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Prototyping is widely recog-
nized as an effective method for 
quickly generating cost-effective 
designs and efficiently gain-
ing user feedback early in the 
product life cycle [1, 2]. Over the 
past decade, the method has also 
been adapted and extensively 
used for mobile interfaces and 
devices [3]. Because the design 
of handheld devices (e.g., PDAs 
and cell phones) involves com-
plex software functionality as 
well as a need to be integrated 
with the customized controls 
and interaction of the physical 
device, it requires hardware and 
software prototyping that is chal-
lenging. Celine Pering argues 
that one of the greatest issues of 
prototyping is to be efficient with 
the full range of tools, such as 
paper or high-fidelity prototypes 
[4]. For interaction designers to 
overcome a range of prototyping 
challenges, they first must rec-
ognize that each new and greater 
level of functionality in proto-
type development means more 
implementation time. This article 
introduces a hybrid method of 
prototyping that utilizes paper 
and mobile device technology 

of the application and can ade-
quately demonstrate it to the test 
participant [5]. In other words, 
a full interaction experience is 
limited because the participant 
relies on the facilitator to provide 
feedback (e.g., changing paper 
screens) during the command 
simulation sequence (e.g., clicking 

that is both quick to create and 
agile to use in the early stages of 
design without the need to imple-
ment a fully operational high-
fidelity prototype.

A disadvantage of paper proto-
types is that they usually require 
a facilitator, i.e., someone who has 
a comprehensive understanding in
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based on our experience, here 
is a summary of the key steps in 
creating a fully working ”paper in 
screen” prototype: 

1 Begin by designing the paper 
prototype itself. This can be done 
by following existing guidelines 
and practices on the subject. The 
paper prototype should result 
in a number of representative 
screens designed around key task 
scenarios.

2 To digitalize each paper screen, 
a good-quality digital photograph 
(at least 5 megapixels) may be 
enough. In this case, the shot 
should zoom in close enough 
for digital editing later. As an 
alternative to a digital picture, the 
paper can be easily scanned and 
imported for image editing.

3 Modify each picture to fit the 
screen of the mobile device to be 
used during testing. Any photo-
editing software can do the job. 
For example, a picture needs to be 
resized to 320x480 pixels to fit the 
screen size of an Apple iPhone.

4 Export your resized image as 
a picture file supported by your 
mobile device (PNG, JPEG, GIF). 
Ideally, the image’s borders should 
merge with those of the device 
screen.

5 Organize the screen images 
into photo albums or sets, where 
one album or set corresponds to 
a specific scenario to be tested, 
i.e., a salient sequence of screens 
corresponding to a task or 
storyboard sequence.

6 Upload your photo albums to 
the mobile device, and the “paper 
in screen” is ready.

7 Explain to the user how to 
navigate through the images, 
whether by pressing a “next” 
button or flicking the photos with 
a finger sweep. While carrying out 
each scenario, users can think 
aloud and articulate comments 
about the interface and the 
sequence of screens.

•  Step 3. Edit the digital screen shot.

•  Step 2. Take high-quality digital pictures of the prototype screen shots.

•  Step 1. Draw the paper prototype.

With respect to traditional 
paper prototyping, 
where—according to 
the user’s selection—a 
different paper screen is 
shown (within a limited 
range of possibilities), 
the screen sequence is 
predefined and fixed. This 
requires the facilitator to 
verbally indicate to the 
user the nature of the 
next step in the scenario 
sequence (“now you can 
go to the green chart”), 
but without specifying the 
label or button to click on. 
These conditions enable 
the evaluation of the 
overall scenarios in terms 
of utility of content and 
functionality, fitness with 
the requirements and user’s 
needs, navigation flow, and 
interface understandability.

The cost, in terms of time 
spent, of transforming a 
traditional paper prototype 
into a “paper in screen” 
prototype is of course 
proportional to the number 
of pictures that need to be 
edited and organized. But 
about one hour of work is 
needed for every seven or 
eight screens. 

We have tested the creation 
and use of “paper in 
screen” on the iPhone. 
However, the technique 
can be applied to any 
mobile devices enabling 
interacting (through touch 
or hardware commands) 
with a sequential full-screen 
set of digital pictures.

Applying “Paper in Screen” Prototyping

• Step 4. Organize the digital screen shots into sets corresponding to 
task scenarios in
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buttons or icons), and to constant-
ly remind the user about how the 
various elements of the design 
would eventually fit together in 
the envisioned product. Without 
human intervention, the par-
ticipant is unclear about how the 
system should respond. On the 
other hand, paper prototypes do 
provide a quick means for testing 
basic interactivity that may be 
essential for specific design deci-
sions [5]. Tools for agile prototyp-
ing and electronic sketching are 
also increasingly available to sup-
port quick design iteration [6, 7].

Conversely, fully interactive 
high-fidelity prototypes (created 
with Visual Basic, Flash, HTML, 
among others) are neither easily 
nor quickly produced. 

Paper prototyping relies on 
the exclusive use of paper-based 
artifacts, which are physically 
detached from the use of any 
real device or digital inter-
face. High-fidelity prototypes, 
although difficult to quickly 
develop, allow test participants 
to easily enter data and execute 
commands, while being much 
less dependent on the facilitator. 

Emotion, design, and prototyping
When it comes to prototyping 
and evaluating a mobile touch-
screen interface, understanding 
the emotional response of the 
user is imperative to better eval-
uate the quality of design. In par-
ticular, not only the appearance 
of the interface (which can be 
well anticipated by current pro-
totyping tools and practices), but 
also the physical holding, feeling, 
manipulating, and touching of 
the device are important factors 
in determining the quality of the 
user experience [8]. For this rea-
son, standard paper prototypes, 
though useful and quick to gen-

erate, are very limited in deliver-
ing the depth of user experience 
necessary to adequately inform 
design iteration.

In discussing the relationship 
of user experience and design, 
Don Norman states that the “vis-
ceral” (or physical) level is the 
simplest and most primitive cog-
nitive process [8]. With regard to 
handheld devices, visceral is all 
about look, feel, and sound, i.e., 
how a device, including the inter-
face, looks and feels in the hand 
of the user. The iPhone is one of 
the greatest examples of the vis-
ceral experience. It was designed, 
in great part, for the visceral level 
of cognition—Apple designed 
for visual and physical impact. 
Evaluating the mobile user expe-
rience without considering vis-
ceral factors is like evaluating the 
quality of a meal by looking at 
the menu. A lot can be said about 
the dishes, but the experience 
is not there. It is a challenge, of 
course, to anticipate this experi-
ence in early prototyping.

Beyond the visceral experi-
ence, the “behavioral” level of 
cognition is about designing 
device interaction or behavior 
to reflect human behavior [8]. 
In other words, device design 
becomes intuitive in the way 
it complements one’s implicit 
assumptions about how it might 
work. Last, to design for the 
“reflective” level of cognition is 
to appeal to one’s aesthetic sensi-
bilities, uniqueness, and cultural 
preferences [8]. From such a 
design perspective, people relate 
to and acquire a personal adher-
ence to a device as part of their 
identity and self-expression. 

Understanding these three lev-
els of cognition is extremely rele-
vant, because emotional engage-
ment at every level strongly 

influences human-interface 
interaction from a physical, aes-
thetic, and usability perspective. 
Moreover, if we need to take into 
account these emotion-centric 
factors early on in the life-cycle 
of device design, it is clear that 
paper prototyping cannot deliver 
the necessary insight into a full 
visceral and behavioral expe-
rience of the interface in the 
context of handling the physical 
device. In other words, if we only 
use paper separate from its actu-
al relationship to the physical 
device, we may bypass important 
elements of the user’s emotional 
experience. As a consequence, 
inadequacies of this kind may 
lead to highly artificial (and 
ultimately irrelevant) evaluation 
results. To date, producing high-
fidelity electronic prototypes or 
beta-version releases appear to 
be the only viable way to have 
users test or try out mobile appli-
cations on their devices. We, 
however, recommend another 
intermediate solution.

If we could anticipate the 
mobile user experience (testing 
the interface with a device), yet 
spend minimal effort in imple-
menting high-fidelity prototypes, 
we would have found a far more 
efficient way to prototype mobile 
applications with a much higher 
ROI in time, energy, and valuable 
user feedback. 

So, how can we arrive at a 
prototyping technique that can 
deliver development speed, 
with both visceral and behav-
ioral user experiences that far 
exceed the use of paper, but 
without the need to develop 
high-fidelity prototypes?

anticipating the  
Mobile Experience 
We propose a simple and straight- in
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•  Figure 1. “Paper in Screen” enables anticipating the evaluation of the mobile user  
experience. This can happen long before a high-fidelity prototype has been integrated 
into a mobile device.
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forward technique: placing the 
paper prototype inside the device. 
It is possible to quickly generate a 
paper prototype (using traditional 
guidelines and best practices) and 
efficiently digitalize it in a form 
suitable for integration and inter-
action within a mobile device 
(see page 29). Designers can then 
ask users to use an actual mobile 
device (e.g., an iPhone) to try out 
the prototype, by looking at and 
flipping through the digitalized 
papers, thus envisioning a richer 
mobile experience. 

The “paper in screen” 
approach has important ben-
efits. Users can hold the actual 
mobile device while interacting 
with the digitalized paper pro-
totype. And users can interact 
with the digital prototype in a 
way that is intimately integrated 
with the physical experience, 
thus capturing a fully emotional 
and true-to-life usage.

The only drawback (to meet 
the requirements of an “agile” 
prototype generation) is that the 
digitalized paper is not fully inter-
active. The only supported inter-
action is moving from one screen 

to another. This sequential navi-
gation can be easily controlled 
through the most elementary 
interaction command available on 
a mobile device (tapping, sliding, 
flipping, or using a single button). 
In other words, the papers are 
not made interactive, but they 
become interactive on a more 
generic and basic level through 
the use of a standard device 
command. With minimal initial 
explanation, users point their 
finger on the actual interface link 
they need to activate and slide/
flip the screen to move to the 
next page. The digital paper proto-
type is still provisional, malleable, 
thought provoking, and expres-
sive, but at the same it enables 
the user to experience it within 
the real mobile device, with all 
its affordances for an interaction 
experience that is both tactile and 
visceral. And all this can be done 
at a very limited cost.

from interface to  
Experience prototyping
The cost and feasibility of the 
paper-in-screen approach should 
be considered in the context of 

the design life cycle. In a simpli-
fied picture of the established 
practice of interactive application 
development, iterations often 
occur between the experience 
design and interface evaluation 
(see Figure 2). Paper prototypes 
typically serve well in this phase; 
they can cheaply externalize the 
reification of the design vision 
into an interface, more or less 
refined. Paper-based interface 
prototyping easily lends itself to 
a subsequent usability evaluation 
that can be done through vari-
ous techniques (usability tests, 
inspections, or walkthrough). 
Besides the important details 
of the interface elements, the 
conceptual flow of the overall 
navigation and task support can 
be evaluated. Still, everything is 
focused solely on the interface as 
an artificially separate artifact 
from the overall user experience. 
After a reasonable number of 
insightful iterations, low-fidelity 
paper prototypes are typically 
improved, refined, and eventual-
ly solidified into more interactive, 
electronic, partially implemented 
applications that can be inte-
grated as they are into a mobile 
device for more lively validation 
and demonstration. This is the 
stage in which users can actually 
try out a mobile application using 
a real device, and designers are 
able to finally evaluate their user 
experience. Besides full usabil-
ity inspection and lab testing, 
on-the-field observations can be 
performed, as all the enabling 
elements of the user experience 
are there. Using “paper in screen” 
provides a straight shortcut to 
make this process much more 
efficient (see Figure 1). 

In just a few minutes a digital 
version of the paper prototypes 
can be made available on a 
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mobile device, to be experienced 
and tested by users and design-
ers. This inexpensive yet rich 
anticipation of the interface inte-
grated in the device is a form of 
“experience prototyping” [9], as 
the malleability and provisional 
character of the anticipated 
situation still embeds some core 
ingredients of the final, natural 
experience—users interacting 
with the mobile interface while 
holding the device. A paper-in-
screen prototype lends itself to 
“experience evaluation,” that 
can be carried out—as with 
fully higher-fidelity interfaces 
integrated in the device—also 
through field observation. 

In essence, using paper-in-
screen enables designers to 
reconstruct very early in the 
life cycle the synthetic aspect 
of the user experience, which is 
typically lost in the separation—
due to pragmatic purposes and 
established practice—between 
interface design and device inte-
gration. Although this separation 
of concerns (interface and device) 
is practical and reasonable, the 
envisioning of the user experi-
ence traditionally suffers from 
the fact that this chasm is not 
reconciled until an implemented 
prototype is ready.

Enabling feedback from  
users and designers
The nature of user feedback 
enabled by paper-in-screen pro-
totyping needs proper consider-
ation. As we have emphasized its 
potential of anticipating visceral 
elements of the mobile user expe-
rience, we also acknowledge its 
limited interactivity, due to the 
trade-off between cost (time and 
effort) and prototype refinement. 
Still, the direct transposition of 
paper prototypes into digitalized 

form integrated in a mobile 
device generates an interesting 
outcome. In our experience, users 
interacting with paper-in-screen 
are surprisingly able to abstract 
from the limited interactivity of 
the prototype (as they consider it 
part of the work in progress) and 
raise issues on interface labels, 
content organization, and affor-
dance, using context to provide 
suggestions for improvement. 
Interestingly, the elementary, 
though viscerally engaging, 
interactivity with the sequence 
of screens, provides the real-life 
experiential context not only to 
focus on the interface usability, 
but also to facilitate the discus-
sion on the overall utility of the 
application for realistic mobile 
scenarios of usage. The provision-
al and paper-like characteristics 
of the interface stimulate feed-
back on information architecture, 
navigation affordance, underly-
ing business model, content, and 
requirements (behavioral level). 
It is clear that only higher-fidelity 
prototypes with more refined 
design will elicit other issues 
concerning, for example graphics, 
layout, colors, and elements vis-
ibility (reflective level).

From this perspective, paper-
in-screen can serve well not only 
traditional user-based evalu-
ation settings, but also expert 
reviews (heuristics inspection or 
walkthroughs), and participatory 
design activities. Experiencing 
the partial use of the applica-
tion within the mobile device is 
helpful to stimulate discussion in 
the design team, to support indi-
vidual inspections, or to enable 
bodystorming (enacting real-life 
situations of use).

With the increasing demand 
for mobile applications and their 
decreasing time to market, we 

believe that strategies are needed 
to anticipate the mobile expe-
rience in as many aspects as 
possible and yet meet the time 
and budget constraints for agile 
prototype development. The 
paper-in-screen technique is an 
innovative proposal to meet this 
design challenge.
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