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1. Introduction
The smart home is on the rise. Our streets are 
becoming smarter every day since the amount 
of internet connected devices in our homes are 
growing. Simultaneously, the amount of user data 
generated by the use of these devices increases. 
These data flows are neither graspable nor visible 
for users. It therefore is hard for users to get a grip 
on what is happening under the hood. It will be 
this course’s challenge to explore an alternative 
interaction which is focused on embodied & rich 
interaction. This paper will next to discussing 
relevant literature and visualising our design 
process also focus on our design’s place within this 
relevant literature. 
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Smart homes and smart home technology, as 
long predicted by HCI and Ubiquitous Computing 
(ubicomp) researchers, are rapidly finding its way 
into our neighbourhoods. Simultaneously with the 
rise of the smart home, the need for a smart energy 
management system for smart homes arises as well. 
A system that uses energy as efficient as possible 
would result in a decreased carbon footprint, a 
reduction in costs and would enhance sustainability 
in general. Imagine such a smart system not only 
available for one residential unit and its occupants but 
applied within a whole street, city or even a country 
in order to form a large scale connected network 
of smart homes. Al Ali et al. (2017) argued that this 
would present multiple challenges in data storage, 
organization, and analysis. IoT and Big Data are seen 
as the key to solve these challenges. IoT can provide 
a ubicomp platform to monitor and control the 
energy consumption of home appliances. Similarly, 
Big Data would monitor, collect and analyze all the 
related data. Energy Service Companies (ESCO’s), in 
turn, could use this big pile of energy consumption 
data to provide flexible and on-demand energy 
supply. Communication of the same data in real-
time to the homeowners would make them more 
aware of their energy-consuming behaviour. The 
way their behaviour is communicated to them is vital 
in order to let them have a close interaction with the 
electricity utilities. Only then, domestic consumers 
can optimize their power consumption and reduce 
their electricity bills. (Al Ali et. al, 2017)

2. Theoretical Background
Design Material
The energy consumption data, like all digital 
information, in itself, is not suitable for human 
perception since it has no shape. Djajadiningrat et 
al. (2004) argued that it can only be perceived and 
manipulated through mediation, for example by 
displaying them on a screen, and through interaction 
with controls. According to them, the information 
in the current generation of digital products, is 
mediated in a rather unilateral way since it mainly 
appeals to our cognitive skills. [Djajadiningrat et al., 
2004]. 

Computational technology is an expressive design 
material [Landin, 2005] that according to Vallgårda 
and Sokoler [2010] is not perceivable through our 
human sensory apparatus. It can be made accessible 
by combining it with another material, which has a 
human-perceivable form. When these two materials 
are merged, a so-called “computational composite” 
comes into existence [Vallgårda & Sokoler, 2010]. 

Robles et al. (2010) argue that converging lines of 
research indicate that a “material turn” is taking 
place within interaction design. A range of design 
projects that include the creation of computational 
composites and graspable interfaces are re-
conceiving the relationship between atoms and bits. 
These trends provide an opening for the emergence 
of a new computational aesthetic in which atoms 
and bits play more equitable roles. This turn within 
interaction design manifests under the rubric of 
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tangibility. According to Ishii & Ullmer (1997) the 
rise of tangible interaction can bridge the digital 
and physical by creating graspable computational 
systems, or “bits” (Fitzmaurice, Ishii, & Buxton, 1995).

The digital and physical world
In this line of research, the  bridge between the 
physical and the digital is envisioned in the third 
stand (Campenhout, 2016). This stand on interaction 
design of interactive products, aims to reconcile 
the digital and physical world in the process of 
dematerialization. Thereby, using the physical world 
to temper the endless possibilities of the digital. 
Digital elements of interaction, e.g. multi-touch, 
offer almost infinite control elements like buttons, 
sliders and dials that are virtually represented and 
directly manipulated (Jacob et al., 2008). However, 
as Wensveen et al. (2004) argue, you can touch 
these elements but you can not feel them. It 
does not offer the rich inherent feedback that the 
physical environment can offer to the human body. 
Considering this, we value the third stand; working 
on the edge of physical and digital, celebrating the 
characteristics of both worlds. As Dourish notes, 
“Tangible computing is of interest precisely because 
it is not purely physical. It is a physical realization of a 
symbolic reality” (15, p. 207).

Rich interaction
In the light of Tangible interaction, as described 
by Ishii and Ulmer (1997), and affordances (Gibson, 
1986) Frens proposed the framework of Rich 
interaction (2006). In this framework, he advocates 
the integration of form, interaction and function, 
working from people’s skills, aiming at aesthetics of 
interaction.

Growing systems
In the context of IoT, pervasive computing and 
ubiquitous computing, products will have to operate 
in ecosystems of products that are subject to 
growth (Frens & Overbeeke, 2009). Frens advocates 
approaching the concept of growth integrating 
rich and embodied interaction as a vehicle to reach 
system/product intelligibility, control and insight in 
capabilities (Frens, 2017). Both concepts, rich (and 
embodied) interaction and growing systems are 
influential concepts in this essay.

Interaction & energy consumption
Since energy consumption data consists out of a lot 
of bits, the challenge to create a tangible interface 
for homeowners to efficiently monitor and manage 
their energy consumption arises. This challenge is 
addressed not only to create a tangible interface 
just for the sake of the tangibility trend alone, but 
to enrichen the interaction and make them aware 
what their consumption has for impact on their 
daily, weekly or monthly energy bill.

Consumers currently have limited options when it 
comes to energy management in their own home. 
The most traditional and graspable indication of 
energy consumption that everyone has in their 
home is the fuse box that shows the total energy 
consumption in kWh. A recent longitudinal study (n 
= 58) has shown that 95,2% of the people consistently 
underestimated the capacity of what 100 kWh can 
be used for (Hedin, Zabico, 2018). Since most people 
don’t understand what a “kWh” really means, we 
can conclude that it can not be used as a variable 
on its own to reflect and communicate energy 
consumption behaviour. 

All the additional options, thereby intentionally 



excluding research concepts addressing this topic, 
that are available to the consumer are solely screen-
based. Energy management apps are offered to 
their clients by almost every ESCO, e.g. Vattenfall 
and Essent. However, within interaction design, 
there are valid arguments for an alternative reality 
in which solely screen-based interactions are no 
longer the modus-operandi.

6
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Smappee
The Smappee energy traffic controller forms one of 
the fundamentals of our concept. With the goal to 
produce the exact amount of energy needed and 
to utilize that energy as efficiently and smartly as 
possible, Smappee increases the user’s energy self-
sufficiency and thus reduces their environmental 
footprint. Any electricity that is generated by 
sunlight should power the appliances or other 
devices operating within the home during daylight 
hours. Smappee uses screen-based interactions 
in the form of an app and dashboard. Within our 
concept, Smappee is used as an inspiration where 
the screen-based interaction is transformed into a 
tangible interaction that allows users to physically 
and efficiently control their energy consumption.

3. Related Work
Household task management apps
There are various apps on the market that allows 
families to assign tasks to each other (e.g. Ourhome, 
Familywall & Homey). The concept of these apps 
is used as a source of inspiration where again, the 
screen-based interaction is transformed into a rich 
interaction.

Payment Termninal
Van Campenhout et al. (2013) designed a payment 
terminal that made payment interactions 
more tangible. The design consists of two main 
functionalities that are embodied by two modules. A 
smartphone is added as a personal payment device 
that forms the third module that embodies a part 
of the customer’s functionality. The smartphone 
interacts with the payment terminal via NFC-
technology. What also makes this example an 
inspiration for our concept, is that displays have 
been used in combination with rich interaction that 
act as a temporary storage place for dematerialized 
artifacts. (Van Campenhout et al., 2013)

Figure 1. Smappee, 2019 (Photos courtesy of Smappy)

Figure 2. Third-Stand Payment Terminal by Lukas van   
     Campenhout, 2013 (Photos courtesy of Lukas  
     van Campenhout)
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4. Design Process
4.1 Assignment 2
For designing a ‘Locus of interaction for home IoT’ we 
chose power as our main subject. We explored the 
subject power and concluded that the most valuable 
interpretation of Power to us was electric power. 
More specifically: the consumption of electric energy 
within smart homes. Because of the importance of 
sustainability and various products responding to 
this (e.g. electric cars, smart thermostats etc.) we 
believed that energy consumption behaviour would 
be the most interesting subject to design for since 
it’s importance grows every day. 

Modern-day households are working towards 
generating sustainable energy, resulting in an 
increasing amount of solar panels. In a future scenario, 
many households will be self-sufficient, generating 
energy through solar panels. In order to remain self-
sufficient, domestic energy consumption should be 
aligned with the available solar energy at the time 
or even with the capacity of a home battery.

After the first explorations in combination with 
various brainstorm sessions, we came to the 
conclusion that our design should include two main 
functionalities: (I) A visual overview that provides 
family members with clear insights into their energy 
consumption and (II) A home appliance controller 
that allows family members to control specific 
devices to improve the efficiency of their energy 
consumption.

4.1.1 Assignment Result
We designed a product that provides households 
with real-time insights in their household battery 
level; The design aims at both households that 
generate their own renewable energy by means of 
photovoltaic systems and those that have installed a 
home-battery system (e.g. Tesla Powerwall).

These batteries are used to store energy at a 
residential level to use it at times that your solar 
panels are not generating enough energy, in 
order to remain the household self-sufficient. 
The use of external battery packs will enable full 
self-consumption of the households solar power 
generation, load shifting, backup power, and off-
the-grid use of energy (Musk, 2015).

Within this design, family members can see how 
much energy is left within their household battery. 
This is indicated by the centrepiece of our device 
that represents the current battery level and is a 
metaphor for an actual battery. If the household is 
consuming more energy than it is generating, the 
battery level will drop since the home battery is the 
backup source of energy before knocking at the 
door of the power grid to ask for a cup of energy. 
Similarly, the energy level will rise as soon as the 
energy generation exceeds the household’s energy 
use. By interacting with this device, a household 
member can anticipate on home appliances that 
are consuming a large amount of the home battery 
capacity.  
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Around the battery, the connected home appliances 
are oriented as physical segments. Each segment is 
assigned to a particular device. These segments will 
raise when they are using energy. The more energy 
a device uses, the higher the assigned segment 
will raise. The segments contain highlighted device 
icons and can be pushed down to turn off a device 
(for instance: lights, oven, coffeemaker, speakers, 
etc.).

Within this design, we applied a mixture of the 
semantic and the direct approach. The semantic 
approach can be recognized by the use of icons and 
signs in order to communicate information to the 
user (Krippendorf & Butter, 1984; Aldersey-Willams 
et al., 1990). This approach is often characterized by 
the use of metaphors. This naturally leads to the 
appearance of icons and labels since in the semantic 
approach, the meaning is communicated through 
reference. By doing so, the semantic approach 
mainly addresses the cognitive function of the user 
(Djajadingrat et al.,2002).

The second approach is called the direct approach 
and the two focus points that hover around it are 
behaviour and action. Perceptual and bodily skills 
are highly important within this approach, the 
use of tangible interaction is, therefore, a logical 
consequence (Djajadingrat et al., 2002). Ullmer 
(2002) argued in his paper “Tangible Interfaces for 
Manipulating Aggregates of Digital Information” 
that Shneiderman’s three principles of direct 
manipulation are also to be subject to the field of 
tangible interaction. We will argue for every principle 
why it fits our concept.
(Shneiderman quoted in Ullmer, 2002, p. 57)

1. ‘Continuous Representation of the object of 
interest’: Within our design there are two levels of 
interest. First there is the center piece which is an 
overall object of interest that can be influenced by 
all the objects within the second level of interest: the 
individual household appliances. The state of both 
the centerpiece, which represents the home battery 
(level 1), and the segments that represent individual 
household appliances (level 2) are continuously 
represented by variation in height. Figure 3. Assignment 2: final iteration.
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2.  ‘Physical actions or labeled button presses 
instead of complex syntax’: Physical actions need 
to be performed to turn a device on or off. This can 
be done by pressing the buttons with the icon of the 
household appliance you want to control.

3. ‘Rapid incremental reversible operations 
whose impact on the object of interest is 
immediately visible’: By a quick press on one of the 
buttons, an object of interest can be turned on or 
off. In many cases the impact on the object(s) of 
interest, in this case, the objects in level 2, e.g. light, 
airco, television, is immediately visible.

4.1.2 Limitations
Because the segments that represent household 
appliances are physically oriented in a circle around 
the center, their physical scalability is limited. There 
are households who own so many home appliances, 
that the icon size will need to get so small to the 
point that it will not be able to communicate its 
information to the user anymore. 

There are also household appliances that need 
more actions than just a press on an on/off button, 
in order to function properly. A washing machine 
for instance needs input, e.g. rpm, temperature, 
time, before it can be started. In order to control 
appliances that have a need to insert these variables, 
we added a display on top of the battery. However, 
the placement of this display will not directly afford 
to be used when controlling the physical segments 
since it is physically connected to the battery. This 
also lets the user assume that the battery has its 
own controls, which is not the case. 
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4.2 Assignment 3
For assignment 3 we choose to combine Power and Communication/Community in a Rich interaction IoT 
Device. For our most important exploration we choose comparing energy consumption of households 
with a community of same size households as core functionality for Communication. We kept the core 
functionality of giving insight in energy consumption of every device in the household. As emergent wanted 
to design for load shifting. With load shifting we mean the use of a specific household appliance on a time 
of the day you would normally not use it because the power grid’s conditions are more favorable. The result 
of this exploration is visualized below.

Core functionality 1: Communication/ Community

1. Starting, the controller is positioned in the middle. The side surface of the round controller is ribbed 
which affords to touch and rotate it. 
2. By rotating the controller, first, the total energy consumption of the current day will be shown on the 
display. As stated in this essay before, kWh has been proven not to be good variable to communicate energy 
consumption to people. Therefore we added what speaks to most people’s minds, the amount of money it 
costs. When rotating the controller further, the current week or month can be selected.
3. The light ring communicates how much light you use in comparison to similar households in the 
community your device is connected too. The higher the light intensity, the higher your energy consumption 
with regard to the average energy use of the other households. A neutral yellow color has been chosen since 
the use of the standard warning/danger light, e.g. red, has a different meaning based on geolocation. In 
russia for instance, red has mostly positive connotations (Mikheev, 2013).

Figure 4:  Storyboard communication/ community
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Figure 5:  Storyboard Power

1. By moving the controller to the second ring, the core functionality power will be activated.
2. The display will show a specific household appliance with only the necesary energy consuming and 
cost information. By rotating the pointer on which the controller is attached, a different household appliance 
can be selected. 
3. The different lights represent all the coupled home appliances.
4. Rotating the controller will give the same result as with the core functionality communication: 
Switching between today’s, this week’s and this month’s energy use.

12
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Figure 6:  Storyboard Emergent

1. By moving the controller to the outer ring, the emergent functionality will be activated. 
2. A light projection will appear that represents the daily peaks in the energy grid. 
3. Since the goal is shifting the load to off-peak time, the controller can be moved to the starting time 
of a device, by bumping it against the numbered clock ring (24 numbers for 24 hours) the starting time has 
been set.
4. Rotate the pointer and controller until it points to the prefered end-time. Bump it against the ring 
again to confirm the end time. The time-of-use will be visualized by the highlight of the specific timeframe. 

Reflection
In this first exploration of designing for emergent functionality we explored what the function of 
communication/community could offer to our concept. As communication revolves around many 
understandings, we had trouble deepening this functionality. Focussing on the communication of power, 
looking back, we see that communication can have a stronger footing in our concept. Therefore, this 
functionality will be further developed in the next iteration. 

Designing this exploration, we were inspired by the third stand (Campenhout, 2016) and tried to conceptualise 
this vision. In our approach to the third stand, the centre controller is a graspable digital token. As a digital 
has endless visual possibilities, we tried temper this by spatial-mapping on the artifact. Meaning that the 
digital screen only visualizes information linked to where the user allocated the controller on the artefact. 
Next to the third stand, the hybrid approach was an inspiration to us. We tried to implement this approach 
using less screen, resulting in a digital controller, instead of visa versa (ball remote by Joep Elderman). By 
dividing the spatial mapping we gave meaning to spatial locations in the artefact. 13



Considering our approach to these theories we 
noticed a lack of embodiment for the thirdstand 
and to much of a menu-structure for the hybrid 
approach, which are pitfalls for these theories. In 
the next iteration to show effort to tackle these 
deficiencies. 

14



4.3 Final Design

The final design consists out of two core 
functionalities; (i) Power, giving insights in energy 
consumption and managing grid status, and (ii) 
Communication, communicating household tasks 
among family members. Combining both core 
functionalities eventually results in the emergent 
functionality; Energy-efficient household task 
management.

Core functionality 1: Power

The first core functionality of our final design 
provides family members with insights in their 
energy consumption by displaying the total energy 
consumption distributed among home appliances. 
By means of interaction, a family member can select 
a specific device to get insights in the contribution of 
that specific device to the total energy consumption 
in both kWh as well as euros. Subsequently, a family 
member can schedule an energy-consuming device 
to a specific time slot based on energy grid status. 

15



1. The third ring will display a dough-
nut-chart that visualizes the energy 
consumption of each device in rela-
tion to the total energy consump-
tion of the household and on the 
centre display the device and corre-
sponding energy consumption will 
appear.

3. To select a specific home appli-
ance, and ‘walk through’ the devic-
es,  a family member can rotate the 
first ring.

4. Pressing the white button 
will confirm the selection 
of the attentive device. This 
enables the 24-hour clock on 
the third ring and the availa-
ble energy grid forecast in the 
second ring.

2. To provide family members with 
more insights, the centre display 
can be rotated to switch between 
days within a week.

5. A time-slot for devices that are not 
depended on users actions (like an 
airco, fountain, etc., so no vacuum 
cleaner), can be assigned by rotat-
ing the desired starting time on the 
clock (ring 3) to the slider.

7. By rotating the first ring further 
to the desired end time, a time slot 
can be selected.

8. By sliding the slider back in its 
position, the selected time slot can 
be confirmed.

6. The starting time can be con-
firmed by sliding the button-slider 
towards the third ring.

 9. The button in the first ring will 
pop up, and the display on the third 
ring will show the distribution of the 
energy consumption per device, giv-
ing the family member the ability to 
scroll through again.

Scenario 1: Insights in energy consumption + schedule devices 

16



Core functionality 2: Communication

The second core functionality of our design allows 
family members to assign household tasks to each 
other, making our device a ‘communication channel’ 
among family members. 

17



18

Scenario 1: Assign a task

1. Household tasks can be defined using a mobile app. 
By using NFC (Near Field Communication), the user can 
transfer the task to the device.

2. After the transfer is complete, the color ring, in-
dicating the different family members, will blink to 
provide the family member with inherent feedback.

3. To assign the task to a family member, the corre-
sponding button can be pressed.

4. After the selection, the LED-ring will only show the 
color of the selected family member and the task will 
appear on the slider display.
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Scenario 2: Walk Through Tasks

1. By rotating the ring, the user can ‘scroll’ 
through the transferred tasks.

2. If the task is assigned, the task will high-
light on the clock and the textual descrip-
tion of the task will appear on the slider 
display.
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Emergent Functionality

By combining both core functionalities into the 
design, an emergent functionality is created; 
Assigning household tasks that make use of electric 
devices to energy-efficient time slots based on the 
power grid-status.
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1. To link the task to a certain time slot, a family mem-
ber can simply rotate the clock (ring 3) to the desired 
starting time.

2. To confirm the starting time, the family member 
can slide the slider towards the starting time.

3. The device now knows what the desired starting 
time is, and by rotating the clock further towards an 
end-time, a time slot can be created.

4. By sliding the slider back towards its old position, 
the user can confirm the selected time slot and it 
will appear on the clock. The clock will display all the 
tasks of the selected family member. When no fami-
ly member is selected, all the tasks of the household 
will appear on the clock*.

* To change the time slot of a task after it is assigned and linked, the user can select the specific 
task again by rotating the ring and scrolling towards it. The device can see that this task is already 
linked to a timeslot, so it allows the same interaction as the initial time slot linking; sliding it to a 
starting time, rotating the clock towards a new end-time and sliding the slider back to confirm.
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4.3.1. Position in Literature

4.3.1.1 Designing Interaction

Embodied interaction 
Dourish (2001) argues that embodied interaction 
does not only rely on physical presence, but also 
on the presence and participation in the world, 
real-time and real-space. That means that not only 
physical objects can be seen as embodied, but also 
conversations and actions. For the communication 
functionalities within our design, the concept of 
embodied interaction can be very interesting, as we 
focus on communicating household tasks among 
family members, that embody conversations and 
actions. 

Feedforward & Inherent feedback
When designing interactive products, the usability 
challenges lie not in communicating the necessary 
action, but in communicating what the result 
of that action will be, the so called feedforward. 
(Djajadiningrat et al., 2004) Although the user is 
interested in information that will enable him to 
complete a task, the goal of the user is to fulfill this 
task, not the action. Therefore, communicating the 
result of an action is not sufficient. The user should 
also be informed about when the action is executed 
successfully. Djajadiningrat et al. (2002) define this 
as strengthening the coupling between the action 
and the feedback, called inherent feedback. 

Examples Feedforward
Once a task is assigned to a family member, the task 
will appear on the display of the slider. The slider’s 
‘path’ direction gives feedforward that the task can 

physically be slid towards a time-slot on the clock. 
To improve the feedforward of the interaction 
relating the button on the power-slider, we adjusted 
its shape. The button is designed for two reasons; (i) 
As a controller to rotate the second ring and (ii) as 
a confirmation button for selected devices. To give 
feedforward on rotating the second ring, the button 
consists of two cutouts that perfectly fits the thumb 
and the index finger of the user. To give feedforward 
on confirming a selected device by pressing the 
button, the top of the button is hollow so that it fits 
the index finger and invites to press it. 
The rotating control of setting a time-slot on 
the clock, consists of small, tangible ribs that, in 
combination with the visual appearance of the clock 
give feedforward to the user that a specific time-slot 
can be selected by rotating it. 

Examples Inherent feedback
After transferring the task from a smartphone to the 
device via NFC, the user can select a family member 
to assign the task to by pressing one of the buttons. 
The user can then see and feel that the button is 
pressed and the LED-ring around the engraved NFC 
sign will only show the color of the selected person. 
After selecting a device by rotating the second 
ring, the user can confirm this device selection by 
pressing the button in the slider. Once this button 
is pressed, the second ring will be physically locked 
and the outer display changes from the ‘energy 
consumption per device overview’ to a 24 -hour 
clock visualisation.

Once the user has slid the slider to a starting point 
and starts rotating the clock towards and end point, 
the user is provided with real-time visual feedback 



23

on the clock and haptic feedback of the ticks from 
rotating the clock. 

Semantic & Direct approach
As already explained in the design of assignment 2, 
according to Djajadiningrat et al. (2004) there are 
two ways to design the expressiveness of a control’s 
purpose; The semantic and the direct approach. While 
designing our device we chose to design via both the 
semantic and the direct approach, where the NFC 
symbol and the light-peak metaphor are designed 
based on the semantic approach and the rest of the 
device is designed based on the direct approach. We 
specifically chose to design the data-transfer via NFC 
based on the semantic approach, because firstly 
all phones differ in size which would require drastic 
changes in shape and size that, in our opinion would 
negatively affect the aesthetics of the device. Secondly, 
the data-transfer should be a quick and easy interaction 
and the most efficient way of realizing this, would be 
when the user would not have to put his or hers phone 
in the device. 

Rich interaction
Overbeeke et. al (1991) state that multiple issues are at 
play with the current design approach of electronic 
devices. The control of electronic devices might have 
the right affordance as stated by Gibson (1986), i.e. 
pushability, slidability or rotatability but this does not 
help the user with the actual function of the control. To 
give feedforward on this functionality, rich interaction 
aims for interaction that respects all the human-
skills (i.e., perceptual-motor, cognitive, and emotional 
skills) and inviting users to interact through form and 
behaviour thus reaching functionality. Therefore, there 
should be a unity of form, interaction and function 

(Frens, 2017).

Examples Rich Interaction
The core functionalities of scheduling a household 
task or a device is based on rich interaction. Using 
feedforward and affordances in our design we try to 
invite the user to interact with their perceptual-motor 
skills. The use of displays and LED’s in the device has the 
purpose to create an aesthetic look that changes while 
interacting to stimulate the emotional skills. Cognitive 
skills are needed to plan a timeslot by reading the clock 
and interpreted the task or device. We can describe 
these rich interactions as follows:
- The user can schedule a household task by 
bringing the displayed task on a slider to a specific 
time (perceptual-motor skills). The form and track 
of the slider will invite the user to interact with this 
affordance. Cognitive skills are needed to read the clock 
and schedule the time slot. While scheduling a time 
slot, a highlighted colour of a time slot will become 
visible on the display.
- Scheduling a time slot for a device is done in the 
same way with a slider to have the same interaction 
for scheduling. But since the goal of this interaction is 
different, the slider is used in another perspective. To 
enable the slider and select a device, you have to press 
the slider button that has a hollowing as affordance. 
The grid status will become visible which shows a light 
effect in the device. Because the you can’t rotate the 
ring of the slider anymore, you’ll need your cognitive 
skills to understand that you have to turn the starting 
time on the clock with the coupled grid status to 
the slider. This interaction will be supported by the 
affordance of ridges on the side on the clock. The 
scheduling interaction with the slider works thereafter 
the same as in the communication example.



4.3.1.1 Designing for Growth

Designing Intelligent connected (IoT) products, 
a designer has to embody the concept of growth. 
Growth of a product’s functionality, as described 
earlier, is a result of the exchange of data in a network 
of products and the ability to update software of 
connected devices. In between these interconnected 
products function emerges, giving designers the 
tool to reach comprehensive functionality but also 
awakes the challenge of designing for ‘openness’ 
(Frens, 2017). In this paper, growth is conceptualized 
through the following perspectives.

Celebrating the digital and physical world 
In commercial IoT products, interaction is most 
often based on multi-touch digital interfaces. 
These interfaces rely on the endless functionality of 
digital screens. As mentioned before, these digital 
interfaces lack inherent feedback, expressiveness 
and intelligibility of system status. In this paper, 
we envision Rich interactions as a mean to 
approach these deficiencies of multi-touch 
interfaces. However, we value the capabilities and 
adaptability of digital screens and want to exploit 
their functional elements (Hurtienne, 2008). In this 
context, users action and digital reaction are linked 
by timing, flow and rhythm (Hummels et al., 2007). 
As work by Campenhout (2016) shows, these digital 
displays can be valuable in combination with rich 
interaction, acting as a temporary storage place 
of dematerialized artifacts. From the perspective 
of power in our design, we use rich interaction to 
plan a device in a specific time of day, subsequently 
storing this information in the (dematerialised) 
outer ring. In this outer ring, the results of these 

rich interactions are temporarily stored, forming an 
overview of planned devices.

Hybrid approach
An inspiration in our final and previous concepts is 
the conceptualisation of the hybrid approach by Joep 
Elderman (Frens, 2017). This approach gives access to 
digital functionality through physical handles. Just 
like this approach, our design uses digital displays 
to offload the complexity of emergent functionality. 
In the contrary to this approach we tried to avoid 
generic menu structures by solely using this digital 
screen for offloading adaptability in a centralised 
place in the artifact, the outer ring. We value the use 
of digital characteristics at this particular place in 
the artifact because this is where the functionality of 
power and communication meet and adaptability 
for emergence is needed.

Service approach
Solely from the perspective of communication, a user 
has to be selected to be able to assign tasks to specific 
members in the household. Looking at this element 
of the artefact in a multi-user scalable perspective, 
there is a need to adapt the interface due to change 
in amount of inhabitants. Adding users, we envision 
a service approach (Frens, 2017), replacing the button 
interface by an interface with more buttons in case of 
growing amount of inhabitants and visa versa. This 
is a simple representation of the service approach, 
focussing literally on growth of amount of users not 
on the richer concept of growth. Nonetheless, in this 
situation the service approach, generating modular 
parametric generated interface, is valued. 
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5. Discussion
Reviewing our design we see a lot of qualities but also 
opportunities for improvements. In this discussion 
we will assess our design within literature we used 
and argue some design choices or improvements. 
Although there are improvements that could 
be made, we see the added value in this design 
through physicalizing, the complexity of energy 
consumption and energy grid status combined 
with household tasks.

Rich and embodied interaction
Throughout the assignments, focussing on the 
concept of power, we perceived implementing rich 
and embodied interaction as challenging. Power, 
in our interpretation, as energy consumption of 
devices distributed throughout the house, opens 
up a lot of possibilities of visualisation and a 
variety of functionalities. Designing the artefact, 
we had the ambition of incorporating multiple 
device functionalities in a centralised artifact, 
but struggled with creating unity in form and 
interaction with these functionalities. Looking at our 
final design this translated to incorporating rich and 
embodied interaction concepts on specific details 
of the design. In doing so we gained unity on the 
separate functionalities. But, looking holistically 
we see that there is still unity to obtain as some 
elements feel rather cognitive. An example of this 
lack of unity might be the task controller (figure), 
scrolling through tasks(rotary) is seperate from 
the representation of the tasks (digital slider), 
and around the user identification buttons. This 

separation of affordances for the same task shows a 
lack of unity for users to act intuitively. Our approach 
to positioning these controls was to unify ‘pre-sets’ 
of the user, looking back such a detail could be the 
thin line between (solely) cognitive and intuitive 
interaction. 

Reflecting on current IoT products on the market, 
we recognize the urge for richer interactions, but 
we belief this must come from the mediation 
between digital and physical elements in complex 
IoT products as (Campenhout, 2016) envisioned. In 
the topic of power, we valued the functionalities of a 
digital screen to offload the complexity of the ever-
changing energy consumption of seperate devices 
in a household.  In the effort to reduce the use of 
displays, later in the design process, the overview of 
device energy consumption is represented on the 
same location as the 24-hour schedule to centralize 
‘change’ in the concept. Looking back, this might 
have resulted in conflicting functionalities in the 
same form, downgrading the notion to temper the 
digital world by the physical.

Growth with the Hybrid Approach
With the Hybrid Approach (Frens, 2017) we connected 
the communication device to the power device. 
We used the display of the clock for both devices 
which made the clock display open for growth since 
communication was coupled to it. Although our 
position in literature is that the Hybrid approach 
would gave the best design opportunities, the clock 
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display in the form of a ring does not give a lot of 
growth openness for other rich interactions.
A statement in this Hybrid Approach by Frens (2017) is 
that menu structures should be avoided. Reviewing 
our design, we conclude that because of multiple 
actions that can be done in the Power artefact, the 
interactions can have a menu structured feeling. To 
avoid problems with menu structures we designed 
all buttons with affordances and tried to give 
feedforward. Despite to this we think that in a next 
iteration we should redesign some steps to avoid a 
menu structured feeling.

Distributed vs centralized 
One of the main challenges we coped with in the 
design process was designing for multiple conflicting 
functionalities. As our main functionality of power 
was to create overview in energy consumption 
of devices and planning these devices in a daily 
schedule, possibilities of action had to be represented 
in the artefact for each device. Our approach to this 
challenge was generalizing the available actions 
for each device by only focussing on the time 
of day a device can be scheduled, not providing 
options like on/off, adjusting (light) intensity or 
planning a program. Although this mediation in 
functionality makes the design more realistic, in a 
real world scenario functions like on/off might be 
essential. This inquiry is common for centralised 
systems. Centralised systems often have to deal 
with integrating multiple functionalities making 
it challenging to reach the desired expressiveness. 
Decentralised systems on the contrary, allow for 
more dedicated controls and opportune for more 
rich and embodied interaction. In our design we 
could have considered offloading functionality to 

decentralised artifacts to create a more dedicated 
central artifact. Nonetheless, the challenge will 
remain to design expressive artifacts in centralised 
systems and will only become more challenging as 
users demand more functionality and emergent 
functionalies arise in future IoT products. 

Realistic design
Looking at the interaction with IoT devices in the 
majority of commercialised products, digital multi-
touch screen interactions have the upper hand. As 
these products call for increased expressiveness in 
system intelligibility, Rich and Embodied interaction 
offer a high potential solution to this call. However, 
Rich and Embodied interaction, but also the third 
stand (Campenhout, 2016), have a stronger position 
in specific interactions to function or even single 
purpose products alone. Multiple tangible interfaces, 
for each specific function in a household, could 
demand substantial effort of the user to perform 
daily tasks including multiple devices. This would 
require more focus interaction of the use due to 
bodily interaction (Bakker & Niemantsverdriet, 2016), 
although some products benefit from acting in the 
periphery of the user. Designing interactions for IoT 
products we strive to richer interfaces, but we want 
to emphasize that implementing rich and embodied 
interaction theories the daily and commercial 
context of a product should be considered in relation 
to digital competitors. 
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