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Abstract

A prototypical finding of social cognition is that social experiences influence later performance even though those
experiences are not introspectively available. Building on social cognition research on implicit attitudes, we evaluate
whether ethnic category/attribute pairs influence eye movements during the Implicit Association Test (IAT, Greenwald,
McGhee, & Schwartz 1998). Results show that fixation duration predicted implicit attitudes such that when the category/
attribute pairs disconfirmed one’s implicit negative attitude fixation duration toward that pair increased. The present
research provides evidence that eye movements and implicit processes inherent in the IAT are more broadly connected
than previously thought.
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Introduction

Understanding people’s beliefs, feelings, and attitudes is often

difficult. Reasons for these difficulties vary greatly, but social

desirability [1,2] and the inaccessibility of psychological processes

[3] are two of the most commonly cited reasons. To overcome

these difficulties, implicit techniques, like the Implicit Association

Test (IAT) have been developed [4].

The classic IAT reveals implicit attitudes towards ethnic groups

by asking people to associate one of two ethnic categories (e.g.,

white vs. black) with a bipolar attribute (e.g., good vs. bad). When

the category/attribute pairs are highly associated, response

accuracy increases and association time associate decreases.

Because of its flexibility, robustness, and reliability the IAT has

been widely used to study automatic processes [5].

Previous research has demonstrated that indirect behavioral

measurement methods, like those found in the IAT, e.g., response

times, and eye-tracking techniques are good indicators of implicit

processes [6,7]. Interestingly, the relationship between these two

indirect behavioral measurement methods has only recently been

studied [8–10], and it is still unclear whether eye movements can

provide a predictive model of implicit processes. The present

research attempts to do just that.

The present research is understood within an embodied

cognition theoretical framework. Embodied cognition has repeat-

edly demonstrated that bodily experiences work in concert with

cognitive systems underlying sensory perception, action, emotion,

motivation, and cognitive operations [11,12]. Research has found

that social information processing can occur via bottom-up

processes such that bodily experiences influence high level

cognitive processes or via top-down processes such that cognition

directly influences sensory-motor processes [11,13,14]. We

hypothesize a top-down oculo-sensory-motor embodiment of

social information processing, in line with a growing number of

studies on the perception of social stimuli being associated with

bodily states [14–16].

Visual attention is guided towards unexpected content [17,18]

that taxes cognitive load [19]. In fact, considering this relationship

between visual attention and cognitive load, participants should

show more and/or longer fixations towards visual areas that

disconfirm one’s implicit negative attitude towards the ethnic out-

group, i.e., black/good consistent with research on the salience of

negative attitudes towards out-groups [20,21]. Eye movements

should therefore integrate with belief systems that underlie implicit

attitudes [14,22,23]. Such a finding would allow eye movements to

be considered as a predictive tool for psychological concepts like

attitudes [24].

The present research investigated the relationship between eye

movements and the IAT, an excellent measure of implicit

processing. Eye movements are increasingly being used in different

fields (see e.g., the neuroergonomic studies conducted by Di Stasi

and colleagues [25]) as a bio-behavioral measure for different

physiological and psychological states, such as arousal [26], and

cognitive and attentional load [25–29]. By using an ‘‘off the shelf’’

eye-tracking methodology with a traditional Black-White IAT, two

studies were conducted. Study 1a established that there was a

relationship between eye movements and the IAT while Study 1b

refined the methodology. Together, these two studies suggest that
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fixation duration increased when the visual stimuli disconfirmed

the implicit negative attitude towards the ethnic out-group, i.e.,

black/good. Fixation duration, therefore, was found to predict

implicit attitudes towards the ethnic out-group.

Study 1a

Participants were presented with the IAT while fixation number

and duration were measured. Considering the previous discussion

in the Introduction on the relationship between attention and

unexpected visual information, a positive relationship between

fixation number and/or duration and implicit attitudes, as

measured by the IAT, was expected.

Method
Materials. Eye movements were measured using the ITU

Gaze Tracker software (www.gazegroup.org) that records gaze

position via a webcam that reflects infrared light on the cornea.

Following a nine-point calibration, the ITU device tracks eye

movements with a mean error in visual angle degrees of 1.48

(SD = 0.58) [30].

A Milliseconds Racism IAT (http://www.millisecond.com/

download/library/IAT) combining the two Caucasian and

African ethnic categories with the good or bad qualitative

attributes was administered online, whereas the OGAMA IAT

was based on the online IAT structure using OGAMA’s Slideshow

Design Module. The IAT was administered twice (the IAT can be

administered more than once with one having little or no impact

on the others [31]). The online IAT was used to calculate implicit

association score whereas the OGAMA IAT was used to measure

and analyze the eye movements performed during the visual

interaction with the IAT stimuli.

Participants. 30 Caucasian (15 female; age M = 34;

SD = 4.31, 80% right-handed; all with 100% visual acuity, 33%

with contact lenses) randomly completed either the online IAT or

the OGAMA IAT first. The study was reviewed and approved by

the Institutional Review Board of the Department of Philosophy,

Social & Human Sciences and Education, University of Perugia.

All participants provided their written informed consent to

participate in this study. No minors/children were enrolled in

this study. The study represented ‘‘no more than minimal risk’’.

Design and Procedure. Sessions were conducted in a quiet

setting and they began with a visual acuity and eye dominance

assessment. Participants were asked to complete either the online

IAT or the OGAMA IAT first. For both participants, semantically

associated words or pictures shown in the middle of the screen to

their corresponding category shown either on the left or the right

via keyboard presses.

Monocular eye movements were sampled by the ITU Gaze

Tracker through an infrared cam mounted on an adjustable

chinrest support that was positioned 60 cm from the screen. Only

during the OGAMA IAT were eye movement fixation number

and duration measured. Fixations were calculated using the

dispersion-type detection algorithm by LC technologies [32]. We

set the maximum distance that a point may vary from the average

fixation point at 20 pixels and the minimum number of samples

that define a fixation at 5 samples. Consecutive fixations within the

maximum distance were merged into one fixation. Two Areas Of

Interest (AOIs) have been defined on a 10246768 LCD monitor: a

rectangular Left AOI, coordinates = P0:(20.7;0.0) P1:(646.3;0.0)

P2:(646.3;268.8) P3:(20.7;268.8), and a Right AOI, coordina-

tes = P0:(644.5;21.9) P1:(1282.7;21.9) P2:(1282.7;268.8)

P3:(644.5;268.8).

Participants were asked to associate one of two ethnic categories

(e.g., white vs. black) with a bipolar attribute (e.g., good vs. bad),

both presented on a screen. The OGAMA IAT consisted of three

blocks: one control and two experimental (i.e., initial and

reversed). Each block contained nineteen trials where the screen

position of the ethnic categories (black/white) varied between

blocks while the attributes (bad/good) were fixed for all trails. The

duration of those trials depended on the amount of time

participants’ took to respond to the IAT via key presses. In the

control blocks, the ethnic categories of black and white were

presented either on the left or right while the qualitative attribute

good was always presented on the left and bad was always

presented on the right. Therefore, for the initial blocks, the

category/attribute pair white/good was presented on the left and

black/bad was presented on the right while for the reversed blocks,

black/good was presented on the left and white/bad was

presented on the right (see Table 1 for a category/attribute pair

schema).

Results
IAT results revealed that 86% of the participants showed an

automatic preference for white people (33% strong, 33% moderate

and 20% slight preference), whereas 7% showed a slight automatic

preference for black people and 7% had no automatic preference.

A repeated-measures ANOVA on fixation number demonstrat-

ed a main effect of condition (F(2,28) = 4.198, p = .025) and a main

effect of position (left, right) (F(1,29) = 4.677, p = .039). No

significant interaction was found between condition and position

(F(2,28) = 1.033, p..05). A repeated-measures ANOVA on

fixation duration demonstrated no main effect of condition and

position. No significant interaction was found between condition

and position too.

Fixation analysis on category/attribute pair combination within

each experimental block revealed that, for those with an automatic

white people preference, in initial blocks, fixation number for the

pair black/bad (M = 2.93; SD = 5.38 fixation count per AOI) was

significantly lower than white/good (M = 7.8; SD = 14.8 fixation

count per AOI) F(1, 29) = 14.34, p,.05, while for the reversed

blocks no difference between the black/good (M = 4.5; SD = 6.4

fixation count per AOI) and white/bad pairs was found (M = 3.73;

SD = 7.4 fixation count per AOI) F(1, 29) = .237, p..05. Fixation

duration was higher for black/bad (M = 1374.3; SD = 2586.5 ms)

than white/good (M = 810.7; SD = 2556.3 ms) in the initial blocks

F(1, 29) = 7.85, p,.05 and black/good (M = 1442.5;

SD = 2649.1 ms) than white/bad (M = 1212.5; SD = 2791.2 ms)

in the reversed blocks F(1, 29) = 3.38, p,.05.

Multiple linear regression analysis showed that fixation number

and duration were not able to predict automatic preferences

R2 = .029, F(2, 27) = .415, p..05, fixation number b= .118, p.

.05; fixation duration b = .064, p..05, although the intercept

suggested a trend effect (Intercept = .85; t(27) = 8.09; p,.01). A

significant correlation between fixation number and fixation

duration was found for both initial (r = 0.95, p,.05) and reversed

(r = 0.52, p,.05) blocks.

Discussion
Results suggest that fixation number was significantly different

among both condition and position, although condition did not

influence gaze position on AOIs. Fixation duration did not differ

between blocks. A trend effect for the relationship between fixation

number/duration and implicit attitudes, as measured by the IAT,

was found. Participants fixated more and longer on black/bad

than white/good while also fixating longer on black/good than

white/bad. Results demonstrate that category/attribute pairs that

Believing Is Seeing
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confirm as well as disconfirm one’s implicit attitudes toward an

out-group ethnic category are those that attract visual attention.

Since the visual targets used for each AOI (i.e., the pairs of words

described in fig. 1) never vary in color, contrast, texture, line

shape, size, orientation and background during the trials, we

exclude the possibility that fixation duration differences would

primarily be influenced by visual stimuli, as recently highlighted by

McCamy and colleagues [33]. These results demonstrate that eye

tracking is a good candidate for indirectly measuring implicit

processes [6–10].

Even though automatic preferences are not influenced by

lateralization [4], eye movements can be due to an upper-left gaze

bias [34]. In this study the attributes good/bad were always

presented in fixed positions. Therefore, white/good and black/

Table 1. Categories, attributes and category/attribute pairs and their positions for the Black-White Implicit Association Test (IAT)
used in Study 1b.

Condition Control Control Initial blocks Reversed blocks

Good Left NWhite NGood NWhite/Good NBlack/Good

BlackN BadN Black/BadN White/BadN

Good Right NWhite GoodN NWhite/Bad NBlack/Bad

BlackN NBad Black/GoodN White/GoodN

The black dots on the table indicate the left or right position of the target on the screen. Good Left corresponds to what was presented in Study 1a.
doi:10.1371/journal.pone.0105106.t001

Figure 1. The screenshots show the 26262 combination of the ethnic category ‘‘nero’’ (black) and ‘‘bianco’’ (white) with the
qualitative attributes ‘‘buono’’ (good) and ‘‘cattivo’’ (bad) for both good left and good right conditions. For each experimental
condition, a yellow circle represents the effect of position on fixation number whereas the heat map represents the effect of category-attribute
combination on fixation duration.
doi:10.1371/journal.pone.0105106.g001

Believing Is Seeing
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good were only presented on the left while white/bad and black/

bad were only presented on the right. These fixed positions could

have led to an eye movement lateralization effect. Since most

people read from the upper left to the lower right [35] it is difficult

to conclude whether one’s gaze toward the pair was due to the

pair’s salience or reading lateralization. For this reason, the

methodological design behind the IAT cannot exclude or explain

any influence of lateralization on strategies used to explore one’s

visual space. Study 1b was conducted to resolve this problem.

Study 1b

Identical to Study 1a participants completed the Black-White

IAT while fixation number and duration were measured. In Study

1b a between subjects 26262 experimental design (category x

attribute x position) was used to control for a possible eye-

movement lateralization effect. Considering the results from Study

1a, we predicted that category/attribute pairs that confirm/

disconfirm one’s implicit attitudes toward an out-group ethnic

category are those that attract visual attention.

Method
Materials. Identical to Study 1, ITU Gaze Tracking

software, the online IAT and the OGAMA IAT were used.

Participants. 48 Caucasians (29 female; M = 23.5;

SD = 7.35; 85.4% right handed; all with 100% visual acuity,

20% with contact lenses) were randomly assigned to perform

either the online IAT or the OGAMA IAT first. Identical to Study

1, the experiment was reviewed and approved by the Institutional

Review Board of the Department of Philosophy, Social & Human

Sciences and Education, University of Perugia. All participants

provided their written informed consent to participate in this

study.

Design and Procedure. The design and procedure for this

study were identical to Study 1a except that in the initial and

reversed blocks for Study 1b, position on the screen (left/right) of

two ethnic categories (black/white) and qualitative attributes

(good/bad) was manipulated in a 26262 between subjects design.

Two experimental conditions: good left and good right, where the

positive attribute good was fixed on either the left or right were

administered. Good left corresponded to what was presented in

Study 1. See Table 1 for a representation of the category/attribute

pairs.

Results
Results from the online IAT revealed that 67% of participants

showed an automatic preference for white people (N = 32, of

which 33% strong, 7% moderate and 60% slight preference),

while 33% (N = 16) of the participants had no automatic

preference. No significant difference between the two groups was

found F(1, 45) = 0.49, p..05.

For the good left condition, a repeated-measures ANOVA on

fixation number demonstrated a main effect of condition

(F(2,23) = 10.427, p = .001) and a main effect of position (left,

right) (F(1,23) = 9.120, p = .006). A significant interaction was

found between condition and position (F(2,23) = 5.202, p = .014).

A repeated-measures ANOVA on fixation duration demonstrated

a main effect of condition (F(2,23) = 6.211, p = .007) and position

(left, right) (F(1,24) = 7.096, p = .014). No significant interaction

was found between condition and position.

For the good right condition, a repeated-measures ANOVA on

fixation number demonstrated a main effect of condition

(F(2,20) = 6.464, p = .007). No significant differences were found

for position (left, right) (F(1,21) = 0.041, p..05). No significant

interaction was found between condition and position

(F(2,20) = 2.388, p..05). A repeated-measures ANOVA on

fixation duration demonstrated a main effect of condition

(F(2,20) = 8.699, p = .002) and no effect of position. No significant

interaction was found between condition and position, although

we found a trend of interaction (F(2,20) = 2.936, 0,p,1).

Fixation analysis revealed that for those with an automatic white

people preference, only fixation number was influenced by the left

target position for all block/condition pairs, Wilks lambda = .76,

F(4, 39) = 3.14, p,.05. In the good left condition for the initial

blocks fixation number for the pair white/good (M = 22.9;

SD = 31.4 fixation count per AOI) was significantly higher than

black/bad (M = 8.7; SD = 14.1 fixation count per AOI); F(1,

24) = 4.24, p,.05 while for the reversed blocks, black/good

(M = 10.2; SD = 20.5 fixation count per AOI) was significantly

higher than white/bad (M = .72; SD = 1.54 fixation count per

AOI); F(1, 24) = 5.26, p,.05. In the good right condition reversed

blocks, fixation number for the pair black/bad (M = 14.7; SD = 24

fixation count per AOI) was significantly higher than white/good

(M = 4.7; SD = 6.4 fixation count per AOI); F(1, 21) = 4.87, p,

.05. A trend towards significance for the white/bad (M = 2;

SD = 5.9 fixation count per AOI) and black/good (M = 9.1

SD = 15.7 fixation count per AOI) pairs of the initial blocks F(1,

21) = 3.58, p = .06 was found.

Fixation duration was higher for black/good (M = 4005.5;

SD = 7687.7 ms) than white/bad (M = 605.9; SD = 2419.3 ms);

F(1, 24) = 4.45, p,.05 in the good left condition reversed blocks,

and for black/good (M = 3344.6; SD = 6780.7 ms) than white/bad

(M = 943.5; SD = 2938.4 ms); F(1, 21) = 4.84, p,.05 in the good

right condition initial blocks. No significant effect of duration was

found for white/good (M = 3641.1; SD = 7191 ms) and black/bad

(M = 1179.6; SD = 3792.4 ms) in the initial blocks of the good left

condition, F(1, 24) = 2.29, p..05) and for black/bad (M = 2974.7;

SD = 3711.3 ms) and white/good (M = 1090.6; SD = 1536.2 ms)

in the reversed blocks of the good right condition, F(1, 21) = 2.32,

p..05).

A repeated-measure ANOVA between subjects was done. No

difference between the experimental groups was found in the

control blocks for both number and duration fixation. In the initial

blocks a significant effect of position was found between groups for

number of fixation F(1, 21) = 8.584, p = .000. Subjects tended to

gaze for more times towards the white/good pair indifferently

from its position. Moreover, in the initial blocks a significant

interaction between group and position was found for fixation

duration F(1, 21) = 5.244, p = .032. In the reversed blocks a

significant effect of position was found between groups for both

fixation number F(1, 21) = 15.40, p = .001, and duration F(1,

21) = 9.142, p = .006.

Multiple linear regression analysis revealed that fixation number

and duration were significant predictors of IAT scores R2 = .106,

F(2, 44) = 2.62, p..05, fixation number b = .80, p,.05; fixation

duration b = -.78, p,.05). A significant correlation between

fixation number and duration was found for both good left

condition (initial blocks, r = 0.87, p,.05; reversed blocks, r = 0.95,

p,.05) and good right condition (initial blocks, r = 0.86, p ,.05;

reversed blocks, r = 0.89, p,.05).

Discussion
Study 1b was designed to exclude or explain any influence of

lateralization on eye movements. A lateralization effect was found

demonstrating that target position affected fixation number

independently of the IAT. However, when the unexpected

category/attribute pair, i.e., white/bad was presented on the left

and black/good on the right, fixation number for white/bad
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decreased while on for black/good increased. Results demonstrate

that category/attribute pairings that disconfirm our implicit out-

group prejudices (i.e., black/good) are more salient than pairings

that confirm out-group prejudices (i.e., black/bad) or confirm/

disconfirm in-group automatic preferences (i.e., white/good and

white/bad) [20,21]. Study 1b, therefore, revealed that when

lateralization is taken into account only fixation duration is

predictive of implicit attitudes.

General Discussion and Conclusions

This study investigated whether eye movement fixation number

and/or duration could predict implicit attitudes as measured by

the IAT. Embodied cognition theories can be utilized to help

explain the relationship between implicit attitudes as measured by

the IAT and fixation duration. For embodied cognition, eye

movements hold a central role in social cognitive processes via

mechanisms that situate conceptualizations [36]. During the IAT,

participants’ attention – in terms of fixation duration – was focused

on the pair that disconfirmed their implicit negative preference,

i.e., black/good. These findings are in line with embodied

cognition theories in that eye movements should increase in

number and/or duration when psychological attributes are

incompatible with cognitive processes [11,37]. Eye movements

can work in concert with belief systems that underlie implicit

attitudes [14,22,23].

Fixation duration has been found to positively correlate with

task difficulty level [38], thus providing a valid measure to identify

when attentional processing or cognitive load increases. These

findings are also confirmed by recent studies showing that the

difficulty in visual and cognitive processing of the scene modulates

fixation durations [39–41] and microsaccades [33]. Considering

the present research, higher attentional processing or cognitive

load increases would occur when category/attribute pairs

mismatch participant implicit prejudices. Other bio-behavioral

measures, such as pupil dilation, Heart Rate (HR) or Galvanic

Skin Response (GSR) have also been found to be valid measures

for identifying increased processing demands [42] and future

research should therefore take into account the relationship

between these other physiological measures and the IAT to better

understand the relationship between arousal and cognitive load

during the IAT, especially when category/attribute pairs mis-

match participant implicit prejudices.

Because most people read from the upper left to the lower right

[34], Study 1b systematically investigated the effect of lateraliza-

tion on visual information processing. Results demonstrated a

strong relationship between fixation number and lateralization

leaving only fixation duration as a valid predictor of implicit

attitudes. Consistent with previous salience research [20], lateral-

ization was constrained by the strong saliency of the black/good

pair that mismatched one’s implicit prejudice.

Several other questions remain. These include, for example,

whether the relationship between eye movements is consistent

across other versions of the IAT, whether eye-tracking can be

useful to gain insight into how we represent other social cognition

concepts, and whether fixation number and not fixation duration

is consistently influenced by the lateral presentation of those

concepts. Given the importance of implicit representations in our

understanding and evaluation of others and ourselves we see the

use of eye-tracking methodologies as a useful tool to explore these

issues.
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Microsaccade and drift dynamics reflect mental fatigue. Eur J Neurosci 38:

2389–2398. doi: 10.1111/ejn.12248
29. Siegenthaler E, Costela FM, McCamy MB, Di Stasi LL, Otero-Millan J, et al.

(2014) Task difficulty in mental arithmetic affects microsaccadic rates and

magnitudes. Eur J Neurosci 39: 287–294. doi: 10.1111/ejn.12395
30. Johansen SA, Agustin JS, Skovsgaard H, Hansen JP, Tall M (2011) Low Cost vs.

High-End Eye Tracking for Usability Testing. Human Factors in Computing
Systems: CHI 2011. Vancouver, CA: ACM. pp.1177–1182. doi: 10.1145/

1979742.1979744
31. Greenwald AG, Nosek BA, Banaji MR (2003) Understanding and using the

Implicit Association Test: I. An improved scoring algorithm. J Pers Soc Psychol

85: 197–216. doi: 10.1037/0022-3514.85.2.197
32. Salvucci DD, Goldberg JH (2000) Identifying fixations and saccades in eye-

tracking protocols. Symposium on Eye Tracking Research & Applications:
ETRA 2000. Palm Beach Gardens, FL: ACM. pp.71–78. doi: 10.1145/

355017.355028

33. McCamy MB, Otero-Millan J, Di Stasi LL, Macknik SL, Martinez-Conde S

(2014) Highly informative natural scene regions increase microsaccade

production during visual scanning. The Journal of Neuroscience 34: 2956–

2966. doi: 10.1523/jneurosci.4448-13.2014

34. Durgin FH, Doyle E, Egan L (2008) Upper-left gaze bias reveals competing

search strategies in a reverse Stroop task. Acta Psychol (Amst) 127: 428–448. doi:

10.1016/j.actpsy.2007.08.007

35. De Kerckhove D, Lumsden CJ, editors (1988) The Alphabet and the Brain: The

Lateralization of Writing. Berlin, DE: Springer-Verlag.

36. Barsalou LW (2005) Situated Conceptualization. In: Cohen H, Lefebvre C,

editors. Handbook of Categorization in Cognitive Science. Amsterdam, NL:

Elsevier. pp.619–650.

37. Chen M, Bargh JA (1999) Consequences of automatic evaluation: Immediate

behavioral predispositions to approach or avoid the stimulus. Pers Soc Psychol

Bull 25: 215–224. doi: 10.1177/0146167299025002007

38. van Gog T, Kester L, Nievelstein F, Giesbers B, Paas F (2009) Uncovering

cognitive processes: Different techniques that can contribute to cognitive load

research and instruction. Comput Hum Behav 25: 325–331. doi: 10.1016/

j.chb.2008.12.021

39. Henderson JM, Smith TJ (2009) How are eye fixation durations controlled

during scene viewing? Further evidence from a scene onset delay paradigm.

Visual Cognition 17: 1055–1082. doi: 10.1080/13506280802685552

40. Henderson JM, Graham PL (2008) Eye movements during scene viewing:

evidence for mixed control of fixation durations. Psychon Bull Rev 15: 566–573.

doi: 10.3758/PBR.15.3.566

41. Henderson JM, Olejarczyk J, Luke SG, Schmidt J (2014) Eye movement control

during scene viewing: Immediate degradation and enhancement effects of spatial

frequency filtering. Visual Cognition 22: 486–502. doi: 10.1080/

13506285.2014.897662

42. Van Gerven PW, Paas F, Van Merriënboer JJ, Schmidt HG (2004) Memory
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