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Introduction

Psychological research has a long track record of devel-

oping tools for our understanding of mental processes.

Prominent among these tools are the measurement of the

duration of cognitive processes (mental chronometry) and

the localization of these processes in the brain (cognitive

neuroscience). Somewhat less prominent, but undeservedly

so, is eye movement recording or eye-tracking. Eye-

tracking has a century-old history (Wade & Tatler, 2005)

that has recently culminated in the widespread availability

of relatively affordable and low-effort tools for the unob-

trusive study of visual exploratory behaviour (e.g.,

Holmqvist et al., 2011).

Eye movements, an endless succession of rapid jumps

(saccades) and brief resting periods (fixations) of the eye

balls, arguably constitute our most frequent goal-directed

behaviour (cf. Desmurget, Pélisson, Rossetti, & Prablanc,

1998; Hayhoe & Ballard, 2005). Measurements of eye

position can be taken several hundred times per second

without requiring additional task instructions or interrupt-

ing the naturally occurring behaviour of participants.

Successive measures with similar spatial coordinates are

aggregated into one fixation with a specific location and

duration; larger changes in location yield new fixations,

and thus information about saccade directions and saccade

sizes. Multiple fixations falling on a given visual object or

area of interest can be further aggregated, resulting in gaze

durations or total viewing times or dwell times as addi-

tional eye movement measures (Holmqvist et al., 2011).

Importantly, just two simple assumptions about eye

movement measures have allowed cognitive scientists to

employ eye-tracking very productively in the service of cog-

nitive research. First, gazing at something likely indicates the

object of our thoughts (Tanenhaus, Spivey-Knowlton, Eber-

hard, & Sedivy, 1995). And secondly, the time spent looking

at an object corresponds to the time we think about this object

(Just & Carpenter, 1980). Both assumptions have received

extensive support fromreading researchwheremostwords are

successively fixated and fixation durations primarily reflect

ease of comprehension (e.g., Kliegl, Nuthmann, & Engbert,

2006; Rayner, 1998; Rayner & Reingold, 2015; Reichle,

Pollatsek, Fisher, & Rayner, 1998; Starr & Rayner, 2001).

Building on these simple assumptions, eye-tracking thus

provides detailed information about the spatial selectivity and

temporal extent of ongoing cognition, enabling researchers to

‘‘read the mind’’.

This research rationale can profitably be extended into

the domain of numerical cognition. In this field of study the

currently dominant view holds that number concepts are

represented on a spatially oriented ‘‘mental number line’’,

with small numbers represented to the left of larger num-

bers (at least in Western cultures; Dehaene, Bossini, &

Giraux, 1993). The ‘‘mental number line’’ gives rise to

spatial–numerical associations, which can be widely

observed, both in simple number classification tasks and

also in more complex tasks such as mental arithmetic

(Fischer & Shaki, 2014). Eye movements provide online

access to the focus of spatial attention and can therefore

reveal the order and duration of concept activations,
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information that is not available when merely collecting

response times or error rates at task completion. Moreover,

eye movements can directly reflect strategy choices during

task execution, thereby enabling a valid description of how

a person solves a particular numerical problem; this will in

turn help to understand why some persons may have more

difficulties than others with mental arithmetic.

Despite this potential, relatively few eye-tracking stud-

ies in the domain of numerical cognition have so far been

published when compared with the number of eye-tracking

studies of language processing (we found approximately 50

vs. more than 1000 papers during the last 10 years,

respectively).1 Researchers have only recently begun to

make wider use of the advantages of eye-tracking in

numerical cognition. This is reflected in the dispropor-

tionate increase in the number of published studies in the

last few years (cf. Mock, Huber, Klein, & Moeller, 2016,

this issue) and also by an increased prevalence of eye-

tracking approaches to number processing on international

conferences. An example of the latter trend was the sym-

posium on ‘‘Numbers in the eye of the beholder: What eye

movements reveal about numerical cognition’’ at the

International Conference on Spatial Cognition (ICSC) in

Rome in September 2015 (cf. Hartmann, 2015). Several

speakers at this symposium were internationally leading

researchers, many of whom contribute some of their best

work to the present Special Issue.

The aim of this Special Issue is to update readers on

current issues in numerical cognition and to highlight the

added value of eye-tracking in this domain. The Special

Issue brings together the work of nine teams of investiga-

tors from across the world. It opens with a review by Mock

et al. (2016, this issue) of previous studies into systematic

eye movements during number processing. The authors

also introduce a processing model that considers the tem-

poral dynamics of numerical cognition. Particularly, their

model distinguishes an early stage of stimulus-driven

processes from later, more top-down controlled stages of

number processing. This model provides a helpful frame-

work when interpreting past and future findings, indepen-

dent of the methodology applied. The Special Issue further

includes eye movement studies that focus on develop-

mental and clinical aspects (Macci Cassia et al., 2016, this

issue; van’t Noordende, van Hoogmoed, Schot, & Kroes-

bergen, 2016, this issue), as well as on spatial–numerical

associations in single digit processing (Myachykov, Ellis,

Cangelosi, & Fischer, 2016, this issue; Ranzini, Lisi, &

Zorzi, 2016, this issue) and in mental arithmetic (Hart-

mann, Mast, & Fischer, 2016, this issue; Yu et al., 2016,

this issue). Further eye-tracking studies evaluate the

influence of culture and language on numerical cognition

(Bahnmueller et al., 2016, this issue), and individual dif-

ferences within the healthy population (Ganor-Stern &

Weiss, 2016, this issue). We will briefly review the current

state of research in these domains and highlight the novel

contributions made with the help of eye-tracking.

Development and impairments of number concepts

The idea that humans and other animals are born with a

‘‘number sense’’ has attracted much attention during the

last decades (Dehaene, 2011) and has in particular stimu-

lated much research with infants. Eye movement analysis

of the young mind is difficult but essential: when infants

are not yet able to communicate through verbal language,

analysing their spontaneous looking times at certain events

can reveal underlying cognitive processes. For example, in

the ‘‘violation of expectation’’-paradigm, it is assumed that

children look longer at stimuli that do not follow their

expectation of how the world works. Wynn (1992) showed

that infants look longer at a single doll that is revealed from

behind an occluder when they previously observed an

addition scenario (i.e., a second doll was added to an initial

single doll, thus the expected solution would be ‘‘two’’)

than when they previously observed a subtraction scenario

(i.e., one doll was subtracted from a pair of dolls, thus the

expected solution would be ‘‘one’’). Moreover, the time

infants (and also monkeys) spend looking at visual arrays

follows Weber’s Law (Cantlon & Brannon, 2006; Libertus

& Brannon, 2010). Furthermore, newborn infants prefer-

entially look at arrays of visually presented objects that

numerically match the number of auditory phonemes to

which they have previously been familiarized (Izard, Sann,

Spelke, & Streri, 2009).

These results show that children are born with an

inherent ability to discriminate between different magni-

tudes, and even with a basic understanding of arithmetic

processes and abstract (in the sense of supra-modal)

number concepts. Interestingly, there is also a preference

for spatially ordered magnitudes early in childhood (de

Hevia, Izard, Coubart, Spelke, & Streri, 2014; De Hevia &

Spelke, 2010) and this preference is particularly pro-

nounced for a left-to-right arrangement of magnitudes, both

in children (Bulf, de Hevia, & Macchi Cassia, 2015; de

Hevia, Girelli, Addabbo, & Cassia, 2014) and in newborn

chicks (Rugani, Vallortigara, Priftis, & Regolin, 2015; for a

critical discussion see Shaki & Fischer, 2015). In this issue,

Macchi Cassia et al. (2016) continue this fascinating line of

1 These numbers are based on an online search of the Web of

Knowledge database on Dec 20 2015, using the search term ‘‘eye

movements’’ in conjunction with either ‘‘number’’ or ‘‘language’’.

Research results that did not investigate aspects of numerical

cognition or language processing were then manually removed to

obtain the correct number of relevant studies between the years 2006

and 2015.
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research by investigating the operational momentum (OM)

effect in infants. OM was originally described for non-

symbolic mental arithmetic in adults: when mentally add-

ing or subtracting arrays of dots, participants are more

willing to accept (incorrect) solutions with too many dots

as correct for addition trials, and (incorrect) solutions with

too few dots as correct for subtraction trials (McCrink,

Dehaene, & Dehaene-Lambertz, 2007). One possible

explanation for this effect is that mental addition leads to

an overshoot of a rightward movement along the mental

number line, and subtraction to an overshoot of a leftward

movement along the mental number line (McCrink et al.,

2007), in analogy to the representational momentum effect

showing that the vanishing position of a moving object is

perceived further along the movement’s trajectory (Hub-

bard, 2014). Macchi Cassia et al. (2016, this issue) study

this effect further and habituate 12-month-old infants to

ascending or descending sequences of different shapes;

then they present them ascending or descending test

sequences of new shapes that exhibited larger or smaller

physical sizes. Infants look longer at the size changes that

violate the OM effect. Thus, spontaneous eye behaviour in

preverbal infants can reveal the presence of a spatial rep-

resentation of continuous quantities already during the first

year of life.

Yet another increasingly popular method to study chil-

dren’s representation of numbers is the ‘‘number-line

estimation’’ task (also ‘‘number-to-position’’ task). In this

task, a given number needs to be mapped onto its correct

spatial position on a horizontal line (usually flanked by 0 at

its left end and 100 at its right end; (Siegler & Opfer,

2003). This task previously revealed that children have a

compressed scaling of numbers, with relatively large dis-

tances between small numbers and smaller distances

between larger numbers (e.g., the difference between 0 and

10 is larger than that between 90 and 100). Interestingly,

children’s performance on the number-line estimation task

is associated with their mathematical performance, sug-

gesting that the appropriate (uncompressed) mapping of

numbers onto space might reflect better conceptual math-

ematical understanding (Booth & Siegler, 2006). The use

of eye-tracking during this task previously revealed

specific strategies that are related to different develop-

mental stages of numerical concepts: young children start

from the endpoint of the line and count upward (or

downward) in whole units until they reach the target

position. This strategy is reflected in a linear distribution of

fixations along the line (from one end to the final position).

Older children start to count from the midpoint when the

target position is closer to the midpoint than to one of the

endpoints of the line. An increased use of such a midpoint

strategy is associated with greater arithmetic competence

(Schneider et al., 2008). Finally, adults use a fully

proportion-based strategy: fixations are distributed along

proportional reference points (e.g., endpoint, midpoint,

points between the endpoint and midpoint; Sullivan,

Juhasz, Slattery, & Barth, 2011).

Increased knowledge about the ‘‘normal’’ development

of numerical concepts in children (e.g., the age-dependent

use of different strategies in the number-line estimation

task) enables researchers to diagnose children with math-

ematical disabilities (van Viersen, Slot, Kroesbergen, Van’t

Noordende, & Leseman, 2013). Van’t Noordende et al.

(2016, this issue) make use of the added value of eye-

tracking in order to better understand why children with

developmental dyscalculia (i.e., difficulties in learning or

comprehending arithmetic) perform worse in the number-

line estimation task than children with typical mathemati-

cal development. They find that dyscalculic children attend

to different features of the number line: they make less

efficient use of reference points and are less capable of

adapting their strategy when compared to age-matched

controls. This study shows that eye-tracking reveals useful

additional information about strategy use of children with

mathematical impairments, which might be helpful for the

development of interventions.

Associations between numbers and space

Dehaene et al. (1993) famously measured the speed of

odd–even decisions (parity task) for single digits with lat-

eralized button presses and discovered that responses to

small numbers were faster on the left than on the right side,

and vice versa for large numbers. This so-called SNARC

(spatial–numerical association of response codes) effect

has been taken as evidence that numbers are represented in

an ordered fashion along a spatially oriented mental num-

ber line, with small numbers to the left of larger numbers.

The discovery of a systematic association between the

seemingly abstract concept of numbers and our physical

space has since attracted much attention in the cognitive

sciences. To illustrate, the seminal study by Dehaene et al.

(1993) has been cited more than 1690 times (source: www.

google.scholar.com, 6. Feb. 2016). SNARC-like effects

have been investigated in a wide range of numerical tasks

(Fischer & Shaki, 2014), and can be observed across dif-

ferent effectors, including hands and feet (Schwarz &

Müller, 2006) and also the eyes (e.g., Schwarz & Keus,

2004). For example, eye movements to the left side are

faster after processing a small number, whereas eye

movements to the right side are faster after processing a

large number, when compared to the opposite pairings.

Such ‘‘oculomotor SNARC effects’’ are not only reflected

in saccadic response times, but also in spontaneously

adopted gaze positions. Loetscher et al. (2010) showed that
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eye gaze position in the dark drifts rightward and upward

when relatively larger numbers (i.e., numbers preceded by

a smaller number) are called out in a random number

generation task; similarly, the participant’s gaze drifts

leftward and downward for relatively small numbers). In

this issue, Myachykov et al. (2016) show that such number-

induced ocular drifts occur even then when participants

fixate a central visual stimulus on the screen (Experiment

1) or when they are engaged in an additional saccade task

(Experiment 2), suggesting that the processing of numeri-

cal magnitudes leads to inescapable interference with eye

movement control (a phenomenon they labelled oculomo-

tor resonance effect). Further evidence for such interfer-

ence between semantic and oculomotor mechanisms comes

from Ranzini et al. (2016, this issue), showing that vol-

untary leftward and rightward eye movements (during

smooth or stepwise pursuit of lateral targets) modulate the

processing of number magnitudes in a parity judgment

task. These results confirm previous claims of a bi-direc-

tional link between physical and representational numerical

space (cf. Fischer, Castel, Dodd, & Pratt, 2003; Hartmann,

Grabherr, & Mast, 2012; Zorzi, Priftis, & Umilta, 2002).

The studies reported so far have assessed spatial–nu-

merical associations for the processing of single numbers.

However, spatial–numerical associations can also be found

for more complex numerical tasks, such as mental arith-

metic (Fischer & Shaki, 2014). Therefore, it is not unex-

pected to see systematic eye movement patterns during

such tasks. Hartmann et al. (2016, this issue) find that eye

gaze position on a blank screen shifts upward and right-

ward when participants perform continuous additions (i.e.,

upward counting), supporting the idea that mental addition

is conceptualized as rightward movement along the mental

number line (McCrink et al., 2007; Pinhas & Fischer,

2008). By presenting addition and subtraction problems

and varying the operand order, Yu et al. (2016, this issue)

find further support for this claim and clarify that the

direction of the spatial–numerical association during

mental arithmetic does not only depend on the operation

(addition-right, subtraction-left), but also on the relative

magnitude of operands and results (see also Hartmann,

Mast, & Fischer, 2015; Loetscher, Bockisch, & Brugger,

2008). These results point to a surprisingly flexible mental

number line in the context of arithmetic.

Noteworthy is furthermore the fact that some of the

studies in this issue make use of the high temporal reso-

lution of eye movement recording to describe the exact

time course of the spatial–numerical associations (Hart-

mann et al., 2016; Myachykov et al., 2016; Yu et al., 2016).

Interestingly, Hartmann et al. find a different time course

for horizontal than for vertical spatial–numerical associa-

tions, suggesting that they might be governed by different

mechanisms (for further discussions see Fischer, 2012;

Hartmann, Gashaj, Stahnke, & Mast, 2014; Hartmann

et al., 2015; Winter, Matlock, Shaki, & Fischer, 2015).

Myachykov et al. (2016, this issue) interpret their multi-

phasic oculomotor resonance effect to suggest that the

spatial mapping might consist of distinct processing stages.

Language shapes numerical cognition

Culture, and in particular written language, plays an

important role in shaping the spatial representation of

ordered dimensions such as numbers (e.g., Göbel, 2015;

Göbel, Shaki, & Fischer, 2011). It has been shown already

in the seminal paper by Dehaene et al. (1993) that adults

from a right-to-left reading culture had a smaller or even

reversed SNARC effect compared to adults from Western

cultures. Shaki, Fischer, and Petrusic (2009) compared

three cultures and found that reading habits for both

numbers and words determine the direction and strength of

the SNARC effect. But even for a given reading direction,

the positioning of numbers within a text will quickly

modulate their spatial associations (Fischer, Mills, &

Shaki, 2010).

Besides the influence on the SNARC effect, language

also determines the order of naming the decade and unit of

multi-digit numbers. For example, when reading the

number ‘‘52’’, English speakers first mention the decade

value, followed by the unit (‘‘fifty-two’’), whereas the

opposite is true for German speakers (‘‘zwei-und-fünfzig’’,

‘‘two-and-fifty’’). Moeller, Shaki, Göbel, and Nuerk (2015)

recently reported systematic influences of reading/writing

direction as well as number word formation (non-inverted

as in the English or Hebrew languages vs. inverted as in the

German and Arabic languages) in a magnitude comparison

task with two-digit numbers. Eye-tracking is a helpful tool

to study such effects: it allows assessing whether one’s

attention goes first to the decade or the unit digit. Eye

movement analysis confirmed that multi-digit numbers are

not perceived as an entity but are decomposed and pro-

cessed in parallel: more and earlier fixations are found on

the decade and somewhat fewer fixations on the unit

(Moeller, Fischer, Nuerk, & Willmes, 2009). However, for

the processing of numbers larger than 99 it has been argued

that an additional sequential processing stage is involved

because numbers become too wide to be processed entirely

in parallel (Meyerhoff, Moeller, Debus, & Nuerk, 2012). In

their contribution to the present Special Issue, Bahnmueller

et al. (2016) use eye-tracking to further study such lan-

guage-related influences (for German vs. English) on the

processing of three-digit numbers (e.g., 742_896). The

observed eye gaze pattern generally confirms a parallel

processing style for both languages. Interestingly, a sub-

group of their German-speaking participants shows a
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reverse hundred-decade-compatibility effect, as is evident

from longer inspection times for compatible than incom-

patible number pairs (in the example above the hundred–

decade relationship is compatible because 7\ 8 and

4\ 9). This result can be interpreted as reflecting

sequential number processing (cf. Nuerk, Weger, & Will-

mes, 2002) and therefore the findings of this study point to

sequential processing in some German speakers but not in

English speakers. This difference can be attributed to dif-

ferent language characteristics: The German language is

generally associated with a more sequential reading style

(letter-by-letter reading) when compared to the English

language (Rau, Moll, Snowling, & Landerl, 2015). Bahn-

mueller et al.’s (2016) findings therefore broaden the scope

of language influences on number processing.

Variation in numerical performance

Eye-tracking reveals how a person solves a particular

numeric problem. Some studies described above have used

eye-tracking to better understand differences in problem-

solving strategies between normally functioning individu-

als compared to those with mathematical difficulties (e.g.,

Van’t Noordende et al., 2016, this issue). Such an approach

might also be useful to study non-clinical populations, for

example to extract and identify advantageous task strate-

gies applied by particularly well-performing individuals, or

to track the success of interventions within a given

individual.

In a seminal oculomotor approach to problem solving,

Grant and Spivey (2003) have shown that eye movements

can prime certain solutions. Specifically, they asked par-

ticipants to solve Duncker’s (1935/1963) radiation prob-

lem, which requires destroying a tumour with a laser beam

without injuring the surrounding healthy tissue. The solu-

tion requires firing multiple low-intensity lasers from dif-

ferent directions so that they converge on the tumour. For

different groups of participants, the authors highlighted

either the tumour or the tissue, thus inducing different eye

movement patterns while looking at the problem sketch.

Solution rates doubled when highlighting the tissue, pre-

sumably because the resulting eye movements primed

different paths from the outside towards the tumour (see

also Thomas & Lleras, 2007).

Susac et al. (2014) investigated problem-solving strate-

gies in the context of mental arithmetic. They assessed

participants’ eye movements when they rearranged alge-

braic equations, and participants also reported their

strategies after the completion of the task. The authors

found a correlation between the number of fixations and

participants’ efficiency in equation solving. Crucially, eye

movement data were found to be more objective and

reliable than the participants’ explicit reports, showing that

eye-tracking provides insights into otherwise unavailable

task strategies.

The final study of this Special Issue by Ganor-Stern and

Weiss (2016) further illustrates the merits of this approach.

The authors report effects of practice on students’ estima-

tion performance for multi-digit multiplications. Partici-

pants judge whether the correct result would be smaller or

larger than a given reference number. With increasing

practice, dwell times and the frequency of first fixations on

the reference number increase, reflecting a specific change

in task strategy. This study nicely illustrates how eye

movement analyses can help identify different problem-

solving strategies in the domain of numerical cognition.

Conclusions and outlook

The studies reported here all highlight the added value of

eye-tracking when exploring the numerical mind. Eye

movement recording yields access to the infant’s mind or

provides information about specific task strategies that

cannot be extracted from response times or error rates

alone (Bahnmueller et al., 2016; Ganor-Stern and Weiss,

2016; Macci Cassia et al., 2016; Van’t Noordende et al.,

2016). Moreover, the studies reported here shed new light

on the temporal development of spatial–numerical associ-

ations during single number processing and arithmetic

performance (Hartmann et al., 2016; Myachykov et al.,

2016; Yu et al., 2016). The findings of these latter studies

point toward an even richer role of eye movement research

within the cognitive sciences. The principal function of eye

movements is to bring details of our visual environment

into focus, allowing for conscious perception. However,

our eyes do not only move to extract information from the

visual world: previous studies already showed that

inspecting a mental image in the mind’s eye (e.g.,

inspecting an imagined house from the bottom to the top)

leads to corresponding eye movements in the physical

world (Laeng & Teodorescu, 2002; Spivey & Geng, 2001),

and eye movement patterns during memory retrieval

resemble those during real-time exploration (Johansson,

Holsanova, Dewhurst, & Holmqvist, 2012; Johansson &

Johansson, 2014; Martarelli & Mast, 2013; Micic,

Ehrlichman, & Chen, 2010). The studies reported here

suggest that the eyes also ‘‘inspect’’ abstract concepts such

as a mental number line, and that they ‘‘act out’’ spatial

relations of our thoughts. Such internally driven eye

movements might thus reflect the fundamental fact that

human cognition is ‘‘embodied’’, i.e. inevitably grounded

in sensorimotor experiences in physical space (Coello &

Fischer, 2016; Fischer & Coello, 2016). This fact is also

expressed in the ubiquitous correlation between quantity
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and verticality that inspired universal linguistic expressions

(e.g., ‘‘more is up’’ or ‘‘high price’’; Lakoff & Johnson,

1980). However, the exact role of such internally driven

eye movements remains speculative at present. Particu-

larly, it is not clear whether they are epiphenomenal to the

recruitment of a mental number line or whether they play a

functional role in the understanding of quantity. The find-

ing that number processing is impaired when incongruent

eye movements are performed (Ranzini et al., 2016) points

to the latter possibility, although it still needs to be clarified

whether the eye movements, or rather the lateral cues, are

responsible for this interference effect (cf. Masson &

Pesenti, 2015). A further argument in favour of a functional

role of eye movements is provided through the neu-

roanatomical links between cortical oculomotor control

structures and magnitude networks. Numbers are processed

within a generalized magnitude system in the parietal

cortex (Bueti & Walsh, 2009; Walsh, 2003, 2014), an area

that is also involved in the processing of spatial informa-

tion and planning of saccades (e.g., Cohen & Andersen,

2002; Nyffeler, Hartmann, Hess, & Müri, 2008). Moreover,

Knops, Thirion, Hubbard, Michel, and Dehaene (2009)

found partially overlapping brain activity when performing

a lateral saccade task and a mental arithmetic task, namely

for leftward saccades and subtraction, and for rightward

saccades and addition. Thus, beyond a conceptual link

between numbers and space, eye movement planning and

number processing interact at the neuronal level (Burr,

Ross, Binda, & Morrone, 2010). Combined eye-tracking

and neuroimaging techniques might therefore be helpful to

further explore the shared network for numbers and eye

movement control.

It is also important to point out that the full potential of

eye-tracking in the study of numerical cognition has not yet

been exhausted. For example, exploring individual differ-

ences in numerical performance by eye-tracking has mostly

been limited to the clinical domain, but there is also much

potential to study the ‘‘healthy’’ mind, for example to better

describe how complex numerical tasks are solved, and how

good performers differ in their strategy from less good

performers. To this end, the application of new paradigms

might be useful. For example, the adaptation of paradigms

traditionally used to study language comprehension, such

as the visual world paradigm (Huettig & Altmann, 2005;

Huettig, Rommers, & Meyer, 2011), might be adapted for

the numerical domain: investigating eye movements when

several numbers are simultaneously presented on a screen

might provide further insights into the temporal sequence

of thoughts when solving numerical problems (Hartmann,

Laubrock, & Fischer, in preparation; Hintz & Meyer,

2015). The knowledge of successful task strategies derived

from eye movement analyses (cf. Ganor-Stern and Weiss,

2016; van’t Noordende et al., 2016) might then be used for

the development of training interventions; in turn, the

success of these interventions can then be determined

through eye-tracking.

There is also great potential in the use of additional eye-

tracking parameters. Besides fixations and saccades, most

eye trackers provide information about the size of the pupil

and the occurrence of so-called micro-saccades. The pupil

size reflects cognitive load (Kahneman & Beatty, 1966)

and this eye-based measure of cognition was already uti-

lized in early studies of mental arithmetic (Hess & Polt,

1964). Pupillometry can also be used to measure shifts in

covert spatial attention, task expectations, or mind wan-

dering (for a recent review see Hartmann & Fischer, 2014),

which might all be important factors when studying

numerical cognition. Another useful eye-tracking mea-

surement are micro-saccades, small changes of eye position

during an eye fixation that prevent visual information from

decaying (Martinez-Conde, Macknik, Troncoso, & Dyar,

2006). Micro-saccades have also been related to shifts in

spatial attention (Engbert & Kliegl, 2003), and more

recently to task difficulty during mental arithmetic (Gao,

Yan, & Sun, 2015; Siegenthaler et al., 2014): micro-sac-

cade rate decreases and their magnitude increases with

increasing task difficulty. Thus, pupil size and micro-sac-

cades might be helpful in explaining variance in perfor-

mance resulting from task difficulty or from individual

factors during each trial (e.g., focus of attention, task

compliance).

This Special Issue highlights how the eyes can be used

as a window onto the mathematical mind, and will hope-

fully further promote the use of eye-tracking in numerical

cognition research.
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