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Abstract. Prototyping is an essential part of the user-centered design process 
(UCD). Since the emergence of touch-based mobile devices in recent years, a 
broad range of efforts has been taken to adapt professional prototyping tools to 
the mobile context. However, none of the existing mobile prototyping solutions 
adapts sufficiently to the needs of multidisciplinary teams or considers the 
experience of the users’ working environments explicitly. Our goal was to 
develop a mobile prototyping tool that supports the users in their tasks with 
special attention to the context of use. We especially considered the holistic 
experience relating all tasks of the human-centered design process. Our 
approach of requirements engineering focused on UX methods to get a deep 
insight not only on pragmatic features but also emotional demands (i.e. hedonic 
qualities). Therefore we tried to strengthen the hedonic qualities to support 
action mode usage for leveraging creative potentials. We’d like to reveal 
whether and to what extent a detailed look on UX can ensure the working 
progress efficiency and motivation of a multidisciplinary software engineering 
team practicing agile methods. We will illustrate this by presenting the 
development process of our mobile prototyping tool Prime, especially 
concerning new perspectives of a design process that focuses on hedonic 
parameters. 
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1 Introduction 

The focus of software design has increasingly shifted towards human factors in the 
last decades [15]. Usability covers a great deal of human needs in a working 
environment such as efficiency of the system, effectiveness in the work process and 
satisfaction of the user [18]. Nevertheless, there is software which is perfectly 
designed for these requirements and still isn’t attractive for a broader audience. This 
might be due to the fact that user experience aspects are not sufficiently assessed 
during design. This is why we tried to focus on UX while developing a mobile 
prototyping application for the human centered design process. 

The organization of the rest of this paper is as follows: In Ch. 2 we introduce the 
human-centered design process and discuss the role of prototyping within that 
process. Ch. 3 focusses on the UX methods that can be used during the design process 
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for mobile applications. Finally, in Ch. 4 we present Prime, a tablet-based prototyping 
tool for mobile applications. A short outlook concludes the paper.  

2 The Human Centered Design Process and User Experience 
(UX) 

The Human Centered Design Process, as defined in ISO 9241 210 [13], based on the 
key principles of “the active involvement of the prospective user and clear 
understanding of user and task requirements”, “an appropriate allocation of function 
between user and system”, “iteration of design solutions” and “multi-disciplinary 
design teams” [19] has become a valuable approach for putting the user in the focus 
of the software development process and focusing on his real needs. 

The requirements engineering process not only consists of the identification of 
features providing benefits to the user and her task in context, but in the explicit 
interface providing the functionality. Ensuring the usability of the product during the 
development is key to utility of the product and ultimately its market success. In order 
to develop an adequate design solution for a given problem there are different 
approaches to software evaluation. Besides Usability, which is already a very 
common part of the process, UX is the approach to understand which values are 
important for the users. Consequently the main task of studies in User Experience 
(UX) should focus on answering this question. “A system or device is not just task 
orientated; it is a signifier of the user’s identity, interest, lifestyle and values.” is the 
defined target by Holt and Lock. [11] 

2.1 Prototyping 

Prototyping is widely accepted as a useful tool in application development since it can 
be used in various ways and be adapted to multiple issues. From the different 
approaches to prototyping, from low fidelity sketches describing only functions, 
screen elements and proportions to high fidelity mockups providing interactivity and 
basic backend business logic, especially low fidelity techniques like paper prototyping 
proved to be most helpful for requirements engineering in human centered design 
development flows [23]. Focusing on early development stages, collecting functional 
requirements from prospective users is not sufficient to develop adequate design 
solutions. A detailed understanding of the user’s task, context, aims and workflow in 
which the product will be embedded is essential to adapt the design to his needs. 
According to human centered design principles of end user involvement it is essential 
to gather that information from real users from the very beginning of the development 
process. In this process, the verbalization of design requirements is a very tedious task 
for the participant, separating the function from its realization. Prototyping proved to 
be able to facilitate the communication process between the users participating in the 
requirements engineering process and the development team, building a general 
language developers and users can relate to [23]. By applying participatory design in 
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combination with a low-fidelity prototyping approach like paper prototyping the user 
can be empowered to communicate requirements. 

In the following, the generated prototypes can serve as a data source regarding 
mental user models and the context in which the collected features have to be seen. 
Furthermore the development team can rely on them as a reference of requirements to 
be met when developing the user interface. As low fidelity prototyping is a very fast 
and cost-efficient method [22] for generating a wide range of different solutions, it 
represents a great approach to further developing first sketches from the user’s 
requirements, quickly discusses the results and iterate on them in order to produce 
adequate design solutions. The variety of ideas can be enhanced by collaboration of 
not only user interface designers but all members of the development team. This is 
crucial in the early phases of development because there is never just a single perfect 
solution for a given problem. It seems that not only the diversity but the quality of the 
solutions can be positively influenced by collaboration in prototyping [6] which gives 
evidence that supporting cooperation on prototyping is a necessity. 

Getting feedback on the developed solutions from the end users, low fidelity 
prototypes often fall short of communicating the purpose of the elements depicted. 
Since the results from rapidly prototyping on a low fidelity are very rough and 
sketchy in general, it is hard for peer users to identify the depicted elements 
intuitively [24]. In most cases the participant is not familiar with this technique and 
user interface design in general, leading to misinterpretations of the given sketches 
and making it hard to identify interactive elements since the discrepancy between the 
elements is often not distinct enough to identify their purpose, making a guided 
walkthrough evaluation techniques necessary. To enable the user to evaluate the 
developed screens in a more exploratory manner, the visual fidelity of early 
prototypes could be enhanced to support the recognition and interpretation of UI 
elements. 

2.2 The Mobile Context 

Rapidly prototyping mobile applications adds further layers of complexity and 
problems to the process [24] regarding hardware constraints like display metrics and 
the paradigm of touch interaction. Smartphone screen sizes make it essential to 
consider the dimensions of screen elements even in first draft sketches to develop 
solutions to hide complexity and make it accessible regarding touch target sizes. 
Paper sketching is by its nature is not capable of providing reasonable constraints 
needed in order to support adequate solutions. Furthermore the anticipated context of 
use is far more important regarding mobile applications than the traditional desktop 
environment because of the ubiquitous nature of mobile devices. Being such an 
influential factor, recent concepts suggest to shift the prototyping process out of the 
lab into context of use [25], adapting mobile devices providing a realistic feeling for 
the prototype as a medium overcoming the restrictions of paper prototypes. 

In order to provide a functional solution for mobile prototyping, we had to define 
our target audience to be able to gather the right requirements. Since the complex 
process of application development requires a multitude of skills and knowledge, 
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most development teams consist of members with different focuses fulfilling different 
roles, like usability engineers, programmers and project managers. We decided to take 
these circumstances into account and focus our project to meet the needs of small 
development teams practicing agile methods of software development. 

2.3 Pleasure as a Factor in UX 

Regardless of the mobile context there are generic concepts of UX we integrate in our 
work. Hassenzahl und Tractinsky [9] argue that there is a lack of empirical studies in 
the field of UX and therefore create a system combining Usability and UX. They 
define pragmatic and hedonic aspects and create the AttrakDiff metric, a valid tool to 
measure those qualities. Beyond the purely cognitive and task oriented view they 
want to give feedback on the dimensions of the stimulation, identification and 
attractiveness of UX. Similar classifications can be found in different approaches. 
Jordan [14] established a basic classification of four different pleasures: The socio-, 
physio-, psycho- and ideo-sphere describe the impact of social factors, sensory 
perception, cognitive challenges and ideological values. Lock & Holt [11] are 
polishing those spheres in drawing more specific conclusions for designing a system. 
In a hierarchical analysis they define the details of pleasure as “(...) a positive 
emotional state experienced when needs or desires are fulfilled, either from external 
or internal stimuli” [11]. The assessment criteria they provide are more specific than 
the top level illustration of Jordan.  

Based on this model we try to identify special needs for a mobile prototyping tool 
by considering them in our methodological structure. Through Laddering [28] it 
should be possible to understand which of those components is most important to our 
tool and how we can gain functions for our tool. 

3 UX Methods during the Mobile App Developing Process 

We want to show in which areas of use mobile prototyping can be supported by a 
tablet-based tool. Due to the related work we assume that in situ might be a valuable 
support. During our developing process we concentrated especially on how to 
optimize the UX. Therefore we combined different methods and discuss the output of 
our experiences. 

Since the emergence of tablet devices, great effort has been taken to leverage their 
potential not only for entertainment purposes but for professional use as well. In the 
context of user interface development several companies have tried to adapt sketching 
and prototyping tools for mobile application platforms, mostly iOS and Android. In 
the context of our project we decided to evaluate those existing solutions by a 
competitive analysis. We identified the features those products implemented to 
provide a mobile prototyping solution for professional use to get additional insight 
about the requirements. 

We found a broad range concerning the fidelity of the prototypes produced by the 
existing tools, from low-fidelity, sketchy style to fully functional click trough 
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products. Regarding the functionality, the main focus of the existing solutions seems 
to provide a rich palette of UI elements and stencils which can be manipulated by the 
user in their size, visual appearance and content. Because of the sheer number of 
available objects, most of the tools struggled with the interface and information 
architecture to provide access to them. 

In addition we performed an expert evaluation of the usability of the products, 
using Nielsen’s “Ten usability heuristics for user interface design” [20], which is a 
solid framework providing guidelines to evaluate user interfaces independent from the 
platform of the application to evaluate. The evaluation was performed based on 
simple tasks in a mobile situation to simulate a real working scenario as closely as 
possible. We discovered that most remarkably the tools implementing a high fidelity 
approach became very complex to use when the prototype was supposed to make use 
of the available interactive elements. This observation corresponded with the fear of 
the participants of the focus group regarding the generation of high fidelity prototypes 
in a mobile scenario. 

We have applied a range of UX methods, starting with SHIRA [10], a qualitative 
analysis in which the peer user is included to get a deeper understanding of his needs 
by associating adjectives and justifying his or her choice. 'Structured Hierarchical 
Interview for Requirement Analysis' (SHIRA) is an interviewing technique that seeks 
to explore the meaning of abstract product qualities such as 'controllable', 'simple', 
'impressive' or 'innovative' for a specific software product in a specific context of use 
[10]. The test persons were asked to choose three out of a list of pragmatic and 
hedonic issues. After a brief description of how our tool works we asked four people 
with usability engineering background to choose three adjectives with the highest 
importance to them. After selecting one of the attributes they were asked to explain 
explicitly what features could support this adjective in the prototyping tool. All four 
users chose the value clearly structured, which according to them could be achieved 
when using breadcrumbs, designing infoboxes, using view buttons and showing the 
most important information. Each of the following adjectives was chosen twice. As 
simple functions a wizard for unused functions and an intuitive connection between 
the different layers were mentioned. Creative could be achieved through a broader 
color selection and a broader variety of forms available. As practical the test persons 
described functions like easy export and a rapid assembling of a prototype. The words 
the participants selected were mainly out of the pragmatic field, except for the 
adjective creative. But even the detailed description of this attribute only leads to 
pragmatic and functional conclusions. In relation to our goal, to get impact on the UX, 
this is not very satisfying. We have therefore decided to undertake further UX 
considerations regarding our own tool. 

In the next step we applied the AttrakDiff. This is a semantic differential developed 
by Marc Hassenzahl et al. [8]. The tool has been available free of charge since 2002 
on www.attrakdiff.de. Up to 2007 it has been used by 302 groups in research and 
economic projects [7]. It can be applied to the user centered design cycle when 
functional software or prototypes are already available to be tested. Based on the 
competitive analysis we decided to evaluate the AppCooker (http://www. 
appcooker.com/), our competing reference product with good results in usability tests 
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and a great variety of features, with the AttrakDiff to gain a better understanding of 
the user’s expectation on a mobile prototyping tool. AttrakDiff is based on the 
understanding of pragmatic and hedonic qualities [1]. We asked 15 participants to 
undergo our usability setting where they were asked to fulfill a task based usability 
test and follow up completing the AttrakDiff. None of the participants was familiar 
with the tool and therefore they were not biased. 

In the evaluation of confidence the product is on a scale between neutral and self 
oriented and therefore has neutral to positive values in the pragmatic as well as in the 
hedonic field and potential to optimize. Since our special interest was to find out 
which attributes makes the tool more eventful the question remains which steps to 
perform to do so. Nevertheless this assessment initially showed us how the basic 
functions of those tools can be classified. 

A special concern lies in understanding how a multidisciplinary group of software 
engineers work together on a user centered design process in their daily routine and in 
which way our tool can support their realities. Subsequently, we combined the 
methods of a focus group with SHIRA and explicitly drew the attention to hedonic 
values. We invited small worlds, which is a consulting team in questions on usability 
engineering. They are already working with prototyping in their engineering cycle 
and therefore where an ideal group for our interest. The focus group consists of four 
members: A programmer, a project manager and two usability engineers. Since we 
are missing out on hedonic qualities in our former data collection, we decided to let 
every participant choose one adjective which we analyzed carefully and combined the 
method with a usual focus group, in which the participants are discussing a variety of 
issues the moderators stimulate them to [17]. The outcome of this combination of 
methods was convincing: In the first phase the participants introduced themselves and 
the specific tasks they fulfill in the engineering team. They also gave insight on the 
others they are working with and their collaboration. The second part treated the 
mobile context. The participants started to explain when and in which context they 
need to prototype. During the third part every participant took one attribute from the 
SHIRA pool. The positive effect in this respect was that every subscriber was 
presenting his choice in front of the group and therefore many different ideas were 
generated. Due to the process they had to justify their choice towards the others and 
because of that the descriptions were very specific. 

Table 1. Valuable features identified by the focus group 

Function Description 
Inserting camera 
pictures 

Very empowering during the creative process of generating ideas. 

non proprietary Export To support interactive prototyping the export must be better. 
Preview Create a Preview version which can be annotated by the other team 

members. 
Push Notification To ensure a smooth operation the team must be informed by the 

system, when changes were made.
Sharing To support collaborative Working there need to be sharing 

possibilities inside the tools 
Frames To make the prototypes more realistic a variation of frames should be 

included 
Heuristic Feedback Automatized evaluation tool which is oriented on the Golden Rules of 

usability experts. Instant feedback.
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Finally we matched the results with the layers of Jordan [11] and focused our 
further design on the socio layer to create a collaborative mobile prototyping tool. Our 
requirements engineering process provided detailed insights in the demands of a 
multidisciplinary development team, practicing agile methods. As mentioned the 
existing solutions don’t meet the requirements specified by our peer users yet. In 
particular features targeting the socio layer of the prototyping process and its inherent 
collaborative nature were not implemented. As our participants noted supporting team 
collaboration independent from the actual location of the individual team member 
could greatly enhance the productivity and the social experience of a mobile 
prototyping solution. This becomes even more important since the everyday working 
situation of an individual team member is not necessarily related to a fixed work 
station. The complexity of a mobile prototyping solution should be stripped down as 
much as possible. That incorporates not only the reduction of available ready to use 
user interface stencils to a minimum but also the reduction of the fidelity of the 
prototypes, which the tool should be capable of. As emphasized by the participants, 
the creation of complex interactive high fidelity prototypes in a mobile work setting is 
not practical. The number of steps required for their generation and the functions 
needed is too complex to handle when distracted by environmental factors. The 
purpose of a mobile prototyping solution is perceived as a digital sketching tool for 
rapid generation of concepts and quick iterating upon them. The participants 
experienced in the application of prototyping methods to the development process 
emphasized particularly the potential of a mobile prototyping tool for a collaborative 
approach and a simplified in-team communication, independent from the actual 
physical location of the participating individuals. This is especially important, 
because successful cooperation is generally based on geographical proximity. 
Existing mobile solutions are not supporting collaboration, which was emphasized as 
an essential part of the development process. This could be an explanation for the 
lacking adoption of these tools in a professional context. 

A mobile prototyping tool could enable the development team to generate ideas 
and iterate on results independently from another but still stay in touch with the rest of 
the team and their results. All team members should be automatically informed when 
new results are generated by a participant. The resulting workflow can speed up the 
development process significantly and provide an adequate solution for the 
prototyping of mobile applications. We therefore identified the socio sphere as the 
most potential target for further optimization of our base product, and to evaluate 
whether supporting the social perception of our product could enhance overall product 
experience. Furthermore a mobile device based prototyping tool is seen as a sensible 
approach to take mobile context specific considerations into account at early 
development stage. Making use of a mobile device as an all-in-one solution for 
prototyping makes it very comfortable to prototype in the future context of use and 
adapt the application in development to the circumstances. 
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4 Prime, a Simple Prototyping Tool for Android Tablets 

Our product, a simple prototyping tool for android 10” tablets resulting from another 
project already incorporates the basic functionality for mobile prototyping enabling 
the user to sketch mobile applications with a set of basic, customizable objects. The 
interface consists of a drawing area the size of the Nexus 4, the android reference 
phone from google, and an objects palette from where the user can simply drag and 
drop objects onto the canvas where they can be directly manipulated to fit the users’ 
needs. The tool realizes a mixed fidelity approach using basic android user interface 
elements like buttons, lists, grids, input elements etc. and the hardware camera to 
incorporate sketches and drawings into the prototype. The hedonic dimension of 
prototyping has not yet been targeted in the existing concept thus making it an ideal 
candidate for further optimization. 

According to the results of our focus group, the number of objects available 
doesn’t have to be extensive, meaning that every UI element should be available, but 
provide flexible elements, which can be adapted to model a wide range of interfaces 
by combination and creative use. As a result, a simple objects palette will help to strip 
down complexity and meet the requirement of an easy to use minimalistic interface, 
leveraging creativity and enabling novice users in the context of requirements 
engineering process to participate. 

Regarding the visual fidelity of the interface elements, the participants indicated 
that realistic appearance can positively influence the hedonic perception of the 
prototype and support the recognition of elements and associated functions by novice 
users which also conforms to other findings [24]. 

Since the results of the SHIRA and focus group suggest that a high fidelity 
approach is not feasible in a mobile environment, we decided to focus our work on 
providing low fidelity realization of the prototyping functionality. In other words our 
tool will not be capable of building interactive click-through prototypes, since the 
participants mentioned that a mobile sketching tool would simplify their rapid 
prototyping process in the means of collaborative idea generation to a greater extent 
and the task of creating real interactive prototypes in a mobile setting would be hard 
to handle. 

Based on the prioritization of the requirements, we identified the socio sphere as 
most potential to incorporate hedonic values in our base product. The participants 
stated that a feature supporting the active participation in the prototyping process 
would not only enhance the utility but also the hedonic perception of the product. In 
order to enable our product to support a collaborative approach on prototyping we 
implemented an online backend based on parse.com, a cloud platform providing easy 
to set up user accounts with different privileges and a database to store arbitrary 
objects. The cloud platform enables the product to create projects, invite team 
members and automatically sync user data to other team members as soon as a data 
connection is available to the device. According to our requirements, team members 
are not restricted to specific roles and rights, enabling them to engage as equitable 
partners in the process. To support dynamic formation of teams, or subteams working 
on a specific feature, each user can participate in an unlimited number of projects and 
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create new projects as required. To keep the sketching process structured each project 
can contain any number of screens as a concept modelling application screens in the 
tool to develop. At screen level the actual sketches are presented to the user by 
separating them in user and team sketches implemented as two vertical scrolling lists 
on the same app-screen to enable the user to compare them and get inspired by the 
different solutions presented. To further develop promising ideas, the user can clone 
existing sketches and perform his amendments to avoid confusion, which would arise 
when a user edits a sketch made by one of the other team members. To inform 
members of the availability of a new sketch the product makes use of parse.com to 
send a push notification to the projects related participants. To support a more 
efficient discussion and enable the team members to make reference to specific 
sketches, all screens are labeled with consecutive numbers and can be commented on. 

 

 
Fig. 1. Snapshot of our prototyping tool PRIME 

5 Conclusion  

SHIRA and the AttrakDiff alone don’t allow any specific customization. This leads to 
vague orientation and most of the results concentrate on pragmatic factors. In our case 
only the combination of SHIRA and the focus group in which we were working with 
laddering brought concrete tasks to develop our tool. Based on the four pleasures of 
Jordan as a theoretical concept we could draw conclusions with a concept for the 
implementation. Maybe a broad consulting of methods might already be considered a 
useful approach for our goal. But during our human centered design process we came 
to the conclusion that it would be very valuable to have a standalone method set for 
the hedonic sphere that does not include pragmatic enquiries. Current tools don’t fully 
concentrate on the hedonic aspect. They mostly combine a holistic approach of 
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Usability and UX. So how can we support a deeper understanding of the user’s 
hedonic values? We think that a stronger focus on the hedonic sphere during the 
methodological approach is already a good start, but there still is a lack of methods 
concentrating on UX. Nevertheless the future task of research has to design a method 
set to emphasizing requirements and to evaluate ideas during the engineering process. 

The comments during the usability testing point out that a tool with an innovative 
and fresh character is given a greater hedonic weight. Prerequisite is the general 
compliance of proven usability principles and a system oriented on the mental model 
of the user. In the context of our project we focused on the collaborative experience of 
the engineering team. The statements during the system requirement analyses suggest 
that there still is potential for optimization in the ideo and psycho pleasure. 
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