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Abstract
This paper describes the design of Haptic Beats, a 
tangible interface that addresses two functionalities 
in music control: volume change and affective shuffle 
through playlists and songs. Through reflections on the 
iterative design process we discuss how to design for 
rich haptic interaction. By layering different types of 
haptic feed forward modules, we developed an interface 
with rich haptic interaction. Haptic Beats enables users 
to fully attune to a continuous loop of action and feed 
forward, triggering them to use cognitive, emotional 

tactile sense. The prototype demonstrates how haptics 
could enrich future products and support aesthetic 
interaction.
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1 Introduction
Despite rapid changes in technology, most electronic 
products hardly changed in terms of user-product 
interaction. For 60 years remote controls have been 
boxes with buttons. Although they afford various 

effect on its output. Instead of considering these actions 
as useless, we argue that they are expressions of human 

We believe that the quality of an interaction is achieved 
in products that address the beauty of being human. 
Therefore, we intend to transform actions, which 
are generally perceived as useless in human-product 

al. [1] indicate that aesthetic product interaction can 
be achieved by facilitating human-product interaction 

and perceptual-motor. This is summarized in what 
Frens [2, p.177] names rich interaction: “A paradigm 
for interactive consumer products that results in a unity 
of form, interaction, and function and taps human skills 
(perceptual-motor skills, cognitive skills, and emotional skills) 
for information-for-use thereby setting the stage for aesthetic 
interaction.” 

in the above-mentioned actions with a remote control, 
the main sensory system through which we perceive 
and act is that of touch. All aspects of the tactile sense, 
such as the sense of touch, relate to the field of haptics 
[3]. Haptics have been studied in various fields, ranging 
from physiology to robotics, and haptic interaction 
has been coined particularly in the research fields 
related to virtual reality. Haptics can offer a new layer 
that enriches the experience of interactive products, 
it can par excellence support the design for rich 
interaction as it extends and strengthens the human 
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sense is 20 times faster than vision and is able to sense 

could put the user-product interaction in a continuous 

[6, p. 109]. There is a continuous coupling between 
the user’s action and the actuators which respond 

new computational input to the actuator creating an 
interaction loop which is just outside of the control of 
the user and yet is affected by the user’s actions. This 
mechanism, defined as hybrid materiality [7] supports 
rich interaction [2], as it triggers users to explore 

Wensveen et al. argue that inherent properties of a 
product aesthetically enrich the interaction. Therefore, 
to understand how rich interaction could be applied in 
the context of haptics we build upon the Interaction 

is based on six notions that stimulate a continuous 

synchronous in time; location, the user’s action and 

direction, the movement of the user’s action is coupled 

the speed of the user’s action is coupled to the speed 

expression, the expression of the user’s action should 

If the integration of haptics in current consumer-
electronics is explored through the Interaction 

are mainly used for upgrading existing interactions, 
e.g. the Lexus remote control by Immersion [9] is 

[10] adds a new dimension to feeling what is on the 
screen by enabling air gestures. These solutions do 

location, direction or expression in the user-product 
interaction. Furthermore, the interaction still relies 
predominantly on screen-based interaction instead of 
physicality and does not bring forward the rich qualities 
of haptics. As a consequence, we define two guidlines, 
which we believe are necessary when designing for 
a rich haptic interaction. In terms of the Interaction 

be combined with the notion of modality. Having a 
common location for the user’s tactile actions and 

interaction. Furthermore, the notion of expression 
and direction are also missing within the interaction of 
haptic products and should be further explored while 
designing for rich haptic interaction. Consequently, the 
goal of this paper is to explore haptic interactions and 
how these could enrich human-product interaction in 
an aesthetic way. By offering insight on how to design 
for rich haptic interactions, we aim to define guidelines 
that contribute to the democratization of haptics 
in interaction design as ambitioned by Hayward and 
McLean [11].

2 Method

“refine their mastery and develop a heightened sensitivity 
to haptics only if their work with and through the material” 
[13, p. 279]. Simple Haptics [13] shows as an approach 
to expose the value and possibilities of haptics within 
the field of interaction design. The proposed method 

prototypes to experience haptics. Various researchers 
have employed building experience prototypes [14] to 
explore haptics [15, 16]  With an explorative hands-on 
approach, myriad of possibilities for haptics in design 
are exposed. Furthermore, the strength of Simple 
Haptics is in the integration of design research with 
design practice, reflected in the tangible prototypes 
built to assess the value of haptics within the field of 
design practice. Similarly but adding the context of 

out, being involved, being aware of the body, and 
experiencing the real world are important strategies in 
the conceptual phase of the design process [17]. Thus, 
in order to research the context of haptic interaction, 

 
and designing.

through-design approach, which favors the development 
of artifacts [18, p. 498]. Research-though-design is 
a form of action research and requires an iterative 
evolutionary design process involving discussion, trialing 
of ideas, reflection, evaluation, and action to address 

his or her implicit process explicit to support the 
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research-through-design we consider the Lab approach 
and use a prototype to validate whether and how haptic 

approach centers design research around the human 
perspective, by confronting society through a physical 
hypothesis. The physical hypothesis is embodied in a 
realistic consumer product, although it is often limited 
in its functionality to only address the core of the 
research question.

3 Tangible music control
We chose the context of navigation through music 
libraries to explore our research question. With 
the digitalization of music, various researchers have 
explored how to control and browse through large 
amounts of music by means of gestures [e.g. 21, 22, 23, 

Haptic Beats, an interface that enables shuffling through 
songs and playlists and allows for volume control 

limited the functionality of our music controller, as it is 
not the music controller itself that we wish to design, 
but the concept of incorporating haptics. We extend 

and reflecting upon the iterations of how we designed, 
build and tested experiential prototypes of haptic 
interactions. Throughout the process over 30 designs 
and prototypes were made, which we summarize in four 
main iterations.

Fig. 1. Different haptic explorations within the haptic toolkit, 
showing a piezo sensor; a pressure pad; a slider mapped to 
vibration motor; a potentiometer and a magnetic force button

3.1  Iteration 1 – Understanding haptics
To appreciate the concept of haptics it is important 
to gain experience with technologies that address the 
tactile sense. Similar to the conceptual phase for sound 
and touch design [17], in discovering haptics a parallel 

basics before starting any implementation. Therefore, 
a set of haptic explorations was developed to discover 
haptics, which are depicted in Fig. 1. To assess the value 

and explored during an informal user session with 

sensor, a pressure-pad, a slider, a vibration motor, a 
potentiometer and a magnetic force button.
As individuals fully attune to haptics, this learning 
curve establishes a coupling between the user’s action 

of a continuous coupling between the two for rich 
interaction. To respect this learning curve, two major 

by the haptic actuators, for example sound, should be 

3.2  Iteration 2 – Implementing haptics
To implement the six notion of coupling [8] within a 
clear context, a motorized slider was chosen as a means 
of exploration. This slider is capable of detecting slider 

the notion of location combined with modality, the 
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slider couples tactile input to haptic output at a 
common location. Fig. 2 depicts the slider that was 
used to explore different behaviors. The first behavior 
was based on a radio tuner in which the noise between 

to the beat of the song. With the second behavior, 
songs can be selected based on the beat. In the middle 
of the slider, the beat can be experienced. By moving 
to the left, the beat can be changed. By moving to the 
right, the songs can be played. In the third exploration, 
different expressions of gestures lead to different songs. 
The first two explorations highlighted the notion 
of location and direction and the third was more 
grounded on the notion of expression in combination 
with dynamics. Even though the beat in the first two 
iterations somehow could be felt when interacting with 
the device, it remained too complex to understand 
through haptics, thereby causing confusion and 
eventually a decoupling between the user’s action and 

this phenomenon as a causal inference: “When cues 
are very different from one another in space and time, 
the nervous system will infer that they are not related and 
thus should be processed separately. Thus the estimation 
of the relevance of sensory cues determines whether and 
how the nervous system combines cues” [26, p. 655]. This 

as this will support the continuous loop between 

was evidenced by the third exploration, as it could 
implement the notion of expression in the user-product 

3.3 Iteration 3 – Haptic Beats version I
Haptic Beats is a music shuffle interface controlled 
by expressive haptic gestures, which builds upon the 
results of the previous iterations. The current version 
provides two functions based on the emotional states 
of pleasure or displeasure. Because the notion of 
expression closely relates to human emotion, Russell’s 
Circumplex model of Affect [27] was applied for 
mapping a universal expression for shuffle. Haptic Beats 

a Like gesture, a slow movement with the slider to the 

a Dislike gesture, a rough high force movement to the 

Beats through a Music Skyline, a unique haptic texture 
for each music genre. When moving the slider, this 
texture can be felt, e.g. classic has a smooth, soul a 

During an informal user session, participants were 

The observations showed that participants were able 
to develop sensitivity towards the interface through 

Fig. 2. Motorized slider

Fig. 3. The three haptic modules used in the evaluation
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exploration. The most interesting observation was 
that participants were in a constant loop of action and 

the Music Skyline was misinterpreted, as participants 

This coincides with the observation found in iteration 
two, describing the concept of causal interference [26]. 
Therefore, it is fair to argue that this additional layer 

eliminated as part of the interaction with the  
music controller.

3.4 Iteration 4 – Universal Haptic control
In the previous iterations, the capabilities of the 
motorized slider were explored within the context 
of music. This exploration highlighted that simplicity 

Consequently, we explored how to apply the 

of tactile input with haptic output with other haptic 
actuators. Therefore, different modules were developed 

implementation of both rich characteristics.
Artifact A has two embedded vibration motors, which 
are coupled to a 2-axis accelerometer. Enabling the 

turning to the front. Artifact B is a handheld version of 

the middle is reached. From this position the force 

artifact C is a guitar string coupled to a vibration motor. 
The intensity of the force exercised on the string is 
mapped to the strength of the vibration pulse. These 
different modules could be considered as universal 

interaction, as they were developed based upon the 
lessons learned from the previous iterations.

4  Evaluation
An experiment was conducted with the three modules 
depicted in Fig. 3, to determine which actions support 

user-product interaction. Through this experiment we 

explored the user’s interpretation regarding expressive 
gestures. The functions are extracted from Haptic 
Beats version I, regarding Like and Dislike actions when 
shuffling. Furthermore, the functionality of Volume 
change was added to the interaction. 

4.1 Participants

4.2  Setup
The first stage consisted of a short introduction in 
which participants were informed that the experiment 
focused on haptic interaction. To understand the 

to explore the three artifacts, until they understood 
the influence of their input in relation to the haptic 

told that the project related to the development of a 
haptic musical interface. Consequently, participants 

for Like, Dislike and Volume change for each artifact. 

Fig. 4. Results for the two types of shuffle mapped to Laban’s 
dynamic qualities of weight and flow
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score for their proposed gestures on a scale of 1-10 for 
Shuffle, and Volume as well as an Overall score for each 

which combination of two artifacts they preferred.
The 30 sessions were digitally recorded and the footage 
of the second stage was analyzed by means of Laban’s 
dimensions of effort as described by Fagerberg et al. 

the individually interpreted gestures. By analyzing the 
different interpretations we intend to find the dynamic 
qualities that define the differences between Like, Dislike 
and Volume change.

4.3  Results
During the second stage clear tendencies were observed 
between the individual interpretations. The most 

movement. Furthermore, there is coherence between 
the different Volume interpretations, as all are direct, 
light, sustained and fluent gestures. Finally there is a 

more fluent movement, while B and C tend to be more 
bound in dynamic quality. 

4.4  Discussion
From the observations, Volume can be considered as 
fluent in quality, as the participants often expressed it as 
a fluent sustained movement on a clear rotational axis. 

movement. During the experiment, participants had 
difficulty in understanding artifact C, which is probably 
caused by the decoupling of the notions of time and 
modality. Through the high sensitivity of artifact C, the 
guitar string reacted even to the smallest vibrations. 
For example, when the artifact is moved, it also emits 

notion of time comes in play, as the string does react 
when it is released, causing the feel of delay. This 
complexity is also observable from the given scores, as 
C scores the lowest overall score.

Thus, the results indicate that artifact C was unable 

Artifacts A and B on the other hand were able to 
address the six notions of coupling. The strength of 
Shuffle is in the notion of expression as it connects 
emotion to expression. For Volume the strength is in 
the direction, which is perfectly coupled to the haptic 

it is clear that the actions for Volume should be a 
combination of the dynamic qualities direct, sustained, 
light and fluent. As a consequence, artifact A suits these 
requirements best as users are triggered through the 

With respect to the two Shuffle types, we observed 
a clear difference. The quality of weight grows when 

Shuffle as artifact A. However, given that its bound 
characteristic fits more to the weight shift from light to 
strong, triggering participants to express their emotion 
with the slider, the preference for shuffle is on artifact B. 

Fig. 5. Haptic Beats

5. Final design
Haptic Beats version II is a rich haptic interface that 
enables users to shuffle and adjust the volume of 

gestures, the actions remain the same as Haptic Beats 
version I and is similarly generated by a motorized 

changed as it is directed towards simplicity to discard 
causal inference [26]. The slider movement is mapped 

exponentially; by moving the slider from the center 
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decreases.
The function Volume can be controlled by means of a 
vertical movement to the front, to increase volume and 

while the motor in the front vibrates faster with an 

interaction we had to give in to the form factor, as 
the prototype was build of off-the-shelf components. 
Therefore, it is approximately 150 percent larger than 
intended.

5.1  Rich haptic interaction
Haptic Beats version II demonstrates how rich haptic 
interaction can be implemented within the context of 
music. The first guideline for designing for rich haptic 
interaction, addresses the combination of the notions 
location and modality. As discussed in the introduction, 
a continuous coupling between the user’s action 

combination of which is perceived and acted upon at 
the same location. Haptic Beats translates the user’s 

directly. The second guideline is based on the simplicity 

connected to causal inference and thereby decoupled 

be rich. By combining Laban Dynamic Qualities with the 

expression was achieved in the interaction with Haptic 
Beats.

6 Discussion
An aesthetic interaction should consider richness in 
appearance, actions, and role [29]. To design for rich 
haptic interaction we suggest three guidelines: simplicity 

location, and affording expressive actions. We describe 
the process of coupling by mapping Haptic Beats to the 

 

There is a continuous coupling of action and the 

feed forward, which is the result of the interactive 
materiality [29]. This interactive materiality, which 
creates a continuous coupling between the user’s action 
and the actuators, clearly applies to the context of 
haptics as it as it responds to the user through haptic 

song or playlist, or in volume; perceived and the haptic 

i.e. the friction on the slider or the vibration at the front 

trigger for another action within a continuous coupling 
of user’s action and product’s reaction [29]. In the case 
of Haptic Beats, the transition of vibration triggers for 
more action as the interaction moves towards a new 
action of the user, based on the notions of direction, 
dynamics and expression.
Thus for rich haptic interaction, the feed forward may 
need to be coupled in time, i.e. at the same moment 
that the action occurs; furthermore, we believe that 
modality should be coupled through the tactile input 
and haptic output, and this should happen at the 
same location. As the interaction happens before the 

themselves towards the device by changing the direction 
and dynamics of their movements. The haptic feed 
forward enables them to explore the context-of-use 
with the artifact to extract the information-for-use [2]. 

Fig. 6. Haptic Beats explained through the Interaction Frogger 
Framework
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users can express themselves through movement, they 
can express their emotions and at the same time learn 
which gestures sever which functions. 

in the prototypes. This approach enabled us to explore 
how to incorporate rich haptics into a physical product 
as exemplified in Haptic Beats. The layers of rich 
interaction, respect the six notions of coupling, which 

Furthermore, they support the continuous coupling of 
the user’s action with the product’s feed forward in the 
user-product interaction. This interactive materiality 
in haptic interaction opposes the trend of decoupled 
location and incremental haptics [9, 10] and thereby 
supports the design for rich haptic interaction.
Finally, the research question aimed to define the 
guidelines that are important in the design for rich 
haptic interaction and was explored by means of an 

hand-on approach, different layers of complexity were 
combined in our exploration of rich haptic inter action. 
This process highlights the strength of using physical 
prototypes, as they enable to experience the hypothesis 
and support in addressing the research question. Reflecting 

for the designer to argue whether certain behaviors 
are rich or not. Especially in the design for bodily 
interaction, an intuitive approach is recommended, as 
these can only by evaluated through experience.

7 Conclusion
This paper discusses how to embed rich haptic inter-
action into electronic products to support aesthetic 
interaction, through a research-through-design approach.  

feed forward; conformity in time, location, and modality 
through tactile input and haptic output; and affording 
expressive actions to create a continuous coupling 
between actions and feed forward. It illustrates how 
rich haptic interaction can be achieved by layering 
different types of haptic feed forward. Finally, the 
iterative and reflective design process illustrates how a 
designerly approach enables the exploration of the value 
of designing for rich haptic interactions, and stimulates 
to expand to different contexts. 
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