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contribute to the assessment of the usability of mobile applications.
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USABILITY OF MOBILE APPLICATIONS:
CONCEPTUALIZATION & INSTRUMENT CONSTRUCTION BASED ON
APPLE HUMAN INTERFACE GUIDELINES

SUMMARY

Smartphones and their services make people's lives much more accessible and enable
them to use their limited resources more effectively. With the advancement in
technology, the capabilities of smartphones have also increased, and several mobile
applications have been developed. Through these mobile applications, people can
perform and manage many activities, from making hospital appointments to financial
transactions, communication, and educational activities. For instance, mobile e-
government applications enable various public services to be performed with a single
click with less physical effort. Being available at any time and from any location is
one of the most important advantages of mobile applications. The portability of mobile
devices and their suitability for a variety of user settings are important features for
users. Users always expect to be able to seamlessly enjoy the service a mobile
application promises to deliver. However, the use of mobile applications in a wide
range of usage environments and some physical constraints, such as small screen sizes,
are the factors that complicate usability studies for mobile applications. The ever-
evolving nature of smartphones, in parallel with developed technology, also
complicates the design of mobile application interfaces. All these difficulties and the
continued widespread use of mobile applications have accelerated the studies related
to mobile application usability. Initial studies on mobile application usability were
derived from previous studies on website usability. However, the characteristics of
websites differ from mobile applications in terms of the devices they are used and the
usage environment. Therefore, the usability of mobile applications should be handled
individually. In the literature, an essential part of the studies on mobile application
usability focus on only one type of mobile application, such as mobile health, mobile
commerce, and mobile learning. These studies are helpful in evaluating usability for a
particular type of mobile application. On the other hand, this study provides a
comprehensive usability model that may be used in the design and evaluation phases
of any kind of mobile application by software developers. Furthermore, the developed
survey instrument based on the mobile application usability concepts evolved may be
used to understand the significant factors in the usability assessment of mobile
applications from the users’ perspective.

In this study, a three-step formal methodology was used to conceptualize and develop
a survey instrument: conceptualizing the constructs, developing the scale, and
evaluating the measurement properties. In the first stage, the first matrix of open codes
was created by examining Apple's human interface guidelines line by line, which was
taken as the main source of the open and axial coding procedure for the
conceptualization of constructs. This open code matrix, consisting entirely of
qualitative data, was then examined eight more times and open and axial coding
procedures were applied. The finalized matrix consists of 16 axial codes, 29
subcategories, and 92 open codes. Sixteen constructs are conceptualized, namely
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instant start, branding, orientation, collaboration, content, search, privacy, graphics &
animations, realism, control obviousness & reliability, effort minimization,
consistency & standardization, concise & user-driven language, feedback, navigation,
and transition. In the second stage, an initial item pool consisting of 113 items
measuring 16 constructs was created by making use of the open codes created in the
previous section and the relevant literature. The initial version of the items was
screened with a procedure. First, a face validity check was performed to eliminate
vague items. Then the survey items were applied to real users with a pilot study, and
a content validity check was performed to validate the items. As a result of analyses,
69 items representing 16 constructs were revealed to evaluate the measurement
properties of the scale. At the final stage, the measurement properties of the developed
survey instrument were evaluated with exploratory and confirmatory analyses. The
factor structure was discovered with the first collected data (n1=476), and the
discovered factor structure was confirmed with the second data collected with different
participants(n.=583). The target audience of these survey studies is social media
mobile application users, which is one of the most widely used mobile application
types and appeals to a large part of society. In the exploratory analysis, two items with
factor loadings lower than the threshold value were excluded from the item pool.
Confirmatory analysis was performed with 67 items representing 16 constructs to
validate the constructs and their corresponding items revealed with explanatory
analysis. The internal reliability, convergent validity, discriminant validity and fit
indices of the measurement model were examined, respectively. Finally, for the
nomological validity of the developed scale, the fit indices of the structural model and
the effects of constructs on satisfaction and continued intention to use were examined.
The results show that the scale developed for mobile application usability explains a
significant part of the variability in satisfaction and continued intention to use. In
addition, the significant relationships between mobile application usability constructs
and satisfaction and continued intention to use provide evidence for the applicability
of the developed survey instrument.
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MOBIL UYGULAMALARIN KULLANILABILIRLIiGI:
APPLE INSAN ARAYUZU Y(")N};RGELERiNE DAYALI BiR
KAVRAMSALLASTIRMA VE ENSTRUMAN GELISTIRME CALISMASI

OZET

Gelisen teknoloji ile birlikte akilli telefonlar da insanlarin hayatinin vazgegilmez bir
parcas1 durumuna gelmistir. Oyle ki akilli telefon kullanici sayis1 suirekli olarak artis
gostermektedir. Akilli telefonlarda sunulan ve insanlarin gilinlik hayatini 6nemli
Olciide kolaylastiran mobil uygulamalarin da bu hizli gelisimdeki payir oldukga
bayuktir. Akilli telefonlarn ilk kullanilmaya baslandigi zamanlarda arama yapma,
yazili veya gorsel ileti gibi kisithi kabiliyeti vardi. Fakat teknolojideki ilerleme ile
birlikte akilli telefonlarin kabiliyetleri de artmis, ¢ok ¢esitli mobil uygulamalar
gelistirilmistir. Bu mobil uygulamalar sayesinde insanlar bir¢cok gunlik hayat
aktivitesini  gergeklestirebilmekte ve yoOnetebilmektedir. Mobil uygulamalar
aracilifiyla akilli telefonlar, hastane randevusu almaktan finansal islemlere,
iletisimden haberlesmeye, egitim 6gretim faaliyetlerinden mizik dinleme ve oyun
oynama gibi hedonik faaliyetlere kadar ¢ok genis bir hizmet yelpazesi sunmaktadirlar.
Mobil uygulamalar insanlarin hayatin1 kolaylastirdigi gibi aym1 zamanda kisith
kaynaklarin1 da daha verimli bir sekilde kullanabilmelerine yardime1 olur. Ornegin e-
devlet mobil uygulamalari ¢alisan bir bireyin is yerindeyken ¢esitli kamu hizmetlerini
daha az fiziksel ¢aba ve zaman harcayarak gerceklestirebilmesine olanak saglar.

Akilli cihazlarin ve dolayistyla mobil uygulamalarin en 6nemli avantajlarindan biri de
biitin kullanim kosullarinda ve siirekli olarak erisilebilir olmalaridir. Boylelikle
taginabilir bir aygit olan akilli telefonlarin sunmus oldugu mobil uygulamalara da
kullanicilarin erisimi bilgisayar gibi cihazlar ve onlarin sunmus oldugu hizmetlere
ulagsmaktan daha kolaydir. Fakat mobil uygulamalarin ¢ok cesitli kullanim
ortamlarinda kullanilmas1 mobil uygulamalara yonelik kullanilabilirlik ¢aligmalarinm
zorlastirabilmektedir. Kullanicilar nerede ve ne zaman olursa olsun bir mobil
uygulamanin sunmayi taahhiit ettigi hizmetten sorunsuz bir sekilde yararlanabilmeyi
bekler. Eger basarisiz olurlarsa mobil uygulama kullanim deneyimine ydnelik
memnuniyet hissi ve hatta kullanima devam etme niyeti olumsuz yonde etkilenebilir.
Ayrica mobil cihazlarin kiigiik ekran boyutuna sahip olmasi taginabilir olmasi yoniiyle
avantajli olsa da mobil uygulama arayliz tasarimcilart agisindan zorlayici
olabilmektedir. Kisacast mobil uygulamalarin taginabilir bir yapiya sahip olmas1 ve
cok c¢esitli baglamlarda kullanilabilmesi kullanicilar agisindan faydali ve hatta
kullanicilart mobil uygulamalara baglayan ozelliklerdir. Fakat bu o6zellikler ayni
zamanda mobil uygulama gelistiricilerini  zorlayan ve mobil uygulama
kullanilabilirligi a¢isindan dikkatli bir sekilde tiizerinden durulmasi gereken
hususlardir. Mobil uygulamalarin kullaniminin giderek yayginlasmasit ve akill
telefonlarin teknoloji ile paralel olarak siirekli gelisen yapist da mobil uygulamalarin
tasarimini karmasik hale getirmektedir. Tiim bu zorluklar ve mobil uygulamalarin
sundugu hizmetlerin kullanicilar tarafindan verimli bir sekilde kullanilabilmesi kaygisi
mobil uygulamalarin kullanilabilirligine yonelik ¢alismalari hizlandirmistir.
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Baglangigta, mobil uygulama kullanilabilirligi ile ilgili ¢alismalar, web sitesi
kullanilabilirligi ile ilgili 6nceki ¢alismalardan evrilmistir. Ancak web siteleri hem
fiziksel olarak hem de kullanim baglami agisindan mobil uygulamalardan oldukca
farkli oldugu i¢in mobil uygulamalarin kullanilabilirligi ayrica ele alinmalidir. Mobil
uygulama kullanilabilirligine yonelik literatiirdeki ¢alismalarin 6nemli bir kisminin da
ya tek bir kullanilabilirlik kriterine ya da mobil saglik, mobil ticaret, mobil 6grenme,
mobil seyahat, mobil alisveris, mobil bankacilik ve mobil reklamcilik gibi yalnizca tek
bir mobil uygulama tirline yonelik ¢alismalar oldugu goériilmiistiir. Bu ¢alismalar
belirli bir tiir mobil uygulamaya yonelik kullanilabilirligin degerlendirilmesinde
faydali olmasina ragmen tiim mobil uygulama gelistiricilerine hitap etmemektedir. Bu
nedenle, mobil uygulamalarin kullanilabilirligini etkileyen 6znitelikleri spesifik olarak
arastiran ve ortaya koyan, tiim mobil uygulama tiirlerine uygulanabilecek kapsamli
caligmalara ihtiyag vardir. Kapsamli bir kavramsallagtirma ve anket araci gelistirmenin
avantaji, mobil uygulamanin kullanilabilirligine iliskin biitlinciil bir bakis agist
saglamasidir. Bu tez calismasi, pazara liderlik eden iki mobil uygulama
saglayicisindan biri olan Apple'ln insan arayiizii yoOnergelerine dayali bir
kavramsallastirma ve anket araci gelistirme ¢aligsmasidir.

Bu calismada, kavramsallagtirma ve anket araci gelistirme icin ii¢ adimli bir
metodoloji takip edilmistir: yapilarin kavramsallastirilmasi, 6lgegin gelistirilmesi ve
gelistirilen olcegin dlgiim ozelliklerini degerlendirmesi. ilk asamada, yapilarin
kavramsallastirilmasi i¢in Apple'in insan arayiizii yonergeleri agik ve eksenel kodlama
prosedirinun temel kaynagi olarak alinmig ve satir satir incelenerek agik kodlardan
olusan ilk matris olusturulmustur. Tamamen nitel verilerden olusan bu ag¢ik kod matrisi
daha sonra sekiz kez daha incelenmis ve agik ve eksenel kodlama prosedirleri
uygulanmistir. Agik kodlar benzerlik ve farkliliklaria gore gruplandirilmis boylece
kategoriler ve alt kategoriler olusturulmus, olusturulan kategoriler kendi alt
kategorileri ile eksenel olarak iliskilendirilmis ve matris nihai halini almistir. Son
haline getirilen matris 16 eksenel kod, 29 alt kategori ve 92 agik koddan olugmaktadir.
Kavramsallastirilan yapilar hizli baglatma, markalagma, yonlendirme, is birligi, igerik,
arama, gizlilik, grafikler ve animasyonlar, realizm, kontrollerin agiklig1 ve
giivenilirligi, efor minimizasyonu, tutarlilik ve standardizasyon, 6zlii ve kullanici
merkezli dil, geri bildirim, navigasyon ve gecisler olmak tizere 16 adettir. Daha sonra
kavramsallagtirilan yapilarin literatiir ile iliskisi incelenmistir.

Metodolojinin ikinci asamasi olan dlgegin gelistirmesi asamasi kendi igerisinde alt
boliimlere ayrilmaktadir. Oncelikle bir 6nceki bélimde olusturulan acik kodlardan ve
ilgili literatiirden yararlanilarak 16 kavramsal yapiy1 6l¢en ve 113 kriterden olusan bir
baslangi¢ kriter havuzu olusturulmustur. Sonrasinda olusturulan bu ilk kriter
havuzunun katilimcilar tarafindan kolayca cevaplanabilir olmasi, belirsiz ve
anlasilmasi gii¢ kriterlerin elimine edilebilmesi ve toplanan verideki hatanin en aza
indirilebilmesi icin sirasiyla goriiniis gegerlilik kontrolii, pilot ¢aligma ve igerik
gegerlilik analizleri gergeklestirilmistir. Gorlinlis gegerlilik kontroliine 5 akademik
personel ve 4 yuksek lisans/doktora 6grencisinden olusan 9 kisi katilim gostermistir.
Bu asamada katilimcilardan belirsiz bulduklari, anket aracindan ¢ikarilmasi
gerektigini diisiindiikleri veya yeniden ifade edilmesi gerektigini diisiindiikleri
kriterleri belirtmeleri istenmistir. Ayrica kriterlerin yeniden ifade edilmesi
konusundaki Onerileri de alinmistir. Goriiniis gecerlilik kontrolii asamasindan sonra
giincellenen kriter havuzu kullanilarak hedef kitleyi temsil eden bir grup katilimci ile
pilot ¢calismaya gecilmistir. Pilot galisma anket aracinin bir 6n degerlendirmesi olarak,
ana popiilasyonu temsil eden 39 katilimci ile gergeklestirilmistir. Bu 6n ¢aligma ile
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anket aracindaki kriterlerin tim katilimcilar tarafindan anlasilabilmesi adina nasil
diizenlenmesi gerektigi ve anket aracinin tasarimi konusunda faydali geri bildirimler
alinmasi hedeflenmistir. Bu dogrultuda kullanicilardan anketi doldururken kendilerine
sunulan bazi sorulara cevap aramalar1 ve kriterler ve anket araci ile ilgili geri
bildirimlerde bulunmalar1 istenmistir. Pilot calisma asamasinda giincellenen kriter
havuzu ile son asama olan igerik gecerlilik kontroliine gecilmistir. Bu asamada,
goriiniis gecerlilik kontroliiniin aksine katilimcilarin uzman olmasi gerekli degildir ve
daha fazla katilimei ile gergeklestirilir. Icerik gegerliligi, dlgiilmek istenen yapinin
kriterler ile ne derece iyi Ol¢lildiigiiniin istatistiksel olarak gosterilmesini saglar. Son
olarak igerik gecerlilik kontrolii i¢in literatiirde siklikla kullanilan ve her bir kriterin
yalnizca bir kavramsal yapiya atanmasi ile gergeklestirilen bir yontem kullanilmustir.
Bunun i¢in 40 katilimcidan veri toplanmis ve toplanan veriler ile her bir kritere yonelik
iki indeks hesaplanmistir. Her bir kriterin indeks degerlerinin literatiirde dnerilen esik
degeri gecip gecmedigi incelenmis ve bu inceleme sonucunda esik degerin altinda olan
kriterlerin anket aracinda ¢ikarilmasi veya yeniden ifade edilmesi hususu titizlikle
incelenmistir. Tiim analizler sonucunda nihai kriter havuzundal6 kavramsal yapiyi
temsil eden 69 kriter bulunmaktadir.

Metodolojinin son asamasinda gelistirilen anket aracinin 6l¢iim 6zellikleri kesfedici
ve dogrulayici analizler ile degerlendirilmistir. Bunun i¢in iki asamali bir veri toplama
siireci olmustur. Ilk toplanan veri ile faktor yapis1 kesfedilmis, ikinci veri ile de
kesfedilen faktor yapist dogrulanmistir. Anketler en yaygin kullanilan mobil uygulama
tirlerinden biri olan ve toplumun genis bir boliimiine hitap eden sosyal medya
kullanicilarina yonelik toplanmistir. Bu dogrultuda, Tiirkiye’de son yillarda siklikla
kullanilan sosyal medya uygulamalarindan Facebook, Instagram, Twitter ve YouTube
kullanicilara segenek olarak sunulmus ve en c¢ok kullandiklar1 sosyal medya
uygulamasini segmeleri istenmistir. Anket sorular1 katilimcilarin en ¢ok kullandiklar
sosyal medya uygulamasina gore revize edilerek katilimcilarin 6niine sunulmustur. lk
asamada 476 kullanilabilir anket verisi ile aciklayici faktor analizi gergeklestirilmis ve
sonucta metodolojinin ilk asamasinda kavramsallastirildigr gibi 16 faktor yapisi
kesfedilmistir. Ayrica kavramsal yapilarin i¢ giivenilirlikleri de test edilmistir. Bu
asamada 2 kriter ait olduklar1 diisliniilen faktére atanmadiklar1 i¢in anket aracindan
cikarilmistir ve dogrulayici analizlere 16 kavramsal yapiyr temsil eden 67 kriter ile
gecilmistir. Kesfedici analizde toplanan veriden farkli katilimecilarla gergeklestirilen
ikinci anket c¢alismasi sonucu 583 kullanilabilir anket verisi elde edilmistir ve
dogrulayict analizlere gegilmistir. Dogrulayic1 analizlerde oncelikle ilk asamada
kesfedilen faktor yapisi dogrulanmistir. Sonrasinda sirasiyla kavramsal yapilarin i¢
giivenilirligi, tek boyutlulugu, ayirt edici gegerliligi ve 6l¢lim modelinin uyum
indeksleri incelenmistir. Olgme aracinda yer alan kavramsal yapilarm gegerliginin
kanitlanmasindaki son asama nomolojik gecerlilik asamasidir. Bu asamada gelistirilen
aracla teorik olarak iligkili oldugu diisiiniilen degiskenler ile Olgme aracindaki
kavramsal yapilar arasinda istatistiksel olarak anlamli bir iliski olup olmadigini
incelenir. Bu dogrultuda, yapisal modelin uyum indeksleri ve 6lgekteki kavramsal
yapilarin memnuniyet ve kullanima devam etme niyeti iizerindeki etkileri
incelenmistir. Sonuglar incelendiginde mobil uygulamalarin kullanilabilirligine dair
gelistirilen Olgegin, memnuniyet yapisindaki degiskenligin yonlendirme, is birligi,
igerik, arama, grafikler ve animasyonlar ne navigasyon kavramsal yapilari
tarafindan %49,3 agiklanabildigini; kullanima devam etme niyeti yapisindaki
degiskenligin de hizli baslatma, markalagsma, kontrollerin agiklig1 ve giivenilirligi,
efor minimizasyonu, 6zlii ve kullanici merkezli dil, navigasyon ve gegisler kavramsal
yapilar1 tarafindan %57,7 agiklanabildigini gostermektedir. Mobil uygulama
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kullanilabilirligi kavramsal yapilari ile memnuniyet ve kullanima devam etme niyeti
yapilar1 arasindaki anlamli iliskiler, gelistirilen anket aracinin uygulanabilirligine dair
kanit saglamaktadir.
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1. INTRODUCTION

Smartphones and the opportunities they offer have become a part of our everyday lives.
In 2021, there are more than six billion smartphone users globally, according to
statistics. This number has increased every year from past to present and is expected
to increase in the coming years and it is estimated to reach six and a half billion in
2022 and 7 billion in 2023(Taylor, 2022). When they were first come into use,
smartphones only had a limited number of features such as making calls and sending
textual or visual messages, but today they have many different features from keeping
a person's health data to giving directions to the connected car, and this is one of the
most important factors that attract people to use these devices. Mobile applications, on
the other hand, are one of the most important opportunities offered by mobile devices,
where people can follow their work, shop, interact with each other and perform many
other actions. The biggest characteristic and perhaps the biggest advantage that
distinguishes mobile devices, therefore mobile applications from other
devices/platforms, is that they can be accessed anytime, anywhere (Coursaris and Kim,
2006).

With the increasing interest in mobile applications and the rapid adoption of mobile
devices in line with the increasing frequency of use, many features are integrated into
mobile applications. This development complicates the design of mobile applications.
While the capabilities of mobile devices are increasing, their sizes are getting smaller
due to both ease of use and aesthetic concerns. Therefore, this situation makes mobile
application design more complex. As a result of the design concerns that have arisen,
efforts have also gained momentum to ensure that mobile applications are user-
friendly and that the service offered can be used with maximum efficiency by users
(Jokela et al., 2006). Focusing on usability is the key to produce high-quality and user-
accepted mobile applications. Usability is defined as "the extent to which a system,
product or service can be used by specified users to achieve specified goals with
effectiveness, efficiency and satisfaction in a specified context of use™ in the current
version of 1SO 9241-11 (2018). According to this definition, usability focuses on the
results of the user's interaction with the system, product or service to achieve a specific
purpose (ISO 9241, 2018). The research field that concentrates on the design of user
centered products and carries out studies in this field is called usability engineering
(Nielsen, 1993). Since each system, product or service mentioned in the usability



definition has different features, the usability of each is affected by different features.
Therefore, when it is desired to measure usability, first of all, the attributes that affect
the usability of that system, product or service should be determined.

Some of the studies on mobile application usability have been carried out by using
attributes that affect the usability of websites or by trying to adapt website usability
characteristics to mobile applications (e.g., Venkatesh and Ramesh, 2006). However,
the fact that the physical structure and usage environments of mobile applications are
significantly different from websites means that the attributes that affect their usability
may also be different. Another part of the studies on mobile application usability has
focused on only one mobile application type and examines the usability attributes
specific to that type (Tsang et al., 2004; Xu et al., 2008; Osman et al., 2010; Redondo
et al., 2015; Abubakar et al., 2016; Kaur and Haghighi, 2016; Fang et al., 2017; Jung,
2017). However, it is not practical for mobile application developers to examine
different guidelines and apply the principles to the specific system. In particular, the
literature investigating the factors affecting mobile application usability and offering
a holistic perspective on mobile application usability is limited (Venkatesh and
Ramesh, 2006; Hoehle and Venkatesh, 2015; Hoehle et al., 2016). Therefore, there is
a need for comprehensive studies that specifically investigate and present the features
that affect the usability of mobile applications and that can be applied to all mobile
application types.

In this study, a comprehensive guideline containing a set of usability attributes has
been created that can both guide mobile developers to develop user-centered mobile
applications and measure the usability of developed or currently used mobile
applications. A systematic survey instrument development methodology was followed
to develop a survey instrument to measure mobile application usability. Apple's human
interface guidelines (Apple, 2022) were used as the primary source to conceptualize
the mobile application constructs with the open codes and also the literature was
examined in detail in the conceptualization stage. The initial version of the survey
items was obtained by examining the open codes and the literature in detail. The survey
instrument was screened by performing a face validity check, a pilot study and a
content validity check, respectively, in order to understand whether there were any
obscure, ambiguous or unnecessary items among the items created. Finally, the
reliability and validity of this developed instrument have been verified with mobile
application users.



2. LITERATURE REVIEW

2.1 Usability

One of the most accepted definitions of usability was made by Nielsen in 1993. In this
definition, Nielsen discussed usability in five dimensions: learnability, efficiency,
memorability, errors and satisfaction (Nielsen, 1993). ISO 9241-11 defines usability
as “the extent to which a system, product or service can be used by specified users to
achieve specified goals with effectiveness, efficiency and satisfaction in a specified
context of use” (ISO 9241, 2018). This definition is both frequently used in the
literature and appears as a standard definition of usability (Jokela et al., 2003). In the
design of a successful and usable system, product or service; the user, task, tool and
environment elements, which are also present in ISO's definition, cannot be considered
independently from each other. These four elements are considered as essential in HCI
(Shackel, 1991 as cited in Coursaris and Kim, 2006), are dynamic and interact with
each other (Shackel, 2009). The use of this standard definition provides consistency
between usability measurement studies in the literature (Brereton, 2005). Hence, the
three most frequently encountered measures were found to be effectiveness, efficiency
and satisfaction in the study of Coursasis and Kim’s (2006) mobile usability literature
review.

The usability theme has brought with it the notion of user-centered design (UCD),
which focuses on the user in design, along with a series of design principles (Jokela et
al., 2003). These principles are also the cornerstone of usability engineering (Nielsen,
1993). The 1SO 13407 standard is an important internationally valid standard created
to guide designers in the user-oriented design of interactive systems and the planning
of these design processes (ISO 13407, 1999; Jokela et al., 2003). UCD aims to provide
user satisfaction while providing an effective and efficient use by integrating human
factors and ergonomics into the design (ISO 13407, 1999). The UCD approach
provides a perspective based on the analysis of user needs and reciprocal development
by performing repetitive tests with users instead of presenting a specific procedure for
the design of a system, product or service (Baek et al., 2008).



2.1.1 Methods for evaluating usability

The number of studies evaluating mobile applications continuously increases (Zahra
et al., 2017). Nielsen (1994) examined the evaluation methods followed reveal and
detect usability problems in four main categories. These are respectively automatic
methods (i.e., measurements made on the interface using some programs), empirical
methods (i.e., tests performed by interacting users with the interface), formal methods
(i.e., measurement of usability with specific models and formulas) and informal
methods (i.e., evaluator's assessment with a set of predetermined practical rules).

User testing is one of the most basic evaluation methods as it provides a perspective
of the user's interaction with the product, reveals the challenges that occur in this
interaction, and is applicable throughout the life cycle of related product (Nielsen,
1993; Matera et al., 2006). Since usability is strongly tied to the user and the user's
context, user testing is important in usability evaluation. However, performing user
tests requires more time and budget compared to other methods. In such cases, using
less costly informal techniques provides convenience to developers in terms of both
time and budget (Nielsen, 1994). Informal methods, on the other hand, are based on
the knowledge and skills of people who work in the field of usability and specialize in
this field. These methods usually rely on experts examining the interface and
identifying usability problems using a predetermined set of heuristics (i.e., usability
principles (Nielsen, 1993; Tan et al., 2009). A heuristic evaluation study with a single
expert participant has a limited ability for detecting usability problems. In studies with
different expert participants, more usability problems can be detected than in studies
with a single expert. Therefore, it would be useful for the researcher to conduct a cost-
benefit analysis to determine the exact number of evaluators (Nielsen and Landauer,
1993).

Many studies in the literature compare user testing, heuristic evaluation and other
evaluation methods (Jeffries et al., 1991; Nielsen, 1994; as cited in Tan et al., 2009;
Doubleday et al., 1997; Liljegren and Osvalder, 2004). For example, Tan et al. (2009)
conducted a study evaluating four websites with a scenario-based user testing
methodology and a set of heuristics. According to the study results, two commonly
used methods revealed different usability problems. Therefore, Tan et al. (2009)
emphasized that these two methods cannot be used interchangeably and are needed in
usability evaluations. As a result, there is no superiority among usability evaluation
techniques. Different evaluation techniques can be used at different design stages and
for different purposes (Tan et al., 2009). Moreover, combining different techniques
produces the best results (Karat et al., 1992).



2.2 Mobile Application Usability

Many features are added into mobile applications as a result of the rising demand and
frequency of usage. As a result, the design of mobile applications become more
challenging by this growth. Due to the design challenges that have arisen, efforts have
also accelerated to assure that mobile applications are user-friendly (Jokela et al.,
2006). Due to the ever-changing characteristics of mobile devices, the field of
evaluation study for mobile applications is likewise a field that is constantly evolving
(Huang, 2019). Therefore, studies that can be used by mobile application developers
during their initial design and creation stages, as well as to measure application
usability, have gained momentum.

2.2.1 Evaluation of mobile application usability

Zhang and Adipat (2005) claimed that since mobile applications available on mobile
devices differ from software available on desktop and other devices in terms of
physical and usage environment, the same evaluation methodologies cannot be directly
applied. As a result, they recommended that usability evaluation methodologies should
be developed specifically for mobile applications. Similar to this, Bastien (2010)
suggested that mobility should be considered in studies that assess the mobile
application usability.

Comparatively speaking, each of the usability assessment techniques has benefits and
drawbacks. Therefore, it is crucial that researchers and mobile application developers
get informed with usability assessment techniques (Tan et al., 2009). The studies on
mobile application usability that used these approaches will be mentioned in the
following sections.

2.2.1.1 User testing for mobile applications

The user testing method, which is an empirical method, is basically carried out by users
interacting with the mobile application interface (Nielsen, 1994). User testing can be
carried out in a laboratory environment or remotely by assigning users
predetermined tasks. As a result of the user interacting with the interface and carrying
out certain tasks, some qualitative information about this interaction can be obtained,
or the users' subjective opinions about the interaction can be gathered through methods
like surveys and interviews.

Alturki and Gay (2017) claim that user testing conducted in a laboratory setting are
more useful for identifying usability problems. Laboratory user testing produce more
useful results with fewer participants. Moreover, laboratory settings are the only
testing environments where data-gathering strategies like thinking aloud and



observing are applicable. There is no other option except to rely on user opinions about
the usability of the system evaluated when observation is not available (Sawhney and
Schmandt, 2000). Alturki and Gay (2017) conducted a systematic experiment in
laboratory settings to assess the usability of a mobile fitness application by considering
all these advantages. The factors of “effectiveness, efficiency, satisfaction,
memorability, errors, learnability, and cognitive load" were used to evaluate the
application’s usability (Alturki and Gay, 2017, pp. 111). They recorded the screens of
the mobile devices throughout the tests for further analysis. Three times, at intervals
of an hour and a week, participants interacted with the mobile application, completing
fourteen tasks each time. The participants were expected to respond to the “single ease
question (SEQ)” presented by Sauro (2010) to assess the satisfaction factor, and the
“National Aeronautics and Space Administration Task Load Index (NASA-TLX)”
questions presented by Hart and Staveland (1988, pp. 146) to assess the cognitive load
factor after completing each session. Quantitative metrics, such as the number of errors
and task completion time, were used to assess other usability factors. They concluded
that the evaluated mobile application did not meet the expectations in terms of
investigated usability factors. The authors noted the necessity for studies that gather
qualitative data in this area in order to comprehend the user perspective. Therefore, it
is recommended that studies based on quantitative measures produced in laboratory
settings should be supported with qualitative user data. This viewpoint suggests that it
would be advantageous to incorporate different usability evaluation methods.

In a similar way, Borys and Milosz (2015) set up a testing environment at a university
laboratory and carried out user tests with eight participants over four scenarios.
Throughout the experiments, a mobile eye-tracking device was used. This study
allowed for the identification of several usability issues and assessment of metrics such
as error rate and task completion time. Before and after the user tests, researchers also
gathered qualitative data from participants to support the quantitative results. One of
the most crucial outcomes of this study is the detection of significant usability issues
in the mobile application under investigation. The developers of this application will
be able to determine which aspects they should concentrate on to make the application
more usable.

Haas et al. (2021) evaluated the usefulness of a mobile health application by assigning
users a specified task and performing a semi-structured interview following user
testing. The participants were directed to use a mobile application to share the results
of their genetic tests with their family members. The purpose of these mobile
applications is to warn at-risk family members and encourage them to take
preventative action against genetic diseases. Following their interaction with the
application, the users were requested to complete the “Post Study System Usability



Questionnaire (PSSUQ)” (Haas et al., pp. 2) for the purpose of assessing the usability
of applications. Furthermore, 14 participants participated in an interview consisting of
questions created in line with the study's goals by employing pilot studies. It was
determined that the mobile application assisted the users in feeling more comfortable
while carrying out the task given based on the test participants’ comments. Moreover,
improvements were made to the mobile application design to enhance usability taking
into consideration all the data gathered. It has been concluded that the relevant mobile
application is useful and beneficial in the research area, that is, in sharing the
pathogenic test results with the family members of the application users.

As a result, user testing studies are extremely helpful since they enlighten the mobile
application’s usability from the user's perspective. Developers are capable of acquiring
an understanding of the difficulty level of users' interaction with the mobile application
by virtue of user testing (Zhang and Adipat, 2005). Additionally, this approach can
connect users and mobile application developers, aiding in a better understanding of
customer needs and leading to the development of applications that are more user-
oriented (Borys and Milosz, 2015). However, there are also drawbacks to this
approach. In spite of the fact that user tests usually need fewer volunteers, they require
a considerable amount of time due to the length of the experiments (Borys and Milosz,
2015). In addition, the outcomes obtained from user tests are closely related to the user
performing the test, the technology being utilized and the tasks assigned. However,
they are not sufficient to provide a comprehensive perspective of the mobile
application usability, even though they are helpful for understanding usability
principles related to the tasks used in the user testing (Hoehle and Venkatesh, 2015).

2.2.1.2 Mobile Application Heuristics

Due to its simplicity and ability to detect a great number of usability issues quickly,
heuristic evaluation is a common and efficient evaluation technique (Inostroza et al.,
2012). Previous studies on mobile application usability have generally progressed
through website usability heuristics and have ignored some physical characteristics of
mobile devices, including their small screen size and some capabilities such as
animated transitions.

Inostroza et al. (2016) presented 12 heuristics to fill this gap, which they called
“SMArtphone's uSability Heuristics (SMASH)” (p. 41), for the usability of both
mobile devices and mobile applications by using the 6-step heuristic development
procedure proposed by Rusu et al. (2011). In fact, SMASH is a modification of the set
of heuristics previously offered by Inostroza et al. (2012, p.665), known as “usability
heuristics for Touchscreen-based Mobile Devices (TMD)”. As a result of the
experiments, it was stated that SMASH is an effective tool that mobile application
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developers can benefit from. Dourado and Canedo (2018) conducted a SLR utilizing
manual search and snowballing techniques, and they presented thirteen mobile-
context-appropriate heuristics. They provided an explanation of the heuristics they
proposed as well as their applicability to the mobile context. The most significant
benefit that this study provides is the development of heuristics customized to the
context of mobile applications. In addition, five metrics are proposed to assess the
usability of mobile applications. A study was conducted using the developed heuristics
and the findings showed that these heuristics are effective in detecting usability
problems of mobile applications. Swaid and Suid (2018) focused on creating usability
heuristics for a specific kind of mobile application, unlike prior studies. Based on the
10 heuristics developed by Nielsen and the usability guidelines presented by Google
and Apple, 13 heuristics for the usability of mobile commerce applications are
proposed in this study. In order to assess the performance of generated heuristics, a
usability evaluation with four experts was conducted. Thus, this study is extremely
useful for the mobile commerce application designers.

Huang (2019) conducted a systematic literature review (SLR) and presented seven
heuristics regarding mobile application usability, namely “navigation, content, error
handling, consistency, functionality, cognitive load and aesthetic design” (pp. 146-
147). Usability features have also been created so that each heuristic can be better
understood and internalized. Parente Da Costa et al. (2019) offered 13 heuristics and
explained their benefits alongside the detailed definitions as a consequence of a SLR
study. The primary goal of this study, which is a continuation of Dourado and
Canedo’s (2018) research, is to create mobile concept-specific heuristics. The study's
main strength is the development of heuristics that emphasize the usability attributes
in the model developed by Harrison et al. (2013) as well as the cognitive load that
significantly affects the usability of mobile applications that is also emphasized in the
study of Harrison et al. (2013).

The studies mentioned above have common benefits: they can both be used to assess
the usability of existing mobile applications and provide suggestions to mobile
developers on interface design. However, studies on usability evaluation utilizing the
proposed heuristics can be conducted with individuals who have expertise in the field.
In the current study, mobile application concepts with their open codes explain the
significant factors in mobile application usability which also may show a way to the
software developers during the development and evaluation phases of mobile
application.

Table 2.1 summarizes above mentioned studies, their research techniques, and
presented heuristics that were generated for mobile application usability.



Table 2.1: Heuristics previously proposed in the literature for mobile usability.

Mobile
Study Methodolog Applica_tion/ Heuristics

y Mobile
Device

"Visibility of system status, Match between

system and the real world, User control and

6-step freedom, Consistency and standards, Error

Touchscreen . NP ,

Inostroza procedure Based prevention, Minimize the user's memory load,
et al. proposed by Mobile Customization and shortcuts, Aesthetic and
(2012) Rusu et al. Devices minimalist design, Help users recognize,

(2011) diagnose, and recover from errors, Help and
documentation, Physical interaction and
ergonomics” (pp. 664-665)
"Visibility of system status, Match between
system and the real world, User control and
6-step _ freedom, Consistency and standards, Error

Inostroza procedure I\/!oblle prevention, Minimize the user’s memory load,
ot al oroposed by Dewc_e&Mo Customization and shortcut_s, EﬁlClenpy_ of use
(2016) Rus et al b_|Ie _ and_ performance, Aesthet!c anc_i minimalist

(2011) ' Application  design, Help users recognize, diagnose, and
recover from errors, Help and documentation,
Physical interaction and ergonomics” (pp. 44-
51)
"Visibility of system status, Correspondence
between the application and the real world,
User control and freedom, Consistency and

Dourado standards, Error preve_ntio_n, Minimize user
and Mobile memory laod, Customization and shortcut_s,

SLR S Efficiency of use and performance, Aesthetic
Canedo Application AP ) .
(2018) and mlnlmallst design, Helping user
recognize, diagnose and recover from errors,
Help and documentation, Pleasant and
respectful interaction with the user, Privacy"
(pp. 489-492)
"Visibility, Matching-Real-World,  User-
Control,  Error-Prevention,  Recognition,
Swaid An ' Flex_ibility-anq-Efficient Use, Minimal
and Suid Integrated qullt_e Design, Dlagnose-and-Ref:over, _Help,
Application  Performance, Information—and-Visual-
(2018) Approach

Hierarchy, Natural-Interaction, Dynamic-
Engagement” (pp. 79)




Table 2.1 (cont.): Heuristics previously proposed in the literature for evaluating
mobile usability.

Mobile
Application/
Mobile
Device

Study  Methodology Heuristics

"Visibility of system status, Correspondence
between the application and the real world, User
control and freedom, Consistency and
Parente standards, Error prevention, Minimize user’s
Da Mobile memory laod, Customization and shortcuts,
Costa et SLR Applicati Efficiency of use and performance, Aesthetic
pplication LT X ;
al. and minimalist design, Help users recognize,
(2019) diagnose, and recover from errors, Help and
documentation, Pleasant and  respectful
interaction with the user, Privacy " (pp. 116155-
116159)
"Navigation, Content provision, Error handling,
Consistency, Functionality, Cognitive load,
Aesthetics design” (pp. 146-147)

Huang Mobile
(2019) RLR Application

2.2.1.3 Models and Formulas for Mobile Application Usability

In the literature, specialized models have been created that consider the constraints of
mobile applications and the characteristics of user interaction.

Condos et al. (2002) identified a variety of usability problems such as labelling and
poor connectivity as a consequence of their survey and user testing on m-commerce
applications. Then, they established ten usability principles that address most of these
problems. Examples of real usability problems related to the principles are provided
in the developed model, along with solution strategies of these problems. This is
regarded as the model's most significant contribution to the literature and mobile
application developers. Hussain (2012, pp. 57-58) created the “Mobile Goal Question
Metric (mGQM)” model in a different study by specifically applying the “Goal
Question Metric (GQM)” approach to mobile applications. After conducting a
comprehensive literature review, the quantitative and qualitative usability metrics in
this model were created by first defining the goals and then the usability metrics.
Hussain (2012) assessed the usability of four mobile applications. The results indicated
that the model was successful in evaluating mobile application usability. Additionally,
as a result of this model's comprehensiveness, it is anticipated that it can be adapted to
operate in contexts other than the mobile context. Coursaris and Kim (2011) identified
31 application usability attributes by carefully examining the experimental findings
reported in the literature. The developed model is quite detailed and appears to cover
the unique characteristics of various kinds of mobile applications. However, the
developed model has not been validated on any mobile applications, and its usefulness
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has not been confirmed. Baharuddin et al. (2013) examined previous studies using the
content analysis technique to create 25 usability attributes, rank them according to
importance levels, and then propose the top 10 attributes for assessing the usability of
mobile applications. This model differs from other studies since it considers user
characteristics, the physical environment, the technology being used, and the tasks
being performed. Although this model is comprehensive, it fails to provide developers
with guidance on how to assess a specific mobile application type.

Harrison et al. (2013, pp. 1), on the other hand, carefully examined the prior models
created for mobile usability and offered a new model known as "People at the Center
of Mobile Application Development (PACMAD)" that answers the issues that existing
models do not cover. In this model, the "cognitive load" (Harrison et al., pp. 3) attribute
is included in addition to the six attributes identified in the studies of ISO 9241 (2018)
and Nielsen (1994). As a consequence of their literature review, Harrison et al. (2013)
concluded that this attribute should be added to the model because it is addressed in
almost a quarter of the studies assessing the usability of mobile applications. This
model, however, does not include usability metrics. Saleh et al. (2015) extended the
PACMAD model using the GQM technique to generate the model's usability metrics.
As a result, the PACMAD model's applicability has been enhanced. Which questions
and metrics mobile application developers should focus on have been clearly stated.
This study also provided evidence of how the GQM model generates usability metrics.

Another expanded version of the PACMAD model was introduced by Saleh et al.
(2017, pp. 72). The authors included "interruptability and simplicity" attributes to the
new model, which they termed "Mobile Application Usability Evaluation Metrics
(MAUEM)" (Saleh et al., 2017, pp. 71). They used the GQM technique to determine
the metrics of the usability attributes in this study, and they also offer suggestions
regarding how to measure these metrics. For instance, they proposed that the total time
a participant spent on the help page to complete the assigned task can be used to assess
the time spent for help measure of cognitive load attribute. The model is useful since
it instructs mobile application developers and researchers on how to measure usability
attributes in detail.

The proposed models are extremely useful for evaluating the usability of mobile
applications since they consider the characteristics of mobile devices. However, these
models need to provide guidance for understanding how to apply them to certain
mobile application categories. As a result, by recognizing the potential audience and
the unique characteristics of various mobile application categories, usability
assessments can be conducted more efficiently (Zahra et al., 2017).
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2.2.2 Investigating factors affecting mobile application usability

Studies examining the factors affecting mobile application usability in the literature
have either concentrated on only a single metric or only a single type of mobile
application. A few research studies have provided thorough guidelines focusing at the
factors that affect mobile application usability.

Studies examining the impact of a single criterion on the usability of mobile
applications have been conducted and are available in the literature. For instance,
Osman et al. (2010) investigated the effects of screen transition and animation on the
learnability and thus usability of mobile applications. Although the aforementioned
study investigates the effect of the use of animation on screen transitions, which have
been integrated into mobile applications in recent years, it does not provide a general
perspective on mobile application usability. Such studies are effective studies
examining the effect of this new feature on mobile application usability when mobile
devices support a new technology, and its positive benefit to the literature is
undeniable. However, due to their focus on a single criterion, they lack a holistic study
of mobile application usability. Unlike such studies in the literature, the aim of this
study is to provide mobile application developers with a comprehensive guide to
mobile application usability.

Many of the other studies on mobile application usability in the literature focus on a
single mobile application type. For instance, Xu et al. (2008) investigated the factors
affecting attitude, hence intention, towards mobile advertising applications, Fang et al.
(2017) investigated which criteria are important in the design of mobile travel
applications, Abubakar et al. (2016) presented an intuitive evaluation method for m-
banking applications and similarly Kaur and Haghighi (2016) presented a framework
that can be used in the development and design of mobile health applications. These
studies are quite important in that they provide customized, specific information about
the usability of the type of mobile application they are considering. However, as with
studies focusing on a single usability criterion, these studies do not provide
comprehensive information on general mobile application usability. In other words, a
criterion that is considered very important only for the application that is the focus of
the study may be less important for another mobile application.

2.2.2.4 Instrument Development Studies for Mobile Application Usability
There are few studies that develop a comprehensive guide to measure mobile
application usability, which is the main purpose of this study. The guide created by

Venkatesh and Ramesh (2006) based on Microsoft usability guidelines was not
originally created specifically for mobile application usability, but has been proven to
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be valid on both websites and wireless sites, wireless handheld devices. This study is
a continuation of the work of Agarwal and Venkatesh (2002). Factors that differ
between the web and wireless site usability have been reviewed using an instrument
previously designed for the usability of websites. However, mobile application
usability is very different from the usability of websites, given the capabilities of
mobile devices. Therefore, it is necessary to work from start to finish focused solely
on mobile application usability. Unlike Venkatesh and Ramesh (2006), the instrument
to be prepared in this study focuses on mobile application usability from the beginning.
There are only two studies that develop instrument on mobile application usability and
take a holistic look at mobile application usability. One of these instruments was
developed by Hoehle and Venkatesh (2015) by examining Apple's user experience
guidelines, while the other was developed by Hoehle et al. (2016) by examining
Microsoft usability guidelines. Hoehle and Venkatesh (2015) conducted a survey
development study following the methodology presented by MacKenzie et al. (2011)
while Hoehle et al. (2016) conducted a survey development study by following the
methodology presented by Lewis et al. (2005). However, both instrument development
procedures are similar, starting with the identification of constructs using the open and
axial coding procedure of Corbin and Strauss (1990), continuing with the development
of the instrument and ending with a series of validity analyses. Survey instruments
developed in both studies have been proven valid and have been able to be a guide to
mobile application developers. When the operating system of mobile devices differs,
the experiences that can be made in the mobile application also differ. Therefore, these
published guidelines for mobile application usability also differ from each other and it
is useful to examine each one separately. For this reason, Microsoft and iOS usability
guidelines have been previously examined in separate studies in the literature.
However, the research based on Apple's user experience guidelines was carried out in
2015. Furthermore, it is apparent from the study's references that the researchers' last
access to Apple's user experience guidelines was in 2012. As a result, the constructs
for assessing the usability of mobile applications were conceptualized more than ten
years ago. Considering the developing technologies, the development of the iOS
operating system and mobile devices in this process, and the changes in Apple's user
experience guidelines in this direction, the necessity of doing this study has arisen.

Android operating system and iOS operating system are the two most widely used
operating systems. Although the number of mobile application downloads via Google
Play is higher than the number of downloads using the App Store, the App Store
platform is more capable of generating revenue (Ceci, 2023a; Ceci, 2023b). Therefore,
the market share of both mobile application providers is significant. Since iOS is one
of the widely used operating systems and there is a recent guideline (Kazdaloglu,
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2021) developed based on Google's material design principles, Apple's human
interface guidelines are selected as the main resource in this study.

2.3 Social Media Applications

Social media is one of the most widely used internet services and it covers a significant
part of daily internet usage. According to Statista data, there are more than 4.26 billion
social media users worldwide in 2021. Moreover, users spend an average of 144
minutes a day on social media and messaging applications (Dixon, 2022). One of the
most important factors in social media having such an important place among all
application types is that it appeals to a large part of the society and its usage area is
quite wide. Stakeholders benefit from the power of social media for purposes such as
providing coordination and informing the masses in many areas, from disaster
management (Luna and Pennock, 2018) to interaction in health services (Grajales et
al., 2014), from aid collection campaigns of non-governmental organizations (Albanna
et al., 2022) to providing educational opportunities (Almutairi et al., 2022). Therefore,
social media applications are beyond being a means of having a good time and sharing
for individuals today (Kaplan, 2015). They are also a means of obtaining information
and interaction. Moreover, it is an indispensable communication tool for companies
and institutions to reach their target audience.

Participants in recent research conducted by Al-Shamaileh and Sutcliffe (2023) were
questioned about their top four mobile applications at the beginning of the
survey study. As a consequence, around 3 out of 4 respondents stated that their first
preference was well-known social media applications while there are several other
mobile application options, including banking, e-commerce, and communication.
Moreover, social media applications comprised almost 65% of the users' second
preferences. The demographics of the participants may have had an impact on this
statistic, but it still demonstrates the widespread use of social media applications.

In brief, social media applications have a wide user base and have been adopted by a
large part of society with different demographic characteristics. In this study, the target
audience was determined as social media application users in Turkey in order to bring
the surveys to the participants more quickly and efficiently.

2.4 Contribution to the Existing Literature
It has been stated before that all mobile application usability evaluation studies have

advantages and disadvantages compared to each other. For instance, although user
testing studies, which are based on users' interaction with the interface with a set of
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predefined tasks, are very useful in terms of taking the perspectives of users based on
the interaction with the interface and making observations (Zhang and Adipat, 2005),
the length of the experiments makes these studies impractical (Borys and Milosz,
2015). In addition, the findings obtained in user tests are closely related to the tasks.
Therefore, while they help to understand the usability principles for tasks, they are not
sufficient to provide a comprehensive view of mobile application usability. This study,
on the other hand, provides a task-free, comprehensive perspective to mobile
application developers as a conceptualization and survey instrument development
study on mobile application usability. Another group of studies related with mobile
application usability is heuristics for mobile application usability. The heuristic
evaluation method is useful for its simplicity and for allowing a large number of
usability issues to be identified quickly. In recent years, useful heuristic development
studies have been carried out that consider the unique features and physical
characteristics of mobile devices (Inostroza et al., 2012; Inostroza et al., 2016;
Dourado and Canedo, 2018; Swaid and Suid, 2018; Parente Da Costa et al., 2019;
Huang, 2019). However, the common drawback of the studies that develop heuristics
is that the usability evaluation can only be carried out by experts. In this study, mobile
application developers will be able to design more user-centered applications thanks
to proposed set of open codes that define the conceptualized constructs, and even non-
experts will be able to assess the usability of a mobile application with real users,
thanks to the developed survey instrument.

i0S, Google, and Microsoft provide detailed guidelines that contain data about
usability for mobile application developers. Nevertheless, these guidelines are
impractical since they fail to highlight the most important features. For this reason,
conceptualizing the factors affecting mobile application usability by analysing the
information provided in these comprehensive guidelines is extremely helpful for
mobile developers. This study has provided information that mobile application
designers can use while designing new applications. They will also be capable of
understanding which aspect they should concentrate on to improve the usability of
existing mobile applications. Furthermore, researchers will be able to efficiently and
practically evaluate a mobile application's usability. In this direction,
conceptualization and survey instrument development studies have been carried out in
the literature. The first of these studies was conducted by Hoehle and Venkatesh (2015)
by examining Apple's user experience guidelines, the other was conducted by Hoehle
et al. (2016) by examining Microsoft usability guidelines, and the last one was
conducted by Kazdaloglu (2021) by examining Google's material design guidelines.
Although there is a current study on the usability of mobile applications in the Android
operating system, which is one of the two operating systems that dominate the mobile
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application market (Taylor, 2023), there is no current study on the iOS operating
system. However, Hoehle and Venkatesh (2015) recommended that as mobile
application providers publish updated guidelines, conceptualization and survey
instrument development studies should be repeated. Thus, these studies must be
updated and carefully follow technological improvements, as suggested by Hoehle and
Venkatesh (2015). A conceptualization and survey instrument development study
based on current Apple human interface guidelines will be introduced to the literature
as an outcome of this research. In addition, it will be a comprehensive guide for mobile
application developers that considers the latest characteristics of mobile devices.
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3. METHODOLOGY

The methodology to be followed in this study is based on the 3-step construct
development procedure of Lewis et al. (2005) and the 10-step construct measurement
and validation procedure of MacKenzie et al. (2011). In the first stage of this
comprehensive and hybrid methodology to be followed, the content in the human
interface guidelines (Apple, 2022) presented for mobile developers on Apple's official
website will be analysed line-by-line, using the open and axial coding procedure in
Corbin and Strauss's (1990) Grounded Theory, and thus constructs will be
conceptualized. Apple’s human interface guidelines to be used in this study consists
of 9 categories and 83 sub-categories and provides detailed, comprehensive technical
information about mobile application design principles, quality and functionality. In
addition, this theoretical information presented was supported by visuals and a User
Interface Kit (UIKit) was presented that developers can refer to at any stage of the
design.

In the survey instrument development stage, which is the second stage of the study,
items will be created by using the open codes obtained in the first stage and benefiting
from the literature. Then the instrument will be developed by performing face validity
check, pilot study and content validity check, respectively.

At the third stage, explanatory and confirmatory assessments will be carried out to
prove the reliability and validity of this newly developed scale, and finally the survey
instrument will take its final validated form.

3.1 Construct Domain Development

The first step in the scale development procedures presented by both MacKenzie et al.
(2011) and Lewis et al. (2005) is the conceptualization of the constructs. At this stage,
the sources to be taken as a basis are systematically examined by the researcher. These
sources may be previous studies on the subject of interest in the literature, developed
guides, or a wide variety of sources such as case studies and interviews (Lewis et al.,
2005). Content analysis of these selected sources can be done using various methods.
One of these methods is Corbin and Strauss's (1990) open and axial coding procedure,
which will also be used in this study. According to this method, the researcher first
codes the source by analyzing it line-by-line. The process of grouping these codes by
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examining the similarities and differences and creating categories and subcategories is
called open coding (Corbin and Strauss 1990). Axial coding is the axial association of
the created categories with their own sub-categories (Corbin and Strauss 1990). Open
codes and associated categories, which are the output of this stage, are used as the
basic input of the next stage, the survey instrument stage.

After the constructs are defined, if necessary, higher order constructs, namely
multidimensional constructs, are conceptualized. Multidimensional higher-order
constructs are created by combining several different but closely related constructs
under one roof (Law et al., 1998). At this stage, researchers can benefit from previous
studies in the literature as well as refer to the opinions of experts in the field of interest
by card sorting method, as Hoehle and Venkatesh (2015) have done. The constructs
created at each higher-order construct creation stage are questioned whether they
represent a unique part of the underlying structure of interest, and if this is satisfied,
the higher-order construct creation process ends (Hoehle and Venkatesh, 2015).

3.2 Survey Instrument Development

The second step in the scale development procedures presented by both MacKenzie et
al. (2011) and Lewis et al. (2005) is the creation of survey items. The initial item pool
is created by making use of the related literature and the open codes and extracted by
content analysis in the previous stage. This initial item pool needs to be purified and
validated by going through some steps. These steps to be followed in order to ensure
the validity of the survey instrument are face validity check, pilot study and content
validity check, respectively.

3.2.1 Face validity check

Before moving on to concepts such as face validity and content validity, it should be
understood what validity is. Validity was defined by Kerlinger (1973) in a question:
"Are we measuring what we think we are measuring?" (p.457).

In order for the prepared questionnaire to be easily answered by the participants, to
reduce the error in the data collected through the questionnaire and to maintain the
content validity of measure instrument, some pre-tests should be carried out. The first
of these pre-tests is the face validity check, which is carried out with people who have
knowledge about the subject studied (Lewis et al., 2005). The face validity check
stands out with its practicality, so it is a method that can be used when one wants to
see how well the measure instrument seems to measure what it is intended to measure
because "it should not only be valid but it should also appear valid" (Mosier, 1947,
p.192).
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3.2.2 Pilot study

The pilot test is a trial study that should be done with the target user after the face
validity check phase to clear of the items from the ambiguity (Lewis et al., 2005). This
phase is very useful in getting the opinions and suggestions of the target user about the
instrument and provides the researcher with important clues about how the item
statements in the survey instrument should be arranged so that it can be understood by
all the participants efficaciously.

The pilot study, which is frequently encountered as pre-test in the literature, is very
important phase that allows the design features of the survey instrument such as
response alternatives and skip patterns to be regulated, and thus minimizes the error of
non-response of the participants (Bolton, 1993). Therefore, while measuring the
intelligibility of the survey statements to the target user, missed details about the
structural design of the survey instrument can also be caught and these errors can be
corrected before data is collected with more users.

3.2.3 Content validity check (item screening)

The concept of validity was already defined in section 3.2.1. After looking at how well
the measure instrument appears to measure what is intended to be measured in face
validity check, statistical support for content validity is also required. This phase is
done with more people than face validity check and there is no need for the participants
to be experts.

Although there is no consensus in the literature on which method should be performed
for content validity analysis, Strauss et al. (2004) argue that this analysis is not
obligatory but highly suggested. One of the procedures frequently used in the literature
for content validity check is suggested by Lawshe (1975). According to this procedure,
participants are asked to evaluate the relationship of each item to each construct as
"Essential”, "Useful but not essential™ or "Not necessary" and then the content validity
ratio (CVR) of each item is calculated with the following equation (3.1):

n — —
CVR = — 2

(3.1)

N =Z

where ne is the number of participants indicating the item as “essential” and N is the
total number of participants (Lawshe, 1975). Lawshe (1975) presented minimum
threshold values with 95% confidence based on the number of participants. For
example, if the number of participants is 10, the minimum value of the CVR must be
0.62 for an item to be accepted.
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Another procedure frequently used for content validity check in the literature is the
procedure proposed by Anderson and Gerbing (1991), which assumes that each item
represents a single construct. They proposed two indices named psa and ¢sy which you
can see their formulations in equation (3.2) and equation (3.3), respectively.

N
Psa = N (3.2)
N — Ny
Csp = N (3.2)

where n, nc is the number of participants who assigned the item to the relevant
construct, n, is the highest number of assignments of the item to any other construct
and N is the total number of participants. p, takes values between 0 and 1 and c,
takes values between -1 and 1. Greater values indicates greater substantive validity. In
addition, if the cg, value is found to be a large negative value in absolute value, it is
concluded that the item has substantive validity but belongs to another construct, not
the construct that the researcher matched. In such a case, the construct definitions
should be reconsidered (Anderson and Gerbing, 1991).

3.3 Evaluation of Measurement Properties

According to Lewis et al. (2005), explanatory and confirmatory factor analysis studies
should be carried out, respectively, with different samples to be collected from the
target audience using the developed survey instrument in order to evaluate the
measurement properties. Finally, more evidence for the validity of the newly
developed instrument is provided by performing the nomological validity analysis,
which is also referred to as the related variable analysis in the literature (Lewis et al.,
2005).

3.3.1 Exploratory assessment

Lewis et al. (2005) stated that for the first stage analysis, a representative sample of
the main population should be collected using the instrument, which is revised and
updated after the content validity analysis. In order to be able to argue that the collected
sample is a qualified sample, it should be evaluated from the following aspects (Lewis
etal., 2005): The response rate should be more than 20% (Malhotra and Grover, 1998),
the subject-to-item ratio should be at least 5 to 1 (Hair et al., 2010), and the collected
sample should sufficiently represent the main population (Lewis et al., 2005). If the
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data satisfies these requirements, appropriateness for factor analysis is examined.
Accordingly, it is determined whether Barlett sphericity test is significant and Kaiser-
Meyer-Olkin (KMO) test satisfies the threshold value of 0.5 (Hair et al., 2010).
Afterwards, factor analysis is performed and factor structures are discovered. It is
determined whether each item belongs to the intended factor by checking loading
values. Items are eliminated from the item pool if their loading value is less than the
threshold value.

Finally, internal consistency of each factor is examined. Reliability analysis can be
performed by calculating Cronbach’s (1951) internal consistency for each construct as
suggested by MacKenzie et al. (2011).

3.3.2 Confirmatory assessment

A different random and qualified sample representing the main population should be
collected for the second stage confirmatory analysis with the revised and updated
instrument according to the first stage exploratory analysis results (Lewis et al., 2005).
First of all, using the collected sample data, the multivariate normality assumption,
which is one of the confirmatory factor analysis assumptions, should be questioned by
examining the mean, skewness and kurtosis coefficients, which are univariate
normality indicators for each variable (Hair et al., 2010; Lewis et al., 2005).

Subsequently, convergent and discriminant validity are checked, respectively, and the
goodness-of-fit values of the measurement model created by considering the factor
structure discovered in the first stage are checked. Then, it is determined whether the
standardized factor loads are greater than the 0.7 threshold for convergent validity
(Hair et al., 2010). The statistical significance of each standardized factor loading
indicates that each item belongs to relevant construct (Bagozzi et al., 1991). The
average variance extracted (AVE) values of the constructs are compared with 0.5, the
threshold recommended by Fornell and Larcker (1981), and the composite reliability
(CR) values are compared with 0.6, as suggested by Diamantopoulos and Siguaw
(2020 as cited in Altin Gumussoy, 2016). Finally, for internal reliability, Cronbach's
alpha values are compared with the threshold value of 0.7 suggested by Fornell and
Larcker (1981). The discriminant validity of the constructs in the model can be tested
with the Fornel-Larcker criterion. According to this method, all AVE values must be
greater than the correlation values below it, that is, the correlation of the relevant
construct with other constructs (Fornell and Larcker, 1981).

The nomological validity analysis is the last step in the validity assessment of
conceptualized constructs. In this regard, structural model consisting of variables that
are thought to be theoretically related to the developed instrument is established, and
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both the relationships between the variables and the significance of the model are
tested (Lewis et al., 2005).
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4. RESULTS

In this section, a conceptualization and scale development study for mobile application
usability was carried out by following the comprehensive and hybrid scale
development procedure presented in the methodology section. For this, first of all,
constructs that represent mobile application usability are conceptualized. Afterwards,
the survey instrument was constituted by following the survey instrument development
steps. Finally, the measurement properties of the developed survey instrument were
evaluated in two stages with explanatory and confirmatory analyses.

4.1 Construct Domain Development

The main resource that will be subjected to the Corbin and Strauss’s (1990) open and
axial coding procedure and to be used as raw data in this study is the human interface
guideline (Apple, 2022), which is a comprehensive guide for mobile application
developers published on Apple's official website. In order to conceptualize the
constructs, as stated in the methodology stage of the study, the guideline, which was
taken as the main source, was examined line by line and open codes were derived. This
matrix, consisting entirely of qualitative data, was prepared in line with Miles and
Huberman's suggestion, and the information was summarized in a systematic way, So
that the information could be handled as a whole, to facilitate the researcher while
analyzing and to draw meaningful conclusions (Miles and Huberman, 1994). After the
first open code matrix was created, it was re-examined eight more times and open
codes and constructs were finalized by applying open and axial coding procedures.
Accordingly, categories and sub-categories of these categories were created, and open
codes were assigned to these sub-categories according to their similarity/difference
using axial coding. At this stage, while the open codes were finalized and the
constructs were created, the ideas of a total of 3 information systems (1S) researchers,
an associate professor, an assistant professor, and a research assistant with a doctorate,
were taken.

The finalized open code matrix is given in Table A.1. The first column of the table
represents axial codes, the second column represents sub-categories, and the third
column represents open codes. There are 16 axial codes, 29 sub-categories and 92 open
codes in the finalized open code matrix. In the following sections, the 16 constructs
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created will be conceptually defined and their relations with the previous literature will
be discussed. The intersection between the constructs conceptualized in this study and
previous studies is demonstrated in Table B.1.

Instant start

Itis very important for users that the launch experience, which is the initial engagement
that users will have with the mobile application, takes place smoothly and quickly. In
the past, excessive page loading time was largely due to slow internet and personal
computers. However, nowadays, these problems have been overcome to a large extent,
and even though the internet speed and the capabilities of personal computers have
increased, loading times are still a trouble for websites and mobile applications that
work with low performance (Whitenton, 2020; Galletta et al., 2006).

Whitenton (2020) argues that the ideal load time should be sub-second. To give a
striking example on this issue, in a study conducted by Google, Global Product Lead
An (2018) proved that if the page loading time is between 1-3 seconds, the rate of users
leaving the mobile site increases by 32%. If it is in the range of 1-10 seconds, this rate
has increased by 123%. This and similar studies prove that mobile applications should
display the initial screen as soon as possible and allow the user to interact with the
application quickly.

On the other hand, it is not enough to open the mobile application interface quickly.
The application provides the user with a fast and smooth authentication experience,
enabling the user to interact with the application interface as soon as possible. The fact
that authentication methods give importance to usability as well as security is very
important in the first interaction of the user with the mobile application (Allen and
Komandur, 2019). Apple's human interface guidelines (Apple, 2022) recommend
delaying authentication as much as possible unless the user's action explicitly requires
authentication. Accordingly, the user should be able to navigate the application
interface comfortably without being forced to authenticate. Guidelines state that
mobile applications must support the Sign in with Apple option, which provides users
with a simple and quick authentication when authentication is explicitly required.
Support for this feature by mobile applications provides users with a single, consistent,
basic and quick authentication experience. The mobile application should provide
services that facilitate data entry, such as automatic password filling, displaying
keyboards feasible for data type when the user chooses other authentication methods
(Apple, 2022). Although more secure authentication options arise than the classical
method, such as biometric authentication, these methods may be more difficult as users
are familiar with logging in with the classical method (Allen and Komandur, 2019).
Therefore, the increase in authentication options has brought the need for usability
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studies in this field. In this direction, the existence of studies on the relationship
between authentication and usability is striking (Keith et al., 2007; Mihajlov et al.,
2011; Schloglhofer and Sametinger, 2012; Allen and Komandur, 2019; Wu et al.,
2020; Mishra and Dutta, 2022; Marasco et al., 2022).

In summary, the instant start concept in this study advocates the necessity of both a
fast and smooth launching experience and a fast and easy authentication. In this
respect, the construct differs from other studies in the literature that discuss this
conceptual structure (Hoehle and Venkatesh, 2015; Abubakar et al., 2016; Whitenton,
2020; Galletta et al., 2006).

Branding

The concept of branding, which is covered under the Visual Design heading in Apple's
human interface guidelines, is basically that a mobile application provides its users
with a smart and brand-reminiscent application design through brand-specific font,
colors, icons, and other visual elements. In addition, it is argued that this branding
approach should be integrated into the design in a simple and smart way, without going
overboard.

Positive and negative thoughts that occur in the minds of users about the brand stay in
their memories for a long time (Keller, 1993) and affect their trust in the brand (Lowry,
etal., 2008). Therefore, it is essential for successful mobile application brands to create
a positive brand image in the minds of their users. This brand image can be formed in
the minds of users in two ways: Indirectly, through the transfer of other users' own
experiences and thoughts, and directly through users' own one-to-one experiences
(Dubberly, 2000 as cited in Rondeau, 2005). The concept of branding in this study
includes the directly created brand perception described here. In other words, color,
font, logos, glyphs and other visual elements in the mobile application interface can
be used to both create brand awareness and increase usability (Rondeau, 2005). These
visual elements and visual design, which are used wisely for branding, also affect the
perceived usability (Kurosu and Kashimura, 1995). In this respect, it has been a
frequently examined concept in usability studies.

In addition, it has been proven that mobile applications affect user attitude towards the
brand itself (Bellman et al., 2011). In the study of Bellman et al. (2011), it has been
shown that positive mobile application experiences increase users' desire for the brand
and even positively affect the willingness to purchase the brand's products. Moreover,
it is stated that this positive effect is even greater if the applications are user-oriented
and a connection is established between the user and the brand during the user
experience (Bellman et al., 2011). This can only be achieved by supporting the user's
interaction with the mobile application by using components such as recallable colors
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and visual elements representing the brand through the mobile application interface.
The concept of branded mobile application, which has been frequently used in the
literature in recent years (Bellman et al., 2013; Kim et al., 2013; Peng et al., 2014; Wu,
2015; Zhao and Balague, 2015; Alnawas and Aburub, 2016; Van Noort and Van
Reijmersdal, 2019; Wang, 2020), has been defined by Bellman et al. (2011) as mobile
applications that constantly present branding elements such as the brand logo and
brand icons throughout the interface and thus reflect the brand identity. Branded
mobile applications, which provide a strong bond between the user and the brand, also
affect the attitude of the users towards the relevant brand and mobile applications and
their preference for continuous usage (Peng et al., 2014; Wu, 2015).

In brief, branding aims to integrate the visual elements that are in the permanent
memory of the users and remind the brand into the mobile application design wisely
and without exaggeration, thus making a positive association with the brand in the
minds of the users and making a positive contribution to the perception of usability
and the preference of the mobile application.

Orientation

The notion of orientation, which is discussed under the heading of "adaptivity and
layout” in the Apple human interface guidelines, arose from the desire of users to
interact with the mobile application seamlessly regardless of the usage environment.
Users should be able to clearly see the content on the screen and interact with the
mobile application whether they hold the mobile device in portrait or landscape
configuration (Apple, 2022).

The fact that mobile devices are easily carriable allows them to be used in all kinds of
environments and conditions, even while traveling. Therefore, these various usage
environments and conditions should be taken into consideration in the design of mobile
applications offered for use with mobile devices (Wobbrock et al., 2008). Under all
conditions, users should be able to engage with the mobile application and successfully
take use of its potential without encountering any issues. Using horizontal orientation
in addition to portrait mode enables for more information to fit on the screen, especially
on mobile devices with small screens. In addition, the user doesn't have to scroll on
the application screen to access more information (Sanchez and Branaghan, 2011).
Scrolling on a screen is a circumstance that limits a user's performance on difficult
activities and increases the time it takes to access information (Sanchez and Wiley,
2009). The resolution and content quality must meet the requirements for both
landscape and portrait mode. Thus, the mobile application users have a better viewing
and browsing experience (Gardner, 2011). The usability of mobile devices is also
positively impacted by screen rotation, as has been previously mentioned (Cheng et

26


https://tureng.com/tr/turkce-ingilizce/easily%20carryable

al., 2013). Mobile applications should therefore be capable of fulfilling the demands
of all users, given that grasping habits differ from person to person (Cheng et al., 2013).

Orientation is conceptualized as ‘the ability to access equally well the content in the
mobile application, regardless of whether the user is holding it in landscape or portrait
orientation’.

Collaboration

People generally tend to share with others what is important to them. For this reason,
mobile applications should also allow users to share information with other social
media accounts or other channels, thus allowing users to communicate with each other
(Apple, 2022).

Mobile applications should be in active communication and interaction with their
users, rather than a one-way communication, just like the marketing engagement
strategies of other companies. In addition to the communication between company and
the user, mobile applications should also attempt to strengthen the communication
among the users. Thanks to this collaboration, mobile application companies can better
analyze users' perceptions of the mobile application and the services it offers, and
analyze the weaknesses that need to be developed (Gill et al., 2017). Furthermore,
according to Swaid and Suid's (2018) interpretation of the "dynamic engagement" (pp.
83) heuristic, which is one of the 13 heuristics they have developed for mobile
commerce applications, the user must be able to communicate with the application as
well as with other users. The mobile application can therefore respond to the user's
requests more efficiently.

As a consequence, collaboration is defined in this study as ‘the capacity of mobile
application users to share information with other apps, to communicate with other
users and the application itself’.

Content

Itis particularly crucial for mobile apps that the material in the interface be appropriate,
current and helpful for the target audience, since this has been shown to improve
website usability (Agarwal and Venkatesh, 2002) and customer loyalty (Mithas et al.,
2006). To avoid confusing the user when they navigate the mobile application
interface, it is essential that all of the content on the page is appropriate for their
expectations and the task they want to perform. In this study, personalization of mobile
application content based on the user and the capability of the user to customize the
content according to his/her preferences are also taken into consideration as sub-
categories in addition to content relevance.
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According to Venkatesh and Agarwal (2006), personalizing the content to the user
enables them to obtain the content more quickly and easily. This concept is regarded
as a sub-category of the content in this study and is included in many usability studies
under the term of personalization in the literature (Baek and Yoo, 2018; Haghirian et
al., 2005; Agarwal and Venkatesh, 2002). According to Apple's (2022) human
interface guidelines, mobile applications should emphasize the content that users care
about. The information and content presented should be up to date and beneficial to
the user. Moreover, the user experience should be enhanced by using the user's past
behavior and the personal details they permit. This feature makes the content that users
might wish to revisit more visible and removes the need for users to keep track of how
to access the content they are interested in (Fuller-Tyszkiewicz et al., 2018).

Lastly, mobile applications allow the user to customize the application as much as
possible, letting them alter the app's features and content to fit their requirements and
interests (Mirkovic et al., 2014). As a result, the content utilized in the mobile
application needs to be appropriate for the context, up to date, beneficial to the user,
and personalized for the user. In addition, the user should be able to customize the
content that is given to him as far as the mobile application permits. In this study, the
content is conceptualized as ‘providing the user with content compatible with the
context, useful for the user, personalized according to the previous preferences of the
users, and allowing the users to customize the content in the mobile application
according to their own preferences as much as possible’.

Search

In order to help users in navigating the user interface, the search feature is crucial
(Tung et al., 2009). One-third of users prefer the search function over using the menu
while navigating, according to Cox and Dale (2002). This demonstrates the
significance of the search function in navigation.

After interviews with twenty web designers, Tan et al. (2009) identified fourteen
criteria that have to be considered while designing business to consumer websites.
Usage of search engines and the evolution of search functionalities is one of the topics
covered in navigation domain. It is emphasized how crucial it is for websites to have
a good search function. It has been argued that this could possibly be accomplished by
offering hints and keywords that will simplify the task for visitors to find the content
they're looking for. Koufaris (2002) investigated whether value-added search
mechanisms affect online consumers' perceptions of control, shopping pleasure, and
concentration. The results demonstrated that using a practical tool like a search
function enhances customers' online purchasing experiences. To facilitate the search,
the results of the search might, for instance, be sorted by relevancy (Tung et al., 2009).
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In addition, providing the user with effective search features is important in order to
provide users more control when they try to find information in the interface
(Jarvenpaa and Peter, 1997 as cited in Koufaris, 2002). In order to provide the user
more control during the search, they should additionally be capable of terminating it
at any point (Apple, 2022). In Apple (2022) human interface guidelines, the search bar
is extensively covered, and helpful guidance is provided on how to use the search
engine in the user interface design of mobile applications.

As a result, the search notion discussed in this study is conceptualized as ‘mobile
applications should provide a standard search bar, provide features that will facilitate
the search for the user’.

Privacy

Users' personal information may be required by mobile applications for a variety of
valid purposes (Enck et al., 2014). For instance, a food ordering application could use
the user's location to bring up a list of the nearby restaurants. However, users desire to
feel confident that their personal data is utilized appropriately and is not given to
outside parties (Enck et al., 2014). Mobile applications must get the user's permission
before accessing personally identifiable information, but choosing the correct method
to do so is crucial to avoid disturbing the user.

The application should not be prompted the first time the application is launched,
unless it explicitly requires information that personally identifies users, such as
location or health (Apple, 2022). In their study on Android mobile applications, Kelley
et al. (2012) found that the displaying of the permission window immediately after
installation, before the user interacts with the application, frustrates users. People
might be concerned about engaging with a mobile platform if they have privacy
concerns, making it difficult for them to perform out their targeted tasks (Chin et al.,
2012). According to findings Chin et al. (2012) obtained through in-depth interviews
with 60 smartphone users, people specifically avoid using their smartphones for
sensitive tasks such as tasks involving identification numbers or financial transactions.
However, they also stressed how effectively designed interfaces may considerably
address this problem. With mobile shopping applications, for instance, customers'
worry might be decreased by notifying them that their personal information is not
stored. Mobile applications should politely and respectfully clarify to users why they
should give personal details and request their approval. However, they shouldn't be
forced to provide permission during this request so that they don't experience stress.
In addition, allow choice shouldn't be highlighted (Apple, 2022).
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The notion of privacy is defined in this study as ‘the mobile application asks personal
data from the user in a pleasant and appropriate way when obviously needed, and
notifies the user by clearly indicating the reason asking request’.

Graphics & animations

Aesthetic graphics, which appear as a hedonic component, not only improve the user's
experience with mobile applications, but they have also been shown to have a
beneficial impact on perceived usefulness and ease of use (Li and Yeh, 2010). In some
studies, this notion covers all design components (Schultz, 2005 as cited in Cyr et al.,
2006), such as color, imagery, and writing style, whereas in others, it solely refers to
well created, aesthetically pleasing graphics and images (Hoehle and VVenkatesh, 2015;
Hoehle et al., 2016). According to Apple's (2022) human interface guidelines, mobile
applications need to provide users graphics that are both high-quality and high-
resolution. It is also highlighted the need for all visual components (such as images,
glyphs, icons, etc.) presented in the interface must be distinguishable in various
interface modes such as light mode, dark mode.

According to prior studies, using multimedia elements will enhance users' dynamism,
attention, and decision-making skills (Hess et al., 2005; Kisielius and Sternthal, 1984;
McGill and Anand, 1989). Nevertheless, Hong et al. (2004) suggested that the impact
of animations engaged on websites to attract users' attention is not adequately
understood. Hong et al. (2004) studied about how flash animation affects users' focus.
According to the findings of the study, although users may find components that
employ flash to draw their interest more quickly and readily, recalling of the relevant
item component is not increased by this approach, and it may even decrease recalling
of other components in the interface. Furthermore, the unfavorable impact of flash
animation on website usage sentiments has been revealed. Many studies indicate that
the usage of animation enriches the user experience, but it shouldn't be used
excessively.

Graphics and animations in this study are conceptualized as ‘the balanced use of high-
quality graphics and subtle animations throughout the interface’ in accordance with
Apple's (2022) human interface guidelines and relevant literature.

Realism

Using icons makes it simple to comprehend what is intended to be communicated
immediately instead of reading the text. From the past to the present, different icon
design approaches have been evolved. Throughout its development, the skeuomorph
design concept outlined by Norman (1999, as cited in Urbano et al., 2020) had
immense popularity. This perspective was based on icons that imitated physical items.
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However, Apple began utilizing a flat and simple design approach with the release of
i0S 7 in 2013. Apple's flat design offers an advantage over complex design in that
users can concentrate and perform tasks in the interface, despite some studies
criticizing flat design for neglecting the three-dimensional nature of items. Google
(2014, as cited in Urbano et al., 2020) proposed the skeuominimalism concept in
material design principles when this discussion was taking place. This approach
promotes minimalist design for icons, simply like Apple offers, but inserts three-
dimensional details to call attention to interactive components, for instance. It is
commonly believed that realism should be integrated into icon design, even if the
overall effectiveness of these three design ideas compared to one another over many
criteria are still under debate (Urbano et al., 2020).

Yu and Fang (2016) stressed the significance of icon design, particularly for elderly
individuals because they have less eyesight than younger people. Although the
application icon has been specifically the focus of this study, other interface icons have
characteristics in common with the application icon. The icons' meanings should be
simple to comprehend and simple for users to remember (Yu and Fang, 2016). The
human interface guidelines published by Apple in 2022 give major weight to this
concept, which has previously been mentioned in several studies (Kang, 2007; Hoehle
and Venkatesh, 2015; Hoehle et al., 2016). According to guidelines, an interface
element or control should be supported by a realistic and clearly recognizable icon or
glyph so that users can understand their meaning more effectively. These icons or
glyphs should be realistic and consistent with their stated meaning in order to avoid
confusing users (Apple, 2022). Furthermore, it has been demonstrated that
complicated icons are challenging for users to understand, which has a detrimental
impact on usability. An icon is more likely to be understood correctly when common
metaphors are used (Gatsou et al., 2012).

The concept of realism described in this study as ‘the usage of realistic, credible and
consistent visual components (images, icons, glyphs, etc.) with their suggested
meanings that would enhance the understanding of interface elements and commands’.

Control obviousness & reliability

The controls on the user interface that users can interact with should be straightforward
and intuitive, according to Apple's (2022) human interface guidelines. It should be
simple to determine if the interface elements are interactive or not by using visual
clues. Users should be able to interact with controls rapidly and easily, and damaging
actions should be emphasized to prevent users from potential mistakes (Apple, 2022).
In their study, Ji et al. (2006) stated that a weak scroll bar design example is not
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apparent to users at first glance and they offered a suggestion to enhance visibility of
this user control mechanism.

Furthermore, while interacting with a control, the user should be able to easily
understand which tab they are being directed to or which task to accomplish. Thus, the
controls don't lead users to the incorrect tabs and actions (Apple, 2022). In order to
make the meanings of the items on a menu explicit, Huang et al. (2006) have provided
various labeling suggestions. In this way, users will be prevented from being directed
to the wrong pages and they will be able to better understand what they will see when
they click on an item. In this study, this concept describes that ‘user controls in the
interface should be easily understandable and reliable’. The conceptualized construct
in this study indicates that controls should be reliable and always lead to the users'
expected outcomes, in comparison to the studies conducted by Hoehle and Venkatesh
(2015), Hoehle et al. (2016).

Effort Minimization

Bevan and Macleod (1994 as cited in Seffah et al., 2006) characterized usability as the
user's ability to accomplish their goals through interaction with the interface with the
minimum possible mental effort. The interaction between the user and the mobile
application interface should be as simple and intuitive as possible in order for mobile
applications to minimize the mental effort required from the user.

According to Fitts' law, how fast a task is accomplished is affected by many factors
such as task difficulty, human performance, distance from the center of the target, and
width of the target (Fitts, 1954). Accordingly, as the width of a target increases, the
time taken to reach the target decreases. Considering this law for the interface of
mobile applications, it can be said that having a sufficiently large tactile area in the
application shortens the time required for the user to reach that target. Due to the
limited screen size of mobile devices, the size of the buttons should also have a
limitation. In the literature, this size has been considered as the fingertip size in many
studies (Hoehle and Venkatesh, 2015; Hoehle et al., 2016; Bhullar and Singh Gill,
2019). The mental effort construct created in this study states that gestures should also
be presented to the users in order to perform a task in addition to the requirement that
the controls in the interface should be fingertip-sized. This construct underlines the
necessity of using not only fingertip-sized controls but also gestures in order to
perform a task in a mobile application, unlike the fingertip size construct in the study
of Hoehle and Venkatesh (2015) and Hoehle et al. (2016). Considering the changing
features of mobile devices, it should be taken into consideration that a user can perform
a task by using finger movements, that is, gestures, as well as using fingertip-sized
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buttons to perform a task. Therefore, it was deemed necessary to include gestures in
mobile usability studies.

One of the most effective ways to reduce the effort spent in a mobile application is to
reduce the mental effort on the user during data entry. One of the most effective ways
to reduce the effort spent in a mobile application is to reduce the mental effort on the
user during data entry. This can be achieved in ways such as providing reasonable
values to the user during data entry and showing the parameters. Thus, the user can
easily enter data without having to think about the type of data to be entered, and typing
errors can be prevented (Doherty and Kelisky, 1979).
Further, the mobile application is intended to regularly preserve interface changes in
order to prevent data loss in the case of an interruption. Thus, users can continue their
experience from where they left off when they return to the application interface,
(Apple, 2022). This will considerably minimize the effort required for users to return
to the mobile application interface after interruptions. Lastly, mobile apps should be
designed to correspond to users' expectations and habits, as stated in Apple's human
interface guidelines (Apple, 2022). The necessity for settings is reduced with this
strategy. Thus, users are not required to make a lot of adjustments with in mobile
application. According to Jokela et al. (2006), the usability of the user interface is
significantly impacted by the excessive number of tasks the user must complete,
including in-app settings.

In brief, the notion of effort minimization is conceptualized as ‘designing a mobile
application interface in a way that minimizes the user's mental load during data entry,
interaction with a control, and in all other use cases’ in this study.

Consistency and standardization

Nielsen (1994), Dix et al. (1998 as cited in Ji et al., 2006), and many other usability
studies have examined the concept of consistency. According to Tan et al. (2009), the
navigation menu, visual components, colors used in the interface, and location of the
components on the screens need to be consistent.

Using standardized interface components is an effective practice for mobile
application developers to ensure a consistent appearance across all screens (Swaid and
Suid, 2018). According to Swaid and Suid (2018), mobile applications should use the
standard 10S Ul components as much as possible. Consequently, a standardized and
consistent language can be established across applications developed for the iOS
operating system. Swaid and Suid (2018) also emphasized the requirement for two
components to behave the same if they have the same appearance, so as not to confuse
users.
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The consistency and standardization construct is defined as ‘presenting a consistent
and familiar appearance throughout the application, using standard interface elements
that users are accustomed to from other applications, and using user controls
consistently’ in this study.

Concise & user-driven language

The language used in mobile applications is examined through two aspects in this
study. The first is that all texts, messages, or warnings displayed in the interface, which
is also addressed in the study of Hoehle and Venkatesh (2015), succinctly and clearly
explain what is intended to be conveyed.

The language used in application needs to be user-centered, which is the other aspect.
Mobile applications that communicate to their users from a user-centric perspective
avoid using technical terms or expressions that are insulting or judgmental. Moreover,
excessive humor should be utilized cautiously because it might disturb the user (Apple,
2022). McLean (2021) credited the concise and straightforward content of the interface
with ensuring that health applications were used efficiently by all users. On the
contrary, it was claimed that interface users might have difficulties communicating if
they lack a strong understanding of health terminology. It is also emphasized in the
research conducted by Broderick et al. (2014) on health mobile applications that users
have inadequate health content knowledge, therefore mobile applications should
employ straightforward and basic language.

Consequently, concise and user-driven language is conceptualized as ‘the mobile
application’s utilization of succinct and user-centered language across the interface,
avoiding technical and unfamiliar terminology’ in this study.

Feedback

Mobile applications should always notify users to the situation by providing the
appropriate feedback types, according to Swaid and Suid's (2018) visibility heuristic.
In the study, it was underlined that the mobile application should notify the user in
accordance with user actions and in the case of any status changes. According to Ji et
al. (2006), the current state should be explicitly and understandably represented by the
progress bar.

Feedback in the mobile application can be visual, auditory or tactile. As users interact
with the user interface, haptic feedback offers the benefit of giving them physical
sensations like pressure and vibration (Sobri et al., 2019). Brewster et al. (2007)
revealed that haptic feedback strengthens the user's interaction with the interface.
According to Akamatsu et al. (1995), users can find an interactive object more rapidly
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as a result of this sort of feedback. According to Brewster and King's (2005) study,
users can follow haptic feedback while simultaneously performing a data entry.

Feedback is conceptualized as ‘providing the user with appropriate and intuitively
understandable feedback (visual, audible or tactile-haptics) on status changes and
giving the user waiting time information during interruptions’ in this study.

Navigation

Kang et al. (2014) emphasized that navigation is the most crucial component in user
experience. According to Miranda Gonzalez and Bafiegil Palacios (2004), users should
never feel lost when navigating the interface, and it should be simple to navigate
through the interface and get to the main page from any page. Furthermore, according
to Hoehle et al. (2016), users should be able to access to the mobile application from
different locations. People expressed their dissatisfaction when they were unable to
access to the application after downloading it. So that users can access the application
easily and rapidly, the mobile application should offer a variety of options, such as
connecting via another application or website, notifications, or widgets (Hoehle et al.,
2016).

According to Larson and Czerwinski (1998), the objects provided at the top of the
information hierarchy are more readily apparent, making them better targets. Adipat
et al. (2011) agreed with this idea and recommended placing critical information at the
top of the interface. By minimizing the user's effort to accomplish their goals,
navigating will become simpler, especially for complex interfaces.

Taking advantage of these insights in the literature and Apple's (2022) human interface
guidelines, navigation conceptualized as ‘navigating the interface is familiar, intuitive
and does not need much guidance, the user always has a single and logical way to
complete a task, and the user can easily access the desired content with a minimum
number of steps’.

Transition

One of the fundamental components of navigating through a mobile application's
graphical user interface is transitioning from one screen to another (Adipat et al.,
2011). The mobile application interface requires the user to navigate between screens
in order to finish a task. Thus, if the mobile application fails to provide a quick and
seamless transition experience, users might be disappointed (Kang et al., 2014). Due
to the limited screen size of mobile applications, it is not possible to fit too much
knowledge on a single screen. As a result, in order to access information, users must
either scroll the screen or switch between screen. According to Buchanan et al. (2001),
users are more familiar with vertical scrolling than horizontal scrolling. They also
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claimed that excessive usage of scrolling made people dissatisfied and that screen
transition is less monotonous. However, if graceful screen transitions are not provided,
users may have more trouble trying to navigate between pages (Buchanan et al., 2001).

In this study, transition is conceptualized as ‘displaying placeholder texts and graphics
to users during screen transitions of the mobile application until the content on the
page is loaded, and maintaining visual continuity’ in accordance with Apple's (2022)
human interface guidelines.

4.2 Instrument Development

4.2.1 Measure development

The second step of the methodology focuses on survey instrument development. In
this section, an initial item pool was created by making use of the open codes created
in the previous section and the relevant literature. Initially, a pool of 113 items
measuring 16 constructs was created. This first item pool was purified by face validity
check, pilot study and content validity control, respectively, and the final item pool
was created.

4.2.2 Face validity check

113 items representing 16 constructs in the prepared instrument were subjected to face
validity check. At this stage, a total of 9 people, including 1 professor, 1 associate
professor, 1 assistant professor, 2 doctorate and 4 graduate students, who have done
research on the subject studied or have an idea about the subject, participated. At the
same time, it was confirmed that all participants were mobile smartphone users, so that
they could easily understand and evaluate the items in the instrument. The participants
were asked whether there is any ambiguity for each item and whether it needs to be
deleted or modified in a previously prepared format. Participants were also asked to
identify items that they thought needed to be added to the instrument or that needed to
be modified, and to provide feedback and suggestions for other improvements. The
collected answers were first evaluated by the researcher, then some issues were
discussed with the participation of 2 experts, and as a result, necessary adjustments
were made in the instrument. In accordance with these adjustments, 38 items were
removed from the instrument and 9 items that were found to be meaningless or
ambiguous were re-worded by the researcher. The next step, the pilot study, was
passed with 75 items.
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4.2.3 Pilot study

75 items representing 16 constructs in the prepared instrument were subjected to pilot
study. At this stage, answers were collected from social media mobile application
users, who are the target audience, in line with the suggestions. Since the target
audience for the participants in this study is social media application users in Turkey,
English-Turkish bilingual translation of the items was made before starting the survey.
39 participants were first asked to complete the instrument and at the same time to seek
answers to the following questions recommended by Salant and Dillman (1994, as
cited in Altunisik, 2008).

e Does the item measure what is intended to be measured?

e Does the item is related to mobile application usability? Which items do you
think are unrelated?

e Are there any words that you do not know the meaning, and if so, what are

they?

e Are there any items that you find difficult to understand, and if so, what are
they?

e Are there any items or expressions in the instrument that will lead to prejudice
or guidance, if any, what are they?

The participants look answers for these questions while completing the questionnaire,
and they were allowed to convey their opinions in the feedback and suggestions field
on each page of the questionnaire, which was prepared for the pilot study distinctively.
In accordance with the answers of the participants, 1 item were removed from the
instrument and 32 items were re-worded by the researcher. At this stage, the reason
why 32 items were reworded was that when an incomprehensible word was changed,
more than one item was affected. Therefore, all items containing incomprehensible
words have been changed. The next step, the content validity check, was passed with
74 items.

4.2.4 Content validity check (item screening)

74 items representing 16 constructs in the prepared instrument were subjected to
content validity analysis. 40 participants have contributed to study in this stage and the
demographics of them presented in Table C.1. In the content validity check, Proportion
of Substantive Agreement (PSA) and Substantive Validity Coefficients (CSV) indexes
were used as explained in the study of Anderson and Gerbing (1991). According to the
results, CSV value of 9 of 74 criteria is below 0.25, the proposed threshold value (Yao
et al., 2008). It was noted that each construct is represented with at least 4 items and it
was decided to remove 5 of these 9 items (COLL3, EFR6, EFR7, EFR8, FB5) from
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the item pool and 4 items (BRND4, REAL4, NAV1, NAV3) were decided to re-
express their statements. Table 4.1 shows PSA and CSV values of all items, the items
that are removed from the item pool and whose expressions are changed are shown.
After the changes, 69 items for constructs were confirmed by content validity check.
The final item pool is given in Table D.1.

Table 4.1: Content validity check results: PSA and CSV values of items.

Construct Code Items PSA CSV
INST1 The mobile application displays initial screen as soon as possible. 0.88 0.83
INST2 The mobile application is ready to use after launching. 0.78 0.68
INST3 As the mobile application opens very quickly | can easily access the 080 068
Instant Start content.
INST4 The _mol_)lle application doesn't force authentication to navigate within the 065 045
application.

The mobile application only asks for authentication when necessary and

INST5 - - 0.60 043
provides a simple way to do so.
BRND1 The moblle_ appllca_tlon integrates bran_dlng glements (brand colors, stylized 085 075
icons etc.) into the interface without distractions.
BRND2 The mobile appllca_tlon_ icon is artistically designed and clearly defines the 058 038
purpose of the application.
Branding BRND3 The mobile application offers a recognizable and brand-reminiscent 073 058
interface.
The mobile application doesn't force me to watch advertisements. (original) 055  0.23
BRND4*
The mobile application doesn't force me to watch brand-related
advertisements. (modified)
ORIE1 The mobile application supports both portrait and landscape orientation. 0.83 0.70
ORIE2 The mobile application works well whether | rotate the device left or right. 0.75 0.60
Orientation ORIE3 g:\f/ai(r:rgoblle application doesn't force me to change the orientation of the 088 075
ORIE4 ﬁ:]%r&t;nt in the mobile application looks good in both portrait and landscape 083 065
COLL1 The mobile application allows me to share information with social media 070 053
accounts or other channels.
COLL2 Thg mobile application allows me to interact with others through ratings, 078 068
reviews and messages etc.
Collaboration COLL3** The mobile apph_catlon requests ratings and reviews only after interacting 050 023
with the application.
coLL4 The mobile application allows me to interact with others. 085 0.78
COLLS The mobile application makes it possible for me to communicate with 078 068
others.
CTNT1 The content of the mobile application is focused on a single purpose. 0.63 048
CTNT2 The mobile application presents the content | am most interested in. 0.80 0.75
Content CTNT3 The mobile application personalise the content according to my previous 073 058
preferences.
CTNT4 The mobile application allows me to customize the content according to my 088 083
own preferences.
SEAR1 The mobile application helps me to search the content faster. 0.75  0.63
SEAR2 The mobile application provides a search bar for me to search easily. 0.88 0.80
Search SEAR3 ;l;:;;noblle application narrows the list of results in relation to my search 078 063
SEAR4 The mobile application provides helpful shortcuts(bookmarks) under the 075  0.60

search area.

*: Defines modified items.

**: Defines the items extracted from the item pool.
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Table 4.1 (cont.): Content validity check results: PSA and CSV values of items.

Construct Code Items PSA CsV
PRVCI The r_noblle appllcatlc_)n cle_arl)_/ states V\_/hy it needs personal data such as 080 065
location, health and financial information.
PRVC2 The mobile appll(_:atlon asks for permission before using personal data and 088 083
Pri uses them according to my preferences.
rivacy . L . —_— .
PRVC3 The mobile application allows browsing the application without access to 070 058
personal data.
PRVCA The mobile application doesn't force me to share my personal data unless 088 085
necessary.
GRAN1  The mobile application uses beautiful, interesting and evocatory graphics. 085 0.78
GRAN? The mobile application makes use of high resolution and quality of images 080 068
Graphics & and artworks. ’ '
Animations GRAN3  The mobile application uses animations and motion effects, effectively. 0.78 0.68
GRAN4  The animations and motion effects in the mobile application are optional. 0.88 0.83
GRANS The mobile application makes use of animations to add vitality to the 088 080
experience. ’ ’
REAL1  The mobile application benefits from realistic icons. 083 0.75
REAL2 The mobile application uses icons in accordance with their meaning and 070 048
suggested usage.
Realism REAL3  Icons in the mobile application remind real-life objects. 0.80 0.68
Icons in the mobile application don't have complex shapes and are easily 058 020
REAL4* understandable. (original) ' '
The meanings of the icons in the mobile application are easily understood.
(modified)
The mobile application provides intuitive controls that I can easily
coBV1 understand their function. 080 0.68
Control COBV2  The controls in the mobile application always lead me the results | expect. ~ 0.68  0.45
Obviousness i icati i i
&Reliability  COBV3 ]I(n the mobile application, controls are labelled correctly according to their .2 ¢¢
unctions.
COBV4 Thg core function of the mobile application is clear and understandable at 068 055
a single glance.
EER1 The moblle_appllcatlon provides hints or reasonable default values in the 078 065
data entry field.
EER? The_ mobile application allows me to spend less effort by providing logical 080 068
options.
EER3 The mobile appll_catlon saves the current state and my data automatically 078 065
so that I can continue from where | left off.
EER4 The _mot_)lle application doesn't force me to change the settings within the 078 060
application.
EERS 'brhe mobile application provides large-enough touchable area for each 068 053
Effort utton.
Minimization EpRe++ LS €asy to interact with the mobile application, even in distracting 040 018
environments. : :
EFR7** ;Ifhe mt_)blle application allows me to control the interface with my 055 020
ingertip.
The mobile application uses touch gestures to make easier selections (For
EFR8**  ex. swiping right to go back, double-click to add a product to favorites, 053 0.18
etc.)
EER9 The mobile application allows me to interact with the application interface 063 050

with finger gestures such as swiping, double-clicking on the touch screen.

*: Defines modified items.

**: Defines the items extracted from the item pool.
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Table 4.1 (cont.): Content validity check results: PSA and CSV values of items.

Construct Code Items PSA CSV

The mobile application maintains a consistent and familiar appearance

CSTD1 throughout the interface. 083 075
. CSTD2 The mobile applicatiop p_rovides standard_ int_erface elements (icons etc.) 073 063
Consistency & and controls that are similar to other applications.
Standardization i icati i iti
CSTD3 In the moblle_app_ll_catlon, the controls are in the position | expected and 073 058
can be found intuitively.
CSTD4 The mobile app_lication uses a consistent design, typography and color 085 078
throughout the interface.
CUDL1 The mobile app_llcatlon uses concise language both texts and titles 088 075
throughout the interface.
Concise&User- ~ CUDL2  The mobile application uses an easy-to-understand language. 0.78 0.68
Driven . _— . S
The mobile application uses a friendly tone and avoids judgmental and
Language CUDL3 insulting expressions. 0.78 068
cuDL4 ;I;)hren;noblle application avoids technical jargon that seems complicated 08 0.65
The mobile application provides visual, auditory, tactile and other types
FB1 - - 0.88 0.80
of feedback appropriate to the actions | take.
FB2 The mobile application notifies me for actions or any status changes. 053 0.38
Feedback FB3 Th(_e mobile application k_eeps_ me |r_1formed of what happens during the 068 055
waits and how long the situation will last.
FB4 The mobile application immediately warns me when | make an 068 055
incorrect data entry.
FR5** The mob_lle application always accurately conveys progress 053 013
information.
The mobile application can be accessed through notification, another
g . . _— 050 0.23
application or the website of another application. (original)
NAV1*
The mobile application can be accessed through another application or
notifications. (modified)
NAV2 The mobile application provides a logical and predictable path. 0.65 0.58
The mobile application makes navigating the interface and performing 058 023
Navigation actions easy and predictable. (original) ' '
NAV3*
The mobile application interface is easy and predictable to navigate.
(modified)
NAVA The mobile application allows me to take the action | want to do in the 078 063
shortest way.
NAV5 The mob'lle appllcat_lon provides principal and the most frequently used 068 053
information and actions on the top of the screen.
TRAN1 ;F:ftmoblle application seamlessly transitions from one screen to the 080 068
TRAN2 T_he_moblle application switches from one screen to another without any 080 065
difficulty.
Transition - —_— . Lo
TRAN3 The mobile application doesn't appear to be frozen when switching from 075 068
one screen to another.
TRAN4 The transition from one screen to another in the mobile application is 088 080

fast enough.

*: Defines modified items.

**: Defines the items extracted from the item pool.

4.3 Evaluation of Measurement Properties

The developed scale is tested with the participants randomly selected from the target
audience during the evaluation of the measurement properties stage. First, explanatory

factor analysis is applied to examine the factor structure of the new scale, and then
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confirmatory factor analysis is applied to confirm this factor structure. The two random
data to be used for exploratory factor analysis and confirmatory factor analysis,

respectively, must be independent of each other (Lewis et al., 2005).

4.3.1 Exploratory assessment

Explanatory factor analysis was performed in order to examine the factor structure
with the first sample collected using the developed survey instrument. Before starting
the survey, the participants were asked the social media application they used most.
The options offered to users are Facebook, Twitter, Instagram and YouTube, which
are among the most preferred social media applications in Turkey in recent years
(Statista Research Department, 2021). Adapting the questionnaire to a specific context
and collecting data from a specific user group in this direction is an accepted practice
in the literature (Venkatesh et al., 2003; Venkatesh and Ramesh, 2006). Then, the
survey items were automatically adapted according to the social media application
preferences most used by the social media users, the target group determined in this
study. In this way, the items were shown to the participants during the survey, for
example, ‘Facebook mobile application is ready to use after launching’ instead of ‘The
mobile application is ready to use after launching’. In addition, all items in the survey
instrument were measured using a 7-point Likert-agreement scale (e.g., 1-totally
disagree; 7-totally agree). In order for the sample size to be statistically significant,
attention was paid to ensure that the subject-to-item ratio was at least 5 to 1, as
suggested by Hair et al. (2010). 508 responses were collected from the social media
application users in Turkey through an online survey platform. In addition, the answers
of 32 participants who marked the item ‘Please do not answer this question’, which
was given as a trap in the survey were not included in the analysis. Finally, a total of
476 survey data were obtained for explanatory factor analysis. IBM SPSS Statistics 28
package program was used for this analysis. The demographic information of the
respondents is given in Table C.1.

The suitability of the remaining 476 data for factor analysis was investigated by using
the Bartlett sphericity test, which questions the existence of sufficient correlation
between the variables, and the Kaiser-Meyer-Olkin (KMO) tests, also known as the
Measure of Sampling Adequacy (e.g., MSA), respectively. It is expected that the
Bartlett test of sphericity is statistically significant (e.g., p value<0.5) and the KMO

values are higher than 0.5 for both the general test and each variable (Hair et al., 2010).
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As aresult of the analysis, the KMO value of the general test was 0.953 and the Bartlett
sphericity test was also found to be statistically significant at the 0.001 significance
level. In addition, the KMO values of each factor were found to be more than 0.5

threshold and Bartlett sphericity tests were significant at 0.05 significance level.

Factor analysis was performed by using the varimax method without specifying the
number of factors beforehand. As a result, 16 factors with eigenvalues greater than 1
were obtained. Explanatory factor analysis results are given in Table 4.2. 69 items
representing 16 constructs explain 71.7% of the total variance. Although there are
different ideas for the threshold value of item loading in the literature such as 0.50
(Strauss, 1989), 0.45 (Lewis et al., 1995). The threshold value of item loading was
determined as 0.50 in this study. 2 items (INST4 and EFR2) with loading below the
threshold were privately evaluated and it was decided to remove these items from the
item pool. At this stage, it was also checked whether an item was loaded more than
0.45 on more than one factor (Lewis et al., 1995). However, this situation has not been

determined for any item.

For the reliability analysis, the Cronbach alpha values, internal consistency
coefficients, of each construct were calculated and all values were above 0.79, so they
were above 0.70 as suggested by Fornell and Larcker (1981).

Table 4.2: Explanatory factor analysis: Descriptive statistics and loadings of items,

Cronbach alpha values and % variance explained of constructs.

%

Construct Mean Star?de_lrd . Variance  Cronbach a
Deviation Loading -
Explained

4.80 1.66 0.78
4.76 1.61 0.77

Instant Start (INST 1-5) 4.75 159 0.76 5.14 0.88
4.04 1.73 0.44*
4.68 1.69 0.74
4.43 1.73 0.78
4.34 1.63 0.77

Branding (BRND 1-4) 446 154 0.77 4.37 0.87
411 1.80 0.64
4.18 1.64 0.84
4.11 1.60 0.84

Orientation (ORIE 1-4) 4.25 157 072 4.82 0.89
421 1.64 0.83

*: Represents the extracted items from the item pool
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Table 4.2 (cont.): Explanatory factor analysis: Descriptive statistics and loadings of
items, Cronbach alpha values and % variance explained of constructs.

%

Construct Mean gﬁ/?gg;ﬁ Loadin Variance Cronbach a
g Explained

4.18 1.64 0.84
411 1.60 0.84

Orientation (ORIE 1-4) 425 157 0.72 4.82 0.89
421 1.64 0.83
4,50 1.40 0.66
4.30 1.42 0.69

Collaboration (COLL 1-4) 427 144 0.64 3.94 0.79
4.38 1.46 0.69
412 1.74 0.74
4.16 1.62 0.73

Content (CTNT 1-4) 429 156 0.70 4.19 0.85
4.23 1.58 0.73
4.63 1.45 0.67
4.28 1.52 0.75

Search (SEAR 1-4) 4.30 152 0.70 4.35 0.85
4.39 1.53 0.71
3.15 1.77 0.82
3.17 1.66 0.77

Privacy (PRVC 1-4) 319 173 0.77 4.92 0.88
3.35 1.76 0.82
4.44 1.44 0.59
4.29 141 0.60

%gpAh;\(l:Sli)Anlmatlons 4.45 1.38 0.67 4.66 0.86
4,14 1.36 0.69
451 1.35 0.71
4.40 1.48 0.75
4.20 1.48 0.77

Realism (REAL 1-4) 420 1.48 065 4.56 0.87
4.44 1.48 0.78
4.58 1.50 0.72

Control Obviousness & 4.31 1.45 0.64 3.86 086

Reliability (COBV 1-4) 4.48 1.47 0.64 ’ :
4.56 1.58 0.66
4.80 1.63 0.73
3.71 1.63 0.46*
4.19 1.53 0.62

Effort Minimization (EFR 1-6) 4.67 164 0.68 5.38 0.85
472 1.68 0.64
4.84 1.61 0.66

*: Represents the extracted items from the item pool
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Table 4.2(cont.): Explanatory factor analysis: Descriptive statistics and loadings of

items, Cronbach alpha values and % variance explained of constructs.

%

Construct Mean gtg/?gggﬂ Loading Variapce Cronbach a
Explained
4.84 1.61 0.655
4.64 143 0.699
Consistency & Standardization 437 L4 0.684 406 086
(CSTD 1-4) 4.49 137 0.617 ’ '
4.59 153 0.724
4.75 1.33 0.685
Concise & User-Driven 4.48 1.40 0.689 391 087
Language (CUDL 1-4) 441 1.35 0.617 ) :
4.48 1.36 0.728
4.27 144 0.699
4.08 1.45 0.693
Feedback (FB 1-4) 401 156 0.726 4.39 0.88
4.36 1.42 0.699
4.16 151 0.710
4.20 1.46 0.657
Navigation (NAV 1-5) 4.28 148 0.691 471 0.87
451 1.46 0.72
4.50 1.49 0.52
4.33 1.48 0.73
4.09 1.51 0.70
Transition (TRAN 1-4) 4.05 153 075 4.45 0.87
441 142 0.71

*: Represents the extracted items from the item pool

4.3.2 Confirmatory assessment

Lewis et al. (2005) stated that the measurement model, which consists of constructs
and items representing these constructs, should be confirmed with a new random
sample. In this direction, a confirmatory analysis was carried out with a new and
different sample, consisting of a total of 637 participants and collected through a
market research firm, in order to validate the measurement model created from the
exploratory analysis and presented in Figure 4.1. All items in the survey instrument
were measured using a 7-point Likert-agreement scale (e.g., 1-totally disagree; 7-
totally agree). Participants are social media users, as in exploratory analysis. At the
beginning of the survey, as in the previous stage, users were asked about the social
media application they use most among Facebook, Twitter, Instagram and YouTube
options, and then the survey questions were adapted according to this choice (Statista
Research Department, 2021). 54 of the participants were excluded from the sample
because they answered the trap question ‘Please do not answer this question’. As a
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result, 583 survey data were included in the confirmatory analysis. The demographic
information of the respondents is given in Table C.1. IBM SPSS Amos 24 package
program was used for the confirmatory analyses.

In the confirmatory analysis, the approach of Hair et al. (2010) was followed.
Accordingly, the suitability of the data to the multivariate normality assumption was
checked first. According to Lewis et al. (2005), this assumption can also be provided
by examining the univariate normality of each of the variables. In this direction, the
skewness and kurtosis coefficients of each variable in the model were examined. All
skewness and kurtosis values were found between -2 and +2, which is the range
suggested by George and Mallery (2019). This result indicates that the data meet the
normality assumption. Another issue according to Hair et al. (2010) is the sample size.
For the sample size, Hair et al. (2010) suggest that 5-10 samples should be collected
per observed variable. In line with the proposal of Hair et al. (2010), approximately 8

samples were collected per observed variable for the confirmatory analysis.

The measurement model developed based on the factor structure discovered in the
exploratory analysis is given in Figure 4.1. The model consists of 16 reflective latent
variables and 67 indicators influenced by them (Freeze and Raschke, 2007). This
developed measurement model is a reflective model as it includes ‘effects’ indicators
and reflective latent variables. In addition, since measurement errors are added to the
indicators in the reflective models, measurement errors are added to 67 indicators in
Figure 4.1 (Freeze and Raschke, 2007).
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Figure 4.1: Measurement Model.
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4.3.2.1 Convergent and discriminant validity

Anderson et al. (1987) defined convergent validity as “the existence of one latent trait
or construct underlying a set of measures” (p. 432). This procedure, also known as the
evaluation of uni-dimensionality, is important in terms of preventing excessive errors
in the structural equation model (Segars and Grover, 1998; Lewis and Byrd, 2003).

In this study, standardized factor loadings were first examined for convergent validity.
The standardized factor loadings of all items were found to be between 0.70 and 0.87,
as can be seen from the Table 4.3. Therefore, all factor loadings are above the threshold
of 0.70 suggested by Hair et al. (2010), which indicates that the items belong to the
relevant construct. In addition, all standardized factor loadings were statistically
significant (Bagozzi et al., 1991). Table 4.4 shows the average variance extracted
(AVE) and composite reliability (CR) values of the constructs. As can be seen from
the table, all AVE values are above 0.58, thus above the recommended value of 0.50
by Fornell and Larcker (1981). All CR values are above 0.85, thus above the value of
0.60 recommended by Diamantopoulos and Siguaw (2020 as cited in Altin Gumussoy,
2016). Finally, all Cronbach alpha values are above the recommended value of 0.70
(Fornell and Larcker, 1981). The results confirm the validity of the constructs.

Table 4.3: Confirmatory factor analysis: Descriptive statistics and loadings of items,

t-values and Cronbach alpha's

Standard Standardized

Construct Mean .. Factor t-value Cronbach a
Deviation .
Loading
4.29 1.57 0.82 19.89%+*
4.26 1.47 0.79 19.11%**
Instant Start (INST 1-4) ' 0.87
4.34 1.46 0.78 18.72%*
4.21 1.52 0.77 18.72%**
4.92 1.52 0.82 18.53%%*
4.87 1.58 0.82 18.49%+*
Branding (BRND 1-4) ' 0.87
5.02 1.51 0.83 18.65%**
4.89 1.56 0.71 18.65%+
451 1.99 0.86 24.67***
4.50 1.92 0.83 23 75¥**
Orientation (ORIE 1-4) ) 0.89
452 1.89 0.77 21.03***
4.50 1.88 0.84 24.64%*
4.34 1.52 0.82 23, 12%kx
Collaboration (COLL 1- 4.28 151 0.79 21.80***
0.88
4) 4.31 1.52 0.78 21.48***
4.42 1.46 0.85 21.48***
**%p<0.001
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Table 4.3 (cont.): Confirmatory factor analysis: Descriptive statistics and loadings of
items, t-values and Cronbach alpha's

Standardized

Construct Mean ;t::l?:t?;: Factor t-value Cronbach a
Loading
4.69 1.74 0.75 20.20%**
4.88 1.63 0.83 23.49%*x
Content (CTNT 1-4) 4.98 160 0.82 23,05+ 0.88
4.92 1.57 0:84 20.20%**
4.39 1.40 0.80 18.99*+*
4.28 1.43 0.80 19.06%+*
Search (SEAR 1-4) 4.1 1.39 078 1850+ 0.86
4.17 1.41 0:76 18.99*+*
3.67 1.44 0.78 18.44***
3.70 1.47 0.78 18.35%**
Privacy (PRVC 1-4) 3.70 P = - o ... 0.85
3.78 1.46 0:78 18.44%**
4.91 1.60 0.72 18.09%+*
4.81 1.47 0.71 17.71%+*
Graph(iésRil\/;\gi_r:)ations 4.91 159 0.85 22 06+ 0.87
4.67 1.48 0.74 18.80***
4.87 1.53 0.79 22.06%**
4.99 1.45 0.83 20.48***
4.90 1.48 0.75 18.32%**
Realism (REAL 1-4) 4.87 1.49 078 19,13+ 0.86
4.98 141 0:78 20.48***
4.23 1.41 0.84 23.08%**
Control Obviousness & 4.09 149 0.77 20.59"* 0.88
Reliability (COBV 1-4) 4.14 1.40 0.78 20.99%+* '
4.22 1.39 0.83 23.08%**
4.39 1.47 0.84 22.33%**
414 1.43 0.71 18.09***
Effort(El\griln:\;ation 4.16 1.49 0.74 18,87+ 0.8
4.22 1.50 0.80 22.33%**
4.33 1.45 0.80 21.03***
4.47 1.44 0.82 21.19%**
Consistency & 4.23 1.42 0.76 19.23%*
Standardization (CSTD 4.30 141 . 0.86
1-4) 0.74 18.61
4.42 1.37 0.81 21.19%**
4.28 1.47 0.87 23.53%*
Concise & User-Driven 4.23 1.52 0.81 21.54%* 0.89
Language (CUDL 1-4) 4.10 1.47 0.78 20.30%+* '
4.23 1.36 0.81 23.53%**
**%p<0.001
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Table 4.3 (cont.): Confirmatory factor analysis: Descriptive statistics and loadings of
items, t-values and Cronbach alpha's

Standardized

Construct Mean Star-1da.\rd Factor t-value Cronbach a
Deviation .
Loading

4.86 1.63 0.84 23.09%**
4.71 1.66 0.79 21.21 %%

Feedback (FB 1-4) ' 0.88
4.58 1.62 0.74 19.47%*
4.97 1.66 0.83 23.09%**
4.74 1.66 0.80 23.30%**
481 1.70 0.82 24.56***

Navigation (NAV 1-5) 4.74 1.69 0.79 23.26*** 0.90
4.97 1.67 0.87 23.2G%**
5.05 1.60 0.70 19,31 %+
5.04 1.61 0.87 27.11%*x
4.93 1.69 0.82 24.94%*x

Transition (TRAN 1-4) ' 0.90
4.87 1.69 0.79 23.25%k%
5.03 1.56 0.87 D3 D5k

**%p<0.001

The discriminant validity of the model was tested with the method known as the
Fornell-Larcker criterion in the literature. According to this method, the diagonal
values, namely the square roots of the AVE values, seen in Table 4.4, must be greater
than the correlation values below it, that is, the correlation of the relevant construct
with other constructs (Fornell and Larcker, 1981). In other words, it is the condition
that the square of the correlation between two constructs is less than the AVE values
of both constructs (Henseler et al., 2015). It is understood that each construct provides
the relevant rule, namely discriminant validity from the Table 4.4.
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Table 4.4: Composite Reliability (CR), Average Variance Extracted (AVE), Maximum Squared Variance (MSV) and Correlations.

CR AVE MSV CUDL PRVC REAL GRAN COBV EFR COLL FB ORIE BRND INST NAV ~ TRAN SEAR CSTD CNTN

CUDL .89 .67 .33 .82

PRVC .85 .58 .28 447 .76

REAL .86 .61 40 A2%* A46%* .78

GRAN .88 .58 40 A43** AT .63** .76

CcoBV .88 .65 .27 .50%* A42%* .38** 49** .81

EFR .89 .61 .33 46** A48** 51 54> 40%* .78

COLL .88 .66 .29 .50%* A43** A1+ A7 51 49** .81

FB .88 .64 .33 .58** .39%* .26%* A2%* 51 .39%* 45> .80

ORIE .90 .68 .20 22%* .26%* .15* 23%* 31%* 41 22%* 21%* .83

BRND .87 .63 42 55 53** 54> 57 52%* 54> S1** AT A4 .80

INST .87 .62 .32 49** .38** .34** .38** .50%* .50** A43** .38** .39%* .56** .79

NAV .90 .64 .32 48** A43** 55** 52%* A46** 57> A48** A45** .20%* 50** .39%* .80

TRAN 91 .70 .24 .28** .35%* A2%* A46** A2%* 37** A48** .39%* .25%* 42%* .32%* A1 .84

SEAR .87 .62 .38 .34** .39%* 52%* .62** A7 A4 AT .32%* .26%* 56%* .39%* A45** A49** .78

CSTD .86 .61 31 A7 .35%* A8** 53** 49** 54> 54> 53** .32%* 55** 40** A7 447 56** .78

CNTN .88 66 42 53** .53** 52%* .59%* 52%* S57** .53** 45%* .35%* .65** 49** 52%* A3** A42%*  Bl*s* .81

CUDL: Concise&user-driven language; PRVC: Privacy; REAL: Realism; GRAN: Graphics&animations; COBV: Control obviousness&reliability; EFR: Effort minimization; COLL: Collaboration;
FB: Feedback; ORIE: Orientation; BRND: Branding; INST: Instant start; NAV: Navigation; TRAN: Transition; SEAR: Search; CSTD: Consistency&Standardization; CNTN: Content

*p<0.01, **p<0.001

50



4.3.2.2 Measurement model fit

In the confirmatory analysis, first of all, it was checked whether the model fit statistics
met the expectations. Schermelleh-Engel et al. (2003) stated that the fit statistics
indicate "the extent the specified model fits the empirical data” (p. 31). These measures
are obtained by comparing the estimated and observed covariance matrices (Hair et
al., 2010).

The most known and basic of these statistics is the chi-square statistic and it is obtained
by taking the difference of two covariance matrices (Hair et al., 2010). However,
Joreskog and Sérbom (1993 as cited in Schermelleh-Engel et al., 2003) stated that the
chi-square statistic should not be used as a test statistic. The reason for this is that the
chi-square statistic may differ according to model complexity and sample size.
Therefore, it is not possible to make a clear inference about the fit of the model by
using only the chi-square statistics (Schermelleh-Engel et al., 2003). For this reason,
Hair et al. (2010) stated that in addition to chi-square and degrees of freedom, at least
one incremental index and one absolute index should be used. At least one of these fit
indices should be a badness of fit index. They also said that three to four fit indices are
sufficient to prove the model fit. Bollen and Long (1992) also supported this idea and
stated that several different indices should be evaluated simultaneously.

Considering the recommendations, several different goodness of fit and badness of fit
indices were determined in order to evaluate the fit of the data collected in this study
with the developed measurement model. The indices to be checked for model fit in
this study are determined as Chi-square statistic/degree of freedom (y2/df),
Comparative fit index (CFI), Incremental fit index (IFI), Tucker Lewis Index (TLI),
Root mean square error of approximation (RMSEA) and Standardized root mean
square residual (SRMR). Smaller values of the badness of fit indices are more
acceptable, unlike goodness of fit indices (Hair et al., 2010). The observed values of
these fit indices and the suggested threshold values in the literature are presented in
Table 4.5. ¥2/df (1.45), CFI (0.96), IFI (0.96), TLI (0.96), RMSEA (0.03) and SRMR
(0.04) meet the values recommended in the literature, proving that the model provides
an acceptable fit.
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Table 4.5: Observed values of measurement model fit indeces.

Observed Recommended

Fit Index value value References
Chi-square statistic(y?) 2926.7 - -

Degree of freedom(df) 2024 - -

yldf 1.45 between 1 and 3 Bagozzi et al. 1991
Comparative fit index (CFI) 0.96 >0.90 Hair et al. 2010
Comparative fit index (IFI) 0.96 >0.90 Hu and Bentler, 1999
Tucker Lewis Index (TLI) 0.96 >0.90 Hair et al. 2010
Root mean square error of .
approximation (RMSEA) 0.03 <0.08 Hair et al. 2010
Standardized ' root  mean 5, <0.08 Hair et al. 2010

residual (SRMR)

4.3.2.3 Nomological validity

In proving the validity of the constructs in the measurement instrument, the steps of
convergent validity (uni-dimensionality), construct reliability and discriminant
validity have been followed, respectively (MacKenzie et al., 2011; Lewis and Byrd,
2003; Sethi and King, 1994). The last step of construct validity is nomological validity,
also known as predictive validity in the literature (Lewis and Byrd, 2003). Structural
equation modelling is used to examine whether there is a statistically significant
relationship between the variables thought to be theoretically related to the developed
instrument and the constructs in the measurement instrument. Structural model is
created and analyses are carried out by considering these theoretically related variables
and causal relationships between these variables and the constructs of the developed
measurement instrument (Lewis et al., 2005; MacKenzie et al., 2011).

Satisfaction

Satisfaction can be defined as the overall assessment made by users or customers based
on their recent experience with the relevant product or service (Boulding et al., 1993).
Hung (1977 as cited in Bhattacherjee, 2001) stated that even if the user's experience
with the relevant product or service is positive, satisfaction may not occur if the users'
expectations are not fully met. In other words, satisfaction is more likely to occur when
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users' experiences with the mobile application match their expectations. In addition,
user satisfaction is crucial since it influences users' decisions to use the system
repeatedly and their loyalty to the system (Alalwan, 2020; Kang and Lee, 2010). Users
are more inclined to use different mobile applications if they are dissatisfied with their
engagement with the current mobile application (Anderson and Srinivasan, 2003). In
the study of Devaraj et al. (2002), in which they investigated the factors affecting user
satisfaction, the effects of perceived usability and ease of use on satisfaction were
found to be statistically significant. User satisfaction has been shown to be
significantly impacted by website usability by Belanche et al. (2012). They
recommended that website designers create usable platforms since usability has a
major influence on users' behaviour. Based on these findings, mobile application
developers will increase their satisfaction level if they design applications that can be
used easily by all users rather than designing complex mobile applications with visual
concerns.

The notion of satisfaction was utilized as an outcome variable in the nomological
validity analysis of this study since it is commonly integrated into usability studies in
the literature.

Continued intention to use

Continued intention to use is defined as the user's intention to continue using a system
in the future persistently (Oghuma et al., 2016). Usability is a critical component for
people to continue using mobile applications. There are both theoretical justifications
and compelling proof for this claim (Venkatesh and Ramesh, 2006). Bhattacherjee
(2001) likened the intention to repurchase a product expressed in the expectation-
confirmation model (ECM) to the intention to continue using a system in the field of
information systems. Accordingly, the decision of a consumer whether to purchase a
product again after purchasing and using it can be compared to the decision of whether
a user will continue to use a mobile application after downloading and interacting with
it. According to a statistical research conducted with Android-based mobile
applications, the percentage of users keeping the mobile application on their
smartphones after one week of interaction was found to be only 6.5 percent (Ceci,
2022). One of the most fundamental goals of mobile application developers is to
increase these retention rates. For this purpose, it is aimed that the interaction of the
user with the mobile application is smooth and therefore the application interfaces are
perceived usable. Usability is a user-subjective evaluation, according to previous
studies in the literature (Hess et al., 2009; Wells et al., 2011). Oghuma et al. (2016)
expressed perceived usability with three basic constructs: perceived usefulness,
perceived enjoyment and user interface. They examined the effects of these constructs
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on satisfaction and continuance intention to use. The results revealed that all perceived
usability constructs had a significant effect on satisfaction, and two of the three basic
constructs had a significant effect on the continuance intention to use.

As it is frequently included in usability studies in the literature, the notion of continued
intention to use was included as an outcome variable in the nomological validity
analysis of this study.

Satisfaction and continued intention to use were used as output variables of the model
as seen in Figure 4.2 and the nomological validity analyses were conducted. In order
to measure the constructs of satisfaction and continued intention to use, items
representing these constructs were adapted from studies in the literature (Wang et al.,
2019; Venkatesh and Goyal, 2010). The items listed in Table 4.6 were included in the
developed survey instrument while collecting the confirmatory assessment data. The
nomological variables items were adapted according to the mobile application
preferences of the participants, as in other survey items. For example, the expression
‘I'm satisfied with the Facebook mobile application’ appeared to the participant instead
of the expression ‘I'm satisfied with the mobile application’. Then, the effects of
constructs representing mobile application usability on satisfaction and continued
intention to use were analyzed for nomological validation.

Table 4.6: Nomological variables and their indicators adapted from the previous
literature.

Nomological Adapted

Variables Scale Items from
I'm satisfied with the (...) mobile application.
The (...) mobile application has met my
expectations.

Satisfaction My experience with the (...) mobile application is Wa;glegt al.
very pleasing.
The (...) mobile application does a satisfactory job
of fulfilling my needs.
| intend to continue using the (...) mobile
. lication.
Continued app 'C.a tio . . . . Venkatesh
. I predict I will continue using the (...) mobile
Intention to - ; and Goyal,
Use application rather than other alternatives. 2010

I plan to continue using the (...) mobile application
in the future.
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Structural Model
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Figure 4.2: Structural Model.
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Structural model was created using IBM SPSS Amos 24 package program and related
analyzes were performed. First of all, it was evaluated whether the structural model
fits with the data. The fit indices of the structural model are given in Table 4.7. In line
with the recommendations of Hair et al. (2010), the ratio of chi-square to degrees of
freedom, CFI, TLI, IFI, RMSEA, and SRMR values were used to check the model fit.
According to the results, goodness of fit statistics (CF1=0.96, IFI =0.97, TLI = 0.96),
badness of fit statistics (RMSEA = 0.03, SRMR = 0.04) and the ratio of chi-square to
degrees of freedom (1.39) provided a fairly good model fit.

Table 4.7: Observed values of structural model fit indices.

Observed Recommended

Fit Index value value References
Chi-square statistic(y?) 3432.1 - -
Degree of freedom(df) 2475 - -
Bagozzi et al.
2
yo/df 1.39 between 1 and 3 1991
Comparative fit index (CFI) 0.96 >0.90 Hair et al. 2010
Incremental fit index (IFI) 0.97 >0.90 Tsjggand Bentler,
Tucker Lewis index (TLI) 0.96 >0.90 Hair et al. 2010
Root ~mean square error of .
approximation (RMSEA) 0.03 <0.08 Hair et al. 2010
Standardized root mean residual 0.04 <0.08 Hair et al. 2010

(SRMR)

For the nomological validity of the model, the effects of mobile application usability
constructs on satisfaction and continued intention to use variables were tested. In Table
4.8, statistically significant predictors of satisfaction and continued intention to use
constructs are presented along with their significance levels and path coefficients. As
can be seen from the Table 4.8, a total of 49.3% of the variance in satisfaction was
explained by ‘orientation’, ‘collaboration’, ‘content’, ‘search’, ‘graphics and
animations’ and ‘navigation’ usability constructs. 57.7% of the variance in continued
intention to use was explained by ‘instant start’, ‘branding’, ‘control obviousness &
reliability’, ‘effort minimization’, ‘concise and user-driven language’, ‘navigation’
and ‘transition’ usability constructs. Significant relationships between usability
constructs and continued intention to use and satisfaction provide evidence for the
validity of the developed survey instrument for mobile application usability.
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Table 4.8: Structural model results.

Continued Intention to

Satisfaction Use
R%(%) 49.3 57.7
Instant Start 0.03 0.12**
Branding -0.02 0.13**
Orientation 0.10** -0.04
Collaboration 0.22%*** 0.08
Content 0.18*** 0.09
Search 0.10* -0.01
Privacy -0.06 -0.03
Graphics & Animations 0.20*** -0.03
Realism 0.03 -0.05
Control Obviousness & Reliability -0.07 0.10**
Effort Minimization -0.04 0.14**
Consistency &Standardization 0.02 0.05
Concise & User-Driven Language 0.01 0.14***
Feedback 0.07 0.06
Navigation 0.15*** 0.12**
Transition 0.04 0.13***

) < 0,001; **p<0.05; p<0.1*
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5. CONCLUSIONS AND RECOMMENDATIONS

The fact that the number of smartphone users nearly doubled from 2016 to 2021
(Taylor, 2022) has led to the rapid spread of mobile applications, a product offered by
these devices. Mobile applications allow people to easily perform many activities in
daily life. However, the constraints of mobile devices, such as having a small screen
size and a wide variety of usage contexts, significantly limit the usability of mobile
applications (Jung, 2017). These limitations and the increasing usage statistics of
mobile applications have accelerated the studies on the usability of mobile
applications. The limited number of studies in the literature that developed
comprehensive guidelines for mobile application usability and the absence of an up-
to-date scale for the iOS operating system are the most important motivations for
carrying out this study. Current operating system providers, such as Apple, Google,
and Microsoft, offer guidance to assist mobile application developers create effective
applications for users. These guidelines are not practical for underlining crucial points
and assessing mobile application usability. On the other hand, scales to be developed
based on these guidelines, which are quite detailed and contain useful information, are
very important in measuring usability and developing guides that will provide an
overview for mobile application developers. Consequently, the in-depth guideline,
namely Apple’s human interface guidelines, provided by one of the two widely used
operating systems is regarded as the primary source in this study.

In this study, a systematic survey instrument development methodology consisting of
three main phases was followed: conceptualizing the constructs, developing the scale,
and evaluating the measurement properties. Apple's human interface guidelines were
used as the main source of the open and axial coding procedure during the
conceptualization of the constructs. 16 constructs are conceptualized, namely instant
start, branding, orientation, collaboration, content, search, privacy, graphics &
animations, realism, control obviousness & reliability, effort minimization,
consistency & standardization, concise & user-driven language, feedback, navigation,
and transition. Afterwards, an initial item pool was created by making use of open
codes and related literature. Face validity check, pilot study and content validity check
were carried out respectively in order to purify the survey instrument and to make the
items easy to understand by all participants. Finally, measurement properties of the
developed instrument were evaluated. Factor structures were discovered by
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exploratory analysis. Then, the discovered factor structures were confirmed, and
convergent, discriminant, and nomological validity analyses were performed,
respectively. As a result, a survey instrument with 67 items representing 16 constructs
was developed, and the validity of this survey instrument was proven. Mobile usability
constructs explain a significant part of the variability in satisfaction and continued
intention to use. The significant relationships between mobile application usability
constructs and satisfaction and continued intention to use provide evidence for the
applicability of the developed survey instrument.

5.1 Theoretical Contribution

There are limited studies in the literature that develop survey instrument for mobile
application usability. Although the usability guide created by Venkatesh and Ramesh
(2006) based on Microsoft usability guidelines was not created specifically for mobile
application usability, it has proven to be valid on both websites and wireless handsets.
One of the other comprehensive scales was developed by Hoehle and Venkatesh
(2015) examining Apple's user experience guidelines, and the other was developed by
Hoehle et al. (2016) by examining Microsoft usability guidelines and the last one was
developed by Kazdaloglu (2021) by examining Google’s material design guidelines.
Although there is a current study on the usability of mobile applications in the Android
operating system, which is one of the two operating systems leading the market, there
is no current study on the i0OS operating system. However, considering the rapidly
developing technology and the differentiating capabilities of smartphones, it is very
important that these guidelines remain up-to-date. Since the scale development study
of Hoehle and Venkatesh's (2015), a conceptualization and scale development study
based on updated Apple's human interface guidelines and considering the changing
capabilities of the iOS operating system has not been conducted. This thesis' major
contribution is to conceptualize and develop a survey instrument based on the most
recent Apple human interface guidelines.

The conceptualized mobile usability constructs in this study differ in many ways from
the constructs those conceptualized by Hoehle and Venkatesh (2015). This study
differs from the study of Hoehle and Venkatesh (2015) in that it includes many
concepts such as easy authentication, customization, visual separation, reliable
controls, gestures, privacy, feedback, and smooth transitions, which are frequently
mentioned in Apple's current human interface guidelines (2022). For instance, the
emergence of various options such as biometric authentication as an alternative to
classical authentication methods in recent years (Allen and Komandur, 2019) has
increased the number of studies examining the relationship between authentication and
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usability (Allen and Komandur, 2019; Wu et al., 2020; Mishra and Dutta, 2022;
Marasco et al., 2022). The instant start conceptualized by Hoehle and Venkatesh
(2015) as the application launches rapidly and the user can interact with the application
quickly. However, quickly launching the mobile application interface is insufficient.
A seamless authentication experience is essential the first time the user interacts with
the application. Accordingly, in this study, instant start construct refers to a quick
application launch and a seamless user authentication process. The content relevance
construct of Hoehle and Venkatesh (2015) states that the content in the user interface
should always focus on the main theme and also present the content that the user is
interested in. This study makes contribution by advocating for the user's ability to
customize the content to meet his or her own preferences and requirements. Users'
satisfaction with their engagement with the mobile application may be supported by
giving them the ability to customize the contents of the interface as much as the
application permits. This is supported by the nomological validity findings of this
study, which discovered a significant relationship between content construct and
satisfaction. Therefore, the concept of customization included in usability studies
(Mirkovic et al., 2014) is also considered as a sub-category of the content construct in
this study. Similarly, visual separation (i.e. easily distinguishable visual
components under all lighting and usage conditions) is also included in this study since
it is a concept stressed in current Apple's human interface guidelines, in addition to the
mobile application's use of eye-catching and high-quality graphics. The concept of
control obviousness in the study of Hoehle and Venkatesh (2015) is conceptualized as
the control obviousness and reliability in this study. According to Huang et al. (2006),
providing reliable controls depends on the correct labeling of the controls. In addition,
it is suggested in the current guidelines that all controls in the user interface direct the
user to the correct pages (Apple, 2022). Therefore, this study indicates that the controls
should not only clear and understandable, but also reliable. The mental effort construct
developed in this study, which considers the evolving features of mobile devices,
clearly states that gestures should also be presented to users in order to help them
complete a task, in addition to the requirement that the controls in the interface should
be fingertip-sized. This construct underlines the necessity of using not only fingertip-
sized controls but also gestures in order to perform a task in a mobile application,
unlike the fingertip size construct in the study of Hoehle and Venkatesh (2015) and
Hoehle et al. (2016). Therefore, it was deemed necessary to include gestures in mobile
usability studies.

In addition to these improvements, in this study, three different constructs that were
previously discussed in usability studies in the literature were conceptualized. The
notion of privacy is one of these constructs, and it describes how to request users for
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their personal information. Users' personal information may be required by mobile
applications for a variety of valid purposes (Enck et al., 2014). Before accessing
personally identifiable information, mobile applications must obtain the user's
permission, but selecting the appropriate way is essential to prevent disturbing the user
(Apple, 2022). If people are worried about their privacy, they could be unwilling to
use a mobile platform, which would make it challenging for them to complete their
intended tasks (Chin et al., 2012). It is also emphasized, though, how well-designed
interfaces can help to significantly address this problem (Chin et al., 2012). In this
direction, users should be respectfully informed of the reasons for requesting
their personal information. Moreover, they should not be pressured for giving
permission during this request. Consequently, this notion is conceptualized as privacy
in this study. Another notion that is conceptualized in this study is feedback. This study
emphasizes the need for the mobile application to notify users of any status changes.
Ji et al. (2006) state, for instance, that the progress bar can give a clear and
understandable representation of the current state. Feedback can be provided visually
or audibly, as well as physical sensations such as pressure and vibration, i.e. tactile
(Sobri et al., 2019). In particular, the benefits of tactile feedback such as quick finding
of an interactive object have been previously mentioned in the literature (Brewster et
al., 2007; Akamatsu et al., 1995; Brewster and King, 2005). Considering the literature
and Apple's human interface guidelines, it was decided to emphasize the feedback
construct in this study. Finally, transition construct refers to the mobile application's
ability to provide a fast and smooth screen transition experience. According to Kang
et al. (2014), users may be disappointed if the mobile application fails to provide a fast
and seamless transition experience. Furthermore, it might make it harder for users to
navigate between pages (Buchanan et al., 2001). Adipat et al. (2011) stated that screen
transitions are one of the main elements of navigating the interface of the mobile
application. Thus, it was decided to cover the seamless transitions in this study
considering the literature and Apple's human interface guidelines.

As aresult, in this study, constructs that are important for mobile application usability
are conceptualized by examining Apple’s current guidelines and previous literature.
The above-mentioned findings demonstrate that in an environment where technologies
and the capabilities of smartphones change so rapidly, instrument development studies
for mobile application usability should be repeated at regular intervals.

Another important contribution of this study is the presentation of open codes of
conceptualized constructs that will guide mobile application developers to develop
user-centered applications. Furthermore, everyone will be able to assess the usability
of mobile applications thanks to the developed survey instrument.
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5.2 Future Research

Usability may differ depending on cultural characteristics (Diaz et al., 2017). The
survey data in this study were obtained from social media application users living in
Turkey. The survey instrument developed for mobile application usability in this study
can be adapted to different cultures in future studies and its nomological validity can
be tested. In addition, since the validity of the developed survey instrument has been
proven only in Turkish language, its application area is limited. For this reason, it is
essential to prove the validity of the developed instrument in different languages and
cultures in future studies.

In addition, one of the main starting points of this study was to develop an up-to-date
survey instrument that considers changes in mobile application usability guidelines
based on newly developed mobile technologies. In this respect, it is recommended to
repeat this conceptualization and survey instrument development study whenever
significant revisions are made in usability guidelines offered by the mobile application
providers that lead the market. Furthermore, even though a usability evaluation for
social media applications is conducted in this study, the developed survey
instrument enables for the evaluation of the usability of other types of mobile
applications. Therefore, the usability of different mobile application types can be
assessed using the conceptualized constructs and survey instrument in this study.

Finally, the effects of demographic characteristics of survey participants on output
variables were not examined in this study. In the future, the study can be repeated with
participants with different demographic characteristics and it can be investigated how
different demographic characteristics explain the variance in the output variables.
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APPENDIX A: Finalized open code matrix

Table A. 1: Finalized open code matrix derived from Apple’s Human Interface

Guidelines.

Axial
Codes

Sub-
categories

Open codes

Instant Start

Branding

Orientation

Collaboration

Content

Search

Instant start

Authentication

Unique brand
identity

Do not overuse
branding
elements

Orientation

Collaboration

Content focus

Personalization

Customization
Refine the

scope of the
search

Search bar

The launch screen should gracefully switch to the first screen and the content should be
displayed as soon as possible so that people can enjoy the application right away.
Provide a simple, unobtrusive launch screen that looks like your first application screen.
People should have options to skip tutorials at the beginning of your application.

Do not force the user to authenticate before navigating within the application and
postpone sign-in as much as possible.

Offer a simple in-app method to open a new account.

The mobile application offers the user an alternative method to log in if the first method
fails.

Clearly indicate the authentication method, for example, “Login with Face ID".

Design a recallable application icon with a single focus point and identifies your
application purpose in clear.

Use complementary and non-distracting colors that compatible with your logo
throughout your application.

Give people enough brand awareness of your application through smart font, color and
images.

Avoid displaying your application icon or other brand assets throughout the interface
unless it's necessary for providing context.

Don't try to provide branding by forcing users to watch ads.

If the application is suitable for both portrait and landscape orientation, it must be
opened using the instant orientation of the device. If it is suitable for only one
orientation, it should always open in that orientation.

The application should allow both portrait and landscape orientation if possible.

If the application only works in landscape orientation, it should work equally well when
the user rotates the device left or right.

Don't force users to change the orientation of the device while using the application.
Enable sharing information with social media accounts and other applications using
sharing extensions.

Let user rate and review your application after they try it, but only ask for a rating after
the user interacts with your application.

Provide functions to engage the user in two-way communication with application, other
apps and users (Swaid and Suid, 2018).

Focus on content available in context changes. If content changes while users interact
with the application, the change should be easy to follow.

Enable a single, focused task in all views of the mobile application.

Highlight content people care about.

The information transmitted to the user in mobile applications should be up-to-date and
useful for the user.

The user's experience should be personalized both by considering the past behavior of
the user and by using the personal information that the user allows.

Users should be allowed to customize content to their own preferences whenever
possible.

Unless there are clearly predefined categories for the search, prefer to improve search
results instead of adding a scope bar.

To facilitate the search, you should provide useful shortcuts (bookmarks) in the area
below the search bar and show a list of results as the user types in the search field.
Provide a search bar to perform search function.

If necessary, concise hints reminding the searched concept or simply the text ‘Search’
can be provided in the search bar.

A Cancel button should be provided so that the user can end the search function
immediately and a Clear button to easily clear the search field.
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Table A.1 (cont.): Finalized open code matrix derived from Apple’s Human

Interface Guidelines.

Axial

Codes Sub-categories Open codes
Request personal information such as location, health, contact, and other
personally identifiable information only when your application clearly needs
it.
When your application clearly needs personal information, provide a short
. permission text that politely explains to the user why that information is
Privac Requesting access needed.
y permission _— . .
Users should be able to browse your application without sharing personal
information. Thus, don't ask for permission at launch if it's not necessary for
your application to work.
Don't encourage the user to give permission and don't use visual stimuli to draw
the user's attention to the Allow button.
Provide cleverly produced and dazzling graphics that attracts user's attention.
. . Provide high resolution for all images on all devices supported by your
High-quality artwork application,
Optimize graphics and images to find a balance between size and quality.
Use the same asset (images, glyphs, icons etc.) if it looks good in both light
. Visual separation and dagicnodes.
Graphics & Ensure sufficient color contrast and visual separation for all Ul elements in all
Animations appearances and majority of use cases (variety of lighting conditions).
Use animation and motion effects wisely and sparingly, and make them
optional for users.
Animation and Visualize the results of users' actions using animation appropriately, thus add
motion effects vitality to the user experience.
Subtle animations such as smooth page transitions and smooth changes in
orientation should be used consistently.
If you need to clarify an item's or command's meaning, you can display a
recognizable and realistic glyph or image right after its title.
Realism Strive for realism It’s essential that each image, icon or glyph be used in accordance with its
meaning and recommended usage so as not to confuse users.
Offer realistic and reliable design elements so people don't get confused.
The basic function of the mobile application should be clear and easily
understandable at at first sight.
Easily _Using \_/isual cues, it should be easily understood whether the buttons are
interactive or not.
understandable Interactions should be simple and intuitive, and should work well on most
Control controls p '

Obviousness

Mental
Effort

Reliable controls

Make data entry
easy and intuitive

Preserve data against
interruptions

Minimize the need
for in-app settings

interfaces.

Destructive actions should be highlighted in red color and positioned at the top
of the action page.

All tabs must always be active for user controls to be reliable.

Controls should be labelled correctly so that the user can clearly know what to
expect when they click a button or interact with a control.

If possible, provide options such as a selector or a table instead of a text field,
as it's easier to choose from a list of predefined options.

Sort the value lists logically, for example alphabetically, so that users can
quickly browse and easily select what they want.

Show a hint in the text field or provide logical default values for simple and
intuitive data entry.

If possible, check the data values immediately after entry so that users can
correct them quickly.

During the interruption, the application should be allowed to save the current
state and continue where the user left off when they return.

To avoid data loss, changes should be saved automatically at regular intervals
rather than waiting for the user to save them.

The application should be designed in a way that many users expect,
minimizing the need for settings and users should not be forced to make
settings within the application.
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Table A.1 (cont.): Finalized open code matrix derived from Apple’s Human

Interface Guidelines.

Axial Sub-

Codes categories Open codes
Avoid defining too many tap targets that make it difficult for people to interact with.
A large space should be left around the Home Screen indicator so that users do not
M Finger-tip-size accidentally touch it when they trying to interact with another control.
ental . s .
Effort controls& All controls_ln t_he appllcatlo_n should be large enough to be possible and easy to
Gestures touch, even in distracting environments.
Use touch gestures to make it easier to perform actions and enhance the control
experience.
Provide standard interface elements (icons, glyphs, etc.), controls, and gestures that
. other applications use, and use them according to their predefined meanings.
Consistency PFOV'de Present an overall consistent and familiar look throughout the application.
consistent and - - - .
and o familiar Multiple controls with the same functionality should not be used.
Standardization appearance The features offered in the application should be consistent, if they are available in
one place, they should be provided in other places as well.
Locate controls in convenient places that users are familiar with and use intuitively.
Use approachable and conversational terminology that most people will understand
and feel comforted.
User-driven Avoid using technical terms that users may find difficult to understand.
language Avoid judgmental or insulting expressions.
Concise& Humor should be used with caution, as it may differ by culture and excessive use
User-Driven can make the user uncomfortable.
Language Interface texts such as messages, alerts should be clear, concise and briefly express
: the situation.
Isalrj](;(azgé Titles should express the action or task in a concise manner.
Punctuation and capitalization should be used appropriately.
Core content should be clear and legible at its default size.
Visual, auditory(sounds), tactile(haptics) and other types of feedback should be used
adequately and in moderation.
. A causal relationship must be established between each feedback and its trigger so
Prowd_e hat users can understand intuitivel
Feedback appropriate tha AP Y- .-
feedback Activity m_dncators s_hould be used to convey to people that the application does not
stop when it needs time to complete a task.
If the duration of the task can be measured, the progress bar should be used to convey
to people how long the task will take.
Users should have several options (connecting via another application, connecting
via clicking on notification or widget) to choose from if aiming to access an
application.
Navigation should be natural, familiar and intuitive, not distract the user from the
content and not require much guidance.
Provide aclear A single, logical and predictable way should always be provided for users to reach
and intuitive a point within the application.
path A navigation bar must be provided to navigate a data hierarchy and a back button to
N go to the previous step.
Navigation An intuitive way should be provided that allows the user to immediately end an
operation or exits the application.
The information hierarchy should be arranged in such a way that it requires
minimum number of interactions when accessing the desired content.
Basic and frequently used items should be located at the upper half of the screen.
Organize the Important information and content should not be placed in the corners of the screen.
hierarchy from Visual separators should be used so that users can browse the menu more easily.
top to bottom The most important actions should be on the main page, and menus should be used
if additional actions are required.
Provide a seamless transition to your application and ensure visual continuity during
the transition.
Transition Smo_o_th A blank and_ sta_tic screen should not be displayed while the content is loading so
transition that the application does not appear to be frozen.

Show people the screen they've been waiting for right away during screen transitions
and make use of placeholder text or graphics until the content is fully loaded.
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APPENDIX B: Intersection between the constructs and prior studies

Table B.1: Intersection between the constructs proposed in this study and previous studies in the literature.

Constructs

Open Codes Examples

Previous Literature

Instant Start

Branding

Orientation

Collaboration

Content

Search

*The launch screen should gracefully switch to the first screen and the content should be
displayed as soon as possible so that people can enjoy the application right away.

Do not force the user to authenticate before navigating within the application and
postpone sign-in as much as possible.

*Give people enough brand awareness of your application through smart font, color and
images.

*Avoid displaying your application icon or other brand assets throughout the interface
unless it's necessary for providing context.

*The application should allow both portrait and landscape orientation if possible.
*Don't force users to change the orientation of the device while using the application.

*Enable sharing information with social media accounts and other applications using
sharing extensions.

*Provide functions to engage the user in two-way communication with application, other
apps and users.

*Enable a single, focused task in all views of the mobile application.

*The user's experience should be personalized both by considering the past behavior of
the user and by using the personal information that the user allows.

*Users should be allowed to customize content to their own preferences whenever
possible.

*To facilitate the search, you should provide useful shortcuts (bookmarks) in the area
below the search bar and show a list of results as the user types in the search field.
*Provide a search bar to perform search function.

Whitenton, 2020; Galletta et al., 2006; Hoehle and
Venkatesh, 2015; Abubakar et al., 2016; Allen and
Komandur, 2019; Keith et al., 2007; Mihajlov et al.,
2011; Schldglhofer and Sametinger, 2012; Wu et al.,
2020; Mishra and Dutta, 2022; Marasco et al., 2022
Rondeau, 2005; Lowry et al., 2008; Dou et al., 2010;
Bellman et al., 2011; Bellman et al., 2013; Hoehle and
Venkatesh, 2015; Wu, 2015; Van Noort and Van
Reijmersdal, 2019; Wang, 2020; Kazdaloglu, 2021
Wobbrock et al., 2008; Gardner, 2011; Sanchez and
Branaghan, 2011; Cheng et al., 2013; Hoehle and
Venkatesh, 2015

Oulasvirta et al., 2005; Oulasvirta et al., 2007; Hoehle
and Venkatesh, 2015; Gill et al., 2017; Swaid and Suid,
2018; Kazdaloglu, 2021

Agarwal and Venkatesh, 2002; Blom and Monk, 2003;
Kim and Stoel, 2004; Haghirian, 2005; Wells et al., 2005;
Mithas et al., 2006; Agarwal and Venkatesh, 2006;
Venkatesh and Ramesh, 2006; Tan et al., 2009; Tung et
al., 2009; Mirkovic et al., 2014; Hoehle and Venkatesh,
2015; Inostroza et al., 2016; Dourado and Canedo, 2018;
Baek and Yoo, 2018; Fuller-Tyszkiewicz et al., 2018;
Parente Da Costa et al., 2019; Al-Shamaileh and
Sutcliffe, 2023

Koufaris, 2002; Cox and Dale, 2002; Tan et al., 2009;
Tung et al., 2009; Dou et al., 2010; Nah et al., 2010;
Hoehle and Venkatesh, 2015; Huang, 2019; Kazdaloglu,
2021
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Table B.1 (cont.): Intersection between the constructs proposed in this study and previous studies in the literature.

Previous Literature

Constructs Open Codes Examples
*When your application clearly needs personal information, provide a short permission text ~ Chin et al., 2012; Kelley et al., 2012; Liu et al., 2014;
Pri that politely explains to the user why that information is needed. Enck et al., 2014; Kazdaloglu, 2021
rivacy \ : - . . - '
*Don't encourage the user to give permission and don't use visual stimuli to draw the user's
attention to the Allow button.
*Provide high resolution for all images on all devices supported by your application. Kisielius and Sternthal, 1984; McGill and Anand,
Graphics & *Use the same asset (images, glyphs, icons etc.) if it looks good in both light and dark 1989; H_ong et al., 2004; Hess et al., 2005; Cyr et al.,
Animations modes. o _ . . . 2006; Li and Yeh, 2010; Hoehle and Venkatesh,
*Use animation and motion effects wisely and sparingly, and make them optional for users. ~ 2015; Hoehle et al., 2016; Huang, 2019; Kazdaloglu,
2021
*If you need to clarify an item's or command's meaning, you can display a recognizable Kang, 2007; Gatsou et al., 2012; Hoehle and
Realism and realistic glyph or image right after its title. Venkatesh, 2015; Hoehle et al., 2016; Yu and Fang,
*Offer realistic and reliable design elements so people don't get confused. 2016; Urbano et al., 2020; Kazdaloglu, 2021
Control -Th_e bas_ic function of the mobile application should be clear and easily understandable at Seffah et al., 2006; Ji et al., 2006; Huang et al., 2006;
Obviousness & at first sight. Hoehle and Venkatesh, 2015; Hoehle et al., 2016;
Reliabili *Controls should be labeled correctly so that the user can clearly know what to expect Jokela et al., 2006; Huang, 2019; Kazdaloglu, 2021
eliability - . ]
when they click a button or interact with a control.
*Show a hint in the text field or provide logical default values for simple and intuitive data ~ Doherty and Kelisky, 1979; Seffah et al., 2006; Park
entry. and Han, 2010; Hoehle and Venkatesh, 2015; Hoehle
Effort *To avoid data loss, changes should be saved automatically at regular intervals rather than et al., 2016; Jokela et al., 2006; Bhullar and Singh
Minimization waiting for the user to save them. Gill, 2019; Kazdaloglu, 2021

Consistency and
Standardization

*Use touch gestures to make it easier to perform actions and enhance the control
experience.

*Provide standard interface elements (icons, glyphs, etc.), controls, and gestures that other
applications use, and use them according to their predefined meanings.

*Present an overall consistent and familiar look throughout the application.

Jietal., 2006; Tan et al., 2009; Tung et al., 2009;
Adipat et al., 2011; Hoehle and Venkatesh, 2015;
Swaid and Suid, 2018; Huang, 2019; Kazdaloglu,
2021
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Table B.1 (cont.): Intersection between the constructs proposed in this study and previous studies in the literature.

Constructs

Open Codes Examples

Previous Literature

Succint&User-
Driven Language

Feedback

Navigation

Transition

*Use approachable and conversational terminology that most people will understand and
feel comforted.

Interface texts such as messages, alerts should be clear, concise and briefly express the
situation.

*Visual, auditory(sounds), tactile(haptics) and other types of feedback should be used
adequately and in moderation.

*A causal relationship must be established between each feedback and its trigger so that
users can understand intuitively.

*Navigation should be natural, familiar and intuitive, not distract the user from the content
and not require much guidance.

*Basic and frequently used items should be located at the upper half of the screen.

*Provide a seamless transition to your application and ensure visual continuity during the
transition.

*A blank and static screen should not be displayed while the content is loading so that the
application does not appear to be frozen.

Sgrensen et al., 2012; Hoehle and Venkatesh, 2015;
Kazdaloglu, 2021; McLean, 2021

Akamatsu et al., 1995; Brewster and King, 2005; Ji et
al., 2006; Brewster et al., 2007; Swaid and Suid,
2018; Sobri et al., 2019; Kazdaloglu, 2021

Larson and Czerwinski, 1998; Miranda Gonzalez and
Bariegil Palacios, 2004; Adipat et al., 2011; Kang et
al., 2014; Hoehle and Venkatesh, 2015; Hoehle et al.,
2016; Huang, 2019; Kazdaloglu, 2021

Buchanan et al., 2001; Adipat et al., 2011; Kang et
al., 2014; Hoehle et al., 2016; Kazdaloglu, 2021
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APPENDIX C: Demographics of participants.

Table C.1: Demographic information of the participants in the pilot test, content
validity analysis, explanatory and confirmatory assessment stages.

Pilot study Content Explanatory  Confirmatory
validity assessment assessment
analysis

Demographic Category N=39 % N=40 % N=476 % N=583 %
Gender Women 22 564 19 475 210 44.1 278 47.7
Men 17 436 21 525 266 55.9 305 52.3
18-19 1 2.5 1 2.5 26 55 66 11.3
20-29 29 743 26 65 228 48 231 39.6
30-39 5 12.8 10 25 161 33.7 179 30.7
Age 40-49 2 52 0 0 45 95 89 153
50 and 2 5.2 3 7.5 16 3.3 18 3.1
above
ICT 3 7.8 6 15 32 6.7 20 34
Banking 1 2.5 2 5 19 4 23 4
and Finance
Insurance, 2 5.2 1 2.5 15 3.2 8 15
Real Estate
& Law
Constructio 4 10.2 0 0 66 13.8 114 19.6
n and
Engineering
Governmen 2 5.2 4 10 144 30.3 48 8.2
t Policy
Job Health 4 10.2 5 12.5 37 7.8 57 9.8
Services
Trading and 0 0 0 0 11 2.3 34 5.8
Self-
Employed
Avreas
Education 9 23.1 13 325 75 15.8 94 16.2
Marketing, 4 10.2 4 10 9 1.8 27 4.6
Advertising
and Design
Student 5 12.8 3 7.5 52 10.9 89 15.4
Other 5 12.8 2 5 16 3.4 49 8.5
Facebook 2 5.2 5 125 45 95 93 15.9
Social Media Twitter 8 20.5 9 225 71 14.8 102 17.4
Preference Instagram 17 436 17 425 204 42.9 226 38.7
YouTube 12 30.7 9 225 156 32.8 164 28
Frequency of <1 day N/A N/A NA NA 53 11.1 58 10
Using the 2-3 days N/A N/A NA NA 91 19.1 116 20
Application 4-5 days N/A  N/A NA N/A 138 29 225 38.6
(per week) 6-7 days N/A N/A NA NA 194 40.8 183 31.4
. <lh N/A  N/A NA N/A 140 29.4 210 36
Cﬁ‘g&?ﬁ: d“(rggr 1-3h N/A NA NA NA 263 553 246 422
day) 4-6h N/A N/A NA NA 62 13 92 15.8
>6 h N/A  N/A NA N/A 11 2.3 35 6
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APPENDIX D: Final item pool.

Table D.1: Final item pool after content validity analysis.

Construct Code Items
INST1  The mobile application displays initial screen as soon as possible.
INST2  The mobile application is ready to use after launching.
Instant Start INST3  As the mobile application opens very quickly | can easily access the content.
INST4*  The mobile application doesn't force authentication to navigate within the application.
INSTS The mobile application only asks for authentication when necessary and provides a
simple way to do so.
The mobile application integrates branding elements (brand colors, stylized icons etc.)
BRND1 . . - h .
into the interface without distractions.
BRND2 The mobile application icon is artistically designed and clearly defines the purpose of
Branding the application.
BRND3  The mobile application offers a recognizable and brand-reminiscent interface.
BRND4  The mobile application doesn't force me to watch brand-related advertisements.
ORIE1  The mobile application supports both portrait and landscape orientation.
- ) ORIE2  The mobile application works well whether I rotate the device left or right.
rientation
ORIE3  The mobile application doesn't force me to change the orientation of the device.
ORIE4  Content in the mobile application looks good in both portrait and landscape mode.
The mobile application allows me to share information with social media accounts or
CoLL1
other channels.
COLL2 The mobile application allows me to interact with others through ratings, reviews and
Collaboration messages etc.
COLL3  The mobile application allows me to interact with others.
COLL4  The mobile application makes it possible for me to communicate with others.
CTNT1  The content of the mabile application is focused on a single purpose.
CTNT2  The mobile application presents the content | am most interested in.
Content CTNT3  The mobile application personalize the content according to my previous preferences.
CTNT4 The mobile application allows me to customize the content according to my own
preferences.
SEAR1  The mobile application helps me to search the content faster.
Search SEAR2  The mobile application provides a search bar for me to search easily.
earcl
SEAR3  The mobile application narrows the list of results in relation to my search terms.
SEAR4  The mobile application provides helpful shortcuts(bookmarks) under the search area.
The mobile application clearly states why it needs personal data such as location,
PRVC1 ) e -
health and financial information.
PRVC2 The mobile application asks for permission before using personal data and uses them
Privacy according to my preferences.
The mobile application allows browsing the application without access to personal
PRVC3 data
PRVC4  The mobile application doesn't force me to share my personal data unless necessary.
GRAN1 The mobile application uses beautiful, interesting and evocatory graphics.
The mobile application makes use of high resolution and quality of images and
GRAN2
. artworks.
Graphics & . o o . .
Animations GRAN3  The mobile application uses animations and motion effects effectively.
GRAN4  The animations and motion effects in the mobile application are optional.
GRAN5  The mobile application makes use of animations to add vitality to the experience.
REAL1  The mobile application benefits from realistic icons.
REAL2 The mobile application uses icons in accordance with their meaning and suggested
Realism usage.
REAL3 Icons in the mobile application remind real-life objects.
REAL4  The meanings of the icons in the mobile application are easily understood.
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Table D.1 (cont.): Final item pool after content validity analysis.

Construct Code Items
The mobile application provides intuitive controls that | can easily
COBV1 ; .
understand their function.
COBV?2 The controls in the mobile application always lead me the results |
Control Obviousness expect.
&Reliability In the mobile application, controls are labelled correctly according to
COBV3 - p
their functions.
The core function of the mobile application is clear and understandable
COBV4 .
at a single glance.
The mobile application provides hints or reasonable default values in
EFR1 .
the data entry field.
The mobile application allows me to spend less effort by providing
EFR2* : . X .
logical options instead of typing.
EFR3 The mobile application saves the current state and my data
automatically so that | can continue from where | left off.
Effort Minimization EFR4 The mobile application doesn't force me to change the settings within
the application.
The mobile application provides large-enough touchable area for each
EFR5
button.
The mobile application allows me to interact with the application
EFR6 interface with finger gestures such as swiping, double-clicking on the
touch screen.
CsSTD1 The mobile application maintains a consistent and familiar appearance
throughout the interface.
CSTD? The mobile application provides standard interface elements (icons
Consistency and etc.) and controls that are similar to other applications.
Standardization In the mobile application, the controls are in the position | expected
CSTD3 .
and can be found intuitively.
CSTD4 The mobile application uses a consistent design, typography and color
throughout the interface.
CUDL1 The mobile application uses concise language both texts and titles
throughout the interface.
Concise & User-Driven CuDL2 The mob.|Ie applnlcatnlon uses an .easy—to—understand-Ian-guage.
Language CUDL3 The moblle appll_catlon uses a friendly tone and avoids judgmental and
insulting expressions.
The mobile application avoids technical jargon that seems complicated
CubDL4
to me.
FB1 The mobile application provides visual, auditory, tactile and other
types of feedback appropriate to the actions | take.
FB2 The mobile application notifies me for actions or any status changes.
Feedback The mobile application keeps me informed of what happens during the
FB3 X S -
waits and how long the situation will last.
FB4 The mobile application immediately warns me when | make an
incorrect data entry.
The mobile application can be accessed through another application or
NAV1 e
notifications.
NAV2 The mobile application provides a logical and predictable path.
Navigation NAV3 The mobile application interface is easy and predictable to navigate.
The mobile application allows me to take the action | want to do in the
NAV4
shortest way.
The mobile application provides principal and the most frequently
NAV5 . N :
used information and actions on the top of the screen.
TRAN1 :::tmoblle application seamlessly transitions from one screen to the
The mobile application switches from one screen to another without
TRAN2 cee
. any difficulty.
Transition The mobile application doesn't appear to be frozen when switching
TRAN3
from one screen to another.
TRAN4 The transition from one screen to another in the mobile application is

fast enough.

*: Defines the items extracted from the item pool after explanatory factor analysis.
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