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Résumé

Une tache qui prend trop temps va nuire a 1’expérience de I’utilisateur. Il est alors
important de comprendre les mécanismes qui influencent la perception temporelle. Ce
mémoire par article étudie I’impact des traits individuels et des états
psychophysiologiques sur la perception du temps lorsque I’utilisateur interagit avec

différents niveaux de complexité d’interfaces utilitaires.

Une étude en laboratoire a été menée aupres de 53 participants. Les participants étaient
invités a accomplir des taches bancaires, et ils devaient estimer le temps de chaque tache.
Le but de 1’étude était d’identifier la différence d’estimation de temps entre des taches
faciles et difficiles. De plus, un second objectif était de comprendre si la relation entre la
complexité des taches et la perception du temps était influencée par des traits individuels

et ’état de 1’utilisateur.

Les résultats suggerent que les utilisateurs pergoivent que le temps passe plus rapidement
quand ils interagissent avec une tache facile en comparaison avec une tache difficile. Ces
résultats semblent expliquer par le fait qu’une augmentation de la complexité de la tache
cause une augmentation de la charge mentale requise, ce qui, par la suite, cause une
augmentation de 1’estimation du temps. De plus, a un niveau égal de charge mentale, les
utilisateurs qui ont des traits élevés d’impulsivité ou d’orientation de temps (I’importance
du temps pour l'utilisateur) vont percevoir que le temps passe moins rapidement que les
utilisateurs qui le sont moins. D’ailleurs, les résultats de ce mémoire contribuent a combler
le manque dans la littérature sur des résultats qui refletent plus la réalité, et a aider les
designers en expérience utilisateur a mieux comprendre les mécanismes qui influencent

la perception du temps d’un point de vue pratique.

Mots clés: Perception du temps, Psychophysiologie, Interface utilitaire, Bancaire,

Emotion, Effort cognitif, Type d’interface
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Avant-propos

Ce mémoire par article a été approuvé par la direction du programme de M.Sc. de HEC
Montreal. Ce mémoire a été rédigé sous la forme d’un article complémentaire.
L’ approbation des coauteurs a été obtenue pour chacun des articles présentés dans ce
mémoire. Le comité d’éthique en recherche (CER) de HEC Montréal a approuvé ce projet

de recherche en février 2017.
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Trust yourself

Break some rules
Don'’t be afraid to fail
Ignore the naysayers
Work like hell

Give something back

Compare yourself with who you were yesterday,

not with who someone else is today

Change requires willingness to experience pain.

You have to face the lifetrap head-on and understand it.

Change also requires discipline.

You have to systematically observe and change behaviours every day.
Change cannot be hit-or-miss.

It requires constant practice.

A ship is safe in harbor, but that’s not what ships are for

Excelsior
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Introduction

Mise en contexte de I’étude

L’apparition du web au milieu des années 90 a permis a 1’émergence de nouveaux types
de service pour les entreprises; celles-ci se sont tournées vers la dématérialisation de leurs
services en se numérisant (D’Orazio et Shotton, 2018). La transformation numérique
permet de créer, transformer et conserver toutes les données en format digital, ce qui
implique une transformation des processus concernes. En se numérisant, ces entreprises
optimisent leurs processus en se délaissant du format papier qui était autrefois grandement
utilisé. Cette transformation vient notamment bouleverser le comportement et mode de
consommations des clients. Par exemple, au lieu de se rendre physiquement a une banque,
les clients peuvent se connecter pour effectuer leur transaction en ligne. Idéalement, ce
changement de paradigme permet un gain de temps et d’argent pour les deux parties.
Cependant, cette réinvention implique aussi de nouveaux enjeux auxquels les banques

doivent faire face.

Un défi que les concepteurs en expérience utilisateur souhaitent relever est de rendre le
processus plus efficace et efficient. Certains utilisateurs sont réticents a transitionner vers
I’ére numérique, car ils per¢oivent notamment que les processus en ligne sont moins
efficaces (Orlando, 2019). Ces utilisateurs préferent se rendre a une branche physique ou
de parler a une vraie personne en ce qui concerne de faire I’achat de nouveaux produits
financiers ou pour demander des conseils (Orlando, 2019). Les services traditionnels
peuvent prouver a étre plus fiable lorsque 1’individu n’est pas habitué a utiliser le service
(Orlando, 2019). Effectivement, les utilisateurs trouvent qu’il y a peu d’assistance
humaine en comparaison avec les processus traditionnels (L’Hostis, 2018). Par
conséquent, cela rend le processus plus long que prévu, car les utilisateurs sont moins
engagés lorsqu’ils interagissent en ligne (Davis, Schulte et Golluscio, 2018). 11 faut aussi
noter que les services en ligne permettent d’accélérer le processus pour des taches simples
au lieu de se rendre a une branche physique (Orlando, 2019). Ainsi, cela permet aux

utilisateurs de faire un gain de temps.



Le temps est un facteur qui est trés important pour la complétion d’une tache utilitaire en
ligne. Un utilisateur qui percoit que le processus prend trop de temps va simplement
quitter le processus (Heinig, 2018). En effet, le taux d’abandon d’un formulaire en ligne
est d’environ 81% (Delgado, 2018). De plus, le taux d’échec et de complétion d’une tache
augmente lorsque 1’utilisateur percoit qu’elle est trop longue (Atkinson, 1999). D’autre
part, créer une interface qui permet aux utilisateurs d’avoir un meilleur sentiment de
contrdle est un enjeu clé pour le succeés de I’adoption de I’interface (Davis, Schulte et
Golluscio, 2018). Ainsi, le temps est un concept pertinent en ce qui concerne 1’expérience

utilisateur (Revang, 2016).

La perception du temps est I’habileté a précisément estimer un intervalle de temps de
fagcon prospective ou rétroactive (Richard A Block et Zakay, 1997). C’est une activité
critique dans la vie de tous les jours, mais aussi lorsqu’un utilisateur souhaite accomplir
des taches spécifiques. Que ce soit pour estimer le temps de voyage d’un point A a un
point B, pour estimer la durée d’un rendez-vous, ou pour estimer le temps requis pour
payer ses factures en ligne, il est primordial pour I’individu d’étre capable d’avoir une
estimation qui soit la plus proche possible de la réalité. Une activité qui dépasse le temps
alloué a celle-ci va souvent causer beaucoup de frustration a 1’utilisateur (Gorn et al.,
2004). Cependant, bien que le temps soit une ressource qui est constante pour tout le

monde, chaque individu la percoit de maniere différente (Lake, LaBar et Meck, 2016).

La perception du temps est un sujet populaire dans la recherche en psychologie (Allan,
1979; Thomas et Weaver, 1975; Fraisse, 1984; Hornik, 1984), et ce sujet est encore étudié
aujourd’hui (Droit-Volet et Gil, 2016; Jokic, Zakay et Wittmann, 2018; Kononowicz, Van
Rijn et Meck, 2018). Depuis, beaucoup de modéles ont vu le jour, et ceux-ci ont été testé
empiriqguement a travers le temps (Richard A Block, Hancock et Zakay, 2010; Hicks,
Miller et Kinsbourne, 1976; Woehrle et Magliano, 2012; Zakay et Block, 1997)
notamment le attentional-model (Zakay et Block, 1997). Il y a une expression qui dit que
le temps passe plus vite lorsqu’on s’amuse et que le temps passe plus lentement lorsqu’on
s’ennuie (Droit-Volet et Meck, 2007). Ainsi, il y aurait donc beaucoup de facteurs qui
peuvent venir influencer la perception du temps d’une personne. Il y a eu de nombreuses

¢tudes qui ont essayé d’identifier des facteurs qui sont en lien avec la distorsion

20



temporelle, c’est-a-dire des facteurs qui vont venir perturber 1’horloge interne d’un
individu. Celles-ci suggérent que les émotions telles que la valence et I’activation jouent
un grand réle dans la perception du temps (Droit-Volet et Meck, 2007; Droit-Volet,
Brunot et Niedenthal, 2004; Droit-Volet, Tourret et Wearden, 2004). De plus, il y a des
études qui suggérent que la charge mentale joue également un role dans la perception du
temps (Richard A Block, Hancock et Zakay, 2010; Brown, 2008). D’ailleurs, des études
antérieures suggerent que les traits individuels tels que 1’age et la personnalité vont
influencer la perception du temps de chaque individu (Jokic, Zakay et Wittmann, 2018;
Lake, LaBar et Meck, 2016).

L’¢étude sur la perception du temps a aussi été étudiée dans un contexte en ligne. Par
exemple, une étude suggere que les couleurs d’un site web influencent la perception du
temps de I’utilisateur (Gorn et al., 2004). Les utilisateurs vont percevoir que le temps
passe plus rapidement lorsque les couleurs du site web induisent la relaxation. Une autre
¢tude suggere que la présence d’une rétroaction sur le site fait en sorte que les utilisateurs

sont un peu plus patients lors du téléchargement d’une page web (Nah, 2004).

Toutefois, bien que la littérature sur la perception du temps soit assez riche, il semblerait
qu’il y ait des lacunes dans la littérature actuelle sur la perception du temps.
Premierement, la plupart des études de la perception du temps étudient le phénomeéne dans
un petit intervalle allant de millisecondes a secondes (Drake et Botte, 1993; Eisler, Eisler
et Hellstrdm, 2008; Fraisse, 1967). 1l y en a aussi qui étudie des intervalles un peu plus
longs allant de secondes a des minutes (Bisson, Tobin et Grondin, 2008; Grondin et
Plourde, 2007). Cependant, nous n’avons trouvé aucune étude qui considere la perception
du temps sur des intervalles d’une durée qui dépasse 10 minutes. Ce phénomeéne peut étre
expliqué par le fait que les différents intervalles de temps opérent sur des mécanismes de
rappel et de mémorisation différents de la perception du temps (Woehrle et Magliano,
2012; Zakay et Block, 1997). 11 est donc pertinent d’explorer davantage la littérature sur
la perception du temps en ajoutant la composante d’intervalle de temps qui dépasse 10
minutes puisque plusieurs interactions en ligne sont de longues durées. Par exemple,

remplir un formulaire de demande d’hypotheéque en ligne.
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Deuxiéemement, les stimuli utilisés dans les études de perception du temps ont une faible
validité écologique. Effectivement, des études ont utilisé des stimuli tels que le Stroop
test (Sawyer, Meyers et Huser, 1994; Zakay et Shub, 1998), faire des calculs
mathématiques (Grondin et Plourde, 2007; Woehrle et Magliano, 2012), regarder des
points sur un écran (Tse et al., 2004; Wittmann et al., 2007) ou dessiner des étoiles sur du
papier (Brown, 1985). De plus, la littérature sur la perception du temps dans un contexte
en ligne a uniquement étudié 1’effet de télécharger des fichiers ou d’attendre passivement
qu’une page se télécharge. Le contexte de la navigation sur le web n’a pas encore été
étudié, car c’est un processus qui est beaucoup plus complexe (Egger et al., 2012). II n’y
a pas d’étude sur la perception du temps lorsque 1’utilisateur doit proactivement interagir
avec une interface utilitaire. Il est pertinent d’étudier le phénomeéne de la perception du
temps en utilisant des taches qui permettent d’améliorer la validité écologique dans la
littérature. Notre étude utilise des taches utilitaires en ligne pour explorer le sujet de la
navigation en ligne. 1l y a beaucoup d'interactions utilitaires dans la vie de tous les jours
avec la technologie qui nous entoure. II est pertinent d’utiliser des taches qui reflétent

beaucoup plus la réalité.

Ce mémoire souhaite donc apporter des résultats qui ont une meilleure validité écologique
dans la littérature en ajoutant des taches utilitaires en ligne. De plus, le processus de
navigation en ligne est relativement complexe, car il y a plusieurs types de taches qu’un
individu peut faire en ligne (Terai et al., 2008). Ces études ont montré qu’une tache simple
va étre plus sous-estimée qu’une tache complexe (Zakay et Block, 1997). De ce fait, ce
mémoire cherche aussi a explorer si différents niveaux de difficulté (facile ou difficile)
d’une interface utilitaire en ligne influencent la perception du temps sur des taches de
longues durées. Etudier le phénoméne de la perception du temps dans un contexte de
différent niveau de complexité de taches utilitaires va permettre d’ajouter de la valeur
dans la littérature, mais aussi de permettre aux concepteurs de site web de mieux
comprendre les mécanismes qui influencent la perception du temps d’un utilisateur. Cela

va permettre aux concepteurs de site web de designer de meilleures interfaces.
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Questions de recherche

Etudier la perception du temps lorsque I’utilisateur navigue en ligne est complexe (Egger
et al., 2012). En effet, un utilisateur peut effectuer un nombre varié de taches lorsqu’il
interagit avec des interfaces utilitaires. Lorsqu’un utilisateur navigue en ligne, Terai et al.,
(2008) proposent que celui-ci puisse faire deux types d’action. L’utilisateur peut chercher
une information spécifique sur le web ou compléter une transaction en ligne. Compléter
une transaction en ligne est plus complexe que de chercher une information sur le web,
car I’utilisateur doit faire une tache de motricité fine soit faire I’action de taper sur un
clavier pour remplir les informations (Land et Hayhoe, 2001). L’utilisation du clavier
demande a I’utilisateur une division de son attention entre le clavier, I’écran, et une
réponse motrice, ce qui a pour conséquence d’augmenter la difficulté de la tiche (Al-
Wabil et Al-Saleh, 2011). Il est pertinent pour notre étude de diviser I’interaction des
interfaces utilitaires en deux catégories de complexité, soit simple et complexe, car les
interactions avec les interfaces utilitaires ne sont pas toutes identiques. Cela permet une
plus grande précision de nos résultats sur I’interaction des interfaces utilitaires en les

classifiant en différent niveau de complexite.

Ce mémoire cherche a identifier les différentes caractéristiques d’états et de traits qui
influencent la perception du temps lorsqu’un utilisateur doit interagir avec des types
différents d’interfaces utilitaires. Le type d’interface utilitaire est manipulé en considérant
deux facteurs, soit une tache informationnelle (facile) ou transactionnelle (difficile) (Terai
etal., 2008). Les traits individuels de chaque participant sont observés a I’aide de données
psychomeétriques recueillies par le biais de questionnaires (Barratt et al., 1999; Zimbardo
et Boyd, 2015). Des données physiologiques telles que 1’oculométrie (Laeng, Sirois et
Gredebick, 2012), 1’émotion faciale (Loijens et al., 2015) et I’activité électrodermale
(Boucsein, 2012) sont utilisées pour examiner le comportement des utilisateurs lorsqu’ils

interagissent avec les différentes interfaces.

L’article cherche a développer les connaissances sur la perception du temps lorsqu’un
utilisateur interagit avec de différentes interfaces utilitaires. L’objectif de 1’article est donc

d’identifier quels types d’interfaces génere une plus grande distorsion temporelle et

23



d’identifier les différentes caractéristiques d’états et de traits qui influencent la relation.

Cet article tente ainsi de répondre aux questions de recherche suivante :

Dans quelle mesure la complexité de l'interface influence la perception du temps lors

qu 'un utilisateur doit interagir avec des interfaces utilitaires?

Dans quelle mesure les éetats physiologiques et traits psychométriques influencent la

relation entre la complexité de ['interface et de la perception du temps?

Objectif de I’étude et contributions

L’objectif de ce mémoire est notamment d’étudier la relation entre la complexité d'une
tache utilitaire et la perception du temps, et ainsi que les traits physiologiques et
psychométriques qui influencent cette relation. D’un point de vue théorique, ce mémoire
contribue a combler le mangue de résultats ayant une bonne validité écologique dans la
littérature sur la perception du temps en étudiant 1’interaction avec des taches de la vie de
tous les jours. De plus, ce mémoire contribue a combler le manque de recherche sur la
perception du temps dans un contexte en ligne. Ce mémoire contribue donc également a
la littérature sur I’interaction humain-machine. Cette étude a ainsi démontré que les
utilisateurs sous-estiment plus le temps d’une tiche simple qu’une tache complexe. De
plus, ce mémoire a démontré 1’effet médiateur de la charge mentale entre la complexité
de la tache et de la perception du temps. Une tache complexe va augmenter la charge
mentale de I’utilisateur, ce qui a pour conséquence de faire augmenter 1’estimation du
temps. Les traits d’orientation du temps et d’impulsivité ont un effet de modérateur dans
la relation de la charge mentale et de la perception du temps. L’effet de la charge mentale
sur D’estimation du temps va étre plus fort lorsque I’individu a un haut niveau
d’impulsivité ou d’orientation de temps (I’importance du temps pour l'utilisateur). D’un
point de vue pratique, ce mémoire permet aux concepteurs en expérience utilisateur (UX)
de mieux concevoir des interfaces en considérant 1’aspect de complexité de celle-ci. Par

exemple, les concepteurs peuvent rendre une tache plus simple pour que la charge mentale
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des utilisateurs diminue ce qui a pour conséquence qu’ils pergoivent que le temps passe

plus rapidement.

Informations sur ’article

La collecte de données en laboratoire, sous une bourse de la Chaire de recherche

industrielle CRSNG-Prompt, a été effectuée en trois phases soient : en été 2018, automne

2018 et hiver 2019. Les résultats de ces études ont permis a 1’étudiant de ce mémoire de

rédiger un article. L’article en question de ce mémoire est en préparation pour soumission

a AIS Transactions on Human-Computer Interaction.

Contributions personnelles

Tableau 1 — Contributions et responsabilités dans la rédaction de ’article

Etape du processus

Contribution et taches effectuées

Définition des besoins du partenaire

Identifier les besoins d’affaire du partenaire
et définition de la question de recherche et la

problématique
Collecte 1: 80 %
Collecte 2: 80%

Collecte 3 : 80%

e Le reste de 1I’équipe de recherche a
contribué a identifier les besoins du

partenaire.
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Revue de la littérature

Elaborer et rédiger la revue de littérature
pour déterminer les construits observés dans
les etudes antérieures sur la perception du
temps — 100 %

Définir et proposer les outils de mesure a

utiliser en communiquant avec le partenaire
Collecte 1: 80%
Collecte 2: 80%

Collecte 3: 80%

e Le reste de I’équipe de recherche a
contribué a identifier les outils de

mesure a utiliser pour le partenaire.

Conception du design expérimental

Faire la demande au CER — 80 %

e Le reste de I’équipe de recherche
s’est assuré que toutes les demandes

complétées au CER soient adéquates

Elaborer et rédiger le  protocole

d’expérimentation
Collecte 1: 100 %
Collecte 2: 100 %

Collecte 3: 100 %
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Préparation de la salle de collecte
Collecte 1: 100 %
Collecte 2: 100 %

Collecte 3: 100 %

Recrutement des participants

Elaborer le formulaire de recrutement
Collecte 1: 90 %
Collecte 2: 90 %

Collecte 3: 90 %

e Le reste de 1I’équipe de recherche
s’est assur¢ que le formulaire de

recrutement soit adéquat
Responsable des compensations
Collecte 1: 50 %
Collecte 2: 50 %

Collecte 3: 100 %

e Le reste une firme externe s’est
assuré d’avoir administrer les

compensations
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Concevoir et le cartable d’expérience pour le

suivi des participants
Collecte 1: 80 %
Collecte 2: 80 %
Collecte 3: 80 %

e Le reste de I’équipe de recherche
s’est assuré de faire ’assemblage du

cartable d’expérience

Prétests et collecte de données

Chargé des opérations lors des collectes de

données
Collecte 1: 50 %
Collecte 2: 50 %

Collecte 3: 50 %

e Le reste de I’équipe de recherche
S’est assuré que les données ont été
collectées avec [D’assistance des

assistantes de recherche.

Soutien technique et appui aux assistantes de

recherche en cas d’un probleme — 100 %

Extraction et transformation des données

Extraction et nettoyage des données

physiologiques et psychométriques — 100%
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Analyse des donnees Analyses statistiques des données du

mémoire — 80%

e Aide sur Stata/MP 15.1 pour les
analyses par le statisticien de la
Chaire de recherche industrielle
CRSNG-Prompt en  expérience
utilisateur (UX)

Rédaction des articles Contribution dans 1’écriture des articles —
100 %

e Les articles ont été améliorés tout au
long du processus de rédaction a
’aide des commentaires des

coauteurs

Structure du mémoire

Le prochain chapitre de ce mémoire présentera 1’entiereté des résultats de cette étude.
Ainsi, le chapitre 2 de ce mémoire présentera ’article qui est en préparation pour
soumission a AlS Transactions on Human-Computer Interaction. L’article en question
rapporte les résultats complets pour I’ensemble des 53 participants qui ont participé a
I’étude. Pour conclure, le chapitre 3 fera un rappel des principaux résultats, contributions
et limitations de cette étude. De plus, ce chapitre abordera les futures avenues de recherche

que cette étude pourrait prendre.
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Chapitre 2: Article
Does time fly when performing online utilitarian task??.

Michael Truong?, Pierre-Majorique Léger?, Sylvain Sénécal', and Annemarie Lesage!
'HEC Montréal, Québec, Canada
{michael.truong, pierre-majorique.leger, sylvain.senecal,annemarie.lesage}@hec.ca

Abstract

Our perception of time is influenced by a myriad of external and internal factors.
Literature on time estimation tries to uncover factors that can influence how we sense the
flow of time. Past studies found many elements that influence perceived time, including
emotional state, the level of cognitive attention toward the activity and personality traits.
However, many of those studies lack ecological validity as these studies used classical
psychology tasks as a stimulus. Thus, these tasks do not necessarily reflect how an
individual will perceive time while doing a real-world human computer interaction task.
This study investigates how different level of complexity of online utilitarian tasks (low
complexity vs high complexity) influence the time estimation of an individual and what
role individual states and traits play in the relationship. A within-subject laboratory
experiment was conducted with fifty-three participants. Results show that the complexity
of the task has a positive direct influence on the time estimation of the task. Cognitive
load partially mediates the relationship between task complexity and time estimation.
Individual traits such as impulsivity and time orientation have a moderating effect on the
relationship between cognitive load and time estimation. For individuals with greater
impulsivity or greater time perspectives traits, the relationship between task complexity
and time estimation is stronger. These findings contribute to the HCI literature and the
theory of time estimation by providing knowledge on how an individual see the flow of

time when interacting with real-world utilitarian interface tasks.

Keywords: Time estimation, time perspective, impulsivity, valence, arousal, cognitive

load, task complexity, ecological validity

! L'article est en préparation pour une soumission a AlS Transactions on Human-Computer Interaction
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Introduction

The study of time estimation has been extensively studied in psychology research (Allan,
1979; Fraisse, 1984; Hornik, 1984; Thomas and Weaver, 1975) and it has continued to be
studied even today (Droit-Volet and Gil, 2016; Jokic et al., 2018; Kononowicz et al., 2018;
Lake et al., 2016). While time itself is a constant resource, it seems that how humans
perceive time can be different between individuals. There is the expression that time flies
when you are having fun or that time slows down when you are bored (Droit-Volet and

Meck, 2007). Hence, our perception of time is not necessarily veridical.

Time estimation is the study of estimating a time interval while performing various kinds
of tasks (Block and Zakay, 1997). It is the study on how accurate an individual can
estimate the length of a task between its objective (real) and subjective (perceived) time.
Obijective time is a resource that is chronological, scarce, valuable, homogenous, linear,
and divisible (Sahay, 1997; Sarker and Sahay, 2004). On the other hand, subjective time
is neither objective nor chronological. It is considered as a measure that is heterogenous,
discontinuous, and non-equivalent (Starkey, 1989, p.42). There are many external and

internal events that can influence our sense of time.

Prior research tried to uncover factors that could explain why individual perceived
subjective time differently than objective time. One of the reasons is that
psychophysiological state of mind is different between every individual (Droit-Volet and
Meck, 2007). Everyone experiences their lives differently. As a result, the emotions that
the person lives influence their sense of time (Droit-Volet et al., 2013). Another reason is
the individual traits (Jokic & al., 2018). Every individual is also different on a personality
level. Thus, the sense of time is different between individual because of personal traits
such as entitlement (O’Brien et al. 2011), boredom (Danckert and Allman, 2005), anxiety
(Lamotte et al., 2014) and impulsivity (Wittmann and Paulus, 2008).

Some researchers studied short time interval in milliseconds (Drake and Botte, 1993;
Eisler et al., 2008; Fraisse, 1967; Friberg and Sundberg, 1995; Tse et al., 2004) while
others have studied longer intervals ranging from seconds to minutes (Bisson et al. 2008;

Grondin and Plourde, 2007). Many studies in time estimation used simple non-temporal
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tasks with short time intervals (ranging from milliseconds to a few seconds) such as
watching an expanding oddball (Tse, Intriligator, Rivest and Cavanagh, 2004), watching
a green circle (Wittmann et al., 2007), doing the Stroop test (Sawyer et al., 1994; Zakay
and Shub, 1998), sorting cards (Hicks et al., 1976; Zakay, 1992; Zakay and Shub, 1998),
solving mathematical problems and making calculations (Grondin and Plourde, 2007;
Woehrle and Magliano, 2012; Grondin and Plourde, 2007) or drawing stars on a sheet of
paper (Brown, 1985). Moreover, some researchers also explore time estimation while
doing non-temporal hedonic tasks such as listening to music (Bailey and Areni 2006;
Brown and Boltz 2002; Noulhiane et al., 2007) or looking at photographic pictures
(Angrilli et al., 1997).

To our knowledge, while these studies have strong internal validity, it seems they lack
ecological validity as the non-temporal tasks used do not necessarily reflect real-world
tasks. Past studies suggest that the perception of time is different depending on the type
of task (Zakay and Block, 1997). An empty task containing no stimuli will be estimated
differently than a task filled with a stimulus (Zakay and Block, 1997). Furthermore, the
difficulty of the task will also have an impact on the estimation of time (Zakay and Block,
1997).

Hence, we suggest that the use of real-world task such as utilitarian task will have different
results than the use of classical psychology stimuli because classical psychology stimuli
are simple and monotonous whereas utilitarian tasks are more complex (Egger et al.,
2012). Utilitarian task aims to provide instrumental value to the user, an objective beyond
just completing the task itself. For example, it can be to increase productivity,
performance, and efficiency of the user (Van der Heijden, 2004). Time was shown to be
an important criterion for the user’s experience of completing a task. A task that was
perceived to be too long may result in a failure to completing it (Atkinson, 1999). Thus,
it is crucial to further investigate the prediction behind time estimation by using authentic

tasks, because it would allow to contribute to the literature on time estimation.

Furthermore, past studies of time estimation online were only done using passive stimuli

because interactive web browsing is much more complex (Egger et al., 2012). Past studies
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stimuli were mostly done on downloading contents online. Terai et al. (2008) highlight
the fact that there are different levels of complexity while web browsing. We are not aware
of any study on time estimation that looked on task complexity using online utilitarian
tasks. In addition, research shows that the complexity of the task influences the state of
the individual (Arapakis et al., 2008). As a result, the lack of theory on time estimation
using online utilitarian tasks give us the opportunity to explore further and to contribute.
We look to investigate if changing the tasks to a more realistic one will have an impact
on the individual’s time estimation. There is possibility that individual will use different
mechanism to estimate time as the tasks are different. Our study will try to investigate

those differences.

The objective of this is to study is to investigate the relationship between task complexity
and time estimation for online utilitarian tasks. Since past research has shown that
individual traits and states do play a role on time estimation, we also integrate
physiological data during the interactions to measures individual’s unconscious reactions
that can influence his time perceived. Moreover, this paper aims to look to understand the
mechanism of individual psychophysiological state in the relationship between task
complexity and time estimation as well as the mechanism of individual traits in the
relationship between the individual state and time estimation. Understanding the internal
mechanism that influence an individual's time estimation is important to help advance the

literature.

This paper makes the following contributions to theory. First, our results have greater
ecological validity than past studies on time estimation as they mostly used classical
psychology stimuli. Second, our results show that a low complexity task results in a lower
time estimate (underestimation) when compared to a high complexity task. Similar results
were also found in past studies (Zakay and Block, 1997). Third, implicit measures such
as cognitive load have a mediating role of the relationship of task complexity and time
estimation. An increase in the task complexity will lead to a higher cognitive load which
will lead to an increase of time estimation (overestimation). Past studies have shown that
complex tasks are difficult to learn because of the high demand of cognitive load of the

individual influences the cognitive load (Paas and Van Merriénboer, 1994). Moreover,
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past studies have shown that a high cognitive load will lead to an overestimation of time
(Block and Zakay, 1996). Our results have shown that both mechanisms apply in the
context of interacting with utilitarian tasks online. Finally, explicit measures such as
impulsivity and time perspective traits show a moderating effect on the relationship of
cognitive load and time estimation. The effect of cognitive load on time estimation will
be stronger with an individual who is impulsive or has a high time perspective trait. Past
studies suggest that impulsivity influence positively the perception of time (Wittmann and
Paulus, 2008). Furthermore, researchers have found that higher time perspective trait lead
higher estimation of time (Jokic, Zakay and Wittmann, 2018). Our results have shown
similar effect of the impulsivity or time perspective traits on the relationship of cognitive
load and time estimation. The relationship is stronger with an individual with higher
impulsivity or time perspective traits. This paper provides insights that the complexity of
the task influences an individual’s perception of time. Results of this study provide
practical insights for interface developers to optimize online interface to make them less

complex as possible, so the users feel that time goes faster when interacting with them.

This paper is organized as follows. It starts with a literature review of the main concepts
and the theoretical background. Then, it presents the conceptual model followed by the
development of hypotheses. Afterwards, it explains the research methodology and the
operationalization of the research variables. Finally, it explains the results and discuss
their theoretical contributions and practical implications as well as limitations and future

research.

Literature Review

Time estimation

Time estimation research is the study of estimating a time interval while performing
various kinds of tasks (Block and Zakay, 1997). It is the difference between the
individual’s perceived and real time. There are currently many studies in time estimation
(Angrilli, Cherubini, Pavese and Manfredini, 1997; Brown, 1985; Noulhiane, Mella,
Samson, Ragot and Pouthas, 2007; Wittmann and Paulus, 2008) that used synonymous
term such as timing ([Droit-Volet, Fayolle, Lamotte and Gil, 2013), interval timing

36



(Buhusi and Meck, 2005; Droit-Volet and Meck, 2007), temporal perception (Effron et
al., 2006), duration judgments (Block and Zakay, 2004; Block and Zakay, 1997), time
estimation (Burle and Casini, 2001), interval estimation (Mcclain, 1983; Taatgen et al.,
2005) and temporal cognition (Glicksohn, 2001).

Hicks et al. (1976) explain that there are four factors that influence a person’s time
estimation: the method of estimation (time production, verbal estimation, reproduction,
or comparative judgment time), the duration of the target interval, the type of task to be
performed during the target interval, and if the time interval was estimated prospectively
(before doing the task) or retrospectively (after doing the task). Additionally, Zakay and
Fallach (1984) added a fifth factor, the delay between the end of the task and the moment
the subject is asked to evaluate the time.

There are currently four main methods to estimate time. A duration interval can be
estimated either verbally, by reproduction, by production or by comparison (Grondin,
2010). In the verbal estimation, the subject is asked to give a verbal estimate of the
duration of the temporal interval (Brown, 1985). In the reproduction, the experimenter
shows the duration interval and the subject reproduces it (Hemmes et al., 2004). In the
production method, the experimenter states the duration range of an interval and the
subject produces it (Berlin et al, 2004). Finally, in the method of comparison, the
experimenter presents two different intervals and the subject judges the duration of both
or chooses which interval is the longest or shortest ([Tse, Intriligator, Rivest and
Cavanagh, 2004). It should be noted that all time estimation methods vary from one and

another and produce different results; there is no method better than another (Alan, 1979).

There are two paradigms that researchers need to consider when studying the topic of time
estimation: prospective and retrospective study (Block and Zakay, 1997; Block and
Zakay, 2004; Grondin 2010, Ornstein, 1975). A prospective study is when the participant
knows beforehand that he will need to estimate a time interval. This procedure is said to
motivate the participant to be alert and monitor time and be aware of temporal cues (Doob,

1971). On the other hand, in a retrospective study, a participant will only be informed that
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they need to estimate the duration of a task after the task is completed (Block and Zakay,
1997; Brown, 1985; Zakay and Block, 2004). The weakness with the retrospective
paradigm is that researchers must be sure that time judgments are genuine (Grondin, 2007)
and that the participant will be aware of subsequent time estimation after the first one.
Results from retrospective paradigm studies may therefore be biased (Block and Zakay,
1997). Both paradigms will give different results as they usually differ to the non-temporal
task, the duration, and the nature of the judgment method (Brown, 1985). They also
function through different mechanisms (Block and Zakay, 1997; Zakay and Block, 1997).
In the prospective paradigm, attention is a primary factor because the participant will have
the knowledge that time is measured. Thus, the participant’s attention will be allocated to
the flow of time. His attention will be divided between keeping track of time and doing
the non-temporal task. In the retrospective paradigm, the participant will not allocate his
attention to time during the non-temporal task because he won’t know beforechand.
Instead, the paradigm is based on memory as the participant will try to recall the task and
estimate the time interval (Zakay, 1993). The results may change within the same task
when different paradigms are used. However, it should be noted that some researchers
argued that type of paradigm has no effect of results (Brown, 1985; Eisler et al., 2008).

The attentional-gate model (AGM)

The attentional-gate model (AGM) theory notably explains that the attention to the
passage of time affects its accuracy to estimate it (Zakay and Block, 1997; Woeherle,
2012). The initial model of AGM was conceptualized by Treisman (1963) and the scalar
expectancy theory (Gibbon et al., 1984]). Zakay and Block (1997) later added an
important component to the model that the perception of time is only recorded when
attention is on the flow of time. There are also many variations of the model that are
relatively similar (Frankenhaeuser, 1959; Glicksohn, 2001; Hicks et al., 1977; Simen et
al., 2013; Taatgen et al., 2007; Thomas and Weaver, 1975).

When performing a task, AGM assumes that there is an internal pacemaker based on the
circadian clock (biological internal clock) that emit pulses at a continuous and constant
rate. The pulses are then stored in an accumulator and are then retrieved with memory to

estimate an interval later on. The attention of the person is split between focusing on doing

38



the non-temporal task and paying attention to the passage of time. Hence, the more
difficult the task is, the more focused the individual will be on the task. As a result, the
level of attention allocated on the passage of time will decrease (Zakay, 1993). The
number of pulses accumulated will increases resulting in an overestimation of the interval
or a perception that the time is longer. On the other hand, when the task is simple, the
individual will have a higher attention on the passage of time which decreases the number
of pulses counted in the accumulator. Thus, the individual will perceive that the time will
go faster. There will then have an underestimation of the time interval (Zakay, 1993;
Woeherle, 2012). These findings were tested empirically in a laboratory experiment and
gained empirical support (Burnside, 1971; Hicks et al, 1977; Zakay, 1989; Zakay and
Fallach, 1984; Zakay et al, 1983). In sum, when the attention is toward the tasks, the
individual will have a feeling that time drags, whereas when the attention is toward time,

the individual will have a feeling that time flies.

The attentional-gate model does not necessarily need to be used in a prospective paradigm
study. Jokic et al. (2018) used AGM in their retrospective studies because it has strong
heuristic value in explaining subjective time. Furthermore, a retrospective study that last
more than several minutes will indirectly induce prospective mechanism as a situation

without distraction and paying attention to time is inevitable (Zakay, 2015).

Temporal dissociation

Temporal dissociation is a dimension of the cognitive absorption and flow construct
(Nakamura and Csikszentmihalyi, 2014) which is defined as the inability to perceive the
flow of time because the user is too engaged in interaction with the interface (Agarwal
and Karahanna, 2000). A user with a high score in temporal dissociation will lose track
of time while interacting with a computer interface as he is too absorbed on the task (Lee
et al., 2012; Nakamura and Csikszentmihalyi, 2014; Skadberg and Kimmel, 2004).

The dimension was used in various information technology studies such as the study of
Rutkowski et al. (2007) where they found that virtual team with a higher level of temporal
dissociation demonstrates a higher level of performance and interpersonal conflict in a

virtual team environment setting. Furthermore, Tan et al. (2015) studies found that
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temporal dissociation has a negative moderating effect on the satisfaction and continuance
use of a smartphone. As the user scores a higher temporal dissociation, they will less likely

be satisfied with the technology and will less likely continue to use it.

Hence, the temporal component is a critical factor to consider when evaluating an
interface. Tan et al. (2015) studies have shown that there is a direct relation between the
satisfaction of IT users and the temporal component of its interaction. Furthermore,
according the IS Continuance Theory, IT users who are satisfied with their experience
with the interface are more likely to use that interface system again (Bhattacherjee, 2001,
Deng et al., 2010). In addition, some studies found a negative relationship between time
distortion and online purchase intention ([Lee and Chen, 2010; Ozkara et al., 2017; Wu
and Chang, 2005). User perceives the passage of time as a cost. As a result, as the
consumer feels that a high amount of time has passed during a task, the less likely the
consumer will want to make a purchase online. Thus, high temporal dissociation is not

always good.

Research Hypotheses and Proposed Research Model

Task Complexity

A given task has a recognizable beginning and end. The former has a set of guidelines
concerning goals to be taken (Hackman, 1969). A large task or simpler subtasks can also
be defined as a task. Thus, not every task exhibits the same level of complexity. Little
consensus exists among researchers concerning the properties that make a task complex
(Campbell, 1988). Some researchers suggest that skill and knowledge define the
complexity of the task (Locke and al., 1981); while others suggest that complexity is
primarily psychological (Hackman and Oldham, 1976); while other researchers
emphasized the objective tasks qualities (Latham and Yukl, 1975). Earley's (1985) study
defined complexity in terms of the number of rules that needed to be satisfied to complete
the task. Hence, there are many ways to categorize the complexity of a task.

In the context of our study where users must interact with utilitarian online tasks to either
seek or fill information, we chose to categorize the complexity of our task based on the

objective behind accomplishing the task because it is widely used in online information
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seeking studies (Bystrom and Jarvelin, 1995). Some researchers also explore time
estimation while doing non-temporal hedonistic tasks such as listening to music (Bailey
and Areni, 2006; Brown and Boltz, 2002; Noulhiane, Mella, Samson, Ragot and Pouthas,
2007) or looking at photographic pictures (Angrilli, Cherubini, Pavese and Manfredini,
1997). Hedonistic tasks notably refer to pleasure-oriented task. The term hedonic comes
from the word hedonism which follows the ideology that pleasure, and happiness is the
secret in good life (Van der Heijden, 2004). The goal of a hedonic task is to provide self-
fulfilling value (Van der Heijden, 2004). However, very few studies on time estimation
have been done so far on non-temporal utilitarian task. Utilitarian tasks aim to provide
instrumental value to the user, which means that there is an objective beyond doing the
task (Van der Heijden, 2004). There are many studies on utilitarian task interaction on
computer interfaces such as online shopping (Childerset al., 2001) and mobile interface
(Wakefield and Whitten, 2006). Additionally, some researchers looked at the effect on
time estimation while driving a car (Baldauf et al., 2009) or downloading a file on a
website (Gorn et al., 2004). Nevertheless, we are not aware of any study that
systematically assessed how individuals perceived the flow of time while interacting with

a utilitarian computer interface.

In this paper, tasks are categorized by either simple or complex by using information
seeking on the web categorization of Terai et al. (2008). Their study explained that there
are two types of tasks when interacting with a web interface. The type of task depends on
the nature of the goal that the user wants to accomplish. A transactional task is when the
user needs to enter information by typing with the keyboard. Al-Wabil and Al-Saleh
(2011) further describe a transactional task as necessitating a motor response from the
user. The second type of task described by Terai et al. (2008) is the informational task.
An informational task is when the user is seeking to find a particular piece of information
on awebsite. A transactional task that requires the user to use the keyboard and a computer
screen increases the difficulty of the task as it requires a higher motor response by
alternating the user’s fixation between the two objects (Land and Hayhoe, 2001). Thus, a
transactional task is suggested to be more complex than an informational task. For our
study, we categorized transactional web browsing tasks as complex and informational

tasks as simple.
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The type of task that users interact with might influence time estimation due to the
differing task complexity. The more complex and difficult the task is to accomplish, the
higher the estimated time will be (Zakay and Block, 1997). A widely accepted model that
explains this phenomenon is the attentional-gate model (AGM). In the retrospective
paradigm, as the difficulty of the task increases, the attention of the participant will be
directed on the task. Thus, the amount of attentional capacity devoted in keeping the time
is disrupted. A more difficult task will make a person pay less attention to time. Thus,
making a person feel that a time period is longer than normal (Treisman, 1963; Woeherle
and Magliano, 2012; Zakay and Block, 1997). Underswood (1975) also found similar
results when estimating a time interval after recalling a list of words. We thus propose the

following hypothesis pertaining to the effect of task complexity on the time estimation.

H1: The complexity of the utilitarian task will positively influence the participant’s time
estimation. The time of a complex task will be overestimated in comparison to a simpler
task.

Individual States

The individual state is considered as “a function of a state of physiological arousal and of
a cognition appropriate to this state of arousal. The cognition, in a sense, exerts a steering
function.” (Schachter and Singer, 1962, p. 380) The state of an individual varies
depending on his interaction with the system. In fact, the states of an individual “varies in
intensity and fluctuates over time as a function of the intrapsychic or situational stresses
that impinge upon an individual.” (Spielberger., 2010, p.146) As a result, there are many
internal mechanisms that can influence the state of an individual. Internal mechanisms are
dynamic and change depending on the individual’s experience with the system (Egges
and al., 2003). Past study suggests that the state of the individual can vary during
depending on factors such as the complexity of the tasks (Wimmer et al., 2010). Study
also suggests that task complexity is primarily psychological to the user (Campbell, 1988).
Moreover, individual states can also be measured or quantified through implicit metrics
such as valence, arousal or cognitive load (Albert and Tullis, 2013). Some studies suggest
that complex tasks affect positively on the state of the individual (Campbell & Gingrich,
1986). Therefore, it is important to measure the state of the individual during his
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interaction with different types of tasks to have a better insight on the individual’s
perceptions and behaviours. We suggest in our study that the complexity of the task will
influence the user internal states through implicit measures such as cognitive load, arousal
and valence. Hence, those implicit measures will influence how the user will perceive
time. In addition, past studies found that internal psychological states such as trust and
perceived risk are critical mediators that influence a users’ online purchase intention using
the Stimulus Organism Response model (Chau et al., 2007). Thus, we also suggest in our
study that individual states will mediate the relationship of task complexity and time

estimation.

Cognitive Load

Cognitive load refers to the information-processing demands of the subjects. In other
words, the amount of mental effort needed for a participant to perform a certain set of
tasks (Proctor and Van Zandt, 1994). It is the internal cognitive processes such as the
demand on attentional capacity and resource sharing to perform a certain task (Brown and
Boltz, 2002). Many researchers studied cognitive load to minimize individual to
experience high mental workload as it can cause frustration or mental fatigue (Mizuno &
al., 2011). In addition, prior studies suggest that lowering the cognitive load affects
positively the individual's satisfaction with online tasks (Gwizdka, 2010).

Past study has shown that both subjective and objective measure of cognitive load are
sensitive to task difficulty (Mirhoseini etal., 2017). Prior research suggests the complexity
of the task play an important role on the cognitive load of the individual as it was
extensively studied in the learning literature (Van Merrienboer and Ayres, 2005). Past
study suggests that highly complex cognitive tasks was difficult to learn for novices
because of the inappropriate excessive cognitive load that is imposed on the learner (Paas
and Van Merrienboer, 1994). Moreover, researchers suggest that individual’s learning
performance is decreasing as the task complexity increases because the cognitive load is
high. The learning performance is increasing when the individual is in a group as cognitive
load can be divided (Kirschner et al., 2009). Studies also shown that learning complex
task is limited by the cognitive load capacity of the individual (Van Merriénboer et al.,
2003). However, limited research has been done regarding the role of cognitive load and
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the complexity of online tasks. For example, researchers suggest that future studies in the
field of learning and instruction should do online (Van Merrienboer and Ayres, 2005). In
online shopping, studies suggest that cognitive load was at the highest when users
conducted high complexity task (Wang et al., 2014).

Past studies have shown that cognitive load influence time estimation (Block and
Gellersen, 2010). Indeed, Block et al. (2010) suggest that estimation paradigm influence
the estimation of time. A higher cognitive load leads to an underestimation of the time
interval in the prospective paradigm, but a higher cognitive load leads to an
overestimation of time in the retrospective paradigm. Past studies have shown that both
paradigms show opposite effects on duration judgments (Block, 1992; Block & Zakay,
1997). In the retrospective paradigm, similar results were also found on time estimation
(Block and Reed, 1978; Poynter, 1989). Researchers suggest that an individual that
perform two tasks simultaneously will overestimate time in a high-capacity tasks
(Woehrle and Magliano, 2012). In a context of simulated car driving, study suggests that
time estimation increases as complex driving situations increase (Baldauf, Burgard and
Wittmann, 2009).

Our review has shown that task complexity influences cognitive load and that cognitive
load influences time estimation. Hence, our review has shown that cognitive load may
have a mediating role between task complexity and time estimation. As both factors are
influenced by the mechanism of cognitive load, we propose that cognitive load mediates
that relationship between task complexity and time estimation. We thus propose the

following hypothesis:

H2a: Cognitive load mediates the relationship between task complexity and time
estimation. Specifically, cognitive load will have a positive effect on the relationship. Time

will then tend to be overestimated.
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Emotional states

Emotions can be defined as “a response of the whole organism, involving physiological
arousal, expressive behaviours and conscious experience.” (Droit-volet and Meck, 2007,
p.504). Two constructs can be used to measure emotion: arousal and valence (Russell,
1980). Emotional arousal is the reaction to an emotional stimulus characterized by
psycho-physiological level of vigilance or a state of attention (Kandel et al, 2000). It
ranges from states of low arousal (calm) and high arousal (aroused) (Boucsein, 2012). The
arousal construct is widely used in the human computer interaction literature (Pastore,
2001). Emotional valence is defined as the “positive and negative nature of an emotion”
(Colombetti, 2005, p.103). The construct allows us to know the emotional state of the
user, ranging from the state of pleasure (happy) to displeasure (unhappy) (Boucsein, 2012;
Lane et al, 1999).

Previous studies on task complexity that measure the effect of emotion when performing
easy and difficult task suggests that a complex task result in a stronger negative emotion
but not positive emotion (Anshel and Martin, 1996). Furthermore, study find evidence
that when performing level of difficulty of maze puzzles, the task performance and
emotion decrease as the level of difficulty increases (Huber, 1985). Hokanson and
Burgess (1964) suggest that individuals with high levels of arousal performed better on
low complexity task but their performance decreases when the level of complexity
increases. Past studies suggest that specific patterns of emotion emerge from specific type
of tasks (Arapakis, Jose and Gray, 2008). Moreover, a study shows an increase of task
difficulty is related to an increase in specific facial muscle activity during a word
processing tasks (Branco et al., 2005). Thus, the study suggests that a specific level of a
task difficulty is related to a specific level of emotion. Hence, past studies suggest that

task complexity influences the emotion of the individual.

Emotions have been shown to influence the perception of time (Tse, Intriligator, Rivest
and Cavanagh, 2004; Yamada and Kawabe, 2011). Arousal and valence seem to have an
influence on the person’s subjective experience of time. However, many of the findings
of past studies suggest that the perception of time is influenced by emotions in a way that

contradicts the expressions “Time flies when you’re having fun” (Kellaris and Kent,
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1992). Indeed, studies have shown that an increase in arousal and valence increases
perceived duration of time (Angrilli, Cherubini, Pavese and Manfredini, 1997; Droit-
Volet and Meck, 2007). Previous studies suggest that individuals will underestimate the
time of a low-arousal stimulus than a high-arousal stimulus when looking at standardized
photographic slides Angrilli, Cherubini, Pavese and Manfredini, 1997). Similar results
were also found in studies using music such as the International Affective Digital Sounds
(IADS) (Noulhiane, Mella, Samson, Ragot and Pouthas, 2007). Moreover, Bisson et al.
(2008) suggest that joyful musical excerpts were judged to be longer than sad excerpt.
Some research implied that time estimation was longest for individuals exposed to

positively valence music and shortest for negatively valenced music.

In summary, the literature offers strong evidences that arousal and valence have an impact
the time estimation. Furthermore, our review has shown that both task complexity affects
the level of emotions of the individual. As both factors are influenced by the mechanism
of emotions, emotions may have a mediating role between the relationship of task
complexity and time perception. We have shown in our review that task complexity has
an influence on emotions and that emotions have an influence on the time estimation. We
suggest that emotions mediate the relationship between task complexity and time

estimation. We posit the two following hypotheses:

H2B: Emotional arousal mediates the relationship between task complexity and time
estimation. Specifically, arousal will have a positive effect on the relationship. Time will

then tend to be overestimated.

H2C: Emotional valence mediates the relationship between task complexity and time
estimation. Specifically, valence will have a positive effect on the relationship. Time will
then tend to be overestimated.

Individual traits

When interacting with information technology (IT), not every individual will react the
same way. Indeed, individual traits refer to characteristics such as personality, situational,
and demographic variables that influence the individual’s beliefs about and his interaction

with technology (Agarwal and Prasad, 1999). Individuals traits are fixed whereas
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individual states are dynamic (Egges, Kshirsagar and Magnenat-Thalmann, 2003). Past
studies found factors such as personal innovativeness, computer playfulness, computer
self-efficacy, or even computer anxiety to have an impact on how individuals perceive
and use information technology (Agarwal and Prasad, 1998; Webster and Martocchio,
1992; Compeau and Higgins, 1995; Harrison and Rainer Jr, 1992). In the field of
emotions, researchers suggest that an individual personality will influence the mood of
the individual when interaction with a dialogue system (Egges, Kshirsagar and Magnenat-
Thalmann, 2003).

Researchers suggest that there are many factors that moderate temporal distortions, such
as individual differences, emotional state, and biological relevance (Lake, LaBar and
Meck, 2016). Thus, variability of personality traits has a relation on the perception the
passage of time. Many studies in the literature have looked at the effect of personal traits
on the perception of the flow of time. O’Brien et al. (2011) found that people who scored
higher on the entitlement trait estimated that dull tasks took longer to complete.
Entitlement is when a person feels that he/she is more deserving than others of all good
things in life (Campbell et al., 2004). Twenge et al. (2003) found that people who are
socially rejected overestimate the time intervals and focus more on present than the future.
Danckert and Allman (2005) found in their studies that individuals who are more prone
to boredom tend to overestimate the duration of the time. In Watt’s (1991) study, people
who are bored in a tedious task feel that time pass slowly. Lamotte et al. (2014) study
found that individuals who are anxious feel that time passes more slowly. Draaisma
(2006) study also found that demographic variables, such as age, have an influence on
time estimation. The study notably found that older people perceive time to move faster.
In sum, studies have shown that individual characteristics can be a determinant factor of
whether or not an individual will overestimate or estimate a time interval. For our study,
we will focus on the individual trait of impulsivity and time perspective as they are traits
that still need better theoretical foundation and further researches in the individual states
and time estimation literature (Wittmann and Paulus, 2008; Jokic, Zakay and Wittmann,
2018).
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Impulsivity

Impulsivity is defined as “swift action without forethought or conscious judgment,
behaviour without adequate thought, and the tendency to act with less forethought than
do most individuals of equal ability and knowledge.” (Moeller et al., 2001, p.1783) An
individual who is impulsive will often devalue temporal delayed rewards more strongly
than normal individual (Wittmann and Paulus, 2008). Impulsive people will then opt for
smaller and immediate reward than delayed higher rewards because those individuals
perceived that waiting for the delayed reward might take too long. Therefore, this
behaviour might be explained by their altered sense of time. Studies have shown that
impulsivity and time estimation are closely linked (Van den Broek, Bradshaw and
Szabadi, 1992). Researchers suggest that patients with damage to the orbitofrontal cortex
(OFC) are more impulsive, tend to experience more subjective anger and tend to
overestimate subjective sense of time (Berlin, Rolls and Kischka, 2004). People who are
more impulsive tend to overestimate duration because they feel that they are trapped in
time as they have less control on their action (Glicksohn et al., 2006; Moreira et al., 2016;
Van den Broek, Bradshaw and Szabadi, 1992). Jokic et al. (2018) assessed impulsivity in
a context of waiting in an empty room for exactly 7.5 minutes. They notably found that
individuals who score higher on impulsivity tend to overestimate the waiting time. We

posit the following hypotheses:

H3a: Impulsivity will have a moderating effect on the relation between the individual
states and time estimation. The relationship between individual states and time estimation

will be stronger for more impulsive individuals. Time will then tend to be overestimated.

Time perspective

Time perspective is defined as “the totality of the individual’s view of his psychological
future and psychological past existing at a given time.” (Lewin, 1951, p.75) Every
individual perceives the passage of time differently whether it is in the past, present, or
future. The concept of time perspective has been studies in psychology (Boniwell and
Zimbardo, 2003). Time perspective can exert a dynamic influence on many important
judgments, decisions and actions of a person (Zimbardo and Boyd, 2015). Previous

studies suggest that students with high depression score are highly correlated with time
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perspective (Keough et al., 1999). Researchers also suggest that homeless individuals will
tend to score high on time perspective (Pluck et al., 2008). Past studies suggest that
delinquent boys have lower time perspective than the group of non-delinquents as the
delinquent boys produce shorter time span's stories (Barndt and Johnson, 1955). In time
estimation studies, time perspective traits have been used to observe how individual use
temporal information to perceive the real time (Lasane and O’Donnell, 2006). Past studies
found that individuals with higher time perspective score tend to have higher
overestimation while waiting (Jokic et al., 2018). However, other studies suggest that
individuals with higher score of time perspective will underestimate time as they
perceived time to pass more quickly (Zimbardo and Boyd, 1999). We posit the following
hypotheses:

H3b: Time perspective will have a moderating effect on the relation between the
individual states and time estimation. The relationship between individual states and time
estimation will be stronger for individuals with greater time perspective. Time will then

tend to be overestimated.

This article proposes a research model that uses the complexity of a utilitarian online task
as a direct effect on time estimation. It integrates implicit psychophysiological measures
to represent the individual states as an internal mechanism that can mediate the
relationship: cognitive load, valence and arousal. The model also integrates individual
traits of impulsivity proposed by Barratt et al. (1999) and time perspective proposed by
Zimbardo and Boyd (2015) as a moderating effect on the relationship between the

individual states and time estimation.
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Figure 1. Proposed Research Model

Method

Experimental design

A within-subject laboratory experiment was conducted. Fifty-three participants (24 men,
29 women) with an age range between 18 and 64 years (mean age: 32 years; S.D. =13.11)
participated in the study. Participants were recruited externally by a third-party
recruitment service and each received a monetary compensation. The experiment was
approved by the Research Ethics Committee of our institution. The experimental factor
was manipulated following Terai et al. (2008), the low complexity task consisted of
finding a specific information on a banking website and the high complexity tasks
consisted of applying for a credit card on a banking website by filling out his personal
information on a form. The tasks were randomized to control for ordering effect. We

chose to use the verbal estimation as the method estimation and a retrospective paradigm
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(estimating the time of the task after completing the task) as they are the more convenient

method to evaluate the time interval for longer duration tasks (Grondin, 2010).

Procedure

As illustrated in Figure 2, when first arrived at the laboratory experiment, participants
were greeted and invited to leave their personal belongings in a locker such as their watch,
cell phone, wallet, keys, etc. The reasoning behind leaving the personal belonging of the
participant was that they could not check the time by any means while doing the
experiment. They were then invited to fill a consent form. Before the experiment began,
the participant was brief with a small scenario containing all the basic information the
participant needed to complete the tasks. Once ready, the participant proceeds into a
baseline which lasted for 90 seconds to have measurements of the participant at rest before
the interacting with any task of the experiment. The participant was tasked to count the
number of white squares he sees on the screen (Jenning et al., 1992). After the baseline,
the participants proceeded into completing the various tasks of the experiment. The tasks
were categorized as either high complexity or low complexity by the index from the study
of Terai et al. (2008), the low complexity task consisted to find a specific information on
a banking website page and the high complexity consisted filling out an online credit card
application form. The choice of tasks used in our study is crucial to maximize ecological
validity. Hence, we chose to use online banking tasks as it is a utilitarian task that most
people around the world use (Martins et al., 2014). Online banking offers a variety of
services ranging from providing information, to submitting forms online. All the tasks
were counterbalance. After each task’s completion, the participants were asked to estimate
the time of the task. At the end of the experiment, the participant was instructed to fill out
a questionnaire composed of measurement scales of impulsivity and time perspective
traits which are respectively the Barratt Impulsiveness Scale (Barratt et al., 1999) and the
Zimbardo Time Perspective Inventory (Zimbardo and Boyd, 2015).
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Figure 3. A high complexity task during which the participant had to enter his

personal information in order to apply for a credit card.
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Figure 4. A low complexity task where the participant had to find a specific

information on the page.

Apparatus and Measures

We used Google Chrome version 67.0.3396.99 web browser to display the banking
interfaces and they were presented through the software Tobii Pro (Stockholm, Sweden).

The task stimulus was presented on a computer monitor with a 1920X1080 resolution.

Explicit Measurement

For our dependent variable, the participants were not informed during the experiment that
had to estimate the time on any of tasks nor to pay any attention on time. The participant
was asked how long he thought the task lasted in number of seconds. We then calculated
the difference between the participant time estimation on the task and the real time of the
task (delta).

The Zimbardo Time Perspective Inventory (ZTPI) is a scale consisting of 56 items ranging
from 1 (rarely/never) to 5 (almost always) which are grouped into 5 dimensions: Past-
negative (PN), past-positive (PP), present hedonistic (PH), present fatalistic (PF) and

future. Each dimension represent different aspects of the person’s time perspective such
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as : “I often think about the bad things that have happened to me in the past” (past-
negative), “Happy memories of good times spring readily to mind” (past-positive), “I take
risks to put excitement in my life” (present hedonistic), “Because things always change,
one cannot foresee the future” (present fatalistic) and “I am able to resist temptations when
I know that there is work to be done” (future). This scale will provide us with that
participant’s characteristic on his time perspective (Zimbardo and Boyd, 2015). For our
study, we decided to use the total score to measure the time perspective trait. A higher
total score mean that the individual has a high trait in time perspective.

We first pretest the questionnaire with 12 subjects before the experiment to test for the
validity and reliability of the scale. We found that the cronbach alpha of the dimensions
of the construct was low. To do so, we did a factor analysis with 12 subjects before the
experiment by looking at the inter-item correlation matrix. The cronbach alpha of the
questionnaire for the Zimbardo Time Perspective Inventory with 12 pretest subjects for
the dimensions of past-negative, past-positive, present hedonistic, present fatalistic and
future were respectively: a = 0.850, a = 0.697, « =-0.088, « = 0.671 and « = 0.591. We
then identified the items that have a weak correlation in the matrix. We eliminated all
items with a negative correlation and a correlation lower than 0.4. We then did another
factor analysis without the removed item and we calculated the cronbach alpha of each
dimension to make sure it is over 0.7. As a result, we reduced the number of items of the
questionnaire from 56 items to 29 items. The cronbach alpha of the reduced questionnaire
for the Zimbardo Time Perspective Inventory for the dimensions of past-negative, past-
positive, present hedonistic, present fatalistic and future were respectively: a = 0.920, a
=0.827, «a =0.678, « =0.777 and a = 0.779. To calculate the score for every dimension,
we kept the way it was presented in the literature. We computed the average score of every

dimension.

The table below presents a summary of the cronbach alpha of every dimension of the
ZTPI scale.
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Table 1. Cronbach Alpha of the ZTPI

Dimensions Cronbach Cronbach Alpha | Cronbach Alpha | Cronbach Alpha
Alpha in the | by  pre-testing | of the reduced | of the reduced
literature with 12 subjects | questionnaire questionnaire
(Zimbardo (n=12) (n=53)
and  Boyd,

2015)

Past-negative a =0.820 a =0.850 a =0.920 a =0.858

Past-positive a =0.800 a =0.697 a =0.827 a =0.800

Present-hedonistic | « =0.790 a =-0.088 a=0.678 a=0.779

Present fatalistic | « =0.740 a=0.671 a=0.777 a =0.680

Future a=0.770 a =0.591 a=0.779 a=0.740

The Barratt Impulsiveness Scale (BIS-10) consists of 34 items ranging 1 (occasionally)

to 4 (Always) which are grouped into 3 different dimensions: motor impulsivity, cognitive

impulsivity, difficulty of planification in time or anticipation. The scoring can be made

by doing a sum score of all items together or by dimensions. The higher the score, the

higher the person will have a self-rate assessment of being impulsive (Barratt et al., 1999).

For our study, we chose to use the total sum score to measure the impulsivity trait. A

higher score mean that the individual has a high trait in impulsivity.

We also did a 12 subjects pretest before the experiment to test for the validity and

reliability of the scale. We found that the cronbach alpha of the Barratt Impulsiveness

Scale with a pretest of 12 subjects for the dimensions of motor impulsivity, cognitive
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impulsivity and difficulty of planification were respectively: « = 0.760, « = 0.363 and «

=0.387. We used the same reducing method as previously stated for the Zimbardo Time

Perspective Inventory. We eliminated all items with a negative correlation and a

correlation lower than 0.4. We then did another factor analysis without the removed item

and we calculated the cronbach alpha of each dimension to make sure it is over 0.7. Thus,

we reduced the scale from 34 items to 21 items. The cronbach alpha of the reduced

questionnaire for the Barratt Impulsiveness Scale for the dimensions of motor impulsivity,

cognitive impulsivity and difficulty of planification were respectively: « = 0.807, a =
0.746 and a = 0.752.

The table below presents a summary of the cronbach alpha of every dimension of the

scale.
Table 2. Cronbach Alpha of BIS

Dimensions Cronbach Alpha | Cronbach Alpha | Cronbach Alpha | Cronbach Alpha
in the literature | by  pre-testing | of the reduced | of the reduced
(Barrat et al., | with 12 subjects | questionnaire questionnaire
1999) (n=12) (n=53)

Motor a =0.790 a =0.760 a =0.807 a=0.737

impulsivity

Cognitive a = 0.560 a =0.363 a =0.746 a =0.680

impulsivity

Difficulty  of | @ =0.640 a =0.387 a=0.752 a=0.731

planification
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Implicit measurement

Observational measures were also used in addition to self-reported measures. Three types
of psychophysiological variables were used to assess the participant’s emotional states:

emotional valence, emotional arousal, and cognitive load.

Psychophysiological measures are defined as “an unobtrusive and implicit way to
determine the user’s affective or cognitive state on the basis of mind-body relations”
(Dirican and Gokturk, 2011, p.1362). Psychophysiological measures, also known as
implicit measures, are unconscious or automatic phenomenon that the individual is not
necessarily conscious about them (Ortiz de Guinea et al., 2014). In contrast, explicit
measures represent “a phenomenon that occurs within individuals” awareness, and as
such, individuals can report on them” (Ortiz de Guinea et al., 2014). While explicit
measures such as self-reported questionnaire offer a great way to measure the user
experienced retrospectively (Bargas-Avila and Hornbsek, 2011), the use of
psychophysiological measures is becoming more popular in human computer interactions
(HCI) research (Ortiz de Guinea and Webster 2013; Riedl and Léger, 2016) as
psychophysiological measures was proven to offer greater insights on what the user really
experiences during a given task (Georges et al., 2017; Courtemanche et al., 2017). In fact,
the method can give a richer perspective by providing real-time data as it offers a better
temporal resolution (Lourties et al, 2018; Dirican and Goktirk, 2011). It can provide with
continuous measures of the experience over time (Hassenzahl and Tractinsky, 2006;
Boucsein, 2012). Non-continuous measures such as self-reported scales only give a
measure in a precise set of time. As a result, psychophysiological measures can be very
useful for time estimation studies as it provides greater precision. It allows to researchers
to precisely know what the participants are living right before they are estimating the time
of the task. Thus, psychophysical instruments borrowed from neuroscience theories that
provide physiological signals such as electrodermal activity, heart rate, eye-tracking and
facial expressions can be used to represent constructs such as valence, arousal and
cognitive load (Riedl and Léger, 2016; De Guinea et al., 2013). Electrodermal activity
(EDA) has been used to measure physiological arousal (Hassenzahl and Tractinsky, 2006;

Boucsein, 2012), facial expression has been used to measure emotional valence (Ekman

57



and Friedsen, 1971; Bartless et al., 2004).and eye-tracking has been used to measure

cognitive load through pupil dilatation (Laeng et al., 2012).

We can use the pupillometry of the eye tracker to measure the dilatation of the pupil which
can be inferred into cognitive load. Literature has shown that the increase of the diameter
of the pupil correlated with an increase of the cognitive load (Laeng et al., 2012; Ahlstrom
and Friedman-Berg, 2006). The size of the pupil can range from .2mm to .8mm (Kramer,
1991). The more dilated the pupil is, the more difficult the task is (Beatty, 1982). To
measure cognitive load, Tobii Technology (Sweden) was used to track the participant’s
visual attention during the experiment. We decided to use this instrument for two reasons.
First, Eye-tracking technology is useful to measure the level of attention and cognitive
load the participant is experiencing during the experiment. Thus, we use the eye-tracker
Tobii to measure cognitive load with the use of the dilation of the pupil. It should be noted
that pupil dilatation can be affected by the light conditions because the reflex of the pupil
(Kramer, 1991). Hence, using the eye-tracker outdoor can cause bias (Adams, 2007). The
experiment was run in an indoor laboratory setting in order to control such bias. Second,
the instrument is non-intrusive. Thus, it allows us to collect real-time data, and it allows
the participants to perform all the tasks in a more realistic way. A 9 points (3 x 3)
calibration grid was used to calibrate the participant and it was repeated until acceptable

accuracy was reached. The fixation threshold used was of 200ms (Holmaqyvist et al, 2011).

Previous study has proven that facial micro-expression is a good indicator of the level of
valence (Loijens et al., 2015). Thus, facial expression can be analyzed to detect facial
muscle movements in order infer emotional valence (Bartlett et al., 2004). To calculate
the valence score, the emotional valence that the participant could live throughout the
experience could have ranged from negative emotion (unpleasant) to positive emotion
(pleasant). We used FaceReader software (Noldus, Wageningen, Netherlands) to measure
emotional valence for two main reasons. First, it allows us to record facial expression and
micro-expressions of the participants throughout the experiment (Abadi et al., 2013;
Ekman and Friesen, 2003). Hence, a score between -1 to +1 was generated with
FaceReader software (Ekman and Friesen, 2003; Ekman et al., 1987). Secondly, as the

FaceReader software analyze in real time, it has good temporal resolution. It allows us to
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have real-time recording which is important for a time estimation study. Furthermore, as
previously stated, FaceReader software is non-intrusive which allows the participants to
interact with the interface in a more realistic manner. To do the analysis with FaceReader
software, a webcam and Media Recorder software (Noldus, Wageningen, Netherlands)
were used to record to facial emotion of the participant during the experiment. The setting
used for the recording was a frequency rate of 30 frames per second and a resolution of
800x600. To make sure everything was properly synchronized between all apparatus,
Observer XT (Noldus, Wageningen, Netherlands) was used as suggested by Léger et al
(2014).

Arousal is associated with the intensity of an emotion (ranging from deactivated to
activate). Past studies have shown that electrodermal activity (EDA) is an accurate
indicator of arousal (Hassenzahl and Tractinsky, 2006; Lang et al., 1993; Boucsein, 2012).
To measure arousal, Biopac technology (Goleta, USA) was used. Biopac technology
allows us to attach sensor to the hand palm of the participant (near the eccrine gland) to
collect sweat on the surface of the skin (Lang, 1995). To analyze the data, Acgknowledge
software (Goleta, USA) was used to extract the data (sample rate of mp150 at 500 Hz).

Arousal is then modelled with a standardized score with an average score of Z

(z=22AYalue EDA Averagey g csein, 2012). Acgknowledge Software (Biopac, Goleta,

EDA Standard Deviation

USA) was used to clean EDA data and extracts arousal metric. FaceReader software
(Noldus, Wageningen, Netherlands) was used to analyze micro-facial expressions and
calculate emotional valence. Finally, event markers were added to different subtasks and
as well as area of interests (AOIs) using Tobii Studio. Observer XT (Noldus, Wageningen,
Netherlands) was used to synchronize all the recordings during the experiment. To
triangulate all the metrics together, we converted all the data from each system and we
used the software CUBE HX (Montréal, Canada) (Leger et al., 2018).
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Table 3. Operationalization of the Variables Types of Measure

Measures

Instruments

Variables

Task duration

Self-reported questionnaire
used on Qualtrics (Seattle,
USA)

Objective time (real time in

seconds)

Subjective time (estimated time in

seconds)

Time perspective

The Zimbardo
Perspective Inventory (ZTPI)
(Zimbardo and Boyd, 2015)

Time

Sum score of the reduced scale

Items evaluated on a 5-point Likert

scale

5 dimensions: Past-negative (PN),
(PP),
hedonistic (PH), present fatalistic
(PF) and future.

past-positive present

Impulsivity

The Barratt Impulsiveness
Scale (BIS-10) (Barratt et al.,
1999)

Sum score of the reduced scale

Items evaluated on a 4-point Likert

scale

3 different dimensions: motor
impulsivity, cognitive impulsivity,
difficulty of planification in time

or anticipation.
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Emotional valence Recorded with | Facial expression score (-1 to 1):
MediaRecorder 2

valence, neutral, happy, sad, angry,
(Wageningen, Netherlands) PRy ary

surprised, scared, disgusted
Analyzed with: Facereader

(Wageningen, Netherlands)

Emotional arousal Biopac (Goleta, USA) Electrodermal amplitude:

Standardized score Eda

Cognitive load Tobii Technology | Pupil dilatation (in millimeter)
(Stockholm, Sweden)

Analysis

We proceeded with the statistical analysis using the software SAS 9.4 (Cary, USA). We
made few transformations in our data set. First, our implicit measures were adjusted for
baseline to control for the individual’s resting measurements. In the case of EDA, we
wanted to have measures where the participants were not doing any task. The adjusted
values were calculated from the difference between the implicit measures collected and
the computed average of the corresponding participant’s baseline. Secondly, we first made
sure that our data set met the criteria of having a normalized and non-correlated data in
order to have a valid test. We used the rule of thumb of (-1.5<sk<1.5 and/or 1.5<ku<4.5)
presented by Hair (2006) to verify the normality of the data set and we did a correlation
matrix we the rule of thumb of (-0.5>r<0.5) to verify that all metrics are non-correlated.
If the data was not normalized, we adjusted using In, square root, and multiplicative

inverse transformation.
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Direct effects have been tested using simple linear regressions. Our analysis of our model
has been tested using Model 14 of the PROCESS macro as presented by (Hayes, 2017.
p.591) in SPSS. Model 14 allows us to test for the mediation effects of the individual
states on the relationship of task complexity and time estimation and as well as the
moderating effects of individual traits on the relationship of individual states and time
estimation. We used bootstrapping method of ab to derive a confidence interval as well
as an estimated standard error, for both 95% and 90% confidence interval (Hayes, 2017).

2000 bootstrap samples have been used.

Model 14 allows us to test our analysis model. Which is a mediation model with also a
moderator. Model 14 let us analyze the mediating effect of cognitive load, valence or
arousal on the relationship between task complexity and time estimation. Furthermore,
Model 14 also let us analyze the moderating effect of impulsivity or time perspective

between the relationship of valence and time estimation.

To determine if the variables have a positive or negative effect on the relationship, we
looked at the beta () of the relationship. If the beta was positive, it means that the variable
has a positive effect on the relationship and vice versa. In addition, the effects must be
significative in order to determine whether or not there was a mediating or moderating

role. We also did three separate analysis for all 3 states.

Results

The table 4 present the means, minimums and maximums of all variables for low and high

complexity tasks.

Table 4. Descriptive Data

. Low complexity High complexity

Variables Mean Min Max Mean Min Max
Time estimation -19.734 | -675.000 | 356.00 -4.462 -675.00 | 356.00

Cognitive load -0.113 -3.035 3.238 -0.130 -3.035 3.199
Arousal 0.369 -91.077 31.476 0.564 -91.077 31.476

Valence -0.064 -0.958 0.891 0.056 -1.576 0.729
Time perspective 90.869 65.000 | 105.000 | 91.081 65.000 | 105.000
Impulsivity 33.463 16.000 55.000 32.640 16.000 55.000
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Hypothesis testing

Hypotheses 1 postulate that the task complexity (high or low) has a positive effect on the
time estimation of the individual. Simple linear regressions show that task complexity has
a positive significant effect on time estimation (t=4.07, p =< 0.0001, B = 73.4141). In
other words, an individual will estimate the time of a complex task higher than a simpler

task, supporting H1.

Hypothesis 2a-2c postulate the mediating effect of individual states (cognitive load,
arousal and valence) on the relationship of task complexity and time estimation. Three

separate analyses were done using all three individual states with the two traits.

As shown in Figure 5, in order to test H2a, the indirect effect of the task complexity has
a positive influence on cognitive load (a) (t = 7.29, p =< 0.001, p= 0.4904). Moreover,
cognitive load has an influence on time estimation (b) (t = 3.9, p =< 0.001, p= 54.4872).
For the direct effect, both variables have an influence on time estimation (¢’) (t =2.93, p
< 0.05, p = 55.532). The indirect effect (ab) is 28.431. The total effect is 83.963. The
mediation effect size is 0.364. The effect of the mediation is only partial as the estimate
of the direct effect of task complexity on time estimation is 73.4141 and that the estimate
of the mediating effect of cognitive load is 55.532. With a 95% bootstrap confidence
interval, the interval estimate is 16.14 to 54.76, showing a significant indirect effect.
Overall, we conclude that cognitive load toward the relationship of task complexity and

time estimation is a partial mediator, supporting H2a.
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Figure 5. Cognitive Load Model Results

As shown in Figure 6, in order to test H2b, the indirect effect of the task complexity does
not have a significant effect on arousal (a) (t =-1.12, p = 0.2627, 3 = -0.15). Moreover,
arousal does not have a significant effect on time estimation (b) (t = -0.57, p = 0.5666,
= -3.3495). For the direct effect, both variables have an influence on time estimation (¢”)
(t=3.9,p<0.0001, B =69.2077). The indirect effect (ab) is 0.502425. The total effect is
69.71. The mediation effect size is -0.022. As the indirect effects (a and b) are not
significative and that the direct effect (¢’) is still significative, we conclude that arousal
toward the relationship of task complexity and time estimation is not a mediator.

Therefore, H2b is not supported.
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Figure 6. Arousal Model Results

As shown in Figure 7, in order to test H2c, the indirect effect of the task complexity does
not have a significant effect on valence (a) (t =-0.44, p = 0.6581, B =-0.01356). However,
valence does have a significant effect on time estimation (b) (t =-3.97, p <= 0.0001, B =
-139.63). For the direct effect, both variables have an influence on time estimation (¢’) (t
=-4.47, p <0.0001, B = 78.6872). The indirect effect (ab) is 1.8934. The total effect is
80.5806. The mediation effect size is -0.93272. As the indirect effects are not significative
and that the direct effect (¢’) is still significative, we conclude that valence toward the
relationship of task complexity and time estimation is not a mediator. Therefore, H2c is
not supported.
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Figure 7. Valence Model Results

Hypothesis 3a-b postulate moderating effect on the relationship of individual traits (time
perspective and impulsivity) and time estimation. We postulated that the higher
impulsivity or time perspective score will lead to a stronger relationship between
individual traits and time estimation. Three separate analyses were done using all three
individual states with the two traits.

In the impulsivity moderation analysis of the cognitive load model as previously shown
in Figure 5, to test H3a, the impulsivity has a significative moderating effect on the
relationship of cognitive load and time estimation (t = 1.32, p < 0.05, = 1.8425). In other
words, a higher impulsivity score leads to a stronger effect on the relationship of cognitive
load and time estimation. Therefore, we conclude that impulsivity toward the relationship
of cognitive load and time estimation is a moderator, supporting H3a. In the time
perspective analysis of the cognitive load model shown in Figure 5, the time perspective

has a significative moderating effect on the relationship of cognitive load and time

66



estimation (t = 1.72, p < 0.05, B=2.9202). In order word, a higher time perspective score
will lead to a stronger effect on the relationship of cognitive load and time estimation.
Therefore, we concluded that time perspective toward the relationship of cognitive load
and time estimation is a moderator, supporting H3a.

In the impulsivity moderation analysis of the arousal model as previously shown in Figure
6, to test H3b, impulsivity does not have a significative moderating effect on the
relationship of arousal and time estimation (t = -0.95, p = 0.3438, p=-0.5113). Therefore,
we concluded that impulsivity toward the relationship of arousal and time estimation is
not a moderator. H3a is not supported for the arousal model. In the time perspective
analysis in the arousal model shown in Figure 6, the time perspective does not have a
significative moderating effect on the relationship of arousal and time estimation (t =
-0.37, p = 0.7127, = -0.1985). Therefore, we concluded that time perspective toward the
relationship of cognitive load and time estimation is not a moderator. H3b is not supported

for the arousal model.

In the impulsivity moderation analysis of the valence model as previously shown in Figure
7, impulsivity does not have a significative moderating effect on the relationship of
valence and time estimation (t = -0.75, p = 0.4548, B= -3.05). Therefore, we concluded
that impulsivity toward the relationship of valence and time estimation is not a moderator.
H3a is not supported for the valence model. In the time perspective analysis shown in
Figure 7, the time perspective does not have a significative moderating effect on the
relationship of valence and time estimation (t = -0.78, p = 0.438, p=-3.2982). Therefore,
we concluded that time perspective toward the relationship of cognitive load and time

estimation is not a moderator. H3b is not supported for the valence model.

To summarize, results show that task complexity has a positive effect on time estimation
(H1). Furthermore, the cognitive load model showed that cognitive load mediates
positively the relationship between task complexity and time estimation (H2a). The
relationship between individual states and time estimation is stronger for individuals who

are more impulsive or greater time perspective trait in the cognitive load model (H3a &
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H3b). However, no significant mediation effect was found for emotional arousal and

emotional valence (H2b & H2c).

Hypothesis Description Conclusion

H1 The complexity of the utilitarian task will positively influence the Supported
participant’s time estimation. The time of a complex task will be
overestimated in comparison to a simpler task.

H2a Cognitive load mediates the relationship between task complexity and time Supported
perception
H2b Emotional arousal mediates the relationship between task complexity and Not
time perception. Supported
H2e Emotional valence mediates the relationship between task complexity and Not
time perception. Supported

H3a Impulsivity will have a moderating effect on the relation between the individual  Supported for
states and time estimation. The relationship between individual states and time  cognitive load
estimation will be stronger for more impulsive individuals.

H3b Time onentation will have a moderating effect on the relation between the Supported for
mndrvidual states and time estimation. The relationship between individual states  cognitive load
and time estimation will be stronger for mdirviduals with greater time onientation..

Figure 8. Summary of Results

Discussion

The analysis of our results showed that the complexity of the task (low complexity or high
complexity) affects the time estimation of the users when interacting with utilitarian
interfaces (H1). A high complexity task will be estimated higher than a low complexity
task. This relationship can be mediated by an individual state. Indeed, cognitive load
shown to have significant mediation effect on the relationship (H2a). When cognitive load
increases, the participant will tend to overestimate the time. However, the mediating effect
of emotional arousal and emotional is not supported on the relationship (H2b&c).
Moreover, individual traits of impulsivity and time perspective show significant results to
have a moderating effect on the relationship of cognitive load and time estimation
(H3a&b). An individual who scores higher on the impulsivity or time perspective traits

will lead to a stronger effect on the relationship of cognitive load and time estimation.

This study has theoretical implications. First, the current literature on time estimation has
strong theoretical foundation. However, the tasks used in most studies lack ecological
validity as they use monotonous stimuli. In this study, we tried to find if there is any
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difference in time estimation in the current literature when using real-world task because
past studies showed that the type of task influence the time estimation of the individual
(Zakay and Block, 1997). A strong ecological validity is important for a study in order to
reflect as much as possible the real world (Schmuckler, 2001). Hence, for our experiment
we chose to use utilitarian banking interfaces because they are commonly used by the
population (Martins et al., 2014), Those interfaces were split into two levels of complexity
(low and high complexity) depending on the nature of the objective of the task describe
by Terai et al. (2008). The level of complexity was considered low when the participant
was tasked to look and read specific information on a banking website. On the other hand,
the level of complexity was considered high when the participant was tasked to fill out an
online investment application form. Thus, our study added the component of using
different level of complexity of utilitarian tasks in the literature. The findings in this study
suggest that high complexity task will be estimated longer than low complexity task.
Hence, time will be perceived to go slower when users interact with a complex utilitarian
task in comparison to a simpler one. The results of this study are similar with the current
time estimation literature. Indeed, in the retrospective paradigm, past studies also found
that a high complexity task will be overestimated in comparison with a low complexity
task (Zakay and Block, 1997; Ornstein, 1975). The attentional-gate model (AGM) notably
explains this phenomenon that the attention of the participant will be directed on the task
instead of keeping track of time as the difficulty of the task increases. Therefore, the
amount of attention on time is distorted. Thus, we contributed by adding on task

complexity in the time estimation literature and by using a more realistic task.

Second, our study shows no results that emotional arousal and emotional valence mediate
the relationship between task complexity and time estimation. Those results go against
some previous studies where researchers found that complex tasks result in stronger
negative emotion (Anshel and Martins, 1996). Moreover, study suggests that performing
difficult maze puzzles will reduce performance and emotion (Huber, 1985). In the
emotion and time estimation literature, previous studies found that that the increase of
arousal lead to an overestimation of time (Angrilli et al, 1997; Droit-Volet and Meck,
2007). In addition, researchers suggest that an increase of emotional valence will increase
time estimation (Boltz, 1994; Delay and Mathey, 1985; Rai, 1975). The results of our
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study found no significative difference in task complexity and arousal or valence when
we tested for the indirect effect. An explanation for these results would be that web design
induce a target emotion (Kim and Moon, 1998). In addition, the visual of the interface
also influence the time perceived on the individual (Gorn et al., 2004). Since the utilitarian
interfaces we used were relativity very similar in design, it could possibly have affected
the level of emotion of the user. As a result, there was no significant difference in emotions
between a complex or simple task. Gorn et al. (2004) study suggests that the screen colour
of a web page influence the user’s perception of time because it induces a specific level
of emotion. In the case of our study, the screen colour for both tasks’ complexity was
mostly red and white. Therefore, the level of emotion between both tasks would have been
relatively the same level. Thus, we contributed by finding that emotions don’t not have a
mediating role on time estimation. Those findings are different from what we can find in

the current literature on time estimation.

Finally, results show that impulsivity and time perspective traits moderate the relationship
between cognitive load and time estimation. A higher score of impulsivity or time
perspective will lead to stronger relationship of cognitive load and time estimation.
Similar results were also found in previous studies. Past studies suggest that individuals
who score higher on impulsivity traits will have an increased of time estimation (Jokic et
al., 2018). Indeed Jokic, et al., (2018) found in there that individuals who score higher on
impulsivity tend to overestimate the waiting time. Furthermore, past studies on
impulsivity found that impulsive individuals tend to overestimate time (Glicksohn et al.,
2006; Moreira et al., 2016). Although the literature on time estimation and impulsivity
still needs a better theoretical foundation (Wittmann and Paulus, 2008). In addition, a
higher time perspective traits score will lead to an overestimation of time (Jokic et al.,
2018). An individual with higher present hedonistic and present fatalistic on passage of
time tend to have higher overestimation of the waiting time internal. Thus, we contributed
by finding expanding Jokic et Al (2008) research by finding that all time perspective traits
and impulsivity traits have a moderating effect on time estimation and not only some traits

like in previous studies.

70



Overall, our study shows similar results with the current literature and our study helped
by improving the ecological validity of it. These findings contribute to strengthen the
current literature and as well as filling the literature gap on time estimation while
interacting with utilitarian interfaces, thus advancing knowledge in the human-computer

interaction (HCI) literature.

Furthermore, this study also has managerial implications notably in the field of user
experience and interface design. As online interaction is becoming more popular in most
industries (D'Orazio, and Shotton, 2018), it is important to understand how users perceive
the flow of time when interacting with those interfaces. A user who feels that the process
takes too much time to finish will abandon it (Delgado, 2018). As a result, the chance to
convert the user is lessened if the interface is not optimized to make the user feels that the
process is going quickly. The ecological validity of this study was high as users were
asked to interact with a banking website as if they would have done in a real-life situation.
First, this study shows the importance to make the task as simple as possible because the
user will perceive the time to go faster. Some studies found the perceived quickness of
the interface which led to a greater likelihood that recommending the website to a friend
(Gorn et al., 2004). A Jupiter Media Metrix consumer survey found that 40% of online
consumers would go more often on a page if it was faster (Gorn et al., 2004; Pastore,
2001). Second, this study points out the importance to reduce the cognitive load on the
user as an increase of cognitive load of the user will lead to a higher perception of time.
Thus, the user will perceive that the time will go slower. Some studies on perceived
waiting time found that the perception of a slow process will have an impact on the overall
satisfaction of the setting when wait time was high such as in restaurants (Jones and
Peppiatt, 1996), supermarkets (Tom and Lucey 1997), hospital (Dnsky and Miles 1997),
and airports (Taylor, 1994). Third, individual traits such as impulsivity and time
perspective influence the time estimation of a user. Interface designers should take
advantage of this knowledge to design interfaces based on certain individual
characteristics of a user depending of the goal of the interface. Overall, this study points
out the importance for UX designers to make tasks as simple as possible in order to reduce
the cognitive load on the user. As a result, the user will perceive that the time will go

faster. This study also shows for interface designers that time estimation can be
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manipulated, and it is not a fix value. For example, breaking down one big task into
multiple simple tasks can help the user feel that time is going faster rather than asking him

to do one big and complex task.

Three limitations of this study need to be acknowledged. First, even though we
counterbalanced the tasks, the weakness with the retrospective paradigm to estimate a
time internally is to make sure that the answers are not biased (Block and Zakay, 1997).
Indeed, as Grondin (2007) mentioned, once the participant has to estimate the time of the
first task, he will most likely be aware of the subsequent time estimation. Thus, future
research should limit their experiment to only one task to not induced any bias when using
the retrospective paradigm to estimate time. Second, our study only used utilitarian
banking interfaces. As they are a lot more utilitarian type of interfaces and hedonistic type
interfaces, it can be difficult to inter our results to all types of interfaces. Thus, more study
should be conducted of time estimation of different types of interfaces to ensure a stronger
theoretical foundation. Finally, time perspective trait scale was administered at the end of
the experiment. Since the participant had to estimate time interval before filling out the
scale. The participant could have been biased on his answer as the participant had to think

about time throughout the experiment.

Conclusion

In conclusion, this study shows that the level of complexity of a utilitarian task influence
the time estimation on the individual. A task that is considered low complexity is more
underestimated in comparison to high complexity task. Furthermore, cognitive load
mediates this relationship. A higher task complexity will increase the cognitive load of
the individual which will lead to a higher time estimation. Moreover, individual traits such
as impulsivity and time perspective moderate the relationship of cognitive load and time
estimation. When an individual score a higher impulsivity or time perspective score, the
relationship between cognitive load and time estimation is stronger. Overall results show
similar finding with the current literature on time estimation. This study provides a
stronger ecological validity by using real-world banking interfaces. Thus, strengthening

the current literature. It can be interesting the to use the prospective paradigm or different
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types of interfaces in future studies to see if similar results are found in the current

literature.
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Conclusion

L’objectif de ce mémoire était de quantifier le temps pergu par 1’utilisateur lorsqu’il
interagit avec des interfaces utilitaires selon le niveau de difficulté de la tache (difficile
ou facile). Plus précisément, ce mémoire a permis d’identifier que les taches qui sont
classifiées comme « faciles » ont été, en moyenne, plus sous-estimées que les taches qui
sont classifiées comme « difficiles ». De plus, un second objectif était d’identifier des
facteurs implicites tels que 1’émotion vécue durant I’expérience et des facteurs explicites
tels que les traits de personnalité qui viendraient influencer la relation entre la complexité
de la tache et le temps percu. Les résultats dans les études sur la littérature actuelle sur la
perception du temps ont un manque de validité écologique parce que les études utilisent
beaucoup de stimuli qui proviennent de la psychologie classique et qui sont monotones.
Il'y a une lacune dans la littérature et ce mémoire cherche a remplir ce vide en utilisant
des taches qui reflétent la réalité. Ce mémoire a permis d’avoir une meilleure
compréhension de I’impact de la difficulté d’une interface bancaire sur la perception du
temps, ainsi que les perceptions et le comportement des utilisateurs qui influencent cette

relation.

Une expérience en laboratoire intrasujet a été realisée en trois temps, soit a 1’été 2018,
I’automne 2018 et en hiver 2019 avec un total 53 participant. Les participants devaient
soit trouver une information spécifique ou faire une demande d’application en ligne d’un
prét hypothécaire sur un site bancaire. Chaque participant a été recruté par une agence
externe. Les signaux physiologiques des participants lors du processus de complétion des
taches ont été collectés par un électrocardiographe et un oculométre. Ces données
implicites ont permis d’obtenir 1’expérience que le participant ait vécue de maniére
inconsciente durant I’expérience. Les traits individuels des participants ont été collectés
par des questionnaires. Cette collecte de données a permis a I’étudiant de ce mémoire de

rédiger un article complémentaire.

91



Ce chapitre rappelle les questions de recherche de ce mémoire et présente les principaux
résultats de I’article. La contribution de ce mémoire, les limites de cette étude et les pistes

de recherches futures sont aussi présentées.

Rappel des questions de recherche et des principaux résultats

Les résultats de 1’article ont permis de répondre aux deux questions de recherches de ce

mémaoire :

Dans quelle mesure la complexite de [’interface influence la perception du temps lors

qu 'un utilisateur doit interagir avec des interfaces utilitaires?

Dans quelle mesure les états physiologiques et traits psychométriques influencent la

relation entre la complexité de l’interface et de la perception du temps?

Découlant de ces questions, trois hypotheses ont été formulées afin de répondre aux

questions de recherche de ce mémoire.

Premierement, H1 énoncait que la complexité de la tache (difficile ou facile) allait avoir
une différence au niveau du temps d’estimation. Les résultats de cette étude ont pu
supporter cette hypothese. En effet, les résultats ont montré qu’une tache facile est en
moyenne plus sous-estimée qu’une tache difficile. Ces résultats concordent avec la
littérature que les taches complexes sont surestimées en comparaison aux taches peu
complexes (Ornstein, 1975; Zakay et Block, 1997). Ce phénomene peut étre expliqué par
le attentional-gate model (AGM) qui postule que I’attention du participant va étre dirigée
sur la tache au lieu du temps lorsque la tache devient complexe. Par conséquent, le

participant prétera moins attention au temps. Ces résultats supportent donc H1.

Deuxiemement, H2 postulait que la charge cognitive (H2A), I’activation (H2B) et la
valence (H2C) ont un réle de médiateur dans la relation de la complexité de la tache et de
I’estimation du temps. Les résultats de cette étude ont pu supporter quelques-unes de ces
hypothéses. Effectivement, les résultats ont montré que la charge cognitive a un effet de
médiation sur la relation de la complexité de la tache et de la perception du temps. Lorsque

la tache devient plus difficile, la charge mentale du participant augmente. Par conséquent,
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I’estimation du temps est surestimée. Les résultats trouvés par 1’étude sont similaires a la
littérature. En effet, les études précédentes suggerent que la complexité d’une tache
influence la charge mentale d’un individu (Mirhoseini, Léger et Sénécal, 2017). La charge
mentale augmente lorsque la complexité d’une tiche augmente (Wang et al., 2014). De
plus, le temps va étre surestimé lorsque la charge cognitive augmente (Block, Hancock et
Zakay, 2010). Ces résultats supportent ainsi H2A. Cependant, les résultats ont montré
qu’il n’y a pas d’effet de médiation en ce qui concerne 1’activation et la valence sur la
relation de la complexité de la tache et de la perception du temps. Ainsi, les résultats ne
concordent pas avec la littérature. Une étude suggére que le niveau de difficulté d’une
tache engendre des émotions spécifiques dépendant du type de tache (Arapakis, Jose et
Gray, 2008). En addition, ces études suggérent qu’une augmentation de l'activation vécue
influence la perception du temps a la hausse (Angrilli et al, 1997; Droit-Volet et Meck,
2007). Qui plus est, des études antérieures ont démontré que la valence a un role sur la
perception du temps. En effet, ces études ont trouvé qu’une augmentation de la valence
entraine une surestimation du temps (Boltz, 1994; Delay et Mathey, 1985; Rai, 1975).
Une raison qui peut expliquer qu’il n’y a pas eu de différence significative entre la
complexité de la tache et le niveau d’activation émotionnelle ou de valence émotionnelle
est que le design d’une interface provoque un certain niveau d’émotion (Kim et Moon,
1998). Par conséquent, comme le design des deux interfaces était relativement similaire a
cause qu’ils provenaient du méme site, il n’y a donc pas de différence percue au niveau
de I’émotion vécue. De plus, le design de I’interface a une influence sur la perception du

temps de I’individu (Gorn et al., 2004). H2B et H2C ne sont donc pas supportés.

Troisiémement, H3 postulait que les traits individuels tels que I’'impulsivité¢ (H3A) et
’orientation temporelle (H3B) ont un effet de modération sur la relation de la charge
mentale et de I’estimation du temps. Les résultats de cette étude ont trouvé un effet
significatif de modération des traits d’impulsivité sur la relation et de I’orientation
temporelle. En effet, un individu qui a des traits ¢levés d’impulsivité ou d’orientation
temporelle va faire augmenter la relation de la charge mentale et du temps d’estimation.
Les résultats supportent H3A et H3B. Ces résultats sont similaires avec la littérature
actuelle. En effet, les études antérieures ont trouvé qu’un individu impulsif va surestimer

le temps (Glicksohn, Leshem et Aharoni, 2006; Moreira et al., 2016). Des études
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précédentes ont trouvé qu’un individu qui a des traits d’orientation temporelle va au aussi

surestimer le temps (Jokic, Zakay et Wittmann, 2018).

Contributions du mémoire

D’un point de vue théorique, les résultats de ce mémoire contribuent a combler le manque
dans la littérature sur la perception du temps en ajoutant de la validité écologique. La
validité écologique est un facteur important pour une étude en laboratoire, car elle permet
de refléter plus précisément la réalité (Schmuckler, 2001). Les études antérieures sur la
perception du temps ont beaucoup utilisé de taches de la psychologie classique qui était
simple et monotone. Ces taches ne reflétent nécessairement pas la réalité. De ce fait,
I’étude de ce mémoire a employé des taches bancaires, car ces interfaces utilitaires sont
utilisées par une grande majorité de la population (Martins, Oliveira et Popovi¢, 2014).
L’étude permet donc aussi contribuer a la littérature sur 1’interaction humain-machine
avec 1’aspect d’interface bancaire en ligne. Comprendre I’impact des différents types
d’interfaces bancaires sur la perception du temps ainsi que les facteurs qui influencent
cette relation est donc crucial pour faire avancer la littérature. Les résultats principaux de
ce mémoire mettent de ’avant I’importance sur I’expérience vécue et les traits individuels
des utilisateurs lorsqu’ils interagissent avec les interfaces bancaires. Ces résultats
concordent avec ceux des études antérieures sur la perception du temps. Premierement,
ces études ont montré que plus la tache est difficile, plus le temps est surestime. (Zakay
et Block, 1997). Deuxiemement, la charge mentale a un effet de médiateur sur la relation
de la complexité de la tache et perception du temps. Le temps va étre surestimé lorsque la
charge mentale augmente. Ces résultats sont similaires avec la littérature (Block, Hancock
et Zakay, 2010). Troisiemement, cette étude a démontré que des traits tels que
I’impulsivité et d’orientation de temps va avoir un effet de modérateur sur la relation de
complexité de la tache et de la perception du temps. Une personne qui a des traits élevés
d’impulsivité ou d’orientation du temps va rendre la relation de complexité de la tache et
de la perception du temps encore plus forte (Glicksohn, Leshem et Aharoni, 2006; Jokic,
Zakay et Wittmann, 2018; Moreira et al., 2016). Les résultats de ce mémoire sont
différents de ceux que I’on retrouve dans la littérature actuelle. Effectivement, ce mémoire

a démontré que les émotions n’ont pas un effet de médiateur sur la relation de la
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complexité de la tache et perception du temps. Des études antérieures suggérent qu’un
utilisateur qui vit de fortes émotions va plus surestimer le temps (Boltz, 1994; Delay et
Mathey, 1985; Ornstein, 1975; Rai, 1975).

Les implications pratiques de ce mémoire permettent aux designers d’interfaces bancaires
d’obtenir plus d'informations et d’avoir une meilleure compréhension de I’impact de la
complexité des interfaces utilitaires sur la perception du temps et les facteurs qui
influencent la relation entre les deux. La perception du temps est un enjeu important pour
les concepteurs d’interfaces pour les prendre plus agréables et pour que 1’utilisateur se
sente plus productif (Florian Block et Gellersen, 2010). A I’aide des résultats de cette
¢étude, les développeurs d’interfaces pourraient améliorer les interfaces bancaires actuelles
pour les rendre plus agréables aux utilisateurs notamment pour les faire sentir que le
processus va plus rapidement qu’en réalité. Les résultats de ce mémoire contribuent sur
les points a faire attention lorsqu’on congoit une interface bancaire telle que I’importance
de rendre la tache la moins complexe possible dans le but de faire sentir a I’utilisateur que
le temps passe plus rapidement. Les développeurs devront aussi faire attention de ne pas
rendre la tache trop complexe, car cela fait augmenter la charge mentale de 1’utilisateur,
ce qui fait augmenter la perception du temps. Un individu qui est de base impulsive ou
qui a une orientation de temps élevé va aussi voir le temps passer plus lentement que la

moyenne.

Limites du mémoire et pistes de recherches futures

Quelques limitations doivent étre prises en considération en ce qui concerne les résultats
de ce mémoire. En premier lieu, 1’étude a utilisé des interfaces bancaires pour mener
I’étude. En effet, les deux taches de cette étude que les participants devaient accomplir
étaient sur un site web bancaire. Ainsi, les recherches futures devraient se concentrer sur
un contexte différent pour généraliser cette étude. Il serait intéressant de voir si les
résultats s’appliquent a d’autres types d’interfaces utilitaires ou hédoniques.
Deuxiemement, le paradigme d’estimation utilis¢ pour 1’étude est le paradigme
rétrospectif, dans lequel le participant n’est pas prévenu a 1’avance qu’il devra estimer un
intervalle de temps apres avoir accompli la tache. La faiblesse de cette méthode est que

les résultats peuvent étre biaisés, car le participant va étre conscient qu’il va devoir estimer
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un intervalle de temps aprés la complétion de la premiére tache. Par conséquent, les
recherches futures devraient se concentrer uniquement sur une seule tdche ou minimiser

le nombre de taches pour ne pas induire ce biais.

Pour conclure, plus de recherche sur la perception du temps avec différents types
d’interfaces doit étre réalisée dans le but d’obtenir une meilleure compréhension de
I’interaction des taches utilitaires et la perception du temps. Par exemple, les futurs projets
pourraient utiliser des interfaces hedonistes comme les jeux vidéo pour étudier la
perception du temps. De plus, il serait aussi intéressant de reproduire la méme étude, mais
sous le paradigme prospectif, dans lequel le participant sait a ’avance qu’il doit estimer
un intervalle de temps avant de débuter la tache. Il serait intéressant de voir si ce

paradigme menerait a des résultats de ceux obtenus.
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