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Abstract. Based on the experience of developing a mobile app, this paper
discusses the prototyping and testing cycles not as final steps of a design process,
but as a methodology to be used from the beginning to the end of a project. On
the project described in this paper, prototyping was not a tool used only to test
the final product, but it was present throughout the design process.
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1 Introduction

In this paper we discuss the development of a digital artifact – OpenGates – focusing
on the prototyping and testing cycles that occurred throughout the development process.
OpenGates is a smart object that provides the connection between garage gates and the
internet, consequently letting users control these gates through a mobile app. The Open
Gates project was developed by the author of this article at the Federeal University of
Espírito Santo (Universidade Federal do Espírito Santo, Brazil).

In the OpenGates project, prototyping and continuous testing were the most impor‐
tant methodologies for its development. Moreover, in each test that was processed, the
project lost or gained a new aspect, which means that, to some extent, it was the process
that determined the characteristics, features and values of the smart object. In addition,
it is important to state that, in this study, we consider prototyping as the development
of a functional model of the smart object, and therefore, here we do not discuss low
fidelity prototypes, which only simulate few characteristics of the product. The proto‐
type’s capacity of performing exactly as the intended final product would perform is the
fundamental characteristic of the type of design technique approached in this article.

In this article, we will briefly introduce the interaction design field and discuss
different prototyping approaches commonly used. We will then describe the OpenGates
project’s development process, in order to discuss the implications of using prototyping
as a design methodology. Finally, based on this study, we will discuss in general the
utilization of this type of methodology in interaction design projects, considering its
specificities, its constrains and requirements of use.
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2 The Interaction Design

Understanding the interaction design field is an important setting stage for this paper.
Mainly, for highlighting two characteristics of this area that favor the design method‐
ology discussed in this article: the digital nature of interaction design projects, and the
development of devices with new functions.

The emergence of interaction design occurs with the great technological changes of
recent decades – with emphasis on digital technologies –, which provided the design a
new field. As stated by Pinheiro [1] such advances have not only changed the production
methods and tools for the designers, but also their area of expertise, the very nature of
the artifacts and systems to be designed. Thus arises, in such scenario, the interaction
design.

Moggridge [2] is one of the pioneering authors to use the term «interaction design».
The author argues, based on his perception of the new demands of the design market,
that there was an opportunity to create such a new area of design that would meet this
new context.

“I felt that there was an opportunity to create a new design discipline, dedicated to
creating imaginative and attractive solutions in a virtual world, where one could design
behaviors, animations, and sounds as well as shapes. This would be the equivalent of
industrial design but in software rather than three-dimensional objects. Like industrial
design, the discipline would be concerned with subjective and qualitative values, would
start from the needs and desires of the people who use a product or service, and strive
to create designs that would give aesthetic pleasure as well as lasting satisfaction and
enjoyment. […] so we went on thinking of possible names until I eventually settled on
‘interaction design’” [2].

Lowgren [3] also shows that in the beginning interaction design was something
marginal. At that time, interaction aspects of computer interfaces were more likely to
be decided by engineering and HCI professionals. However, with the popularization of
personal computers, the more intense use of pagers, laptops and the advancement of
internet, these two fields, engineering and the design, met in order to try to understand,
explore and further develop such technological universe [3].

So interaction design becomes, in general sense, the field that aims to study and
design digital artifacts for human use. Such definition still doesn’t have a consensus
among different authors, but in general they tend to point to the same direction. Important
to notice that, due to the large scope of the term «interaction», it is possible to question
the definitions in that area. However, on this work we focus on the definitions of inter‐
action design that are related to digital technologies. Some of the interaction design
definitions considered in this work are:

“Interaction design is about shaping digital things for people’s use” [3].
[…] “Interaction Design is: The design of subjective and qualitative aspects of

everything that is both digital and interactive, creating designs that are useful, desirable,
and accessible.” [2].

“Designing interactive systems is concerned with developing high quality interactive
systems, products and services that fit with people and their way of living.” [4].
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“Interaction Design defines the structure and behavior of interactive systems. Inter‐
action Designers strive to create meaningful relationships between people and the prod‐
ucts and services that they use, from computers to mobile devices to appliances and
beyond.” [5].

[…] “By interaction design, we mean designing interactive products to support
people in their everyday and working lives.” [6].

Given these various interaction design definitions, two features, although not directly
or explicit stated in most of these concepts, stand out in this article:

1. The digital aspect, i.e. the interaction design is related somehow to computer tech‐
nologies;

2. The functional aspect of the discussions in this area: the main concerns that drives
interaction design are not limited to typography, color, or visual aspects, but rather
the design as a service, a system, a tool - which means that the interaction design
somehow has its attention drawn not only to the aesthetic but also to the functional
aspects of the systems and artifacts.

These two characteristics were strongly observed during the development of Open‐
Gates, and thus correlated with the prototyping methodology used in this project. The
correlation of these features with the methodology will be discussed later on.

3 The OpenGates Project

OpenGates is an interaction design project that was accomplished in 2014 by the author
of this paper, Lucas Cypriano, as the final project of the undergraduate design course at
the Federal University of Espírito Santo, under the supervision of Prof. Mauro Pinheiro.
The project comprises the development of a digital artifact that connects motorized
garage gates to the Internet, allowing its users to control the garage gate through a mobile
phone app.

The project is not only something from the digital realm and not only a product but
something that integrates these two areas. It’s an interactive system consisting of a digital
interface that controls the user’s garage gate and an electronic device (product) that
activates the motor the gate.

For this project we used typical prototyping tools, such as a Spark-Core microcon‐
troller, that allowed the gate’s connection to the Internet, and also wifi modules and
servomotors. Moreover, it was also developed a mobile app that sends the “open” request
to the device, which then triggers the gate. All of these technologies are commonly used
for prototyping interaction design projects, being these essential tools for the realization
of OpenGates.

The OpenGates system can be summarized in two main parts: a physical part, which
comprises an object called Trigger Device, and a digital interface, which is the mobile
phone app. The Trigger Device is the object that connects the gate to the Internet, allowing
this to be triggered. The application is the interface that allows the user to remotely control
The Trigger, so he/she can open the garage gate using his/her mobile phone. The right
image on Fig. 1 is the Trigger’s prototype (a microcontroller, a servomotor and the inside
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part of the user’s garage gate’s remote control). The left image shows the application
interface – the gate activate screen.

Fig. 1. Digital Interface (app) and Trigger Device, project OpenGates

This project was set in the context of affordable, simple prototyping tools and
components that are normally used to create smart objects and to connect them to the
Internet. We’ve used these technologies to allow the users to connect and trigger the
garage gate using a mobile phone application.

In this paper we focused on the development of the mobile app interface, mainly
because it was easier to prototype the app, and therefore it is also easier to explain the
methodology addressed throughout the development of the whole system. So, even
though we describe the design process for developing the application interface, the same
methodology was used in the development of the Trigger.

4 The Prototyping Methodology

Prototyping can be considered as a secular historical practice [7]. Based on an ancient
history of the Roman Empire – where the emperor Julius Cesar had a building demol‐
ished because he considered it was not according with what he had previously
approved – Leon Batista Alberti, important figure in Architecture of the fifteenth
century, already recommended his builders to develop models in wood and other
materials before building the final building to avoid this kind of situation [8].

“I will always recommend the time-honored custom, practiced by the best builders,
of preparing not only drawings and sketches but also models of wood or any other
material” [8].

Prototyping consolidates itself as a technique in several areas and not only in archi‐
tecture. Michel Lafon and Wendy Mackay [9] indicate that prototyping can have
different settings according to each field: in architecture, as in the case of Leon Baptist
Alberti, a model on a small scale can be considered a prototype; to fashion designers,
the prototype is often a full-scale model, and sometimes at Haute couture this prototype
is already the final product.

160 L. Cypriano and M. Pinheiro



This paper focuses on the discussion of prototypes in the field of interaction design and
on prototypes of software and digital artifacts. In addition to having different areas for
different perspectives, there are several types of prototyping in the realm of digital products.

“When you hear the term prototype, you may imagine something like a scale model
of a building or a bridge, or maybe a piece of software that crashes every few minutes.
But a prototype can also be a paper-based outline of a screen or set of screens, an elec‐
tronic ‘picture,’ a video simulation of a task, a three-dimensional paper and cardboard
mockup of a whole workstation, or a simple stack of hyperlinked screen shots, among
other things” [6].

Often different authors present some divisions of types and prototypes characteris‐
tics. Hom [10] considers a prototype as an object that allows the realization of test on
the final product’s attribute before it is ready. He has different categories such as: rapid
prototyping – quickly, a prototype is developed, evaluated, and discarded so a new one
is produced; Reusable prototyping - also called evolutionary prototyping, in which the
prototype is not discarded but modified, and can be used as part of the final product;
horizontal prototyping - increases the quantity of the product characteristics but without
functioning [10].

It is important to note that the prototype is related more often to the project’s final
test before the construction of the final product. Leon Baptist in the fifteenth [8] century
recommends the construction of the model, so that it could verify, certify and modify
the design before construction, the method was more associated with the last phase of
the project, prior to the final development of the product. The importance was mainly a
kind of last check on the project before producing. The work in Opengates is more related
to prototyping methodologies of this technique, not only as a final stage of the project,
but also and especially as its own design methodology, being not only a final test design,
but also a method of designing and creating.

Michel Lafon and Wendy Mackay [9], more directed to the field of digital technol‐
ogies, already point prototyping in the design process. Besides categorizing them in
different aspects, they still show them not only as tools used in the final stages of the
project but since the beginning of it.

“Prototypes are diverse and can fit within any party of the design process, from the
earliest ideas to the final details of the design.” [9].

We depart from this assumption, seeking not to discuss the prototyping methodology
itself, but to highlight its use during the design process.

4.1 The Prototyping Methodology in the OpenGates Project

On the OpenGates design project, prototyping and user testing were the methods most
used throughout the development process, from the beginning to the end of the project.
We didn’t establish any specific prototyping methodology to follow. The main goal was
to keep building and testing functional models from the earliest stages of the project.

The first prototype was developed in the beginning of the project, comprising the
minimum requirements necessary to perform the artifact’s function (open the gate using
the phone). We’ve designed a simple interface in which the user just needed to press a
button to have the gate activated - the interface was basically the button, there was no
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system login process, no registration was needed, nor any settings were made. Thus, the
first prototype was done, being the first step of the methodology: to determine the
minimum functional requirements of the project, and to develop an initial prototype that
met those requirements.

From the initial prototype on, begins a constant process: developing and testing a
prototype, changing the design based on the tests, testing a new prototype, adjusting
again and so on.

Concerning the tests, the main goal was to make a fully functional prototype available
to people, in other words, to break the line between the design that mimics an intended
action, and a prototype that actually carry out such action. So even if only a small group
of users or even a single user performs the test, that is enough for this project humani‐
zation. If you can make a broader test, based on a statistical sample of the intended users,
it can be applied but often it would take longer to conduct the tests, and also it would
probably become more expensive. Moreover, on this particular project, it was not a
single test that was planned but several more were meant to be done throughout the
process. Furthermore, with an incremental develop-and-test approach using a few users
to test your designs, it is possible to do as much testes as you want. Thus, in this project
we have conducted tests with small groups of users to make the process quick and agile.

In each test cycle, small changes were made in each prototype tested. Functions and
features were added, sometimes removed, made more evidence or modified completely
in the project. And so, to some extend the tests guided the design process of the Open‐
Gates system, determining its features, functions and appearance.

To demonstrate this process, we will present some OpenGates design features, which
were determined based on this prototyping process. They are: Click Button and feed‐
back, System Feedback and Full time Feedback, Low Bureaucracy Function, Open the
Gates: the center of the interface.

Click Button and Feedback. In the first application interface designed, when the
«Open» button was clicked it was expected that the Trigger Device would immediately
activate the gate (Fig. 2). But with the first tests we realized that, depending on some
conditions such as the quality of the mobile connection to the Internet, there could be a
delay between the moment when the user releases the button in the application and the
moment when the garage gate starts to open. This resulted that sometimes the users
pushed the button multiple times, thinking that this would solve the delay - and in the
end the gate was turned on and off several times in a row.

Fig. 2. System process map to open the gates using the Opengates
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From these observations, it became necessary to modify the interface implementing
a system feedback response, so that when the user clicked the button a “sending request”
message was shown, and when the Trigger Device activated the gates, a confirmation
message was displayed assuring to the user the successful operation (Fig. 3). Further‐
more, a change was made in the button’s behavior setup, ensuring that it couldn’t be
activated before the last request has been completed.

Only after the real tests we realized the importance of informing the state of the
system to the user, during the interval between activating the button and opening the
gate. With this, the user has a sense of being in control of what is happening. Without
the tests, this important aspect of the user experience would not have been considered.

System Feedback, and all Feedback. In some tests happened that the gate didn’t open,
i.e. the system didn’t work. And the user did neither know what was going on, nor what
to do. Thus it was clear that some simple conditions were necessary to the system work
properly. For example, the mobile Internet connection must be working perfectly to the
application connects to the Trigger Device. In addition, the Internet in the user’s home
used by the Trigger Device also needs to be working, as The Device needs to be online
to communicate with the mobile application.

With the tests in which the system didn’t work, it was clear that the app’s interface
needed to inform some basic conditions that should be satisfied, so that the system works
and avoid unsuccessful tries. Then it was needed to inform the state of the mobile Internet
connection, and if the Trigger Device was also connected. For this we designed icons
indicating when there is no mobile Internet connection or no Device connection,
informing that the system cannot work (Fig. 4). The test showed that a crucial condition
for the product to work is to have Internet connection and thus the user should have the
connectivity status information of the system.

Low Bureaucracy Function. A common way to trigger a motorized garage door is
using a remote control. When the user is standing near the gate he/she just pushes the
remote control button, which almost immediately triggers the gate. Comparing the
earlier versions of Open Gates against a traditional remote control, the task of triggering
the gate with the application was more time-consuming and bureaucratic. At the begin‐
ning of the project, to open the gate the user needed to: pick up the phone, unlock the

Fig. 3. Interface Open Button feedback
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phone, navigate to the OpenGates application, open the application, log into the appli‐
cation, select the gate, put a password, and press the button (Fig. 5).

Fig. 5. Evolution of the interface according to the bureaucracy and hierarchy

By observing the tests, it was perceived how the opening process was slow. And it
became clear the need of reducing the steps, so that the user can open the gate in the
most fast and easy way. Thus, the initial login has been optimized – the user just needs
to login once, so that in all other times he/she won’t need to repeat this task. The system
was designed in such a way that the same user can control as many gates as he/she
wishes. So in the initial designs the user needed to «choose a garage door» in every use
of the app. This step was also changed: in the first login the user defines a default gate,
that won’t change unless the user explicit does so. Finally, the step of entering a password
to release the button was also removed, since the mobile phone already has a locking
system password. With these changes, as soon as the user opens the app, he/she goes
directly to the screen with the button to trigger the gate.

Open the Gates: The Interface Center. In the early designs there were several elements
on the main screen (Fig. 5). However with the tests it was detected that the primary
function of the application was to click the button to open the gate. Actions such as

Fig. 4. System feedback icons
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«register a new gate», «change user profile information» had a much lower priority
compared to the main action. So through testing we changed the interface, in such a way
that the emphasis was clearly in the main action, i.e. open the gate by pressing the «open»
button. This primary function was also in evidence throughout the other secondary
screens.

5 Discussion

This work is completely structured around a case study, based on the experience and
discussions aroused during the development of a practical design project - Opengates.
It was not intended to perform a extensive survey of the types of design methodologies,
or discuss the different prototyping techniques, but it proposes to highlight the findings
originated from a design experiment.

In general what became most evident during the OpenGates project was the fact that
most of the final characteristics of the product were determined based on actual testing
cases of the prototypes. Within this continuous process of prototyping and testing the
project was designed. And without these tests we would have most likely designed a
product with minimal chances of success. Using this methodology of departing from the
minimal functional prototype and reviewing the scope of the product based on contin‐
uous prototyping-testing cycles, we achieved a design solution that we believe is consis‐
tent with a real context of use.

This study seeks to bring the design field closer to this kind of discussion. In a way,
with this methodology, the borders between the project and the product are looser; the
use of prototyping reduces the barriers between the design plan, the intermediary
mockups, and the final product. This changes not only the role of the project in the
development process, but also the role of the designer – emerging as a “digital
craftsman”, one who not only works on the concept of a product, but somehow builds
the product in the process.

In addition, it is important to notice that the OpenGates project is more than the
mobile app interface. As stated before, it is a smart object, comprised by a digital inter‐
face and a physical object. On this paper we focused on the development of the app
interface, but the use of prototyping methods was not limited to that. Although with
more difficulties and limitations, prototyping was also used on the development of the
physical part of the project, the Trigger Device, since its inception. Michel Lafon and
Wendy Mackay [9] note that there is a need to expand the use of prototyping in the
design of interactive objects, especially in the context of ubiquitous computing [11].
And although this may be a challenge for the designers, new tools are becoming more
common and accessible – like digital fabrication [12], 3D scanners and printers, for
example, can powerfully increase the prototyping techniques. We hope that more and
more designers embrace prototyping-and-testing as part of the design process, which
we believe will bring better products, more close to the user needs.
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