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Abstract. This paper presents our methodology to capture and model multimodal 
interactions in Intelligent Tutoring Systems (ITS). We are specifically interested in 
perceptual-gestural interactions combining perceptions, gestures and other type of actions. 
Traces of such interactions are multisource and heterogeneous. The challenge is to foster 
their representation into sequences that render their multimodal nature. In this work, we 
want to show how the proposed representation yields the analysis of the influence of visual 
perceptions on learners’ performance. Our case study is the ITS TELEOS, a simulation-
based Intelligent Tutoring System dedicated to percutaneous orthopedic surgery. We also 
conducted an experiment on PILOTE 2, a flight simulation environment, to give a proof of 
concept of the genericity of our propositions. 

Keywords: Intelligent Tutoring Systems, perceptual-gestural knowledge, eye-tracking, 
multimodal interactions.  

1. Introduction 
Knowledge is considered as perceptual-gestural when it can be described as 
a combination of different types of knowledge, specifically: theoretical 
knowledge, perceptual-knowledge and gestural knowledge. It is underlined 
in Intelligent Tutoring Systems, by interactions involving actions and/or 
gestures along with perceptions. Perceptions are used as controls for 
deciding on these actions/gestures execution or validation (Luengo et al., 
2011). We assume that they provide useful insights on the information 
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gathered by learners to support their decisions and thus, are non-negligible 
in a didactic point of view. 

However, this type of knowledge is empirical and often tacit. As a 
consequence, it is hard to capture and model. In fact, capturing perceptual-
gestural knowledge in a learning environment requires the use of 
complementary sensing devices that generate heterogeneous traces. In this 
study, we are specifically interested in learner’s visualizations as support to 
executed actions and gestures. 

Our case study is TELEOS (Luengo et al., 2011), a simulation-based 
Intelligent Tutoring System dedicated to percutaneous orthopedic surgery. 
Knowledge involved in this domain is perceptual-gestural (Ceaux et al., 
2009; Mathews et al., 2012). In this type of surgery, visual analyzes require 
the perfect mental coordination of 2D images (X-Rays) and 3D objects (X-
Rays unit, patient’s body, surgical tools) to insure the safe trajectory of 
surgical tools through the targeted anatomical area. The conducted 
experiment puts the focus on the influence of learners’ behavior related to 
visual analysis on their performance. Also, we propose a second case study 
to analyze the replicability of our approach. 

The rest of the paper is organized as follows. The second section presents 
related works on capturing and analyzing perceptions in Intelligent Tutoring 
Systems; the third section describes the methodology to capture multisource 
traces in our case study; the fourth section presents our proposition to 
formalize these traces into perceptual-gestural sequences; the fifth section 
presents the conducted experiment and results; and the sixth section draws 
our conclusion and perspectives. 

2. Related work 
The literature reports many prominent pieces of work on Intelligent 
Tutoring Systems dedicated to domains where perceptual-gestural 
knowledge is involved. We can mention ITSs that have been proposed for 
training helicopters (Mulgund et al., 1995) and planes (Remolina et al., 
2004) piloting as well as for car driving (de Winter et al., 2008; Weevers et 
al., 2003). 

As one of the most recent related researches, we can also cite 
CanadarmTutor that was designed to train astronauts of the International 
Space Station for handling an articulated robotic arm (Fournier-Viger et al., 



Understanding perceptual-gestural knowledge in TEL systems with eye-tracking 323 

 

 

2011). However, the emphasis is generally carried in these works on actions 
and gestures and not on the perceptions accompanying these latter. In 
CanadarmTutor, the manipulation of the robotic arm from one configuration 
to another is guided by cameras through the operation scenes. Visual 
perceptions that are likely in play for this guidance would be worth further 
analysis. 

Other works have been conducted on the analysis of perceptions in 
learning contexts. For example, visual perceptions are captured and 
analyzed to deduce learners’ cognitive abilities (Steichen et al., 2013) or 
their metacognitive skills in exploratory learning (Conati & Merten, 2007). 
Some researchers would rather use collected perceptual information for 
measuring the learners’ mental workload or cognitive effort (Lach, 2013), 
or for inferring their behavior in the learning process (D’Mello et al., 2012; 
Mathews et al., 2012). In other studies, sensing devices are used for 
capturing postures, facial expressions and body language as emotional 
signals (Steichen et al., 2013). 

For our part, we believe that perceptions denote knowledge states along 
with actions they are related to and, therefore, should be analyzed from an 
epistemic point of view. They can bring more precision to generated 
pedagogical feedback as experts strongly underline the importance of 
verifying specific anatomic points on the X-Rays to support decision or 
validation of surgical gestures (Ceaux et al., 2009). 

The aim is to point out the benefits from studying perceptual-gestural 
knowledge up on its original multimodal characteristics. To realize this, we 
need first to foster the consistent representation of perceptions-related 
behaviors and actions/gestures into perceptual-gestural sequences.  

3. Capturing visual interactions 

3.1 Recording visual traces 
The simulation interface of TELEOS is composed of sections that represent 
the main artifacts of a percutaneous operating room. Namely, as illustrated 
in Figure 1.a, it includes a 3D model section where the patient’s model is 
displayed; the current and previous X-rays sections and the settings panel 
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models (Luengo et al., 2011). The simulation environment is dynamic. As a 
consequence, the occurrences of the above-mentioned AOIs are also 
dynamic. In fact they can move, appear and disappear from the interface 
based on learners’ activity and interaction with the system. 

In other words, the presence of an AOI at a given location is neither 
stable nor predictable because it depends on the co-evolution of the activity, 
the learner and the state of the simulation. As an illustration in TELEOS, the 
position of the points of interest that mark the pedicles of a vertebra, 
changes with respect to the angle of capture of the X-rays. For addressing 
this challenge, a specific tool has been implemented to capture learners 
behaviors related to visual perceptions in a dynamic context (Jambon & 
Luengo, 2012). 

3.2 Categorizing visual perceptions 
Perceptions should be differentiated based on the cognitive efforts they 
demand or the intent they underlie. In fact, some perceptions intend a 
precise analysis of the environment whereas others are simple information 
gathering on the environment state. Other parameters can also help at 
differentiating learners’ perceptions and inferring their intent, their 
resolution strategy or their profile. Considering visual perceptions, those 
parameters are possibly the fixations duration, their frequency, the most 
gazed areas and points or a combination of all those. We propose that visual 
perceptions should be considered into two different categories: (1) visual 
perceptions of verification/validation type and (2) visual perceptions of 
decision type.  

The first kind of perceptions, of verification type, underlies cognitive 
activity that aims at analyzing the environment by putting into play precise 
knowledge elements. They target specific points of the environment that 
reflect the consequences of executed actions or gestures. More than a simple 
information gathering, their role is to verify and validate those latter. For 
instance, in vertebroplasty, visual analysis of the position of the spinous of a 
vertebra as a landmark to decide on the correctness of its centering, underlie 
perceptions of verification and validation. 

The second kind of perceptions, of decision type, is less precise than 
perceptions of verification/validation type. Their role is limited to general 
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information gathering on some specific artifacts of the environment. 
Generally, those artifacts are related to the tools that are used to act on the 
environment. As an illustration from our case study, we can cite the 
controller used for handling the X-Ray unit (cf. Setting panels in Figure 
1.a). 

3.3 Heterogeneity of recorded traces 
Visual traces are recorded in TELEOS along with punctual actions executed 
on the simulation interface and gestures executed with a haptic arm that 
simulates the trocar. Traces from these three sources are recorded 
independently. They are heterogeneous both in their content type and 
format, but also in their time granularities (Toussaint et al., 2015). 

4. Formalization of perceptual-gestural sequences 
Learner’s interactions involved in a simulation session are captured into 
three different modalities. From this point, the challenge is to link those 
latter into sequences that reflect properly all aspects of underlying 
knowledge elements. These sequences are referred to as perceptual-gestural 
sequences. We describe their representation in the following sections. 

4.1 Characterizing perceptual-gestural sequences 
For representing the different modalities with their temporal order, we 
consider each element of the sequence as an item. Each group of items with 
similar time of occurrence is considered as an itemset. A sequence is 
composed of several itemsets. 

The formal definition of perceptual-gestural sequences is as follows: 

S = <(Ai, i=1..p [aij, j=1..q]; | Gi, i=1..r [gij, j= 1..s]; [Pk, k=1..v [qkl, l=1..w]]); (Pk, k=1..v 
[qkl, l=1..w])> 

The parentheses "(" and ")" define the itemsets in the sequence. There is 
no restriction to represent items from different categories in the same 
itemset if their occurrences are simultaneous. For example, an action will be 
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represented in the same itemset as a visualization item if this action is 
performed simultaneously with the visual information capture.  

• Ai = A1 … Ap is the set of actions ; p  1 if	r 1	then	p 0else, p 	1  

• Gi= G1… Gr : is the set of gestures if	p 	1	then	r	 	0else, r 	1  

• | ∪ | 1: a perceptual-gestural sequence comprises at least one 
action or gesture. 

• aij=ai1… aiq : set of actions parameters ; q  0 
• gij=gi1 … gis : set of gestures parameters ; s  0 
• Pk=P1… Pv : set of perceptions ; v 1 
• qkl=qk1…qkw: set of perceptions parameters; w	  0. 

In layman’s terms, a perceptual-gestural sequence includes actions and 
gestures with perceptions that support their execution and that occur or not 
at the same time. 

4.2 Characterizing enriched perceptual-gestural sequences 
In the perspective of increasing the precision of learners’ interactions 
reported in a perceptual-gestural sequence, we propose to enrich it with 
information from the system. Specifically, we propose to take into account 
the “reactions” of the learning environment related to learners’ interactions. 
Typically, we consider two types of interactions from the system: (1) the 
simulation states and (2) the automatic evaluations based on expert rules. 

The simulation states denote the current positions of the different 
artifacts represented in the simulation interface. The automatic evaluations 
based on expert rules refer to the evaluations of learners’ actions produced 
by the diagnosis module of the ITS. These evaluations are based on expert 
rules provided by experts of the domain and are termed as “situational 
variables” (Minh Chieu et al., 2010). The integration of this information 
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produce what we call “enriched perceptual-gestural sequences”. These 
sequences are formally defined as follows: 

Sa: < ([�i], Si [�ij, j=1..μ]) i=1..η (�q=1..v[υr=1..w])> 

As presented in (2), an enriched perceptual-gestural sequence contains 
one or several perceptual-gestural sequences. These latter are characterized 
by information related to simulation states and annotations based on 
automatic evaluations from expert rules (situational variables). An 
evaluation can possibly assess several sequences: 

• �i represents the temporal tag stating the order of the sequence Si in 
the enriched sequence ;  

• Si is the set of perceptual-gestural sequences composing the enriched 
sequence 

• �ij is the set of simulation states recorded in a sequences Si 
• �q is the set of situational variables in the enriched sequence 
• υr are the values of the situational variables 

5. Reifying the proposed model 
The model described in the previous section is reified with the tools of the 
framework PeTRA (Toussaint et al., 2015). PeTRA is a framework of 
treatment developed specifically for handling treatment of multisource and 
heterogeneous traces and transforming them into perceptual-gestural 
sequences with respect to the model described above. 

Figure 3 gives an overview of the framework and its tools (also referred 
to as “operator”). After preparation and transformation operations, the 
obtained base of sequences can be exploited for Learning Analytics and 
Educational Data Mining purposes. We will not present the framework in 
extension in this paper. Detailed presentation of the treatment process with 
PeTRA can be found in Toussaint et al. (2015). We briefly present below 
the main operators of the framework used to obtain perceptual-gestural 
sequences on which this study has been conducted, namely, the merger, the 
annotator and the semantizer. 



Understan

Figu

 
Figure 

generating
PeTRA. T
of learner
nature. In
action exe
other wor
formalized

 

Figure 4. T

ding perceptu

ure 3. Overview

4 summa
g perceptu
The merger’
s’ interactio

n our case s
ecuted by th
rd, this ope
d in Section

Treatment schem

ual-gestural kn

w of PeTRA: PE

arizes more
ual-gestural 
’s role is to
ons into seq
study, the m
he learner w
erator prod

n 4.1. 

ma for generatin

nowledge in T

 

 

Erceptual-gestu

e specifica
sequences

o automatic
quences that
merger was 

with percepti
duces the p

ng enriched per
traces 

TEL systems w

ural treatments T

ally, the tr
s from TE
ally link th
t render the
used to co

ions that sup
perceptual-g

ceptual-gestura

with eye-tracki

TRAces framew

reatment pr
ELEOS tr

he different 
eir perceptu
onnect every
pport its ex

gestural seq

al sequences fro

ing 329 

work 

rocess for 
aces with 
modalities 

ual-gestural 
y punctual 
ecution. In 

quences as 

om TELEOS 

 

 



330 

 
Figure 

generated 
execution 
the surgic
that t
(trocart_tr
patient (tr
the patient
report the 
O_outil_v
model of t
setting pan

To enr
are involv
automatic
objects in
incline”). 
standard a

The an
produced 
Intelligent
parameter
“situationa
representa
Section 4.

Ben-M

5 illustra
from trace
of the actio
al tool in co

the troc
ranslation_

rocart_trans
t (trocart_tr
areas of int

vue3D refers
the interfac
nel of the fl

Fig

rich generat
ved: the sem
ally transpo
nto semant
The seman

anatomical t
nnotator, fo

automatic
t Tutoring 
rs that carry
al variables
ation of an e
2. 

Manson Tous

ates with a
es recorded 
on “Impacte
ontact with 
car has
_anterieur), 
slation_droi
ranslation_
terest of the
s to the ver

ce. O_manip
luoroscope.

gure 5. Exampl

ted perceptu
mantizer an
ose the cha
ic states (

ntic denomi
terms of loc

for its part
ally by th
System, t

y these exp
s” (Minh C
enriched pe

ssaint, Vanda L

an exampl
in TELEO

er_Trocart”
the targete

s been 
while bein

ite) and in t
_caudale). T
e interface th
rification of
pReglage_1

e of perceptual

ual-gestural
nd the anno
anges of th
e.g., “the 
nations use

cation. 
t, is used 
he knowled
o learner’s
pert assessm

Chieu et al.
erceptual-ge

Luengo, Franc

le perceptu
OS. This seq
”. It reports 
ed vertebra. 

simulta
ng moved to
the direction
The visual p
hat has been

f the positio
 refers to th

-gestural seque

l sequences
otator. The 
he positions
trocar has

ed for this c

to connect
dge diagno
s actions th
ments valu
, 2010). Fi

estural sequ

cis Jambon 

ual-gestural 
quence repr
the actions
The gestur

aneously 
o the right s
n of the low
erceptions p
n gazed. Fo

on of the tro
he visualiza

ence 

s, two more
semantizer 
s of the en
s a crania
case study r

t expert as
osis modu
hat they ta

ues are refe
igure 6 illu

uence as for

sequence 
resents the 
s of putting 
re specifies 

inserted 
side of the 

wer body of 
parameters 
or instance, 
ocar on 3D 
ation of the 

 

e operators 
is used to 

nvironment 
l and left 

refer to the 

ssessments 
ule of the 
arget. The 
erred to as 
ustrates the 
rmalized in 



Understan

 

The se
followed b
spot the e
simulation
unit is inc
on the cor
example, 
targeted v
specifies 
RF_symet
with respe

6. Exper

6.1 Expe
Vertebrop
the first ph
for cutane
insertion 
Intelligent

ding perceptu

Figure 

equence in 
by the draw

entrance poi
n state, Amp
clined towar
rrectness of
RF_centrag

vertebra on t
that the 

triePedicEp
ect to the ve

riment 1: 

riment set
plasty opera
hase, the su
eous marks
through th
t Tutoring S

ual-gestural kn

6. Example of e

Figure 6 
wing of cuta
int of the tr
pliFace_inc
rd the patie

f the taken X
geVertebre-
the front rad

visibility
pineuse-inco
ertebra pedic

Evaluatin

ttings and 
ations are c
urgeon sets t
s drawing, 
he targeted 
System doe

nowledge in T

 

 

enriched percep

represents 
aneous mark
rocar on the
clinaison_cr
ent’s head. 
X-Ray with
-correct re
dio is correc

y of spin
orrect, that 
cle, is incor

ng the mo

methodol
conducted in
the fluorosc
and the thi
vertebra. D

s not constr

TEL systems w

ptual-gestural s

an action 
ks. Cutaneo
e patient’s s
raniale, spe
The reporte

h correspond
eports that 
ct. RF_disq
nal discs 

the symm
rrect. 

odel 

logy 
n three diff

cope positio
ird one is d
During sim
rain the evo

with eye-tracki

equence 

of taking 
ous marks a
skin. The it
ecifies that 
ed evaluatio
ding expert
the centeri
uesVisibles

is incorr
metry of th

ferent phas
on; the secon
devoted to 

mulation ses
olution of th

ing 331 

 

an X-Ray 
are used to 
tem on the 
the X-Ray 
ons inform 
t rules. For 
ing of the 
s-incorrect, 
rect; and 

he spinous 

es. During 
nd phase is 
the trocar 

ssions, the 
he exercise 



332 

 
in a speci
other. 

PeTRA
learners’ i
path analy
analytics 
specificall
For exam
erroneous 

Traces 
sessions o
the Unive
consisted 
Each sess
simulator 
operation 
reference 

Table 
enriched p
raw traces

 
In the 

proposed 
facilitated
interested 

Ben-M

ific directio

A includes 
interactions
yzer (cf. F
operator f

ly, problem
mple, learne

actions, mo
used for 

of vertebrop
ersity Hosp
of treating 

sion lasted 
before but
in real life.
scope for th
1 presents 
perceptual-g
s with the fr

scope of th
model for 

d the analysi
in determ

Manson Tous

on: the inter

an operat
s when solv
igure 3). T
for elicitin

ms that invo
ers’ resolut
odified actio
this exper

plasty perfo
pital of Gre

a fracture o
around on

t had alrea
. We integra
he performa
the charact

gestural seq
ramework P

Table 1

his study, w
r the repres
is of learner

mining how 

ssaint, Vanda L

rns can free

or that wa
ving a multi
The resolut
ng learners
olve a resol
ion paths 
ons, etc.  
riment wer
ormed by 5 
enoble. The
of the 11th a
ne hour. T
ady assisted
ated an exp
ance of a sim
teristics of 
quences hav
PeTRA (Tou

1. Data charac

we wanted t
sentation o
rs’ performa

the propo

Luengo, Franc

ely jump fr

as designed
i-phases exe
ion path an
’ problems
lution proce
can includ

re recorded
interns and

e proposed 
and/or the 1

The interns 
d to at leas
pert in the g
mulated vert

collected a
ve been gen
ussaint et al

cteristics 

to determin
of perceptua
ance. More 

osed represe

cis Jambon 

rom one ph

d to help 
ercises: the 
nalyzer is 
s solving 
ess in sever
e phases’ 

d from 9 
d 1 expert s

simulation
12th thoraci

had never
st one vert

group so as t
tebroplasty
and treated 
nerated from
., 2015). 

e in which 
al-gestural 
specifically

entation rev

hase to any 

analyzing 
resolution 
a learning 
strategies, 

ral phases. 
validation, 

simulation 
surgeon of 

n exercises 
c vertebra. 
r used the 
tebroplasty 
to define a 
. 
data. The 

m collected 

 

extent the 
sequences 

y, we were 
vealed the 



Understan

influence 
this purpo

• the
• the
• the

cor
• an

As the 
we used 
reflects th
variables r

6.2 Resul

Figure 7. a
numb

associated

ding perceptu

of visual p
ose, we cons
e number of
e number of
e number 
rrective acti
d the numb
number of 
the averag
he trend o
reported as 

lts 

a) Histogram of
er of validation
d visual percept

ual-gestural kn

erceptions 
sidered the f
f erroneous 
f corrective 
and type o
ions 
er of situati

f sequences 
e number 

of visual an
incorrect. 

f average incorr
n errors per sess
tions per sessio

averag

nowledge in T

 

 

on learners
following p
validation o
actions app
of visual p

ional variab
varied grea
of visualiz
nalysis. Th

 
rect situational 
sion. b) Histogr
n. c) Histogram

ge decision perc

TEL systems w

’ errors dur
parameters:
of actions 
plied on the
perceptions

bles reported
atly from on
zations per 
he same ap

variables, avera
am of correctiv

m of average ver
ceptions 

with eye-tracki

ring a simu

se validatio
 associated

d as incorre
ne session t
sequence 

pplies for 

age visual perce
ve actions and a
rification perce

ing 333 

ulation. For 

on errors 
d to these 

ct 
to another, 
that better 
situational 

eptions and 
average 
eptions and 



334 Ben-Manson Toussaint, Vanda Luengo, Francis Jambon 

 
The graph of Figure 5.a summarizes the distribution of visual 

perceptions, incorrect situational variables and validation errors for each 
session. Pearson correlation indicates strong negative relationship (-0.62) 
between visual perceptions and incorrect situational variables. On the other 
hand, correlation between visual perceptions taken as a whole and 
validation errors is rather moderate (-0.31). However, strong negative 
correlation is noticed between visual perceptions of verification type and 
validation errors (-0.53). 

6.3 Discussion 
The session with the highest rate of perceptions (24.6) reports 19% fewer 
incorrect situational variables than the others, in average. The same is 
observed between visual analysis and validation errors for all the sessions, 
except for S08.This can be explained by the fact that the subject performed 
few corrective actions and visual analysis to support these actions. In fact, 
in the graph b of figure 7, we can notice that this session has one of the 
lowest averages of corrective sequences (1.7) along with the lowest average 
of visual perceptions (15.5) associated to these sequences. As a comparison, 
session S02 reported the lowest average of corrective actions (1.0, see 
Figure 7.b) but numerous visual analyzes (20.5) for supporting validation 
decisions and consequently limiting the number of errors (4. Cf. Figure 7.a). 
Moreover, it can be seen in Figure 7.c that few visual analysis in S08 are of 
verification type (7.7 against 13.8 of exploration perceptions). 

Session S09 was performed by the same intern. Conversely, in that 
session, less validation errors and fewer incorrect situational variables were 
observed even with approximately the same rate of visual perceptions. This 
is the consequence of the reversal of behavior related to visual perceptions 
and the execution of more corrective actions (Cf. Figure 7.b). 

As a conclusion, the model proposed for the representation of perceptual-
gestural sequences of learners’ interactions so as they render their 
multimodal nature, is congruent. In other words, the proposed 
representation this type of sequences fosters analysis of learners’ 
interactions that take into account their different modalities. In this case, it 
was possible to determine whether or not interns’ visual perceptions 
influence their performance conducting vertebroplasty simulation. 
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7. Experiment 2: Evaluating the genericity of our proposition 
From this point, we wanted to verify from which extent our propositions 
could suit other domains involving interactions that underlie the same type 
of knowledge. For this purpose, we applied our model for the representation 
of multimodal interactions involving visual behavior in the domain of 
aviation, and we gathered traces from a new simulation environment: 
PILOTE2. 

7.1 Multimodal and heterogeneous nature of traces in PILOTE 2 
Aviation apprenticeship combines theoretical and procedural knowledge. 
Theoretical part of knowledge in the domain refers to abstract concepts 
related to the operation of an aircraft (e.g., the necessary speed for taking off 
given the weight of the aircraft and the length of the runway). Procedural 
knowledge of the domain consists of cognitive processes related to 
decision-making and maneuvers execution. These are based on the state of 
the aircraft and the state of the world (the environment of the aircraft), and 
they involve motor skills necessary to the manipulation of the aircraft 
commands (joystick or steering). 

Gathering information on the aircraft and the world states involves visual 
analysis of indicators on the dashboard and the aircraft surrounding area. 
Further, in case of instrument flight due to bad weather, piloting an aircraft 
requires specific knowledge about reading indicators for decision-making 
when the visibility of the environment is reduced or absent. Thus, in this 
case study, activity traces to be recorded include visual perceptions traces 
and procedures execution traces. In the simulation environment PILOTE2, 
this includes traces captured by an eye-tracker and traces of actions 
execution with the simulator’s commands and from the simulation software 
interface. Figure 8 gives an insight of the traces produced from simulation 
sessions in PILOTE 2. The “event” category are traces recorded when an 
actions is executed with the aircraft commands and the “variables” category 
provides information on the state of the aircraft on a regular time interval 
basis or when an action is executed. The state of the aircraft includes the 
state of its main component (e.g., engine, flaps, fuel, brake, etc.) and its 
state relatively to the world (e.g., altitude, speed in the air, vertical speed, 
incline, cape, etc.). 



336 

 

Figure 8. T

We wi
environme
simulation

7.2 Eye-t
Actions ex
of the airc
of the da
dashboard
visualizati
the monit
name of g

Areas o
• AS
• AH
• AL
• TC

the
• DG

Ben-M

Traces recorded 

ll not discu
ent. Howev
n environme

tracker tra
xecuted by 
craft. The to
ashboard. F
d (in blue) 
ion is also 
toring scree
gazed areas o
of interest c
SI (Air Spee
H (Artificial
LT: Altitude
C (Turn Coo
e symmetry
G (Direction

Manson Tous

on PILOTE 2 a
ai

uss in detai
ver, we pr
ent. 

aces in PIL
pilots are s

ools states o
Figure 8 sh

as it is c
reported, w

en (circled 
of interest a

considered in
ed Indicator
l Horizon): 
e 
ordinator): i

y of its trajec
nal Gyro) : 

ssaint, Vanda L

at command ma
ircraft (Variable

l nature of 
resent eye-t

LOTE 2 
supported b
of the aircra
hows the v
captured du
with respect

in red). Th
and duration
n PILOTE 2
r): speed of 
indicates th

indicates th
ctory 
indicates th

Luengo, Franc

anipulation (Ev
es) 

all traces c
tracking tra

by visual ve
aft are displa
visual path
uring a flig
t to their tim
he reported
n of each vi
2 are the fo
the aircraft

he incline of

he turning st

he current ca

cis Jambon 

vent) and on the

captured in 
aces gather

erification o
ayed on the

of the pil
ght simulat
me of occu

d informatio
sualization.
llowing: 
t in the air 
f the aircraf

tate of the a

ape of the a

e state of the 

PILOTE2 
red in the 

of the state 
e indicators 
lot on the 
tion. Each 

urrence, on 
on sets the 
. 

ft 

aircraft and 

aircraft 

 



Understan

• VS
air
ind

• RP
an

• FF

Raw tra
example i
timecode 
or point o
the visuali

 

ding perceptu

SI (Vertical
rcraft as a
dication 
PM (Round 
d hence the

F (Fluel Flow

Figure 8. V

aces record
in Figure 9
of the visua

of interest a
ization. 

Figur

ual-gestural kn

l Speed Ind
a complem

Per Minute
e power that
w) : amount

Visual behavior 

ded by the ey
. The main

alization as 
s the value 

e 9. Raw eye-tr

nowledge in T

 

 

dicator) : in
mentary inf

e) : indicate
t it provides
t of fuel con

captured on flig

ye-tracker o
n informatio
the value o
of the vari

racking traces re

TEL systems w

ndicates the 
formation 

s the rotatio
s 
nsumed by t

ght simulation e

on PILOTE
on reported

of the variab
iable “name

ecorded in PILO

with eye-tracki

vertical sp
with the 

on speed of 

the aircraft 

 
environment 

E2 are illustr
d by the tra
ble “tc”, the
e” and the d

OTE 2 

ing 337 

peed of the 
air speed 

the engine 

rated by an 
aces is: the 
e fixed area 
duration of 

 



338 

 
7.3 Proof
The exper
enough tr
multimoda
apprentice

We sh
sequences
to execute
illustrated
sequences
by the sys

Figure 

8. Concl
We presen
processing
Systems d
The aim i
support s
knowledg
processing
Tutoring S
that our p
fosters th
performan

Ben-M

f of concep
riment on t
races to p
al traces r
e pilot’s lear
howed our 
s fosters the
ed actions d
d in Figure
s, pilot’s vi
stem. 

10. Enriched p

lusion and
nted in this
g multi-sou
dedicated t
is to consist
so as to f
e. We de
g traces re
System ded
proposition 
he analysis 
nce in simul

Manson Tous

pt 
the generic
rovide a p
elated to a
rning. 
model for

e representa
during fligh
e 10, we c
sualizations

erceptual-gestu

d future w
 paper our 

urce hetero
to domains
tently conne
foster the 
emonstrated
ecorded on 
dicated to pe

for the form
of the in

lation sessio

ssaint, Vanda L

ity of our p
proof on c
a different 

r the repre
ation of pilo
ht simulation
could link, 
s to learner

ural sequence ge

work 
proposition

ogeneous tr
 involving 
ect percepti
consideratio

d the effic
TELEOS,

ercutaneous
malization o
fluence of 
ons of verte

Luengo, Franc

proposition
concept of 

domain bu

sentation o
ot’s visual b
ns (Toussai
in enriche

rs’ errors an

enerated from f

n for addres
races from 

perceptual
ions to actio
on of all 
ciency of 
, a simulat
s orthopedic
of perceptu
visual per

broplasty. 

cis Jambon 

n was condu
their suita

ut not for 

of perceptu
behavior w
int, 2015). F
ed perceptu
nd successe

flight simulation

ssing the ch
Intelligent

l-gestural k
ons and ges
aspects of
our propo

tion-based 
c surgery. W
ual-gestural 
rceptions o

ucted with 
ability for 
analyzing 

ual-gestural 
with respect 

Further, as 
ual-gestural 
es reported 

 
n traces. 

hallenge of 
t Tutoring 
knowledge. 
stures they 
f involved 
osition for 

Intelligent 
We showed 

sequences 
on interns’ 



Understanding perceptual-gestural knowledge in TEL systems with eye-tracking 339 

 

 

In a second experiment, we also provided proof of concept of the 
genericity of our proposition based on traces from flight simulation sessions 
and a simulation environment dedicated to aviation: PILOTE2. 

We plan to go further by extending our analyses to the measure of the 
effective gain from taking into account perceptual aspect of multimodal 
knowledge compared to treatment that discard either facet of this type of 
knowledge. 
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