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Abstract. The market for mobile devices is growing rapidly nowadays. Constant
technological improvements provide great opportunities for the creation of mo-
bile applications. For the success of a mobile application or website, one of the
main concerns, besides security issues, is usability. Poor usability decreases user
productivity and consequently causes loss of users. In order to avoid these prob-
lems, usability aspects have to be considered already during the design phase of
the application, e.g. by following predefined usability guidelines. Although usa-
bility guidelines for web development are already in place since the 1990s, struc-
tured and evaluated usability guidelines for mobile applications can rarely be
found in scientific literature. Thus, in this paper we introduce a catalogue of us-
ability guidelines for mobile applications and websites, and subsequently demon-
strate their usage by applying them in two case studies: the development of a
mobile application and a mobile website.

Keywords: Usability, usability guidelines, mobile applications, mobile web-
sites

1 Introduction

The market for mobile devices is growing rapidly nowadays. Gartner research re-
ported that "In 2009, smartphone sales reached 172.4 million units, a 23.8% increase
from 2008" [1]. Nielsen names 2010 “the year of mobile” [2]. Smartphones as a com-
bination of a handheld computer and a mobile phone [3] became available to a broad
group of people and the ground was set for the development of mobile applications and
mobile websites [4]. Constant improvements of mobile devices, such as increased com-
puting power, enhanced functionality, and larger screen size with higher resolution,
provide even more opportunities for the creation of mobile applications [5].

One of the main concerns in mobile applications, next to security issues, is usability
[6], which can be defined as “the degree to which specified users can achieve specified
goals in a particular environment, with effectiveness, efficiency and satisfaction” [7].
Nielsen states that “usability is a necessary condition for survival on the web” [8]. In-
sufficient usability of e-commerce applications means inevitable loss of customers and,
in case of intranet applications, the loss in employees’ productivity and thus increased
costs for the enterprise. The importance of usability of mobile applications is constantly
growing: “Last year [2010], it might have been cool simply to have an app. Now, that
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app better be good.” [2]. The current best practice is to spend about 10% of the budget
on ensuring usability when developing a product [8]. Usability engineering methods
have to be applied not only in the testing phase, but in the whole development process.
Usability guidelines, which can be defined as “any statement ensuring some adequacy
of a particular user interface [...] with respect to a particular context of use where a
given user population has to fulfil interactive tasks with a given system” [9], are one of
the techniques for keeping usability knowledge, which is vital for producing useful and
usable software [10]. Applying usability guidelines can reduce time and effort needed
for performing the iterative “implement-evaluate-improve” development steps by as-
suring that certain classes of errors are avoided already during the design [10].

In the development of applications for mobile devices a number of issues have to be
taken into account, such as small screen size, limited processing power, data entry
methods, connectivity, etc. [11]. Due to these properties and complexity of developing
a mobile application, the usability guidelines and evaluation methods for mobile appli-
cations have to be studied specifically [11]. However, still no clearly formulated and
properly evaluated usability guidelines can be found in the scientific literature. Thus,
in this paper we address this problem by answering the following research questions:

e RQ 1: Which usability guidelines should be considered to develop a usable mobile
website or application?

e RQ 2: To which extent are these guidelines applicable to a real world development
process of mobile websites and applications?

The remainder of this paper is structured as follows. In the next section, related work
in the field of usability guidelines is presented. In section 3, the research approach is
explained, followed by a literature review on usability experiments in section 4, which
results in a catalogue of mobile usability guidelines. The compiled guidelines are then
utilized in two demonstration scenarios, a mobile application for a process modelling
tool and a mobile website for research portals, as presented in section 5. The evaluation
of the suggested guidelines is described in section 6. The paper concludes with a dis-
cussion of findings and limitations of our research, as well as an outline of the future
steps.

2 Related Work

The first guidelines for user interfaces (Ul) of desktop applications appeared in the
beginning of the 1980s and the first web-specific guidelines were formulated in the
1990s [12]. Usability guidelines together with design principles and conventions pro-
vide the foundation for a good interface design [13]. The difference in these three in-
formation structures is in the provided level of detail. Principles are the most general
goals, which guide the design decision, whereas conventions are specific design deci-
sions that are chosen for a particular organization, e.g. a convention may include certain
terms or icons to be used [13]. Guidelines occupy the middle layer of this hierarchy,
they are based on principles, but are specified to reflect the needs of a particular design
domain [13].
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Since the beginning of the 1990s, there has been done much successful work on
establishing usability guidelines for websites. For instance, the Usability.gov group has
created a database of web usability guidelines [14], evaluated by experts from public
and private sectors, as well as the academic community. Each guideline has a relative
importance rating, strength of evidence rating and a list of supporting references. The
Nielsen Norman Group [15], which is active in evidence-based user experience re-
search, training and consulting, published a report with guidelines for web design [16].

Structured and evaluated guidelines for developing mobile applications can hardly
be found in the scientific literature [17]. One of the reasons is the relative novelty of
the topic. A usability model for evaluating mobile applications was introduced in [18],
however, no specific guidelines were formulated. Several usability guidelines for the
development of a mobile app for cultural heritage promotion were presented in [19],
but neither the origin of the guidelines, nor their evaluation were specified. In [17],
design guidelines for mobile web applications were derived from experiments and in-
terviews with several users of different mobile websites. The main limitations of the
study were the narrow sample of participants and only qualitative scope of the experi-
ment and the interview results. In practice, there are more guidelines in form of books
[20], reports [21], and websites [22] available. However, our study focusses on guide-
lines from peer-reviewed scientific literature which were mostly evaluated in controlled
experiments.

3 Research Method

To address the research questions specified in the introduction, the Design Science
Research Methodology (DSRM), introduced in [23, 24], is applied as research method.
The methodology presents a procedure for creating artefacts, which may be any object
designed to solve an understood research problem [23]. In our case, the catalogue of
usability guidelines for mobile applications and websites is seen as the target artefact.

The methodology consists of six steps: problem identification and motivation, defi-
nition of the objectives for a solution, design and development, demonstration, evalua-
tion and communication of the research results [23]. In Fig. 1, the steps of the DSRM
methodology are presented alongside with the section of the paper, in which the re-
search step is addressed.
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The first step of the problem identification and justification is addressed in the intro-
duction and related work sections of this paper. By performing a literature review and
direct observation of the problem, the need for the development of a catalogue of usa-
bility guidelines for mobile applications is identified. The objectives of the solution are
phrased in the research questions, as presented in the introduction. The third phase of
the design of usability guidelines is addressed in the fourth section of the paper. We
perform a systematic literature review in order to identify usability guidelines and rec-
ommendations based on the results of usability experiments with mobile applications
and mobile websites.

The step of demonstration is performed by applying the guidelines within two appli-
cations scenarios: the development of a mobile application for a process modelling tool
and a mobile website for a research portal. In both cases, the user-centered design ap-
proach is applied as proposed by [25]. This approach presupposes the integration of
usability engineering methods already at early stages of the development process. Thus,
during the design phase of both prototypes, a subset of relevant usability guidelines is
identified and subsequently implemented.

Evaluation of the usability guidelines catalogue is performed by assessing general
applicability and usefulness of the guidelines, as presented in the chapter six. The last
communication step of the DSRM methodology is achieved by this publication.

4 Design of Usability Guidelines

The goal of the design phase is to identify existing usability guidelines for mobile
applications. For this purpose, we conduct a literature review focusing on the results of
empirical usability experiments dealing with mobile applications and mobile websites.
The resulting guidelines catalogue is presented in Table 1 and is used in the implemen-
tation (see section 5: “Demonstration of Usability Guidelines”).

The literature review is structured according to the framework by vom Brocke et al.
[26], which is based on the guidelines for literature reviews of Webster & Watson [27].
The approach consists of the following steps: definition of the review scope (1), con-
ceptualization of the topic (2), literature search (3), literature analysis and synthesis (4),
and deriving a research agenda (5).

The scope of the review (1) is specified by defining the purpose, subject, period
covered, and degree of coverage. The scope of our research is to identify empirical and
scientifically documented usability experiments on mobile applications and mobile
websites with the aim to uncover usability guidelines for mobile websites and applica-
tions. The covered period is ten years from 2003 to 2013 and the scope is further de-
scribed using Cooper’s taxonomy of literature reviews [70]:

e Focus: Research outcomes

e Goal: Integration

Organization; Conceptual

Perspective: Neutral representation

Audience: Researchers, mobile web/app developers, usability specialists
Coverage: Exhaustive with selective citation.
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Table 1. Usability guidelines for mobile websites and applications

Layout:

(G1) Place content in the central part of the screen [28]

(G2) Avoid horizontal scrolling [29, 30]

(G3) Arrange content vertically, avoid using tabs [28]

(G4) Locate login button on the top of the screen [31, 32]

(G5) Make the search field visible and usable [33]

(G6) Use clear linear structure and avoid table structure of input fields [34]
(G7) Use no more than three buttons in a dialogue [35, 36]

(G8) Position buttons in the middle or at the end of the dialogue [35, 36]
(G9) Position buttons on the right side of the screen [36]

Navigation:

(G10) Make navigation menus as easy and as simple as possible [37]

(G11) Use one level navigation menus [38, 39]

(G12) Avoid many options [29] (max. 4-8 items) and scrolling in the navigation menu [30, 40]

(G13) Make important pages reachable from the start page [30]

(G14) Provide a possibility to quickly navigate back to the start page [30]

(G15) Minimize the number of clicks needed to reach each page [30]

(G16) Use breadcrumbs to show current location [41], quickly reach the start page [42, 43], and
switch between pages [41]

(G17) Open external links in a new window, keep the current window unchanged [44]

(G18) Structure menus by topics and usage scenarios to reduce search [45-47]

(G19) Make titles, links and navigation items unambiguous [29, 30, 37, 48, 49], self-explanatory
[37], and descriptive [31, 50, 51].

Design:

(G20) Keep design simple [52], consistent, uniform and clear [53, 54]

(G21) Use a uniform design for different representations of the same product (e.g. website and
mobile app) [55]

(G22) Emphasize important information [56, 57]

(G23) Use easy identifiable [57-59] and visible [30, 33, 60] icons

(G24) Use button size between 7mm and 10mm [35, 61]

Content:

(G25) Use similar content and functionality for mobile version as for the desktop version [57]

(G26) Avoid long texts and use simple sentences [30]

(G27) Do not show much information on the start page [31]

(G28) Order content by its importance [30]

(G29) Provide automatic suggestions within the application (e.g. search autocomplete) [62]

(G30) Make user actions revertible to allow quick corrections [54, 63]

(G31) Integrate confirmation dialogues for change and edit actions [30]

(G32) Prevent data loss by reminding users of unsaved changes [64]

(G33) Save the current application state when the application is minimized and restore again when
the work is continued [30]

(G34) Automatically correct typing errors [30]

(G35) Optimize interface to correct imprecise touch control [30]

(G36) Implement haptic feedback on user actions [65, 66]

(G37) Support common gestures to control apps [67]

(G38) Optimize entering passcode on mobile devices [68]

Performance:
(G39) Minimize loading times [38]. Note: regular users are more tolerant to loading times than
new users [69]
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Next, the topic is conceptualized (2) by identifying key sources as starting points for
the literature search, which are the basis for setting up working definitions and search
terms. The definitions for usability methods and experiments from Nielsen [71, 72] are
used to conceptualize the topic of this paper.

The literature search (3) may start as soon as the preparation steps are finished. Based
on the definitions and the scope presented above, the keywords are derived with the
overall aim to find experiment results, targeting mobile websites and applications.
Overall ten search strings are used which are the combinations of usability experiment
on the one hand and usability study on the other hand with the terms app, mobile,
smartphone, web, and website. Using the specified keywords, we perform the literature
search in the following databases: IEEE, Springer Link, JSTOR, ACM, Science Direct,
EBSCOhost, AlS, and Google Scholar. The search was restricted to the first 200 hits
for each keyword combination per database. The initial database querying resulted in
12,934 papers. Filtering the found papers and journal articles for relevant entries was
done in two phases. In the first phase, the results were reviewed by title and abstract
and in the second phase by content. After reviewing title and abstract, 595 papers were
identified. In this first phase, many papers could be rejected as they were either not
about usability or not from the domain of information systems (e.g. medicine). In the
detailed content analysis, the set was further narrowed down as only articles containing
precise usability guidelines were regarded. This resulted in 127 papers which are doc-
umented in [73].

In the analysis and synthesis phase (4), the found literature is processed, e.g. using a
concept matrix [74], and analysed regarding the aims of the review. Table 1 contains
the identified and structured usability guidelines from the literature review. From the
final set of 127 papers, some were omitted in the table, if the guidelines mentioned were
too general or not suitable for applications in a mobile context.

The last step of setting up a research agenda (5) is omitted in this paper, as our in-
tention is to come up with a suitable collection of usability guidelines and to further
demonstrate their applicability. Nevertheless, we identified some aspects for future re-
search (see section 7: “Discussion”).

5 Demonstration of Usability Guidelines

5.1 Case 1: Mobile App for Process Modelling

In the first demonstration case, the usability guidelines are put to effect in the devel-
opment of a mobile version of a process modelling tool. To clarify the functional range
of the application, the group of potential users as well as the key usage scenarios were
identified in the first design step. The potential users in this case are a consultancy
company’s employees and their clients using the mobile app in business process mod-
eling (BPM) projects. Two consultants with six to seven years of BPM experience ac-
tively participated in the development project and were accompanied by three academ-
ics with three to four years of BPM and usability research experience. During this six
months long project, a team of five developers collaborated with the consultants and
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the academics. The joint goal was to design a mobile version of a process modelling
application, which should facilitate the usage and adoption of BPM by department
workers. Due to the small screen size of mobile devices and the inherent difficulty of
adjusting process models, no benefits in extensive modelling functionality are seen.
Hence, the main usage scenarios for the mobile version were defined as access to ad-
ministrative functionality, display of model content, and a simple functionality for the
creation and modification of the model content.
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Fig. 2. Mobile process modelling application

For the development of the mobile version of the process modelling tool, a hybrid
approach between a native application and a mobile website was chosen. It combines
the advantages of native applications and mobile websites — simple updates, mainte-
nance and utilization of device-specific functions like pull-to-refresh or breadcrumbs.

In the beginning of the development phase, a paper-based prototyping of the hybrid
process modelling app was carried out in a design workshop together with the develop-
ers, the two consultants and the three academics. Low-fidelity prototypes were created
to clarify the requirements and to draft functional and graphical design. Here, especially
guideline G21 was followed to ensure the same look and feel for the desktop and mobile
versions of the tool. During the whole design and development process, which was
carried out in close communication and regular meetings between the developers, aca-
demics and the consultants, the previously proposed usability guidelines were consid-
ered, discussed and — where applicable — implemented. The evaluation of the usefulness
of the guidelines is provided in the next section. In Fig. 2, certain aspects of the resulting
mobile process modelling application, which are linked to usability guidelines, are
shown as follows (left to right): login page with optimized passcode input (G38), bread-
crumb navigation through hierarchical process models (G16), and display/edit mode of
process models.
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5.2  Case 2: Mobile Website for Research Portals

In the second use case, the identified usability guidelines are applied during a six
months development of a mobile website for research portals. During that time, four
software developers had weekly meetings with a research portal architect (four years
of experience) and three power users (each two to four years of user experience). Re-
search portals are “topic related [...] websites, designed to [...] specifically structure
research information which [...] already exists elsewhere. Main goals of research por-
tals [are] the encouragement of collaboration in the community and [...] the dissemi-
nation of research results” [75]. Research portals may be of a general nature, e.g. Re-
searchGate [76], with a regional focus, e.g. research portal Saxony-Anhalt [77], or
topic-centric, e.g. research portal Product-Service-Systems [78]. Research portals col-
lect information on research results, research projects, publications, people and organ-
izations.
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Fig. 3. Mobile website for research portal; a) start page, b) user menu, c) content filtering

The decision in favor of a mobile website is made because a desktop website for
research portals already exists and only has to be adjusted to be used on a mobile device.
Furthermore, the research portal does not use any specific functionality of the mobile
device and, therefore, does not need to be specific for any mobile operating system.
Developing a device-independent maobile website saves on resources and speeds up the
development. The existing website is modified to fit usability guidelines regarding the
content and functionality. The design guidelines were addressed using responsive CSS-
design.

For the design of the mobile website and the selection of applicable usability guide-
lines, the desired focus and functionality of the mobile website needs to be considered.
While the desktop website is used as a tool for creating, maintaining and viewing re-
search data, the focus of the mobile website is mainly to conveniently display the con-
tent. Adding and modifying research information on mobile devices is too complex.
Therefore, the most usability guidelines dealing with the layout, navigation, design and
content presentation are implemented, and content changing optimizations (G30-G34)
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are omitted for the mobile research portal website. Furthermore, some guidelines are
found to not being applicable for mobile websites (e.g. G36-G38).

Some examples for mobile optimizations are the header (G4, G23-34) with inte-
grated search field (G5; see Fig. 3a), the fading-in menu and user menu (G10-14, G18;
see Fig. 3b), and the general optimization of the page layout for mobile devices (see
Fig. 3c) with a vertical structure (G2-3), linear inputs (G6) and clean layout (G20-21).

6 Evaluation of Usability Guidelines

The evaluation of the guidelines is performed in two phases. First, the guidelines are
evaluated for their general applicability by checking if the guideline can be used to
improve the usability of the prototypes, presented in the previous section. Second, the
usefulness of the applied guidelines is evaluated by testing the prototypes with the re-
spective stakeholders.

In both case studies, only a subset of the proposed guidelines is chosen for imple-
mentation, as guidelines are not fixed rules [14] and always have to be adapted to the
specific application domain. However, by demonstrating the guidelines in two scenar-
ios with different domains (process modelling tool and research portals) and technolo-
gies (mobile hybrid application and mobile website), most guidelines are applied at
least once and it is possible to draw a conclusion about the general applicability of each
guideline. The results of the evaluation (Table 2) show that 26 out of 39 guidelines are
applicable in both cases, and 12 guidelines only in one case. The layout guideline G9
is not applied at all and has to be further explored in the future research.

In the first demonstration case, the two layout guidelines G4 and G5 are not appli-
cable, because login is required right upon the execution of the application (G4) and
the search functionality is not provided (G5). The design guidelines G22 and G28 are
not applicable for a process modelling tool because of the absence of textual content.
Guideline G34 is applied partially by correcting the typos with standard smartphone
keyboard autocorrect functionality. The guidelines G29, G30 and G36 are not ad-
dressed in the prototype because of limited implementation time, but will be imple-
mented in the next versions.

In the second demonstration case, not all navigation guidelines are fulfilled, because
of their contradicting nature. There needs to be a trade-off between the depth of menus,
direct accessibility of all functionality and the number of menu options (G12). The
breadcrumbs functionality (G16) is not necessary for the current case. Content guide-
lines G30-G34 are not applicable because the focus of the mobile website is put on
display and not creation of the content. G36 and G38 were not possible to implement
for mobile websites. Similarly to the first demonstration case, content guideline G29 is
planned to be implemented in the next version and the guideline G34 is only partially
implemented as in the first case.
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Table 2. General applicability of the usability guidelines

Layout Gl | G2 | G3 | G4 | G5 | G6 | G7 | G8 | G9

Case 1 X X X X X X

Case 2 X X X X X X X X

Navigation | G10 | G11 | G12 | G13 | G14 | G15 | G16 | G17 | G18 | G19
Case 1 X X X X X X X X X X
Case 2 X X X X X X X X
Design G20 | G21 | G22 | G23 | G24

Case 1 X X X X

Case 2 X X X X X

Content G25 | G26 | G27 | G28 | G29 | G30 | G31 | G32 | G33 | G34
Case 1 X X X p p X X X (x)
Case 2 X X X X p (x)
Content G35 | G36 | G37 | G38

Case 1 X p X X

Case 2 X X

Perfor- G39

mance

Case 1 X

Case 2 X

x — implemented, (x) — partially implemented, p — planned for future versions

In order to assess the usefulness of the applied guidelines, in the second evaluation
phase we performed stakeholder testing of the created prototypes. The evaluation was
performed iteratively during the implementation period. The developers were explicitly
asked to apply the guidelines in the development process. In the weekly meetings with
the developer team, the stakeholder group reviewed newly implemented functionality
and discussed the guidelines which were already applied or were planned to be applied
in the next iteration. The discussions were mainly focused on the way of specifically
implementing the guidelines, for instance, which items should be included in menus or
where to locate the breadcrumbs. The already implemented guidelines were in most
cases well appreciated by the stakeholders. However, the developers could still argue
on the applicability of each guideline in a particular situation. This led to a subset of
guidelines actually being implemented (see Table 2). Some of the guidelines required
time-consuming functionality implementation (e.g. G29 or G34) or could only be par-
tially implemented respectively had to be postponed to a later stage (see Table 2). De-
spite this fact, the developers agreed that they are eager to apply the guidelines in future
projects.

To our knowledge, compared to previous implementation projects, applying a col-
lection of usability guidelines and involving stakeholders early in the development pro-
cess helped to reduce the number of usability bugs and, thus, made the implementation
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time shorter and improved the overall result. Upon completion of the prototype imple-
mentation, the stakeholders provided positive feedback regarding the implementation
results and are now using the created artefacts in their daily routines.

7 Discussion

The growing popularity of mobile devices, together with the constant technological
improvements in the field, leads to an increased number of mobile websites and appli-
cations. However, the particularities of mobile devices, such as small screen size or
unstable internet connection, require special attention to be paid to usability aspects
already during the application design phase. Usability is already recognized as a crucial
aspect in Ul and web development. However, structured and evaluated usability guide-
lines for mobile websites and applications can still not be found in the scientific litera-
ture. Thus, in this paper we construct and evaluate a catalogue of usability guidelines
for mobile applications.

We have approached this problem by conducting a literature review and proposing
a scientifically founded catalogue of usability guidelines. In the literature review, we
identified research publications presenting mobile usability experiment results. By an-
alyzing and synthesizing the results of the literature review, we derived a catalogue of
usability guidelines for mobile websites and applications. The presented guidelines
were then applied in two demonstration cases: the development of a mobile application
for a process modelling tool and a mobile website for research portals. The subsequent
evaluation of the general applicability and usefulness of the guidelines has shown that
most of the guidelines are applicable for both demonstration scenarios. Moreover, the
positive feedback of the stakeholders regarding the usability of both prototypes shows
that applying usability guidelines early in the design phase helps to eliminate a number
of usability issues and, thus, reduces the costs for implementation and improvement.

As a limitation of our study, no controlled benchmarking of the guidelines was con-
ducted. However, because of the nature of the research method applied to create the
guidelines catalogue, most of the guidelines were already evaluated in the original stud-
ies. Moreover, the application of the guidelines in two demonstration cases merely pro-
vides an evidence that the guidelines are applicable, but it is not implied that this result
is generally transferrable to other cases. For this sake, further evaluation of the guide-
lines should be conducted in future research in which the guidelines should be evaluated
by different stakeholder groups in different development projects for their helpfulness,
sufficiency and comprehensiveness.

Moreover, future research should also cover expert interviews to rank the guidelines
by importance as well as to get rid of least-relevant guidelines. The guideline G9, which
was not applied in both cases, specifically needs further investigation.

Furthermore, because of the growing popularity of mobile development and techno-
logical improvements, the guidelines catalogue should constantly be updated and ex-
tended in the future.
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