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The eyes are in constant movement to optimize the interpretation of the visual scene by the
brain. Eye movements are controlled by complex neural networks that interact with the rest
of the brain. The direction of our eye movements could thus be influenced by our cognitive
activity (imagination, internal dialogue, memory, etc.). A given cognitive activity could then
cause the gaze to move in a specific direction (a brief movement that would be instinctive
and unconscious).

Neuro Linguistic Programming (NLP), which was developed in the 1970s by Richard
Bandler and John Grinder (psychologist and linguist respectively), issued a comprehensive
theory associating gaze directions with specific mental tasks. According to this theory, de-
pending on the visual path observed, one could go back to the participant's thoughts and
cognitive processes. Although NLP is widely used in many disciplines (communication,
psychology, psychotherapy, marketing, etc), to date, few scientific studies have examined
the validity of this theory.

Using eye tracking, this study explores one of the hypotheses of this theory, which is one of
the pillars of NLP on visual language. We created a protocol based on a series of questions
of different types (supposed to engage different brain areas) and we recorded by eye tracking
the gaze movements at the end of each question while the participants were thinking and
elaborating on the answer. Our results show that 1) complex questions elicit significantly
more eye movements than control questions that necessitate little reflection, 2) the move-
ments are not random but are oriented in selected directions, according to the different ques-
tion types, 3) the orientations observed are not those predicted by the NLP theory.

This pilot experiment paves the way for further investigations to decipher the close links
between eye movements and neural network activities in the brain.
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eye fixations, cognition.
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Vision is a dominant sense in humans, with the greatest
number of visual receptors (approximatively 100 million
photoreceptors in the retina) as compared to other senses,
and a great surface of the cortex treating visual infor-
mation. Eye movements are under the control of complex
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neural networks interacting with the rest of the brain. Act-
ing on eye movements such as in EMDR (eye movement
desensitization and reprocessing) can affect brain activity
for instance reducing posttraumatic stress disorders (Novo
Navarro, P.et al. 2018), although EMDR effects can also
be obtained without the eye movements (Davidson P.R.
and Parker K.C. 2001). The other way around, the direc-
tion of the movements of our eyes could thus be influenced
by our cerebral activity (imagination, internal dialogue,
memory...). Thus, a precise cerebral activity could induce
the gaze to move in a precise direction (a brief movement,
which would be instinctive and unconscious).

The neurolinguistic programming (NLP) approach to
communication, personal development and psychother-
apy, was developed in the 1970’s by Richard Bandler and
John Grinder's. NLP claims that there is a connection be-
tween neurological processes (neuro-), language (linguis-
tic) and acquired behavioral patterns (programming). One
of the NLP theories stipulates that there is a link between
the gaze orientation and the type of cognitive activity, de-
pending on whether it depends more on a visual, auditory
or tactile activity, and whether it involves memorization or
imagination. NLP theory developed a complete map of
gaze orientation in specific directions or zones in relation
to mental activity (Thomason T. et al., 1980) supposed to
be valid not only for a single participant but also to some
extent within the population (although it could vary, for
instance, for right- and left-handed people).

This hypothesis was tested in the 1980’s when it was
emitted (Buckner M., et al. 1987, Sharpley, C. F. 1984.).
However, the tools to study the gaze at that time were ru-
dimentary (participants were asked questions such as:
"Which is the brightest room in your home?" and one or
more observers noted the directions in which the subjects'
eyes were pointing). Many other studies were conducted
on the subject of eyes in NLP, with conflicting results, but
few used objective tools (Burke, D., et al. 2003, Dooley,
K. O.D,, etal. 1988, Elich M., et al. 1985, Farmer A.et al.
1985, Poffel S., et al. 1985, Vranceanu, R., et al. 2011,
Wertheim E. et al. 1986, Wiseman, R. et al. 2012). To cir-
cumvent these methodological flaws and test the NLP hy-
potheses on gaze orientation, there is a real need to develop
new methodologies.

Using the tools of the eye-tracking, which allow an ob-
jective measurement of eye movements, we developed a
protocol to test these theories. Eye-tracking is a method
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that consists in seeing in real time where the gaze is di-
rected. Eye tracking devices were first developed at the
very beginning of the 20" century (Pluzyczka, 2018) and
their applications are diverse. They have been used in re-
search, particularly in behavioral studies, for many years.
With the help of an eye-tracking system, we intend to test
or refute the veracity of one of the pillars of the NLP on
visual language. We created a protocol in which we asked
the participants a series of questions that we designed in
order to promote cognitive activities related either to vis-
ual, auditive or tactile modality, and to recruit either their
memory or imagination and recorded their gaze in re-
sponse to these questions by eye tracking.

Methods

This study was performed in the CocoLab (MSHS Sud-
Est - Université Cote d’Azur).

Participants

The group of participants consisted of 31 people, 23
women and 8 men, aged from 19 to 60 with a median age
of 42, right handed. Participants were volunteers.

All participants signed a consent of participation (Sup-
plementary data 1), after being informed (Supplementary
data 2) and filled a form specifying 1) their age and gender,
2) if they were wearing glasses or contact lenses (partici-
pants with glasses were asked to remove them during the
test and we checked that wearing contact lenses didn’t af-
fect the data acquisition), 3) if they were right-handed as
asked, 4) if they used right-to-left writing and if so how
often (the theory we use on the spatialization of numbers
considers that since childhood we are used to the fact that
the progression system goes from left to right (writing,
timeline ...), but for people who write from right to left the
progression system might have been reversed). 5) Finally,
we asked them if they had any particularity (for instance
hearing impairment, fatigue, stress, dysgraphia, dyslexia,
dyscalculic disorder, native language other than French, or
anything that could influence the comprehension of the test
or the data).

Design

We created a protocol in Tobii Studio, in which the par-
ticipants had to listen to successive questions, fixate a
cross on an empty black screen, think about the answer
while leaving their gaze wandering after disappearance of
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the cross, and answer the question after a tone. We chose
an empty black screen to avoid visual distraction and to
collect only internally driven movements.

We explained to the participants the course of the ex-
periment and gave them instructions without mentioning
that we would record and focus on their gaze. We installed
them comfortably on a chair, and used some removable
walls available at the laboratory to surround the screen to
avoid the gaze to go too far from it. The room was quiet.
Participants were equipped with headphones that isolated
them from outside noise, through which they could hear
the questions without being distracted by unexpected
noises in the room. They had to concentrate on the screen
while Tobii Studio protocol was running and follow the
instructions. We recorded the data on a PC computer and
saved them on an external disk at the end of each experi-
ment.

We used two setups in order to record eye tracking
from two participants at a time. We disinfected the mate-
rial between each participant. The whole session lasted
less than 1 hour.

To test our protocol before going to the NLP hypothe-
sis, we did a preliminary control experiment testing data
already published in the literature. When the subject is do-
ing spatial geometry tasks, and thus working mainly with
the right hemisphere, the gaze is usually going to the op-
posite direction, i.e. to the left. On the contrary, when do-
ing language tasks (such as searching for synonyms), thus
working mainly with language areas located in the left
hemisphere, the gaze usually goes to the right (Dehaene,
2010). Similarly, as we culturally have a spatialized vision
of the numbers on a horizontal line, with small numbers on
the left and big numbers on the right, imagining a big num-
ber is usually brings the gaze to the right, while imagining
a small or negative number is supposed to bring the gaze
to the left (Dehaene, 2010).

We asked a first series of 40 questions to verify that our
protocol was reliable (questions are available in Supple-
mentary Data 3).

Questions for the second part of the experiment:

We then tested in an independent protocol of 60 ques-
tions the hypothesis that different cognitive processes
could orient the gaze in different directions. We created
and recorded a series of questions (available in Supple-
mentary data 3). As a control, we have used questions that
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require little thought, therefore supposed to induce little or
no eye movement.

Figure 1 illustrates the NLP hypotheses regarding gaze
movements. Each number represents a gaze orientation
supposed to be associated with a particular cognitive task
in response to a certain type of questions.

Figure 1: Visual representation of the NLP hypothesis to be
tested. Eye positions that we used in the experiment, relative to
the person.

The zones (relative to the person) are supposed to cor-
respond to:
- 1 (Top left): Visual Remembrance
Example of question: What was the color of the shoes you
were wearing yesterday?
- 2 (Left): Auditory remembrance
Example of question: What was your favorite song when
you were a child?
- 3 (Bottom left): Internal dialogue
Example of question: Would you adopt an animal?
-4 (Top): Internal visualization of a large picture object.
Example of question: How high are the posts in a rugby
match?
- 5 (Center, no movement): Control question
Example of question: Do you have a driving license?
- 6 (Down): Internal visualization of a small but tangible
picture object
Example of question: What is the size of a nail?
- 7 (Top right): Imagined visualization or projection into
the future
Example of question: What would be your dream vehicle?
- 8 (Right): Sound construction
Example of question: Do you think you can create a mel-
ody?
- 9 (Bottom right): Kinesthetic feeling or emotionally
charged experience
Example of question: What is the smell of your favorite
perfume?
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Equipment

To record the gaze orientation, we used the system pro-
posed by Tobii (Tobii Pro X3-120 eye-tracker). This eye
tracker system is composed of an illuminator that emits in-
frared waves, a camera and a processor that analyses the
information and converts the video into data (Figure 2).

The gaze precision of the eye tracker was 0.24° and the
gaze accuracy was between 0.4° (in ideal conditions) and
0.7° (in the peripheral area of the screen). Data were post-
processed with Pro-Lab.
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Figure 2: Principle of the eye tracker used in this study.

Material

Using Tobii Pro Studio software, we created two series
0f 40 and 60 questions in French in the form of two unique
files. In order to avoid subjects' fatigue, we incorporated a
break between the two protocols. Participants started by
reading the instructions. Then, we calibrated the eye-track-
ing system. The eye tracking system was calibrated for
each participant at the beginning of the sessions. Data were
captured at a sampling rate of 120 Hz.

Procedure

We created a set of 100 sequences of black screen with
each question synchronized with the fixation cross, so that
the starting point of the gaze would be the same for each
question. For each sequence, the participant had to fixate a
white cross (chosen to avoid having persistent images in
the retina, background at 0%, cross pixels at 9% luminance
relative to the white) while listening to the first question
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until the end. At the end of the question, the cross disap-
peared, allowing the gaze to move in any given direction
(recorded by the software). Then an audio signal was given
and the participant was asked to give orally the answer,
which was recorded. A new question started, and so on un-
til the end of the first series of questions (see Figure 3). 10
questions per condition were used for the control protocol
and 6 questions per condition for the NLP protocol. Ques-
tions were presented in blocks of different question types
in a random order in each block (Supplementary Data 3).

We took a short break (10 min) between the two series
of questions.

Before starting the recordings, each participant was
trained with a tutorial protocol to familiarize with the ques-
tion format.

Order of
protocols

Control protocol

NLP protocol

pause

Question

Total
16s

Time line

Figure 3: Scheme of the temporal succession of events occurring
during the protocol

After creating the file to conduct the experiment, we
defined the different areas of interest (AOI) for each video.
Indeed, Tobii Pro Studio software can compute the data in
order to give a series of parameters (such as the percentage
of time spent in the AOI, the delay before the first entry in
the AOI, the number of visits to the AOI, etc.) for each
defined AOI that we are interested in.

We placed the AOI temporally just after the disappear-
ance of the fixating cross, at the end of each question, for
a total duration of 5 seconds. Tobii is constantly recording
the fixations and the saccades. During the time of presence
of the AOI, we selected the following parameters among
the great number of parameters calculated by the Tobii
software: Number of fixations of the AOI, Total fixation
duration of the AOI, Time to first fixation of the AOI, To-
tal duration of visits of the AOI, Number of visits of the
AOI. We exported the data as an Excel format for analysis.

Data concerning the fixations preprocessed by Tobii (x
and y coordinates of the fixations) were exported in R (ver-
sion 4.0.3; R Core Team, 2020) and we wrote a program



Journal of Eye Movement Research
16(2):2

aiming to determine the angle and the amplitude of each
fixation vector relative to the center, which allowed us to
refine the AOI.

Some of the participants had a lot of missing data for
certain items (looked outside the screen). Data were re-
moved from the analyses according to the following crite-
ria: participants who had a rate of missing data greater than
10% in one of the two protocols (5 participants); partici-
pants who admitted having understood the nature of the
test and having voluntarily fixated the screen randomly (1
participant); the fixations for which the reliability was very
low according to Tobii (9.50% of the data “Validity LR”
column); and the items for which the last fixation occur-
ring during the question was not in the control area
(26.81% of the data, "is.lastfixasf.inside.control.area" var-
iable). Indeed, one of the instructions we gave to the par-
ticipants was to wait until the end of the question (i.e. wait
until the cross disappears) before leaving the control area.
We decided to exclude all the items for which the partici-
pant did not follow the instructions, as it was very im-
portant to analyze only the data that had the same starting
point. In the end, we excluded 40.37% of the total of our
data.

For the statistical analysis, we used a generalized linear
mixed model (GLMM) to determine if the number of fix-
ations in the central (control) area was more important in
the control condition than in the other conditions. The
mixed-model parameters were the following: 1 fixed-ef-
fect (i.e., condition), and 2 random intercepts (i.e., subjects
and items).

To investigate if there was a relationship between the
type of question asked and the zone in which the gaze is
located, we used a chi? test. This allowed us to determine
if the distribution of gaze fixations was purely random or
if there were preferential directions. Our test consisted of
establishing if the variables “Condition” (type of question
asked) and “zone” (visited by the gaze) were dependent or
not.

Results

Results of the control experiment:

In this experiment, we used 10 questions per condition.
We compared the data obtained with this protocol to the
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results of the control condition (collected during the NLP
protocol).

Figure 4 represents the fixations observed for the
whole population of participants in the different conditions
used. The conditions mathematics (“maths”) and small
numbers were expected to induce eye-movements toward
the left, while the conditions language and big numbers
were expected to induce eye-movements toward the right.
Notice that for the control condition, the central zone (area
5) is highly visited compared to the other items.

DG All subjects and items by expected AOI

Language Maths
!

| |
-10- [} |

i
i i

Small numbers Large numbers

Control

y gaze position (in degree of visual angle)
°

10~ l
VZVO —1‘0 0 1'0 2'0
x gaze position (in degree of visual angle)
Figure 4: Representation of all the fixations for each condition.

Each dot represents a fixation, and the green ones represent the
first fixations.

Table 1 shows the first fixations associated with each
zone. The number of fixations in the central zone remains
prominent in all conditions. The cells surrounded in red
correspond to the expectations as described in the litera-
ture.



Journal of Eye Movement Research
16(2):2

Table 1: Number of first fixations in each expected AOIL.

%J(())ll:fiitim: TOTAL | 5 Right | Left | NA
Control 112 93 14 4 1
«Right» | 388 278 | 74 35 1
« Left » 351 258 | 53 39 1

Notes: Questions inducing language tasks and the representation
of big numbers were expected to encourage fixations in the right
AOI, while questions inducing space geometry reasoning and the
representation of small numbers were expected to encourage fix-
ations in the left AOI. The cells surrounded in red correspond to
the literature expectations.

We used a generalized linear mixed-model (GLMM) to de-
termine if the number of fixations in the central (control)
area was more important in the control condition than in
the other conditions (with a binary discrete variable). We
decided to pool all the data obtained from the questions
supposed to induce a gaze movement to the right (« imag-
ine a large number » and language tasks) on the one hand,
and the questions supposed to induce a gaze movement to
the left (« imagine a small number » and spatial geometry
tasks), in order to obtain a large number of first fixations.
The GLMM results are shown in Table 2.

Table 2: Results of the GLMM model for the first fixations

Conditions Estimate Standard Zvalue P value
Error

(Intercept) 1.5545 0.3101 5.013 5.37e-07 ***

Right -0.8257 0.3331 -2.479 0.01318 *

Left -0.9403 0.3167 -2.970 0.00298 **

Note: *p<.05, **p<0.01, ***p<.001

Our test consisted of establishing if the variables “Con-
dition” (type of question asked) and “zone” (visited by the
gaze) were dependent or not. The results of the GLMM
show that, the estimates of conditions “left” and “right” are
lower than the one of the intercepts (i.e. the number of fix-
ations in the center is lower than for the intercept). More-
over, the p-value of the two other conditions is lower than
0.05. Therefore, the number of fixations in the central zone
for these two conditions is significantly less important than
the number of fixations in the central zone for the control
condition.
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We also used a GLMM applied to the likelihood of
moving the eyes to the right in both right and left condi-
tions. To do so, we chose as discrete variable the probabil-
ity of right fixation, we removed the control condition and
all the fixations in the central area and added a random
slope condition by subject. Table 3 illustrates that the prob-
ability to fixate the right area in the “left” condition was
not significantly different from that of the right condition,
contrary to what was expected, suggesting that there was a
preference for the right area in the population tested, what-
ever the condition.

Table 3: Results of the GLMM model for the first fixations.

Conditions Estimate Standard Zvalue P value
Error

(Intercept) 0.5757 0.2992 1.924 0.0543

Left condition -0.3520 0.2550 -1.380 0.1674

Note: « p<.1

Nevertheless, the results of the chi? test (Figure 5) show
that there is a relationship between the type of question
asked and the zone in which the gaze is located as the dis-
tribution of all the first fixations is not randomly distrib-
uted into the AOIs (X = 9.89, p <.05). This suggests that
the zone(s) in which the fixations landed is (at least in part)
dependent of the question type.

The positive association observed was only in the ex-
pected target zones (Figure 5). This indicates that using our
protocol, the preferred gaze orientation revealed by the
Chi? analysis corresponded to those described in the liter-
ature.

Zone
5 Right Left

\\ 86
( 55
o %
o7

0.7

o1
32
6
@

Figure 5: representation of Chi? test residuals for first fixations.
Blue circles represent positive relations while red circles repre-
sent negative relations. The cells surrounded in red correspond to
the theoretical expectations. The diameter of the circles is pro-
portional to the size of the effect.

Control

Large number/
Langage

Conditions

Small number/
Maths
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Results of the NLP experiment:

We have represented the space segmented into nine
zones and represented each a gaze fixation by a dot, with
the first fixations plotted in green. Figure 6 illustrates ex-
amples of typical graphics obtained for the control condi-
tion and Figure 7 shows an example of data recorded after
questions type 2, for all participant grouped together.

Notice that for the 6 questions of the control condition,
the gaze mainly remained in the central area (area 5; Figure
6), while for the 6 questions of type 2, the gaze was more
likely to visit areas outside the center area (Figure 7).

PNL_ExpAOl=control

pni19.png pni2png pni25.png

gaze pos(o (in deg ee of sua\ ang gle)

y gaze position (in degree of visual angle)

Figure 6: Fixations for each item linked to the control questions
for all participants. Each dot represents a fixation, and the green
ones represent the first fixations.

In this control condition, the vast majority of fixations
remain in the central zone (area 5). If this is true for most
of the fixations, and particularly clear for the participants'
first fixations which remain very concentrated around the
central zone.

PNL_ExpAOI=2
pni10.png pnl12.png pni27.png

X gaze epustc (in deg ree ul suala ngle)

¥ 9aze postion (n degree of visual angle)

Figure 7: Fixations for each item linked to the expected AOI 2
for all participants. Each dot represents a fixation, and the green
ones represent the first fixations.

Figure 7 illustrates the condition 2 as an example. By
comparing Figure 7 to Figure 6, it can be seen that even if
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the concentration of points remains overwhelmingly in the
central zone, there is overall a greater dispersion of the fix-
ations in Figure 7 compared to Figure 6, including first fix-
ations.

Table 4 represents the number of first fixations (black)
and the number of total fixations (red) obtained in the dif-
ferent areas, depending on the conditions. The cells sur-
rounded in red correspond to the predictions of the NLP
theory.

Table 4: Number of first (black) and total (red) fixations recorded
on all participants for each condition and each defined zone.

Zone ! §

TOTAL| 1 2 3 4 6 7 3 9
Condition (Center)
Control [112 845(2 31|0 47|0 23|3 42|93 3547 |3 40|3 22|16 542 39
1 108 877(4 39|2 358(0 73|35 22|81 483 [6 39(3 60|6 9|1 24
2 113 980(2 84 |3 76|2 52|3 42|85 518 |9 7210 31|7 s54|2 31
3 103 859(4 59 |2 61|1 26(2 80 476 [4 39|4 55|4 542 38
4 100 00(2 43 |2 241 16(4 80|72 360 [6 66[4 41|7 64|2 46
5 117 9823 55 |5 125|1 34[4 51|82 519 |4 4913 37|11 59|4 53
6 111 778|4 39 |1 55(3 30|35 63|80 411 [2 43(4 325 44|7 51
7 105 8572 60 |2 61 |1 37|3 59|84 448 [4 63(0 24|6 0|3 35
8 87 5|6 66 |1 71|1 26|5 64|60 340 |4 35|55 40(4 311 13
9 105 8502 62 |1 500 23|2 42|83 477 [4 433 33|11 774 38

Note: cells surrounded in red correspond to the predictions of the
NLP theory.

Notice that the number of first fixations is very low in
order to obtain representative and exploitable results, and
a high concentration of fixation in the central zone (mini-
mum of 45% fixation in the central zone for a given con-
dition).

In a first analysis, we used a GLMM with a random
effect of condition by subject to determine if there were
fewer eye movements in the control condition relative to
the other conditions, with the idea that greater mental ac-
tivity compared to the control condition would induce
more gaze movement. We first compared the data obtained
for the control questions to those obtained with the other
questions to see if there was a difference in gaze move-
ments. We created a binomial variable “is.fix.inside.cen-
ter” which indicated if each fixation is inside the control
area (1) or not (0). Then, we analyzed this variable through
a generalized linear regression mixed-model including one
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fixed effect (i.e., condition) and 2 random effects (i.e., sub-
ject and item). The R syntax was the following: glmer(de-
pendent variable ~ condition -+(1+condition|Subject)
+(1/Item), data=df, family=binomial).

Because the goal of this analysis was to compare the
number of fixations inside the control area for the control
condition versus each of the other conditions, we defined
the control condition as the intercept.

Table 5: Results of the GLMM (with random slope condition by
subject) when analyzing only the first fixations.

Conditions Estimate Standard Z value P value

Error
(Intercept)... 1.6180 0.3207 5.045 4.52e-07 x
Condition 1 -0.9796 0.3550 -2.759 0.005790 **
Condition2  -0.9340 0.3055 -3.057 0.002235 **
Condition 3 -0.6864 0.3432 -2.000 0.045522 *
Condition 4 -1.1133 0.3194 -3.486 0.000490 bl
Condition 5 -0.8815 0.3162 -2.787 0.005313 **
Condition 6  -0.6745 0.4117 -1.639 0.101307
Condition 7 -0.7399 0.3787 -1.954 0.050722
Condition 8 -1.0931 0.3270 -3.343 0.000828 x
Conditon 9 -1.0168 0.3317 -3.065 0.002177 **

Note: ® p<.10, *p<.05, **p<.01, ***p<.001.

The results in Table 5, relative to the "control" condi-
tion, (represented by the intercept) suggest that the propor-
tion of the first fixation in the central zone is significantly
different from 0 (p-value <.001), which is in line with what
we visually observed through the Figures and corroborate
the theory. In this table, the Estimates corresponding to all
the other conditions are expressed as a function of the in-
tercept (for instance, the Estimate of Condition 1 is equal
to 1.6180 - 0.9796 = 0.6384). Z and P values correspond-
ing to each condition specify to what extent the values of
the Estimates are significantly different from the Estimate
of the intercept.

There are more fixations in the central zone for the con-
trol condition than for any other condition (all the esti-
mates of the other conditions are negative, therefore lower
than the estimate of the intercept). However, the difference
is significant for only a few conditions, namely conditions
1,2,3,4,5 and 8 (all p-values <.05). This lack of signifi-
cance for the conditions 6 and 7 (all p-values >.05) could
be due to the small size of our data sample regarding first
fixations. To verify our idea, we studied the entire range of
fixations.
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Table 6: Results of the GLMM (with random slope condition by
subject) when analyzing every fixation.

Conditions Estimate Standard Zvalue P value

Error
(Intercept) 0.2566 0.2358 1.088 0.276422
Condition 1 -0.6278 0.1844 -3.404  0.000664 i
Condition 2 -0.7486 0.1916 -3.907  9.34e-05 x
Condition 3 -0.6468 0.1907 -3.391  0.000695 i
Condition 4 -1.0169 0.2198 -4.626 3.73e-06 FEx
Condition 6 -0.5821 0.1959 -2.972 0.002961 *
Condition 7 -0.7075 0.2159 -3.276 0.001053 >
Condition 8 -0.7715 0.2134 -3.615 0.000301 i
Condition 9 -0.4943 0.1801 -2.744 0.006068 *

Note: as in Table 5, we can see in Table 6 all conditions are below
the value of the Intercept. **p<.01, ***p<.001.

Table 6 shows that every condition contains signifi-
cantly fewer fixations in the control area than the intercept
(i.e., the control condition; all p-values <.01). Therefore,
the results of the GLMM analysis show that there are sig-
nificantly more fixations outside of the center area for each
condition compared to the control condition. These results
suggest that when some cognitive activity is engaged, peo-
ple tend to move their eyes more.

The next step was to determine if the type of cognitive
activity engaged would determine the gaze direction.
Therefore, we computed a second analysis to examine the
distribution of the gaze orientation according to the ques-
tion types.

In a second analysis, we investigated whether gaze ori-
entations were determined by question types. We observed
that within the same question, and within questions of the
same condition, there was more than one preferential di-
rection. Figure 8 gives an example of the data obtained
with 6 questions of the same type (questions type 1). Each
histogram represents the number of fixations in each zone
for all participants for each question separately. Percent-
ages are the proportion of fixations in each zone, with zone
5 (center) being excluded. The sum of the percentage in
each item is different from 100% because we excluded the
zone 5. Notice that the gaze orientation varied among the
6 questions although the questions were designed to be
similar (Type 1). Also note that there was more than one
preferred direction for most questions.
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Figure 8: Histograms representing the number of fixations in
each zone for each item linked to the expected AOI 1 for all par-
ticipants. Green represents the number of first fixations in each
zone, while grey corresponds to all the subsequent fixations. The
difference between 100 and the sum of the percentage corre-
sponds to the number of fixations in zone 5.

Figure 8 shows that for each question, the amount of
fixation in the center is between 46.04 and 68.93 percent
of all fixings. As previously shown in Table 3, it reveals
that the number of fixations in the center is preponderant
which explains the low percentages for each zone and the
heterogeneity of the chosen directions even if some direc-
tions stand out very slightly on certain questions (direc-
tions 1 and 4).

We, therefore, leaned towards a statistical approach to
examine the homogeneity of fixations distribution. There-
fore, we proceeded to a Chi? test to determine if the distri-
bution of gaze fixations was purely random or if there were
preferential directions. Our test consisted of establishing if
the variable “Condition” (type of questions asked) and
“zone” (visited by the gaze) were dependent or not.

The R syntax for this test was as follows:
chisq.test(x=condition, y=zone, rescale.p=T, simu-
late.p.value=T, B=2000)). Residuals of the Chi? test are
shown in Figure 9.
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Figure 9: Representation of Chi? test residuals for the first fixa-
tions. Blue circles represent positive relations while red circles
represent negative relations. The cells surrounded in red corre-
spond to the NLP expectations. The diameter of the circles is pro-
portional to the size of the effect.

Regarding the analysis of the first fixations, the results
provided by the Chi? test did not allow us to reject the null
hypothesis (X = 67.023, p >.6). In other words, row and
column variables were independent, which means that for
each condition, fixations were randomly distributed in
every AOL As argued when applying the mixed-models,
the number of first fixations in each condition and for each
zone is very small, which is likely to have a pernicious im-
pact on the statistical analysis and results.

We therefore apply a Chi? test after including all the
fixations to examine the homogeneity of their distribution.
The model applied was the same as the one we used when
examining first fixations only. Residuals of this Chi? test
are shown in Figure 10.

The results revealed that the distribution of all the fix-
ations was not randomly distributed into the AOIs (X =
318.92, p <.001), thus suggesting that the zone(s) in which
the fixations landed (at least in part) depended on the ques-
tion type.

We can also note some of the associations highlighted
by this last graph (for example, control condition and tar-
get zone 5, condition 1 and target zone 7, condition 2 and
target zones 1 and 3. In particular, the strongest positive
association was the anger condition (condition 5) associ-
ated with zone 2.
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Figure 10: representation of chi? test residuals for all fixations.
Blue circles represent positive relations while red circles repre-
sent negative relations. The cells surrounded in red correspond to
the NLP expectations. The diameter of the circles is proportional
to the size of the effect.

Interestingly, there is no positive association between
the conditions and their expected areas according to the
NLP hypothesis (cells surrounded in red), except for con-
dition 4, where there is an association with area 4 (but also
with areas 2 and 6). In all other conditions, there is rather
a neutral or a repulsion effect (red spot) in the predicted
area.

Discussion

In this study, using an original protocol, we showed
that simple questions eliciting little cognitive activity
(“control” questions) induced significantly fewer eye
movements compared to questions that were more com-
plex. We found that the eye movements were not random
according to the different question types eliciting different
thought processing but oriented in selected directions.
Most of the time, the orientations we observed were not
those predicted by the NLP theory but were subject-spe-
cific, as described in Burke et al. (2003).

Using analysis on videotapes, Farmer et al. (1985) had
already shown that studies supporting the NLP hypothesis
on eye movement related to different sensory modalities
were likely biased because of the choice of statistical anal-
ysis. Our study using eye tracking removes the bias of the
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observer as a machine made the measurements. Data
driven approaches with a larger set of data could bring new
insights in the future.

Limitations

The choice of the number of participants was based on
studies that used eye trackers in other contexts than NLP
theory (Buckner M., et al. 1987, Elich M., et al. 1985,
Galin D. et al. 1974, Kocel K. et al. 1972) because this
particular hypothesis of NLP had never been tested with
an eye tracking system. We did the experience with 31 sub-
jects but had to remove data from some of them. The re-
sults of the present study have therefore to be considered
with caution, as a pilot study. In addition, the participants
were not fully representative of the general population and
not diverse enough: our sample was mainly composed of
women (thus there may be a gender bias), and of academic
people and we only tested right handed participants.

Another problem concerns the participant's freedom of
movement. At the beginning of the tests we did two cali-
brations: a general one with the Tobii Manager software
and a second one just before recording with Tobii Pro.
However, the calibration takes into account not only the
distance of the subject from the screen but also the position
of the subject's head. For the data to be correct, the subject
should remain motionless throughout the experiment. In
our experiment, to remain in an ecological situation, par-
ticipants were free to move (no chinstrap or landmarks
where to place their heads, etc). Over a cumulative 30 min
of testing, we can easily assume that people did not remain
static throughout the experiment. This could have affected
the accuracy of the measures, linked to the calibration, as
the subjects could have slightly modified their position
(distance to the screen or slight shift of the head) during
the experiment. While the choice not to hinder the partici-
pants’ movements was very important to us in this experi-
ment (we wanted the subject to feel as little as possible in
an experiment and therefore to react as "naturally" as pos-
sible), it cannot be denied that the consequences of this
choice were far from negligible.

We also observed different behaviors of the partici-
pants that could be problematic for our data: first, the pre-
ponderance of fixations at the center can be explained by
the fact that subjects thought they had to return to the cen-
ter systematically at the end of the question. If we add this
to the phenomenon of retinal persistence due to the fixa-
tion cross during the question (that we tried to lower as
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much as possible using a low luminance of the cross), we
can assume that the subjects were perhaps conditioned to
remain in the center (consciously or not). Using small
spots moving circularly in the center of the screen might
improve the acquisition.

Trying to compensate for the subject's movements
while continuing to observe the eye movements, it would
potentially be possible to conduct a similar experiment
with a virtual reality helmet equipped with an eye tracker.
The advantage would be double since we would always
have the position of the gaze while allowing the subject to
remain free of his movements without affecting the results
(the gyroscopic system of a VR helmet will take into ac-
count the head movements made by the subject). In addi-
tion, the gaze of the participants often went out of the
screen and Tobii was unable to cope with the gaze outside
the screen area, thus we got a lot of missing data and had
to use not only the first fixation, but all the fixations in the
5 sec duration after the cross disappeared from the screen.
Using a VR helmet could solve this problem.

In itself, the participants’ task was simple as they were
“just” answering a question. It might be interesting to
adapt our protocol to see what their eye behavior would be
in another setting (full interaction with another participant
for example) to try to tend as much as possible towards a
more natural behavior and experiment. The participant
would feel less in an experiment and would operate as nat-
urally as possible, without feeling like being in an experi-
ment.

We also observed that some participants always had
the same preferential direction regardless of the type of
question asked. We considered this bias by using a GLMM
using random effects of condition by subjects.

Another limitation/question is the choice of the AOIs
used. We have defined these as arbitrary strips and it may
be that this dimension does not represent reality. Should
we keep the equitable aspect of each zone (same angle
spacing for each zone) or should we modify these different
parts? Should we pool the results obtained in two closest
AOIs? A data driven approach could bring new insights in
the future.

Finally, one might wonder about the very essence of
the tests: the questions. Indeed, we started from the hy-
pothesis that our questions were supposed to correspond to
one and only one zone. However, in the thinking process,
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it is quite likely that a question triggered different cogni-
tive processes depending on the participant (for instance,
if we asked a question about anger, the participant would
possibly visually remember a scene, which implies a cog-
nitive process that is quite different). We also asked our-
selves whether the ambiguity of certain questions could
possibly be considered (to estimate which cognitive pro-
cess would be elicited by the various questions and there-
fore which potential target area should be expected). A
phenomenological study could help us trace the thought
process used by the participants to try to answer the ques-
tion asked. The level of difficulty of the questions is also a
point to keep in mind: during the tests for instance, we
asked the participants to imagine on some questions ex-
tremely small numbers or to give the distance between
earth and moon. The tasks seemed difficult to some of
them. Do the participants try to imagine or find the value,
or do they disengage the cognitive process, as the task
seems too difficult for them? The cognitive process in-
volved is probably different (a similar problem to the one
regarding the ambiguity of the questions). How could we
take into account the difficulty of a task?

We also encountered technical problems during the ex-
periment and thus got some missing data because some
subjects either closed their eyes or because their gaze came
out of the screen at certain times, which was not properly
treated by the Tobii system.

The results we have presented here are based on all par-
ticipants, but perhaps the gender of the participant had an
impact on the results. It will be interesting to compare the
results to those of left-handed participants. We also did not
take into account the common specificities of the partici-
pants and data mining could provide us with new results or
avenues for reflection.

Finally, our experimental protocol did not fully repli-
cate the right/left experiment described in the literature
(Dehaene, 2010; Kocel et al., 1972) as there was a prefer-
ence for the right area in the population tested. Non-con-
firmation of NLP expectations should therefore be taken
with caution.

Conclusions

The results of this study show that there are more eye
movements in response to questions that require more
mental activity than in response to control questions re-
quiring less mental activity. The study goes even further,
by showing that for each type of question, there are one or
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more preferential directions correlated with the type of
question. However, these directions are different from
those claimed by the NLP theory. We evaluated our proto-
col by a control experiment but we did not completely rep-
licate the data from the literature. Therefore, the present
results should be taken with utmost caution. This is likely
due to the low number of participants and the small num-
ber of reliable first fixations recorded. To get around this
obstacle, we studied the results obtained in all the fixations
recorded following the end of the question during 5 sec-
onds, which is not exactly what we planned to do at the
beginning. Overall, this pilot study describes an original
methodology that could be useful for further research in
this field. It paves the way for other experiments that could
associate the eye tracker in a virtual reality helmet with
micro-phenomenology in order to determine more pre-
cisely the intellectual path that the individual took to an-
swer the question and thus compare more precisely its per-
formances to the presuppositions of NLP on gaze, or even
redefine a new theory.
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