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Santrauka. Darbe apZzvelgiami pagrindiniai nattiralaus vartotojo potyrio kiirimo metodai ir désniai: Fitso désnis, Hiko désnis,
valdymo désnis, Gestalto désniai, artumo désnis, panasumo désnis, uzdarymo désnis, tgsimo désnis, iliustracijos ir pagrindo
désnis, paprastumo désnis, simetrijos désnis, patirties désnis. Parodoma, kaip désniai leidzia priartinti vartotoja prie kiiréjui
norimo pasiekti rezultato. Norint pasiekti efektyvy rezultata biitina atsizvelgti i skirtingose situacijose veikianéius skirtingus

désnius. Neteisingai taikomi désniai gali turéti neigiama poveiki.

Reik$miniai ZodZiai: zmogaus ir kompiuterio sasaja, natiiralus vartotojo potyris, natiiralaus vartotojo potyrio kiirimo metodai.

Ivadas

Kadangi zmogaus veikla susijusi su iSmaniaisiais telefonais,
plans$etiniais kompiuteriais ir sistemomis, pagristomis in-
terneto (ang. Web) technologijomis, nejuntamai tampama
patyrusiu naudotoju: tie patys principai taikomi naudojant
programas, intuityviai elgiamasi su jautriu judesiui ekra-
nu ar nesamoningai lyg loginés sasajos suvokiamas infor-
macijos grupavimas. Net jauCiamasi laimingu tai darant!
Ne, tai ne {protis ir ne savaiminés emocijos, tai sudétingas
analitiky, tyréjy, metodininky, dizaineriy, programuoto-
ju darbas. Zmogaus ir kompiuterio saveikos (toliau ZKS)
(angl. Human Computer Interaction) iSmanymas Siandien
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yra tiesioginis zingsnis i sékminga produkta, taciau kaip tai
pasiekti, tiria plati ir gana sudétinga natiiralaus vartotojo
potyrio (angl. Natural User Interface — NUI) mokslo sritis.
ZKS yra informatikos, psichologijos, sociologijos,
projektavimo ir dar daugelio kity dalyky sandiiroje. Zmogus
yra sudétingas organizmas, o kompiuteris — sudétinga sis-
tema, todél ir ju saveika taip pat yra sudétinga (1 pav.).
7KS tikslas — suprasti, kaip vartotojai atlieka veiks-
mus, kokias uzduotis jiems reikia atlikti ir kaip kompiute-
riné sistema gali palengvinti uzduociy atlikima — padaryti
ji efektyvesni ir patogesni. Suprasti vartotoja, vadinasi,
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1 pav. Zmogaus ir kompiuterio saveikos kontekstas

Fig. 1. Man computer interaction
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suprasti jo gebéjimus, igidzius, pomégius ir pan., iskai-
tant atmintj, regéjima, klausa, pazinimo ar judesiy igi-
dzius. Reikia suprasti ir tai, kaip kompiuteriné sistema
gali padeéti vartotojui ir koks yra geriausias jos sasajos su
zmogumi biidas. Reikia zinoti vartotojo uzduotis, jy ry-
Sius su kitomis uzduotimis ir geriausius atlikimo biidus
naudojant kompiutering sistema. Reikalingos Zinios apie
zmogaus darbo aplinka (kultiiring, geografing, socialing)
(Moroz-Lapin 2008).

Nagrinéjant ZKS, visi duomenys skirstomi i dvi sritis:
informacijos apie zmogy surinkima (konkrecios tikslinés
grupés vartojimo iprociai ir poreikiai) ir informacijos pa-
naudojima pries ji pati (atitinkama informacija pateikiama
reikiamoje vietoje tikslingai pagal jau sudaryta tikslini var-
totojo (zmogaus) apibiidinima). Darbe analizuojami antro-
sios dalies teoriniai modeliai (Schelkes 2003). Sie modeliai
remiasi désniais ir jy variacijomis, kurie jau daugeli mety
taikomi psichologijoje, kai kurie — net deSimtmecius. Jie
padeda suprasti zmoniy prota, pasirinkimus, mastysena,
elgsena. Désniy taikymas informatikoje palengvina sasajos
projektavima ir padeda ja padaryti palankesng, malonesng
naudotojui, jie suteikia papildomy duomeny, kuriais re-
miantis galima priimti tam tikrus sprendimus.

Fitso ir Hiko désniai

Fitso désnis (angl. Fifttss law) zmogaus ir kompiuterio
saveikos bei ergonomikos modelis. Pagal §i désnj greito
ir tikslaus judesio atlikimo trukmé priklauso nuo taikinio
dydzio ir atstumo iki jo (2 pav.): kuo toliau zmogus pelés
kursoriy turi nuvesti objektu, tuo daugiau pastangy jis idés.
Kuo mazesnis objektas, tuo sunkiau bus ant jo paspausti.
Tai reiskia, kad lengviausiai pastebimi ir lengviausiai pa-
spaudziami yra tie objektai, kurie yra arciausiai nuo da-
bartinés zymeklio padéties ir turi daug tikslinés erdvés.
Blogiausiu ijmanomu objektu yra laikomas toks, kuris yra
labiausiai nutolgs nuo dabartinés zymeklio padéties ir yra
labai mazo dydzio. Kiréjai linkg daryti irankiy juostas
ekrano virSuje, apacioje ir Sonuose dél nenattraliy riby
sukurty vaizduoklio krasty. Pagal Fitso désnj ant $iy taiki-
niy zymeklis bus uzdedamas begalybg karty, nes ju tiesiog
neimanoma nepastebéti. Pagal §j désni jiems reikia suteikti
daug tikslinés erdvés.

Click me

2 pav. Linija aplink uzrasa rodo spaudziamos srities ribas

Fig. 2. The line around the label shows the boundaries of the
clickable area

Linija aplink uZrasa rodo ta mygtuko sritj, ant kurios
galima paspausti. Kairéje (2 pav.) pavaizduotas sprendimas
reikalauja spausti labai maza mygtuko srities dali. Didzioji
dalis mygtuko erdveés lieka nepanaudota, nes tik aplink
teksta esanti sritis yra aktyvi. Kuo toliau pelés zymekli
reikia perkelti, norint patekti | spaudziama mygtuko sriti,
tuo lengviau padaryti klaida. Tam tikrais atvejais tik pats uz-
rasas gali biti spaudziamas, kuris gali buti labai mazas, pri-
klausomai nuo naudojamo Srifto dydzio. Desingje (2 pav.)
pavaizduotas sprendimas leidzia naudoti visa mygtuko sriti,
todél | ja yra daug lengviau pataikyti.

Hiko désnis (angl. Hick-Hyman Law). Laikas, rei-
kalingas priimti sprendima, ilgéja, kai galimy pasirinkimy
skai¢ius didéja. Hiko désnis teigia, kad laikas, reikalingas
priimti sprendima, priklauso nuo galimy pasirinkimy skai-
¢iaus. Pavyzdziui, kai léktuvo pilotas turi reaguoti i koki
nors ivyki, tarkime, nuspausti pavojaus mygtuka, Hiko
désnis spéja, kad kuo daugiau alternatyviy mygtuky bus,
tuo ilgiau pilotas uztruks priimdamas sprendima prie$ nu-
spausdamas reikiama mygtuka. Kompleksinis uzdavinys,
reikalaujantis sakiniy skaitymo ir intensyvios koncentraci-
jos, esant trims variantams, paprastai gali biiti sprendziamas
ilgiau nei paprastas postiimio ir atsako uzdavinys, esant
SeSiems variantams. Hiko désnis yra labiausiai taikytinas
paprastoms uzduotims spresti, kuriose yra unikalus atsaky-
mas 1 kiekvieng postiimi. Pavyzdziui, jei nutinka jvykis A,
tada spauskite 1 mygtuka, jei — {vykis B, spauskite 2 myg-
tuka. Désnis vis maziau taikomas, kai did¢ja uzdavinio
sudétingumas (Schelkes 2003).

Valdymo désnis ir Gestalto désniai

Valdymo désnis (angl. Accot-Zhai steering law arba Accot s
law). Sis désnis — tai prognozavimo modelis, kaip greitai
galima narSyti ar judéti dviejyu matmeny tunelyje. Tuneli
galime suvokti kaip kelig ar trajektorija plokStumoje, kuri turi
tam tikra storj arba plot ir plotis gali keistis. Valdymo désnio
tikslas — nuo vieno tunelio galo iki kito pereiti taip greitai,
kaip tik imanoma, nelieiant jo kraSty (interneto svetainéje
tai biity pirkimo procesas nuo vartotojo atéjimo | svetaing
iki prekés ar paslaugos isigijimo) (Faulkner 2003). Taip pat
valdymo désnis prognozuoja momentinj greiti, kuriuo ga-
lima judéti tuneliu, ir bendra laika, reikalinga pereiti visa
tuneli. Siame kontekste valdymo désnis yra zmoniy judesiy
prognozavimo modelis, susijgs su greiciu ir bendru laiku, ku-
riuo naudotojas dviejy matmeny tunelyje, pateiktame ekrane,
gali valdyti zymekli, stengdamasis kuo greiciau nukeliauti i§
vieno tunelio galo i kita ir neiSeiti uz tunelio riby.

Gestalto désniai (angl. Gestalt Laws) yra pagrindi-
niai principai, kaip skirtingi elementai gali biiti suvokiami,



kai jie sujungiami tam tikru biidu ar eilisSkumu. Gestalto
désniai gali padéti sukurti struktiira ir vieningumo pojuti
ziniatinklio svetainéje ar naudotojo sasajoje. Jais remiantis
galima patraukti vartotojo démesj prie tam tikro elemento
ar ju grupés, kurie yra svarbiis, taip pat sukurti balanso ir
stabilumo pojtiti. Gestalto désniai yra iS psichologijos srities,
pirma karta jie buvo pristatyti XX amziuje. Sie désniai i3 es-
més yra tai, kaip elementai suvokiami ir sujungiami i viena
visuma. Juos biitina iSmanyti kuriant sistemas vartotojams.

Artumo ir panasumo désniai

Artumo désnis (angl. Law of Proximity) rodo, kad elemen-
tai, kurie yra arti vienas kito, daznai suprantami kaip vienas
vienetas, visuma. Artumo désnis taikomas norint rodyti
ziniatinklio tinklalapyje dvi elementy kategorijas, i§ kuriy
kiekviena turi daugiau kaip viena turinio dali. Sugrupuotos
vienos kategorijos dalys dedamos ar¢iau viena kitos (nau-
dojama Google, Youtube) (Dix et al. 2004).

PanaSumo désnis (angl. Law of Similarity) tvirtina,
kad elementai, kurie atrodo panasiis, suvokiami kaip vienas
vienetas. Taigi elementai, kurie turi ta pac¢ia spalva, forma ar
kitas bendras savybes, suvokiami kaip priklausantys vienai
kategorijai. Sis reidkinys gali biiti labai naudingas elemen-
tams grupuoti (naudojamas Gmail, Amazon).

UZdarymo ir tesimo désniai

UZdarymo désnis (angl. Law of Closure) aiskina, kodél
elementai atpazistami, net jei jie yra neuzbaigti (Faulkner
2003). Taip yra dél jau zmogaus turimos ankstesnés patirties
ir ankstesniy ziniy apie galimas formas ir skaicius, nes tokiu
btidu Zmogaus protas uzpildo triikstamas elemento dalis.
Kai yra baltas fonas su apvaliais kampais (3 pav.), kuris
tesiasi iki puslapio apacios, mums neatrodo, kad puslapis
tuo ir baigiasi, mes isivaizduojame, kad turinys tgsiasi.

iPhone 4 s

Dual-core A5 chip.

All-new 8MP camera and optics.
i0S 5 and iCloud.

And introducing Siri.

It's the most amazing iPhone yet.

Watch the iPod touch TV ad.
=

3 pav. Uzdarymo désnis (http://www.apple.com/)
Fig. 3. The law of closure (http://www.apple.com/)
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Tesimo désnis (angl. Law of Good Continuation arba
Law of Continuity) taikomas tiek projektavimo, tiek turi-
nio elementy prasme. Akys gali lengvai ir nattiraliai sekti
elementus, iSdéstytus palei testing linija, ir tie elementai
bus suvokiami kaip vienetas. Be to, elementai, kurie eina
vienas po kito, suvokiami kaip vienas vienetas. Concept7
svetainé taiko ,,gero tgsimo* désni, maza rodykle, esancia
puslapio desingje puséje, nukreipdama naudotojy zvilgsni
(Interface... 2011).

Hiustracijos ir pagrindo désnis

Iliustracijos ir pagrindo désnis (angl. Law of Figure and
Ground) apibiidina, kaip Zzmogus supranta objekta (paveiks-
1]} ar kit figlira), priklausomai nuo priekinio ir galinio
plano. Jeigu priekinis planas yra ryskus, o galinis tolygus,
niekuo neissiskiriantis, tai objekto forma pirmiausia supran-
tama zitrint { priekini plana, bet tame paciame paveiksle
kitas objektas gali biiti atpazintas kaip sudarytas i§ galinio
plano, taigi, priekinis planas yra kaip fonas. Désnis daznai
taikomas logotipams projektuoti.

Paprastumo ir simetrijos désniai

Paprastumo désnis (angl. Law of Simplicity) nurodo,
kad elementai visada suvokiami lengviausiu galimu budu.
Apskritai paprastumas pabrézia ypatybiy svarba. Tai gali
biti kaip ziniatinklio svetainés pranasumas. Atsizvelkite
1 tai, kas paprasta, ir sutelkite démesi i tai, kas iS tikryju
svarbu. 4 pav. parodytas pavyzdys i$ svetainés: paprastumas
ir grynumas kiek tik jmanoma.

Simetrijos désnis (angl. Law of Symetry). Sis désnis
apima fakta, kad pirmenybé teikiama ne asimetriniams, bet
simetriniams objektams. Simetriniai objektai asocijuojasi su
teigiamais aspektais, tokiais kaip stabilumas, pastovumas ir
struktiira, o asimetriniai sudaro gana neigiama ispiidi, kad
kazkas vyksta neteisingai, kai ko triiksta ar néra balanso.
Zinoma, Ziniatinklio svetainé gali niekada nebiiti visiskai
simetri$ka, bet galima atkreipti démesi i suprasta simetri-

Different by Design
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»
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Sforyou secure

Firefox
Free Dounload

¥

4 pav. Paprastumo désnis (http://mozilla.org)
Fig. 4. The law of simplicity (http://mozilla.org)



ja. Taigi, simetrija nebitinai turi biiti sukurta pagal turini
ir taip pat pagal estetinius elementus, tokius kaip spalva
ar projektavimo elementai. Pavyzdziui, BBC ziniatinklio
svetainés projektuotojas antrame plane naudoja abstrakty
zemes rutulio paveiksla, kad sukurty harmoninga ir suba-
lansuotg iSvaizda (5 pav.).

5 pav. Simetrijos désnis (http://www.bbc.co.uk)

Fig. 5. The law of symmetry (http://www.bbc.co.uk)

Patirties désnis

Patirties désnis (angl. Law of Experience). Kitas Gestalt
désnis aiskina, kad galime tikétis, jog zmonés panaudos
ankstesnes Zzinias, kad suprasty tam tikrus elementus.
Bendras pavyzdys yra susijgs su gramatika ir rasyba.
Pavyzdziui, kartais rasybos klaidos yra nepastebimos todél,
kad zodis isimenamas apskritai ir nezitirima { kiekviena
raid¢ (Moroz-Lapin 2008).

Kuriant nattiraly vartotojo pojiti, désniy yra kur kas
daugiau, taciau ne vien désniais kuriamos sistemos. Taip pat
reikalingi tyrimai architektiiriniu pozidiriu, kulttiriniu aspek-
tu (europietiskas, amerikietiskas, ukrainietiskas, kinietiskas
stilius), kuris tampa ypac aktualus naudojant tarptautinius
projektus. Kai kurie désniai yra unikalis, kiti i§ dalies su-
tampa vienas su kitu, kai kurie yra naudingesni ziniatinklio
svetainés ar naudotojo sasajai projektuoti, kiti maziau, vie-
nus galima lengvai pritaikyti, kitus — sudétingiau. Apskritai
galima daryti i§vada, kad ZKS désniai yra pagrindas, kurj
teisingai sukonstravus toliau galés dirbti kiti specialistai
(architektai, dizaineriai, rinkodaros specialistai, pardavéjai),
o tyréjai ir analitikai tirs naujus dar tik besiformuojancius
désnius ir ieskos jiems tinkamy pritaikymo metodiky.

ISvados

1. Désniai leidzia priartinti vartotoja prie kiiréjui norimo
pasiekti rezultato, tadiau reikia atsizvelgti i skirtingose
situacijose veikiancius skirtingus désnius. Neteisingai
taikomi désniai gali daryti neigiama poveiki.

Taikant désnius reikalingos ju efektyvuma pagrindzian-
¢ios metodikos, kurios pagal atitinkamus parametrus
pateikty gaunamus natiiralaus vartotojo potyrio efekty-
vumo rodiklius.
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THE INFLUENCE OF NATURAL USER EXPERIENCE
ON INFORMATION LAWS

E. Svedaité

Abstract

This article reviews the main cause of user experience on de-
velopment methods and laws, including Fitt’s Law, Hick-Hyman
Law, Accot’s Law, Gestalt Law, proximity, similarity, closure,
continuity, figure and ground, simplicity, symmetry and experi-
ence.

Keywords: human computer interaction, natural user interface.
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Abstract—Task execufon time is one of components used to complexity can vary depending of the type of thetam;

estimate system’s usability. Since information seah is one of
the most important tasks in any computer system, & eye
movement should be taken into accountwhile designing
system’s interface.Fitts’ law allows to estimate probable eye
movement time based on the distance between objeetsd their

size. User’s motivation can significantly influencethe eye
movement speed. In this paper we analyse experimentahow

Fitts’ law parameter (slope) changes when user is ativated

and when there is less motivation to execute the dla Our

experiments confirm that gamma brainwave activity an be
used as a metric to estimate the motivation leveThis allows a
more objective estimation of the motivation level & compared
to situation when motivation level is estimated byan expert’s
observation. It is also demonstrated that the slopm Fitts’ law

is up to five times smaller when children of age ta to four

years are motivated to reach the object and the mmation can

be raised by presenting new, unseen objects. Obtaith results
allow a more precise estimation of the eye movemerask

execution time as well as provide additional insigh for system
interface designers aiming to attract small childre.

Index Terms—Brainwave activity, eye gaze, Fitts’ law,
motivation.

I. INTRODUCTION

The deggn of systen usability is a very complicated,

multidimensional task. According to J. Nielsen Eistem
usability aims to identify problematic places rathigan to
find universal rules for perfect system design. STl
highlighted by other authors [2]-[8].
ergonomic properties of various systems are analgsed
specific recommendations provided. It is pointetitbat the
usability is strongly dependent on user’s propsrés well.

In the standard of the International Organizaticor f
Electro tewdini

Standardization and the International
Commission ISO/IEC 9126-1, 2001 [9], software oyaik
divided into seven main categories with one call@dility
in Use” as described in part 4 [10] and dependinghmn
system’s user properties.

One of metrics in this standard is Task tinf&)(- how

long does it take to complete a task. Task type and

Manusciipt received March 17, 2015; accepted Seyder 15, 2015.

In these pape

however the most common task in an informationesysis

to find some information or even to notice someiinfation

on the user interface (UI). It takes time to mdve ¢ye gaze
from one point in the Ul to another and just themtain
actions are done to finish the task. The eye gazeement

as a usability characteristic is important as airre
tendencies implies the eye movement can be us&tpas
device instead of mouse or other device [11]-[13].
Therefore eye gaze movement could be used for exntpll
task execution rather than visual search only.

Fitts’ law was published on 1954 in paper “The
information capacity of the human motor system in
controlling the amplitude of movement” [14] and raked
how the speed and accuracy of muscle movement depen
on each other. The author presented the idea that t
movement is not straight to the centre of the tarfjest of
all there is a jump close to the object (see Figwith some
circle of error for the first try and then it isrcected with a
smaller circle of error for the second try untiettarget is
reached.

o
Start position

Circle of error for second try

Circle of error for first try
Target center

Fig. 1. Step-wise movement towards target [12].

Despite the fact that Fitts did not present a fdary
himself, his idea was formalized by other authof |@nd is
presented in (1)
t=a+ bxlog, (ID), (1)

wheret is the mean time to hit the centre of a target and



ELEKTRONIKA IR ELEKTROTECHNIKA, ISSN13921215 VOL. 21, NO. 5, 2015

comgtantsa andb are estinated from a particular experiment.years more brainwave research devices appeared TB3]
Constanta is called the no informational part or reactionallowed investigating user’'s emotional propertl@sinwave
time. Constanb is the informational part in seconds per bifactivity, to use EEG in HCI [31]-[33]. The analysié
or a slope. There distance from start point to thetre of brainwave is not a simple task as different typds o
the target is called amplitudé while the tolerance of the brainwaves exists [34] (see Table IlI) and it islsél

jump is called widthw (radius or width of the targetlD is
the index of difficulty

2x A

w

ID = @)

There were multiple experiments wikitts’ law, when it
was adapted to different Human Computer Interadtit@l)
devices [16]-[22]. Depending on the used HCI thapsl
parameter is different; however Fitts’ law can Ippleed to
most of them. This also is important in task exexutime
calculation as we can define how long the user méktd to
see the object as well as how long it will take éaah the
object, using different HCI devices, as while tigeat is not
reached usually any actions can be done with it.

To get the task execution time we can divide certask
into small steps and with the help of Fitts’ lawdalculate
how long it will take for the user to get from oplace in the
Ul to another (by seeing it or by reaching it wéibme other
HCI device). The movement time together with addil
time needed to execute certain activity after thgeabis
reached can help to identify the task executiore timith
more precision. As well it can be used to analysdaybut
efficiently in a sense of task execution time (teritify
which layout is more appropriate for a certain tas
execution, when the most important criteria is tasi&cution
time).

Even though existing discussions on whether the’ fats
is suitable for eye movement [23] and limitatiorfsFitts’
law to achieve accurate results when ID is closeeto [24],
[25], this law is still actually used in system bidity testing
and the only usability related quantitative law v@d by
experiments. However there are just a few paperbam
Fitts’ law parameter is related to user's proper{iesually
medical condition and no published papers on estmaif
motivation level to the user, its eye movement slealueb)
[26]-[28].

By grooving up the motivation can be trained evemo
unconscious level. It means when an adult gets taslea
certain level of motivation automatically exists the
execution of the task [29]. However it does not med
adults are motivated all the time. Usually there situations
when persons are using different applications wiih
reason, to spend some time only or do automatiorecas
Ul is known very well for himMeanwhile during usability
test adults get a certain task and most of thenwdliag to
finish it as quick as possible. Automatic prejudimemes
into play, when after giving some task to the usernr she
might guess the purpose of the task and uncondgietzsts
acting differently comparing to normal work with eth
system. All these reasons must be taken into acéownter
to execute a clear experiment to identify the impat
motivation level to the slope of eye gaze movement.

One of way to monitor a person’s emotions is to ysel
electroencephalography (EEG) signals. During tlst¢ fiew

discussion how to interpret these signals corre&thgvious
researches found delta waves are primarily assutiatth
deep sleep and the waking stage. As the signalidrezy is
very low sometimes it might be confused with signaf
bigger muscles of the neck or jaw. Theta waves llysua
indicate emotional discomforts such as stress,trétisn,
disappointment as well as creative inspiration @ep
meditation. Alpha waves are indicating a relaxedranwess
and inattention, while beta waves usually assogiatéh
active thinking, active attention, and focus on théside
world or solving concrete problems. Comparing thése
brainwaves alpha indicates a mindless state ratier a
passive one, and can be reduced or eliminated asinge
unfamiliar sounds, anxiety or mental concentrat@amma
waves have the biggest frequency. Its activity iateel to
subjective awareness, attention.

TABLE I. BRAINWAVE TYPES, FREQUENCY RANGES AND
ASSOCIATIONS WITH DIFFERENT PROPERTIES, ACTIVITIES4].

Brainwave Rate of o .
Association with
type change,Hz
Delta 0,5-4 Deesleep, waking state.
Unconsciousnaterial, creative
Theta At inspiration and deep meditation.
Alpha 8-13 Sublime, flying, floatln_g_, lightness
peace, and tranquility.
k Active thinking, active attention,
Beta 13-30 focus on the outside world or
salving concrete prablems.
Gamma >35 Consciousness.

Some brainwave association is still discussed a® ther
many different arguments to what these waves cmddn,
how it could be caused, how different combinatiarfs
brainwave activity should be interpreted. One efislis that
beta and gamma waves usually are associated wéthtiah
while the combination of both of them is correlated
focused attention [35]. This means EEG and betagelsas
gamma brainwave analysis can be a suitable toiletatify
is the child motivated during some task or no, @sdniher
brain activity might say more on this question canipg the
child.

The aim of this work is to analyse how the slope
parameter changes in Fitts’ law when different 'gser
motivation level exists. This will provide data whet the
user’s motivation influences the eye gaze moverapatd,
depending on whether is he or she motivated or Tois
analysis will be on answering two research question

1. How to measure person’s motivation level or its

changes?

2. Does the motivation level influences the eye gaze

movement speed and should motivation level be taken

into account for eye gaze movement time prediction

Fitts law?

By defining the difference between motivated and less
motivated users, system Ul designers will be abldgfine
the expected task execution time even more prgcisding
into account the motivation level of the useéihile
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mativation level stimation process will allow gathering data 1. 6 pictures (all the same) of a starting scene of & we

on slope value range in different motivation levels

In this work we chose to analyse small children frorasag
2 to 4.Children of this age are capable to choose freatly a
have minimal level of prejudice [36]. This allows tasget a
real expression to different Ul rather than impaxft
addiction to some kind of Ul. In addition small Iclhéen are
easier to motivate for short time period [29] tHere it is
easier to achieve significant change in motivatiewels
during the experiment. However when using childrethis
of experiment rather than adults it is difficultask the child
how motivated they were during a certain task -
dictionary of children is not enough to express tiisher

EXPERMENT METHODOLOGY

known animation movie.

2. 6 pictures (all the same) of a starting scene of l& we
known animation movie in different screen locations.

3. 5 pictures (all the same) of a starting scene of i& we
known animation movie in different screen locations.

4. 4 pictures (all the same) and 1 new of startoene of

a well-known animation movie in different screen
locations.

5. 4 pictures (all the same) and 1 new of startoene of

a well-known animation movie in different screen
locations.

The choice to use multiple pictures was done to mode

thaituations when a user has a choice which objest tant

to pick, which way is more suitable for them to adask

emotions, children might not be aware of the terrfn€y want etc. rather than executing automaticoestito

motivation, how to compare it etc. Therefore adaidl
methods for motivation level estimation have to bedi

look at one specific object. As the size of thetyries was
constant we changed the number of pictures to farce

To investigate the impact of motivation on eye gaz€hange of distances from one picture to anothemwdlsthe

movement slope we recruited fourteen participars,
recommended by Microsoft for usability testing enpece
with children [36]. All of them were children frora to 4
years old. Current research states children in tiésgroup
are too young to clearly express their satisfademrls [37].

number of 6 or 5 pictures was chosen to fill theeen with
pictures, distancing each other approximately thenes
length as the pictures’ width. This allowed us tokengure
there will be enough space between each object.

All experiments were executed separately for eactd chi

Therefore there are no unified methods to test systef® Make sure there will be no distractions. As vtele

usability with this age group. All of them particigdtin this
experiment with one of his or her parerarents did not
participate in the experiment but were used to kbepchild
calm and relaxed. Before the experiment startédyaaknts
had to sign an agreement and to provide informadioout
his children’s daily/weekly activity with computer.

experiment room was locked to prevent distractifrosn
outside. To make sure the child will be calm hesloe had
time to get to know the room and the equipment.nT$tep
by step the EEG and eye gaze tracking systems setr
track child’s brain activity and eye gaze movemefiEG
was analysed using EPOC Emotive system where alstgpe

participants used computers more than once per,wmek
not more than 20 min per day; their daily/weekly coimmg
activities were YouTube movies, mostly series “Masha
Medved”.

tracking system was used to track eye gaze movement
order to find out what the child saw, where hissyere
Ipoking at. The system logged monitored coordinatese
the child was looking. By synchronizing in time and

As all children in the experiment were familiar withcOmbining data of brainwave activity and eye gaze
YouTube and series of “Masha i Medved” movie, alimovement tracking we were able to identify the efation

situations were created to imitate Ul for YouTube ieov
view. Children were asked to sit by the computed &m
choose which movie they want to see. Children vadoaved
to click on the picture by themselves, however asies
children did not know how to play the movie, thegre/
helped by the personnel - a child had to look atrtiowie
scene and to tell which of these movies he or sheted to
see.

There were 5 different Ul, which had multiple stagti
scenes of the movie on each of them, located iferdifit
places of the screen. The number of 5 experimerts
chosen to make sure the child will not get boreslw&ll the
size, dimension of the movie scene were constantafio
pictures. Changes were made only in location ofpibtures
(random position with no overlapping pictures) aasllvas
two tasks out of five had one new scene as allrotere
always the same. The additional, unseen scene dusido
increase the motivation of the child, as all scdoe$im or
her are already seen and the new one will be intageand
exciting. All five situations were presented forildhin the
same order:

whn

between these two sources.

As well all experiments were filmed (both laborataiyd
working monitors, with all acting systems and exedu
actions) and summarized by independent observer td3k
for independent observer was to log information twie
child did, how he acted, etc. The data was usefainalyse
possible causes of changes as well as correlatiothd
child’'s actions and brainwave activity as well age e
movement.

To ensure the research is compatible with ethicslawd

Lithuanian in April, 2014 Lithuanian Bioethics
Committee gave their consent to the study, which d@ne
using special EEG, Eyes Motion tracker and Viderare
and software for 2—-4 year old children. The Committee
decided that the measures are compatible with retsdar
children’s rights and is not forbidden.

Synchronization of EEG signal data, eye movement
tracking logs, experiment video records and pamtesof
independent observer is required to get a full viedfwhe

RESULTS OF THEEXPERIMENT
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research.tlwas done by using thersa global time in all of showed an increase of gamma brainwave activity.allisu
these parts, therefore synchronization at milliselcéevel this activity does not decrease instantly (area<Ctha child
was achieved (except the observers data, it hasally wants to see a new series of the movie dadss
approximately at 3 seconds accuracy). interaction with surroundings on why it's not showfter
In the first phase of result analysis the child’s ivetion some time of the task 4 the gamma brainwave agtivit
level was observed by analysiBgta and Gamma brainwave decreases as children usually lose hope to seedhien$o
activity. For each child's experiment a chart of brainwavéhe task 5 increases both beta and gamma brairacaivity,
activity changes in time was made and all timesewearked however the focus is not as high as in task 4, iteshe

when the eye movement to the object starfddreover
observer’'s notes were marked to identify additiostald’s
activities during the experiment.

The data cannot be averaged for all 14 children, eretis
a big variety in time when child decided to see tinavie,
what he or she does between different situatiors
Therefore example data of one child brainwave agtiirit
our experiments is presented in Figure 2 and pteseain
tendencies, noticed in data of all children.

In Fig. 2 vertical lines with numbers from 1 to ®dify
the task execution start time. Usually after the t@as given
and before the task was done the child’s beta @mdma
brainwave activity increases and starts to decrafise the
task was done. It shows that a child concentratehe task.
Children think on what they should do, while aftee task is
done allow a loss of concentration. This increatdath
beta and gamma brainwave activity matches the yhebr
focused attention in the literature [35].

same new scene of the movie that was shown inasie t
again.

According to the results of brainwave activity aiséd we
classified all tasks for each child into no aimetdhére

gamma frequency increased less than 2 Hz) and aimed
e{where gamma frequency increased more than 2 H®. T

Non-aimed object represent starting movie sceneghwh
were selected by children, however with not such an
immense interest (just because they had to choneeod
them). Meanwhile aimed objects were those scenbihw
were selected by children with a big interest, kexb by
themselves. Therefore usually only task 1 and taskas
classified as aimed.

After all tasks were classified into aimed, no ainand
not executed (children refused to continue or dilexecute
the test as requested), the analysis of eye gazemamt
was executed to find out how the motivation charnibesye
gaze slope in Fitts’ law. This was done analysing gkie

As the research used 2 year-4 year old childregaze movement logs. As the log stored data of wll e

additional activities were noticed during the breare
monitoring. As the example in Fig. 2 shows, the ctlaifter
task 1 up to task 2 had more jumps in brainwaverigct
(area A). In this case it was a child’s discussidry after

movements in the screen, we were able to identfyomly
the beginning of eye movement but the concentration
certain object (end of the eye movement to a sigeteifget)
too. First of all eye jumps were classified intootw

choosing the movie it was not working. Area B shavs categories: those who stopped on the area of qlgttre;
situation when a child was distracted by othervétets, those who did not reach, overlapped with any objében
usually a conversation with parems. In this case the beta according to eye gaze movement data for each jutiphw
brainwave activity decreases as a child knows tsherdoes reached the movie scene picture the jump durasomedl as

not need to do any tasks, while concentration migtrease.
Task 4 included a new scene. In this case all hild

=Beta brainwaves

distance to the object’s centre and its width weateitnined.
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Fig. 2. Example of one child beta and gamma brainwave activity during experiméth 5 different situations.
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The dda were enough to calculate the index of difficultywell as the objects were rectangular, however thedard
(2) and to get the slope value (brfro(1)) as we assume deviation of the widthW is 14 % of radius a circle would

there is no reaction time a. This assumption wasenasd
specific time or event was not given for the chddstart the

have with the same area all rectangles had). Amajyie
correlation between index of difficulty and taslpéy(aimed

task — children decided by themselves when they want obr non-aimed) we do not want to raise any signifigastilts

look at a certain movie scene.

One of the most obvious results we obtained acngrth
these data — if the task is aimed children alwaysirdahe
object within target’'s area. Therefore if a newnsef a
well-known movie was noticed, the motivation levedes
and eyes always go to the new object (regardlesgether
it is at a greater distance comparing to otherupas).
Meanwhile if the task is non-aimed, same child koker a
couple of targets, one after another and even 17 &y®
movement is close to the target, however they daeech
it. This shows the child might just overlook,
concentrating on one target.

To analyse eye gaze slope, accordingitts’ law we took
all data of eye movement from any source area kbdaea
or another picture) to the target area (picturemadvie
scene). In total there were 8 aimed and 35 nondhiangets
(see Fig. 3).

35
Bao
25 +—of
20 4—

15 4—
10 4—

26

5 —

Fo

B Kl °

Failed Unfailed Unfailed Unfailed Unfailed

expeiment expeiment: eyeexpaiment: eyeexpeiment: eyeexpeiment: eye
reachedaimed reached reached reached no
target unaimedtaget additional target
(unaimed
target
Fig. 3. Summary of successful and unsuccessful tasks with childrethén
experiment.

By applying all eye movement data of reached targmet
Fitts’ law calculated slope for each of them andnid out
that the average slope for non-aimed tasks is (k107 0.68)
and for aimed tasks — 0.21 (std. 0.12). The diffeeent
slope value for aimed and non-aimed tasks can ee e
Fig. 4. It showed that the eye movement in aimed#stas
approximately 5 times faster, comparing to non-ainaesks.
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Fig. 4. Slope dependency on tasks index of difficalty motivation level.

In our experiment all movie scenes were of the sa
dimension, therefore the index of difficulty mostlgpends
on the amplitude A (the width of the target might vary as

8

as the position of movie scenes were randomizedgeber

the minimum value of index of difficulty is greater aimed
tasks, comparing to non-aimed (see Fig. 4). It s the
same tendency we noticed while analysing the filmed
material of all experiments — if a child sees a neang he is
motivated to reach the exact object, despite tbetfere is
another one within a smaller distance.

Even though there are a deviations on eye movement

speed, the line between aimed and no aimed tashsadyc
distinguished according to the slope value b. Tdliews

notraising a hypothesis that the motivation level cam b

calculated according to the eye movement slope.ddewit
can depend on the situation and for some tasks;hwdie
not as different as in our case, the line can hdean for
clustering only on eye movement, rather than bathinb
activity, eye movement and human supervision.

IV. CONCLUSIONS

As some researchers state [31] and our experimentsshow
with different tasks, the motivation level can loeritified
according to the beta and gamma brainwave activity.
Experiments with children from 2 to 4 years showirtbeain
activity is not constant and changes many timestifia
experiment variation for beta brainwave were 11-fb8,
gamma — 30-50), probably the influence of many different
factors, not only the task itself. The fact eye nrogat slope
is significantly different in aimed and unaimedkissshows
we decided correctly to indicate motivated tasksthié
gamma brainwave increase is more than 2 Hz.

The motivation level is a big factor for eye movernef 2
to 4 years old, as aimed objects are reached eveo 8p
times faster by the eye comparing to unaimed taskgre
lack of motivation exists and overview method imsetimes
used rather than straight look into one object.

For children of age 2 to 4 years new objects irszdhe
motivation, however just temporary as the same dpjec
shown second time, can be threaded as known an
uninteresting for the child. Therefore the graphioaer
interface should always change in some manner ttacht
small children more.

Experiments with age of 2 to 4 years are complicaied
only 54 % of tasks were executed properly. Thereforget
more accurate data in experiments with childrethisf age,
the number of children should be increased or drecu
multiple times to get more data to analyse.
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Abstract

The paper presents an experiment on selecting and identifying an icon in desktop applications.
The aim of this work is to get more specific guidelines for improvement in the design of a
natural user interface. By conducting an indirect survey and handling different tasks to users,
the issues such as what usual patterns for overviewing an icon in desktop applications are, how
these patterns change when a user has to make a decision on what icons must be selected,
how the pattern for selecting the icon varies and what changes in selection time take place
when a task is executed multiple times in a row have been considered. To examine the
influence of decision making on icon selection, icon classification into the positive and negative
ones has been employed. As users had no guidelines what a positive/negative icon was, the
ability to analyze if the colour of the icon and a related type of action influenced the perception
of the icon has been developed. The carried out research draws the basic patterns for
overviewing the icon in desktop applications and proves that the colour of the icon or the
related type of action cannot be used as a single property to indicate icon perception by users.
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1 Introduction

The user interface (Ul) is one of the most important elements in the successful promotion of
software among those applying it in practise. The user interface has to implement software
functionality, to be easily applied and intuitive for different types of users. The design of a suitable
Ul is a challenging task and requires knowledge of Human Computer Interaction (HCI) in order to
create a successful Natural User Interface (NUI), as every situation can be unique. Therefore,
what is suitable for one project can be a failure for another; it requires a wide variety of knowledge
to design a successful Ul. The user interface designer must be sure that all important properties
and psychology of the customer have been taken into account and that technical abilities to
implement different elements of the user interface have been properly considered. The complexity
of the task for Ul design can be highlighted by the fact there is no clear, unambiguous rules of how
to design a good user interface. There exist only different guidelines and proposals for how to
create a suitable Ul or a particular type of software for a certain group of users [1]-[8].

A rapid change in technologies and new HCI methods change the user’s perception of Ul usability.
Therefore, knowledge of the NUI has to be frequently renewed; otherwise, it will lead to a failure
rather than successful user interface design. Therefore, even the most useful and functional
systems have to be updated in order to meet new Ul tendencies and user requirements. The aim
of this paper is to get more specific guidelines for improvement in natural user interface design,
which will be done analyzing the properties of user’s work on icon-based desktop applications thus
presenting the situation observed in 2013 — 2014. As new ideas of Ul design takes time for
spreading worldwide, these guidelines should be helpful in 2015 and in the future if no drastic
changes emerge in this area.

2 State of the Art

One of the elements used in the Ul is an icon — a sign or representation that stands for something
by virtue of a resemblance or analogy to it [9]. It plays an important role in the NUI as one good
icon can tell more on its purpose comparing to multiple words or even sentences used for
describing the function. Therefore, some researches have been done in this area to get more data
on the usage, importance and clustering of the icon. Mack et al. [10] suggested that a particularly
meaningful icon in displays could capture our attention, and therefore a meaning had to be added
to the icon. McDougall and Curry [11] examined a broader context of interpretation from a
cognitive psychological perspective by analyzing the effects of workload and task complexity, user
preferences and aesthetics, time for day effects and user skills. The results of these works
proposed additional guidelines. However, the relationship between the icon and the function is not
determined by a set of well-defined syntactic and phonological rules. Icon interpretation is still
ambiguous and no laws are presented to determine the quality or success of the icon among its
users. It is important to find as many factors influencing the success of icon usage as possible in
order to better understand this area.

The role of relationships can be noted in works by Niemela and Saarinen [12] as well as in those
by Richards and McDougall [13]. These authors analysed the importance of icon clustering.
According to the obtained results, icon clustering allows more effective icon search as well as
quicker identification of icon-function relationships. These findings are useful for designing the Ul
with the help of multiple icons; however, no data on designing one specific icon are given.
Research on specific icon design was done by Hg and Chan [14] who analyzed three visual
features (colour, surround shape and icon size) and five cognitive (familiarity, concreteness,
complexity, meaningfulness and semantic distance) features of the icon. The results of the
conducted research on colour importance do not meet with those obtained by Courtney [15] who
proved colour was commonly used for communicating with the meaning — red for danger, green for
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‘go’, etc. Colour conventions appear to have reasonable cross-cultural transferability in Courtney
research. Meanwhile, Hg and Chan confirmed the colour of the icon was not the only factor as
other properties had to be taken into account to determine icon suitability. They also, among other
properties, did not give a quantitative evaluation of icon effectiveness or a factor in colour
importance. However, more works state the colour has a big influence on icon usage: Wang et al.
[16] found the pictorial-colour was a significant factor in the visual identification of subject
performance; Shieh and Huang [17] revealed the pictorial size and circle-slash thickness
influenced glance legibility for prohibitive symbols under degraded situations; Duarte et al. [18]
indicated the pictorial symbol, colour and shape influenced understanding the symbol.

Understanding the problem of icon usage is very complex. Thus, some researchers analyzed very
specific situations: designing a web icon for travel websites [19]; mobile interface icons [20];
context-aware navigation in mobile games [21]; differences in shallow and solid icons [22];
analysis of the icon for specific purposes [23]; etc. Most of researches investigating the properties
of icon usage in a specific area received clearer data, tendencies and insights compared to
researches where, at the same time, a very wide application area was analyzed. This shows that
icon interpretation and usage depends on the type of application (web, mobile, desktop
application, etc.). Unfortunately, the existing researches on different types of the Ul concentrate on
the identification of icon context rather than on the patterns identifying the relation or selection of
the icon. Meanwhile, these two properties are important for the NUI as the relation of the icon
holds the first expression and unconsciously influences the judgment of the icon and the system;
also, the pattern of icon selection can give guidelines on how icons should be ordered to fit natural
user behaviour and to increase system usability.

Time for task execution is one of the most important metrics in HCI and NUI. It allows estimating
how quickly the user is able to execute a task and how much time s/he has to waste and wait
because of input device properties or an improperly designed Ul. Fitt’s law [24] proposes a formula
for calculating time needed to go from one point to the centre of an area of a certain size. This law
is still relevant and used; however, additional data are needed to be able to adopt this law for a
successful design of the NUI: if we know users and typical Ul overview patterns, we can calculate
the most probable time for eye movement needed to overview the Ul; if we know what icons are
the most noticeable, we can predict time for eye movement needed to find a certain icon.
Therefore, this paper analyzes icon selection properties in the icon-based desktop environment
and seeks for two main goals:

e To get data on icon overview patterns that assist in selecting an icon in the desktop
environment.

e To highlight some properties that could indicate whether an icon will be related to
positive/negative actions treated as positive/negative.

3 Methodology

As mentioned above, the pattern for selecting the icon is an important factor in the NUI. If we knew
the pattern for overviewing and selecting the icon, we would be able to group and place icons
according to their importance and the frequency of usage. A typical pattern for overviewing the Ul
can be identified experimentally. Software usability is usually evaluated by means of different
methods, including reviewing standards, user testing, subjective assessments and barrier
walkthrough [25],[26].To make sure we will get more realistic results the prospect of indirect survey
was chosen. For conducting the experiment, an internet tool has been created to imitate the icon-
based desktop environment.

Typically, users have two main eye movement tasks in the Ul: the user overviews the whole Ul in

order to inspect functionality, and the user searches for specific information and the function he
needs. Overviewing the Ul requires going through all icons while search in the Ul requires going
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through all or some icons in the Ul and selecting only the specific ones. Our experiment had to
imitate both situations. For the overview, we required to select all icons on the desktop to make
sure the user saw the icon. As for the task searching for an icon, we asked the user to select
positive/negative icons. This additionally allows estimating properties influencing user opinion on
icon positivity/negativity as well as ensures they do not need to remember the icon list we asked to
select. If a certain list of icons were given to select, we would have one more unknown parameter
in this research — how well the user is capable of remembering what s/he needs to find.
Meanwhile, in real life, the user usually decides on what to select by him/her. Tasks to select
positive/negative icons should be unusual for all users, and all of them should have no
prejudgements what have to be selected. Therefore, we could get data on how selection time
changed when a task was given for the first time and repeating it multiple times. This type of the
task presents a situation when users make a decision rather than try to remember what have to be
selected.

Every experiment involved twenty icons placed in different places of the virtual desktop (Table 1).
The icons were chosen to present all main icons, which most of users met working with desktop
applications. The biggest part of icons cannot be met directly on the desktop; however, they can
be seen in different software or the Windows operating system (Windows operating system is
applied, as the major part of Lithuanian people use it because it is known and popular). This
allowed us to prevent from prejudice where a specific icon should be in a real desktop environment
and to make sure all icons are known to the user that has some experience of working with them.

Also, we assigned the main colour and type of action for each of those icons (Table 1). It was done
before the main experiment using a separate group of 26 persons. Each of them had to identify
what the main colour (only one colour) of the icon was. All persons were asked to select whether
the icon was associated with creation, destruction or neither of these actions. This allowed us to
get preliminary classification of icons. At this stage, we did not want refer to the same users as in
the real experiment by seeking a more general estimation of all icons in the main experiment as
well as by keeping the properties and purpose of the experiments in secret for all users before the
main experiment.

Table 1. List of icons used in the experiment

No. Icon Title Main colour Action type
1. EN Copy Blue Create
2. B Paste Other Create
3. =) Edit Other Create
4, Q Help Blue Other
5. ) Search Black Other
6. 8] Save Blue Create
7. v Confirm Green Create
8. % Delete Black Destroy
9. )| Recycle Black Destroy
10. 1) Error Red Destroy
11. ¥ Cut Blue Destroy
12. x| Close Red Destroy
13. I Warning Other Destroy
14. @ Shutdown Red Destroy
15. = Picture Blue Create
16. = PDF document Red Create
17. = Email Other Create
18. 3, Search Blue Other
19. %5 Exception Green Destroy
20. 4 Sound Black Other
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The main experiment involved all users having to execute three different tasks:

1. To choose all icons from the desktop (by clicking on it) in any order they want.
2. To choose all positive icons from the desktop in any order.
3. To choose all negative icons from the desktop in any order.

The early stages of this experiment showed usual, non-disappearing icons that influenced much
dissatisfaction from users in Tasks 2 and 3. The users complained they did not remember what
they had already selected. Sometimes, even user frustration was noticed, and therefore different
solutions were considered for this survey. Solution to disable icon after selection was eliminated as
current desktop applications do not use this practice very often and it would be unusual for users.
Meanwhile, icon elimination from the working window is common to many systems of design.
Therefore, we decided, after clicking on the icon, it would disappear from the desktop. It gives
multiple bonuses to this experiment as the user has no chance to click twice on the same icon
doing the same task; it is similar to rating a natural object when the user eliminates the chosen
element from the list; it helps with tracking what icons have already been selected and to decrease
the number of icons to click.

No explanation in which order icons have to be selected or what should be treated as a
positive/negative icon has been given to users. It was done in purpose to invoke the user to find
his/her way with no predefined requirements or measurements. In addition, the experiment was
executed three times randomly changing the place of icons. The repetition of experiments allows
us to eliminate anomalies in user actions as well as to examine if these actions change executing
the same task multiple times in a row.

137 users took place in this experiment during the period from May 2013 to September 2014. They
also had to provide some data on their gender, age group (from 7 to 14; from 15 to 19; from 20 to
29; from 30 to 39; from 40 to 49; from 50 and above), a field of occupation (Economy, Physiology,
Psychology, Technical and Technology scope, Law, Management, Other) they belong to and the
country of origin. All personal data were used for analysing if it influenced the pattern for selecting
an icon or related results and did not require any specific personal data that could be related to a
certain person. The survey was open and everyone who knew the address of the study had a
chance to participate. Participation was voluntary. The first page of this tool introduced research as
the scientific one. A note shown to all users indicated they had to be at least 18 years old or have
a permission of their parents or tutors to attend this experiment.

The results of 69 men and 68 women were analyzed. All other categories were distributed not so
evenly; however, at least 3 persons were participating in each category considering age and the
field of occupation. Also, there were 19 respondents who did not live in Lithuania at the moment of
the survey (9 different countries).

During the experiment, we logged on the selected ID of the icon, a location on the desktop, icon
classification into positive or negative, icon selection order, icon selection time, task number,
repetition number and mouse click/icon position on the desktop. To simplify the randomization of
icon position (as no icons can be placed in the same place or too close to each other) and storage
in the log, the desktop was divided into 8 columns and 8 rows, which allowed having 64 different
cells on the desktop (Fig. 1.).

4 Results and Discussion

All experimental data were carefully analysed from different perspectives. Two main goals have
been established in this paper, and the obtained data have been grouped into two subsections
each of which will be presented.
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Fig. 1. Example of the experimental environment where all icons are placed randomly
on the desktop area and black lines indicate to which cell (column and row) the icon
belongs to

4.1 Analysis of Icon Selection Properties

One of the most important measures for the Ul is the distance the user has to cover from one click
to another. The analysis of the experiment shows that the distance of mouse movement between
two clicks depends on the age of the user (Fig. 2). The youngest participants (up to 15 years)
showed the capability to choose all icons in the shortest path while all other age categories
reported similar results — the average distance between two mouse clicks were from 2.21 to 2.24
of cell width. No tendencies how other user properties (gender, occupation, etc) influences the icon
selection distance were noticed during the analysis.
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Fig. 2. The average distance of mouse movement and time between two clicks considering
the users of different age groups participating in the experiment

Next, distance in cells rather than in pixels is calculated, as the size and resolution of the screen
for each user might differ. Also, the distance between cell centres is estimated, as the icon is
usually placed in the centre of the cell, and we have logged only the cell rather than an actual
mouse position in the screen.

396



Radvilé et al.; BIMCS, 7(6): 391-406, 2015; Article no.BJMCS.2015.133

Time is another important measure for the Ul. The number of the selected icons might differ
considering each user in a different task; therefore, the average time between two mouse clicks
was compared and made 1.65 seconds. However, we noticed that the maximum time between two
clicks was more than 2 minutes, and 8 times for selecting an icon were found unexpectedly large.
This shows these users made some breaks or were disturbed from the task. Therefore, we
eliminated all records within the intervals of more than 30 second between mouse clicks and used
only the corrected data on time calculation. This allowed obtaining the average time between
mouse clicks equal to 1.351 seconds.

The analysis of the average time between two mouse clicks showed interesting results as the age
group from 15 to 19 years was slower comparing to other age groups (Fig. 2). The age group from
15 to 19 has the greatest standard variation in time (2.11), which shows the users of this group are
very different and unstable as a deeper analysis of data on separate users have showed there are
respondents with longer time between mouse clicks as well some users having a wide range of
times. In opposite to this group, the age group of up to 15 years showed a very constant speed for
all clicks (were executed up to 2 seconds). This also can be related to the distance between
mouse clicks — this group had a smallest distance between clicks, and therefore, according to Fitts’
law, [27] time should be shorter as well.

To evaluate all events of all age groups or even of the users meeting Fitts’ law, this experiment
would be not correct. Fitts’ law takes into account reaction time and task difficulty, which depends
on target distance and width. As regards this experiment, all targets are of the same width, and
distance to the target should be the same as that between two mouse clicks; nevertheless, no data
on what is the reaction time of the users are available. Meanwhile, reaction time can vary
extensively in this experiment, particularly if the user needs time for deciding what a
positive/negative icon is. The importance of reaction and decision time can be noticed examining
variation in time between two mouse clicks — time to go from one cell to another can be different
for the same user in different tasks. The analysis of the average time between mouse clicks during
different tasks and repetitions differ (Fig. 3). The first task requires less time for going from one
icon to another comparing to Tasks 2 and 3, as the user does not need to think what s/he identifies
as a positive/negative icon. It meets with Hiko principle stating that the time it takes to make a
decision increases proportionally to the number and complexity of choices [28].

m 1lsttime mRepetition1 Repetition 2

02,592

Time between mouse clicks, s
o © o o o
S o rB B N
B 0 N ~ =
w (o2} [t} N (=2}
N sy (=2} o] o

Task 1 Task 2 Task 3

Fig. 3. The average time of mouse movement between two clicks considering different
tasks and repetitions

Principles of Gestalt psychology state that the icon is recognized easier if it was selected once
before [29],[30]. We also have obtained analogue results, as time between two mouse clicks is
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decreasing each time the user repeats the task. It shows less time is needed to identify the icon as
positive/negative. However, the times of Tasks 2 and 3 do not reach those of Task 1, and this
means there is additional thinking in Tasks 2 and 3 (need to decide once again or to remember
what to choose) comparing to Task 1.

Also, the difference between tasks can be noticed analyzing the average distance between mouse
clicks (Fig. 4). Tasks 2 and 3 have a longer distance between two mouse clicks comparing to Task
1. This can be explained by the fact that the distance between the icons increases as not all icons
must be selected. Besides, it is possible the user selects these icons starting from the most
positive/negative to the least positive/negative one, and therefore does not try to use the shortest
path in contrast to Task 1.
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Fig. 4. The average distance of mouse movement between two clicks considering different
tasks and repetitions

Fig. 4 shows the distance between two mouse clicks does not vary greatly when the task is
repeated. A decrease in the distance between two mouse clicks can be achieved by optimizing the
icon selection path; however, it can be difficult to achieve if there are too many icons to remember
and to find the shortest path between them. Apparently 20 icons are too many to remember, or the
shortest path was optimal at the first attempt in Task 1. Meanwhile, regarding Tasks 2 and 3, a
decrease is larger comparing to Task 1. It might indicate some optimizations were done, however
it is not as big as it could be.

The analysis of how (in which direction) the user usually chooses icons reveals that the biggest
part of users has the same start strategy. Task 1 shows how users start from the left-top corner
and go to the right or down. Later, they follow the opposite direction or start from a new
column/row. Therefore, the first icons the user chooses in Task 1 are usually in the left-top corner.
Fig. 5 suggests that the average icon selection order is the smallest in the top-left corner and
increases crosswise at the right-bottom corner. However, a more detailed analysis of icon
selection order showed a tendency to go from the left to the right one line by one, which is more
frequent than going from the top to the bottom column after column.

398



Radvilé et al.; BIMCS, 7(6): 391-406, 2015; Article no.BJMCS.2015.133

D Row 1
(/
Average P
oficon Row 2
|
selection | (
order ] B ... s
015-18
012-15 Jii Row 4
09-12 NG /
06-9 - Row S
0s-6 \l/ I/
\l / -
7 Row 7

(=]

o 'l il L

Coll Col2 Col3 Cold ColS Colé 17 Col8

Fig. 5. The average order of the selected icons accordingly to the cell of the desktop

An interesting point is that the same pattern for selecting the icon order applies to Tasks 2 and 3.
This shows the same “desktop scanning” method is used not depending on what the user has to
choose, as s/he overviews the desktop in the same order. We should add the order might be
influenced by a position where the user starts the task as buttons for starting and finishing different
tasks are also located on the top of the desktop.

Despites the user starts selecting icons from the left top corner, the smallest distances are in the
middle of the desktop (Fig. 6), which indicates a natural situation as the distance from any place on
the desktop is shorter to the centre rather than to any other place on the desktop, particularly
corners. However, it does not match with data we can see in Fig. 5. Before obtaining results, the
user clicks all icons in a grid fashion style (each row or column one by one, rather than randomly).
An explanation can be found in Fig. 7 showing how many times the user clicked on each of the
cells on the desktop in Task 1 (it applies to all 3 tasks). As users had to choose all icons, this
diagram also illustrates how icons were distributed during the experiment. As more icons were
placed in the centre, it is natural the distance between two mouse clicks in the centre is smaller
than that in the corners where less icons are placed.

The analysis of user age, occupation and other demographical data showed no significant
influence on execution metrics of these three tasks.

4.2 Analysis of Icon Classification into Negative/Positive

Data on Tasks 2 and 3, to get information on what the user treats as a positive/negative icon, have
been analyzed. These two tasks required to select only the icons the user thought to be positive/
negative. The average number of the icons users chose as positive was 11 out of 20, while that of
negative ones — 9 out of 20.
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Fig. 6. The average order of the selected icons accordingly to the cell of the desktop
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Fig. 7. The average order of the selected icons accordingly to the cell of the desktop

In the beginning of the experiment, we had a hypothesis that the colour of the icon would be one of
the most important factors indicating if the user treated it as positive/negative. After data analysis,
despites the colour, we had a very similar identification of the icon as positive/negative (Fig. 8). We
can notice red icons are found as positive more rarely comparing to other colours, particularly
black; however, difference is only 1%. Meanwhile, users more frequently discover red icons as
negative comparing to other colours; nevertheless, the difference is also only up to 1%, which is
not enough to make some conclusions depending on the colour only.
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Fig. 8. The distribution of selecting an icon according to different colours

Task 2 shows that users, first of all, choose green icons, while the red ones are the last ones they
prefer (Fig. 9). In the meantime, Task 3 indicates the icons of the red colour were selected in the
beginning, while the blue ones in the end. This means the colour has an influence on icon
classification into positive/negative; however, the colour is not the only property of determining
whether the icon is positive or negative.

Analysis if the related type of the action of the icon has an influence on icon identification as
positive/negative has been conducted. Similar results as those of the colour have been received —
on average the icon of each type of action was selected by 91% of users in Tasks 2 and 3. Still,
the order of icon selection gives more data (Fig. 10): as for Task 2, first of all, the icons that mean
creation were selected while those related to destruction were selected the last; Task 3 shows
that, first of all, the icons that mean destruction were selected while those related to the creative
action were selected the last.

M Task 2 / Positive icons m Task 3 / Negative icons

Average of icon selection order
O B N W B 0 O N

black red green blue other
Main color of the icon

Fig. 9. The distribution of selecting an icon order according to different colours
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Fig. 10. The distribution of selecting the icon order according to different types of actions

The combination of both properties (icon colour and a related type of action) has an influence on
identifying the icon as positive/negative. For example, a green icon that means a creative action
was always selected as positive within the first 8 icons as well as the red one that refers to
destruction — as negative. However, it seems there are more factors influencing icon classification
into positive/negative (personal experience, etc.).

The analysis of how separate icons were classified to positive and negative by the participants of
the experiment has also been carried out (Table 2). The obtained results suggest all icons were
selected as positive/negative approximately by 79-82% percent of users. This shows there is no
strict division into a positive or negative icon.

Table 2. List of the icons used in the experiment

No. Icon Percentage of the users who Average of selection order for the
selected the icon icon
Task 2/ Task 3/ Task 2/ Task 3/
“Positive” “Negative” “Positive” “Negative”

1. Ba 82% 79% 5.87 8.35

2. B 82% 79% 6.02 10.77

3. E] 82% 79% 5.89 7.86

4. Q 81% 80% 7.40 5.81

5. & 82% 79% 5.81 7.89

6. (S 82% 79% 5.42 7.73

7. v 82% 79% 4.09 7.67

8. X 81% 80% 6.89 4.24

9. i | 81% 80% 7.94 5.15

10. ] 81% 80% 9.92 3.70

11. ¥ 81% 80% 7.38 4.95

12. | 81% 80% 6.47 3.58

13. Ay 81% 80% 7.48 4.56

14. @ 81% 80% 6.64 3.73

15. = 82% 79% 5.53 5.48

16. = 82% 79% 5.93 7.22

17. = 82% 79% 4.74 6.37

18. @ 81% 79% 6.34 8.58

19. % 81% 80% 6.98 4.72

20. @) 82% 79% 6.12 6.30
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As icon colour and related action cannot be used as single criteria for icon classification into
positive/negative, we tried to analyze if neighbouring icons influenced icon classification into
positive/negative. Therefore, each user of a positive/negative icon selected in Tasks 2 and 3 was
related to (depending on a situation up to 8 icons placed in the connecting cell of the desktop)
colour and action types of neighbouring icons. As icons were placed randomly on the desktop,
there were not enough cases of 9 identical cell combinations to get significant results of the carried
out analysis. Meanwhile, the examination of the icon pair (selected icon and its neighbouring icon)
had more data. However, the correlation between selecting the positivity/negativity of the icon and
a neighbouring colour, action type and positivity/negativity in the same task were too small to
exhibit tendencies. This shows the random function was not able to place the icons of similar
positivity/negativity level. Besides, it shows that the user analyzes all icons separately to classify
them as positive/negative rather than rely on its surrounding.

If we added an additional requirement for selecting a limited number of positive and negative
icons, the situation could be slightly different as when analyzing selection order, more obvious
results could be noticed. According to the average selection order, the positive icon would be
Confirmed, Email, etc., while the negative icon would be Close, Error, Shutdown, Delete, etc.

4.3 Specification of Some Bruce Tognazzini Principles

Bruce Tognazzini made a list of the main principles regarding Ul design [31]. It is one of the most
combined materials we have to deal with to ensure the Ul will be suitable for usage and
satisfaction. These principles are not meant for one specific type of application only and used as
“‘must have” in many cases. Most of Tognazzini principles are abstract and have no exact property
value or another measurement how to evaluate if something is achieved or not. The same idea
exists in almost all best practices in order to present a guideline or an idea rather than
measurement, taking into account it might vary in different situations. The obtained results allow
specifying some of Tognazzini principles (Table 3).

Table 3. Specification of Tognazzini principles

Tognazzini principle of Suggested specification for icon-based desktop

interaction design applications

“If the user cannot find it, it The most important icons should be placed in the top-left

does not exist” corner as the user usually starts overviewing the desktop from
this place.

“Look at the user’s productivity, Related icons should be placed close to each other as the

not the computer’s” user first overviews the icons close to the current position

rather than “jumps” through more than the radius of 2-3 icons
out of the current position.
The same icon or its usage sequence should be similar in
order to increase task execution time, as multiple usages of
the same task eliminates decision time and speeds up task
execution time.
“Do not strip away or The colour is not the main component that forms impression
overwhelm colour cues in the on the icon. The previous experience and associations of the
interface because of a passing  user might be more important rather than the colour only.
graphic-design fad.”

“Choose metaphors that will Item colour or associated action as single property are not
enable users to instantly grasp  enough to predict icon success among users; there are more
the finest details of the unknown factors, and therefore the already known icons
conceptual model” should be used or new ones should be examined by the users

before real usage.
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We also would like to notice that these specifications are for icon-based desktop applications only
and apply for the period 2013 — 2015. Hence, these experiments should be repeated time to time
to make sure user behaviour has not changed.

5 Conclusion

The executed experiment using an indirect survey has showed the same tendencies towards
selecting icons in the desktop environment as Hiko and the Principles Gestalt psychology suggest.
However, we did not get any significant data on what influences icon relation to positive/negative,
and the principles of the colour theory could not be approved.

Changes in icon selection depends on is icon selected during automatic task or task which
requires additional decisions to be made. This is proved numerically as average time for moving a
mouse from one icon to another is up to 2 times faster if the user does not need to make any
decisions on choosing the icon. Also, our experiment showed none of the users was able to select
the icon faster in Task 2 or 3 comparing to Task 1. This demonstrates an additional time is needed
to make a decision.

A comparison of selecting the average distances of the icon in Task 1 showed the youngest age
group was capable to select all icons within the shortest path where the average distance did not
reach 2 cells. This might be an indication the elder persons gain additional experience and can be
distracted by some icons that do not allow them to follow a certain strategy for icon selection.

The conducted experiment showed the positive/negative icon cannot be estimated only by its main
colour and action type. These two characteristics influence the selection orders of
positive/negative icons. However, these two characteristics are not enough to estimate what the
user will select as positive/negative. All users have different experience, which additionally may
influence how many icons he will treat as positive/negative and what kind of icons they will be. In
order to estimate all influencing factors in icon classification into positive/negative, more additional
data have to be gathered from individual users (open questions why he chooses an icon as
positive or negative, the previous experience of working on the icon, etc.).
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