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Abstract This paper reports on a pilot study that used eye tracking techniques to make
detailed observations of item response processes in the OECD Programme for the
International Assessment of Adult Competencies (PIAAC). The lab-based study also
recorded physiological responses using measures of pupil diameter and electrodermal
activity. The study tested 14 adult respondents as they individually completed the
PIAAC computer-based assessment. The eye tracking observations help to fill an ‘explan-
atory gap’ by providing data on variation in item response processes that are not captured
by other sources of process data such as think aloud protocols or computer-generated log
files. The data on fixations and saccades provided detailed information on test item
response strategies, enabling profiling of respondent engagement and response processes
associated with successful performance. Much of that activity does not include the use of
the keyboard and mouse, and involves ‘off-screen’ use of pen and paper (and calculator)
that are not captured by assessment log-files. In conclusion, this paper points toward an
important application of eye tracking in large-scale assessments. This includes insights
into response processes in new domains such as adaptive problem-solving that aim to
identify individuals’ ability to select and combine resources from the digital and physical
environment.
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This paper describes an exploratory study that used eye tracking to examine assessment
response processes in the OECD’s Programme for the International Assessment of Adult
Competencies (PIAAC). We build on recent developments on the use of small-scale
process data in large-scale assessment to support validation practice and test development
(see Zumbo and Hubley, 2017; Ercikan and Pellegrino, 2017). For the purposes of this
paper, we adopt Hubley and Zumbo’s (2017) definition of response processes as ‘.. the
mechanisms that underlie what people do, think, or feel when interacting with, and
responding to, the item or task and are responsible for generating observed score variation’
(Hubley and Zumbo, p. 2).

There are multiple ways to investigate response processes in large-scale educational
assessments. Those include the analysis of computer-generated log files on response times
and key strokes (e.g. Goldhamer et al., 2015), video-ethnographic observation (e.g. Maddox
2017) and cognitive interviews (e.g. Padilla and Benitez (2017), Pepper et al. (2016) and
Radišić and Baucal, (2018)). As discussed later in this paper, eye tracking further expands the
information based on response processes, enabling fine-grained observation of respondent
engagement at the item level (see Krstić, Šoškić, Ković and Holmqvist, 2018).

Eye tracking can provide important clues to visual attention (Ferreira and and Henderson
2004) as well as insightful data regarding assessment response processes. These techniques are
extensively used in psychological research in areas such as reading, joint gaze and scene
perception (e.g. Clifton et al. 2016; Liversedge et al., 2015; Lai et al., 2013). Their application
is particularly influential in fields such as reading research, in which the use of eye tracking is a
well-established methodological technique.

Eye tracking technology enables the researcher to observe and record detail of respondent’s
eye movements and the precise area of their attentional focus. They therefore capture detail
that is not obtained from assessment log files, think aloud protocols or administrator observa-
tions of assessment. As a result, we wanted to examine what additional insights eye tracking
would provide about assessment response processes.

Eye movements in reading and scene perception are extremely rapid and typically
involve three to four fixations per second. Eye tracking enables observations of saccades,
(rapid eye movements typically lasting approximately 100 ms) and fixations (temporary
pauses of typically 200–300 ms). The underlying assumption for all eye tracking studies is
that longer fixation durations and longer gaze duration (i.e. total viewing time) indicates
more cognitive processing (Rayner 1998). Conversely, shorter more rapid fixations reflect
shallower, less intensive processing. Analyses of fixation durations tend to focus on
particular areas of interest (AOI), and so for standardised assessments, gaze durations
can be examined for things such as question stems, visual illustrations or the response
options in multiple choice questions (MCQs). A further type of dependent measure, which
is provided by eye tracking data, is the possibility of examining scan paths that is
examining the sequence of fixations to determine what respondents fixate on and when,
and also the order in which they do so. As this paper highlights, eye tracker data on scan
paths is especially useful for assessment research because it provides detailed information
on response behaviours and sources of variation. That kind of data is not available from
conventional think aloud protocols or from log files that are generated in computer-based
testing. Finally, eye trackers also provide information on the size of the pupil, which is the
best physiological measure of cognitive load/effort (Kahenman 1973; Beatty and Lucero-
Wagoner 2000). Thus, pupil diameter provides a further type of data with regard to test
engagement and the deployment of cognitive effort by test respondents.
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Eye tracking and assessment

One of the legacies of the extensive research literature on reading and scene perception is that it
has often sought to capture behavioural norms rather than sources of variation that one might
associate with developmental processes and learning (see Liversedge, Schroeder, Hyönä and
Rayner 2015). One significant exception is eye tracking research on dyslexic respondents
(Hawelka et al., 2010; Benfatto et al. 2016). In contrast, the major concern in eye tracking
research on educational assessment (and response process data more generally) is variation in
response processes that can be attributed either to differences in the particular trait under
investigation, or differential item functioning (DIF) that might be attributed to test design
(Zumbo, 2007), or some additional source of variation that is present in the testing situation
(Hubley and Zumbo 2017). An additional and overlapping contemporary concern is the use of
eye tracking to understand how respondents engage with the complex and multi-modal
assessment tasks that are used in ‘next generation’ computer-based testing (Oranje et al., 2017).

In the field of large-scale assessment, eye tracking has become increasingly used in
processes of test item design and validation (e.g. Paulson and Henry 2002; Tai, Loeher and
Brigham 2006; Oranje et al., 2017; and Krstić et al., 2018). However, the number of eye
tracking studies remains quite limited, and most of those that do exist in this nascent field are
exploratory in nature. For example, Solheim and Uppstad (2011) showed that student’s
achieving similar reading comprehension scores often had very different behavioural (eye
movement) patterns, suggesting a much more nuanced picture of constructing meaning from a
text. In particular, they differentiated what they referred to as ‘task-oriented’ readers from more
‘effortful’ readers. Task-oriented readers had a tendency to quickly scan the text stem and then
proceed to the question and response options. After processing the question and response
options, task-oriented readers returned to the text stem in order to search for the critical
information. Effortful readers in contrast, adopted a strategy in which they careful processed
the text stem first and then proceed to the question and response options.

In the studies by Tai et al. (2006) and Hu et al. (2017), participants were classified into a
high- or low-performing group based on their test item accuracy, and then (post-classification),
the researchers examined the eye movement patterns between the two groups (also, Krstić et al.,
2018). Tai and colleagues concluded that the differences in eye movement patterns validate the
notion that (1) different parts of a test item and (2) different sub-tasks are required to
successfully answer an item. Furthermore, the differences in eye movement patterns are
indicative of different types of information processing and problem-solving strategies. Their
conclusions focus on how a deeper understanding of problem-solving behaviour is enhanced by
the triangulation of evidence obtained from eye movements (i.e. attention allocation and
processing effort). As noted above, pupillometry provides another key piece of evidence
concerning processing effort, which would strengthen the idea of evidence ‘triangulation’.

This study aims to examine the cognitive processes of respondents as they complete the
PIAAC assessment. Eye tracking was used to give detailed information on the focus of
attention over the duration of the assessment in combination with physiological measures
as a proxy for engagement. While previous research has looked in detail at eye movements
onscreen, we were also interested in off-screen behaviour which is not captured at all by
computer log files, but might involve important interactions with proximal tools or people.
Our research question was to examine the extent to which variability in cognitive pro-
cesses and off-screen interaction is present and meaningful—even when the final test item
response is the same.
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The structure of the rest of the paper is as follows. We begin by describing our research
methodology and design and then present our initial results. We highlight some of the most
notable implications in terms of the insights that eye tracking can provide for large-scale
assessment. In the “Results” section, we show how data on fixations and saccades provides
detailed accounts of test item response strategies, enabling profiling of respondent engagement
and response processes associated with successful performance. We conclude by discussing
how eye tracking can contribute to large-scale assessments in the future.

Method

Eye tracking research in assessment typically takes place in the laboratory and involves a desk-
mounted eye tracker connected to a computer. However, this is a rapidly developing field. As
eye tracking and gaming technology advances, eye tracking is likely to be incorporated into
computers, tablets and smart phones as standard equipment. This will increase the potential for
eye tracking to get out of the lab, to inform analysis of respondent performance (see D’Mello
et al., 2017). Desk-mounted eye trackers (such as the EyeLink 1000) offer high levels of
precision and speed (i.e. sampling frequencies of 1000 Hz and 0.25–0.5 degrees of visual
angle). They enable the analysis of eye movements for example, within single words and
sentence comprehensions—albeit mediated by the algorithms and researcher decisions about
saccade/fixation time thresholds for the capture of saccades and fixations, as well as blinks
(Kennedy 2016). In this research, our primary interest was to observe scan paths to explore
how respondents engaged with the test items rather than investigating the correlation between
respondent ability and the duration and frequency of their saccades and fixations (for a
contrasting methodological approach, see Krstić et al., 2018).

We chose to use less invasive eye tracking ‘glasses’ (SMI EG2). The glasses offer lower
resolution, with a sampling frequency of 60 Hz. As a result, we were only able to accurately
observe eye movements at the level of word and sentence. We could not observe finer detail of
reading behaviour, such as word-landing positions and word revisits—aspects of reading that
are used to distinguish proficient readers from those who have developmental disorders such as
dyslexia (see Hawelka et al., 2010; Benfatto et al., 2016; Krieber et al. 2016). However, the eye
tracking glasses have some important advantages. They do not use a chinrest and have the
advantage of more closely mirroring ‘normal’ testing conditions. Moreover, they also allow
researchers to capture ‘off-screen’ activity that typically takes place in assessments, such as the
respondent’s use of a pen and paper (or calculator), and any verbal interaction with an
interviewer. In this research, those observations of off-screen activity were particularly
informative.

PIAAC

The Programme for the International Assessment of Adult Competencies (PIAAC) is a large-
scale assessment of the adult population, aimed at collecting comparable information on the
information processing abilities of around 200,000 adults worldwide. PIAAC was implement-
ed in 32 countries/national sub-regions. Data collection took place between 2011 and 2012 for
24 countries and a further 8 countries in 2015. The target population for the survey was the
adult population, aged 16–65 years, residing in the country at the time of data collection,
irrespective of nationality, citizenship or language status. The survey was administered in the
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official language or languages of each participating country, and some countries gave respon-
dents the possibility of participating in one of the widely spoken minority/regional languages.1

PIAAC has two main components: a background questionnaire and an assessment of
literacy, numeracy and problem-solving in a technology-rich environment. The questionnaire
was administered first in a CAPI format (i.e. computer-assisted personal interviewing) and
response time ranged from 30 to 45 min. Upon completion of the questionnaire, respondents
were expected to sit the cognitive assessment which took around 1 h to complete. Depending
on their computer skills, the assessment was delivered either on a laptop computer or as a fill-
in-paper booklet. Survey institutes involved in data collection in each participating country
ensured that each respondent received sufficient information about the study and gave
informed consent prior to participation. In the vast majority of cases, the PIAAC survey was
administered in the respondents’ own homes except in circumstances when respondents did
not feel comfortable with completing the survey in their home. In these instances, the survey
took place in a testing centre or other agreed location.

Country-specific sample sizes varied depending on the number of cognitive domains
assessed and the number of languages in which the assessment was administered. Some
countries boosted sample sizes in order to have reliable estimates of proficiency for the
residents of particular geographical regions and/or for certain subgroups of the population,
such as indigenous inhabitants or immigrants. The achieved national samples ranged from a
minimum of 3892 persons in the Russian Federation to a maximum of 26,683 persons in
Canada. The survey’s technical standards and guidelines set a goal of a 70% unit response rate.
Seven countries achieved this goal, while, for the most part, response rates were in the range of
50–60%.

Participants In this exploratory study, we wanted to examine how participants interacted
with computer-based test items in the PIAAC assessment. Our lab-based study involved 14
voluntary adult participants (3 male, 11 female) who gave informed consent agreeing to
participate. Participants were recruited from a panel of university staff and students in
Norwich, UK. The panel includes adults, of between 20 and 45 years of age who were
administrative and academic staff, postgraduate and undergraduate students who voluntarily
respond to studies which they are interested to take part in for financial compensation. The
study was advertised as ‘computer-based learning research’ involving ‘questions regarding
problem-solving, literacy and/or numeracy’. All participants had normal or corrected-to-
normal vision. They were compensated £14 for their time.

Materials Since our aim was to provide insights into the behaviour or participants in large-
scale assessments, we used the standard format of the PIAAC assessment (i.e. the identical
version to the one used in the UK assessment in round 1 of PIAAC) delivered on a laptop
computer. While participants in PIAAC can chose between paper-based and computer-based
modes of assessment, all participants in our study used the computer-based version. The
computer-based assessment delivered modules in literacy, numeracy and problem-solving in
technology-rich environments (PSTRE). We were keen to reproduce conditions as similar as
possible to the field study—though in this case, it involved assessment in a university lab
under observation, rather than taking place in the respondents’ household which would be the
normal location for the PIAAC assessment. In other respects, the interviewer used standard

1 See OECD 2013a and www.oecd.org/site/piaac for technical details.
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testing protocols, including the completion of the background questionnaire prior to sitting the
assessment.

Apparatus and procedure

Participants arrived at the laboratory and completed standard research paperwork including
giving informed consent. They were then asked to complete some basic psychometric
measures which are not covered in this paper. They then put on the eye tracking glasses.
These were worn while completing the PIAAC background questionnaire but without record-
ing while participants became accustomed to them. Physiological measurement equipment was
then attached to the middle and index fingers of the participants’ non-dominant hand. The
equipment was then synchronised, recording started and participants began the PIAAC
assessment modules.

The additional physiological measurement mentioned above was the collection of electro-
dermal activity (EDA) data through the use of ‘Biopack MP150’ an EDA100C EDA response
amplifier and ‘AcqKnoweldge’ software as a measure of engagement. The EDA data was a
secondary assessment to check convergent validity with the eye tracker observations and the
pupil diameter data generated by the eye tracking glasses. We collected eye tracking data on
each of the participants as they completed the entire computer-based assessment.

Results

We found that the eye tracking glasses captured the on-screen activity of participants as they
completed the PIAAC assessment, and the content of off-screen behaviour, such as the use of
pen and paper and the calculator. The eye tracker was also able to record and observe any
verbal interactions that took place between the interviewer and the respondent. Occasionally,
the respondents offered unprompted comments during the assessment including ‘think aloud’
type content as they completed numeracy items, and evaluative comments about their own
performance.

In the remainder of the “Results” section, we highlight three key observations and then
provide illustrative examples to support our key observations. Some of our results confirm the
findings of existing work (e.g. Hu et al. 2017; Paul and Henry 2002; Tai et al. 2006), and some
of our results (e.g. pupil data) are novel.

Key observation 1: scan paths and points of reference

The eye tracker allowed observation of ‘scan paths’ as respondents completed test items,
which permitted descriptive analysis of the data. To do so, we made comparisons of how
different respondents completed the same items. There was a precise and reliable relationship
between paths, and the pupil data and electrodermal activity (EDA). The pupil data more
closely mapped onto observations of response processes, whereas the EDA data showed slight
delays that are expected with a skin-based conductance measure (Ren, Barreto, Gao and
Adjouadi 2012). We observed which regions of the test item the respondent read, and in what
order. Our observations had a confirmatory role in terms of validity, because they showed that
respondents had to read the instructions and the test item before they were able to provide
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answers. That relationship has not always been evident in assessment, as previous eye tracker
studies have observed (Oranje et al. 2017). We also observed that respondents frequently re-
fixated to the item instructions as they worked out their answers (see example below on the
‘Bottles’ item). This suggests that the item instructions operated like a point of reference,
which is consistent with several lines of research, for example in picture comparison tasks
(Gajewski and Henderson 2005) where participants will frequently return to the ‘target’ image
while looking for the ‘matching’ image.2

Key observation 2: levels of engagement

Overall, in our study, the respondents exhibited high levels of engagement. This is not
surprising as they were participating in a psychological study and knew that their behaviour
was being recorded.

From observing the eye tracking video, we were not able to identify behaviours that
indicated disengagement from the assessment tasks. However, we observed one case where
a frustrated respondent did not fully read the text, and guessed the incorrect answer. Our
analysis of EDA and pupil data as cognitive effort markers across the whole sample of
respondents did not indicate any significant drop in cognitive load or arousal across the
duration of the assessment. We compared these dependent measures across time-blocks just
after the beginning and just before the end of each module. This suggests that for this cohort at
least, ‘disengagement’ behaviour should not simply be attributed to fatigue associated with test
duration. It would be very easy to identify disengagement behaviour on the eye tracking video,
or behaviour that indicated confusion that might be associated with item difficulty or item
misfit.

Key observation 3: response processes associated with successful performance

The eye tracking observations contributed to our understanding of the relationship between
item difficulty and respondent ability (see Goldhamer et al., 2015; Goldhammer et al., 2014).
More specifically, we were interested in (1) time considerations (i.e. how much time partic-
ipants spent on each part of the item and (2) their different response strategies. We found that in
most cases it was possible to use observations of eye movements to build a picture of how the
respondent was able to tackle the item, as well as whether they were successful or unsuccess-
ful. With respect to time considerations, we could observe why some respondents took longer
than others. For example, respondents took longer when they double-checked calculations
before submitting answers. Our choice of a well-educated sample meant that most of the
participants were able to obtain the correct answers on the PIAAC items. Nevertheless, we
observed significant variation between participants who obtained the correct answer, in terms
of their response strategies and their response times.

In observations of the literacy items, we could identify which parts of the test item
respondents read, and we could distinguish between careful systematic reading of all sentences
from more hasty skimming, similar to the distinction of ‘effortful’ vs. ‘task-oriented’ readers
made by Solheim and Uppstad (2011).

2 The use of reference points has a key cognitive advantage of reducing the demands of working memory (i.e.
participants do not have to fully encode, in our case, the instructions but instead can revisit).
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In the numeracy items, we were able to observe respondent strategies for obtaining the
correct answer, and what had gone wrong when they obtained the incorrect answer. This
information was obtained by observing paper-based written calculations and participants use
of the calculator. This type of information is only obtainable through the use of head-mounted
eye tracking systems (as opposed to desk-mounted eye tracking systems), and is a key
innovation of our study. In problem-solving, we were able to observe how people cycled
through web-pages and how they read and identified information before submitting their
answer, a process which revealed information on the strategies they adopted while processing
and solving the test items. The following trial-level examples illustrate, more concretely, these
insights.

Detailed examples

The PIAAC ‘Bottles’ item asks the respondents to make a simple counting calculation based
on a visual stimulus. It is a ‘Level 1’ numeracy item, classified in the lowest proficiency band.
Eye tracking observations of this item showed that while all respondents in our sample
obtained the correct answer on this item, they differed significantly in the time they spent on
the item and in the strategies that they used to obtain the correct answer. Crucially, information
on response strategies is only available via eye tracking observations rather than other
measures of engagement such as log file response times. The two examples below illustrate
this point.

Example 1: observing the gaze path in rapid response behaviour

Participant 10 in our study demonstrated what appeared to be a high level of numeracy
proficiency as she completed this item. The analysis of response times on log files
normally considers the ‘start’ of the item the moment that the stimulus is loaded.
However, in this case, the respondent started to read the item instructions 2 s before the
stimulus appeared on the screen. She initially read the instructions for 4.43 s. Then, the
respondent viewed the stimulus image. As discussed above, the respondent momentarily
tracked back to the instructions from 5.25 until 6.45 (less than 1 s) and then back to the
stimulus. She completed viewing the stimulus and shifted her attention to the keyboard at
10.06. She typed the correct answer and submitted the answer at 12 s. Her response was
within the most rapid 5% of submitted answers observed in the PIAAC item histogram
(Fig. 1).

Example 2: engagement in slow response behaviour

Participant 9 in our study demonstrated a much slower response on this item and less
proficiency as viewed in the eye tracking data. After the instructions and stimulus
appears, she spent 12.23 s carefully reading the instructions. By this time, participant
10 had already submitted the correct answer. She then spent a further 12 s viewing the
stimulus, using the mouse cursor as a tool to help to count the bottles. On the scan path
video, it is possible to see that the participant fixates momentarily on each of the bottles
as she counted them. Then, at 24.58, her gaze moved away from the stimulus and the
computer to look above the laptop. We might consider this as ‘thinking’ time away from
the stimulus (Glenberg et al. 1998; Doherty-Sneddon and Phelps 2005). We observed
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five fixations at various ‘off-screen’ points, before she returned to look at the stimulus
and the instructions again. At 39.09, she looked momentarily at the computer keyboard
(keys 5 and 6). It appears that she was about to type the answer. Her finger hovered over
key 4. Again, this type of information is only available via a head-mounted eye tracker.
But then she paused and directed her gaze to the interviewer. The following verbal
exchange took place for 19 s:

Respondent: Am I allowed to use that calculator?
Interviewer: Yep, sorry I should have .. okay, there’s a calculator, paper, a pen and a ruler [
Respondent: [oh [
Interviewer: [and you are allowed to use them, um, as you wish.. (inaudible).. and the
picture to the right hand side might be relevant for one of the questions[
Respondent: [Yeh
Interviewer: [and If it is it will be very obvious. It will say get the picture and do
something with it.
Respondent: Yeh

Fig. 1 Item response time histogram, for ‘Bottles’ problem (PIAAC), with density indicating percentage of total
respondents against response times
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Part way through this exchange, the respondent began to use the calculator (Fig. 2). She
typed 4 × (multiplication key), then tracked back momentarily to the stimulus image, before
continuing with the calculation. She then looked back again to the stimulus, paused and then
typed her answer into the computer keyboard and submitted the answer at 42 s. She then said:

Respondent: That was scary! ((the respondent laughs quietly to herself)).

As this comparison demonstrates, the eye tracker data is able to provide a full record of the
gaze and activities of the respondents as they complete the test item. That enables a compar-
ison of their strategies and the time spent in each activity as they complete the item. We can
see, for example, that it is plausible that respondent 10 was engaged and obtained a correct
answer on this item within 12 s. We are also provided with substantive detail on what is going
on ‘between the clicks’ on the computer as respondent 9 takes a much longer time to complete
the item. Her response is among the longer response times indicated on the histogram in Fig. 1
(i.e. last quartile).

In the two examples, we can see that both respondents are ‘engaged’, and both successfully
completed the item. However, as key funding 3 illustrates, wewere able to observe some differences
in ability across the participants. Those differences were observed in speed of calculations in
numeracy items and in their reading behaviour in literacy items. While respondents may have
obtained the same correct answer, the eye tracking data on scan paths can easily identify differences
in their abilities and strategies through observations of item response processes. This kind of data
could inform and corroborate the analysis of large-scale data from log files.

General discussion

There is much contemporary discussion about the contribution of various types of process data
and how they can assist in the analysis of test and respondent performance and validity (e.g.
Newton 2016; Ercikan and Pellegrino 2017; Zumbo and Hubley 2017). Our study has
highlighted response process activity between the clicks that would not be captured by
computer-generated log files. While log file data on response times and key strokes are easy
and relatively inexpensive to capture, they are not sufficiently comprehensive or detailed on

Fig. 2 Scan path image of respondent 9 using the calculator. The orange circle (produced by the eye tracker
software) indicates the respondent’s area of gaze
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their own to capture and explain the substance of item response processes. This is contrary to
the argument on log files put forward in the study by Oranje et al. (2017, p. 46). Instead, we
might consider multiple sources of process data together (e.g. log files, eye tracking, emotion
recognition, linguistic data and think aloud protocols) to inform our understanding of item
response processes (e.g. D’Mello et al., 2017; Maddox and Zumbo 2017; Maddox 2017;
Ercikan and Pellegrino 2017; Zumbo and Hubley 2017).

This exploratory study of the PIAAC assessment demonstrates the potential of using eye
tracking to dig deeper into response processes in large-scale assessments and to identify
patterns of behaviour (see also, Krstić et al., 2018).

We found that respondents were comfortable with wearing eye tracking glasses and that it
did not interfere with their ability to complete the assessment. It is clear from our experience
that eye tracking data can inform understanding of test item validity (e.g. by observing how
respondents engage with items) and help to extend the test by differentiating more effectively
between performance associated with higher or lower ability, or differences that may be
attributed to developmental disorders such as dyslexia, or by unintended features of test item
design or administration. As we have seen in this study, eye tracking data can help to identify
behaviours that indicate higher or lower levels of respondent engagement, and to identify
potential sources of disengagement (i.e. by identifying when disengagement occurs). Such
methods could also be used to identify and profile behaviours that would indicate test
fabrication (i.e. as departures from normal patterns of item engagement).

We have also shown that eye tracking observations are an accurate way of capturing
respondent disengagement as they capture the substantive detail of disengaged behaviour such
as identifying when respondents do not read the detail of the item question and stimulus. That
kind of data, including statistical data on visits and timing of reading in areas of interest (AOI)
such as item questions and key content in the stimulus could augment and inform the study of
engagement in log file response time data.

Future directions and limitations

In this research, we followed standard PIAAC testing protocols and used the same virtual
machine, laptop-type and sequence of test items that was used in the main PIAAC studies.
However, the level of interaction between respondent and interviewer in our lab-based study
was considerably less than in PIAAC assessments observed in the field. In ethnographic
observations of household-based assessments in Slovenia observed by Maddox (2017),
respondents frequently asked the interviewer questions about assessment procedures.

It is clear from this study that eye-tracking observations have the potential to fill in some of
the missing information with regard to respondent engagement and ‘off-screen’ activity. Future
eye tracking studies conducted in naturalistic ‘in vivo’ assessment environments (Maddox and
Zumbo 2017) such as classrooms or households may therefore identify behaviours associated
with respondent disengagement, ‘mind wandering’ and associated re-reading (Bixler and
D’Mello 2016; Varao-Sousa et al. 2017). There is also scope for further research to investigate
the impact on behaviour of wearing eye tracking glasses (see Risko and Kingston 2011), and
the impact of variations in luminance on the measurement of pupil dilations.

A further theme relates to the diagnosis of the kinds of educational and developmental
difficulties that the PIAAC programme might associate with low levels of ability (e.g. ‘level
1’). Our study did not actively recruit respondents with low ability. However, it was able to
observe some reading behaviours that would be typical of low performance and dyslexia.
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Future eye tracking studies may be able to shed light on how well educational systems identify
and intervene to remedy low reading performance and developmental disorders such as
dyslexia, and to identify wider barriers to educational achievement.

Conclusions

This paper contributes to the recent expansion of interest in response processes in large-scale
assessments (Zumbo and Hubley, 2017; Ercikan and Pellegrino, 2017). This exploratory study
of the OECD PIAAC assessment has demonstrated how eye tracking can help to fill an
explanatory gap, by providing detailed empirical observations on variation in item-level
response processes that are not available from computer-generated log files, from conventional
observation or from think aloud protocols.

The eye tracking observations contribute substantive information on respondent behaviour,
including indicators of engagement. As we have shown, by profiling eye movement behav-
iour—e.g. scan paths, saccades and fixations, and by producing statistics on time spent reading
AOIs, such as test item instructions or details of the stimulus, it is possible to produce nuanced
models of behaviour associated with different levels of respondent engagement and respondent
ability, and to identify respondents who exhibit behaviours associated with low performance,
or with developmental disorders such as dyslexia.

The use of eye tracking techniques in large-scale assessment has until recently been limited
to work on test item design and initial lab-based investigations into item performance (Paulson
and Henry 2002; Tai et al., 2006; Solheim and Uppstad 2011; Hu et al. 2017; Oranje et al.
2017; and Krstić, 2018). However, the rise of research into ‘processes data’ in assessment
(Ercikan and Pellegrino 2017; Zumbo and Hubley 2017) and advances in eye tracker
technology (Bixler and D’Mello 2016; D’Mello et al., 2017) suggest that the application of
eye tracking techniques can be extended to observations of how tested populations receive and
engage with test items. The contribution of eye tracking in large-scale assessments relates to at
least two distinct areas.

The first concerns the ability of eye tracking data to contribute to validity practice and validity
judgements. They expand the information base on item response processes and what counts as data.
This is in keeping with recent developments that expand the use of ‘process data’ in large-scale
assessments (Shear and Zumbo 2014; Newton 2016). The value of such data should be judged not
simply by its cost-effectiveness or its ease of collection but also by the ways that it can inform
understanding of test performance. As we have demonstrated in this study, eye tracking offers very
detailed and critical information about how respondents engage with test items. This includes
answering questions about whether test items function as intended (Oranje et al. 2017) and about
the quality of respondent engagement. Eye tracking data offers information on response processes
‘between the clicks’ that are not recorded by computer-generated log files, and as such can contribute
to wider validity discussions about the way that process data such as log files, and other process data
are used in large-scale assessment development.

A second (and related) question that this study raises concerns the potential for eye tracking data
(and process data more generally) to operate as an extension of the test. As Oranje et al. (2017) have
argued that process data from log files and eye tracking observations can be integrated into the
design and analysis of performance in ‘next generation’ assessment. It is quite possible that with the
rapid pace of technological development, eye-tracking data may become a mainstream part of
assessment practice (D’Mello et al., 2017). As this paper has demonstrated, eye tracking data enables
researchers to dig deeper into response processes and to investigate, profile and explain test-taker
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performance. But, as process data (and para-data) becomes ‘performance data’, it is incumbent on
test designers to research and understand the appropriateness, consequences and ethics of those
decisions (Durrant and Kreuter 2013). Since there are currently no eye tracking studies that have
observed large-scale assessment response processes in the wild, we are some way off having the
necessary knowledge to properly inform such developments.

Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0 International
License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and repro-
duction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a
link to the Creative Commons license, and indicate if changes were made.
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