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Abstract

Interactive products based on the Internet of Things play an important le ine
contemporary environments. With the advance of loT technology, serviti l%Wf
products is emerging, and rapidly progressing. These interactive produc % be
regarded from a service design approach, instead of a traditional des@ roach.

However, methods with design elements that reflect, the echar of loT
technologies have not yet been widely investigated. The\ researciiaifs to build a
method to design and analyze loT-based mterducts ti\?on new design

elements. We commence by exploring the related a u ean N? order to extract
new design elements. Through these explorations, onstruct derable elements for

effectively designing an loT-based service. | r to p¥o e validity of the elements,
we analyze cases of an loT-based servwa e new de lements. Through this, we
build a method to design and analy ase active products based on four
essential controllable factors of &aotlve system. This research
contributes to a design method to e deS|g Ily explore and better understand

interactive products. A

Keywords: Interactlv esign, 5@! of Things, Connected Product, Design
Elements
1. Introductlﬂ\ %

Interacti oducts deﬁned as everyday objects that interact with a user’s
actions, and embed@ h computational power, such as input, process, and output
devices [1]. Today interactive products create value by adding services; i.e.,
servitization of a t is widely recognized as a way to create new value “by addlng
services to pro& [2]. The advance of the Internet of Things (loT) technology that
through netyvork®connectivity allows everyday objects to collect and exchange data is
rapidly I%&sing the servitization of products. Servitization enables smart, connected
prod @be considered as service components within a service design process. Thus,
i e products connected to a mobile application, a social network service, or an 10T

%rm need to be thought of in terms of service design, rather than traditional design.
enerally, service design functions as “a way to inform changes to an existing service,
or create an entirely new service” [3]. The goal of the service design is to enhance
interaction and its quality between the different stakeholders involved in a service. That
is, service design can be considered as designing a touchpoint, which is interaction
between a business and its customer, in order to satisfy the needs and objectives of both
customers and service providers. loT-based interactive products as service components

can function to achieve a service goal that cannot be satisfied by traditional touchpoints,
such as person-to-person communication, websites, or mobile applications. To design
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these products, new design elements for attaining a service goal, in which the
characteristics of an 10T service can be reflected, are needed in the design process of
interactive products. However, methods for this have not been widely explored.

The purpose of this research is to build a method to design and analyze an interactive
product based on new design elements that are extracted from loT-based services. For this
research, we first investigate literature related to loT-based services, 10T platforms, and
smart, connected products, and explore cases, in order to extract elements for designing
and analyzing such smart, connected products. Based on these explorations, we build
considerable elements for designing an loT-based service. In order to prove the validity of
the extracted design elements, we apply design elements to cases of an loT-based service,
and analyze them. Through this, we can confirm whether a service goal is achieved, and
through which design elements. Based on the built design elements, we propose a method
to design and analyze interactive products based on four essential controllable factors of

an loT-based interactive system in terms of a timescale, namely input, trol ®
connectivity, and output. This research contributes to a design method by ing
designers to fully explore, better understand, and better design interactive based

on the service design process.

2. Literature Review \%’ @
\ O

2.1. loT-based Service and Product ServitizatioO

Today, the 10T is considered as a global i tructure connects various physical
objects and virtual environments [4]. The | be defin&L the network technology of
physical objects that are embedde Senso ctuators, and communication
technology [5, 6]. The loT enable @ devj ollect environmental data, and
interact with other things through unicati . Recently, the 10T has focused on
improving communication be peopl d environments on an Internet-based

service. Today, loT enviro ts are Vi toward the servitization of physical
products. An loT-based ice can b@ into two parts: smart, connected products
as service component n loT plat that bridges these smart, connected products.
In service design; rget of sas%e and its sensing scope need to be considered as a
design element f ing a n@r ice [7].

2.2. Smarected

A smart, connect
component’, and
mechanical an
physical

r@cts and Interactive Systems

uct is divided into three parts: ‘physical component’, ‘smart
ectivity component’ [8]. The physical components consist of
ctronic parts. The smart component can enhance the capability of the
omponent through interactive technology, including applications with a smart,
ct. Moreover, the connectivity component enables data to bi-directionally
€ among the products.
A@lr , connected product can be considered as one kind of interactive system that
ignificant amounts of interaction between users and the system. In designing a
S , connected product as a component of an lIoT-based service, the degree of the user’s
conscious manipulation can be considered as an important design element in order to
decide the scope of human intervention [7]. A smart, connected product can use various
control systems, such as simple on/off and feedback loops, in order to provide optimal
experience. Today, the smart, connected product is being developed as smarter interactive
systems that move toward artificial intelligence [9]. The key element that is looping
through an interactive system is information.
An interactive product as a system can be considered as the application of diverse
control systems for looping an amount of information through minimal or reduced human
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intervention [10]. Users can achieve the goal of a service through optimized conscious
manipulation.

2.3. 10T Platform

An loT platform enables users to connect different smart objects or devices [11]. Based
on the connection, an loT platform can function to record, process, and visualize data.
While users use a smart, connected product, the product is connected to an loT Platform,
and data collected by the product are sent to the loT platform. Moreover, users and
product providers can approach an IoT platform, and then operate each of its functions.
Thus, the 10T platform plays a role in the infrastructure that enables users to communicate
with various smart products or devices [12]. Because of these IoT platform features,
smart, connected products can offer expandability. A smart, connected product can be
indirectly connected to an 10T platform via smart devices, or can be directly connected to

u:hﬁgte
0

>
an loT platform. The products connected to the loT platform can seamlessly co
data with other smart, connected products. Moreover, through physical objects
platform, information can be used to personalize a service. The physic j

smartly interact with users, based on the user’s patterns. Mdgeoyer, thg’physieal objects
can be customized for users through modularizing t sical ects. Today, a
personalized loT-based interactive product is being ?fl n hesW erations.

T

3. Case Studies

We explored cases of the latest smart n cted p , in order to understand
current trends of an loT-based ser extr design elements. Today, smart,
connected products are mainly bein %ﬁoped ryday objects. Thus, the selected
cases are concerned with the user’ life cases are mostly composed of a

connected product, and a mob& tlon o% platform.

3.1. GlowCap Q
An objective of Glo s to facil edical care, by providing interaction between
patients, doctors a aC|st e main function of GlowCap is to provide an alarm

e the tlon GlowCap is composed of a pill bottle, a cap
remmgﬁ ice [13] The plug-in reminder and cap glow according
t

schedule for use

edule ng medication, so that they can inform the user of the
schedule. e iét e is opened by users, the cap of the pill bottle senses the
opening action of th%e . Also, the cap device and the reminder device are connected to
the Internet, an ser’s data of taking medicine are sent to the manufacturer [13].
However, if th rs don’t follow the schedule, the devices glow and make noises, and
ext message or dial the user’s home phone. Moreover, these data are sent to
tvers, and doctors to help their treatment. For requesting pills from a user’s

acy, the users can press a button in the base of the GlowCap. GlowCap
feedback, in order to enhance interactions among different stakeholders in the

%.e [14].

3.2. HAPI Fork

HAPI Fork aims to build a healthy eating habit by monitoring and tracking the user’s
daily eating habits. HAPI Fork helps the user maintain a healthy eating habit by informing
users when their eating speed is excessive. This service is composed of a physical fork
object, a mobile application, and an online dashboard. A 3-axis accelerometer within the
fork device senses the user’s “fork serving” from plate to mouth [15]. If intervals between
these motions are less than 10 sec, it vibrates and glows with a red light. On the other
hand, if the user maintains a moderate eating speed, it glows green light, and stops
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vibrating. The data collected by the fork is transferred to mobile applications through
Bluetooth. Through USB, it can be connected with a computer, and then the data can be
synchronized in the online dashboard. The Online dashboard functions are managing the
data from the fork object, setting up the users’ goal, and sharing mealtimes with friends.
Also, according to the users’ state, the online dashboard can show the differences between
the users’ present state and the goal. During the mealtime, users can check the results of
times between fork servings and the whole mealtime in real time.

3.3. Amazon Dash

An objective of Amazon Dash is to help users quickly purchase diverse products.
Amazon Dash consists of a barcode scanner, and a sensor for voice recognition [16]. On
first use, users have to connect the Dash to a Wi-Fi network, and interlock with an
Amazon account. If the user scans the barcode of a product, Dash automatically ans the,
product to the shopping account of the user’s Amazon account. Also, the user ¢
common noun of a product to Dash, to add the product to the shopping ac§o&w the

user’s Amazon account. However, users have to make a payment to the A ccount

to finish the order. @
3.4. Amazon Dash Button
Amazon Dash Button enables users to quickly@vase it jUSt by pushing a
bu

button. The Amazon Dash Button consists of 2 on accor 0 a specific product.
Users can dispose of several buttons at any_placerthey w éhe button is composed of
sers shou Irst connect the button to a

only one button device. To employ the qu
ation ga |gn a product that is connected

Wi-Fi network through a smartphone

to the Dash Button via their Amazon%’ nt [1 the user presses the button, it is
connected with the Amazon ac through places an order, and makes an
automatic payment. The delu@ o) proc W|thout any user manipulation.

3.5. Buddy Cup

Buddy Cup al |Iy an |ckly maintain a virtual friendship through a social
network serV|c ddy Cup enables users to make a friend request on
Facebook b g thelr cups? This product is connected to a mobile application
provided b fact e bottom of the cup has an NFC tag, an NFC sensor, and a
QR code [ On ﬁrs@ the cup needs to be registered with the user’s smartphone

code that is located at the bottom. Through this, the cup is

cup for a toastt FC sensor recognizes another NFC tag. A friend request is sent
through thelmob e application. If the request is completed, the cup shows a red LED

light. O

thermostat
%e purpose of the Nest thermostat is to provide customized temperatures to users
through sensing the user’s daily patterns and interfacing with weather conditions
depending on a user’s geographical location. The Nest thermostat is an loT-based
thermostat that provides user-customized services. Users have to manually operate their
home temperature in their first week. Based on data collected in the first week, the Nest
thermostat provides self-learning functions with machine learning algorithms [19]. For
example, through using built-in sensors and smartphone locations, Nest thermostat can
grasp the temperatures and times that the user wants. The thermostat automatically
controls temperatures at home based on these patterns. Moreover, when the Nest
thermostat recognizes that nobody is home, it turns on an energy saving mode, and shows

through scannlng o%
connected to a @w cebook account via the mobile application. If the cup taps another
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a green leaf icon on the thermostat screen [20]. Users can remotely control temperatures
via the Nest thermostat with a smartphone, a tablet, or a laptop.

4. Analysis of Cases

In this research, we analyzed the cases according to the connected object, mobile
application, and platform. Table 1 summarizes the results of our case studies depending
on the service goal, service components, stakeholders, and interaction as touchpoints.

Table 1. Case Studies

Case Service goal coSn?[r)\(l)lrfgnts Stakeholder Interaction as touchpoints
User - Receive schedule alarms .
) : - Take medicine
Tot_carte ft?r - glap device (patient) - Receive a text message or p
patients by - Plug-in . -
GlowCap | monitoring reminder Helpers i Rhec_ewe g.rgport of thfus g
medicine taking | device t egredicine p
schedules - loT Platform | Pharmacist \ a med|%e)ll request
Provider hédule duser } edicine taking
- Glow |br%n excessive speed
) of forl&
HAP Tohelpusers |- Fork device Us QQ recorded information through a
maintain a - Mobile pplication
Fork healthy eating application * O - Gébstatistics through an online
habit by using a |- Online \ ’jashboard
real-time alarm | dashboard
& - Manage information of an online
P dashboard and a mobile application
. ‘o - Connect to a Wi-Fi network
To quickly - Amazon \ - Add products to a shopping cart by
A place diverse Q> ash devic ser scanning a product_b_arcode and
Dm?}mn products in nline ly using voice recognition
as Amaz \ Amaz - Make final payment on an Amazon
acco G\ a account
Provider -
¢ Jrazon - Connect to a Wi-Fi network
Amazon S provide a_ ash Button User - Assign a product
Dash one-step @ ‘ée"l'ce - Deploy a button
- Unline - Make an order by pushing the button
Button purch Amazon _ i T2V pEShng
account Provider - Receive a delivery request
-
- Cup device - Connect to a Fac:abook account
Buddy o maintina | Mobile User -;Faptanother user’s cup through a
C friendship apphication Check a friend request by a red light
- Facebook - Check a friend request by a red lig
account Provider -
h To provide - Nest - Manipulate a thermostat
Nest customized thermostat User - Wander around the space
€s temperatures product - Remotely control a temperature
thermostat | though - Mobile through a mobile application
grasping a L -
user’s patterns application Provider 3
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Figure 1 illustrates the results of our analyses based on a service cycle of the cases.

Legend
@ User
Cogggc:ted AM'(?biIg Platform A Provider
je pplication &, Helpers
- D | | @ Pharmacist
R - 1 A -
| i 1 \
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,,,,,,,,,,, ® -} -—@ - — - Nest thermostat
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Figure 1. Service Cycles of the VK' Case%

5. Design Elements for an loT-based Se \\>/
We extracted design elements and built r

tionnaire pplying the elements,
which designers can consider in the pr of loT- service design from the

exploration of literature and cases. Thro se questipnnaires, designers can apply the
servieeN ail. The design elements can be
, expa% ity, and personalization. The four

design elements to creating their loT
classified into four: sensing, integacti

design elements that reflect the ted chagacteristics of an 10T can be important to an
loT-based service, in order ieve a s@goal through solving problems. Table 2
shows the elements for designing an d@s service, and questionnaires depending on
how intensively they ar %ied.
<
T . Desi ments for an loT-based Service
Design El @ sas |.D of applying Questionnaires
loT charaCtexiétics n elements
Sensing: Q High Can it sense multiple objects?
the Scope of i Medium Can it sense one object?
senswg Low Can it employ a sensor?
mter?ﬂ&w ; High Can it support a multi-loop system?
the " of Medium Can it support a single-loop system?
~ ) 1on Low Can it support a responsive system?
pandability: High Can it involve multiple stakeholders or
he degree of users in an loT-based service?
data connection Medium Can users check information generated
in an loT-based service?
Low Can users directly control objects?
Personalization: High Can it provide customized service to
the degree of user users?
customization Medium Can it provide different services to
users?
Low Can it provide the same service to users?
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6. Application of Cases

The main purpose of this chapter is to prove the validity of the extracted design
elements. For this, we analyzed how the characteristics of an 10T are reflected through
applying the design elements to loT-based services. Through this, we can understand how
the design elements help achieve the service goal in each loT-based service. Table 3
shows the results of the analysis according to the degree of applying design elements.

Table 3. Application of Cases

(Legend: high: ® / medium: © /low: O )

Cases Sensing Interactivity | Expandability | Personalization

4

GlowCap © © o

0N,
HAPI Fork © © © ~ &“
Amazon Dash o O N ‘Q . ,\ﬁv
Amazon Dash Button O O ‘\\1‘33 \Q‘/ [
Buddy Cup © © > .\\/V 0
Nest thermostat LD L))

-
X!
N

O
GlowCap has high expandability \1 su '@cxn 0T platform environment in

which multiple stakeholders ca municat each other. Moreover, although
Buddy cup doesn’t have its ow rm, t uddy cup enables users to expand friends
through connecting to an SNS~Ihrough thi ndability, the service goals of GlowCap

and the Buddy cup can achieved,@e er, HAPI Fork could not achieve its goal
merely by providing t ation o user’s eating habits. Because of this, a HAPI
Fork provider st evelop @ _Rlatform in which diverse users could participate to
improve commu a\ amor@rs. This enables this service to achieve its goal.

The .QA mazon I@ is to get users to quickly add diverse products to their
shopping ca o0 achi s goal, the capability to sense different products became
important to Amaz . Thus, the Amazon Dash device helps users easily place
diverse products %ming and voice recognition technology. However, Amazon Dash
Button doesn’t o sense different products to accomplish its goal, since it aims to
provide a one-stép service that can simplify complicated purchase processes by pushing a
button. T&me Amazon Dash Button strengthens the personalization of a product, while
it Iower@e application of other design elements. This can be considered as providing
highly “pérsonalized products to users. The Nest Thermostat provides a suitable
{cpperdture through analyzing the user’s movements. This thermostat functions as a
Ilng system that supports multi-loop feedback control. This multi-loop feedback
control can be considered as high interactivity of a design element.

As these cases show, each loT-based service achieves its service goal through applying
design elements that come from characteristics of the 10T. Therefore, these design
elements need to be employed as a method to design and analyze recent interactive
products that are connected to a network.
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7. Method to Design and Analyze an loT-based Interactive Product

In this research, we propose a method to design and analyze an loT-based interactive
product. This method proposes the design elements that designers need to consider in a
design process of an interactive product in order to achieve the goal of the loT-based
service. For this, we categorized the design elements into four controllable factors: input,
control, output, and connectivity. These factors come from three essential factors together
with connectivity, which is the most important 10T characteristic. Designers can think of
what elements to apply according to this process. Thus, this method will allow interactive
products to achieve their goal in an loT-based service. Figure 2 shows the method to
design and analyze an interactive product as a connected object, based on the design
elements for creating an 10T service. With this method, designers and developers can
effectively create an interactive product.

Sensing Personalization

G

X
-
Figure a@hod t&.@n and Analyze an Interactive Product
8. Concl and % r Works
v

The research aim ide a method to design and analyze an interactive product as
an loT-based servi designers. The method proposed in this research was built based
on the extrac r design elements of sensing, interactivity, expandability, and
personalization. Moreover, in order to prove the validity of the extracted design elements,

e

Sensing scope
Multiple object sensing

*  One object sensing

No sensor

Service provision level
User-customized
Different each user
Same

design el were applied to different cases, and analyzed.
In th r, the key findings were: (1) the design elements proposed in this research
c Q, ployed as the main goal of the interactive product connected to an loT platform
% a mobile application, and (2) loT-based interactive products need to be considered
four controllable factors, rather than the existing three factors, i.e. input, control,
output, and connectivity.

Therefore, this study is expected to contribute to helping designers and students expand
the scope of interactive product design. The further work of this research includes
expanding the design elements, and then developing a toolkit for interactive design based
on the design method proposed in this research.
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