In other words, the difference between the two graph AOIs was
not statistically significant, neither was the difference between the two non-graph
AOQIs (i.e., textbox and task instructions); however, the differences between a graph
AQI and a non-graph AOI were all statistically significant.

In Task 2, the graph AQIs (bar and pie chart) also had lower fixation durations than
the AOIs of textbox and instructions (see Table 20). Paired-samples t-tests (df=19)
indicated that the differences between the graph AOIs and instructions and textbox
AOQIs were statistically significant, to be specific, bar graph vs. instructions (t=-3.213,
p<0.0055), bar graph vs. textbox (t=-5.107, p<0.0005), pie chart vs. instructions
(t=-2.699, p<0.0145), and pie chart vs. textbox (t=-4.112, p<0.0015). The difference
between the two non-graph AOls, i.e., instructions and textbox (t=-1.365, n.s.) was
not statistically significant, neither was the difference between the two graph AOls,
i.e., bar graph and pie chart (t=1.254, n.s.). This finding is the same as for Task 1
data.
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Table 20: Fixation duration on the four AOIs of Task 2

E2-piechart E2-bargraph E2-instructions E2-writingmaintext
_Mean _Mean _Mean _Mean

Mean 11220 1265 1395 1445
Std. error of mean .00395 .00466 .00694 .00705
Median 11150 .1200 .1400 .1400
Std. deviation .01765 .02084 .03103 .03154
Skewness .812 A71 .345 .254
Kurtosis -.438 -1.147 -.314 -1.168
Minimum 10 .09 .09 .10
Maximum .16 .16 .20 .20
Kolmogorov-Smirnov Z 1.126 .830 577 .588
Asymp. Sig. (2-tailed) .159 495 .893 .880

Like Task 1 and Task 2 data, the graph AOI in Task 3 also had the lowest fixation
duration (see Table 21). Paired-samples t-tests (df=18) indicated that the difference
between the line graph and the textbox was statistically significant (t=-3.031,
p<0.0075), the difference between the line graph and the instructions was at
borderline of significance (t=-2.042, p<0.0565), but the difference between the
instructions and the textbox was not statistically significant (t=-1.340, n.s.).

Table 21: Fixation duration on the three AOIs of Task 3

_ E3-linegraph_Mean E3-instructions_Mean E3-writingmaintext_Mean

Mean 1237 1337 .1389
Std. error of mean .00598 .00681 .00904
Median .1100 .1300 .1300
Std. deviation .02608 .02967 .03943
Skewness 1.480 .739 1.005
Kurtosis 2.913 .207 .665
Minimum .09 .09 .09
Maximum .20 .20 .23
Kolmogorov-Smirnov Z .987 .560 .735
Asymp. Sig. (2-tailed) .284 913 .652

In Task 4, the graph AQIs (the two tables) also had lower fixation duration than the
AOQIs of the textbox and the instructions (see Table 22). Paired-samples t-tests
indicated significant differences between table 1 and the instructions (t=-2.728,
p<0.0135), between table 1 and the textbox (t=-4.985, p<0.0005), and between table
2 and the textbox (t=-2.894, p<0.0095). However, the differences between table 2
and the instructions (t=-1.530, n.s.), between table 2 and table 1 (t=-.330, n.s.),
between the instructions and textbox (t=-1.352, n.s.) were not statistically significant.
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Table 22: Fixation duration on the four AOls of Task 4

E4-table2_ E4-table1_ E4-Instructions_ E4-Writingmaintext_
Mean Mean Mean Mean

Mean 11235 1255 .1365 1425
Std. error of mean .00862 .00626 .00670 .00876
Median .1100 .1200 .1350 .1400
Std. deviation .03856 .02800 .02996 .03919
Skewness 2.072 .996 493 742
Kurtosis 5.439 547 -.318 -.088
Minimum .08 .09 .09 .09
Maximum .25 .19 .20 .23
Kolmogorov-SmirnovZ = 1.056 .833 711 571
Asymp. Sig. (2-tailed) 215 492 .692 .901

In summary, the two AQIs (instructions and textbox) had significantly higher fixation
duration than the graph AOQI(s) across the four tasks (see Figure 5), except for the
difference between table 2 and the task instructions in Task 4. The significant
differences indicated that the participants, on average, fixated longer on the
non-graph AQIs than the graph AOQIs. The difference in fixation duration between
the graph AOIs was not statistically significant, neither was the difference between
the non-graph AOls.

Figure 5: Fixation duration of all AOls in the four tasks

Fixation duration_mean

4.5.4 Total fixation duration

Total fixation duration refers to the duration of all fixations of an individual participant
on an AOI. It is an important indicator of how much time a participant spends on the
AOIl. In Task 1, the total fixation duration on the textbox was 14 times that of the
shortest AOI (i.e., E1-bargraph) and 4.6 times that of the second longest (i.e., E1-
instructions), see Table 23.
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Table 23: Total fixation duration of AOIs of Task 1

Mean 9.0309 18.3227 28.5377 130.0873
Std. error of mean 1.10134 3.81576 6.01657 16.91651
Median 8.6950 13.3100 18.7950 127.2750
Std. deviation 5.16576 17.89748 28.22023 79.34547
Skewness .645 2.011 2.120 .065
Kurtosis .052 3.954 5.871 -.664
Minimum .32 2.60 2.45 3.99
Maximum 20.78 72.31 125.67 295.76
Kolmogorov-Smirnov Z .537 1.327 .946 .510
Asymp. Sig. (2-tailed) .935 .059 .333 .957

In Task 2, a similar pattern was observed. The total fixation duration on the textbox
was the longest of all AQOls; it was about 10 times that of the shortest AQI (i.e., E2-
piechart) and 6.4 times that of the second longest (i.e., E2-bargraph), see Table 24.

In Task 3, the textbox AOI also had the longest total fixation duration; it was about
8 times that of the shortest AQI (i.e., E3-instructions) and close to 3 times that of the
second longest AOQI (i.e., E3-linegraph), see Table 25.

Table 24: Total fixation duration of AOls of Task 2

Mean 16.6185 25.0980 26.7270 167.5285
Std. error of mean 2.34800 3.63918 3.59554 23.26094
Median 15.8350 20.9650 22.6500 150.6300
Std. deviation 10.50060 16.27490 16.07973 104.02610
Skewness 1.298 .716 .736 482
Kurtosis 2.225 -.319 -.404 -.888
Minimum 412 3.12 4.52 25.01
Maximum 46.52 62.03 56.77 355.99
Kolmogorov-Smirnov Z .643 747 .861 .552
Asymp. Sig. (2-tailed) .803 .632 448 .921

Table 25: Total fixation duration of AOIs of Task 3

E3-instructions E3-linegraph E3-writingmaintext
Mean 18.4337 54.2679 150.2205
Std. error of mean 3.18927 8.75517 26.64337
Median 18.4500 42.9000 130.2000
Std. deviation 13.90172 38.16292 116.13577
Skewness 1.173 .880 1.218
Kurtosis 1.120 -.057 1.313
Minimum 3.23 6.99 15.10
Maximum 51.37 137.83 446.44
Kolmogorov-Smirnov Z 597 .805 .608
Asymp. Sig. (2-tailed) .868 .536 .853
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In Task 4, like the other three tasks, the textbox AOI also had the longest total
fixation duration; it was about 8 times that of the shortest AQI (i.e., E4-table2) and
4.4 times that of the second longest AOI (i.e., E4-table1), see Table 26.

Table 26: Total fixation duration of AOIs of Task 4

[ | Eatable2 | Ed-Instructions | Ed-table1 E4-Writingmaintext

Mean 17.8145 26.8735 32.2125 141.2270
Std. error of mean 4.33740 4.57694 5.57225 22.57250
Median 10.3700 22.7150 26.1400 130.8350
Std. deviation 19.39745 20.46870 24.91987 100.94728
Skewness 1.761 1.112 977 .605
Kurtosis 2.578 1.165 .845 -.439
Minimum .85 3.50 4.04 9.22
Maximum 72.50 80.89 97.28 334.41
Kolmogorov-Smirnov Z 1.146 .567 .640 .563
Asymp. Sig. (2-tailed) .145 .905 .807 .910

Figure 6 below shows the striking difference between the times spent on textbox and
the other AQIs in the four tasks. Given that the total fixation duration varies across
the four tasks, we converted the raw data of total fixation duration (in seconds) to
percentages within each task to make like with like comparisons. As shown in

Figure 7, the participants spent over 63—68% of their time, in terms of total fixation
duration, on the main textbox, about 9—15% of their time on reading the task
instructions, and about 18—26% on reading graphs. This finding is broadly in line with
the working model of cognitive process (see Appendix 1), which was developed
empirically from think aloud protocols in Yu et al. (2011).

Figure 6: Total fixation duration of all AOls in the four tasks — raw data
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Figure 7: Total fixation duration of all AOls in the four tasks — percentage
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In summary, as shown in Tables 23 to 26 and Figures 6 and 7, in all the four tasks,
the textbox AOI had overwhelmingly higher total fixation duration than the other AOls,
which indicated that concentrating on writing in the textbox was the main cognitive
process involved in the tasks. The participants had the shortest total fixation duration
on the task instructions.

4.5.5 Fixation count

Fixation count refers to the number of times a participant fixates on an AOI. As
shown in Tables 27 to 30 and Figure 8, the textbox had the largest number of
fixations in any of the four tasks. However, it varied as to which AOI received the
second largest number of fixations. In Task 1, it was the instructions (mean=170.91,
see Table 27); in Task 2, the bar graph (mean=204.65, see Table 28); in Task 3, the
line graph (mean=404.84, see Table 29); and in Task 4, table 1 (mean=237.20, see
Table 30).

Table 27: Fixation count of AOIs of Task 1

Mean 79.82 137.55 170.91 913.09
Std. error of mean 9.433 23.470 26.050 102.290
Median 68.50 110.00 146.50 927.00
Std. deviation 44.242 110.083 122.185 479.782
Skewness .648 1.694 1.331 -.302
Kurtosis .095 2.733 2.135 -.960
Minimum 3 26 25 40
Maximum 185 448 527 1590
Kolmogorov-Smirnov Z 734 1.024 .629 .580
Asymp. Sig. (2-tailed) .655 .245 .823 .890
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Table 28: Fixation count of AOIs of Task 2

Mean

Std. error of mean
Median

Std. deviation
Skewness

Kurtosis

Minimum

Maximum
Kolmogorov-Smirnov Z
Asymp. Sig. (2-tailed)

131.75
16.194
116.00
72.420
.832
.378
37

310
.551
.921

170.35
20.550
140.00
91.902
617
-.394
33

372
.706
.702

204.65
24.404
155.50
109.136
492
-.893
43

411

1089.50
119.133
1086.00
532.779
.295
-.849
252
2096

1.020
.249

466
.981

Table 29: Fixation count of AOIs of Task 3

Mean

Std. error of mean
Median

Std. deviation
Skewness

Kurtosis

Minimum

Maximum
Kolmogorov-Smirnov Z
Asymp. Sig. (2-tailed)

125.26
16.054
117.00
69.976
.385
-.626
31

258
498
.965

404.84
51.477
377.00
224.385
531
-.244

74

894
.833
492

972.11
124.748
889.00
543.764
532
-.444
175
2059
379
.999

Table 30: Fixation count of AOIs of Task 4

E4-table2 E4-table1 E4-
Writingmaintext

Mean

Std. error of mean
Median

Std. deviation
Skewness

Kurtosis

Minimum

Maximum
Kolmogorov-Smirnov Z
Asymp. Sig. (2-tailed)

124.40
22.825
98.00
102.079
1.254
1.043

9

390
.887
411

183.75 237.20 895.80
27.065 34.282 111.990
173.50 230.00 929.00
121.040 153.313 500.835
1.083 .582 .054
1.5682 -439 -.810
35 42 101

518 559 1868
.536 .536 447
.937 .936 .988

As shown in Figure 8, the textbox AOI received overwhelmingly the largest number of

fixations. Within a task (see Figure 9), around 61-67% of total number of fixations
was on the textbox, 19—-28% on the graphs, and 9-14% on the task instructions,

which is broadly the same trend as total fixation duration (see Section 4.5.4).
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Figure 8: Fixation count of all AOlIs in the four tasks — raw data
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Figure 9: Fixation count of all AOIs in the four tasks — percentage
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4.5.6 Visit duration

An individual visit is defined as the time interval between the first fixation on the

active AOI and the end of the last fixation within the same active AOI. In other words,
during a visit to an AOI, there could be one or more consecutive fixations. The visit
ends when the participant has a fixation on another AOI. The data on visit duration
includes the duration of fixations, plus the time to move between fixations during the
visit. Visit duration refers to the mean of visit durations of a participant on a given AOI.
Tables 31 to 34 report the mean of visit duration of each AOI of the four tasks.
Appendices 21 to 24 provide further details on the maximum, minimum, median and
standard deviation of the mean visit durations.
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As shown in Tables 31 to 34, across the four tasks, the textbox had the longest visit
duration. In Task 1, it was about 4 times that of the shortest AOI (i.e., E1-linegraph)
and twice that of the second longest (i.e., E1-instructions), see Table 31. Paired-
samples t-tests (df=21) indicated a statistically significant difference between the bar
graph and the textbox (t=-3.331, p<0.0035), the instructions and the line graph
(t=4.546, p<0.0005), the instructions and the textbox (t=-3.521, p<0.0025), and the
line graph and the textbox (t=-4.425, p<0.0005). The differences between the bar
graph and the instructions (t=-1.301), and between bar graph and line graph (t=.820)
were not statistically significant.

In Task 2, the textbox also had the longest visit duration; it was about 4 times that of
the shortest AQI (i.e., E2-piechart) and twice that of the second longest AOI

(i.e., E2-instructions), see Table 32. Paired-samples t-tests (df=19) indicated that the
differences in visit duration between the AQOIls were all statistically significant: bar vs.
instructions (t=-2.978, p<0.0085), bar vs. pie (t=3.340, p<0.0035), bar vs. textbox
(t=-5.733, p<0.0005), instructions vs. pie (t=8.317, p<0.0005), instructions vs. textbox
(t=-4.727, p<0.0005), and pie vs. textbox (t=-6.551, p<0.0005).

Table 31: Visit duration of AOIs of Task 1

E1-linegraph_ E1-bargraph E1-instructions_
Mean _Mean Mean

E1-writingmaintext_

Mean
Mean 1.3464 1.8027 2.5841 5.5209
Std. error of mean .22085 .73995 .28935 92611
Median 1.0050 .9850 2.1600 4.9800
Std. deviation 1.03586 3.47066 1.35717 4.34385
Skewness 2.937 4.489 2.200 2.931
Kurtosis 10.170 20.648 4.588 11.125
Minimum 44 A1 1.22 1.28
Maximum 5.29 17.13 6.62 22.38
Kolmogorov-Smirnov Z 1.294 1.845 1.347 1.040
Asymp. Sig. (2-tailed) .070 .002 .053 .229

Table 32: Visit duration of AOIs of Task 2

E2-piechart_ E2-bargraph_ E2-instructions_
Mean Mean Mean

E2-writingmaintext_

Mean
Mean 1.0135 1.4460 1.8340 4.1460
Std. error of mean .09121 12225 .08211 49462
Median .9700 1.4550 1.7700 3.5450
Std. deviation 40793 .54670 .36723 2.21199
Skewness .687 .901 .067 433
Kurtosis .872 1.886 -.997 -.920
Minimum 43 .59 1.13 1.16
Maximum 2.06 2.98 2.47 8.61
Kolmogorov-Smirnov Z .5632 .615 .686 .691
Asymp. Sig. (2-tailed) .940 .844 734 727
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In Task 3, although a slightly different pattern was observed, it was still the textbox
that had the longest visit duration. It was about 2.5 times that of the shortest AOI
(i.e., E3-instructions) and twice that of the second longest AQI (i.e., E3-linegraph),
see Table 33. Paired-samples t-tests (df=18) on visit duration indicated that the
difference between the textbox and the instructions (t=4.704, p<0.0005) and between
the textbox and the line graph (t=3.513, p<0.0025) were both statistically significant,
but the difference between the instructions and the line graph was not significant.

In Task 4, the textbox also received the longest visit duration, which was 2.5 times
that of the shortest AOI (i.e., E4-table1) and 2.3 times that of the second longest AOI
(i.e., E4-instructions), see Table 34. Paired-samples t-tests (df=19) indicated that the
textbox had statistically significantly longer visit duration than table1 (t=4.647,
p<0.0005), table 2 (t=3.813, p<0.0015), and the instructions (t=4.186, p<0.0005),
but the differences between the instructions and table 1 (t=0.751), between the
instructions and table 2 (t=0.137), and between table1 and table2 (t=-0.707) were
not statistically significant.

In summary, across the four tasks, the textbox had the longest visit duration: about

2 to 4 times that of the shortest AOI and twice that of the second longest (Figure 10).
In all tasks but Task 3, the instructions had the second longest visit duration. The two
graph AOIs in Task 1 and Task 4 were not significantly different in their visit duration.
In Task 2, however, the bar graph had significantly longer visit duration than the pie
chart, which could be due to the fact that the bar graph was more information dense
and larger in size than the pie chart.

Table 33: Visit duration of AOIs of Task 3

E3-instructions_ E3-linegraph_ E3-
Mean Mean writingmaintext_Mean

Mean 1.7268 2.1132 41732
Std. error of mean .21863 .20873 .69762
Median 1.3800 1.9300 3.5300
Std. deviation .95300 .90984 3.04087
Skewness 1.832 2.648 1.449
Kurtosis 4.208 9.104 2.417
Minimum 72 1.20 1.1
Maximum 4.68 5.35 12.87
Kolmogorov-Smirnov Z .754 .840 741
Asymp. Sig. (2-tailed) .620 480 .642

Table 34: Visit duration of AOIs of Task 4

E4-table1_ E4-table2_ E4-Instructions_| E4-Writingmaintext_
Mean Mean Mean Mean

Mean 1.8600 2.0010 2.0305 4.7445
Std. error of mean .20271 .20588 .21030 .66426
Median 1.6850 1.9700 1.8300 4.4800
Std. deviation .90656 .92071 .94051 2.97066
Skewness 2.425 .812 .996 1.922
Kurtosis 7.807 .408 1.472 5.102
Minimum .76 .81 .50 1.34
Maximum 5.04 4.21 4.38 14.42
Kolmogorov-Smirnov Z .869 .576 575 911
Asymp. Sig. (2-tailed) 436 .894 .896 .378

<< www.ielts.org IELTS Research Reports Online Series 2017/2 40


http://www.ielts.org/

Figure 10: Visit duration of all AOIs in the four tasks
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4.5.7 Total visit duration

Total visit duration refers to the duration of all visits within an AQI (in seconds). In
theory, they are longer than total fixation duration, and are closer to the total time that
a participant spends on an AOI. Tables 35 to 38 below report the total visit duration
of each AOI within a task. As shown in Table 35, the textbox had the longest total
visit duration in Task 1, followed by the instructions, which had only 12% of the total
visit duration of textbox. The graph AOls (bar and line) had the lowest total visit
duration. Paired-samples t-tests (df=21) indicated that only the differences between
the textbox and the other AOIs were statistically significant, to be specific, the textbox
vs. bar (t=11.143, p<0.0005), the textbox vs. line graph (t=11.986, p<0.0005), and
the textbox vs. instructions (t=13.139, p<0.0005). However, none of the differences
between the bar graph and the line graph (t=-0.791), between the instructions and
the bar graph (t=1.369), and between the instructions and the line graph (t=0.985)
was statistically significant.

Table 35: Total visit duration of AOIs of Task 1

Mean

Std. error of mean
Median

Std. deviation
Skewness

Kurtosis

Minimum

Maximum
Kolmogorov-Smirnov Z
Asymp. Sig. (2-tailed)

45.1577
10.88368
30.3200
51.04901
3.671
15.363
.32
256.88
1.166
132

54.6673
7.65831
43.2850
35.92066
1.214
1.809
6.20
156.99
.847

470

65.1450
7.46911
62.2800
35.03325
1.275
2.054
15.49
165.23
742

.641

547.4650
38.12393
588.0600
178.81710
-.506

-.661
152.85
824.19
792

.557
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Table 36: Total visit duration of AOIs of Task 2

Mean 49.3875 62.1340 81.9760 550.7940
Std. error of mean 5.92583 6.60524 8.40173 41.92949
Median 44.6300 55.2200 84.8350 525.8050
Std. deviation 26.50112 29.53953 37.57366 187.51437
Skewness 445 .925 .203 221
Kurtosis -.339 135 -732 -1.414
Minimum 8.55 27.56 20.80 299.16
Maximum 106.80 130.96 157.87 844.35
Kolmogorov-Smirnov Z .569 .623 .555 711
Asymp. Sig. (2-tailed) .903 .832 917 .694

In Task 2, the textbox also had the longest total visit duration, and the pie chart had
the shortest (see Table 36). Paired-samples t-tests (df=19) indicated that the
differences between any pair of the four AOls, except the pair of instructions and pie
chart (t=1.655, n.s.), were statistically significant, to be specific, textbox vs. bar graph
(t=10.592, p<0.0005), textbox vs. pie chart (t=11.606, p<0.0005), textbox vs.
instructions (t=11.128, p<0.0005), bar graph vs. instructions (t=2.206, p<0.0405), and
bar graph vs. pie chart (t=4.536, p<0.0005).

In Task 3, the textbox also had the longest total visit duration; it was about 2.7 times
that of the total visit duration of the line graph and 11 times that of the instructions
(see Table 37). The difference between any pair of the three AOIs was statistically
significant, to be specific, textbox vs. instructions (t=13.228, p<0.0005), textbox vs.
line graph (t=8.182, p<0.0005), and instructions vs. line graph (t=-8.524, p<0.0005).

Table 37: Total visit duration of AOIs of Task 3

_ E3-instructions E3-linegraph E3-writingmaintext

Mean 44.7958 182.0021 497.2979
Std. error of mean 4.53089 14.63744 35.75883
Median 49.6300 181.8300 497.4300
Std. deviation 19.74970 63.80312 155.86911
Skewness .605 .521 419
Kurtosis -.071 27 -.347
Minimum 18.44 93.55 240.39
Maximum 89.94 333.88 799.21
Kolmogorov-Smirnov Z .623 .504 .606
Asymp. Sig. (2-tailed) .832 .961 .857

In Task 4, the textbox again had the longest total visit duration; it was about 9 times
that of the shortest total visit duration (E4-table 2), and 5 times that of the second
longest total visit duration (E4-table 1), see Table 38. Paired-samples t-tests (df=19)
indicated that the differences between the textbox and table 1 (t=10.891, p<0.0005),
the textbox and table 2 (t=11.660, p<0.0005), the textbox and the instructions
(t=12.172, p<0.0005), table 1 and table 2 (t=5.148, p<0.0005), and table 1 and the
instructions (t=2.383, p<0.0285) were all statistically significant. Only the difference
between the instructions and table 2 (t=1.500) was not significant.
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Table 38: Total visit duration of AOIs of Task 4

Mean

Std. error of mean
Median

Std. deviation
Skewness
Kurtosis
Minimum

Maximum

Kolmogorov-Smirnov Z

Asymp. Sig. (2-tailed)

54.9285
7.96708
40.9750
35.62987
1.067
.351
10.59
137.29
1.003
.267

68.4990
8.95484
67.5600
40.04728
1.120
1.765
19.58
178.42
.662

774

95.1920
9.71665
79.6900
43.45420
.906

.764
23.54
205.82
.748

.631

500.6870
35.82922
464.7450
160.23312
.260

-.930
222.86
754.05
.653

.787

In summary, the textbox had substantially longer total visit duration than the other
AOIs across the four tasks (see Figures 11 and 12); and the difference between the
textbox and any other AOI in a task was statistically significant. In Task 3, the
difference between any two AOIs was statistically significant. In Task 2 and Task 4,
only one pair of AOIs (i.e., the instructions vs. pie chart in Task 2; the instructions vs.
table 2 in Task 4) did not differ significantly. In Task 1, the three pairs concerning the
textbox (i.e., textbox vs. bar, textbox vs. line graph, and textbox vs. instructions) were

significantly different, but the other three pairs (i.e., the instructions vs. bar,

instructions vs. line graph, bar vs. line graph) were not. In total, 6-9% of total visit
duration was on the instructions, about 68-75% on the textbox, and about 16—26%

on the graphs.

Figure 11: Total visit duration of all AOIs in the four tasks — raw data
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Figure 12: Total visit duration of all AOls in the four tasks - percentage
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4.5.8 Visit count

Visit count refers to the number of visits to an AOI. Tables 39 to 42 report the number
of times that participants visited each AOI. As shown in Table 39, the textbox in

Task 1 received the largest number of visits, which was about 3 times that of the
second largest (i.e., E1-linegraph), 4 times that of the bar graph and 4.4 times that of
the instructions. Paired-samples t-tests (df=21) indicated that the differences
between all the pairs, but the bar and the instructions (t=0.632, n.s.), were statistically
significant, to be specific, the textbox vs. instructions (t=8.584, p<0.0005), textbox vs.
bar graph (t=8.522, p<0.0005), textbox vs. line graph (t=8.878, p<0.0005), line graph
vs. bar graph (t=2.884, p<0.0095), line graph vs. instructions (t=3.274, p<0.0045).

Table 39: Visit count of AOIs of Task 1

Mean 30.05 32.77 44,18 132.91
Std. error of mean 4.596 3.426 5.169 13.597
Median 26.00 32.00 42.00 123.50
Std. deviation 21.555 16.068 24.246 63.778
Skewness 2.181 .239 1.230 411
Kurtosis 6.801 -.430 2.342 227
Minimum 6 3 14 17
Maximum 106 68 115 272
Kolmogorov-Smirnov Z .944 .658 .790 713
Asymp. Sig. (2-tailed) .336 .780 .561 .689
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In both Task 2 (Table 40) and Task 3 (Table 41), the textbox also had the largest
number of visits, and the instructions had the smallest number of visits. In Task 2, the
difference in visit count between any pair of AOls was statistically significant, to be
specific, the textbox vs. instructions (t=9.823, p<0.0005), textbox vs. bar graph
(t=8.443, p<0.0005), textbox vs. pie chart (t=8.362, p<0.0005), instructions vs. bar
graph (t=-7.091, p<0.0005), instructions vs. pie chart (t=-3.778, p<0.0015), and bar
graph vs. pie chart (t=2.816, p<0.0115).

Table 40: Visit count of AOIs of Task 2

Mean 34.40 48.05 58.00 157.75
Std. error of mean 3.495 4.071 5.429 14.234
Median 33.00 47.50 53.00 141.00
Std. deviation 15.629 18.208 24.279 63.655
Skewness .954 .060 1.642 .872
Kurtosis 1.169 -1.186 4.578 147
Minimum 14 20 20 64
Maximum 76 76 135 302
Kolmogorov-Smirnov Z .600 499 .825 1.027
Asymp. Sig. (2-tailed) .864 .965 .503 242

In Task 3, the differences between the textbox and the instructions (t=8.590,
p<0.0005, df=18), between the textbox and the line graph (t=5.637, p<0.0005), and
between the line graph and the instructions (t=8.195, p<0.0005) were all statistically
significant.

Table 41: Visit count of AOIs of Task 3

_ E3-instructions E3-linegraph E3-writingmaintext

Mean 31.16 94.89 163.05
Std. error of mean 3.947 9.282 17.576
Median 29.00 99.00 145.00
Std. deviation 17.206 40.461 76.614
Skewness .851 443 .216
Kurtosis .967 -.258 -.805
Minimum 6 36 48
Maximum 75 182 308
Kolmogorov-Smirnov Z 461 .616 .521
Asymp. Sig. (2-tailed) .984 .843 .949

In Task 4, the textbox also received the largest number of visits. The differences
between any two AQls, except for the difference between the instructions and table 2
(t=1.571, n.s.), were all statistically significant, to be specific, the textbox vs. table 2
(t=9.220, p<0.0005), textbox vs. instructions (t=8.777, p<0.0005), textbox vs. table 1
(t=7.702, p<0.0005), table 1 vs. table 2 (t=7.042, p<0.0005), and table 1 vs.
instructions (t=3.479, p<0.0035).
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Table 42: Visit count of AOIs of Task 4

Mean 29.15 36.60 57.15 129.55
Std. error of mean 3.626 4174 6.164 11.847
Median 25.00 30.00 51.50 120.50
Std. deviation 16.217 18.667 27.567 52.983
Skewness 1.192 .308 .316 .025
Kurtosis 2.353 -1.315 -.982 -.636
Minimum 4 11 15 29
Maximum 76 68 108 219
Kolmogorov-Smirnov Z .568 751 491 419
Asymp. Sig. (2-tailed) .904 .626 .969 .995

In summary, the textbox received the largest number of visits across the four tasks;
and the task instructions received the lowest in all tasks, apart from Task 4 where
table 2 had the lowest number of visits. Visit count should be interpreted alongside
visit duration (see Section 4.5.6) and total visit duration (see Section 4.5.7). Take
Task 1 as an example, the task instructions received a smaller number of visits than
the bar and line graphs (see Table 39), but the task instructions had a longer visit
duration (see Table 31) and total visit duration (see Table 35) than the bar and line
graphs.

Figures 13 and 14 present visually the visit count of all AOls in the tasks. The task
instructions received around 11-15% of visits, the textbox around 51-55%, and the
graphs around 33-36%. Compared to the distributions of total fixation duration,
fixation count, and total visit duration, the distributions of visit count in the three main
AOQIs (instructions, graphs and writing textbox) were more similar in the four tasks.

Figure 13: Visit count of all AOIs in the four tasks — raw data
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Figure 14: Visit count of all AOIs in the four tasks — percentage
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4.5.9 Summary of eye-movement metrics

The eight key eye-movement metrics (namely, time to first fixation, first fixation
duration, fixation duration, total fixation duration, fixation count, visit duration, total
visit duration and visit count) of each AOI present some glimpses into test-takers’
complex cognitive processes when completing the graph-based writing tasks.
Table 43 summarises the mean and standard deviation of each AOI. In Section 4.5,
we have presented within-task comparisons on the AOQIs. In Section 4.6, we will
report between-task comparisons of eye-movements on the graph AOls (Research
Question 2).

Data on time to first fixation clearly demonstrated the participants’ reading process,
at the beginning of the task, from focusing on the task instructions to the main
textbox and then moving on to the graphs in Tasks 1, 2 and 4 which had two graphs
as prompt. However, in Task 3, which had only one graph as a prompt, the second
AOI that the participants focused on was the line graph itself, followed by the textbox
for writing. It is particularly worth noting that the biggest gap in time to first fixation
was between table 1 and table 2 (Task 4), which indicated that the participants had
spent a longer period of time on table 1 before moving on to table 2. This finding is
congruent with our finding in Yu et al. (2011) that statistics tables can present much
bigger challenges than other types of graphs due to the high density and amount of
information contained in the tables. It was also probably attributable to the fact that
the participants were less familiar with statistical tables than any other type of graphs
(see Section 4.2).

As anticipated, no statistically significant difference in first fixation duration between
AOQIs was observed, although the task instructions had consistently the longest first
fixation duration across the four tasks. According to the data on fixation duration,
the participants fixated significantly longer on the non-graph AOlSs (i.e., the task
instructions and the textbox for writing) than the graph AOls. Furthermore, it was
observed that the difference in fixation duration between the graph AOIs within a task
was not statistically significant, neither was the difference between the non-graph
AOQIs. In terms of total fixation duration, it was evident that the textbox had
substantially longer total fixation duration than any other AOI in a task. The
participants spent over 63—68% of their time, in terms of total fixation duration, on
the main textbox, about 9—15% of their time on reading the task instructions, and
about 18-26% on reading the graphs. In terms of fixation count, the textbox also
received the highest number of fixations, which was true across the four tasks.
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Around 61-67% of total number of fixations was on the textbox, 19-28% on the
graphs, and 9-14% on the task instructions, which is broadly the same trend as
total fixation duration. These findings are broadly in line with the working model of
cognitive process (see Appendix 1), which was developed empirically from think-
aloud protocols in Yu et al. (2011). However, there is a good range of variations in
terms of which AOI had the next largest and which had the smallest total fixation
duration or fixation count, across the four tasks.

The next set of metrics looked at the data of visit to an AOI — visit duration, total visit
duration and visit count. The data on visit duration demonstrated that the textbox had
statistically significantly longer visit duration than any other AOI in a task. It was
about 2 to 4 times that of the shortest AOI and twice that of the second longest AOI,
which was the task instructions in all tasks but Task 3 (line graph). In Tasks 1, 2 and
4, it was a graph that had the shortest visit duration. Furthermore, there was no
significant difference in visit duration between the two graphs in Task 1 and Task 4.
However, the two graphs in Task 2 were significantly different, with the bar graph
having longer visit duration than the pie chart.

Data also demonstrated that the textbox had substantially longer total visit duration
than any other AOI in a task. In total, 6—9% of total visit duration was on the
instructions, about 16—26% on the graphs, and about 68—75% on the textbox.

The textbox also received the largest number of visits (around 51-55%), with the task
instructions receiving around 11-15% of total visits and the graphs around 33-36%.
Across the tasks, the textbox was significantly higher than any other AOI in visit
duration, total visit duration and visit count. Furthermore, the majority of the
comparisons between two AOIs of a task indicated some statistically significant
differences, but the magnitude of differences varied by AOls, as well as by tasks.

The analysis of the quantitative eye-movement data presented a complex picture of
the cognitive process of test-taking and the intricate relationships between the areas
of interest (task instructions, graphs and textbox for writing) of a task. The eye-
movement metrics, in particular, total fixation duration, fixation count, total visit
duration and visit count, provided strong evidence that the main cognitive process
involved in completing the IELTS AWT1 tasks was predominantly “writing” rather than
comprehending task instructions or deciphering graphs. The data on first fixation
duration, fixation duration, and visit duration indicated an even more complex picture
of how test-takers constantly moved their attention between reading task instructions
and graphs and key-boarding their writing in the textbox. To some extent, the data on
first fixation duration, fixation duration and visit duration also demonstrated the span
of test-takers’ attention, and the difficulty and challenges that test-takers might have
faced when dealing with a particular AOI. The differences in test-takers’ eye-
movement between AOIls of a task demonstrated that test-takers’ cognitive
processes might have varied due to a number of factors, such as the number of
graphs in a task, the relative importance and position of a graph in a task, and the
relationship between a graph and task instructions.
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Time to first First fixation Fixation Total fixation Fixation Visit duration_ Total visit Visit count
fixation duration duration_mean duration count mean duration

E1-instruct Mean 4.9136 28.5377 170.91 2.5841 65.1450 30.05
Std. dev. 6.11427 .07874 .0431 7 28.22023 122.185 1.35717 35.03325 21.555
E1-line Mean 12.5032 .1100 1218 18.3227 137.55 1.3464 54.6673 44.18
Std. dev. 16.45139 .07085 .02322 17.89748 110.083 1.03586 35.92066 24.246
E1-bar Mean 45.0950 .1350 1127 9.0309 79.82 1.8027 45.1577 32.77
Std. dev. 56.29471 .08584 .01609 5.16576 44.242 3.47066 51.04901 16.068
E1-writing Mean 14.5418 1291 .1345 130.0873 913.09 5.5209 547.4650 132.91
Std. dev. 28.91910 .07131 .03348 79.34547 479.782 4.34385 178.81710 63.778
E2-instruct Mean 4.7865 1315 1395 25.0980 170.35 1.8340 62.1340 34.40
Std. dev. 6.37778 .05509 .03103 16.27490 91.902 .36723 29.53953 15.629
E2-bar Mean 10.1410 .1165 1265 26.7270 204.65 1.4460 81.9760 58.00
Std. dev. 10.63191 .06293 .02084 16.07973 109.136 .54670 37.57366 24.279
E2-pie Mean 15.0985 1305 11220 16.6185 131.75 1.0135 49.3875 48.05
Std. dev. 14.79789 .10410 .01765 10.50060 72.420 .40793 26.50112 18.208
E2-writing Mean 10.0310 .1280 1445 167.5285 1089.50 4.1460 550.7940 157.75
Std. dev. 18.78486 .05944 .03154 104.02610 532.779 2.21199 187.51437 63.655
E3-instruct Mean 3.2016 1421 1337 18.4337 125.26 1.7268 44.7958 31.16
Std. dev. 4.45391 .09372 .02967 13.90172 69.976 .95300 19.74970 17.206
E3-line Mean 6.7242 .1026 1237 54.2679 404.84 2.1132 182.0021 94.89
Std. dev. 11.86324 .05300 .02608 38.16292 224.385 .90984 63.80312 40.461
E3-writing Mean 15.5000 1226 .1389 150.2205 972.11 41732 497.2979 163.05
Std. dev. 29.96209 .07673 .03943 116.13577 543.764 3.04087 155.86911 76.614
E4-instruct Mean 3.7640 .1755 .1365 26.8735 183.75 2.0305 68.4990 36.60
Std. dev. 5.45308 .15538 .02996 20.46870 121.040 .94051 40.04728 18.667
E4-table1 Mean 22.7160 .1055 .1255 32.2125 237.20 1.8600 95.1920 57.15
Std. dev. 21.62973 .05125 .02800 24.91987 1563.313 .90656 43.45420 27.567
E4-table2 Mean 117.3310 .1095 1235 17.8145 124.40 2.0010 54.9285 29.15
Std. dev. 218.58099 .05186 .03856 19.39745 102.079 .92071 35.62987 16.217
E4-writing Mean 13.5080 .1190 1425 141.2270 895.80 4.7445 500.6870 129.55
Std. dev. 28.20644 .05098 .03919 100.94728 500.835 2.97066 160.23312 52.983
Table 43: A summary table of eight eye-movement metrics
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4.5.10 Qualitative analysis of eye-movements

In addition to the eight eye-movement metrics reported above, the visualisations of eye-
movements offer another equally important window to understand the participants’ cognitive

processes of test-taking. As a part of performing the basic qualitative analysis of the recorded

eye-movements, the first author watched the animated videos of each participant’'s complete
eye-movements, in accumulated gazeplot and heatmap modes, several times (see Section

3.4). Then the first author focused on watching a few segments of each video: the first minute,

the first 2 minutes, and the last 2 minutes, in sequence. The visualisations of the eye-
movements (fixations, visits and saccades) confirmed not only the extreme complexity of
each participant’'s eye-movements in different tasks, but also the dynamics and the
uniqueness of their eye-movements at different stages of the tasks, on different AOIs in a
task, and on different components of an AOI. Due to space restrictions, we are not able to
include all the visualisations in this report. Readers can view the visualisations of all 81
recordings of eye-movements (20 minutes each), in accumulated gazeplot and heatmap, at
http://1drv.ms/1colamo. These visualisations are presented at about 1/3 of the original screen size.

4.6 Research question 2

RQ2: To what extent are there differences in test-takers’ cognitive processes
due to different features of AWT1 graph prompts?

4.6.1 Eye-movement metrics

In response to RQ1 — an overarching research question on test-takers’ cognitive process —
we have reported the differences in eye-movement between different graphs within a task
(see Table 43 for an overview of the eye-movement metrics). In other words, we have
addressed RQ2 partially. Further analysis” was conducted to examine differences between
the tasks to get a full picture of how different features of graphs affected test-takers’ cognitive
process. It would be desirable to run paired-samples t-tests to compare test-takers’ eye-
movements; however, due to the small sample size, we ran a series of one-sample t-tests on
each eye-movement metric, using the mean of one of the seven graphs as the “test value™.
For each eye-movement metric, we ran 36 one-sample t-tests (e.g., E1-bar is compared with
E2-bar, E2-pie, E3-line, E4-table1, and E4-table2)°. As the comparisons are symmetric

(e.g., E1-bar vs. E2-bar, E2-bar vs. E1-bar), the comparisons reported in the following tables
should also be read symmetrically.

As shown in Table 44, the majority of the comparisons in first fixation duration showed no
statistically significant difference between graphs. Only five pairs of comparisons showed
significant difference. The significant differences mainly lie in the comparisons that used E1-
bar and E2-pie as “test value”. E1-bar had significantly longer first fixation duration than E3-

line, E4-table1 and E4-table2; and E2-pie was significantly longer than E3-line and E4-table1.

E1-bar and E2-pie were at a similar level of first fixation duration.

Table 44: One-sample t-tests of first fixation duration of all graphic AOIs

7. As “time to first
fixation” can be
influenced mainly by
the position of a graph
(i.e., where a graph is
placed) in the task,
rather than the type or
the features of the
graph, we decided to
exclude “time to first
fixation” in the analysis
of the effects of graph
features on cognitive
process.

8. Due to the use of
different “test value”

in the analysis, the
t-values in the one-
sample t-tests on two
graphs (e.g., E2-bar vs.
E1-line, E1-line vs. E2-
bar in Table 44) can be
different in size and
direction (plus vs.
minus).

9. One-sample t-test
was not conducted on
the two graphs within a
task, because paired-
sample t-tests would be
more appropriate, which
are reported in Section
4.5 already. They are
indicated as X in the
tables in Section 4.6.

E1-bar E4- E4-
Test value table1 table2

E1-bar -1.315 -.193 -2.662 -2.574 -2.199
p<.0165  p<.0195  p<.0405
E1-line X - 462 .881 -.606 -.393 -.043
E2-bar 1.011 -.430 - X -1.141 -.960 -.604
E2-pie .246 -1.357 X - -2.292 -2.182 -1.811
p<.0345 p<.0425
E3-line 1.770 490 .988 1.199 - .253 .595
E4-table1 1.612 .298 .782 1.074 -.236 - X
E4-table2 1.393 .033 497 .902 -.565 X -
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Although E1-bar had the longest first fixation duration as shown in Table 44, it had the
shortest average fixation duration, and the difference between E1-bar and any other graph
was statistically significant across the four tasks (see the second column of Table 45).
When E1-bar was entered as the test-value in the one-sample t-tests (see row #2 in

Table 45), it was found that E1-bar was significantly shorter than E2-bar and E2-pie.

In total fixation duration, 27 out of 36 comparisons showed significant difference between
graphs (see Table 46). E1-bar was significantly shorter than any other graph; and E3-line was
significantly longer than any other graph. The difference between E3-line and E1-bar was
particularly prominent.

Table 45: One-sample t-tests of fixation duration of all graphic AOls

E1-bar E3-line E4-table1 | E4-table2
Test value

E1-bar -- 2.961 2.356 1.836 2.044 1.252
p<.0085 p<.029

E1-line X - 1.008 .051 315 .591 197

E2-bar -4.015 -.946 - X -471 -.160 -.348
p<.0015

E2-pie -2.703 -.037 X - .282 .559 174
p<.0135

E3-line -3.199 -.380 .601 -431 - .288 -.023
p<.0045

E4-table1 -3.723 -.744 .215 -.887 -.303 - X
p<.0015

E4-table2 -3.140 -.340 .644 -.380 .031 X -
p<.0055

Table 46: One-sample t-tests of total fixation duration of all graphic AOls

E4-table1 | E4-table2
Test value

E1-bar 4.922 3.232 5.167 4.160 2.025
p<.0005  p<.0045  p<.0005  p<.0015
E1-line X - 2.337 -726 4.106 2.493 -117
p<.0315 p<.0015  p<.0225
E2-bar -16.068  -2.203 - x 3.146 984 -2.055
p<.0005  p<.0395 p<.0065 p<.0545
E2-pie -6.889 447 X - 4.300 2.799 276
p<.0005 p<.0005  p<.0115
E3-line 41074  -9.420 -7.660 -16.035 - -3.958 -8.404
p<.0005  p<.0005  p<.0005  p<.0005 p<.0015  p<.0005
E4-table1 21.048  -3.640 -1.526 -6.641 2.519 - X
p<.0005  p<.0025 p<.0005  p<.0215
E4-table2 -7.975 133 2.479 -.509 4.164 x -
p<.0005 p<.0235 p<.0015

In fixation count, E3-line received significantly more fixations than any other graph (see the
sixth row of Table 47). E1-bar received significantly fewer fixations than any other graph when
the “test value” was the fixation count of the other graphs (see the second column of Table
47). When E1-bar itself was used as the “test value” in the one-sample t-tests, it was found
that E1-bar was significantly lower than any other graph but E4-table2 (see the second row of
Table 47). In addition, E1-line was significantly lower than E2-bar and E4-table1; E2-bar was
significantly higher than E1-line and E4-table2; and E4-table1 was significantly lower than
E3-line, but a lot higher than E1-bar, E1-line and E2-pie. Overall, 27 out of the 36
comparisons showed significant difference (see Table 47), which is a strong evidence of the
potential impact of the type of graph on the number of fixations that a graph might receive.
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Table 47: One-sample t-tests of fixation count of all graphic AOls

E1-bar E4- E4-
Test value table1 table2

E1-bar - 5.115 3.207 6.314 4.591 1.953
p<.0005 p<.0055 p<.0005  p<.0005
E1-line x - 2.750 -358 5.192 2.907 -576
p<.0135 p<.0005  p<.0095
E2-bar 13234  -2.859 - X 3.889 949 -3.516
p<.0005  p<.0095 p<.0015 p<.0025
E2-pie -5.506 247 X - 5.305 3.076 -322
p<.0005 p<.0005  p<.0065
E3-line 34458  -11.389  -8.203 -16.864 - -4.890 -12.286
p<.0005  p<.0005 p<.0005  p<.0005 p<.0005  p<.0005
E4-table1 -16.685  -4.246 -1.334 -6.512 3.257 - X
p<.0005  p<.0005 p<.0005  p<.0045
E4-table2 -4.726 560 3.288 454 5.448 x -
p<.0005 p<.0045 p<.0005

In visit duration, 21 out of 36 pairs of comparisons showed significant difference between the
graphs (Table 48). It was found that E1-line, E2-bar and E2-pie all had significantly shorter
visit duration than E3-line, E4-table1 and E4-table2. In addition, E1-bar had significantly
longer visit duration than E2-bar and E2-pie; and E1-line longer than E2-pie.

Table 48: One-sample t-tests of visit duration of all graphic AOIs

E4-table1 | E4-table2
Test value

E1-bar -2.918 -8.652 1.487
p<.0095  p<.0005
E1-line X - 815 -3.650 3.673 2.534 3.180
p<.0025  p<.0025 = p<.0205  p<.0055
E2-bar 482 -451 - X 3.196 2.042 2.696
p<.0055  p<.0555  p<.0145
E2-pie 1.067 1.507 x - 5.268 4.176 4.797
p<0.0005 p<0.0015  p<0.0005
E3-line -.420 -3.472 -5.458 12,056 - -1.249 -545
p<.0025  p<.0005  p<.0005
E4-table1 -077 -2.326 -3.387 -9.280 1.213 - x
p<.0305  p<.0035  p<.0005
E4-table2 -.268 -2.964 -4.540 -10.826 537 x -
p<.0075  p<.0005  p<.0005

In terms of total visit duration (Table 49), the most notable was that E3-line was significantly
longer than any other graph. Except for E3-line and E4-table1, E2-bar was significantly longer
than any other graph (i.e., E1-bar, E1-line, and E4-table2). And conversely, except for E3-line
and E2-bar, E4-table1 was significantly longer than any other graph (i.e., E1-bar, E1-line, and
E2-pie).
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Table 49: One-sample t-tests of total visit duration of all graphic AOls

E1-bar E4-table1 | E4-table2
Test value

E1-bar - 4.382 0.714 9.349 5.149 1.226
p<.0005 p<.0005  p<.0005
E1-line X - 3.250 -.891 8.699 4.171 .033
p<.0045 p<.0005  p<.0015
E2-bar -3.383 -3.566 - X 6.834 1.360 -3.395
p<.0035  p<.0025 p<.0005 p<.0035
E2-pie -.389 689 X - 9.060 4.714 695
p<.0005  p<.0005
E3-line 12573 -16.627  -11.905  -22.379 - -8.934 -15.950
p<.0005  p<.0005  p<.0005  p<.0005 p<.0005  p<.0005
E4-table1 -4.597 -5.292 -1.573 -7.730 5.931 - X
p<.0005  p<.0005 p<.0005  p<.0005
E4-table2 -.898 -.034 3.219 -.935 8.681 x -
p<.0055 p<.0005

Finally, in terms of visit count, 29 out of 36 comparisons showed significant differences
between graphs of different tasks. E3-line received consistently higher visits than any other
graph. E1-bar and E4-table2 had similar level of visit count and they both received
significantly lower visits than any other graph.

Table 50: One-sample t-tests of visit count of all graphic AOls

E4-table1 | E4-table2
Test value

E1-bar 4.647 3.753 6.693 3.955 -.998
p<.0005  p<.0015  p<.0005  p<.0015
E1-line X - 2.546 951 5.464 2.104 -4.145
p<.0205 p<.0005  p<.0495  p<.0015
E2-bar -7.364 -2.673 - X 3.975 -138 -7.956
p<.0005  p<.0145 p<.0015 p<.0005
E2-pie -4.460 -748 x - 5.047 1.476 -5.212
p<.0005 p<.0005 p<.0005
E3-line -18.133  -9.810 -6.795 -11.505 - -6.123 -18.130
p<.0005  p<.0005  p<.0005  p<.0005 p<.0005  p<.0005
E4-table1 7116 -2.509 157 2.235 4.066 - X
p<.0005  p<.0205 p<.0385  p<.0015
E4-table2 1.058 2.908 5.314 4.642 7.083 x -
p<.0085 = p<.0005  p<.0005  p<.0005

In summary, the majority of the comparisons on each eye-movement metric (see Tables 44 to
50), except first fixation duration and fixation duration, demonstrated significant differences
between graphs of different tasks. The differences between graphs were more prominent in
the metrics that report aggregated data of fixations (i.e., total fixation duration, fixation count,
visit duration, total visit duration, and visit count) than the metrics that report a single activity
of eye-movement (i.e., first fixation duration) or an average of single activities of eye-
movement (i.e., fixation duration). This finding suggests that overall there was little difference
in single fixations on a graph between the participants and between graphs; however, in a
prolonged period of time (20 minutes in this research), the differences between graphs and
between participants were accumulated to such an extent that they became statistically
significant.
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4.6.2 Stimulated recall interviews and focus-group discussions

The eye-movement data clearly evidenced the differential impacts of graphs, both within a
task (see Section 4.5) and between tasks, on the participants’ test-taking process in terms
of total fixation duration, fixation count, visit duration, total visit duration and visit count in
the 20-minute IELTS AWT1 tasks. In this section, we report the qualitative analysis of the
supplementary data — stimulated retrospective interviews and student-led focus group
discussions — which can shed further light, from the students’ perspectives, on the impacts
of different graphs on test-taking process and performance.

Overall, the supplementary data demonstrated findings similar to Yu et al. (2011). The data
showed the students had knowledge about the “cognitive naturalness” (Zacks & Tversky,
1999) and perceptual properties of different types of graphs which influenced the students’
preference towards a certain type of graph, as well as their judgement about the difficulty in
processing the graphs during the test. Although “cognitive naturalness” was not the term that
the students used in the interviews or focus-group discussions, it is evident that the students
understood the “cognitive naturalness” of graphs and graph comprehension as defined in
Zacks and Tversky (1999). The type of a graph indicates what kind of information is normally
included in the graph, and also determines how the students would process such information
and how they would present their understandings in their writings (see also Section 4.7.2 on
the students’ views on the extent of the impacts of their graph familiarity on their test-taking
process and performance).

The comments made by Participant #10 present a nice summary of the views of the majority
of the students with regard to the “cognitive naturalness” of graphs and graph comprehension.

Depending on the type of graphs — line graph, pie chart, bar graph or statistical table —

| used different methods. For line graph, my writing would show the trends, | would
definitely say what the trends looked like, what differences there were in the trends of
different lines. For bar graph, | would say which one has this amount and which one has
that amount and compare them. For pie chart, | would say which is the largest and which
is the smallest and what their respective percentage is. However, | would not include
every single detail in my writing, but | would have to say the most apparent and the most
important.

(XBEEREE  BEE TR, T4 HHRE , KEEAREENRERAR
BRTTE. SIREEE | eI — MY |, RREESRX MNEREAFT  AFE
FEREEARRERR AT, AERIENERERMEEEEY  ARRESHIR
D8, Re—MER | TRERNE AT AR RSRDI—IMUE , —MER | (BFR2H4A
H52 , MECERER , RBPEN—EEESEERNHK) - Participant #10

Almost all students thought the line graph, pie chart, and bar graph were easier than the
statistical tables, although it varied between the participants as to which of the three types
(pie chart, bar graph or line graph) was the easiest. The main reason for this judgement was
that the key messages of these types of graphs were more readily visible and useable than
the information in statistical tables. For example, Participant #1 eloquently presented the
differences in processing different types of graphs.

| would like to talk about the use of different types of graphs from two perspectives. From
the perspectives of the test or the test provider, the use of different types of graphs can
make the test fairer and can better measure test-takers’ ability. However, from my own, or
test-taker’s perspectives, as everyone’s ability in graph comprehension is different and
has different level of familiarity or adaptability in reading graphs, | think my performance
would be affected by the different types of graphs. | was really confused when | read the
statistical tables, because each cell in a table, whether in a row or in a column, represents
an equal position in the table. Unlike statistical tables, however, line graph reports trends,
pie chart represents proportions or percentages, bar chart shows which is higher or lower;
in other words, these types of graphs have at least one thing that can attract your
attention, and can make you feel you have something to say, especially the overall
understanding of the key information or the main message of the graphs. However,

when reading statistical tables, you would have to find the trends by yourself from

a large amount of information from the tables, but you were not sure which trend is more
important. Is it the trend based on the year, or the region? You had to find the information
and work it out all by yourself. That being said, | would still accept the use of different
types of graphs in the test, as at least it can help improve my graph comprehension ability.
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FEANEX N AEEHM BRI NMEEREE, NEERSX M LRI ESTH TR
SN EHEMAFRY , MEESEERERE—PEERIKE. ... MK Bk, X1
STUHEMNER A B REEINERRTHIR. AEEENTAEH 1N ARERIRE

, RN EMERENEREERT , BRRCIERR | SERNdiXMtablesiipl 245
BUREL , MFTECEIRNIFR , BAEE— M FERER S T —MERANE | ARG
ITRECSMI—NES | BIFESAIILS) BB tHRErEEHESSIE , FURE
REEENRI/LR , BRI HFESHIERS | IHFEERE—T , ETWK LSS
— TR, (BR(FE TXNRBEIFHS R FET NSk Ee— MR | 5
MBEIFEECEHES | (RAAIERMEBEERN , FIREEENCEF N TREEE
FIARX THREEEMNEREAFEEEN , XEFHEECEDT  BMROITHRSM
SRE  BIRNAMER T EREEN. AR ESHARNERNENRAE NS E—
RN , (BRETEHERNEMNERKESEHINAE LXRINE , REEEEZES
TSRO | XA RIEEAI— 1N EEREN) — Participant #1

Participant #1 further summarised his views as below:

| can talk about the line graph and the pie chart, but the statistical tables have such a
large amount of information to process that | found | was in a situation that I didn’t know
what to write about the tables.

(BB MNMTEENT , EIFHER , REESESRRESRE—T , AEGIREREER |, A5
MEX—RIBPEEEAKT | RIEEIAEE CEHA) - Participant #1

Other participants expressed similar views. For example:

<<

| feel the pie chart is the easiest because it directly and clearly presents the amount of
information and the percentage; line graph is ok, but it is more difficult to express the
information in your own words.

HPREHERRF RN, EACREBREERMEEEN. . JE. . ME—E87%. 8
DSV RRBMRY. FILFREHEN ZZENEESZ—~1. TEEERT—R | ik
EMEEANE , ITEREAKITFRX) - Participant #2

However, | don'’t think there is much difference between a pie chart and a line graph, as
long as you are able to find the key message of the graphs...The most important thing is

to know a kind of template on how to write, a template that you can use in different
situations

ERRAATMHREHE R MTEEREREEXRENRER | REEEHEXR/N
B, ...  BRSRTEREERE N SIFNERIE , #uILAAL) - Participant #5

Pie chart is the most straightforward, and line graph is also clear, showing trends; they are
ok to describe in your own words. However, although it is not that difficult to identify the

overall trends from bar graph, it is more challenging to describe them. Overall, | feel | had
a lot to say about the graphs, but it is hard to convert them into words.

(FREREM , ITEEVREEEES , alLiER | ARERERNE AR LS |
MEEHANESR—R , AfF , REECEMIEXARHEREEHMRS |, (BE2HRME
BE(Yid3k) — Participant #6

| think that line graph is the easiest as it shows trends; the trends are easily visible from
the graph and also easy to understand. The bar graph, it has several bars, therefore, you
have a number of factors to consider. The last one, the statistical tables, is difficult. You

have to summarise the information from the tables by yourself, as one glance at the tables
won't tell you much.

HIERXEZENHEINE  BMEE—NER , AJLIERXR , ARBEN%  B/1RE

, AEREHAILIBBEEEIMREERNREE , NE LTLIEER], NRSFE— M baretiiiE—
LoE)ER |, R ERERNRS |, MiRBRSar , REMERE— , FigE= , ~F |
... B—IREBINERNEREEHMTA . EBCEE) — Participant #7
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<<

| also think line graph is the easiest, as it is easy to identify the trends from the graph, the

easiest. (B TSITAEREIR | HSEBLLEYFHK , &EH) - Participant #8

Pie chart is the one that | like the least, because there is little information in the pie chart,
which means there is little room of flexibility for you to write about. It is like this part takes
up certain percent and that one takes up certain percent, that’s it. You don’t have much to
write about.

(EEAERNMEBNMERE T , BAHREGREERER , RE(REARNRIATsEAIER
TEFRLT , (RERIERA , BAEREEDZEL , BoZE) , M8 | BRRAL
£). — Participant #9

Anyhow, | was delighted to see line graph, because the trends are so obvious, moving up
and down. In fact, we see a lot of line graphs in news every day.

(RIEFRBITEMETD , FAChGEEIFERNBEE , £, XYE , XPMEMETAEER , 7
EFERIE—LHEESBEXMER) - Participant #10

| think this one was easier to describe, because it is a line graph. Bar graph is also easy.
There was another line graph in our tasks with clear trends, so | felt it was quite easy as
you can describe the trends...I don't like those line graphs with big ups and downs,

because often you find it quite perplexing as to whether or not your writing should include
those zig-zagging changes that happened in the middle of the trend.

FEREX R BRI E B PR RIS ZEmAN— N EE. EAErE, —
MRIERE , BIVRFESH., BI—MTEERICE OB thREIREmRY | FriAfEA
RHRRAESLEBSE | (R LIERR CRM N LakAESXEF. . BRI AR MK
EAFAIARIME: | FLE— MR LA BB H ERESEE HER RSB LM
i, AEXEHTREIHERM S ERRERELIEAE) - Participant #14

| think statistical tables are the most difficult and pie chart is the easiest. When | described
line graph and bar graph, | compared the trends in the different years.

(HEREMERERESAER , ARTRERREREM. ARREMTEEFEREETR
, BAEHRIURE | AR EFEESIESEA) - Participant #17

| think pie chart is the easiest to write about because it is somewhat fixed, there is no
fluctuation. It only shows the largest and the smallest values, or which one has the large

percentage or the smallest percentage. It is easy to describe...However, | feel line graphs
can be also difficult to describe, if there are a lot of ups and downs in the trend or the
trend is not so regular, or there are a number of lines or trends in the single graph. In a

graph with multiple lines, you have to analyse and identify the relationships between the
lines, which can involve a large amount of information.

FHRIEMEEERHINERSESZEN  BAERETN  BERZOFHESD. MAHHK
Ee#fiat M BAERIME , TGS RSE R/ , B N EEARZ R
, RS ZIEEHEE . (BRETBNREIMTELE , WREEKSNNE , SEFREE—
o LT, AEFETRRE , AEXEF , siXtFF , siXFEF EFROEHRYESL. . ARE
BLTERIVRIAE |, AEBLRENTE , SUREACTHRAINEE SRR,
BHERER I "2 MTEIHTEANEEEARTS. . B MTEERENE , KER% .,
EFEEIDTTITEE , FERIUBIIZEXER. . THEXFEE | B2 — Mk
 BF I #, MEEIMNXERE—TEL00ME . TEERFR LS NRERT
% , B IZERIXREEDHT , AEBREZERNICEESTT | XEHEREHREAR) -
Participant #19

| think most of the graphs are pretty clear. | can see the key messages of the graphs, and
what we are required to write about. The key messages are very clear. | like pie chart or
bar graph, but | don't like statistical tables...l spent a lot of time reading the statistical
tables. Overall, | think the line graphs present the trends very clearly and you also intend
to describe the trend, but you would not be concerned about the exact number.

FETEBMNERRIFEEM | KEDEXRBRIFEEVRIESEHEREAT AR |
EEMELEFASHA AR | XEHFEPaNEEMICERRIRGTE | EONHXSTER
XAEFRY , REHDARBERNARSREWRERZZERT | LA MR ESEEIRE |
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<<

EPAFARENREE | BB FRERELAIN  ARRENR. . FERER I HiE
THBIZHIRNE). . REBLINEFRIR M EERTIAE | NIRRT =B
BESHX  ERSEIERNENRARSD) - Participant #22

| use bar graph and line graph more often than other types of graphs, so | felt | quite like
bar and line graphs when | saw them in the tasks; however, it was a different story when

| saw the statistical tables, | felt my head would explode, there was so much data to be
processed and summarised to identify the relationships between different data points
within a limited period of time; and you have to express what you've understood in a
limited number of words. So, | was very scared. | was rather in favour of those graphs that
directly show the trends...I like line graph in particular...Pie chart is also easy to write,
because the information in pie chart is pretty clear, but you feel there is not much
information that you can write about pie chart...When | finished writing about the statistical
tables within 20 minutes, | felt | did it very badly because | couldn’t present a coherent
piece of writing and a coherent conclusion.

G EARROERE B S MRIEL S | FRLAERISE—IRAEXXMEEE—F
HeBFR—R , 63 , HESRRITERGRRISHNE | SITMA RS |, B9k
WHIERE | ARERIEERNZESEIPASIIEZEANRR , RERGRNFHERA
, ERFIIRSXANENRERNE  Bo0ELEREENEE | UMD AKREZE R
BT ERMREENIRISEBAYE. . FEVRENITEE. . XNMARERIIAEETFE—/ | B2
EEN—R , BEREGHEFEHEREL R NME , SiRaS). ERERD...
(BEREZNXIERITIET referring to statistical tables) BIRHE , FEE205 S 52 7 ,
¥51E BB CEIFE. . FNECEREFERECIRA ) - Participant #24

Line graph is the easiest...It is easy to describe trends. Pie chart, compared to bar graph
and line graph, is more difficult to describe, as it is always about this is a certain
percentage and that is another percentage. It is difficult to use a variety of sentence

structures. It is monotonous if you can only say this is a certain percentage and that is
another percentage...Overall, | think tasks with two graphs were more challenging.

(FEEEE,. . METEEANSIT A, RS HSE , MERNTHM , EMRKE
, ITEANRNERE . SRR | sERttBEmA— N E% , EAE
HARBEDZEZL  HARBEDZED , KRHINORNINEHNSSURENE | REEuXE
BRZL  XRESZD , EHMEXHSRtURER. . HREHER BRI BIE—R) -
Participant #25
The key messages in the line graph and the pie chart are pretty straightforward, but there
is a huge amount of information in the statistical tables. It is very likely that our writings
would look pretty similar in the tasks using line graph and pie chart because we would find

similar information from these types of graphs. However, from statistical tables, we may
find different information and, therefore, our writings could be different.

(RIEAFMSITEERIAER 2EREIREREN |, BEREE=MME— FREX . B
REMHFERENESR , REER  BEEEIFERIX , BIEMMINE , MEARSEE
3k, FREHEINEEERRILBESIRY , REERN , ERB=MHER TR EIA—HF
MEE. AR, JRAREHRNAESHEEAENZER!) - Participant #27

| agree with [Participant #22] that the perceptual properties of graphs are more visible
than statistical tables; and tables contain more information. Personally, I like graphs with
less information. If there is a lot of information, you have to compare and decide what to
include in your writing and what to drop. It is a quite challenging task to describe the key
messages, and at the same time briefly mention some information of minor importance, in
150 words within 20 minutes...l am in favour of line graph...It is easier to know the key

message of line graphs. As | said earlier, you can write about the beginning and the end
of the trend, and then some points in the middle, rather than every single point of the trend.

By doing this, it is more likely you will meet the task requirement. (FEVEESE]
(Participant#22)if) , RIERIRFESLLAR , BNRAEIRISEEESFIEENNS |
REHNARESERMED—RN , RERATEHSR , BALRIEEEEIVRZANE
ST RE—IEENERT , MEtIRXASMEEEARF 20 #1150 N RIF T LUBER
itk , AEBRENRRITHERR—T |, HREX N ELBRRSFRIRIRE. . FRE L RmmE T
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ARFMEARE]. . BT ELARERNE CERIRIFER , BRI RAGER , BTN RS
 MREECHFEIREI N R EE | AETEAER A EREACRES |, AT
B R, BNEFEEEREMR , AR N RER—E , (RRET et 7t
TIEEERARESHERR | X PR ZAREBAVEK) - Participant #28

You have to identify the most important information from tables by yourself; however, you
can easily see such information in line graph and bar graph.

(FEENMREIER |, MIREXTTL , PR —EEELX | RISEEESERM) -
Participant #29

I found the line graph the most pleasing. (Bt S EITEE 2 &3EH) — Participant #30

| also think line graph is the most obvious...and statistical tables the most difficult...if there
is a lot of information in the graphs, you have to choose, have to find the most important,
it takes time to make choices...After all, you have only 150 words to write. If you have
something to write about, you have to include the most important in your writing, therefore,
| think the statistical tables, which contain such a volume of information, are more
difficult...For line graph and bar graph, however, you don’t have to decide which is the
most important; all you need to do is to describe them all in your writing.

FEEXATE  HETEESER T, REMNZEEMA T . IRIMEX EERIEEEIER
KRENESEEMER , AEBMER , AEX N ENEERCREME—R, FTAESIERT
BRI AE—R.. EREHMES150MFH , ENRFERATS | (REEEMER |
WMRIEBPAZEEIFATREETE LR |, 7l , ATARSIARECRRRR. . FE R BUNRZEH
M SIPRINE AR RS AER | (FUCRTERYEREA—THF 1) — Participant #31
I like the graphs from which you can see the changes, e.g., the line graphs that have
obvious moving up or down, or pie chart that compares the amount. However, you had to
work out the information from statistical tables by yourself. It might be ok if the most

important information is obvious to note, however, if there is a lot of information in the
tables, it can be pretty annoying.

FENTARBEVABFIHRESHTAIABFE | BECANRARTEE | MSRBEE
TREAGES , HEES S ORIUE ? iEHSE. BREHMEREIIERAENL , 5
REBCHK. MRUNRCHERHATFINRESLIRINERMSLENN) — Participant #32

The extra step in having to work out the key messages from the statistical tables became
burdensome, as most students claimed. Several participants also reported how they
attempted to convert the information from the statistical tables to other types of graphs, and
how it might help to reduce the time that they had to spend in reading the statistical tables if
the tables were converted to other types of graphs. For example:

<<

This reminded me how [ did the task. | read the task, the statistical tables which have
numbers and years. | drew a graph, with each country as a point, they go up and down.
By linking the points | drew, | was able to see the trends more visually. It is pretty difficult
to stare at the numbers in the statistical tables.

(XAFLBAHER | Bk Fefl , MREENE  M2EEBLRSE , ChiEw , Fhott
209, B RRIE— M ER— R, AT, BCAEERELLE—T , EXDNEFATE
LR EE— I EEER , XETIUEENNERIXEEA—MESN , EFRY...M
FEMERER N EFERH ISR | JTEERIERY) - Participant #5

It would have reduced the time to read the graphs, if the statistical tables had been
converted to bar graphs or similar ones.

(ZEMESESHY , MRICRSIERAEINE 2 KHY) — Participant #6

| hate statistical tables. Line graph, pie chart or bar graph has an apparent trend, or you
can see the lowest and highest values, you can identify them from the graphs easily and
very quickly as they are visually directly presented to you already. However, you have to
analyse the statistical tables by yourself; | am not good at numbers, therefore, | spent a
long period of time reading the tables before | started to write. | had to analyse the TOEFL
scores, identify which is the highest and which is the lowest. The challenge was that |
couldn’t draw anything on paper or make notes on the tables directly because the test was
computer-based, so | had to go back to the tables again and again to find the key
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information from the tables while | was writing. Therefore, | think statistical tables are more
difficult than bar and line graphs.

(BRHEERR 7 , BAERE , REENMRZRER & Ea & AR E R E—
¥, BB —MAERESE , METLBHENEIIERARESR  TLUESGERR , A ERE
MAIRREART |, MIX N RISREREE S TN, MEREFENSERIAIEU |
FTLAFRRTERESRIS LEEZNREAEERK, BMESDHEENS BH T Mo, B
RPN REEEE  EENERIIXNMERAAEEERL  MEERmM L , ARSI EM
ERgERERE  LETHREEHESFRTEREMNMIREIERIS P ERER ARG ES
BN REREEE. LN ARSRISE T IR MERAFIHTEE |, E—R) -
Participant #10

When writing about the statistical tables, | had to convert, in my mind, the information from
tables to a line graph. Only by doing this, | can avoid ending up with writing about one
thing here a little bit and another thing there a little bit, which would make the writing look
very unorganised or messy.

(HAS TR BB N R R — D U T B — MR, XA
ZRELCEEMT , AETRXE—RR , BBE—Rm , RE/5RAEL) - Participant #10

If the statistical tables were converted to bar graph, | think the task would become easier,
as you can see the high and the low values and find the differences between them.

FEIEAURESR , BARXFEBHERNSREMILUZEELAE) - Participant #17

If the tables were converted to a bar graph, it would definitely take a lot less time to read
the graph (ZEIRIRSEISERIRL) — Participant #18

In addition to the type and perceptual properties of graphs, and the amount of information
contained in different types of graphs (e.g., statistical tables vs. pie chart), some students also
considered specifically the number of graphs (one vs. two) as a major task feature that can
make the tasks easier or more challenging for them. The views are opposing to each other.
For some students, the use of two graphs would make the task easier because there is more
information to write about; however, for others, the use of two graphs would make the task
more challenging because they would have to work out the relationships between the two
graphs. Similarly, for some students, the use of one graph would make the task easier
because of the simple message of the graph; while for others, they would find the task
particularly challenging because there was little information for them to write about and, in
Participant #26’s words, they had to “dig deeper” to find more information.

<<

To me, two graphs in a task would be more helpful than one graph as there would be
more information to write about so that you can write enough number of words to meet the
task requirement.

IFERFANE—NERE —MEEXSRTRNERN , RIMERNREZS—= B
BERESRIERETEA—/R , EAFEBAILL , TIREREAZEARNMEK) — Participant #5
If there is little information in the graph, you won’t have much to write about...However,

overall, the graphs are pretty easy to read. No matter what type of graph it is, you can
work out what it means if you do it carefully.

(ERELREMRHAFRAS. BREUESZEN , FEWHM , HSHFREEREDTTHSR)
— Participant #6

| think you have a lot more to say if there are two graphs in the task

(FEMIEEEEZANETILA) — Participant #8

| think the more graphs there are, the easier to write. If there is one graph only, there is
not much information you can write about. (FEEE#ME , GG E... RAEHESRE
BERPINERISHARAS) — Participant #18

| feel you can have more to say if the task uses more than one graph. If there is only one

graph, you feel there is not enough information to write about, so you have to dig deeper
to find out more.

FEREREEEEZANETLIR. . i —IEERIEMTEE TIERE , MEEAEMEISTE)
— Participant #26
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However, unlike the participants above (#5, #6, #8, #18, #26), Participant #20 considered
one-graph tasks easier than two-graph tasks.

Task with one graph was easier than those with two graphs, because the one-graph task
was all about trends...Furthermore, you had to find the relationships between the two
graphs; therefore, it took time to consider such relationships...Il am used to doing one-
graph tasks, it is already easy to write the required number of words; however, if you have
two graphs, you have to decide which information to keep and which to drop, this process
is very important. From test-taking perspective, it is definitely easier to write about one
graph than two graphs, because you can use the template more easily; while for two-
graph tasks, it is pretty difficult to use the template...I think it is easier to write about pie
chart than line graph, because pie chart contains less information

(ENELLEZ N EEER , RARNMEIHEFE SR, AEIMWERNE | tREE(RK
AMEZERXE R |, BFMNEREZE—=.. . FALEEIIE , MiE—5KBHET 248k
SESEMEFMNNTET | IRNRERKEEEE , B150MNFEA | (R eEiRisRE
EER. XTMNEEEE. REMILAE LR —KESERFR 2N , X, IEES
ELE, FKERNE.. X, SRS . AE—MEk , SIEHRE  BiFE—m , SER
B8, ROESENTERE  ERESHEALREEHR—L.  XNEAR , ETHIE
BELR/D) — Participant #20

4.7 Research question 3

. RQ3: To what extent are test-takers’ cognitive processes affected
by their graphicacy?

471 Eye-movement metrics

The questionnaire data (see Section 4.2) demonstrated that, overall, the participants had a
high level of graphicacy, but they were most familiar with pie charts and least familiar with
statistical tables. However, the differences in their familiarity with different types of graphs
were not statistically significant. The questionnaire data also indicated some complicated
relationships between graphicacy and IELTS AWT1 test performance, from test-takers’
perspectives (see Section 4.2). We also reported the correlations between the participants
graphicacy and their actual test performance (Section 4.4). As reported in Table 10, no
significant correlations between graphicacy and test results were observed. Furthermore, no
significant correlation was identified between the participants’ familiarity with a specific type of
graph and their performance in a task that used the types of graphs in question.

Below, we report the extent to which the seven eye-movement metrics of each AOI in a
writing task are related to the students’ graphicacy. As presented in Table 51, there were only
two significant correlations among the 105 correlations (15 AOIx 7 eye-movement metrics).
To be specific, there is no significant correlation between graphicacy and any of the seven
eye-movement metrics of “instructions” AOI. The only two significant correlations are between
first fixation duration and E2-bar and E3-writing. The significant and negative correlations
showed that, the higher a student’s graphicacy, the shorter his first fixation duration on

E2 bar and E3-writing. Overall, we can argue that the participants’ graphicacy did not affect
their eye-movement, except for first fixation duration which might be affected negatively by
their graphicacy. However, this could be purely by chance that there were two significant
correlations out of more than 100 correlations.
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Table 51: Correlations between graphicacy and eye-movement metrics of all AOls

First Fixation Total Fixation Visit Total visit Visit
fixation duration_ fixation count duration_ duration count
duration nean duration mean

E1-instruct | -.284 -.247 -.107 -.025 .233 -.020 -.043
E1-line .067 -.343 -.232 -.158 A79 -.080 .025
E1-bar 120 -.098 -.098 -.091 .339 .295 -.004
E1-writing .068 -.199 -.230 -.130 -.087 -.248 .046
E2-instruct | -.011 =121 .049 182 -.161 A72 .236
E2-bar - 474 -.192 .168 .240 -178 147 .333
E2-pie -.374 -.046 .010 .015 -.066 .018 .040
E2-writing -.150 -137 -.027 .076 -.297 =111 317
E3-instruct | .031 217 .220 .246 .066 .292 .097
E3-line .299 .087 150 170 .329 .244 .039
E3-writing -.553* 107 .088 .086 .158 119 -.116
E4-instruct | .139 -.219 -.151 -.082 -.200 -.028 .022
E4-table1 .108 -.312 -.156 -.081 -.320 -.046 150
E4-table2 .015 .092 -.026 -.065 -.399 -122 157
E4-writing -121 -.291 -.207 -.091 .088 -.066 125

*Correlation is significant at the 0.05 level (2-tailed).

4.7.2 Stimulated recall interviews and focus-group discussions

Students were asked to comment on the potential relationships between their graph familiarity
and test-taking process. These comments should be read in conjunction with the extracts
reported in Sections 4.6.2 (effects of graphs) and 4.8.3 (effects of writing ability). Unlike their
strong opinions on the effects of types of graphs, their views on the effects of graph familiarity
seem to be mild or neutral. A number of students thought their graphicacy would have no or
minor effects on their test-taking, as Participant #19, #18, #24, #26 commented:

| don'’t think our graphicacy will have a big influence on our performance; rather I think it is
the difficulty level of the graphs that are more important. For example, if the line graph had
only one line, or the bar graph had a very clear trend, or the statistics in the tables were
not complex, | think, we would be able to talk about them clearly. However, even if you are
very familiar with one type of graph, but the graph you read is full of complex information,
you will find it difficult to write about the graph...

(ESHREHIIAREIKX | TERENERERE. . IRE, Bt , GirEE ,
R ARERECHEBRBE & RER N REEENSIRET 2RISR
15, FOEESCERES SR, (EEMERN—FRBNERRIE , (ERBNREEE
AEEXBNEHRMERIERE) — Participant #19

Although we may prefer one specific kind of graph, our writings are dependent more on

the methods we've learned on how to write than on our preference. After all, the key
information we extract from the graphs is more or less the same.

ERBREAREN T ERATERRE , EREBHRNER L | (REENGERIURE
E , MRS MNEIRHSRIRNEEREEARSH) — Participant #18
You would feel better if you are familiar with the graph you read, and more willing to

express what you have learned from the graph. However, | don't think it would be unfair
even if you are reading an unfamiliar graph. After all, these graphs are all common.

(REIAERISELRIZPEER | BEENOBXXEESHMTF—R , BEREERNEENAR
78, iR —PMRRERY , RREHIREHARAAT | IXEIRA , RAOIXYRARTEANR
{¥B95-78) — Participant #24

I don’t think graph familiarity will necessarily help you to achieve better performance.
Sometimes, you can’t express all the information, and sometimes you feel you know the

graphs very well, but you may not write to the point, you may write just a heap of
nonsense.
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(F—EIE , FEBHIEKRT—ESHESEEIR L, (BE BRI SR THE, 162
REEXT , 5—i%F) — Participant #26

Even for those who thought graph familiarity did affect their test-taking, they thought such
effects were perhaps not that strong, particularly because they were familiar with the graphs
anyway. And, these effects may be just at the psychological level, for example, their
confidence, at the beginning of the test when they first saw the graphs. Some students also
elaborated on how graph familiarity may entail topic familiarity and determine what vocabulary
they can use in their writing. In this sense, it is more to do with their language ability than
graph familiarity that would affect their test-taking process and performance (see also

Section 4.8.3).

<<

In my degree study, | use line graph more often than other types of graphs. As | use line
graphs more often, | find it more straightforward to read line graphs; | would found it more
difficult to summarise other types of graphs.

(FEEREW LR | TR ZHFEIMFEE... , IAASBEMNOXMTR | BAE
DSITRERIFSRIR | EATRBILRZH , SINBERRESETHREN , RS
BRRIRIEESRBIAIRHR | |FANERF S SEUIREE) — Participant #1

| found it easier to extract the main message of the graphs that | am more familiar with.

(BT RRIRE H O R R T HIE =R AU R B ZH T E )% ) — Participant #17

To me, the effects of graph familiarity would be related to my vocabulary choice in writing.
I would know more words about the graph if | have read similar literature, which means
that | would have more words to choose from. It would be a bit awkward if you have to use
the same word again that you have already used in the previous sentence; however, if
you are familiar with the graph, you have a large vocabulary size; you won'’t have to
repeatedly use that word.

(IERERERIANM 2T BRORICEEESS | WRIFEIRRTTEAISERNE | AEH
AJEHAYELLE | BRHMERE—D, TEAEHCBAENRNE  BRE— MRS
BRI  MREECHEN | RICEAMEEIR—T) - Participant #20

| think the more familiar you are with graphs; the more you can write about them. In other
words, you would have more knowledge to write about the graphs.

FETEHAE  (FOREBIRRS T |, IRIRRIRIALLRZ) — Participant #22

If you are familiar with the graph, you would be more confident, you would be able to write
more smoothly. However, if you are not familiar, you would find it difficult to start...
Furthermore, because of the time pressure, you would start to write more quickly if you
are more familiar with the graph; and you would become nervous and anxious if you are
less familiar.

(RNEHEERSE , BCAIEEREEHIVRES | AGIEIEELRE | siESEEX
SR, (BUNRARREREE TR SO, MErE—RE 2 AR EER
HiK , MNRFEBREFANER TR , ARSZEIR BRI , WRAKAERNE
RBRHAIUER) — Participant #27

| think that graph familiarity will have some effects. For example, we have been talking
about line graph, bar graph, statistical tables and pie chart. If, however, we are asked to
write about sequence of events, or a diagram of events, or a map, which we haven't

practised, we will think the graphs we have been talking about are easier. This is a kind
of effects of graph familiarity.

ERBABALERSBIN. MHFREAINA—EEROXES R | &
18 GHEIXLE , BRANSRECFESZAAGARR | SORAEEIN | ARMTRREIN | E , ZA9RER
% | A UREEEINAHEA S TSRS, JuX MEER— I EEE) -
Participant #29

| also think there are some minor effects of graph familiarity. We are familiar with line
graph and pie chart, in other words, you know how to read such graphs and what they
represent; however, you would have to think carefully what a diagram describing a

sequence of events is all about. | think there are some minor differences between reading
the familiar and the unfamiliar graphs.
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FEEREEEHMIEERE REIN, MEREL SRS AR E A B R
EN , UMFERNIHE M EESBIRREARDXNE Y , ERRNZRHTAERE | BIR
BAARER |, GRIABMRIER AR | (FERENFRMIERETE—T , HiSXKE
AREHERTHARR |, (RREAKREEN , ERREHHMEEERXAIN) -
Participant #31

| think graph familiarity does affect. | am not so familiar with graphs. For example, | am not
familiar with even common graphs like line graph. It took me a long time to figure out what
the graph was about and what was the most important message. | had to spend quite a
long time to achieve that, so | was slower than other people.

EuEEN. KHETIMARSEEN  MStAirEE  MEZENEME , FhA
AHT , SFMNE  HEREERARSSMECEEEMIARE CRENSTEWE ?
BERRASSEIBMMER | LGS TaeME ki 25 MNEARHESLL B AE—
LYIE) — Participant #32

4.8 Research question 4

RQ4: To what extent are test-takers’ cognitive processes related to
their English writing abilities?

4.8.1 Eye-movement metrics

We ran 105 correlational analyses to identify if there was any significant relationship between
the participants’ English writing ability and their eye-movements. As shown in Table 52,

no significant correlation was noted, which means that the participants’ English writing ability
(as measured by the argumentative essay, i.e., IELTS Task 2, see also Table 5) did not seem
to directly influence the length of time the participants spent and the number of fixations and
visits they made on different areas of interest in the four tasks.

Table 52: Correlations between writing ability (T2) and eye-movement metrics of all AOls

First Fixation Total Fixation Visit Total visit Visit
fixation duration fixation count duration duration count
duration duration

E1-instruct .060 .076 .055 -.058 217

E1-line .282 .058 .029 .046 -.064 .035 .032
E1-bar -.039 115 .166 128 -.122 -.094 121
E1-writing -.275 -.122 .098 165 .045 272 -.065
E2-instruct = -.286 .078 .087 115 130 .054 -.061
E2-bar .208 -113 .198 275 213 .313 126
E2-pie -.085 -.045 .251 .31 .077 243 .269
E2-writing -.048 -.014 .063 A1 .228 .156 -.096
E3-instruct | .154 .072 161 .251 -.027 .237 .043
E3-line -.279 -.032 136 216 -.169 213 .281
E3-writing .000 -.004 .000 .094 -.004 .106 -.062
E4-instruct | .231 .097 .281 272 -.099 227 175
E4-table1 -272 -.058 -.035 -.006 -178 -.084 169
E4-table2 .086 -.098 153 .258 .108 .350 .392
E4-writing -.230 .011 .077 A71 -.007 .301 .049

*Correlation is significant at the 0.05 level (2-tailed).
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We ran another set of 105 correlational analysis (see Table 53), using T1 (IELTS Academic
Writing Task 1 that the participants did on paper) data. Again, we noted the majority of the
correlations were not statistically significant. There were only four significant correlations: E2-
instructions with first fixation duration (r=-.476), E2-bar with visit duration (r=.540), E2-bar with
total visit duration (r=.493), and E3-line with total visit duration (r=.504). The increase in the
number of significant correlations was anticipated because the analyses in Table 52 used T2,
which did not directly measure the participants’ performance in graph-based tasks, while the
analyses in Table 53 used T1 which was a graph-based task like E1, E2, E3 and E4.
However, it should be noted that the correlation between T1 and T2 was reasonably high
(r=.651, p.<.0005, see Table 8). It is also interesting to note that the majority of the
correlations in first fixation duration and fixation duration were negative (one was statistically
significant), which means that the higher a participant’s T1 test score, the shorter his first
fixation duration and the average of the duration of all fixations (i.e., fixation duration) on an
AOL.

In terms of the aggregated eye-movement data (i.e., total fixation duration, fixation count, visit
duration, total visit duration and visit count), there were more positive (n=56) than negative
(n=19) correlations, which means it is likely that the higher a participant’s English writing
ability as measured by T1, the more engaged he was with the task in the sense of longer time
and larger number of visits on a specific AOI. Three of these correlations were reasonably
high and reached significance level. Specifically, they indicated that the higher a participant’s
English writing ability as measured by T1 task, the longer his visit duration and total visit
duration on E2-bar, and the longer his total visit duration on E3-line.

Table 53: Correlations between writing ability (T1) and eye-movement metrics of all AOls

First Fixation Total Fixation Visit Total visit | Visit
fixation duration fixation count duration | duration count
duration duration

.043 .209 .155

E1-instruct : -.084 =179 -.049 -.014

E1-line .343 -.107 .153 178 .189 .249 .093
E1-bar -.393 -.053 .294 .360 131 .249 .387
E1-writing -.387 -.291 -.041 .098 .089 175 -.232
E2-instruct : -.476* -.202 =127 -.062 .100 .007 -.071
E2-bar .283 -.328 222 312 .540% 493 41

E2-pie -.353 -.365 197 .303 165 .341 .331

E2-writing -.072 -.287 -.161 -.095 .363 .044 -.398
E3-instruct .233 .003 145 .21 -.157 274 .248
E3-line -.273 -.090 .180 .278 .082 .504* .342

E3-writing .034 -.086 -.089 -.054 .048 .049 -.184
E4-instruct 17 -.216 .156 .225 -.042 .220 114

E4-table1 -.277 -.238 -.017 .035 119 115 .069
E4-table2 -.102 -.060 139 .198 139 .315 .243
E4-writing -.442 -.185 -.095 -.018 .257 .072 -.267

*Correlation is significant at the 0.05 level (2-tailed).

However, because T1 test score was still a kind of proxy of the participants’ actual
performance in E1, E2, E3 and E4 tasks, and also because T1 had significant correlations
only with E3 and E4 performance (see Table 8), it is important that we also analyse the
relationships between eye-movement data and the participants’ actual test performance in E1,
E2, E3 and E4 tasks separately. We conducted further 105 correlational analyses to
understand the relationships between the eye-movement data and E1 test scores for E1 task,
E2 test score for E2 task, E3 test score for E3 task and E4 test score for E4 task.
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As shown in Table 54, there were seven statistically significant correlations, an increase from
the analyses using T1 test score, as anticipated. These seven significant correlations were:
E1-instructions with first fixation duration (r=-.474) and with fixation duration (r=-.452), E1-line
with fixation duration (r=-.438), E1-writing with fixation duration (r=-.528), E2-instructions with
total visit duration (r=-.450), E3-line with total visit duration (r=.506), and E3-line with visit
count (r=.527). Similar to Table 53, there were a lot more negative correlations between test
score and first fixation duration and fixation duration; and four of them were reasonably high
and statistically significant. All the four significant correlations were in E1 task. The higher a
participant’s test score in E1, the shorter his first fixation duration on E1-instructions; and the
higher a participant’s test score in E1, the shorter his fixation duration on E1-instructions, E1-
line and E1-writing.

In terms of the aggregated eye-movement data, just over half of the correlations (38 out of
75) were negative, which was quite different from the analyses using T1 test score that
showed only 19 out 75 correlations were negative (see Table 53). Of all these 75 correlations,
only three were statistically significant, one negative and two positive. To be specific, the
higher a participant’s test score in E2, the shorter his total visit duration on E2-instructions;
and the higher a participant’s test score in E3, the longer his total visit duration and the larger
his visit count on E3-line.

Table 54: Correlations between writing ability (E1, E2, E3 and E4) and eye-movement metrics of all AOls

First Fixation Total Fixation Visit Total visit Visit
fixation duration fixation count duration duration count
duration duration

E1-instruct @ -474* -.452* -.405 -.319 -.131 -.366 -.198
E1-line -.083 -.438* .040 154 31 234 .209
E1-bar -.199 .095 .394 374 A17 .233 .344
E1-writing -.186 -.528* -.371 -.160 -118 -.248 .246
E2-instruct | -272 -.236 -.352 -412 -.162 -.450* -.300
E2-bar .168 -.290 21 .166 .255 79 .074
E2-pie -.049 -.245 .099 135 126 .066 .100
E2-writing .052 -.186 -.276 -.259 -.023 -.215 114
E3-instruct 114 -214 =122 -.092 -.364 -.260 .040
E3-line -.149 -.244 .062 247 -.079 .506* 527"
E3-writing 222 -.195 -.245 -.151 -.270 -.249 136
E4-instruct | -.280 -.139 -.182 -.190 -.341 -.381 -.314
E4-table1 - 114 -.181 -.030 .068 -.159 .049 .230
E4-table2 .046 -.100 -.006 .100 -.250 164 435
E4-writing -.317 -.248 -.099 .024 .060 .063 -.025

*Correlation is significant at the 0.05 level (2-tailed).

In summary, we conducted three sets of 105 correlational analyses (see Tables 52 to 54)
between the seven eye-movement metrics and T2, T1 and E1/E2/E3/E4 test scores
respectively. Overall, it was found that T2 had no significant correlation with any of the eye-
movement metrics, T1 had four significant correlations, and E1/E2/E3/E4 had seven. This
slight increase in the number of significant correlations was anticipated because T2 measured
the participants’ ability in writing an argumentative essay, T1 measured their

graph-based writing ability, and only E1/E2/E3/E4 test score was the participants’ actual
performance in the task concerned.

The vast majority of the correlations were not significant, which indicates that the participants’
English writing ability (or actual performance in the four tasks) did not seem to have a direct
impact on (or relationship with) how the participants dealt with the graphs, the task
instructions and the main textbox, in terms of their fixations and visits on an AOl. However,

it should be noted that the correlations between the participants’ English writing ability (or
actual performance in the four tasks) and the two metrics which measure duration of single
fixations (i.e., first fixation duration) and the average duration of single fixations (i.e., fixation
duration) seemed to be consistent across the board (see Tables 53 and 54).

<< www.ielts.org IELTS Research Reports Online Series 2017/2 65


http://www.ielts.org/

Almost all of these correlations were negative, with five of them statistically significant (one in
Table 53 and four in Table 54), which means that the higher a participant’s English writing
ability or test score, the shorter his first fixation duration and the average of fixation durations.

It should also be noted that the four significant correlations in Table 54 were all with E1 task,
including its three AQIs: instructions, one graph and textbox. Furthermore, as presented in
Table 54, E2-instruction was negatively and significantly correlated with E2-test score, in total
visit duration, which means that the high performers spent less time than low performers in
reading the task instructions. E3-line was positively and significantly correlated with E3-test
score, in both total visit duration and visit count, which means that the high performers spent
more time and made more visits on the line graph in E3.

Overall, this rather inconclusive, but dynamic picture suggests that whether a participant’s
English writing ability is significantly related to his eye-movement is dependent upon at least
four factors: the construct of English writing ability, the task features, the AOI of the task, and
the metric of eye-movement data. Further qualitative comparisons of the eye-movements of
high performers and low performers are equally valuable to shed light on the relationships
between writing ability and eye-movement. We report below the findings from the qualitative
analyses on the eye-movement of top and low performers in the first two minutes of the four
tasks.

4.8.2 Eye-movement: Qualitative analysis of a few examples of top
and poor performance

As an example, the following visualisations of the first two minutes of the tasks illustrate the
dynamics and uniqueness of eye-movements of the participants who achieved the highest
score and those who achieved the lowest score. Participant #8 (Figure 15) and Participant
#13 (Figure 16), the only two students who achieved the highest band score 7 in Task 1, both
focused predominantly on reading the instructions and graphs than writing their responses in
the main textbox; and both focused more on the bar graph than the line graph during the first
two minutes of the task.

The saccades between the three AOls demonstrated interesting differences between the
participants, though. As shown in Figure 15, Participant #8 seemed to have more saccades
between the instructions and the main textbox than between the instructions and the line
graph or between the instructions and the bar graph. The saccades pointing to the bottom of
the screen indicated that the participant was looking at the keyboard when he was entering
his response. The visualisation of the eye-movements of Participant #13 in Task 1 (Figure 16)
showed that there were a lot more saccades between the main textbox and the graphs, which
indicate that he was reading forward and backward between the textbox and the two graphs,
in a sharp contrast to Participant #8 whose saccades were mainly between the textbox and
the instructions (see Figure 15).

Figure 15: Visualisation of eye-movements of Participant #8 in the first two minutes of Task 1
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Figure 16: Visualisation of eye-movements of Participant #13 in the first two minutes of Task 1
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Unlike Participants #8 and #13 whose eye-movements demonstrated they were confident and
concentrative in what they were doing or looking for, Participant #27 who achieved the lowest
band score of 4 for this task looked less confident or concentrative. A number of his fixations
were even on blank space (see Figure 17).

Figure 17: Visualisation of eye-movements of Participant #27 in the first two minutes of Task 1
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In Task 2, Participants #8 (Figure 18) and #13 (Figure 19) both focused more on reading the
instructions and the graphs than writing their responses in the main textbox in the first two
minutes. However, Participant #13 seemed to be a lot more focused on writing in the textbox
than Participant #8. Furthermore, Participant #8 had a much smaller number of fixations on
the bar graph than on the pie chart; while Participant #13 had focused almost exclusively on
the bar graph with only three fixations on the pie chart.

Their saccades between the four AOIs (instructions, bar graph, pie chart and textbox for
writing) were distinctively different. The saccades of Participant #8 seemed to be equally
distributed between AOIs; while Participant #13 had much more frequent saccades between
the textbox and the bar graph. Participant #13 also had a lot more saccades between the
instructions and the bar graph than Participant #8. In this task, Participant #8 was the only
one who achieved a band score of 7; Participant #13 achieved 6.5, the second best.
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Figure 18: Visualisation of eye-movements of Participant #8 in the first two minutes of Task 2
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Participant #20 achieved the lowest band score of 4.5 in Task 2. The visualisation of his eye-
movements in the first two minutes (Figure 20) showed that he did not write anything in the
main textbox within that time frame.
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Figure 20: Visualisation of eye-movements of Participant #20 in the first two minutes of Task 2
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In Task 3, three participants (#18, #19, #31) achieved a band score of 7. The visualisations of
their eye-movements in the first two minutes are presented in Figures 21 to 23. The fixations
and saccades of Participant #18 in the first two minutes (Figure 21) seemed to be equally
distributed among the three AOQIs (instructions, line graph and textbox), while Participant #19
(Figure 22) focused more on reading the instructions and the line graph than on the textbox
for writing. Participant #19 also had the biggest number of fixations on the line graph than the
other two participants. Participants #31 (Figure 23) and #18 had a similar number of fixations
on the line graph, and they were also similar in terms of the areas of the line graph that they
fixated on; however, Participant #31 had a lot more fixations on the instructions and the
textbox than Participant #18 on these two AQls.

Figure 21: Visualisation of eye-movements of Participant #18 in the first two minutes of Task 3
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Figure 22: Visualisation of eye-movements of Participant #19 in the first two minutes of Task 3
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In Task 3, Participant #6 achieved the lowest band score (4.5), the visualisation of his eye-
movements in the first two minutes of the task is presented in Figure 24. Unlike Participant
#18 and #31 who achieved a band score of 7, Participant #6 had a large number of fixations
on the line graph, which looked similar to Participant #19 (Figure 22). However, Participants
#6 and #19 were not entirely the same in their focus on the line graph. Participant #19 had
only two fixations on the area where the lines diverged, while Participant #6 had a lot more
fixations on the same area.
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Figure 24: Visualisation of eye-movements of Participant #6 in the first two minutes of Task 3

In Task 4, two participants (#13, #31) achieved a band score of 7. The most noticeable
difference in these two participants’ eye-movements in the first two minutes was that
Participant #13 had a large number of fixations on the tables, especially table 1 (see Figure
25), compared to Participant #31 who had only 7 fixations on table 1 and none on table 2
(see Figure 26). When they were writing their responses in the main textbox, the saccades of
Participant #13 were mainly between table 1 and the main textbox. For Participant #31, the
saccades were mainly between the instructions and the main textbox.

Figure 25: Visualisation of eye-movements of Participant #13 in the first two minutes of Task 4
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Figure 26: Visualisation of eye-movements of Participant #31 in the first two minutes of Task 4
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In Task 4, Participant #10 had the lowest band score (4.5), and the visualisation of his eye-
movements in the first two minutes is presented in . Like the two successful participants
above (#13, and #31) in this task, he also focused more on the instructions and the tables
than on the main textbox. However, what differentiated them was that Participant #10 did not
write anything in the first two minutes, whereas Participants #13 and #31 both wrote about
one sentence. Participant #13 began to write at 1 minute 18 seconds after the start of the test,
and Participant #31 began to write at 56 seconds after the start of the test.

Figure 27: Visualisation of eye-movements of Participant #10 in the first two minutes of Task 4
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As shown in the figures above, it is evident that all these participants, regardless of their test
score, focused predominantly on reading the instructions and the graphs during the first two
minutes of the tasks, which corroborates the finding of our previous study that test-takers
would often spend the first 2-3 minutes reading instructions and graphs (see Appendix 1 for
the working model developed from the think-aloud data). The visualisations of the eye-
movements during the first two minutes also provide further evidence that the writing process
may not be linear. Test-takers would not necessarily wait until they have fully understood the
task instructions and graphs before they start writing.
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The visualisations of the eye-movements during the first two minutes demonstrate that
variations between the four tasks, between successful participants, between successful and
less successful participants, are noticeable. For example, Participant #31 in the first two
minutes of Task 3 seemed to have paid equal attention to reading the instructions and the
graphs and writing his response; while in Task 4, he began to write even without reading the
second table. The uniqueness of the eye-movements of every single participant, for different
tasks and at different stages of the tasks, shows the necessity for conducting qualitative
analysis of eye-movements to understand the “individuality” (Arndt, 1987) of each test-taker’s
writing process.

4.8.3 Stimulated recall interviews and focus-group discussions

In the stimulated recall interviews and focus-group discussions, 17 participants commented
explicitly on how their English writing ability might have affected their test-taking process and
to what extent the graph-based tasks measured their writing ability. Seven of them held the
view that IELTS AWT1 can measure their writing ability well (or writing ability is important for
successful performance) and 10 of them felt that AWT1 can measure their writing ability to
some degree, but not as well as IELTS AWT2.

The seven participants (#5, #6, #19, #22, #24, #28, and #29) highlighted the importance of
English writing ability in their performance in the graph-based tasks.

In my view, it can reflect my English language proficiency very well.
(RSN F R R i 1R B BE R R EoH 255 7K FHY) — Participant #5

| think it can really discriminate test-takers’ English language proficiency. If your English is
not good, you can only use a few empty sentences to describe the graphs, and that’s it,
you can’t write enough number of words; however, if your English is good, you can use
longer sentences to reach the number of words...So, I think it measures your English
language ability, because everyone seems to be able to understand the graphs, after all,
the graphs are not difficult to read.

EIENEEKENERERRAREX M. BSOS HEANERERREERR=RIIL
TDFEEWAT Y | BETE T, MR ESIRFMAGFHERRM4M | RIEFH
BEIREIERTE. . ERHEE , GuEERNE—R—IRAZREZER , X ERARISRIME
E, FELRRECIUERENE) - Participant #6

Even if the overall sentence structure is correct, some small errors in grammar or
expression can make the rater confused, so your writing ability does have great influence
on the grade your writing would receive.

(BN EDIERNONEERN  (EEEESE/\MIEBRNESEREE/ WA TIERIA

ERAILS B IR ARBRIX NREER A, ATUASIERENX T RIS RART) -
Participant #19

| think the influence is big; definitely it has influence, great influence. If your English
language proficiency is high, you can write quickly, the words and sentence structures
come as if running to you quickly for you to use. However, if your English language
proficiency is not high, you can only write slowly. | had many classmates; their English
language proficiency was not high, they had to translate then write, so their writing
process was slowed down.

EREREAN , BMENESTEEE , MEREXN , ENFEKESINETLISAR , 5/Y
1E , DEERINFE | BRI T, (BB LASRIZ. GNRAREGERY
ITASHILLRIE | GERERRESAFNE | SIFXKEARENS | tHiEhE—E , 85 , 14
THBMNHRIEER TR 1) — Participant #22

| think the determining factor for your test result is your language ability, regardless of
graph type or topic. You can still produce a good writing even if you are not familiar with
the topic, because you have good language ability, rich vocabulary and sentence structure
that will help make your writing full of ideas. It is possible that you did not know well this or

that topic; however, it is unlikely that a rater would mark down your writing that used very
good vocabulary and sentence structures simply because you did not know the topic.
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FBREH , MERRERE— AT XRSGINIEREES , FERHAKENER | R824
FEROER. WIRREE BRSO B REE] T — M R2MRE TRANER | (R
CFATFREINRE , XIXAER THRIE , (rsRFNEHkR. EARIUBEFEZEANREC
BRIRA | FENGE , INEREREH. TeeXMIRREIRA THRN , EREXYR
ARYRIFRORICE , ARFEE , FEMNZAR | BARXANRIRIA TS (RREN
43) — Participant #24

| also think that this is highly related to vocabulary size and grammatical knowledge.

For example, we may be at the same level of analytical skills; however, someone may

be good at writing, good at expressing himself, he would be able to spend less time and
efforts in figuring out what words to use and how to punctuate. However, another person
who is not good at writing will have to go through a strenuous process: understanding the
source information, thinking about what words to use and at the same time worrying about
if the rater will be pleased with the simple sentences he has written. This kind of influence
is big, negative influence...Someone who is good at expressing himself is able to write an
extended paragraph even about a stone or an egg. On the contrary, someone who is not
good at writing won't be able to describe a colourful scene, because, very likely, he does

not have the vocabulary to describe the colourful scene...Sometimes, someone may know

very clearly what to write in Chinese, but he can’t write them down in English.
FEREMERCEMEERBEERARIKRR , GEEAHALL , 2T IEIDA
FIBENAZRE—HF |, (BRNFUMBRIABESEANE |, AT LIERE LRSS OR | FF-
¥k, AR, AAFEISRRIZRIAREN RERANE( RS DD HTER —DEEFAIZ B4
PRI FAIIS | AENSBOECHETAREE , AEHILEEREN , XL,
BERIASLLIEK |, SHESA. . URBRIAREEANE | EXR—RALEE ISR
LIBH—KEIE | (BRARERIARENSHNERAME N FESHHIRE | TJaettEE/uiE
CHNEZ | TJeEtiEARHERISEY. . iR , BLAFRRFIRHRLRMREHT , it
At BSGH | RIEEEARE | (BEEHES LK) - Participant #28

Test preparation course is useful; it can help you reach a certain level, but not massively.
It is still your English language proficiency that matters. A template can help you to have
an overall structure for your writing, but what you write and how you write is still very much
dependent on your language ability.

FERW)G—ERERN , MSBREIA— , EEREEAREESEE. 1S
MURFRIRORAZEN |, ZOEKFEXER. .. ATRERHRERER(RAIKF. OV R RET—
MER , REBHAEAE | AEIEHERERRAIIXR) - Participant #29

Ten participants commented that the graph-based writing tasks measured not only their
English writing ability but also their ability in reading, analysing and summarising information
presented in graphs. AWT1 was considered less capable of measuring writing ability than the
second task in IELTS. The less flexible overall structure and the limited number of words that
test-takers can use or are required to use were considered as the two major factors that
made the tasks highly coachable and, therefore, less capable of measuring writing ability due
to the intensive preparation that the majority of the test-takers would normally do. Two of the

participants thought IELTS AWT1 was like bagiwén'® (/(#£X) in Chinese imperial

examinations, because of their shared characteristics of rigid overall structure and limited
number of words. Below, we present all the comments from the 10 participants.

We have done four graph-based writing tasks which looked very similar to me. | don’t
think they can really reflect our writing ability; it measures our ability in summarising and
analysing the information more than our ability in writing...Furthermore, in fact, you can
prepare for the words and sentence structures that you can use in the graph-based writing
tasks; it is like a fill-in-a-blank task...I think the graph-based writing task is less capable of
measuring our writing ability than IELTS Writing Task 2, as it measures our ability in
analysing and summarising information.

(MEFKGSEGIXME , BT EESENNERE , XL, RECHSTH , CrIEEHE
RAFEIFRERUE , FLUFOANERRREBRI—NANSIEKT | BRI SHIZE
PW—REDHHIRES. . AECESHER | EREE— NaiLNEE 98XE
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10. Literally translated as
eight-legged essay, it
was formulated around
an artificial, rigid structure
of eight legs or sections:
opening, amplification,
preliminary exposition,
initial argument, central
argument, latter
argument, final argument,
and conclusion. There
were also strict limits on
the number of words and
sentences that the
examinees could write in
each leg/section to insert
their knowledge about
the Four Books and

Five Classics (see
https://en.wikipedia.org/
wiki/Eight-legged essay)
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HERELTETRG , KEEXNE—HD  EREMEXMER. HRSCtitask2sk
NEIS—R , ENTTEGERENERES—R) - Participant #1

| think the graph-based writing tasks can only measure your writing ability to a small
extent, because there is a kind of template that you can follow.

(BERXMEREN , BIEKFER | LB | IR TAKERE , i — M EBTARY)
— Participant #7

It is not as well as the second task of IELTS test that the first task can measure your
writing ability, since it mainly measures your ability in describing graphs. In this sense, the
two types of tasks are different. Furthermore, I think you can improve your performance
after a short period of training because there are certain words and templates that you can
use in your writing no matter what graphs are used in the task; and in fact, the number of
words and templates that you need to grasp are not big.

FRRBBE_APORME CEIERISIFEN | IRBPAEM , XFTEZHIERIE CiiAIXM
RISHIREN. BEHL  FF. FLREEEREXARY , MERESXMBEIT—RATE
89145, REULUEMERSH  BEACAEXNEEEATREE , skt , AEREER
BHRXMERANEGCRAST  #EET  MEXNEBARRK) - Participant #9

| feel IELTS AWTT1 is like baguweén. If you know the words, e.g., connectors, you can put
these words into something like a template, the writing is done. | read some writings that
were awarded 7; they did not use complex words, there were just common words used in
these writings. All you need to do is to put the words into a template, your writing is done.

(REEIERRask  11RE/\RXAKE , METH , (RREZERE 7IEREAINX L Z K47
REMERIEECEHRE  EQ—F  —Fri5E=T. BEMERTSIEL , EXLgHA
YERDIENC , MEEEANEL | ARTERRIFMEIEEYTF  HEESMIELE
HEA F—R#e LS5 7) — Participant #16

| think the second writing task of IELTS can better discriminate test-takers’ writing ability.
| don’t think the first writing task has a good discrimination power.
EREAESIELURBEX SRR | HSIMESXHAKEEX D F) -
Participant #17

| don't think it can discriminate test-takers’ English language proficiency very well,
especially when we can all say something about the graphs...Those people who are good
at writing academic papers are also good at describing graphs because the graph-based
writing tasks measure your ability in reading and analysing data in the graphs.

FEECHRRRIHE , RIS RANEN RSBk RS EARES. ..
BB ARF OBt EIFHNASIRIERK SHRLER , AATENIBERINEERN
BehaE REUESITHIEES) — Participant #18

It is possible that those who can write academic papers well (in Chinese) are also good at
describing the graphs if his English language ability is OK...It may also be related to what
subject you're studying...students in arts and social sciences may be doing literature-
based research or essays, their scientific reasoning skills are probably not trained to a
good extent.

(TEERRRIFIC X SR RIFAIA S EREB L EYFIE, WIRAAIEERE I thokaydNiE. . 3K
WEBWHAREEXRER, . GXRENTUER HR M — L FHEA I EERHAR |
PRERSIXFB IR RUERE D ESHEREMRARIERIE) — Participant #27

| was very much constrained by ..., it was a pretty painful process to write. | mean,

| wanted to say something, but | couldn’t figure out how to express myself in English, so
| felt | was constrained by my own English writing ability...The weaker students may just
copy the sentences from the task instructions as the first sentences in their own writing;
however, someone with better language ability would use a different sentence structure
and paraphrase the sentences with different words. Although the overall structure of the
writing may be somewhat fixed, the final product still depends on the person...The first
sentence may look similar, but the rest is different from person to person.
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If one person used a template he has memorised, his writing would be monotonous; there
would be no change in words or sentence structures from the template; and if another
person can make some adjustment in vocabulary and grammar, you should be able to see
the differences between the two writings. However, overall, there isn’t much difference
between our writings, because the overall structure is fixed and we are only allowed to
write 150 words, though differences do lie in the details.

FERTERASHIHBAREZR. . A5FXHRERES. MEFRERA—ER, B
BERNHEHENZ EAR , FUXEFEERIETEZE CSFRIRIREIRY. . BIELaIM
FOIEEHXNERER T HAMNA |, RGN E—RNARSIERT ERaFD
Tk, MiENE | ERNRENHMF—REESsRE— MR | ARERITEERET
—8 | BUEWRSKIR BAMAIEZRRETFEHY | (EREEAIFIREEEEAN. . BLEE—a
ERERN , FENE—G , 8RR AARNRNBESA . MESWAERH |
AN —PACLERRERKS | TR, iRFiCEAE , 9t ,
SO BRI NN | ERRRIC N |, S A—RIEEREERR , MR
ERERREMNEEE AR, IMEMANERTSHIMEEENSREIK , FREEHRR
B150F , MEAEDHERERT T |, (BEERA LK AP SRR REERSE LX) -
Participant #31

| don'’t think there is a great influence of my English writing ability. If your grammar is OK
and you know the pile of words that you can use in different tasks, that’s about it, because
it is quite easy to insert the connectors in your writing as there aren’t any complicated
relationships...After you've done certain preparation, the influence of writing ability on test
performance becomes limited...If you remember the common words to describe graphs
and do some practice, | think, | mean there isn’t much room for you to go beyond this in
your writing.

EIELAKRENN , HEERSRIMEEMRIEokay A EALE , RTINS , RS
BRLISEIRIENEAMEERTY 7 AMEAZ TIE. EAGSIFE |, GATE+ARTERRIE
ERREBENE , REXEERBREMTAE T/ B —EXRH2N. . SEEESE—
SAMEHEHISESE R LA |, RS0 L ERASRA.  SEMREAER
EUREFREIRTERFMARERIA | FPICELEE | AERGREA—T , RREHE  BNER

MR RIENTEIRBE5%) — Participant #32

| agree with [Participant #16] that AWT1 is like bagtwén. Clearly it has three sections. In
the first section, you need to describe the topic of the graph; in the second section, you
describe in detail the changes and the trends, and in the third section, you draw a
conclusion. Furthermore, the vocabulary you use in one task can be used in another task.
They are words like rise, go up, etc., especially for describing line graphs. What words you
use are fixed, therefore, it is very easy to follow a template or model writing. Does it reflect
our writing ability? | think it measures more of our reading ability than writing ability,
because we first of all have to understand the graph and do the analysis...Therefore,
AWTT reflects not only your writing ability, but more importantly, your reading ability .

(USRI [Participant #16] FMjthY , BRUE/ \BRSHIZZ | BRBBERI=FRICH ,
HEF—REREEHM4  FRHRRFIEACX N RWES | BBLAR=RHERE
ERMMNEFRIFE SO — S, X2  REEEEAIBMMEICESRFE | pliirise
go upHIAERRR , $5BIRITEE , BRIBFMNAICERRILRERER , BRAFEFEN

B2 —MEARAMEY. BEMEERRERERIR— P ARNSIEKT , RS ERMESH
BRI  EAREAEREIEEREE B, . LTS
Task 1ERBAINMUNZIFEIFRIBENEES RNRERBURIIEIIRES) — Participant #33
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5 Conclusion

This study investigated test-takers’ cognitive processes when doing IELTS AWT1 tasks.

To be specific, the four research questions aimed to identify: (1) the overall patterns of test-
takers’ cognitive processes; (2) the extent to which their cognitive processes were affected by
the use of different graphs in the tasks; (3) the relationship between test-takers’ graph
familiarity and test-taking cognitive processes; and (4) the relationship between test-takers’
English writing ability and test-taking cognitive processes.

5.1  RQ1: The overall patterns of test-takers’ cognitive
processes

The quantitative eye-movement data showed that test-takers did not follow a linear sequence
from reading task instructions, to reading graphs and entering responses, although it was
very clear that the first AOI that the majority of the participants read was the task instructions
which were apparently at the beginning of each task. Task instructions had the longer first
fixation duration across the four tasks, although not significantly longer than the rest of the
AOQIs which had very similar first fixation duration. In terms of fixation duration which
measures the average of all single fixations on an AOI, the participants spent a similar length
of time on the two non-graph AOIs (i.e., the task instructions and textbox for writing) in a task,
and also a similar length of time on the two graph AOIs (excluding Task 3 which had only one
graph). On average, the participants had significantly longer fixation duration on the non-
graph than the graph AQIs. In terms of visit duration, the participants on average spent more
time on the textbox, followed by the task instructions (which were about %% of visit duration on
textbox) and then the graph AQOIs. In both fixation duration and visit duration, non-graph AOlIs
were significantly longer than the graph AOls.

The aggregated data of fixations and visits (i.e., total fixation duration and total visit duration
respectively) demonstrated with ample evidence that IELTS AWT1 is predominantly a writing
task. About 63-68% of total fixation duration was on writing, 18—26% on reading the graphs
and 9-15% on reading the task instructions. Similarly, about 68—75% of total visit duration
was on writing, 16—26% on reading the graphs and 6—9% on reading the task instructions.
As total visit duration is closer than total fixation duration to the full length of time that the
participants actually spent on an AQlI, it is safe to say that, on average, the participants spent
less than 10% of their time on reading the task instructions, around 20% on reading the
graphs and nearly 70% of their time focusing on writing.

It should also be noted that there were some small variations between the four tasks. For
example, in Task 1, 75.4% of total visit duration was on writing, while it was 72.8% in Task 2,
67.8% in Task 3 and 69.3% in Task 4. Similarly, the participants’ total visit duration on the
graphs also varied slightly between tasks: 15.5% in Task 1, 18.3% in Task 2, 25.9% in Task 3
and 21.4% in Task 4. The total visit duration on task instructions also varied: in Task 1, it was
9.1%, while it was 8.8% in Task 2, 6.3% in Task 3 and 9.4% in Task 4 (see Figure 12).

It is evident that the participants spent less time in total (as shown in total visit duration) on
the task instructions than on the graphs, but their fixation duration and visit duration (which
report the average of fixations and visits respectively) on the task instructions were much
longer than on the graphs.

The quantitative eye-movement data showed clearly the overall, though much simplified,
pattern of test-takers’ cognitive processes when completing the graph-based writing tasks.
The qualitative analysis of the visualisations of eye-movements (fixations, visits and
saccades) offered another equally important perspective to understand the test-taking
cognitive processes. A much richer picture of how each participant dealt with the graph-based
writing tasks emerged from our qualitative analysis of eye-movements.
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5.2 RQ2: The extent to which their cognitive processes
were affected by the use of different graphs in the tasks

With regard to the second question on the effects of graph features on test-taking cognitive
processes, the eye-movement metrics reporting single fixations (i.e., first fixation duration,
fixation duration) showed little difference between graphs. However, the eye-movement
metrics reporting aggregated data of fixations (i.e., total fixation duration, fixation count, visit
duration, total visit duration and visit count) demonstrated statistically significant differences
between graphs, both within a task and between tasks. In other words, the impacts of graphs
on single fixations and visits were almost negligible; however, these minor impacts were
accumulated gradually during the 20-minute test period to a point that they became
statistically significant.

The interviews and focus-group discussions offered further insights into how the participants
dealt with the different types of graphs. In essence, these participants made very similar
observations as the participants in Yu et al. (2011). They had a clear understanding about the
“cognitive naturalness” (Zacks & Tversky, 1999) and perceptual properties of different types
of graphs and how they should follow the cognitive conventions to process the graphs and
present their comprehension of the graphs in their writings, which in turn affected their
preference towards certain types of graphs, as well as their judgement about the difficulty
level of tasks. The line graph, pie chart and bar graph were considered easier (though not
equally among the three types of graphs themselves) than the statistical table because the
key messages in the former three types were more readily identifiable and useable than the
information in a statistical table.

Another important factor that affected their test-taking process was the amount of information
available in the graphs. The amount of information could mean the number of graphs (e.g.,
one or two) in a task, as well as the amount of information contained in a single graph (e.g.,
a simple line graph vs. a line graph with multiple lines and trends, a simple line graph vs. a
complex statistical table). The participants seemed to have different experiences in coping
with the amount of information in a task. Some participants found that a large amount of
information in a task made the task easier because they felt they had plenty to write about;
while for others, the large amount of information made the task more challenging because
they had to make decisions on which information was more important and whether it should
be included in their writing and they had to figure out by themselves the relationships between
two graphs if there were two graphs in a task. Overall, the impacts of graph features on the
participants’ eye-movements seemed to be the largest among all the factors that this
research investigated (the other two factors being the participants’ English writing ability and
graph familiarity).

5.3 RQa3: The relationship between test-takers’ graph
familiarity and test-taking cognitive processes

To address the third research question about the impacts of graph familiarity on test-taking
processes, we conducted a series of correlational analyses. It was found that only two out of
105 correlations were statistically significant. The two significant negative correlations were
with first fixation duration on E2-bar and E3-writing, which means that the higher a
participant’s graph familiarity, the shorter his first fixation duration on E2-bar and E3-writing.
However, as we discussed earlier, first fixation duration presents only the information of a
single fixation and, therefore, may not be as sensitive or useful as the metrics reporting the
aggregated data of eye-movements (e.g., total fixation duration and total visit duration) to
identify the accumulated impacts of graph familiarity on test-taking process.

The largely non-significant correlations between eye-movement metrics and graph familiarity
were in line with the findings from the analysis of the stimulated interviews and focus-group
discussions, as well as the participants’ self-assessment on the potential impacts of their
graph familiarity on test performance (see Section 4.2 for the findings from the graphicacy
questionnaire data). According to the data of stimulated interviews and focus-group
discussions, a number of participants thought their graph familiarity had only minor or no
effect on their test-taking process, as they were sufficiently capable of comprehending the
graphs used in this project.
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Like the participants in Yu et al. (2011), a number of them also thought that the effects of their
graph familiarity were more on their feelings (e.g., confidence vs. anxiety, at the beginning of
a test when they first saw the graphs) than on the whole test-taking process or their test
results. While lack of graph familiarity would not have detrimental impacts of test-taking
process or performance, high familiarity with certain types of graphs was considered to be
capable of facilitating more successful and smooth test-taking process (see also Section 4.6
on the impacts of graph features on eye-movements).

5.4 RQ4: The relationship between test-takers’ English writing
ability and test-taking cognitive processes

The last research question examined the relationship between test-takers’ English writing
ability and their cognitive processes involved in the graph-based writing tasks. We looked at
315 correlations between the participants’ English writing ability and the seven metrics of the
participants’ eye-movements. Overall, only a very small number of significant correlations
were observed, which indicates that the participants’ English writing ability on the whole did
not seem to have a direct impact on their eye-movements; or to put in another way, there did
not seem to be significant correlations between a participant’s English writing ability and his
eye-movements on the various AOlIs (task instructions, graphs and the textbox for writing).
Furthermore, there does not seem to be any easily observable pattern in the small number of
statistically significant correlations either; which correlation is significant or not remains rather
unpredictable. However, there was one noticeable consistency in the sets of correlations,
though largely not statistically significant. The participants’ English writing ability or
performance was found consistently negatively correlated with first fixation duration and
fixation duration. In a nutshell, our correlational analysis suggests that the relationships
between the participants’ English writing ability and their eye-movements are rather
inconclusive.

Our further qualitative analysis of the eye-movements of high performers and low performers
during the first two minutes of the four tasks provided further evidence on the inconclusive
relationships between writing ability and eye-movement metrics. There were highly noticeable
differences in eye-movements in different tasks, at different stages of the tasks and on
different AOls in a task, between successful and less successful participants, but equally so,
between successful participants as well as between less successful participants.

The stimulated recall interviews and focus-group discussions indicated that the participants
were rather divided in their views on the relationships between their English writing ability and
their test-taking processes. Just over half of those who explicitly commented on such
relationships thought that successful performance of IELTS AWT1 tasks were dependent,
not only on their English writing ability, but also on their ability in reading, analysing and
summarising both the textual and graph information. A number of participants also
commented that the rigid overall structure of AWT1 writing and the predictable nature of
graphs and the associated cognitive conventions of graph comprehension and presentation
(see Section 4.6) made AWT1 tasks highly coachable and mouldable in the sense that test-
takers can easily memorise a limited number of vocabulary, sentence structures and even
model writings or templates during test preparation and use them in slightly modified forms in
their AWT1 writings (see also Yu et al. 2011).

5.5 Further research and analyses

The findings to the four research questions present some glimpses into the complex nature

of the IELTS AWT1 tasks, and the dynamic interplays between test-taker characteristics

(e.g., graph familiarity, English writing ability) and task features (e.g., different types of graphs,
amount of information contained in a graph, and the relationships between task instructions,
graphs and the textbox as the three major components of a task). Methodologically, this
research demonstrates the great potential of using eye-movement data to examine test-taking
process.
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A number of further analyses of the quantitative eye-movement data could be conducted to
make more use of the recorded eye-movement data, for example:

e We could define more fine-tuned AOlIs for task instructions and graphs and analyse the
eye-movement metrics of the new AOIs and groups of AQls. For instance, the task
instructions could be defined in four AQls in the order of: (i) the first sentence of the task
instructions (“You should spend about 20 minutes on this task”), (ii) the sentence
describing the content of the graph(s), (iii) “Summarise the information by selecting and
reporting the main features, and make comparisons where relevant’, and (iv) “Write at
least 150 words”. Each graph could have three fine-tuned AOls, namely, the graph'’s title,
the graph itself, and the legends used (if any). The analysis based on the eye-movement
metrics of the fine-tuned AOIs and AOI groups could provide further information on how
each component of the task instructions and graphs activated the test-takers’ attention
and which component might have caused any problem for the test-takers. Findings from
this kind of detailed analysis would provide more useful diagnostic information for test-
takers and their tutors in test preparation courses.

¢ As we noticed that the relationship between English writing ability and eye-movement
metrics may not be linear, so it would be interesting to conduct further statistical analysis
to understand the extent to which the effects of English writing ability on eye-movement
varied at different stages of the test, e.g., during the first two minutes when test-takers
would normally focus on reading the task instructions and graphs, and during the last two
minutes when test-takers tend to self-evaluate their writings (see Appendix 1).
Furthermore, we could conduct the correlational analysis using IELTS four sub-scores
(task achievement, coherence and cohesion, lexical resource, grammatical range and
accuracy) instead of the overall grade to understand the relationships between the
different sub-skills in English writing ability and eye-movement metrics.

¢ In the same vein, we could do segment-based analysis. For example, we could divide the
20-minute recording into 10 segments, with two minutes each. The eye-movement metrics
would be based on each segment, instead of the whole recording of 20 minutes; this
would give us a clearer picture of what happened at a particular point of time during the
test. All the quantitative analyses we have conducted already and the two types of
analyses we suggested above could use the eye-movement metrics based on the
segments.

As we reported in Sections 4.5.10 and 4.8.2, the qualitative analysis of the visualisations of
the eye-movements is another important window into understanding test-takers’ cognitive
processes. The comparative analysis of the eye-movements during the first two minutes of
successful and less successful participants confirmed the value of such qualitative analyses.
The eye-movement metrics evidenced that the participants spent more time in writing than
reading the task instructions or graphs. In this research, the writing tasks were presented as
a “screen recording” element in Tobii Studio, the participants’ whole test-taking process
including their every single activity on the screen (e.g., key stroke, mouse click, and pause)
was recorded. Systematic qualitative analysis of the participants’ composing process (e.g.,
their decisions in vocabulary, spelling, grammar and sentence structure, pausing, revision
and information-searching behaviours, and their interactions with and use of different
components of task prompt) would provide further insights into test-takers’ cognitive
processes.

However, we are also acutely aware of the limit of eye-mind hypothesis (Anderson, et al.,
2004). Which AQI a participant reads, for how long, how many times and how often he fixates
on and visits that AOI are only one manifestation of his cognitive process. It is possible that
two participants may spend exactly the same length of time on an AOI and make the same
number of visits to the AOI, and they may have exactly the same statistics of all the eye-
movement metrics but what they get out of reading or fixating on the AOI could be very
different, and what they are thinking could be different too; and these differences may not

be manifested in the eye-movement metrics.

We conclude this report by arguing for collecting more empirical data from different sources
and larger number of participants, and more qualitative analysis of the visualisations of eye-
movement data. It is the dynamics and the idiosyncratic nature of each participant’s eye-
movements in different tasks, at different stage of the tasks, on different AQls in a task, and
on different sub-components of an AOI that warrant further detailed qualitative analysis for the
purposes of theory building and test validation.
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Appendix 1: A working model of cognitive
processes for taking IELTS AWT1 tasks
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Appendix 2: Open invitation letter for participation

To: All full-time undergraduate and postgraduate students
Zhejiang University

Hangzhou, Zhejiang

People’s Republic of China

23 September 2013
Dear Student,
If you will take IELTS (Academic) test in the future, please read on.

I’'m writing to invite you to participate in a research project funded by British Council, and
carried out jointly by University of Bristol and Zhejiang University. This project aims to gain
better understanding of the cognitive processes of taking IELTS Academic Writing Task 1
(AWT1). As a token of our appreciation, we will pay you £20 as honorarium for your
participation; in addition, we provide you with the opportunity to assess your English writing
ability.

If you are interested, please respond to the survey (https://www.survey.bris.ac.uk/gsoel/ielts)
by providing some basic personal information (as shown in the table below) by 18 October.
At this stage, your expression of interest in participation is non-obligatory: which means that it
does not guarantee that you will be offered a place on the one hand because the number of
participants to be invited is very limited due to the nature of this research project, and you
have the right to withdraw from the project any time if so you wish on the other hand.
However, if you are selected, we do hope you will stay with us until the end of the project to
maximise your learning benefits.

We aim to email you the outcomes by 20 October. If you are selected, you will be fully
informed of the research procedures then. We plan to conduct this research at Zhejiang
University late October-early November 2013.

We abide by the Data Protection Act (1998) and the ethical research guidelines of the
International Language Testing Association and British Association for Applied Linguistics.
All data collected for this research will be anonymised and used solely for this research.
Meanwhile, if you have got any question, please don't hesitate to contact me.

Yours sincerely,
Yu Guoxing, PhD
Director of the CogPro-2 Project

Name Q Faculty, Undergraduate Year Have If yes, When Contact
2 Department, or postgraduate | Group | you what do you Tel.
g Specialism taken are your | planto number
IELTS IELTS take
test? scores IELTS?

Email
Address
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Appendix 3: Consent form

Dear Participant,

Thank you for agreeing to participate in the CogPro-2 research project funded by British
Council and carried out by the consultants from University of Bristol and Zhejiang University
in October—November 2013. This project aims to gain better understanding of IELTS
Academic Writing Task 1 (AWT1) that uses graphs as test prompts. The data collection for
this research would involve three sessions:

e Session1: you will take IELTS Academic Writing Tasks 1 and 2 under normal examination
conditions, and then answer a questionnaire about your graph familiarity and experience,
and another questionnaire about your computer familiarity and experience.

e Session 2: you will take three IELTS AWT1 tasks, with your eye-movements recorded,
and then be interviewed on a one-to-one basis on how you took the AWT1 tasks.

e Session 3: you will take part in a focus-group discussion with peers on test-takers
cognitive processes.

The interviews and focus-group discussions will be recorded.

As a potential IELTS test-taker, you will benefit from participating in this research. Your
participation is voluntary. You have the right to withdraw your participation any time if so you
wish without any consequences, but we would like to encourage you to work your best until
the end of the project to maximise your learning benefits. As a token of our appreciation, we
will pay you £20 as honorarium for your participation.

We would like to ask for your consent formally, following the ethical guidelines of International
Language Testing Association (www.iltaonline.com) and British Association for Applied
Linguistics (www.baal.org.uk). All data collected for this research will be anonymised and
used solely for this research in a fair and respectful manner, in its report and subsequent
academic publications and disseminations. Your data will be protected in accordance with the
Data Protection Act (1998).

We would be grateful if you could read this consent form carefully and sign below, and
indicate how you would like your contribution to be acknowledged in the research report and
any subsequent publications and disseminations based on this.

Your Chinese name [in print] Signature Date

e Please select either A or B for acknowledgement of your contribution to this research.
e | would like acknowledgement and thanks expressed generically, i.e. to the students at

Zhejiang University. OR [please tick here
¢ | would like acknowledgement and thanks expressed to mention me explicitly, i.e. to the
students at Zhejiang University including (my name). [please tick here ]

If you have any queries about the CogPro-2 project or this consent form, please get in touch.
Best wishes

YU Guoxing, PhD
Director of CogPro-2 Project,
University of Bristol
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Appendix 4: Academic Writing Task 1 (Stage 1)

You should spend about 20 minutes on this task.

The following graph shows the total UK greenhouse gas (GHG) emissions between
1990 and 2003 in comparison to 1990 as 100 in different end users.

Summarise the information by selecting and reporting the main features, and make
comparisons where relevant.

Write at least 150 words.

1920=100

155

145

135

125

115

105

25

g5

75

65

Manufacturing

Electricity, gas and water supply

1930 1931 1992 1993 1994 1395 1996 1997 1393 1393 2000 2001 2002 2003

Appendix 5: Independent writing task (Stage 1)

You should spend about 40 minutes on this task.

Write about the following topic:

Once children start school, the teachers would have more influence on their intellectual and

social development than parents.

To what extent do you agree or disagree?

Give reasons for your answer and include any relevant examples from your own knowledge

or experience.

Write at least 250 words.
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Appendix 6: Graphicacy questionnaire

This questionnaire will collect your personal information and your experience, familiarity and
understanding of graphs including bar, line, chart, diagram, and table with numerical data

(BXR. #=5mitE. HFFEIFRE. ~=2E. HEES). You are asked to provide ONE
answer by ticking the relevant box or filling the blank which describes best your OWN
situation. Please answer them independently and honestly. There are no right or wrong
answers.

For example: Male [V]
If you don’t fully understand a question, please ask the researcher for an explanation.

Personal information

1. Your contact mobile phone number

2 Your email address (Please print)
3. Your CHINESE Name (Please print)
4 Gender: Male[ ] Female[ ]

Questions on your graphicacy

Below are several statements concerning your experience, familiarity and preference in using
graphs including bar, line, chart, diagram, and table with numerical data

(B, B=mitE. BEmitRg. =28, REES). Six examples of these graphs are
given below. We will use GRAPHS as a generic term covering all these different types of
graphs in this questionnaire, so your answer should reflect the AVERAGE of using these
different types of graphs, unless otherwise stated in the question.

25

ESTIMATED U.S. POWER "
CONSUMPTION BY SOURCE

(Quadrilion BTUs)

B coaL
PETROLEUM
Il NATURAL GAS
E] NUCLEAR POWER
Il HYDROPOWER

@ men
B women

Temperatures in Northern and Southern Africa

Temperatures at noon in Johannesburg and Alexandria 8 Zhejiang_
Degrees (C) {Average for each month.) 8 Shanghai
O Beijing
a5
O Other
55 /_/,O-—-—-Cl\\
. D/{)/‘—'
20 77}{ / c\’
¢ \\H—/
15
10
5 o _an
—O— Alexandria
0 . . - . . . .
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Countries Packaging
Tonnes exported in bags Tonnes exported in containers
China 652 2001
India 4361 5002
New Zealand 82 44032

A-Level
“7 Graduates

Exceptional
Students

Borderline
Cases

2003 | 2004"

National Exam (GCE A-Levels) 75% | 65%

Reasoning Test 250% | 25%

Project Work - 10%
Co-Curricular Activities Bonus |Bonus

| |
lnlervielwsltesls for ‘ ‘ lnlervielws an.d other ‘
certain courses considerations

L. L. ' * Dats for
( Admission Decision inteodction of

QUESTIONS START HERE

Please tick ONE number which best describes your own situation. There is no right or wrong

answer.

Never - Very often

. | use a special computer software to produce graphs.

(1] [2] [3] [4] [5] [6]

. As part of my academic study, | need to produce graphs.

(1] [2] [3] [4] [5] [6]

. As part of my academic study, | need to describe and interpret graphs.

(1] [2] [3] [4] [5] [6]

. I read graphs in popular press (e.g. magazines, newspapers).

(1] [2] [3] [4] [5] [6]

OO |N|O |,

. When | read a graph, | try to identify the main trend or the overall pattern
of the data that the graph presents.

(11 [2] [3] [4] [3] [6]

10. When | read a graph, | try to think about the possible underlying reasons
for the main trend or the overall pattern of the data the graph presents.

(1] [2] [3] [4] [3] [6]

11. When | read a graph, | tend to study the details presented in the graph.

(1] [2] [3] [4] [5] [6]

12. When | encounter a graph in a text in popular press (e.g. magazines,
newspapers), | tend to ignore/skip it.

(11 [2] [3] [4] [3] [6]

13. When | encounter a graph in an academic paper in my field, | tend to
ignore/skip it.

(1] [2] [3] [4] [3] [6]

Strongly dis

agree - Strongly agree

14. | am familiar with reading bar graphs.

(1] [2] [3] [4] [5] [6]

15. | am familiar with reading line graphs.

(1] [2] [3] [4] [5] [6]

16. | am familiar with reading pie charts.

(1] [2] [3] [4] [5] [6]

17. 1 am familiar with reading diagrams representing a process.

(1] [2] [3] [4] [5] [6]

18. | am familiar with reading tables with numerical data.

(1] [2] [3] [4] [5] [6]

19. | can notice errors or misinterpretations in graphs presented in
popular press.

(1] [2] [3] [4] [3] [6]

20. | can notice errors or misinterpretations in graphs presented in
academic papers in my field.

(1] [2] [3] [4] [3] [6]
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Strongly disagree -> Strongly agree

21. | can recognise the different components of a graph (e.g. X and Y axes, [1] [2] [3] [4] [5] [6]
legends, colours).

22. | can understand how the different components of a graph (e.g. Xand Y [1] [2] [3] [4] [5] [6]
axes, legends, colours) are combined to represent the data.

23. | can understand the relationships between a graph and the numerical [1] [2] [3] [4] [5] [6]
data it represents.

24 | can identify the relationships or the patterns displayed in one graph. [11 [2] [3] [4] [5] [6]

25. | can identify the relationships or the patterns displayed in a few graphs [1]1 [2] [3] [4] [5] [6]
about one similar theme.

26. | can tell when one type of graph is a better representation of the data [1]1 [2] [3] [4] [5] [6]
than another.

27. | can identify a poorly constructed graph. [11 [2] [3] [4] [5] [6]

28. | can revise and improve a poorly constructed graph. [1]1 [2] [3] [4] [5] [6]

29. | can describe the general trend or overall pattern of a graph in words. [1] [2] [3] [4] [5] [6]

30. | can produce a graph to describe/convey the general trend or overall [11 [2] [3] [4] [5] [6]
pattern of numerical data.

31. | find graphs useful to vividly represent the numerical data. [11 [2] [3] [4] [5] [6]

32. | find graphs helpful for me to remember the key information contained [1] [2] [3] [4] [5] [6]
in the numerical data.

33. Graphs are a waste of space in a text. [11 [2] [3] [4] [5] [6]

34. | am concerned that | cannot fully demonstrate my writing ability in IELTS [11 [2] [3] [4] [5] [6]
Academic Writing Task 1 because | am not good at describing graphs.

35. I may do better in IELTS Academic Writing Task 1 using familiar graphs [11 [2] [3] [4] [5] [6]
than unfamiliar ones.

36. | would prefer one type of graph to be used in IELTS Academic Writing [11 [2] [3] [4] [5] [6]
Task 1.
37. Special training on how to describe graphs would be helpful for me to [11 [2] [3] [4] [5] [6]

get a higher score in IELTS Academic Writing Task 1.

Not experienced at all > Very experienced

38. Overall, on a scale of 1-6, how would you rate your own experience (1] [2] [3] [4] [5] [6]
in using graphs?

Very weak - Very strong

39. Overall, on a scale of 1-6, how would you rate your own ability in [1] [2] [3] [4] [5] [6]
describing and interpreting graphs?

ADDITIONAL COMMENTS you want to make about your experience, familiarity and
proficiency of using graphs. You can respond in English and/or Chinese.

Thank you for completing this questionnaire.

(Note: This questionnaire is adapted from Yu et al. 2011)
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Appendix 7: Questionnaire on computer familiarity
and word processing
This questionnaire aims to understand your familiarity with using computers. It is not a test,

there is no right or wrong answer. Read the questions below and fill in ONE circle for each
question which best describes your own situation.

Your name: (Chinese)
How long ago did you get your own first computer? >3yearsago 1-3yearsago <1 ggo Not gble
-
How often do you use a computer in these places? 24 ticmi a 2-3 times a <2times a Never
month month month
(a) at home or university dormitory O O O O
(b) at university computer labs O O O O
(c) outside university (e.g. at Internet café, friend’s home) O O O O
How often do you do these things?
(a) word processing in English O O O O
(b) word processing in Chinese O O O O
(c) reading from a computer screen O O O O
(d) sending emails in English via computer O O O O
(e) sending emails in Chinese via computer O O O O
How many hours, on average, do you spend each day on > 3 hours 2-3 hours <2 hours None
a computer (incl. desktop, laptop, tablet)? O O O O
How familiar are you with using: Very familiar ~ Familiar A little Not at all
familiar familiar
(a) a desk top computer O O O O
(b) a laptop computer O O O O
(c) an iPad or other tablet O O O O
(d) a mouse (ball or touch pad)? O O O O
How familiar are you with:
(a) word processing in English O O O O
(b) word processing in Chinese O O O O
(c) touch typing O O O O
(d) reading from a computer screen? O O O O
How many examinations have you taken on a computer? 25 O 34 - 1-2 O Nor&>
How would you rate your ability to use a computer Excellent Good Fair Poor
generally? O O O O
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Appendix 8: Stage 2 IELTS AWT1 Task 1

You should spend about 20 minutes on this task.

Figure 1 reports the total amount of credit card debt in a developed economy between 2003
and 2007, while Figure 2 reports the age distribution of people with credit card debt in 2007.

Summarise the information by selecting and reporting the main features, and make
comparisons where relevant.

Write at least 150 words.

USDS$ in Billions

600
500

TS 497
400 380
300 0

200
100

2003 2004 2005 2006 2007

Figure 1: Total amount of credit card debt nationwide between 2003 and 2007

20-29 years of age

40-49 years of age

50 years of age or
more

0% 10% 20% 30% 40%

Figure 2: Age distribution of people with credit card debt in 2007
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Appendix 9: Stage 2 IELTS AWT1 Task 2

You should spend about 20 minutes on this task.

Figure 1 shows the carbon dioxide (CO2) emissions (1990—2008); and Figure 2, the sources
for producing electricity (2008) in China.

Summarise the information by selecting and reporting the main features, and make
comparisons where relevant.

Write at least 150 words.

thousand metric tons wind, 0.4%
8000000 nuclear, 2%
7000000 s 05
6000000 NG
5000000 oil, 0.7%
4000000 o~
3000000 -
2000000 -
1000000 -
0 _° AN MO T OO MNOVOOO TN MW
2333338333388 8888
T T T T T T T T - - N ANANNNN

Figure 1: China’s carbon dioxide emissions.
(Source: United Nations Statistics Division) Figure 2: Sources for electricity
production in China (2008)

Appendix 10: Stage 2 IELTS AWT1 Task 3

You should spend about 20 minutes on this task.
The following graph shows the global fossil carbon emissions from 1880 to 2000.

Summarise the information by selecting and reporting the main features, and make
comparisons where relevant.

Write at least 150 words.

: : . 7000
Global Fossil Carbon Emissions

Total
Petroleum e N 5000
Coal

Natural Gas
Cement Production

Million Metric Tons of Carbon / Year

1800 1850
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Appendix 11: Stage 2 IELTS AWT1 Task 4

You should spend about 20 minutes on this task.

Table 1 shows the IELTS (International English Language Testing System) test-taker

performance by geographic region in Asia in 2011; and Table 2, TOEFL-iBT (Test of English
as a Foreign Language, Internet-based Test) test-taker performance in 2012.

Summarise the information by selecting and reporting the main features, and make

comparisons where relevant.

Write at least 150 words.

Geographic Region Listening Reading Writing Speaking Overall
China, People's Republic of 5.8 5.9 5.2 5.3 5.6
Hong Kong 6.7 6.4 5.9 6.2 6.4
Japan 6 5.6 5.5 5.8 5.8
Korea, South 6.2 6.1 5.4 5.7 59
Malaysia 7.2 7 6.2 6.6 6.9
Taiwan 5.9 6 55 5.9 5.9

Table 1: IELTS test-taker performance by geographic region (2011).

Note: Maximum score for each skill and overall is 9.
Geographic Region Listening Reading Writing Speaking Total
China, People's Republic of 18 20 20 19 77
Hong Kong 20 19 22 21 82
Japan 17 18 18 17 70
Korea, South 21 21 22 20 84
Singapore 25 24 25 24 98
Taiwan 19 20 20 20 79

Table 2: TOEFL test-taker performance by geographic region (2012).

Note: Maximum score for each skill is 30, and total is 120.
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Appendix 12: A screenshot of two-page view of a
writing task as a fillable form in Adobe Reader

7 Stage 2 TASK 1 debt pdf - Adobe Reader
Fle Edt View Window Help

[ [5]x]
*

GREEEHE|C®:]:|O@e=[]5B| i

Tools Sign Comment

oenween 2003

EEEEETCIE]

Appendix 13: Task instructions in Tobii Studio

Listen to instructions.
Please turn off your mobile phone and any electronic device.

This is one of the three tests you will do (randomly selected
out of 4 tests). When you are presented the task, move mouse
to the small highlighted text box on the top of the right page,
enter your name in PINYIN there; and then enter your writing

in the big highlighted text box, any time during the 20 minutes
allowed.

During the test, DO NOT use any of the menu. DO NOT attempt
to change the view percentage of the document. DO NOT close
the window until you are told to do so. DO NOT "save" the
document because it is saved automatically.

There will be 5 minutes break between tests.
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Appendix 14: Questions for stimulated retrospective
interviews and focus-group discussions

1. Briefing the purpose of the individual interviews and focus-group discussions: to better
understand your thinking process when doing IELTS AWT1 tasks.

2. Asking the students to talk about their experience of doing the AWT1 tasks, in particular,
what is their general impression of the tasks, which task(s) do they find more challenging
and why?

3. In what ways do you think your AWT1 writing process may be affected by different
graphs/prompts? Did you work differently for different graphs?

4. In what ways do you think your AWT1 writing process may be affected by your familiarity
with and comprehension of graphs?

5. In what ways do you think your AWT1 writing process may be affected by your writing
ability?

6. Any other comments

Notes:

All participants to be interviewed individually immediately after the eye-track tests. The focus-
group discussions will have 4-5 participants after all the eye-track tests are completed.

Selected episodes from the recorded eye-movement data will be replayed to assist the
interviews and focus-group discussions

The interviews and focus-group discussions are recorded.

The focus-group discussion will be led by the students, facilitated by the researcher, in order
to minimise the researcher’s influence on how the students respond to the guiding questions
listed above and on how they interact with each other.
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Appendix 15: Examples of gazeplots (screenshots)
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Appendix 16: Examples of heatmaps (screenshots)

S Smane
y Zoom W ee—

at 0000000002] | | Duration 002006574 [ [ 5 | =208 0091

HeatMap :
Draw: 477027ps |
FPS: 2
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Appendix 17: Fixation durations of AOIs in Task 1

Task 1 (N=22)

E1-bargraph E1-bargraph E1-bargraph E1-bargraph
_Mean _Max _Min _Median

Mean

Std. error of mean
Median

Std. deviation
Skewness

Kurtosis

Minimum

Maximum
Kolmogorov-Smirnov Z
Asymp. Sig. (2-tailed)

127
.00343
.1100
.01609
1.321
2.545
.09

.16
1.382
.044

.3568
.06551
.2900
.26037
3.806
16.302
A3
1.45
1.326
.059

.0700
.00000
.0700
.00000

.07
.07

.0982
.00268
.1000
.01259
.060
-.323
.08

A2
1.335
.057

E1-bargraph

_Stdev

.0559
.00789
.0500
.03699
3.705
15.693
.03

.21
1.436
.032

E1-instructions E1-instructions | E1-instructions
_Mean _Median _Stdev

Mean

Std. error of mean
Median

Std. deviation
Skewness

Kurtosis

Minimum

Maximum
Kolmogorov-Smirnov Z
Asymp. Sig. (2-tailed)

1445
.00920
.1300
.04317
1.189
792
.10

.25
1.045
.225

.5395
.06076
4250
.28500
.835
-.339
.18
1.12
915
372

.0700
.00000
.0700
.00000

.07
.07

.1200
.00668
.1050
.03132
1.105
.782
.08

.20
1.118
.164

.0832
.00854
.0700
.04005
.898
.023
.03

A7
1.031
.238

E1-linegraph E1-linegraph E1-linegraph E1-linegraph E1-linegraph
_Mean _Max Mm _Median _Stdev

Mean

Std. error of mean
Median

Std. deviation
Skewness

Kurtosis

Minimum

Maximum
Kolmogorov-Smirnov Z

Asymp. Sig. (2-tailed)

1218
.00495
.1200
.02322
.812
438
.09
18
.786
.567

4355
.04734
.3850
.22206
1.151
.583
15

.97
1.112
169

.00202
.0700
.00945
-3.370
11.767
.03

.07
2.324
.000

.1014
.00380
.1000
.01781
.554
-.284
.08
14
1.209
107

.0636
.00557
.0600
.02610
.851
.364
.02
12
1.113
.168

Mean

Std. error of mean
Median

Std. deviation
Skewness

Kurtosis

Minimum

Maximum
Kolmogorov-Smirnov Z

Asymp. Sig. (2-tailed)

E1-writingmain
text_Mean
.1345
.00714
.1300
.03348
1.380
2.055

.10

.23

.872

433

E1-writingmain
text_Max
.7818
.09653
.6650
45274
.985

.249

.25

1.88

.678

.748

E1-writingmain; E1-writingmain
text_Min text_Median

.0677
.00113
.0700
.00528
-2.394
5.459
.05
.07
2.273
.000

.1059
.00425
.1000
.01992
.827
494
.08
15
1.400
.040

E1-writingmain

text_Stdev
.0836
.00922
.0700
.04327
1.691
3.620

.04

.22

.801

542
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Appendix 18: Fixation durations of AOIs in Task 2

Task 2 (N=20)

Mean

Std. error of mean
Median

Std. deviation
Skewness

Kurtosis

Minimum

Maximum
Kolmogorov-Smirnov Z
Asymp. Sig. (2-tailed)

E2-bargraph
_Mean
.1265
.00466
.1200
.02084
A71
-1.147
.09

.16
.830
495

E2-bargraph

_Max

4930
.031562
4500
.14094
.627
.042
27

.82
772
591

E2-bargraph

_Min
6

.00156
.0700
.00696
-3.874
15.534
.04

.07
2.295
.000

E2-bargraph
_Median

1075
.00383
.1000
.01713
711
.699
.08

15
1.428
.034

E2-bargraph
.0700
.00503
.0700
.02248
.062
-1.026
.03

11
.730
.661

E2-instructions E2-instructions | E2-instructions
_Means _Median _Stdev

Mean .1395 4950 .0700 1165 .0760
Std. error of mean .00694 .04485 .00000 .00539 .00646
Median .1400 .5200 .0700 .1200 .0750
Std. deviation .03103 .20056 .00000 .02412 .02891
Skewness .345 .151 .758 .140
Kurtosis -.314 -1.009 912 -.890
Minimum .09 .18 .07 .08 .03
Maximum .20 .87 .07 A7 13
Kolmogorov-Smirnov Z 577 .602 .840 .608
Asymp. Sig. (2-tailed) .893 .862 480 .854

E2-piechart E2-piechart E2-piechart E2-piechart E2-piechart
_Mean _Max Mm _Median _Stdev

Mean

Std. error of mean
Median

Std. deviation
Skewness

Kurtosis

Minimum

Maximum
Kolmogorov-Smirnov Z

Asymp. Sig. (2-tailed)

1220
.00395
.1150
.01765
.812
-.438
.10
.16
1.126
159

4825
.04697
4100
.21006
.869
-.318
.23
.93
747
.633

.00000
.0700
.00000

.07
.07

.1030
.00263
.1000
.01174
-.004
78
.08
A2
1.569
.015

.0700
.00562
.0600
.02513
.995
.394
.04
13
915
372

Mean

Std. error of mean
Median

Std. deviation
Skewness

Kurtosis

Minimum

Maximum
Kolmogorov-Smirnov Z

Asymp. Sig. (2-tailed)

E2-writingmain
text_Mean
.1445
.00705
.1400
.03154
.254
-1.168

.10

.20

.588

.880

E2-writingmain
text_Max
.9935
111339
1.0500
.50708
404
-.788

.32

1.95

.558

914

E2-writingmain, E2-writingmain
text_Min text_Median

.0660
.00169
.0700
.00754
-2.423
6.903
.04

.07
1.798
.003

1145
.00432
.1200
.01932
.01
-.195
.08

15
.948
.330

E2-writingmaintext|
_Stdev

.0970
.00935
.0950
.04181
.076
-1.182
.03

A7
.604
.859
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Appendix 19: Fixation durations of AOls in Task 3

Task 3 (N=19)

E3-instructions
_Mean -

Mean

Std. error of mean
Median

Std. deviation
Skewness

Kurtosis

Minimum

Maximum
Kolmogorov-Smirnov Z
Asymp. Sig. (2-tailed)

1337
.00681
.1300
.02967
.739
.207
.09

.20
.560
913

5142
.08070
4300
.35176
1.765
2.435
.20
1.40
1.201
112

.0700
.00000
.0700
.00000

.07
.07

E3-instructions
Median
1132
.00519
.1000
.02262
.848
.929

.08

A7
1.072
.201

E3-instructions
_Stdev

.0747
.00770
.0700
.03356
1.095
.590
.03

.15
1.048
.222

E3-linegraph E3-linegraph E3-linegraph E3-linegraph E3-linegraph
_Mean e Mln _Median _Stdev

Mean

Std. error of mean
Median

Std. deviation
Skewness

Kurtosis

Minimum

Maximum
Kolmogorov-Smirnov Z
Asymp. Sig. (2-tailed)

1237
.00598
.1100
.02608
1.480
2913
.09
.20
.987
.284

.5316
.05907
.5000
25747
1.375
2.349
.23
1.27
.679
.746

.00267
.0700
.01165
-3.892
15.856
.02

.07
2.032
.001

.1047
.00504
.1000
.02195
1.431
3.217
.08
A7
1.175
126

.0668
.00662
.0600
.02888
1.374
2.497
.03
.15
.845
473

Mean

Std. error of mean
Median

Std. deviation
Skewness

Kurtosis

Minimum

Maximum
Kolmogorov-Smirnov Z
Asymp. Sig. (2-tailed)

E3-writingmain

text_Mean
.1389
.00904
.1300
.03943
1.005
.665
.09

.23
735
.652

E3-writingmain
text_Max
.9416
.16206
.6800
.70642
1.943
4.450

.23

3.15

.847

470

E3-writingmain

text_Min
.0647
.00269
.0700
.01172
-3.398
12.939
.02

.07
1.558
.016

E3-writingmain
text_Median
.1074

.00477

.1000

.02077

725

.080

.08

.15

1.178

125

E3-writingmain
text_Stdev
.0921
.01249
.0800
.05442
1.224
1.345

.02

.23

728

.665
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Appendix 20: Fixation durations of AOIs in Task 4

Task 4 (N=20)

E4- E4- E4-Instructions_ E4-Instructions_
Instructions_ | Instructions_ Median Stdev
Mean Max

Mean .1365 .5430 .0700 .1140 .0760
Std. error of mean .00670 .06054 .00000 .00472 .00716
Median .1350 .5000 .0700 .1100 .0750
Std. deviation .02996 .27073 .00000 .02113 .03202
Skewness 493 .671 .341 437
Kurtosis -.318 -.340 -.572 .358
Minimum .09 A7 .07 .08 .02
Maximum .20 1.12 .07 15 15
Kolmogorov-Smirnov Z 711 .533 .878 .567
Asymp. Sig. (2-tailed) .692 .939 424 .905

table1_Mean Median
Mean 1255 .4960 .0695 .1055 .0645
Std. error of mean .00626 .05876 .00050 .00438 .00694
Median .1200 4450 .0700 .1000 .0650
Std. deviation .02800 .26277 .00224 .01959 .03103
Skewness .996 1.014 -4.472 1.129 .952
Kurtosis .547 .841 20.000 1.151 .641
Minimum .09 .18 .06 .08 .03
Maximum .19 1.17 .07 15 14
Kolmogorov-Smirnov Z .833 512 2.408 1.612 .803
Asymp. Sig. (2-tailed) 492 .955 .000 .01 .539

E4- E4-table2_Max  E4-table2_Min | E4 table2 E4-table2_
Mean 1235 4105 .1045 .0625
Std. error of mean .00862 .06285 .00000 .00505 .00940
Median .1100 .3200 .0700 .1000 .0450
Std. deviation .03856 .28108 .00000 .02259 .04204
Skewness 2.072 1.783 2.021 2.035
Kurtosis 5.439 3.795 6.042 5.234
Minimum .08 13 .07 .08 .02
Maximum .25 1.28 .07 18 .20
Kolmogorov-Smirnov Z 1.056 .961 1.471 911
Asymp. Sig. (2-tailed) 215 .314 .026 377
_ E4-Writingmain | E4-Writing E4-Writing E4-Writingmain E4-Writingmain

text_Mean maintext_Max | maintext_Min | text_Median text_Stdev
Mean 1425 1.0020 .0675 1115 .0990
Std. error of mean .00876 .15931 .00099 .00525 .01233
Median .1400 .7900 .0700 .1200 .0900
Std. deviation .03919 71246 .00444 .02346 .05515
Skewness 742 .921 -1.251 616 .669
Kurtosis -.088 .306 -.497 778 -.391
Minimum .09 22 .06 .08 .03
Maximum .23 2.80 .07 A7 .22
Kolmogorov-Smirnov Z 571 .937 2.071 .933 .673
Asymp. Sig. (2-tailed) .901 .344 .000 .349 .755
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Appendix 21: Visit durations of AOls in Task 1

Task 1

E1-bargraph E1-bargraph E1-bargraph E1-bargraph E1-bargraph
_Mean _Max _Min _Median _Stdev

Mean

Std. error of mean
Median

Std. deviation
Skewness

Kurtosis

Minimum

Maximum
Kolmogorov-Smirnov Z
Asymp. Sig. (2-tailed)

1.8027
.73995
.9850
3.47066
4.489
20.648
1
17.13
1.845
.002

18.1682
10.41381
7.5350
48.84511
4.623
21.554
A3
235.89
2117
.000

.0705
.00045
.0700
.00213
4.690
22.000
.07

.08
2.528
.000

.2605
.03300
.1900
.15478
.648
-.730
.07

.59
.931
.352

4.5436
2.67944
1.5950
12.56771
4.620
21.531
.03
60.55
1.993
.001

Mean

Std. error of mean
Median

Std. deviation
Skewness

Kurtosis

Minimum

Maximum
Kolmogorov-Smirnov Z

Asymp. Sig. (2-tailed)

E1-instructions
Mean
2.5841
.28935
2.1600
1.35717
2.200
4.588
1.22
6.62
1.347
.053

17.3986
1.42771
16.3450
6.69654
.609
.252
5.80
33.23
.500
.964

.0777
.00588
.0700
.02759
4.540
20.982
.07

.20
1.978
.001

.7923
.07981
.7750
.37433
.706
1.082
A1
1.75
.928
.356

b E1-instructions_ E1-instructions_
Median Stdev

4.2214
42171
3.8550
1.97802
1.500
2.092
1.77
9.47
.951
.326

E1-linegraph_ E1-linegraph_ E1-linegraph_ E1-linegraph_ E1-linegraph_
Mean Max Min Median Stdev

Mean

Std. error of mean
Median

Std. deviation
Skewness

Kurtosis

Minimum

Maximum
Kolmogorov-Smirnov Z
Asymp. Sig. (2-tailed)

1.3464
.22085
1.0050
1.03586
2.937
10.170
44

5.29
1.294
.070

12.6773
2.41920
8.3700
11.34707
1.851
2.320
2.75
41.07
1.414
.037

.0695
.00104
.0700
.00486
-2.890
14.504
.05

.08
2.307
.000

.3755
.05328
.3850
.24991
.632
-.463
.10

.93
.845
473

2.6005
57367
1.6700
2.69077
2.642
6.840
.75
11.82
1.687
.007

Mean

Std. error of mean
Median

Std. deviation
Skewness

Kurtosis

Minimum

Maximum
Kolmogorov-Smirnov Z
Asymp. Sig. (2-tailed)

E1-writingmain
text_Mean
5.5209
.92611
4.9800
4.34385
2.931
11.125
1.28

22.38
1.040

.229

E1-writingmain
text_Max
53.0491
7.83164
49.0650
36.73364
2.233
6.977
12.51
183.08
.951

.326

E1-writingmain
text_Min
.0705
.00154
.0700
.00722
3.268
14.832
.06

.10
2.250
.000

E1-writingmain
text_Median
2.0455
.38676
1.5200
1.81407
2.558

8.520

.46

8.73

.896

.398

E1-writingmain
text_Stdev
9.2482
1.65841
8.2050
7.77862
2.992
11.442
1.77

39.61

.965

.309
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Appendix 22: Visit durations of AOls in Task 2

E2-bargraph_ E2-bargraph_ E2-bargraph_ E2-bargraph_ E2-bargraph_
Mean Max Min Median Stdev

Mean

Std. error of mean
Median

Std. deviation
Skewness

Kurtosis

Minimum

Maximum
Kolmogorov-Smirnov Z
Asymp. Sig. (2-tailed)

1.4460
12225
1.4550
.54670
.901
1.886
.59
2.98
.615
.844

14.4300
1.95928
11.1000
8.76217
1.395
1.685
3.72
38.49
.949
.328

.0685
.00150
.0700
.00671
-4.472
20.000
.04

.07
2.408
.000

.3905
.04758
.3400
21279
400
-1.057
.10

.78
.663
772

2.7495
.34078
2.2750
1.52401
1.234
974
.90
6.44
919
.367

E2-instructions_ E2-instructions_; E2-instructions_
Mean Median Stdev

Mean

Std. error of mean
Median

Std. deviation
Skewness

Kurtosis

Minimum

Maximum
Kolmogorov-Smirnov Z
Asymp. Sig. (2-tailed)

1.8340
.08211
1.7700
.36723
.067
-.997
1.13
2.47
.686
734

11.7465
1.00190
10.6900
4.48065
1.198
1.276
5.33
22.10
1.148
143

.0730
.00164
.0700
.00733
3.015
9.995
.07

.10
2.052
.000

.7005
.09061
.6650
40521
.840
1.174
A2
1.77
537
.936

2.7635
.18074
2.7100
.80827
.394
.219
1.30
4.45
.582
.887

E2-piechart_ E2 plechart E2 plechart E2-piechart_ E2-piechart_
Mean Median Stdev

Mean

Std. error of mean
Median

Std. deviation
Skewness

Kurtosis

Minimum

Maximum
Kolmogorov-Smirnov Z
Asymp. Sig. (2-tailed)

1.0135
.09121
.9700
40793
.687
.872
43
2.06
532
.940

7.8550
.89771
7.2600
4.01469
.881
-.232
3.39
16.64
.788
.563

.00000
.0700
.00000

.07
.07

.3545
.05449
.2850
.24367
1.265
1.165
.09
.99
.850
.465

1.6370
.15530
1.5800
.69451
.625
-.150
.57
3.28
.602
.862

Mean

Std. error of mean
Median

Std. deviation
Skewness

Kurtosis

Minimum

Maximum
Kolmogorov-Smirnov Z

Asymp. Sig. (2-tailed)

E2-writingmain
text_Mean
4.1460
149462
3.5450
2.21199
433

-.920

1.16

8.61

.691

727

E2-writingmain
text_Max
43.9575
7.13337
31.1500
31.90138
1.314
1.572
8.40
131.56
.895

.399

E2-writingmain
text_Min

.00150
.0700
.00671
4.472
20.000
.07

.10
2.408
.000

E2-writingmain
text_Median
1.6195
.23259
1.3550
1.04018

911

.040

.56

4.14

.750

.626

E2-writingmain
text_Stdev
6.8005
.98374
5.6850
4.39943
1.180
1.749

1.44

19.14

.661

774
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Appendix 23: Visit durations of AOls in Task 3

E3-instructions_ E3 instructions_ E3-instructions_| E3-instructions_
Mean Median Stdev

Mean

Std. error of mean
Median

Std. deviation
Skewness

Kurtosis

Minimum

Maximum
Kolmogorov-Smirnov Z
Asymp. Sig. (2-tailed)

1.7268
.21863
1.3800
.95300
1.832
4.208
.72
4.68
.754
.620

11.6758
1.24062
9.7800
5.40774
1.550
2.534
5.92
27.15
915
372

.00053
.0700
.00229
4.359
19.000
.07

.08
2.346
.000

5105
.08629
4100
.37611
1.447
1.655
A2
1.47
.990
.281

3.0274
43305
2.3500
1.88764
1.962
3.722
1.40
8.58
.966
.308

E3-linegraph_ E3-linegraph_ E3-linegraph_ E3-linegraph_ E3-linegraph_
Mean Max Min Median Stdev

Mean

Std. error of mean
Median

Std. deviation
Skewness

Kurtosis

Minimum

Maximum
Kolmogorov-Smirnov Z
Asymp. Sig. (2-tailed)

2.1132
.20873
1.9300
.90984
2.648
9.104
1.20
5.35
.840
480

21.5058
2.99973
16.6100
13.07551
1.454
1.275
10.35
52.39
1.069
.203

.0700
.00000
.0700
.00000

.07
.07

.7537
.09646
.6700
42048
.839
.921
A2
1.79
.637
811

3.6400
47660
2.9000
2.07747
1.792
2.887
1.94
9.56
1.037
.233

Mean

Std. error of mean
Median

Std. deviation
Skewness

Kurtosis

Minimum

Maximum
Kolmogorov-Smirnov Z
Asymp. Sig. (2-tailed)

E3-writingmain
text_Mean
41732
69762
3.5300
3.04087
1.449
2.417

1.1

12.87

741

642

E3-writingmain
text_Max
43.6416
6.33580
41.9700
27.61713
.814
-.038
8.69
102.62
.657

781

E3-writingmain
text_Min
.0700
.00076
.0700
.00333
.000
9.000
.06

.08
1.950
.001

E3-writingmain
text_Median
1.4458
.29767

.9800
1.29751
2.313

6.877

.22

5.83

.943

.337

E3-writingmain
text_Stdev
7.1784
1.30088
5.7100
5.67042
1.349
1.370

1.34

21.20

.695

719
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Appendix 24: Visit durations of AOIs in Task 4

E4-Instructions_| E4-Instructions_ E4-Instructions_| E4-Instructions_
Mean Max Median Stdev

Mean 2.0305 22.0555 .0710 .5475 4.4200
Std. error of mean .21030 2.85047 .00069 .09756 55752
Median 1.8300 22.8500 .0700 .5200 4.4600
Std. deviation .94051 12.74768 .00308 43630 2.49331
Skewness .996 .375 2.888 .967 1.059
Kurtosis 1.472 -.804 7.037 .081 2.225
Minimum .50 412 .07 11 .76
Maximum 4.38 45.67 .08 1.45 11.57
Kolmogorov-Smirnov Z .575 507 2.358 .924 .614
Asymp. Sig. (2-tailed) .896 .959 .000 .361 .846
E4-table1_ E4-table1_ E4-table1_ E4-table1_ E4-table1_
_ Mean Max Min Median Stdev
Mean 1.8600 17.0825 .0700 .6035 3.3620
Std. error of mean .20271 1.34805 .00000 11749 33927
Median 1.6850 17.5700 .0700 .5250 3.3600
Std. deviation .90656 6.02865 .00000 .52543 1.51728
Skewness 2.425 .841 2.809 1.937
Kurtosis 7.807 1.859 10.299 5.570
Minimum .76 7.75 .07 .08 1.51
Maximum 5.04 33.69 .07 2.55 8.34
Kolmogorov-Smirnov Z .869 .679 .982 .902
Asymp. Sig. (2-tailed) .436 .745 .290 .390
E4-table2_ E4-table2_ E4-table2_ E4-table2_ E4-table2_
Mean 2.0010 11.3080 .0730 7795 2.8240
Std. error of mean .20588 .99377 .00252 15947 .24095
Median 1.9700 10.5500 .0700 .5250 2.6600
Std. deviation .92071 4.44429 .01129 71319 1.07757
Skewness .812 .275 4.218 1.215 .198
Kurtosis .408 -.763 18.207 734 -1.227
Minimum .81 5.08 .07 .10 1.41
Maximum 4.21 19.75 12 2.61 4.91
Kolmogorov-Smirnov Z .576 .520 2.258 .841 773
Asymp. Sig. (2-tailed) .894 .950 .000 480 .589

E4-Writingmain | E4-Writing E4-Writingmain | E4-Writingmain E4-Writingmain
text_Mean maintext_Max text Mln text_Median text_Stdev

Mean

Std. error of mean
Median

Std. deviation
Skewness

Kurtosis

Minimum

Maximum
Kolmogorov-Smirnov Z
Asymp. Sig. (2-tailed)

4.7445
.66426
4.4800
2.97066
1.922
5.102
1.34
14.42
911
.378

42.0175
4.84617
38.5750
21.67275
1.773
5.082
9.22
112.22
817

517

.00088
.0700
.00394
531
4.985
.06

.08
2.015
.001

1.8490
.25013
1.7750
1.11860
323
-1.100
.23

4.07
714
.687

7.3875
1.14507
6.2300
5.12092
2.859
10.302
1.86
26.36
.936
.345
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