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Abstract 

The Internet of Things (IoT) presents an opportunity for hitherto 

passive objects in the physical world to acquire digital 

personalities, resulting in a network of unprecedented scale. 

Extracting data from multiple devices in the network to present 

relevant and contextual information is a daunting task that 

requires an understanding of the needs of users at multiple levels 

of complexity. This paper proposes a unified basis that should be 

taken into account across applications, whilst designing for IoT. 

Three segments of applications are explored – standalones, 

collaborators and aggregators, each with a different level and 

type of complexity. We describe examples of these segments, and 

consider the role, nature and links between each. To address the 

design challenges this may pose, we suggest a human centered 

design approach that brings together these application segments. 

This enables us to create an overall user experience which 

abstracts the underlying complexity of a typical IoT application, 
in a way that is meaningful to the end-user. 

Keywords — human centered design; user experience; networked 
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I.  INTRODUCTION  

The ubiquitous presence of connected sensors and actuators 

has enabled a plethora of applications that can leverage the 

ability to bring the real world alive. Weiser [9] envisaged such 

a future where the computing environment seamlessly 

integrates into our everyday lives. The IoT world comprises of 

the following: 

1. A network of physical ‘things’ i.e real world 

objects embedded with sensors that capture data. 

2. Technology i.e network and communication 

protocols to integrate these data feeds from 
disparate sources. 

3. The user experience at the point of consumption 

of data. 

IoT applications can be classified based on the source of data, 

broadly segmented into three types – Standalones, 

Aggregators, and Collaborators. Standalone applications are 

woven around a single device that may host one or more 

sensors to capture data from the surroundings. Collaborators 

integrate multiple standalone applications in a similar context 

to provide a user experience that is more than the sum of its  

 

 

parts. Aggregators gather insights from disparate connected 

systems (collaborators) to achieve a larger goal.  
These three components come together to realize 

service to the end user that satisfies a need or solves a 

problem. 

II. THE SOCIAL CHECK-IN IOT SERVICE 

In this section, we propose an IoT service that utilizes 

standalone, collaborator and aggregator applications to 

integrate online customer engagement platforms with physical 

retail establishments in a seamless manner. 

In existing systems, a physical store creates an online 

presence on various social media platforms, with users 

uploading reviews and comments as they please. However, the 

online engagement typically includes only a fraction of the 
user population, and/or consists of time-shifted responses from 

the experience, which may not provide as accurate a depiction 

of reactions. Moreover, the data gathered is often not made of 

optimum use, in conceiving marketing strategies and 

improving customer engagement. 

To address these issues, we devise an IoT service that 

increases the user involvement, eases accessibility, and 

captures and represents consolidated information to the end 

user. 

At the standalone level, we discuss a wearable device 

that can be coupled with a web/mobile application to add 
multiple social media profile credentials. The user can scan 

the RFID of a product with the device, select a reaction (likes, 

pre-stored comments) and then connect to the internet to post 

it, as well as the geo-location on the social media page of the 

store. The minimal operations required, eases accessibility and 

aids in facilitating instant feedback. 

A collaborator application tied to this device would 

track the reactions posted by users across different stores of a 

brand. This can be utilized in analysis of customer preferences 

across store locations, identify customer segments interested 

in different product offerings, and to augment the Point of Sale 

(POS) data.  
An aggregator application in this context would be 

meant for the user to track their interaction patterns across 

different outlets such as retails stores, malls, restaurants etc. 

Additionally, it can take recommendations from collaborator 

applications to provide a set of rewards or offers personalized 

to the user. 



	  

III. A HUMAN CENTRED DESIGN APPROACH 

With this understanding of the scalability of IoT applications 
from standalone to aggregators, we put forth three design 

suggestions that can aid to improve their effectiveness. In each 

instance, we highlight how it can be applied at a standalone 

level and then extended through to collaborators and 

aggregators. To illustrate this, we use the examples of the 

applications that constitute the Social Checkin Service. 

 Fig. 1.  Information flow across the Social Checkin IoT Service 

 

A. Information Capture and Communication 

In designing IoT applications, how we obtain and 

communicate information is vital [8].  

Consider the wearable device that is at the standalone 

level of our Social Checkin service. Here, the area available 

for providing visual feedback is minimal. Consequently, we 
need to use additional sensory mechanisms like haptic or aural 

feedback to convey information. For example, a light vibration 

can be used to indicate that a user has crossed a threshold 

number of reactions for a particular store and is eligible for a 

reward.Since conscious attention is a limited resource [3], it is 

in such a scenario that context awareness becomes relevant. It 

is only when the user enters a store that the vibrations become 

meaningful. At other times, this would be considered as an 

irrelevant notification that would be dismissed as an 

annoyance. The Notification Platform [5] by Microsoft is  

another such system that takes into account the owners 

schedule to decide which of the message notifications would 
be most relevant based on context. 

 

It is also important for standalone and collaborator 

devices not to communicate irrelevant details. For example, 

even though the wearable device has the login credentials of 

social platforms, care should be taken not to make it accessible 

to the collaborator application, which in turn could 

communicate this information to the aggregator. It should be 

noted that capture and transmission of information ought to be 

minimal, and relevant to the setting it is in, whilst 

simultaneously conveying the intent in which it is to be used 
and any potential consequences, in order to create a rapport 

between the user and system [4]. 

After conquering the challenges faced at the standalone and 

collaborator level, we can turn our attention towards 

information capture and communication for aggregators. 

Whilst it is relatively straightforward for a user to focus on a 

single data source, when faced with multiple this task can be 

increasingly demanding [1]. Means to potentially solve this 

problem include scaling the information presented to the user 
and providing information when and where it is useful. 

However, if we could divide the dashboard display based on 

granularity, we can overcome this issue [7]. The first zone 

could show the macro level statistics for all contexts. The 

second zone could be for notification – where the screen could 

be personalized based on the person accessing it. The third 

zone would be the interaction zone, where a person can 

interact with the information presented and generate insights 

based on requirements.     

 In the case of our Social Checkin Service, the 

aggregator application would have a zone for the social 

interaction score per category (shops, hotels, banks etc), 
another for notification of rewards (personalized offers) and 

one zone for analyzing an individual’s interaction patterns 

across categories. 

B. Seamless Integration 

As we think about scaling up the IoT applications 
from the standalone level to the collaborator, we need to make 

sure our systems are seamlessly integrated. At the standalone 

level, this is required to provide an intuitive user experience 

without additional complications. As we grow towards the 

collaborators and aggregators, implicit interactions help build 

an efficient system of IoT devices, which in turn can provide 

meaningful outputs. The standalone application should have a 

consistent user experience across different form factors of the 

device hosting it. Also, the learning curve should be short, 

which can be achieved by having interaction metaphors that 

the users are already familiar with. For instance Sphero [2] – a 

ball that can be remote-controlled using an app on a mobile 
phone is an illustration of this aspect. The object is designed 

for play and hence, the form follows function i.e. the device is 

designed as a simple ball. 
In the case of the standalone application of the Social Checkin 
Service, the icons that the user selects to post her reactions 
should be as close to the ones that are used in the online space, 
to avoid confusion and ease learning.   
    Also, the app should not be tied to 
a particular device, but adhere to a set of data communication 
standards which any device, regardless of form factor and 
platform could use. Similar standards should be used for 
communication between the collaborators and aggregators. 
This would reduce the complexity of the collaborator & 
aggregators applications wherein, we can collect and present a 
standard set of data points regardless of which device is 
hosting the standalone application or which store is sending 
the data to the aggregator application. 

C. Diversified Channels of Interaction 

Another factor to take into account when designing for IoT 
applications is to increase accessibility and flexibility. To have 



a fully connected network of devices, each application must 
have different means of interaction to encompass the user 
population. 

In standalone applications, such as the one hosted on our 
wearable Social Checkin device, flexibility must be ensured 
on the device form factor. For example differently abled 
people might find it difficult to interact with a wrist band, 
whereas a necklace shaped device would be more comfortable. 
Consequently, IoT applications must have different modes that 
can be designed for broad user needs. For instance, for the 
elderly population, we can introduce some constraints that 
would limit the number of operations on the device, thereby 
reducing the chances of erroneous actions. 

For collaborators, diversifying the channels of interaction 
may involve enabling the users to upload data in multiple 
ways. For instance, in the Social Checkin Service, the product 
RFID can be read from inside the store. However, outside the 
the store, the device could also scan a QR code in an 
advertisement for a product. This facilitates increased 
efficiency in the use of IoT devices towards achievement of a 
common goal.  

For aggregators, we should have multiple means of 
engagement or interaction. In the Social Checkin Service, the 
aggregator application can have various modes of interaction 
to increase engagement and stickiness. For example, there 
could be community forums for interaction wherein rewards 
and recognition could be provided for the most active users of 
the Social Checkin device. There could also be personalized 
engagements from different stores for people who are most 
engaged with particular brands. 

IV. CONCLUSION  

Recent Recent research in HCI suggests that for complex 

systems such as networked objects in Internet of Things, we 

need to have a more complete understanding of the dynamics 

of human machine interactions [8]. Extracting information 

from applications which are linked, with different 

complexities, and presenting it in a useful way, requires 

consideration from a human standpoint as well. Through this 

paper we have provided suggestions on how we can take a 

human centered approach while designing applications at each 

level of the IoT network. These suggestions provide a basis for 
researchers within HCI to expand upon and explore further on 

methods for designing scalable IoT applications. 
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