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Abstract
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what it does, and how well it performs (Kumar & Noble, 2016). Product appearance
research has focused on physigabds,foodstuffs and packaginghowever, many of
the products consumers interact with are not physical in nature, but digitas.thesis
presents findings from twstudiesthat analys& how colour and shape ismartphone
appiconsconvey meaningndtheir impact on smartphone usersTherelationship
between thesevisual element&nd consumer behaviowvasassessed bgpp

downloadsinstore and smartphone us&valuations ofappicons

Colourstendedto playattention-grabbing, aesthetic, and symbolic rotast
created visual contrasts andoherenceand servdl & ARSY GAFTASNR F2NJ (F
category, and functiondhapes wee found to convey more specific information about
0KS | LJLIQa OF 6S32NE I T dgyhéyirdlakey ta objegtsRandS NH 2 Y 2 Y 7
structures we recognisi our environment The figurativeand distinctiveuses of
colours and shapes did not reliably corhevith higherdownload rates Theirlimited
impactond Y I NI LK 2 Y S dz& shidg@s@hat@éidurfaddislinpeandydrequire
additional cues to contextualise theim app icon desigand make them more

meaningful to consumers.
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1. Introduction

The modern shopping experience presectmsumers with aast array of similar
productsto buy. Assortments ofgoodsare crammed along supermarket aisles, store
shelves, andcrolling ecatalogudists, wating to be picked Althoughproductsare
usually organised intaisles categories or menus having to make purchassoices
can be overwhelmingpr customerqSchwartz, 2006)Vhilst shopping, consumers
perceive their choices within seconds and ofterséaheir reasons for choosing a
product on its appearancéCrilly, Moultrie, & Clarkson, 200Mansen, Pracejus, &
Gegenfurtner, 2009; Daye, 2011; Bowmaitkel, & Dogruel, 20158onsumerchoices
hinge onthe visualperception of the product and its exter design, which
incorporates multiple elements, including form (shape), visual cues (e.g. colour or
size), auditory signals (e.g. sound effects or music), and motion (e.g. movements or
gesturesYKumar & Noble, 2016 hese elements can be used as signs
communicate company messag@sormation about the productand elicit emotional
responses from consumers that can influence their purchase behavidin,(N990;

Bloch, 1995; Opperund, 2004; Hall, 2007).

Thevisual elements of a product, such asablour and shapgcan provide
useful, experiential information abowt product that helps to inforrd dza G 2 Y S N& Q
instore choicegCreusen & Schoormans, 2005; Kumar & Noble, 2016). Studies have
shown that the colours and shapasedin product packaging fdoodstuffs can

communicate vital information about its type and quality. For example, packaging that
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rounded and smooth shapesan be associated withotions of healthand relate to

the organic qualities of healthidoodstuffs. Conversely, bright colours (e.g. red,

yellow, blue, etc.) and angular edges d@nassociatedvith notions ofartificiality and

engineered aspectsf a product that relate tgrocessed foodstufffOswald, 2012: 52

53; Ngo, PiqueraBiszman, & Spence, 2012

Thisthesis will look avisualproduct design from the perspective of semiotics,
the study of signendmaking ofmeaning Of principal interest is theelation between
the formof a sign(such aselements in the appearance of a produeindthe meaning
of a sign(such aghe messageonveyed to the consumer{Chandler, 2017: 137
a A dmeahingdepends on theontext in which it is foungand can beestablishedand
regulatedthrough convenional, cultural, or genrespecific practice§Chandler, 2017:
178). Advertisingand product marketingerpetuates the use of sigithat aids the
entrenchment of their meaning & dzOK GKF G GKSe& OFy o6S a2NHI
a @ ad S Y acbdeg@olfinfars1R92: 39 Chandler, 2017: 1§7Semiotic codesand
indeed semiotics in generare an integral part obur language and communication

(Hall, 2007: 5).

Visual elements in particular, such as colour and shege conveyneaning
that isunderstoodinter-culturally and inta-culturally through their relations with our
environment and embodied experienc@sress & Van Leeuwen, 20@handler,
2017). As such, @lour and shapare frequentlyusednt KS RS&aA 3y 2F | LINR

appearancdo draw onrecognisedelationsthat convey key messagés consumers



aboutthe product(Pinson, 1988Beasley & Danesi, 201Kress, 2010Qswald, 2012;
Chandler, 2017)T'he semiotics of colour and shape of physical goods, particularly
foodstuffs and packaging, has been exigal researched and found to have a
persuasive influence over consumer perceptions, preferences, and purchase decisions
(e.g. Maga, 1973, 1974, Clydesdale, Gover, & Fugardi, 1992; Francis, 1995; Spence &
Gallace, 2011; Ngo, Pigueraszman, & Spence, 291Spence, 2012; Velasco et al.,
2013). However, the design of virtual products in online marketplaces and its impact

on consumer behaviour has received comparatively less attention (Oswald, 2012).

Withthel LILJ YI NJ Sié 0S802YAy3a &fF NNANYSGIESEl YL
important to explore how visual semiotic elements can operate as informative and
persuasive tools for the online marketing of virtual products such as smartphone
applications (henceforth appg)Joeclel, Dogruel, & Bowman, 201821) Therise of
0KS GaYlINILK2yS &2 O0Aa StiegrowtholfligitalmarketingasK I & F I (
increasing amounts of content are consumed by smartphone users, including digital
media, advertising, andirtual environments(Google, 2015; Chaffey & Eli©ialwick,

2016; Ofcom, 2015:,2016 2017; Freier, 2018As of August 2017, 76% of UK adults
own asmartphone which is around 46.4 million people, and the number of
smartphone users is expected to increase over next 5 years (Statista, 2017b

Ofcom, 20%). The popularity of smartphongsrovides companies with more
opportunities to access the consumer market, connect with their customers, and sell
their products and services onlinki, Lee, & Taylor, 201Rjelsen, 2014)App
marketsespecially such ashe AndroidbasedGoogle Play Storare beoming ever

more successful anare generatingarger annual revenuesn the fourth quarter of

3



2016,the Google Play Storead a total of 2.6 million apps al@ble and earned an
estimated3.3 billionUSDrevenue, approximatel2.45 billionGBRStatista, 2017a;
Oliynyk, 2017). By September 2017, the number of available agpgrbavn to 3.3
million, and is expected to rise further still (Statista, 201Agpsnot onlyoperate as
anonline extension ofoffline stores, but are also products inheir own right and can
0S 0 2 dzd-K g NBoimethesdownloaded for freewith in-app upgrades and

SE G NH&LILD WIHNDOKI 858 Q0

Consumersearch for, download, and use apps on a daily basis on their
smartphonesand the majority of users discover apps via the app s{dielsen, 2014;
Google, 2015However, the increasing number abailableappsmeansthat these
online app stores are extremetpmpetitivemarkets with apps constantly vying for
consumer attentionEffective app design is therefore essentalappsto be noticed
and topersuade smartphone users to download and invesham. One of the first
points of contact consumers have widim appin the app storaswith itsicon, which
provides a visuakpresentation of the virtuaproduct (Flarup, 2015)Visual semiotic
elementscolour and shape are particularly effective at capturing consumer attention
in competitive environments (Williams, 1967; Kieras & Hornof, 204&k) despite
evidence that art L3tiggernal visualdesign can increase consumer satisfaction
enjoyment, and downloadsVerhi, 2016 Kumar, Natarajan, & Acharjya, 2Qlimhany
studiesinvestigaing app searcklo not addresshe potentialimpact of the apg i&don
on consumer selection andupchase(c.f. Gage Kelley et al., 2012; Gage Kelley, Cranor,

& Sadeh, 2013; Bowmargckel, & Dogruel, 201%)ogruel, Joead, & Bowman2015).



Thisthesis investigates howisual semiotic elementsolour and shape are
used insmartphone appconsto conwey meaning, thus operatings part of a visual
language in virtual product design, andhether these visual elements have any
impact an smartphone userslhe thesis presents findings from two studiSsudy 1 is
a corpusanalysiof 250 smartphone apons collated from Communication, Health
and Fitness, Productivity, Social, and Tools app categories in the AbdssEdGoogle
Play StoreThe corpus was used to identtfye colours and shapeassedin smartphone
appiconsandto analyse th& conveyed mearing. Study 2 isa smartphone user
response studyhat captures how smartphone useevaluateappiconsin various
colour-shape combinationwith regard to ther distinctiveness, appeal, and typicality
for the types of apps available in the app stobdter discussingexisting research that
contextualises the thesisection 2; hencefortlg2), | detailthe methods for studies 1
and 2 (83)andreport and discusthe resultsfrom study 1 first for colour(84.1)and

then for shape(84.2), followed by study Z4.3).

There are conflicting definitions far K S (icBriividddgdd > G A G K Y y &
design companies and businesses using them interchangeably (Schenker FRAYLD).
OHnmpO | NBdzZS&a (GKIFId aAO2ya yR f232a I NB y:
al YS O2lydn Stierapdté providérhe Missing Guide to Logo Design Terms
{ OKSY1SNI oHnmMT O RSTFAYSaA Iy AO2y |a | aaidNd
O2YLI ye¢s | yR adaNISKAIGI (KSNY (KiS2 2BSESNSy O2 YL
includingA 02y Q3 WY I NJ QI DésiyriCroydZDI6) defifdh icshSy 6 f S Y Q¢
NBLINB&aASYUAY3 Yy AGaARSEZZ Ofogu®ndis comdn$ NI (A 2 y 3
used by apps. An app icoperatesag  a INJ LIKA O f NBLINBaSyidl (A2

5



function, whid is usefulfor smartphone users to decode whahapp can doA logo,
theyargue isinsteadr G NB O23yAal 6t S aevyoz2f LINAYI NAL &
2NBIFYAAlLGA2YE Fa | G3INF LIKAOHTY Ra deYOYal N f 2075 al

its function). Using the example of the Dropbox icon (figure 1a), though, DesignCrowd

KAyd GKFG Fy AO02y OFYy 06S. aAyiSaNI G§4SRéE Ayis

Figure 1.The Dropbox icon (a) and logo (b) demonstrate how an icon can bé

S

S 2

integrated into a logo

<3 Dropbox

24

(@) (b)

For the thesis, |se theli S NI a# thé3e afelnore commoniysedas visual
representationgor apps. ThetelY WA O2 y @ explére giadptcal diEments colour
and shape, and their potentid communicaing the concepts, functions, and values of

the app itself, which may also reflect the comp&ng  JdndthazBhéand.

The termW O 2 fisuskiN@efer to the visual perception of chromatic (i.e. red,
green, blue, yellow, orange, purple, pink, emjdachromatic (i.e. white, grey, or
black)colour differentiationof a figure(Machin, 2016)ThewordsWLIK @ 8 A OF £t Q | Yy R
W@ A Nile deed temphasighat online storess A (vikual@roducts such as
smartphone apphave received less scholarly attention than physical products such as
foodstuffsavailablein offline marketplacesalthough i is insightful to considethe
interconnectedness adnlineand dfline environmentsn the analysisof meaning in

the studies(Jurgenson, 2012: 85).



2. Theoretical Background

In this section, tliscuss the importance of visusgmioticelements inadvertisingand
productdesign (82.1andapp research(82.2). Ireviewstudies about hovzolour and
shape convey meanirthrough visual searctg®.3), categorisationg§.4), symbolism
(82.5), and aesthetivalue(82.6). These discussions provide a theoretical background
to the thesis, demonstrating how visual elements coland shape can operate as

part of a visual languag&2.7), and formulate informecekxpectations for how colour
and shape might operate as informative and persuasive tioatsobile app marketing

whenusedin the design osmartphone appcons (§2.8).

2.1. Visual Semiotics in Advertisingnd Product Design

Semiotics is the study of signs and how they make meaning. Among other things,
semiotics deals with the associations between tbiem of a sign and iteneaning
(Chandler, 2017: 13galsorespectivelyreferred to as thesignifierand thesignified
(Saussure, 1995; Saussu2811). Semiotics encompasses both linguistic and-non
linguistic sign system3he meaning of a sigrag be regulated through "interpretive
and representational practicesknown assemidic codegChandler, 2017: 138Such
codes areestablishedhrough convention, culturegenrg and visual experience
(Arnheim, 1970QBarthes, 19721977). For example, understanding that a red light

YSFEya Waiz2LlQ NBIj dzAi NBa | oflightsdr oMiBr yo hepret2 ¥

idKS



the meaningof the colour redn the context of traffic lightswe have tadecode the

YSIYyAy3Z KA O&ationtith thSteafficdight chide Ghandller, 2017

Peirce (19311958) identified three different retsonships that can occur
between the form and meaning of a sign, known as symbolic, iconic, and indexical sign
systems. Symbols have an arbitrary relationship between the signifier and signified,
and their relations have to be learned conventionally. Bareple, an image of a
house might be used to signify a link to a website homepage, but rather than
NEaSYofAy3a Fyeé LI NGAOdzZ I NJ K2dzaSs GKS aAday
place to which guests can return and restart, refreshed (Chandler, 20/7see the
house sign often on our digital devices and on the internet, yet we are not born with
the knowledge of its meaning; it has to be learned. An icon, on the other hand, is
based on perceived similarity, resemblance, or imitation of an entity betwibe
signifier and signified, such that a painting of a house may have at least some degree
of likeness to the house that has been depicted (Hall, 2007). Meanwhile, an index is
based on a direct connection between the signifier and the signified, beptingical,
causal, or inferred through nature; for instance, weather, symptoms, signals (e.g.

phone ringing), pointers (e.g. fingers or arrows), or personal trademarks (e.g.

handwriting).

However, there is much criticism surrounding iconicity, questiomihgther
signs can ever be purely iconic (e.g. Morris, 1971; Eco, 1976: 191ff; Worth, 1981). For
example, a road sign with an elephant on is an icon of an elephant; yet, what is truly

being communicated might be that there is a zoo nearby, which represeats



elephant as standing for the larger domain of the animal kingdom (a metonym), and

can therefore be described as being indexically symbolic. Indeed, while these Peircean
aAdy aeaidSvya KIFI@S 6S02YS NBXO23IyAaSR o6& Yy
mutually exclusive and can be found, quite often, to overlap (Beasley & Danesi, 2010;

/| KI' YRE SNE HAMTY pnod t SANOS KAYaSt¥F &adl GSF
to instance an absolutely pure index, or to find any sign absolutely devoid of the
iNRSEAOI t | -d858: 2.308).&Thetefarey dt might be more conduciveise

sign systems as a means to evaluate how a sign communicates meaning, rather than

serving as definitive labels in isolation. As such, these Peircean sign systems are used

in addition to other resemblance sign syste(asediscussed below anith the

methodology §3.1.9) to aid the interpretation of how meaning is conveyed by colour

and shape in smartphone app icons.

Semiotics not only explains the relation betweemr ttorm and meaning of a
sign but also the relation between different signs. Barthes (1972, 1977) proposed that
a sign can encode a message underlying the primary meaning that provides access to
other signs and their meanings, which he coined astigghicmeaning Although this
GSNY Aa y2i0 6ARSt & dzm$the meaghingoisilers hawi S NJ (i dzNJS 3
OSNIFAY AYF2NXIFGAZ2Y 02N}y FTNRBY 2yS airay Ol
sign, resulting in their relation with each other (Bignell, 20@2: By relating to one
another, signs can communicate large amounts of information very efficiently, which is
particularly useful in marketing when advertisements have verydichéxposure time

to communicate withbusy customers.



Two ways in which sigreain relate to one another are througiomparisorand
connection Metaphor and metonymyre sign systems that establish these
correspondences between signs (Littlemore, 20dbandler, 201) Metaphor
operates by transferring meaning from tlsgynifierof one sign (odomain) to the
signifiedof another,from which procesa new sign emerges that has encoded the
transferred meaning (Chandler, 201K)etonymy draveé onconnectionsbetween
signs and actas a kind ofshorthand that provides access tmultiple signs and their
meaningdLittlemore, 20155). Metonymy has received comparatively lesholarly
attention than metaphor(PérezSobrino, 2016b: 73), althoughuch research has
investigated both metaphor and metonymy manifestations in visual modesdimgju
imagesand visual advertising where they are particularly abund&otrceville, 1996,
2000, 20082009a, 2009pHidalgo & Kraljevic, 201 RerezSobrino, 2016a, 2016b,

2017).

The focus of this thesis is on visual semiotic elements colour and shapasa
such ther meaningsare based on relations wittineir appearanceStern (2008: 273)

O2YYSyia GKIFIG aGKSNBE Aa y2 2yS {AYR 2F I a

O\

resemblance) that serves as the ground for all metaphors; rather interpretations draw

ond f &2 NIa MaaphdNE&aniSiNdy inEadigdigdexing correlations

with our experiencescprrelational metaphorand throughresembing objects in our

environment (esemblance metaphd(Gibbs, 2008 Experiential correlations are

motivated byour associations with orientation, ontology, and human physiology

ODNI R8ZX HAnTO® C2NJ SEFYLXE S adKS O2NNBf I (7

a 0z

w»

LINE RdzZOSR o6& LIKeaAaAldlf LINPEAYAGEeég NBfL G
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experiential correlation can affect oattitude and behaviour, with warmth priming
peopleto have more positive evaluations of others and todamerous irtheir

purchase decisions (Williams & Bargh, 292008¥).

On the other hand, resemblance metaphors are motivated by the appearance
of physical properties in our environme(®rady, 1999)For exampleti KS O2 f 2 dzNJ NB
association with angeAnger is Redesembleghe colour our faces go when wetge
angry; when all the blood rushes to the surface of our skin, we gq@Ligtemore et
al., forthcoming) Moreover, spikey objects such as cacti and the spines on hedgehogs
and porcupines are a protective mechanitimt, to other entities may index pain,
danger or awarning S$ikey, angular shapesesemble these entities in the
environment and associate with their messagéhichwe replicate in ourriangular

road signsondis, 1973: 44

These examples demonstrate how we use our experiential coroalse.g.
Affection/Proximity is Warmthandresemblancdo entitiesor the environmenfte.g.
Anger is Redanger is Angulato aid our construal of metaphorical signsvisual
semiotics Theconcentraton oncolour and shapé the thesis meansie mdivations
for their interpretation are primarily Bsed on reemblance, that is to say:
resemblancanetaphors that are motivated by physical properties (e.g. colour and
shape) more so thahy behavioural comparison (Uiia & Faber, 2010: 124).
Metonymy can &0 be motivated by thehysical propertiesf a sigror entity; for

example parts of the entitgr its constitutioncan be used to represent the whole of

11



the entity itselfor its categoryseelLittlemore, 2015: 21). As such, the sign systems
metaphor and metonymyare useful in interpreting the meanings conveyed by colour

and shape choices app icons

Semioticqincluding sign systems metaphor and metonyigysa key role in
advertisingand productdesign(Pinson, 1988Beasley & Danesi, 2010; Kre2810;
Oswald, 2012; Chandler, 2017). Advertigiegses signsand codeghat are commonly
known to most of the population or to a particular group of people to ensure that their
intended meaning can be decoded and understood by targeted consumers (Ggldma
1992: 39). Colours are often used as codes for emot@yd & Epps, 2005; Littlemore
et al.,forthcoming), and have strong associations with concepts of nature, daager,
trust (see Labrecque & Milne, 201Ben simple shapes can communicate
information. For example, an arrow signifies movement or direction (Kress & Van
Leeuwen, 2006)ounded shapes can sigredrenity, grace, and sentimentalitgnd
angular shapes can associate with robustness, vigour, and serioysteasser, 1935;

Dondis, 1973).

The wsualdesignelements of a product, such as its colour, shape, size, sound,
and motion, can communicate crucial information about wireg productis, what it
does, and how it perfons (Kumar & Noble, 2016). Thegsualsemioticelements(e.g.
colour and shapetran therefore function as a kind of visual language that conveys
messages to theonsumerabout the productthat companieither do not wish to
SELINB&aa Ay 62NR& 2N 0KIG FNB a0S@2yR 62 NR:

Creusen and Schomins (2005: 75) have identified six roles ttieg visual elements

12
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(table ).

Table 1:Six Roles of Product Appearance for Consumers

(adapted from Creusen & SchoormansQ2075)

Role Influence on Consumers

Attention-drawing Engagesonsumer attention instore

Symbolic Cues symbolic product associations

Communicates brand image/personality

Categorisation Eases produatategorisation
Offers differentiation from theproduadQ & (i éatedjor® |- f

Functional Highlights features and functiors the product
Cues information abouil K S  LINtBcRitzD quelity

Ergonomic Highlights partsdr consumesproduct interaction
Shows consequences for usiexternalaspects othe

product

Aesthetic Serves as a basis for aesthetic appreciasind
appropriateness

Suggests suitability witthe environment

In their study, Creusen and Schoormans (2005) found that two of the most
prevalent visual elements participants used to interpretNp R dzOG Q& Fdzy Ol A 2y :
competency, and aesthetic appeal were its colour and shBpéicipants often
NBLEZ2NISR (KIFIG GKS adaeyvyoz2fA0 YSIyAy3a 2F (KS
their purchase choice, saying that it communicated ideas alisaestheticqualities
(.e.thatitg I & GSELISYAaAOST-fRARNSKXYWRRENY2 RING a2 Vi Sad

functional qualities(i.e. that it was durable, reliable, and solid) (Creusen &

13



Schoormans, 2005: 76). Their study suggestsd¢basumersnterpret colour and

shape desigichoicesto access informationk@out a product

We interpret signs all the time such that it becomes fundamental to our
processing of the world.he effects of visual semiotics can often be very implicit and
communicate to us without our con®us awareness (e.gollio, Smith& Pollio, 1990;
Gibbs,1994p LY RSSRXI Ay Ylyeée OFaSa Ay [/ NBdzaASy I\
although participants could report theignifiedY S yAy 3 2F G KS LINE RdzO{
(e.g. its aesthetic or functional valuéhey struggled to identify the reason for their
interpretation, or thesignifierfrom which the meaning originated. When perceiving a
LINE RdzOG Qa F LJIJSI N yOSz O2f2dzNBR | yR &K LISa 7
in themselves by consumers; ratlera a O2 YLI SYSy Gl NBé¢ 2NJ aRSO?2
product (Beasley & Danesi, 2010: Adess and Van Leeuwen (2001:588 arguethat
there are limits to hownuchcolour and shape can be said to be sigm their own.
When studied in isolation, their meariin A & -S&/RIIRNE | YR adzo2SO0GA GBS
Danesi, 2010: 24). However, when they are situated in context, they provide a subtle
yet efficient way to convey meaning in product des{gmheim, 1970Barthes, 192,

1977).

Physical products in offline stasecan provide experiential opportunities to
consumers, who can interact with the product before they buy. Physicaélyaicting
with a selected product allows consumers to learn more about its capabilities and
limitations before buying, leading to morefarmed purchase decisions (Crilly,

Moultrie, & Clarkson, 2004). However, online stores provide comparatively limited

14



experiential opportunitiegor their products due tdahe constraints of theirirtual
environment (Rosa & Malter, 2003)herefore, mline markets relyconsiderablyon

the appearance of their products to inforaonsumes of its operation, weight,

stability, ergonomics, and ease of use (Creusen & Schoormans, 2005). Althamgh
companies are exploring hote simulate experiential opportuniteefor customers
shopping onlinetheseare few, and app marketing strategieare still in their infancy

(Rosa & Malter, 2003; Kim, LeeT&ylor 2013) The thesis explores how colour and
shape can communicate experientiaformationabout the appthroughtheir use in

the app icorbefore consumers opt for download by applying Creusen and

{ OK22NXIyaQ oHAnnpL LINE R deorianalydidrs typalogy OS G & LJ
aids the consideration for how colour and shape may be used to fulfil different roles of

virtual product appearance to inform consumers about the app prior to download.

A large portion of product design literature has focused on the role colours and
shapes play in influencing consumers' perception of taste, quality, and acceptability of
edible items in food marketing (Spence & Gallace, 2011; Spence, 2012; Velasco et al.,
2013; see Spence, 2011 fofuather review).Reviewing these studies may prove
useful to inform potential meanirgrolour and shape can convey in smartphone app
icons.In Ngg PiquerasCA a1 Yl vy FyR {LISyO0SQa o6unmu0O aid:
for still and sparking water may have been associated with certain colourtodbeir
symbolic meaning (se82.5.1). Participants associated the colour blue more with still
water than sparking water, which they associated with colours blue, red, and green.
¢CKS O2f2dzNJ 6t dzS Aa 2F0Sy |aa20A1F0SR 6A0K
atAtt 6FGSNE yR GKS O2f2dzNJ NBR A& | 2az20Al
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activity of the bubbles in the sparkling water. Certain shapes were also considered by
participants to be more appropriate in representing still and sparkling water in their
logos The still watetogowas preferred with organic shapes thaere rounded and
smooth, which are shapegpically associated with sweet tastes (Velasco et al., 2013).
Sparkling water was preferred with angular shapes, which are typically associated with
sour tastes, and perhaps relatesthe bitterness of the carbonated bubbles (&&co

et al., 2013; see also Spence & Gallace, 2011).

The colour and shape of food items influence consumers' perception of flavour;
darker colours and rounded, edible forms are associated with sweetness, while
angular forms are associated with sour &si{e.g. Francis, 1995; Velasco et al., 2013;
Maga, 1974). The perceived appropriate colouration of food products also has a
bearing on consumers' acceptability and evaluation of the item's freshness
(Clydesdale, Gover, & Fugardi, 1992); for instance |laedlighter) coloured chips
were preferred over darker coloured chips in normal lighting by consumers (Maga,
1973). Therefore, it is interesting to observe whether colour and shape communicate

experiential informatiorand ergonomic values wharsed inappicons.

2.2. App Research

Given the overwhelming amount of apps available to smartphone users in the app
store, Joecklz 52 3INHzSE X YR . 26YlY OHAMTY CHMO

propose that consumers engage in elaborate cognitive processealoate each app

16



they see when browsing the market. Indeed, in an earlier study, they found that
smartphone users spend very little time searching for apps and considering their
choices before selecting one to download (Dogruel, Joeckel, & Bowman, 2WES).
half of the smartphone users in their studyewedonly one app per searqd7%,N =
49).It istherefore more reasonable to suggest that consumers rely on certain criteria

to whittle down their choices of apps to simplify the selection process.

Futther app studies have shown thanartphone usergonsidermultiple
criteria to inform their app selection, including meme, reviews, price, {app
functions, permissionsand aggregated rating&age Kelley et al., 2012; Gage Kelley,
Cranor, & Sadeh022; Dogruel,akeckel, & Bowman, 2015 rucially, smartphone
users report that they often base their download decision on the aesthetic appearance
of anapp (Bowman,@tkel, & Dogruel, 2&; Google, 2019 ! y visuhUbjQeal has
been found toincreaseO 2 Y & dzaasfddidh, enjoymentand perception ofquality
of the app(Merhi, 2016 Kumar, Natarajan, & Acharjya, 201While theseapp search
studiesare useful to gain an insight into how consumers search and select apps online,
not much work hasdoked directly at the impact dhe visual characteristics of thepp

iconitself.

With the limited time users spend choosing tght apresearchingnow
the visualcharacteristicof an appiconcan be effective mago some way to address
the apparent gap in te literature for app research and visual app design. Burgers et al
(2016) has beguhy investigaing whether the visual characteristicsf an appicon

influences consumer attitude and behaviour. The stuidyind that visual metaphor
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representedprimarily through shapes and figuresas frequentlyusedin appicons (N

= 249 of 50Q)Moreover, theapps that had visual metaphor in theoons were likely

to bemore appreciated and downloaded than those withoépps withvisual

metaphor weretherefore consideredo be more persuasive thathose without visual
metaphor.This line of research will be extended to the influertt the appiconQ a
colour and shapn this thesisit may be that figurative instances of colour and shape
are connected with tgher downloads; although they cannot be saicctusehigher

downloads as there are many other factors at play for why consumers download apps.

2.3. The Effectiveness of Colour and Shape in Visual Search

In the followingsection | argue that to undetand the impact of colour and shape in
appicons, it is fruitful to look at the psychological literature on visual search, and the
role of colour and shape in directing attention. To understand thispneex to

consider what it is people look at in apgons when browsing the app store.

Visual search isart of everyday computer ansimartphoneusage(Kieras &
Hornof, 2014). People engage in visual search when they are looking farfitasir
computer, apps on their smartphone, or products when browgsinline stores.For
the majority of the time, smartphone users discover apps through proactive app
search, with 40% discovering them via the app store (Google)2®earching the

app store als@ccounts for the majority of app downloads, puttingsthe leading

'D223tS8SQ4 6Hnmpy YSGK2R2f23& O2yadAddziSR | &adNBSe
users aged 184 years betweern 2" September and 79 September 2014.
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source of app discovelynobileCore, 2016 Consumers can procesgarmation taken
FNRY | LINPRdAzOG QA | LIS NI yOS SAUKAY aSO2yR:
Hansen, Pracejus, & Gegenfurtner, 2008wever,in order to be noticedthe app

first needs toattract consumerattention.

TheGoogle Play Stor@nd theApple App Storare the two largest app markets
available to smartphone users. Boasting 5 million apps between them as of September
2017, the number of instore apps ha®gn considerably since both their launches in
2008 (Gage Kelley et al., 2012; Statista, 2017a,@ire to the sheer amount of
apps available, these online stores adremely competitivenarkets.Making a
product stand out in a crowd is one of the maimallenges companies fad@rimary
visualelements2 ¥ | LINE R dzO guohasts caliLiS shaye, ¢n® SiZare
particularly effective at capturing consumer attention in competitarevironments
(Williams, 1967; Shen, Reingold, Pomplun, 2000;amM#i& Reingold, 2001; Pomplun,
Reingold, & Shen, 2001; Kieras & Hornof, 2014). During visual searchelimesats
cue the next eye fixation and engatie attention on the target object(Findlay &

Gilchrist, 2003)These findings suggest thatthe colduy’ R a K| LJS 2F |y | LJJ
appearancecaninfluencehow a consumeselectsan app to download. Mre

confirmatorytestingof colour and shape in visual searchranbile devices is

required, in addition to computer monitors, before tineffectiveness isonfirmed

(lvory & Magee, 2009).

Colour and shapeperate differently within the visual system, and have

different effects on consumer3he highest visual acuitf colour, shape, and size is

19



achieved when they are perceived in the centrm of gaze (fovealision).However,
once the eye moves away to another target, the shape of the object quickly becomes
unavailable for recall. Yetplour can be perceived in the periphery (parafoveal vision)
far more reliably tharthe shapeor sizeof an object, and can b&ccurately identified
within 500 milliseconds at eccentricities up to 50 degrees (Hansen, Precejus, &
Gengenfurtner, 2009; Kieras, 200®)oreover, consumers remembéron colour

palettes better than their shape (signs.com, 20XZ)lour is therefore paitularly
effectiveat capturing attentiorand being remembereth competitive environments

when there are multiplgoroducts vying for attention

Colour palettes are usday companies taot only improve the visual
O2KSNByYyOS 27F (KS Adsntd dydabafatibas acrddsiniukipled A O 0 dzi
products and associate them as the same brébdye, 201). Colour coding isery
effective in search and identification tasks, particulavlyen it involvesnultiple and
varied stimuli, compared toodes involvingjeometricshapes letters, or numbers
(Christ, 1975; Sanders & Kormick, 1993)The olour of an app icoms useful as a
brand identifier as itcan be perceived even in the periphery, and encode key values
about the app consumers can decipher evmfore lookingat the productdirectly
(Jackdaw, 2016Y.he advantages of using colour to capture consumer attention mean
that consumers can process their options more efficiently such that it eases their

product selection process.

Some brand competitors emukasimilar colour schemes of reputable brands

in their own product designs, which operate astaategic attention distracterand
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misdirectconsumer attention fromthewell y2 6y o N} YR G2 | 02 YLISG/
(Ludwig & Gilchrist, 2002). By associategserknown products with reputable

brands through theuseof similar colour palettes, competitors can draw on the

O

4dz00SaaFdzZ oNlyYyRQA NBLMzil GA2Y YR ljdzk £ A GA ¢
Often, competitors offer their product at a considerabbyver price than the popular

brand, providing an incentive for consumers to opt for the cheaper option. Over time,

a market can become populated with similar colour schethas cangradually

become recognised as identifying a specific product categidsrefore, the colour

choiceof a productencodes a message about its categangl brand that can relate to

multiple productsd & S'S . nhytNifi rieSrings2.1).

2.4. The Role of Colour and ShapeCategorisation

Most marketplaces organise products byicE 32 NB (2 AR O2y adzy SNAQ
store and to allow them to evaluate products alongside competitord makemore

informed purchase decisions (Kumar & Noble, 2016: 391). The products of a specific
category often have similar visual elements irithtdesign that identify them as

belongingto that category. These recognisable viseleimentsmay have originated

for a number of reasons. One probable explanation is that certain vitemdents

have beerused by a successful product or brand initialyd then imitated by

competitors in an attempt to capitalise on sales. Tgegpetuatesthese visual

elementsfor a particular type oproduct and results in their conventionalisatias

denotinga product category
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Garber (1995656 definesvisual typcality astthe look or appearance that
most consumers would associate with a product category, and by which they identify
brands that belong to the categagl. y 2 (0 K S NJ ¢ 2 NdRgpEtatiOrbfad dzy S NA Q
LINE R dzO (i chaiactériatissuayins to take othe meaningof a particular category.
Consider the following examplan the UKstill water is typicallysoldin a bluetopped
bottle; whereas sparkling water is typicadlgldin either a red or greentopped bottle.
In their study of these products aride colour and shape dheir packagingNgo,
PiquerasFiszman, and Spence (2012) found that participants associated still water
with the colour bluecompared tosparkling water, which was associated with blue,
red,andgreen. The association participaritad with the colour choices and the two
different types of water products matched the visual typicality these products have in
the market. Assugii KS O2f 2dzNJ OK2AO0S&a | NB aSSYAy3dt e
expectations of water product design and medmat participantscould relate the

colours to a specific product type or category.

Products areeasier tocategoriseaf they look like other productef the same
category(Loken & Ward, 1990LConsumers tend to buy products that resemble
attributes that ae typical of a specific categqryarticularlywhen making low
involvement purchasesince more distinctive or complex designs requires more effort
to process (Hoyer, 1984Yisually atypical productsan receive very different
responsesVisually wvel ordistinctive products can engage consumer attention and
encouragehemto identify why it appears different antb which category it might

belong to(Schoormans & Robbet997 Rindova & Pekova, 200An atypical
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more likely to be considerenportant by the customer (Sujan & Bettman, 1989n
the other hand, &picaldesign that is too different or too complean confuse
consumers and make it difficult for them to mgniseor categorisea product (Kumar

& Garg, 2010; Truong et al., 2014)

In order to stand out from other products, LINP appe@rdntedhas to strike
a balance between visual typicality and visual complexity such that the product
appears slightly disctive in some aspects of its designmencourage consumer
engagement but not so different that it is too hatalinterpret information about it. It
isfindingthe right balance that makes market research important and impactful in
businessEstablishinghe typical (frequent) and atypical (infrequent) colours and
shapes of smartphone app icons in the corpus analysis of instore apps provides the
means to compare how participants respond to colshape combinations in app
icons tested in the smartphone esresponse study with regard to their typicality. The
resultswill consider the impact visually typical versus visually atypical colours and

shapes ofpp icons instoréave on smartphone users.

2.5. Symbolism: The Figurative Meaning of Colour and Shape

This section will focus on the figurative meanings of co(g2r5.1)and shapg82.5.2)

that may informtheir rolein app icons.
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2.5.1. Colour and Symbolic Meaning

Different colours are associated with different meaningsiny semioticians and
metaphorscholars have studied the varied meanings of eole.g.Pepper, 1995
Labrecque & Milne, 2012), which are often driven by associations withwesddl

entities and experiences (Kressv&n Leewuen, 2002jttlemoreet al.,forthcoming).
Colour associatns innature aid the idenfication of an object or animal (Swain &
Ballard, 1991). For example, certain coloured pigments can index danger or a warning
(e.g. yellow and black stripes on wasps and bees), or enticement for sexual selection
(e.g. coloursleemed alluring byspecieghat attract a suitable mate)Colour can also

evoke affective valuethrough cognitive associatiorfgable 2).

Table2: Summary of theognitive associationsf colour

(adapted fromlabrecque & Milne2012 and multiplecrosscultural studie$

Colour Cognitive Associations References (A7)
Red Excitement Bellizzj Crowley, & Hast{1983)
Arousal Clarke & Costall (2007)
Active Crowley (1993)
Strong Fraser & Banks (2004)
Happy Gorn et al (1997, 2004)

Hevner (1935)

Murray & Dealgr (1957)
Walters Apter, & Svebakl982)
Wexner (1954)

Wilson (1966)

Green Nature Clarke & Costall (2007)
Security Kaya & Epps (2004)
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Blue Competence Fraser & Banks (2004)
Intelligence Hevner (1935)
Trust Mahnke (1996)
Efficiency Wright (1988)
Duty
Logic
Calm
Serene
Sad
Dignity

Yellow Sincerity Clarke & Costall (2007)
Optimism Fraser & Banks (2004)
Extraversion Kaya & Epps (2004)
Friendliness Murray & Deabler (1957)
Happiness Odbert, Karwoski, & Eckersdt942)
Cheerfulness Wexner (1954)

Wright (1988)

Orange Excitement (less so than red Mahnke (1996)
Arousal (less so than red) | Wexner (1954)
Lively
Energetic
Extroverted
Sociable

Purple Luxury Fraser & Banks (2004)
Authenticity Mahnke (1996)
Quality Murray & Deabler (1957)
Dignity Odbert, Karwoski, &ckersor(1942)

Wexner (1954)
Wright (1988)
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Black Sophistication Fraser & Banks (2004)
Glamour Mahnke (1996)
Powerful Odbert, Karwoski, & Eckersqi942)
Dignity Wexner (1954)

Wright (1988)

White Sincerity Clarke & Costall (2007)
Purity Fraser & Banks (2004)
Cleanness Mahnke (1996)
Simplicity Wright (1988)
Clarity
Peace
Happness

Brown Seriousness Clarke & Costall (2007)
Reliability Fraser & Banks (2004)
Support Mahnke (1996)
Ruggedness Murray & Deabler (1957)
Nature Wexner (1954)
Protection Wright (1988)

Table 2demonstrateshow each colouiis associated witimultiple meanings
Golours hold so many diverse meanings simultaneously sbatetimespeople find it
difficult to assign specific meanings to isolated patches of colour without context
(Whealy, 1973; Hine, 1995: 216 For example,te colour green can represent the
colour of naturethrough its relation to the environment, signifying concepts including
growth, organic, andhealth; however, it can also represent the opposite, such as
illness Kress & Van Leeuwen, 2002: 354)s the context in which it is found that

gives green its specific meaning.
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The meaning of colour caalsovary considerably across different cultural
contexts (Adams & Osgood, 19R8adden, Hewett, & Roth, 2000yor exanple, while
the Western spherassociatehe colour white primarilywith purity, and sometimes
yellowwith hatred, Chinaassociateghese colours with righteousness and
trustworthiness respectively (Bal, Omar, & Murad, 2011Fome colours however,
havesimilarmeaningsacross culturegJacobs et al., 1991). For instanced is
SPF fdzr 6 SR I & caldir® f Y208 0 |+ WIRO (BANBSQ@nd Mask Y 2 &
meaning¥ o I Ry ShitedoddiyesEin multiple, different countries (Adams &
Osgood, 1973)lo control the potential of cultural differences in colour meanirng t
thesisanalysedapps accessed from the UK andehative speakers of English to

evaluate themin the smartphone user response study

Interestingly,Dogruel, Joeckel, and Bowmar®{®) suggest that app markets
have very few crossultural differences in structurandfound that the cultural
background of participants did not significantly impactithegppevaluationin their
study. Howeverthey did not look at the visual impact appicons specifically. sther
studies should conduct app research in different countries to test whether there is any
culturaldifference in the meaning and impact of colour and shape iniepps on

consumer understanding, attitude, and behaviour.

2.5.2. Shape and Symbolic Meaning

Similarly to coloura product) shapealso drives inference®ichter, 1971; Spence,

2012; Truong et al., 2014). These inferences can be informed by existing associations
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with objects in our environment. For examp&chweppdDrangina drink imitates an

orange fruit's textural exterior, being round with pimpled skin, in the appearance of

0 KSA NI o2 lfigdreDOTherdagedetv Afyany)ddrinks brands that have similar

bottle designs to Orangina, which makes the desigtinctive in the market. As a

NBadzZ 6§ hNIYy3IAYlF y20 2yfeé KFa ' AGRAFTFSNBYI
also informs the consumer of what type of drink it is and what it contains through the
0200Gf SQa | LIS NI yOS oyISMg 2R SmsioEmyhyiapy S& H T n(
connectthe form of the bottle to an orange or citrus frulbhape for Fruitin doing so,

it transfers the qualities of the fruit (e.g. high in vitamin C, healthy, and natural

ingredients) onto the product itself to indirectbfaim that Oragina also has these

qualities.

Figure 2 Schweppe<Orangina drinks demonstrate thersétic use of shape in the

appearance of its bottle design (Orangina.eu, 2019)
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The symbolieneaningof shapesan be informed bgocial, culturaland
environmental contexts. Shapéisat have hard, anguldmes and edges, such as
squares and rectangledpminate the form ofour buildings, cities, and roadmdsene
important mechanical, technological, and constructiofuaictions incivilised sciety
(Kress & Van Leeuwen, 2008nhgularformsand geometric shapes such as squares,
triangles and circlesre ofteninterpreted as bei@d qudsiscientifi€and ¥hechanical
(Mondrian, in: Jaffé, 1967: 585) and associatewith technical and digitalipperated
objectssuch asmartphoneqCreusen & Schoormans, 20053¢guerasFiszman et al.,

2010)

Shapesre also attributed affective meangs whichcan have an emotional
impact on consumers3abo, in: Nash, 1974: bHevner (1935) discovered that
participants evaluate circles, wavesand curvesasserene, graceful, and sentimental
Contrastinglysquares anéngles werghought of asrobust, vigorous, serious, and
dignified.Geometric shapes such as squares, circles, and triangles have specific values
attributed to them.Sjuares can represent honesty and straightforwardnessles
connote endlessness, warmth, and protection as theyraoee selfcontained and
triangles convey generative power, action, conflict, and tension, which may be partly
due to their role in road warning signBdgndis, 1973: 44fhompson & Davenport,

1982: 110Kress & Van Leeuwen, 2006)54

Linesoften indexmetaphorical meanings accardy to their angle, orientation,
height, and resemblance to rounded or spiked surfaces (Poffenberger & Barrows,

1924; Hevner, 1939WcCloud, 1993: 125; Horn, 1998: }4For example, Poffenberger
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andBarrows (1924) found that ampward orientated line indexed positive meanings

such as merriment, joy, and ambition; whereas its downward orientation indexed
sadness, relaxation, or faintness. Theseaningsare reflected in the conceptual
metaphorsgood is upandbad is downas in prasescheering umndfeeling down

which relates verticality to goodness such that elevation is conceptualised as a positive
quality and demotion as a negative qualigtvecses, 2002: 40; Lakoff & Johnson,

2003: 18) Although these metaphors are not et on resemblance, they

demonstrate how the meaning of shape can alseaaorelatewith our cognitive
associationgnd experienceBeing that these meanings are evident across research

fields shows that theerelationscan connect across different modesdsign systems

Many studies have appligtie meanings ofines andformsto typography Van
Leeuwen, 2006yVilliams, 2008Hyndman, 2016 Typefaces that use pactilar forms
can elicit symbolicaffective and cognitiveneaningghat enable companieto
communicate core values about their brand (Van Wagener, 2003; Lupton, 2004;
Machin, 2010). Text and its typography is another kind of visual communication
However,humans comprehend more information from perceiving purely visual stimuli
(e.g. colour, Bape, size, and motion), than reading text, with our brain receiving 8.96
megabits of visual data with the eye per second compared to only 0.000082 megabits
of textual data (Koch, 2006)Vhile textand typography are observed smartphone
appicons inthe thesi<xorpus studythe analysis focuses on tleelours andshapes
represented in thacons and the nature of their form; for instance, if thaye: (1)

hard, angular forms(2) soft, rounded formsor (3) a hybrid of the two. The
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smartphone user resp@e studyassesses how smartphone usessluat thecolours,

shapesand form ofappicons.

2.6. TheAesthetic Value of Colour and Shape in ProdDetsign

Il LINPRdzOG Qa | Sa i K SdedAved frént seaia§ the\pgoduit vihouy LIE S |- &
considerationof utility" (Holbrook, 1980Creusen & Schoomans, 2065). The

aestheticvalueof a product was mentioned the most over othlesof product

I LILISE NI yOS o6& LI NIAOALIYyGa Ay [/ NBdzaSy FyR
participants 65% N =92) based theirproductchoice onits attractiveness

Interestingly, attentiondrawing products were considered less attractive to

consumersThe aesthetic valuef a productcan vary according to a number of
factors,includingthe context in which a product anitk visual elements are found and
assembledWhitfield & Wiltshire, 1983)and an individu® age,experienceand

personality (Block, 1995 hese influential factors are discussed in turn with respect to

the aestheticvalueof mobile devices and apps sections2.6.1and 26.2.

2.6.1. App Complexity: Keeping it Simple

With the evolution of smartphone technology, mobile devices are becoming
increasinglymultifunctional and consequently their design is changing. Smartphones
can accomplish ever mor@mplex tasks, similar to the capabilities of personal

computers, which can lead to them having more complex designs. Many people find
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the functional and visual complexitf hightech products intimidatingFeldman,
Mppp 0P ! LINE RdzO i Qnite hov daiSumeds gvahfite i lergondmye F £ dzS
value and determine its ease of use; a simple design may suggest that the product is

easy to use, while a complex one infers that there are multiple facets to the product.

Theiconacts as a visual representatiofian app, and if this is too visually
complex then it can bdistracting,confusing, and require too much cognitive effort
for consumers tadentify andprocess (Sanders & McCormick, 1p@mplicated
logoscontaining lots of detail and different shapage less likely to be perceived at a
glance and are also harder to recall (signs.com, 2017). Congplesmay not
sufficiently engage or motivate consumers to inquire furth@nsequently the app

may miss out on being selected and considered for dowdloa

Previous research has found that it is possible to package a large amount of
information into a simpléconand logothrough the effective use of colour palettes
(Labrecque & Milne, 2012; signs.com, 2017), recognisable shidpatspurelakis &
Choriampoulos, 201, and by utilising semiotic sign systems (e.g. metaphor in
Burgers et al., 2016). Apps that are visually simplistic are more perceptually fluent and
are considered to be more truthful, likeable, and reliable (Reber & Schwarz, 1999;
Schwarz, @04; Oppenheimer, 2006, 2008)deed, many apjcons have been
redesigned and simplified to contain fewer visual details, emphasising primary or

related colours, and displaying basic geometric shajesds & Horngf2014).

One component of visual comgity is the interplay of different colows when

presented togetherThe ease with which consumers can perceive combinations of
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toward it. The more cluttered the environent, the moreeyefixationsare required
and thelongerthe procesgakes for consumers to searclor and find suitable apps to

download in the app storéKieras & Hornof, 2014).

Colour discrimination can be affected by the surrounding environment,
including the close proximity of other colourSertain colour combinations with
limited contrast between them, such as red and blue, can become particularly difficult
to see.Different colours vary in theneadability, from the easiest to hardest: light
blue,dark blue, green,ad, and yellow (Schwarz, 200€plours are often better
perceived if their combinations with other colours are able to preserve the colour
identity of a product, even in different lightingRheinfrank, 1984; Julier, 2000
Maximisng colour contrast between elements dte designcan help improve colour
discrimination, with red signalling marked advantagever runnersup green, yellow,

and whiterespectively(Reynolds, White, & Hilgendorf, 1972

According to Labrecque and Milne (&), the majority of modern apgons
consist of a single colour or one dominant colour with a subordinate accent colour,
and at most use three main colours that are often red, blue, and bleoky suggest
that colourful appicord A YLINE @S O 2ptioa oizexSithidet arld)S NO S
competence of the productColour contrasts in app icons with minimal different

colours may help consumers perceive the app more easily in a crowded app store.
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2.6.2. The Effect of Agand Experienc®n AestheticValue

Theage aml experienceof an individuaOl 'y Ay F¥f dzZSy O0S GKSANI SGI f dz
aesthetic valueMost studies involvingnobile devices have only considered the

younger cohort for participant sample¥et the age of the consumeran affecttheir

evaluationof mobile phonesand appicons (PiquerasFiszman et al., 2010;

Koutsourelakis & Chorianopoulos, 2QRiquerag-iszman, Ares, & Valera, 2011).
Youngermsers(20-30 years) prefedevices with touchscreen or slider interfaces with a

straight top and rounded edgs; whereas older use(85 years and above) prefer

folder-type devices with straight edges and square central buffigqueras-iszman et

al., 2010)Younger users also hawgore terms to describe mobile devices than older

users suggesting that the formrecohort are more aware of the multifunctionality of

mobile phones and are more experienced in using the device.

Consumergexperiencewith mobile phone technologgffectstheir product
evaluation and purchase intentiorfKim, Lee, & Taylor, 2013). order to control for
individual differencesnithe thesi<smartphone user response studfne age of
participants their experiencewith apps (e.glength of smartphone ownershigpp
search and download habifs and their colour preferenceererecorded ad

balanced irthe sample
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2.7. Colour and Shape as\asual Language

Gestaltpsychologysupporisthe idea that visual elements can have meaning as

independent parts, but also as a whole (Koffka, 1988¢ss and Van Leeuwe2002,

2006)argue thatimages hael W@ A & dzl that cBristurescompdsitional

elements(e.g. colour and shapé)at, similarly to language, convey meaning both in
GKSANI LI NIa FYyR AY OGKSANI FaaSvyofl3aSe Ly 2/
in how these individual ghs can be used in combination with other signs to create

YSIYAy3Iddé dal OKAYZ HamcY HOO

The meaning of semiotic elements can vary across contexts and cultures
(Adams & Osgood, 197Bladden, Hewett, & Roth, 2000; Fakl Omar, & Murad,
2011). The variatiom what visual elements mean can be said to resenddécts
which reflect the differences in the context and culture of the people who use and
interpret it (Machin, 2016)However, as we have seensaction2, visual codes have
common relations betwee form and meaning that are conventional, correlational to
our experiences, and resemble aspects of the environm&lthough visual language
is not universally understood, the evidence that visual semiotic elements, such as
colour and shape, can be sinmilainterpreted by people sometimes from very
different backgrounds and in different contexts shows that these elements can

O2YYdzy AOIF0S SOUSYRARDNB®EARKSAS WOA adz f

Dillon (2006, cited in Machin, 2016: 188) proposes that whether or not there is

VAddzZ f fAGSNIO8 GRSLISYRa 2y gKSGKSNI 2N y2i
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Even viewing the world around us teaches us codes that can be applied to other

aspects of fe andare used to interpret their meaninglherefore dthe designer can

NEfeé 2y | oNRBIFRfeé& akKlFINBR (y2sfSR3IS 2F OJAac
LIS2LX S (2 O2YYdzyAOF (S AYyF2NN¥YIGABy | o2dzi GF
market (Machin, 2016xi). Similarly to spoken language, visual codes and their

meaning can evolve (Chandler, 2017: 219). In the media, advertising, and especially

online marketing, faspaced business demands ideas to be distinctive, at least slightly,

from common conception NJ O2y @Sy dA2ya Ay 2NRSNJ (2 RNJI
the product (seevisual typicalityin 82.4). As such, @lour and shape are observed with

regard to how they communicate information about the app and also draw attention

to it.

Machin (2016) pointswt, however, that if visual communication had a
grammar, it is likely to operate on different parameters to spoken and written
language. Applying a grammatical concept so close to spoken and written language to
visual language may not reveal the importaveys visual elements communicate.
Although the grammatical parameters of spoken or written language may not
comfortably describe visual language, the ways in which even the most abstract of
visual elements can convey common meanings on their amdtogether show that

they can be a part of a visual language that ultimately aims to communicate.

Onekind of visual grammar is how shape acalourplay together Golour and

shape have their own meanings and are key semiotic resources for product designers.
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However, colours and shapes cannot survive in isolafitmness & Van Leeuwen, 2002:
351).Colourcannot exist without resembling sonfigure or another, andchor cana
shapemanifest itself withot exhibiting some sort of huéndeed, visuaélements

such as alour and shapere observed and experienced togetherthe real world

(Findlay & Gilchrist, 2003yherefore it cansometimesbecome difficult to determine

which evaluations correspond to which elemén® | LINE Rqir€coloudor iRS & A 3y
shape(Hevner, 1935)While | recognise thatolour and shape can communicate

their own way information about a productheir synergetic meaning will also be

considered when analysing the potential meanings conveydaeawisualdesign of

smartphone appcons.

2.8. Thesis Outline

Taking into consideration the existing research on visual semiotic elements colour and
shape discussed above, this section will outlinedgkeaeralaims and research
questions of the thesisSpecific expectations for studies 1 andr2 refined duringthe

analysis.

First, the thesis aims to explore how visual semiotic elements colour and shape
are used in smartphone appons to visually represent the viral product of
smartphone appso develop the limited scholarly research ofwal semiotics in
virtual product desigrand builds on research physical goodsfoodstuffs, and

packaging/ NBdzaSy FyR {OK22NXIYaQ ounnp0 LINERAAzO
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the semiotic analysis of colour and shape in aams to guide the expl@ation of how
these visual elements convey meaniii@pe kinds of forms (e.g. hard, soft, or hybrid)
used in appcons arealso analysed to determine whether they ¢ohute to the
meaning conveyedvisual semiotic elements colour and shagre part of a \sual
language and so must be observed how they convey meanindependently and
together in appicons to ad the construal of messages about the app.

Second, the thesidgrasto observe whether colour and shape in smartphone
appicons have any impact otie attitude and behaviour admartphone users to
developresearch on virtual products and online stotbat has been less widely
studied than pysical productand offline stores (Oswald, 2012)\sstudiessuggest
that many purchase decisionsare madéo 1 KS o6l aAa 2F (KtS LINE RdzC
colour and shape in particulgthe impact of these visual semiotic elemerus
consumersare measured by the amount afownloadsand evaluationgn app
receivesrom smartphone users the Google Play Storst(dy 1) and in the

smartphone user response study (study 2) respectively

Advertisements that contain figurative messages (including symbolic, iconic,
and indexical meanings), are more likely to be appreciated by consumers as they
require more decodinghan literal messages (Van Mulken, Le Pair, & Forceville, 2010;
Littlemore & FRrezSobrino, 2017)indeed, Burgers et al. (2016) found that apps that
had visual metaphor in theicons were downloaded and appreciated more than apps
without visual metaphoin theiricons. Therefore,apps withinstances of colour and
shape that convey figurative messagee expected tdhave a connection withigher

app downloads than those withouYet because humansterpret signs all the time
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andcoloursand shapsare considered as decorative embellishmendsher than signs
necessarilythey may noteceive as high eatings from smartphone users when they

evaluateappicons with various coloushape combinations the response study

Figure 3:Summary of thesisimsandresearchguestions

The thesis aims to investigate:

1. How visual semiotic elements colour and shape are used in smartphong

icons to onvey meaning about the virtual product.

2. Howolourandshapd y aYF NI LIK2y S | LI A 02V 3

attitude and behaviour by measuring their connection with app downloag

instore and observing how smartphone users respondgpicons with
various colourshape combinations.

Research questions:

1. How is colour and shape used in smartphone app icons?
a. What are their roles in app icon appearance?
b. What meanings do they convey individually and together?
c. What forms do they take and does it complemengithmeaning?

2. Does the colour and shape (and form) of app icons have an impact on

consumer attitude and behaviour?

a. Do they have a connection with app downloads?
b. 52 (KS& KI @S +y SFTFFSOG 2y avl
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3. Methodology

In order tofulfil the aims of the thesiggne mustfirst look at what appcolours and
shapesare commonly used in the market, whether thareassociag¢d with specific
app categoriesor functions, and what roles they play in app icon destggcond, how
colour and kapeaffect potential consumermust be consideredrhese are

investigated through two studies.

Semiotic research is largely qualitative duectmtextual factors ensuing its
variabilityin meaning but ih & iaop@patibleg A G K ljdzr yOGAGF GA DS
(Chandler, 2017: 168Jheanalysis oftwo studies involved a mixed methedpproach
to minimise extrapolatingrom the data(De Fina & Georgakopoulou, 2012: 85;
Hashemi, 2012)n sctions83.1and83.2, I detail the desigrand procedurefor studes
1 ard 2respectivelyA full ethical review and approval was received priodéba

collection and analysis.

3.1.Study 1: Corpuénalysisof Smartphone Apgdcons

3.1.1.Corpus Compilation

The app market is aexpanding and evolvingnline environment. Conifing a corpus
of smartphone appcons provides arealworld snapshot of the markethat is nore

representativethan case studies or selected examplesgy(Pérez-Sobrino,2016h. A
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corpus of 250 apps wamllatedfrom the Google Play Storaccessediathe same
Android Samsung Galaxy A3 (2016) smartphénetal of500apps were periodically
screenshottedbn 25th January 2018 between 10.00 and 16.30 @&#ih the top 100
NI} y1SR Ll Ay (KS fopé&aghldf trefikd apdtaiegdpes:t 2 LJ
GCommunication,Health andFtness,Productivity, Social, andTools. Screenshots
captured apps up toank1000n the rank pagéor each category, of which 50 apps
from each categoryere analysed in the corpus.frther screenshotecordedthe
individual gop information pagefor each of the totab00apps of which %0 apps were

analysed in the corpudigure 4.

z
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All app screenshots were saved secuasiyl the gop data was recorded in a

spreadsheettéble 3.

Table3: App data recorded from app rank page and app information page
screenshots

Data V / From > Rank Page | App Information Page Comment

Rank Nimber J

AP Name 4 4

AppIcon J J

App Designer J J

Short J Default display

Description

Function J Informed by short
description

Downloads J Record number

Average Sr J J

Rating (ASR)

Reviews J Record number

Additional J YA LILJ  LJdzNI

Information WOy il Aya
WSRAG2NAEQ

Preinstalled apps on Android smartphones ($ystem apppwere excluded
from the corpus because they have artificially high numbers of downloads and are

more familiar to smartphone users. Only neystemapps were analysed in the
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corpus Apps that appeared in more than one category were analysed once in the first

categorythey appeared in alphabetically

The higher rank numbeaf appsdoes not guarantee higher downloads. Google
ranks apps usingmealgorithm that accounts for multiple factors including: the quality
and quantity of user reviews; the number of keywords in each review; the frequency
and recentness of reviews written; the historical success of the app develbger;
keywords in the apmame and descriptiorthe star ratings; andhe downloads
(installs and uninstalls) across the app store and mobile web s¢@ecis, 2013

Zolotareva, 203; mobileCore, 2015).

App downloads and average star ratings adicativemeasures of pp
populaity. Downloadratesand average star ratings relialkpgsitivelycorrelate with
each other(rho= 0.18p <0.003); &indingsupported byBurgers et a(2016).
Downloadratesand average star ratingaay besimilar measurs for app popularity;
however,average star ratingare given to appsncethey have been downloaded and
experienced by the consumer. Theerage star ratings more indicative of the
O2yadzYySNRa Sg@I firderndl edigh ard BperatkeSfeatureBoithipad
ratesare consideredo be more indicativea measure forthe connection between the
initial impactof the appand consumerpurchasgand may bemore informativefor the
commercial success an app As such, dlecided to only report downloads as an
indicative measure of appgpularity in this thesis. It isoted thatcorrelationbetween
visual elements and download ratesnot causatiofbecauseother factors may

influence a consumer toanload an app (as discussedgia.2). Therefore] only use
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app download rates as an imwditive measure for the impact of colour and shape in

appiconson consumer behaviour

3.1.2. ChoosingApp Categories

Colour and shape are useful in categorising products or identifying b(gadb. |
studiedapps from five different categorige see vhether particularcoloursandor
shapes were associated with any particular app categdiye five chosengp
categorie§Communication,Health andHtness,Productivity, Social, andTools) are
dominant categories in the app markand represent a range d@inctional complexity
typesthat require increasing degrees of consumer engagen(iglsen, 2014;

Google, 2015)

Dogruel, Joeckel, and Boy' I y O HAnmMp 0 &dAf@gh&iand GKF G |y
complexity may have implications for how consumers perceive and cartbieim for
download, with functionally complex appsoeiring more elaborate decisiemaking
processesProductivityand Tools appkave more discrete functions, meaning that
they fulfil a specific action or tasknd are therefore perceived as beimgpre
straightforward in operatior{Hartmann, 2009). Communication aSocial apps utilise
internet-based interactins thatrequires direct engagemenkFinally Health and
Fitness appsequire activephysiologicaengagement that rangefrom guided
meditation © tracking running activity, encouraging users to engagshysical

activity external to the app
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3.1.3. Coding for Shape in Smartphone Afons

Initial observations of apjronsfound that colours and shapes pldifferent rolesin
an appiconQ éomposition.Arole hierarchy was formulatethat coded colours and
shapesaccording to whether they appeareasan outline, backgroundgeometric
shape,object,or text. Table 4explairshow each figurécolour and shapeyas coded

inthe appiconQa O2ahLJ2 a A U A

Table 4 Coding pocedure for theaestheticroles offigures inapp iconcomposition

Definition

Outline Usually the outer shape of an apnthat traces around the

background, or a geometric shape or object

Background A large portion of thecon featuring behind a foregrounded

geometric shape, object, or text

Geometric Shapes | Either simple geometric shapes (e.g. square, circle, and
triangle) or complex shapes (e.g. arrow, swirl, and curved

line).

Objects The conic representation of a thing &t exists in the real

world (e.g. phone, envelope, animal, etc.). An icon is base
perceived similarity, resemblance, or imitation of the signif
with the signified, such that a picture of a phone resembles
physical phone (Hall, 2007).

Text Symbolc shapes that are numbers, letters, or wor&ymbols
have an arbitrary relationship between the signifier and
signified, and their relations have to be learned
conventionally (Chandler, 2017). Text was only briefly
discussed in the analysis due to theds®f the thesis being

on colour and shape rather than typography.
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focus of interest, known as thfeggure in Gestalt psychology; whereas the outline and
background appeared to sez as the visual setting of the icon, known as gineund
(Stevenson, 2014). Therefore, shapes with different aesthetic roles had different
salience in the icorWhen nultiple shapes appeared in an app icon, more salient
figures were determined by theirz. When shapes were equal in size but appeared in
different colours, those appearing on the left were prioritised over those on the right,
following the Western reading direction and giveaw image structure in advertising,
which suggests that consumeend to interpret text and shapes on the left before the
right (Kress & Van Leeuwen, 2006). If the same, egqaalbd shapes have the same
colour, these were coded as one shape only. The salience hierarchy applied for each

role shape played in app iconroposition.

The form of each figurerasalsocoded including hard, soft, and hybrid forms.
Hard forms have angular or sharp edges or ljrsdt forms have rounded or curved
edges or linesand hybrid forms constitute a mix of hard and soft for(figure5).
Circles and ovals were always coded as soft forms because thegivaeel ,rounded
edges; whereas other shapes were attributed different forms. For instance, squares
with sharp edges were coded as having hard forms, while squares with rounded edges
were coded as having soft forms. Shapes such as speech bubbles that had both

rounded and angular edges were coded as having hybrid forms.
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Figure5: Geometric shapes with different formeoim left to right

Circle = soft Square = hard Square = soft Speech bubble = hybri

=N

Figure 6: Two app iconsdemonstrate how each figure was coded for its aesthetic role

Truecaller: Caller ID and Dialer

<&—— Outline = circle (soft)
Object = phone (soft) Background = circle (soft)

Text Me — Free Texting & Calls
Third Shape = curved line (soft)

<—Background = square

First Shape = oval speech Second Shape = oval speech

bubble (hybrid) bubble (hybrid)
First Object = phone (soft) TextMe Fourth Shape = straight

Text = word (hard) line (hard)

Note: The third and fourth shapes were coded as such because the third shape
appeared inside a more salient shape than the fourth.

3.14. Coding for Colour in Smartphone Appgons

Thename and headecimal (#yalues of eacltolourwere recorded with the help of
Pixolot version 1.2.9EmberMitre Limited, 2018). Wheshapes had gradient ofthe

samehue, the shadecovering the majority of the shape was record&dr example,
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0O2s appiconhad a gradient of light to dark blue, which was coded as Higarg 7).
Where two or moredifferent colours were perceived as being a part of the same

shapeii KS O2f 2dzNJ 6| & InGfiagR@Rfigred). YWYAEQ 6S o3

Figure7: Gradient and mixed colour exampliEem O2and Instagram(left to right)

The colour nameBom Pixolor were later grouped into broader colour
categories: red, yellow, blue, grm, orange, purple, black, and white. Colours that
contained descriptive elements as part of their nameirolor(e.g. Light Blue 100,
Light Brown 500, Dark Blue 800, etc.) were classified as the main colour specified in
their name (e.g. Light Blue 10@tue, Light Brown 500 = Brown, Dark Blue 800 = Blue).
Colours with integer 100 or more were classified as being the colour corresponding to
their label (e.g. Red 100 = Red, Green 300 = Green, Blue 900 = Blue, etc.). Colours with
integer 50 (e.g. Red 50r&&n 50, etc.) were classified as white (#FFFFFF) because the
contrast of these shades were so slight that they still appeared vifnitee appiconto

the human eyefor example, the whitespeech bubbl®utline in the WhatsApjcon

(figure 8.
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Figue 8: WhatsAppicon exemplifiesan outlinehard to identify againsGoogle Play

Storebackground

WhatsApp

WhatsApp Messenger [
WhatsApp Inc.

w El PEGI3

Colours that did noincludethe colour category in their label were classified
accordingly: teal = green; cyan, indigo, and blue grey = blue; limeowyalhd amber
= orangeGrouping the colours into broader categories enabled an overall analysis of

their use in appcons and for comparisons to be made with previous research.

3.1.5. Interpreting the Meaningof Colour and Shape in Aggons

Once appcons had been coded in the corpus, the meaninghef colours and shapes
usedwere qualitatively analysednterpreting semioticeanoften be intuitive or
subjective and sat is important to have grocedurein order to pproachsemiotic
analysigo produce salient interpretationsAn eighistep protocol inspired by Beasley
and Danesi (2010: 24) wamployedfor the semiotic analysis of smartphone aijgpns

(figure9).
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Figure9: Protocol for nterpreting thesemiotics ofcolour andshape insmartphone

app icons (inspiredby Beasley & Danesi, 2010: 24)

Who or what created the sign (i.e. the addresser)?
What is the main underlying message being communicated?

What signs are part of the conveying the message?

0N PF

What aspect/s of the sign/s (i.e. the signijiés/are cueing the activation of the

meaning (i.e. colour or shape)?

o

What signified/s does this allude to?

6. What is the relationship between the signifier and signified (i.e. what potential
sign systems are at play)?

7. What signification system does it geage and how do the sign systems
interact?

8. How many interpretations (signification systems) are possible and can they be

prioritised considering the contexnd steps 12,and 3 for more salient

meaning®

For steps 6 and 7, the identification of the sgystem/s at play were not used as
definitive labelsbut rather as exploratory tools that aided the consideration of
different generative meanings, which enabled deliberation over the most salient
meanings with regard to contextual factor$eircean (198-1958) symbolic, iconic,
and indexical sign systems were consetkto interpretdifferent relationships
between the form and meaning of colour and shape in smartphone app icongZske
for definitions).Resemblance (physical and behavioural) and caticial metaphors
and metonymies weralsoconsidered to enlighten potential figurative raeings for

the use of colour and shape in ajgons (see82.1for definitions). Thehard, soft, and
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hybrid formsof figureswere analy®d in conjunctiorwith shapesn the icongo

interpret their potential meanings.

| N§dzaSy |yR {OK22NXIyaQ o6uHnnp0 LINRRdAzOG |
semiotic analysis of colour and shape in app icons to guide the interpretation of these
visual elements and explore thpotential roles they play in app appearangedividual
colours and shapes were considered in addition to their combination with other
colours and shapes during their corpus analysis so as to reach salient interpretations
for how these visual semiotic eteents create meaning not only independently but
also together as a visual language (Machin, 2016=@thermore discussinghe
results from studies 1 andt@gether in section Svas intended to providea more
robust interpretation ofthe use andneaningfor the colour and shapm smartphone

appicons and their impact on smartphone users.

3.2.Study 2: Smartphone Usd®esponse Study

The second studywasan online experimentisedto determine how smartphone users
respond todifferent colourshape commmations of appgconswith regard to their
attention-grabbing and aesthetic values and categorisattablé 1,82.1). The
experiment was designed witQualtrics(2018)andwasdistributed viaemail, social

media platformd~acebook, Twitter, and Linkedbnd Amazon Mechanical Turk.
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3.2.1. Questions

The experiment had two sections. The fihdomlypresented participants with 36
fabricated apgcondesignswith various colowshape combinationsParticipants were
askedto evaluate thesecons on theirdistinctivenessvisual appeal, antpicalityfor
five app categoriesCommunication,Health andAtness,Productivity, Social, and
Tools. These threeevaluation questions tested three main roles of product
appearance: attentiorgrabbing, aesthetic, and aagorisation {able 1,82.1). The
iconQd RAAGAYOUAOGSYySaa | yR-pé@mistaldrom 1l LILISEE g1 &
(generic/unappealing) to 7 (distinctive/appealin@r a similar design, segoble,

Bing, & Bogoviyeva, 2013aW Mulken,Le Pair, & Forcevill€010: 3423). A third
guestion asked participants to rate how typical tisenwas for each of the five app
categories (aforementioned) by ranking them frdnfmosttypical)to 5 (east typica).
The question aimed to establish wheth@nartphone users uisethe colour and
shapeof app icondor app categorisatioigsee82.8for more informatior). The second
sectionof the studyasked participants for general information: age, gender, native
languageand ethnicity colour preference, smartphone ownershgnd appsearch

and download experience.

3.2.2. Stimuli Design

The 36 fabricated apiporda ¢ SNBE RSaA Iy SR (2 F20dza LI NI AC

colour and shape of theeons presented in the experimerisee appendix 187.1).
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Following the shift toward siniistic appicondesign in the app market, the stimuli
used primary and secondary colours from thegmint RYB colour whesaled, yellow,
and blue primary colours, and green, orange, and purple secondary cpsoarbasic,
geometric shapem hard and sti forms: oval(soft only) circle(soft only) square
(hard and softsee templats in appendix 2&7.2), and trianglghard and softsee
template appendix 387.3). These visual characteristics of app icons presented to
participants allowed me to tesor whether the colour, shape, oform of app icos

had anyinfluence on smartphone user evaluations.

Hexadecimal values werngsedto replicate the exact colour for the stimuli
when viewed onscreen and to enabieplicaion in later studies (RapidTables, 2018).
Thestimuli adhered tothe gandardised Google Play Stordimension requirements for
appicons,6 SAy 3 y2 Y2NB (i Kdndwetddisplayédiasppréximatelyn LIE Q
128px by 128px to emulate the size in which they would normally be perceived in the
Google Ry Storeg(Peris, 2013)Theicons were createdvith Paint 3D(Microsoft

Corporation 2018).

Colour detection can be difficult with shadowing and background noise
(Sanders & McCormick, 1993; Su, Fang, & Zou, 2016). The same background colour as
Google Pha Store was used for the experiment (#FFFFFF) to simulate the environment
participants would normally perceive ajgons, and to control for the influence of
visual background noise. Smartphone and computer screens can also adjust screen

brightness withouintroducing shadowing or background noise effects.
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Reductions in visual acuity and contrast detection, or its degeneration, can
impact how accurately the colour and shape of objects are perceived by reducing the
guality and quantity of information thas received, particularly in older consumers or
those with impaired vision (Sanders & McCormick, 1993: 99; Schwarz, 2004).
Participants with colour blindness and/eision impairment without correction (i.e.
without the aid of glassegontact lensesor laser eye surgepycould not complete the
experiment. Those with visual aids or corrections were accepted because their visual

acuity and contrast detection nk@sthem visually able (Sanders & McCormick, 1993).

3.2.3 Pilot Study

The online experiment wapiloted with four native Englisspeaking smartphone

dza SNB® ¢KS SELISNAYSY(d o61a&a aK2NISYySR | 002 NJF
length by removing colours white and black for the final version in order to lessen

participant fatigue effects (Day at., 2012), whiclalsomay be stronger in internet

based studies (Savage & Waldman, 2008).

3.2.4. Distribution

The final experiment was distributed via email, social media platfdtatebook,
Twitter, and LinkedIlnand community postingdenceforth ESCand Amazon
Mechanical Turk (AMT). Firsfh anonymous URlb the online experimentvas sent
via email to undergraduate, Master's, PhD, and distaeeening students after

permission was granted from thelevant email administrators
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Most studies inestigating mobile devices and applications hangy
considered the younger cohort for participant samplasd relying solely on these
email listsfor study 2would have gathered a large youth sample. Therefore, the
experiment was also distributed amoniget researcher's social network, community
postings, via facéo-face solicitationsimilarly to Ngo, Piquerasiszman, & Spence,
2012) and Amazon Mechanical Turk, which, in all, constituted a more diverse
participant demographicd ! YI T 2y a S O ®MT & élofilinecrozd3ourding
service where anonymous online workers complete vased tasks for small sums of
Y2y Seé¢ O/ NHzYLJZ a O5 2 ylyaStidhbie cammDnizNBnSlstsioBas
more diverse demographic from various cultures, althoughrttegority are from the
US and reflect the characteristics of the interaesting population (Goodman &
Paolacci, 2017)Vorkers were given 4.50GBPpayment for completing the

experiment.

3.2.5. Participants

Participants had to be aged 18 yearsover,fluent in English, visualBble(i.e.not
colour blindor without necessary visual gicand a smartphone uséo complete the
experiment These criteria ensured that the experimetthered to ethical guidelines

andthat participants wereable to comprehad the questionswithout difficulty.

A total of59 suitablecomplete responses were receiveahd3 were discarded
due to not meeting the criteridAll nonnative speakers were excluded from analysis.

The responses received were fr@f females, 19 males, and 1 gendeundisclosed
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participant, ranging from 18 to 70 yead = 37 yearsSD= 1436). Participants owned
asmartphone for an average of 7 years (ranging from 2 to 10 y&ars 2.35.2

Android was the most popular operating system (OS), usetBbly of participantd\ =
37), followed by Apple (32%}= 19), Windows (3% = 2), and Amazon (2%,= 1).
Participants repored a range of search habits for apps from different categormds (
square test of independence: & 33.89df =20, p = 0.027figure 10). Participants
reported searchingfor apps in general once or less than once monthly, but search for
Productivity and Tools apps more often. Participants also repattednloading apps

generally once or less than once montffigure 11).

Figure 10: Smartphone users reporting how often they
search for apps from different categories
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smartphone, the lowest number was takenawgoidover-estimation.
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Figure 11: Smartphone users reporting how often they
download apps from different categories
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t I NI A Gdalch ayididavihload habienabled a comparison with previous
surveys investigating smartphone user behaviour (e.g. Google, 2015; Ofcom, 2015,
2016).Data from selreportsis not always reflective of actual behaviour, ahd
appears thasmartphone users report they search for and download apps less
regularly than their actual behaviour, which has been established in prestadges
GKFG KFEZS GNFYO1SR AYFNIOLK2YS dzaSNJ 60 SKI @A 2
measures the consumeieLJS NA Sy OS 2 F  dza Wiglsan, 204p0fcbns & S NI A

2017: 4).

3.3. Statistical Procedureand Open Access

All data was quantitatively analysed using statistical programming softRarersion
3.5.0"Joy in Playing" (R Core Team, 2018) withestatistical computing

environment R Studio, version 1.1.442 (RStudio Team, 2B&6kage¥’ i A Re OSNA S Q>
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version 1.2.1 (Wickham, 2017) aktR I G | @G 6 f SQX OSNBEAZ2Y MOMMOP
2018), were used for data processing and visualisatiothe viewof reproducibility

and transparent analysis, all raw ddtasv filesand R script$or studies 1 and 2re

available on the Open Science Framework (2018) repository accessible via the

following URL:

https://osf.io/dwv5j/?view only=d03b841510e24adcadab6cc880ache8c9
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4. Analysis and Discussign

For the analysis and discussidreport and discuss théndingsfor study 1, thecolour
andshape inthe corpus osmartphoneappicons (84.1 & 84.2espectively, andstudy
2,the smartphone useresponse studyg84.3) The followingsubsectionsdescribethe
colours and shapes identified smartphone appcons, decode thepotential meanings
in their appearancemeasue the connection betweenthe colour and shape in app
iconsandapp downloadsand reportsmartplone usea Ractions to different app

iconcolour-shape combinations.

{GdzRe mMQa NBALISOGAGS aSOGA2ya FT2N O2f 2«
quantitative results areeported first, followed by a discussion of their general use in
smartphone app icons, and then their common and distinctive instances with

examples from the corpus.

{ GdzRe wHQa aS Onbw gngrtpiviedusedziespbnd and &/&uate
colour and shpe in smartphone app icons in respectstdsections Within these
subsectionsthe distinctiveness, appeal, and typicalityaafiour and shapare
discussed sequentially, with a general discussion of the user response study results to

conclude.

Finally in the following section, an overall discussion summarises the findings

and ideas born from the analysis of both studig€s)(
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4.1. Study 1:What Golours areUsedin Smartphone App
lcons and What Do They Communicate?

This section first reports the gutitative resultg84.1.1)and then discusses the
qualitative results with examples for theseand meaningf colour in smartphone app

icons in genera(84.1.2) andfor common and distinctive instanc€§4.1.3)

4.1.1.Quantitative Resultsfor the Useof Colours in the
SmartphoneApp IconCorpus

Across the corpus of 250 smartphone appns, there were atotal of 574 instancesf
colour identified The difference in colour frequency in ajgpns was significanfchi
square test of equal proportions: & 694.49df =11, p <2.2e-16)>. White (31%N =
179 of 574) and blue (23%,= 134 of 574) were the two most common coloused
in appicons. Mixed colours featured in 13 € 74 of 574) of apjons in the corpus
and featured mainly athe mainobject (46%,N = 34),geometric shap€19%,N = 14),
or background (23%\ = 17). The analysis focuses on colours that are classifiable as a
definitive colouras opposed tanixed coloursGreen was the fourth most frequent
colour identified in appcons (N =45 of 574), followed by red\(= 33 of 574)There
were only 6 black and 5 brown apgons in the corpusnd were subsequently
removed from further statistical analysis due to their low data pqiatthough

reasons for their limited usi appicons are onsideredin the discussiongd.1.%).

® Tested variables sometimes had low data points ottigbouted multiple data pointshat produced a
mild violation of theindependence assumptiptherefore, these results ar@pproximate.
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Figure 2 shows theclassifiablecolours identified in smartphone appons
with more than 6 data pointsvhichexcludesmixed coloursN =74), black(N = 6),

brown (N= 9, and NA valuedN(=3) where a colour codInot be identified

Figure 12: Colours in smartphone app icons
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Categorising a product by its appearance enables consumers to interpret what
the product is and what it doe§Vhen considering the categorisation role colours and
shapes might play in app appearance, it was found teatain app tinctions of apps
featured in paticular app categories (table) PAnalysing how colour and shape may
signal both the category and its function provides a more in depth understanding of

how these visual semiotic elements can convey information about an app.
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Table5: App functions found across five app categories studied*

Function (v)| Communication| Health & | Productivity | Social| Tools | TOTAL
Fitness

Browser 11 0 0 0 0 11
Cleaner 0 0 3 0 10 13
Data 0 0 5 0 3 8
Transfer
Instant 18 0 0 15 0 33
Messenger
Mobile 5 0 2 0 6 13
Network
Pedometer | O 13 0 0 13
Printer 0 0 4 0 4 8
Scanner 0 0 3 0 4 7
Security 4 0 2 0 10 16
Video 0 0 0 10 0 10
Word 0 0 11 0 0 11
Processing
Workouts | 0 13 0 0 0 13
TOTAL 38 26 30 25 37 156
* Displays functions with merthan 6 data points

Different colours were used in theons of apps from different categorigshi-
square test of independence for categoriess 59.57 df = 32,p = 0.003, suggesting
that particular coloursnight beused as brand or category identifeeiThe topfour
most commorclassifiable colours in appons (white, blue, green, and red) were
distributed proportionally across the five agategories (Communication, Health and
Fitness, Productivity, Social, and Tools), meaning that they were not particularly
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associated with any one of the categories studi€deir high frequency and
proportionality across the corpus suggests that they mayibed as the standard
colours for appcondesign.In contrast, olours grey, orange, and pinkere used
more by appsn certain categoriesgreywas used morén Toolsapps orange in

Health and Fitnesapps and pink in SociandHealth and Fitnesapps (figure 13).

Figure 13: Percentage of each colour featuring in the five app
categories
EBlue
m B Green
S
= B Grey
5 _
E @ Orange
. @ Pink
| Purple
Q 2D NS
(”{'\Q{\- (,,o(‘\'b &oo B Red
& 0 White
<
? O Yellow
Categories

App downloads are interpreted asmeasure of app popularityrhe average
app downloads from certain categories and functions received indicate what apps are
popular with smartphone users and reveal the types of apps they are moretikely
use. Communication apps were downloaded the most of all five categdfies1(11.8
million; table § andinstant messenger@ps were downloaded the most of all twelve
common app functions\| = 174.1 milliontable 7). Other popular app functions
facilitated mobile printing, data transfer across mobile devices, and optimising

performance of the mobile device.
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Table 6 Averagedownloads forapp categories
Category Average Average Average Average
Downloads Downloads Download | Download
(reported figures) Rank Logs Logs Rank
Communication 111.8 million 1 6.72 4
Health & Fitness 8 million 5 6.40 5
Productivity 70.8 million 2 6.93 1
Social 66.9 million 3 6.76 3
Tools 30.8 million 4 6.90 2
* Rank draw where indicated
Table 7 Averagedownloads forapp functions
Function Average Average Average Average
Downloads Downloads Download | Download
(reported figures) Rank Logs Logs Rank
Instant 174.1 million 1 7.31 1
Messenger
Printer 131.4 million 2 7.30 2
Data Transfer 90.6 million 3 7.22 3
Cleaner 71.6million 4 7.01 4*
Word Processing 55.6 million 5 7.01 4*
Browser 30.8 million 6 6.88 6
Video 24.3 million 7 6.81 8
Security 17.4 million 8 6.54 10
Scanner 13.0 million 9 6.87 7
Pedometer 13.0 million 10 6.70 9
Workouts 4.6 million 11 6.39 11
Mobile Network 1.4 million 12 591 12

* Rank draw where indicated

64




Coloursand shapes thafissociate wittpopular appcategories and functions
are more likely to connect with higher downloadsor example, werall,blue apps
were downloaded the mostn averaggM = 69.81 million downloads), closely
followed by white (M = 69.38 million), and greapps(M = 51.60 million)téble 8.
Thesecoloursare frequentlyused in instant messenger apfm®, which are the most
popular type of app overalhAs such, over timthese colours may become associated
with popular apps such that they play a categorisation role in the app market, which

might encourage smartphone users to download apps displaying these colours.

Table8: Average dwnloadsand averagedownload logsper colour in app icons
Colour Average Average Average Average
(A-2) Downloads Download Download | Download

Rank Logs Logs Rank
Blue 69.81 million 1 6.81 2
Green 51.60 million 3 6.68 5
Grey 9.99 million 9 6.62 6
Orange 20.95 million 6 6.64 5
Pink 10.11 milion 8 6.37 9
Purple 20.09 million 7 6.52 8
Red 21.37 million 5 6.60 7
White 69.38 million 2 6.76 4
Yellow 43.00 million 4 6.89 1
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4.1.2.DiscussionTheGeneralUse of Colours and Their
Meaning in Smartphone App Icons

In this section, | discus®tv colours may be useful heuristiedls for consumers to
recognisesuccessful apps or their competitog(1.2a)or ascolour codes that serve

as brand identifiers (84.1.2b). | also consider why there is a lack of black and brown
apps in the corpus (84.4c).Duringthis section, | discusgpecific examples to

illustrate these points.

4.1.2a.The Colours of Successful and Competitive Apps

Due to the amount of apps available instore, it is not realistic for consumers to

carefully consider all their oggnsindividuallybefore selecting an app to download.
Joeclel, Dogruel, and Bowman (2017) posit that smartphone users depend on
heuristics to make faster decisions about app selection. Heuristics involve a process of
learning through discovellyased on pasexperiences that simplifies consumers'
decisionmaking processes. Consumers rely considerably on the visual appearance of a
product to convey information about it and often base their reasons for choosing a
product on its appearance (Crilly, Moultrie,(Jarkson, 2004; Creusen & Schoormans,
2005; Bowman,dtkel, & Dogruel, 2015). Therefore, it is reasonable to suggest that
AYINILK2YyS dzZASNBRQ SELIR&dZNBE (G2 yR SELISNAS)
to relate particulavisualcharacteristicof a productwith certain information about

the productitself.
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White and blueare perpetuallyusedin theicons of apps that are downloaded
more than apps using other coloymmieaningsmartphone users are morikely to be
exposed to and engaged with apps ti@vewhite and bluen theiricons. Consumers
find products they are familiar with more preferable to ones with which they are
unfamiliar (Campbell & Keller, 2008)euristically, cosumersmay learn to recognise

thesecolours as relating to apps thateliare familiar with, trust, andise regularly.

Consumersalsorely on aggregated ratings (e.g. views, downloads, and star

ratings) and reviews (e.g. individual reviews and comments) to inform their purchase

decisions (Goldstein & Gigerenzer, 1900rter Felt et al., 2012; Gage Kelley, Cranor,
& Sadeh, 2013)Ilhe amount of downloads an app has can contribute to riegority

vote heuristicHigher downloads suggests that the app is trustworthy and reliable
(HenningThurau & Walsh, 2004; Huang & Chen, 20@B/er time smartphone users
may learn that blue and white signal apps wathighernumber ofdownloads By

using these colours in their appons, companies can make indirect claims about their
trustworthiness and reliabilitp ! y | LILIQ& &b thérefaleMpe@t@8 d OS a

persuasive tool to encourage more smartphone users to download their app

Successfutompanies can popularise visual desofparacteristicshat appear
in their appicons due totheir reputationin the market.Companieshat provide
desirable services to consumers and invastffective marketing strategies
advertise theibrandincreasetheir perceived valuand visual presenca the app
market As a result, martphone users may be more exposedaind aware of

successful apptheir icon, and its design characteristics, which increase the chances
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of the app beingelectedinstore.As discussed isection 2.3 mlour codes are more

memorable and identifiable in search tasks than other visual elements icba,

includingits shapeand text(Christ, 1975; Sanders & McCormick, 199@ns.com,

2017).¢ KS | R@Fy il 3S 2F O2f 2dz2NRaA QGAAAO0OAT AGE Ay

essential marketing tool for apps and their icons.

Interestingly the top five downloaded apps in the quus(Whatsapp, Facebook
Messenger, Skype, Facebook, and Instagram) theetbp four most frequent colours
in theiricons: blue,white, mixed, and greenTable9 shows how competing apps
emulate the colouand shapechoices othesesuccessful appdhe frequent colour
choicesof white, blue, green, and red might lperpetuated by competing appa/ho
want to emulate the look of successful apsorder to associate with thenThis, in
turn, may popularise particular visualements such as colours and shapeapp icon

design due to their desirable associatiaith popularand reputable apps.

Table ddemonstrates that competing apps use similar colours to successful
apps: (1) WhatsApp, (2) Facebook Messenger, and (3) Instaghein.maincolours
(1) green (2) blue, and (3) mixdoackground a contrasting white colour that
foregrounds the icon. The arrangement of these colours withvthée contrast colour
for the main figure may improve the visual perception of their icons instore. Due to
the visual likeess between competing and successful apps, the appearance of
competing apps might operate astategic attention distractothat misdirects
consumer attention from popular to competitive apps in the market (Ludwig &

Gilchrist, 2002).
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Table9: Competitiveapps emulatingcon colours (and shapes) of popular apps

1. WhatsApp 2. Messenger 3. Instagram

@ ©®

A Kik Messenger Messenger InFigures: Who viewed

my Profile for Instagran
ﬂ

B free video calls and chal Messages, Text and Who Viewed My
Video Chat for Free Profile?
C WeChat Messenger Who viewed my profile”
D Call Free Free Call | Messenger for Faceboo Repost for Instagram
E Latest Whatsap status| Text Meg Free Texting Who Viewed My IG
2018 & Calls Insta Profile

*displayedh Yy 2 NRSNJ 2 RILBEQY f Addyli Wiy2 ID223€ES tfl @

By enulatingthe colours (i.e. white, blue, mixed, and green) and shapes (e.g.
soft squares, speech bubbles, and profile busts) of popular,mmpspeting appsan
cue a transfer oinformation assciated with successful apps to their own app
Successfubpps have established values suchrastworthiness, reliabilityand

69












































































































































































































































































































