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ABSTRACT 

This article explores the effectiveness of using an alternative 

input device for controlling Graphical User Interface (GUI) 

elements. An experiment is set up to evaluate the performance 

of a device known as a DJ Deck, a device disk jockeys (DJs) 

use to mix digital music streams. The experiment consists of 

multiple GUI navigation and selection tasks. A performance 

comparison between keyboard, mouse and DJ deck will 

determine if the DJ Deck has any advantages to more 

commonly used input devices. We use inexperienced 

participants in order to examine the rate of user adaptation to 

the new device. As well as participants that have some prior 

experience with this type of Physical Input device, this to 

determine the maximum performance this device can support 

when controlled by an experienced user.  

 Our experiment reveals the distinction between 

control elements having a discrete nature (e.g. track knob, 

scroll wheel and buttons) and others having a continuous 

nature (e.g. mouse, slider and jog wheel). In our experiment 

these different control elements all have their own specific 

strengths and weaknesses on specific tasks. Making discrete 

controls more suitable than continuous ones for controlling 

tasks of a discrete nature. This reveals the complementary 

nature of these different types of input elements, showing a 

trade-off between maximum navigation speed and navigation 

precision. The DJ Deck outperforms all the other devices on 

two out of the three tasks of our experiment. Our overall 

conclusion is that this device be can effectively used to control 

the GUI of a personal computer. Supporting the main direction 

of this article towards the use of multiple specialized control 

elements instead of one or two generic input device, creating a 

strong task dependent working environment. 
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1. INTRODUCTION 

A user interface is the portion of an interactive computer 

system that communicates with the user. The user interface 

includes any aspect of a system that is visible to the user.  

 

“The user interface is becoming a larger and larger portion 

of the software in a computer system--and a more 

important portion, as broader groups of people use 

computers. As computers become more powerful, the 

critical bottleneck in applying computer-based systems to 

solve problems is now more often in the user interface, 

rather than the computer hardware or software. ”  p. 1 [16] 

 

The term physical user interface refers to the portion of a user 

interface that is constantly present in the physical world. This 

usually consists of the device itself including all of its in-and 

output devices.  

As software user interfaces seemed to adapt 

continuously to requirements, the interaction techniques of 

physical user interfaces (e.g. desktop PC, Notebook, PDA) 

principally remained the same for some time now [19]. The 

fundamental task in computer input is to move information 

from the brain of the user to the computer. Progress in this 

discipline attempts to increase the useful bandwidth across 

that interface by seeking faster, more natural, and more 

convenient means for a user to transmit information to a 

computer [15].  

Today an accountant, animator and graphic designer, 

all use the same input device set up (i.e., a keyboard and 

mouse) for performing their very diverse activities. This 

“universal set up” seems inefficient for users who work in a 

specific domain. The mouse is a general all-purpose weak 



device; it can be used for many diverse tasks but may not do 

any one fairly well. In contrast, strong specific devices can be 

used which perform a task very well but are only suited for a 

limited task domain. The ultimate benefit may be to have a 

collection of strong specific devices creating a strong general 

system [9]. 

Many systems and research initiatives are aimed at 

improving the quality of interaction while at the same time 

reducing complexity by leveraging off of people’s 

understanding of physical objects and physical manipulations 

[8,23].  

The interaction technique proposed by this article, is 

the usage of the DJ Deck (a specific type of Tangible User 

Interface (TUI) ) as input device to control the General 

Graphical User Interface (GUI) elements. We will argue why 

the physical nature of this device can avoid the drawbacks of 

more common input devices. And describe what affordances 

this alternative input device could add to personal computer 

use. 

 

1.1 Outline of this paper 

The first section of this article will describe some 

developments that have lead to the emergence of the interfaces 

types most common do day. Central are the increased 

virtualization of user interfaces and the move from multiple 

specialized input elements towards general purpose input 

devices. To counteract this trend of increased virtualization of 

interfaces and their input devices, we will propose the use of 

an alternative physical user interface, known as a DJ Deck or 

Media Controller, to control a personal computer. 

 An experiment is set up to test the performance of 

this input device. The performance measurements are 

compared to that of the most commonly used input devices for 

the PC, the mouse and keyboard. By measuring the user’s 

performance on multiple navigation and selection tasks, we try 

to determine if PUIs can effectively be used to control GUI 

elements. Based on the findings of our experiment we discuss 

if this input device could be a good replacement for the mouse 

and keyboard or maybe just a handy addition. 

 

2. HISTORICAL VIEW ON INTERFACES 

AND INPUT DEVICES 

This first section of this article will describe some 

developments that have lead to the emergence of the interfaces 

types most common do day. 

 

Looking at the development of input devices from a historical 

perspective there are two trends that characterize their overall 

development. The first trend can be defined as a drift from 

physical towards virtual controls. The second is the move from 

specialized mechanical hardware interfaces towards general 

purpose input devices. 

 

 

 

 

Long before the invention of personal computers, our 

ancestors developed a variety of specialized physical artefacts 

to measure the passage of time, to predict the movement of 

planets, to draw geometric shapes, and to compute [23].  

Through grasping and manipulating these 

instruments, users of the past must have developed rich 

languages and cultures which valued haptic interaction with 

real physical objects. As, much of this richness has been lost 

to the rapid flood of digital technologies, efforts are now made 

to rejoin the richness of the physical world back into Humans 

Computer Interaction (HCI) [14].  

As illustrated above the first generation of interfaces 

were purely physical and mechanic instead of virtual and 

electronic. In HCI these interfaces are referred to as Hardware 

Interfaces, or more commonly known as Instruments or control 

panels equipped with switches, levers and valves used to 

control and adjust these mechanical tools or machines. These 

first generation user interfaces were both physical and 

specialized; every control element could be used for 

controlling just one feature of the machine and was 

mechanically linked to just that feature. 

 

 

 Figure 2. Second generation of user interfaces 

Figure 1. First generation of user interfaces 



 

With the discovery of electricity a second generation of user 

interfaces was born, which can be seen as a mixture of early 

electronics combined with the mechanical features of the first 

generation. Now switches, levers and valves could be used to 

alter the flow of current through a machine, thereby adjusting 

its functioning. The control panels were still very specialized 

with a separate control unit for each function but less physical 

and visual, because the mechanical connection were 

increasingly replaced by electronics. 

With the appearance of the computer, interfaces and 

input devices have become even more virtual and also less 

specialized. At first when computer users were all experts, the 

interface consisted of re-connecting jumper cables and 

command-line-interfaces. With the appearance of X-Y 

pointing devices such as the computer mouse, interfaces could 

become more graphical and thereby increasingly virtual. We 

now control an enormous amount of virtual interface elements 

(such as switches, buttons and sliders) with just one or two 

general purpose input devices (usually mouse and keyboard) 

through a completely virtualized Graphical User Interface 

(GUI). 

 

 

 

This trend from physical towards virtual has 

continued and still dominates the development of interfaces to 

date. There are two obvious forces that drove interfaces away 

from specialized mechanical control panels, towards 

virtualized GUIs controlled by general purpose input devices. 

The first main driver is technological (such as cheaper, smaller 

and more advanced electrical components). The second driver 

is the rising demand for more (multi-) functionality, smaller 

devices, etc. 

We have now arrived at a point where the input and 

output devices are integrated into a single portable device 

equipped with infinite functionality (e.g. touch screen smart 

phones). The complete interface is virtualized and controlled 

by just one general purpose input device (in this case the touch 

screen) [3,17]. From an mobility viewpoint this can be 

regarded as an positive development, but when seen from a 

usability viewpoint these developments can also have some 

drawbacks or negative side effects. 

 

 The next section will discuss some of these 

drawbacks in detail and examines some potential solutions to 

these problems.  

 

3. PROBLEM STATEMENT: DRAWBACKS 

OF GENERAL PURPOSE INPUT DEVICES 

AND VIRTUAL INTERFACES 

In the previous section we have described the trend of 

replacing physical control panels, with graphical user 

interfaces. Physical Input devices are getting smaller but still 

have to support the user in performing a broad range of 

different interactions. Virtualization of the interfaces for 

instance by using computer graphics have made this possible, 

but these developments can also come at a cost.  

Highly virtualized interfaces such as touch interfaces 

have advantages of flexibility, space efficiency and input-

output collocation. The most obvious drawback that can be 

seen in many modern input devices, especially touch screens, 

is the absence of tactile feedback to the user [2].  

 

As observed by Buxton [4] as early as 1985, a lack of haptic 

feedback:  

1) decreases the realism of visual environments 

2) breaks the metaphor of direct interaction, and  

3) reduces interface efficiency, because the user can not rely 

on familiar haptic cues for accomplishing even the most basic 

interaction tasks.  

When a real physical button is clicked the user feels 

and thereby knows he has clicked the button, and expects 

some action to be performed. With a virtual interface visual 

attention is needed, first to find the button, then to click it, and 

finally to see if it is clicked correctly. So the virtual nature of 

GUIs can result in an absence of tactile feedback. This absence 

can in turn result in a feeling of decoupling from the interface. 

The virtual nature of modern user interfaces and 

general purpose input devices could also exert a higher mental 

workload [18]. This because the user needs to make a mental 

representation that binds different physical actions performed 

on the same input device with a variety of possible outcomes 

depending on the interface element that is currently in focus. 

Because all manipulations feel the same, the user has to think 

about the desired manipulation and look if the desired 

outcome is reached. To come back to the feedback aspect, 

there is no physical or tactile cue that reminds the user what 

physical object or action is responsible for a certain 

manipulation of the interface because all interactions feel the 

same. This could result in a higher mental workload by the 

user, to metalize the manipulations needed to complete the 

task [18]. 

 With this absence of differentiating cues coming 

from the physical properties of the interface elements such as: 

feel and reaction (tactile feedback), differing physical location 

and differing motoric procedures, we neglect some innate 

humans qualities. Modern interfaces need us to depend heavily 

on visual perception and mental representations and fail to 

utilise our brains huge and advanced tactile and (pre-)motoric 

areas. These brain areas, developed because of our history of 

Figure 3. Graphical User Interface elements 



using and manipulating physical objects in the real world, 

could be utilized to a much higher extent when user interfaces 

are of a more physical nature. 

 

Now we have described some of the main drawbacks 

that come with the current generation of interfaces, the next 

section will describe some possible solutions to the stated 

drawbacks. 

 

4. RELATED WORK: SOLUTIONS TO THE 

DRAWBACKS OF MODERN INTERFACES 

Looking at recent scientific publications as well as some older 

ones, the problems concerned with the absence of tactile 

feedback is widely recognized. A lot of effort is being made to 

come up with solutions to the type of drawbacks mentioned in 

the previous section.  

A portion of this effort is directed at developing 

alternative interaction styles and paradigms, another portion is 

aiming to extend upon existing interaction techniques and 

enhancing existing devices.  

This section will first provide a brief review of some previous 

work on the enhancements of common input devices, followed 

by the introduction of these alternatively proposed interaction 

styles. 

 

4.1 Extensions to touch 

Touchscreens are easy to learn to use, require no additional work 

space, have no moving parts, and are very durable. Despite their 

name, however, they leverage only the motor aspect of touch 

and lack the tactile richness that is key to the enjoyment and 

expert use of keyboards, musical instruments and other 

conventional physical interfaces. Constant visual attention, a 

scarce resource, is required for even the most basic touch 

screen interactions.  

 Most previous work on enhancements of touch 

surfaces falls into two categories. First, the touch surface itself 

can be actuated with various electromechanical actuators such 

as piezoelectric bending motors, voice coils, and solenoids, all 

aiming to bring back the sensation of touching. Second, the 

tools used to interact with a surface. We will now describe two 

publications that fall in the first category. 

 

4.2 Regaining tactile feedback 

Touch interactions occur through flat surfaces that lack the 

tactile richness of physical interfaces. The paper by 

Lévesqueet al. (2011) [22] explores how the physicality of 

touch interactions can be enhanced when using a touchscreen 

with dynamically varied surface friction. It investigates the 

design possibilities offered by using imperceptible high-

frequency vibrations produced with bonded piezoelectric 

actuators. Localized haptic effects are produced by varying the 

surface friction in response to finger movements, creating 

tactile effects that improve touch interactions by enhancing 

physicality, performance, and subjective satisfaction. Their 

results suggest that this tactile feedback could greatly enhance 

the physicality of touch interfaces and lead to greater user 

appreciation. 

The paper by Bau et al. (2010) [2] introduced 

TeslaTouch: a new technology for tactile display based on 

electro vibration that does not use any form of mechanical 

actuation. Which allows to create a broad range of tactile 

sensations by controlling electrostatic friction between an 

instrumented touch surface and the user’s fingers. This article 

is using two comparable setups one based on electro vibration 

and another on mechanical vibrotactile actuation. When 

describing tactile sensations produced by Tesla Touch, 

participants often described them as a combination of 

vibration and friction sensations. This technology can be 

adapted to a wide range of input tracking strategies, and it 

enables a wide variety of interactions augmented with tactile 

feedback. 

 

4.3 Enhancements of the input tools 

The article by Harrison, Schwarz and Hudson (2011) suggests 

enhancements not to the surface but to the tools that are used 

to interact with the touch surface. In their article [13] they 

present TapSense, an enhancement to touch interaction that 

allows conventional surfaces to identify the type of object 

being used for input. This is achieved by segmenting and 

classifying sounds resulting from an object’s impact. For 

example, the diverse anatomy of a human finger allows 

different parts to be recognized – including the tip, pad, nail 

and knuckle. This opens several new and powerful interaction 

opportunities for touch input, especially in mobile devices, 

where input is extremely constrained. Their user study showed 

the technique is immediately feasible, with accuracies in 

excess of 95%. 

 

We just described some efforts being made to enhance or 

extend upon the current generation of touch interfaces. 

Showing that although the drawbacks of these interfaces were 

already identified long before touchscreens where even 

common to use, now decades later, despite huge amounts of 

funding and research that have gone into touch interfaces, the 

main downside of the lack of physicality is still relevant to 

date. Although, the dominant WIMP interaction style --

Windows, Icons, Menus and Pointer-- does have some clear 

advantages over the preceding command-line interfaces, other 

interaction paradigms have been proposed that should have 

more resemblance to manipulations in the physical world.  

 The next subsection will now introduce some 

interaction paradigms that aim to incorporate such physicality 

into their operations.  

 

4.4 Direct Manipulation 

This subsection will introduce interaction paradigms that try to 

reclaim more physicality into their interaction style to benefit 

from their accompanying positive aspects. 

 In human–computer interaction direct manipulation 

is an interaction style that allows a user to manipulate virtual 

objects presented to them, using actions that correspond at 

least loosely to manipulation of physical objects. Which 

involves continuous representation of objects of interest and 

rapid, reversible, and incremental actions and feedback. An 

example of direct-manipulation is resizing a graphical shape, 



such as a rectangle, by dragging its corners or edges with a 

mouse [20]. Direct manipulation has been successfully 

integrated into the WIMP interaction style, but still does not 

solve the main problems as stated in the previous section, 

related to the lack of physical properties of the input device. 

 

4.5 Reclaiming physical interaction: Tangible 

User Interfaces 

One interface paradigm that goes a step further in reclaiming 

the benefits of physical interactions is called the Tangible User 

Interface (TUI), where real tangible surrogate objects are used 

to interact with virtual objects or parameters of the user 

interface [18]. Tangible user interfaces as described above are 

usually consisting of physical surrogate objects that are linked 

to the virtual objects they represent using sensor technology. 

Most common TUIs have a space-multiplexed design, where 

physical objects can be moved around freely and can be 

manipulated inside a bounded sensor area. Some sensor areas 

can detect the surrogate objects in all three spatial dimensions. 

However most sensor areas work in a two dimensional X-Y 

plane, where objects can be moved freely over the X and Y 

axis and can be rotated around an imaginary Z axis. Note 

however, that the computer mouse is also considered a TUI 

because the physical mouse can be seen as a surrogate for the 

non-physical mouse pointer visible on screen. 

The problems mentioned in the previous section are 

all caused by highly virtualized interfaces. Because of their 

physical, instead of virtual nature of TUIs, these interfaces 

should not accompany any of the problems mentioned earlier. 

We will now describe an article by Tuddenham and Kirk 

(2010) [25] to evaluate if practice confirms this theoretical 

assumption. The article offers an experimental comparison of 

tangible and multi-touch input methods. The experiment 

reveals a benefit of tangibles in simple control tasks in terms 

of both manipulation and acquisition time. The results show 

that in control tasks, tangibles are quicker to acquire and 

easier/more accurate to manipulate once you’ve acquired 

them. An accompanying qualitative analysis showed tangibles 

are significantly more preferred than the mouse, users 

frequently praised the “better degree of control with tangibles, 

especially when rotating” p.4 [25]. 

 

Based on their observations the researchers also concluded 

that: “In the tangible condition, there was greater heterogeneity 

of handed interaction with control objects, not just between 

participants but within participants as well. It was common for 

participants to adapt their gestural response, such as adding 

more contact points and control for more complex objects. 

Furthermore, this was accompanied by a tendency towards 

heavy use of the cueing by leaving hands in peripheral contact 

with controls or hovering over them after or ahead of action, 

thus leaving open a rich possibility of rapid correction gestures 

and fleeting returns to control action as attention was shifted 

from control to control. This often led to complex patterns of 

interaction. The tangible condition therefore promoted (or 

afforded) fluidity and adaptability of response.” p. 9 [25]. 

 

This article highlights how tangibles outperform multi-touch 

screens, and offers greater adaptability of control and 

heterogeneity of user interaction. 

 

4.6 Space- versus time-multiplexed input 

devices 

Fitzmaurice and Buxton (1997) introduced the notion that 

input devices can be classified as being space-multiplexed or 

time-multiplexed [9]. With space-multiplexed input, each 

element to be controlled has a dedicated transducer, each 

occupying its own space. A space multiplex input style affords 

the capability to take advantage of the shape, size and position 

of the multiple physical controllers to increase functionality 

and decrease complexity. 

 

“Consider the task of text entry with a space- versus time 

multiplex input style. The time-multiplex input scheme 

could, for example, employ a Morse code button where a 

single key is used to encode each alphanumeric 

character. In contrast, the space-multiplex input scheme 

could use a QWERTY keyboard where there is one key 

per character.” p. 1 [9] 

 

Fitzmaurice and Buxton experimentally compared spatially-

multiplexed TUIs and time-multiplexed input devices to reveal 

the benefits of TUIs. They found out that the space-multiplex 

conditions outperform the time-multiplex conditions. The use 

of specialized physical form factors for the input devices 

instead of generic form factors provide a performance 

advantage. They argue that the specialized devices serve as 

both visual and tactile functional reminders of the associated 

tool assignment as well as facilitate manipulation due to the 

customized form factors. 

 In addition, they found that the inter-device 

switching cost may-not be as costly as originally anticipated. 

That-is, it may be faster to acquire an attached device that is 

out of hand than to attach to virtual controls with a device in 

hand. 

 

To conclude this section, we now list the main interaction 

advantages of using space-multiplexed tangible input devices: 

• The physical nature of the device helps the user to 

manipulate the virtual data by providing it with 

metaphors of real live object manipulation. 

• The tactile properties of the device provides the user 

with tactile/haptic feedback about their actions. 

• Less visual and mental attention needed. 

• There is no need to acquire a logical element, 

because they are already bonded to the physical 

control:  

With traditional GUIs three phases of interaction can be 

distinguished: (1) acquire the physical device. (2) acquire the 

virtual element (e.g., a UI widget such as a scrollbar or button) 

and (3) manipulate the virtual element. Note, however, that in 

case of the mouse there is only one device so the first step can 

usually can be eliminated if the hand remains on the device. 

Alternatively, with Tangible UIs, we can often reduce the 

phases of interaction to: (1) acquire physical device and (2) 

manipulate the virtual element directly. This is possible 



because the physical devices can be persistently attached to a 

logical device.  

The advantages created by using a tangible 

interaction style, seem to cancel out the main problems stated 

earlier in section 3, and should therefore lead to higher 

performance levels. Our experimental setup aims to evaluate 

this assumption.  

 

5. ABOUT THE DECK 

This section will describe why we have chosen for this 

specific type of input device. It also provides a detailed 

description of the specific device used in the current study, 

examining it’s physical layout and defining it’s practical 

affordances. 

 

The type of PUI we use for this experiment is a media 

controller usually referred to as DJ deck, a device that is 

commonly used by disc jockeys (DJs) to mix digital music 

streams. This is a device bridging the gap between classic 

media players and media software. 

 The deck can be easily connected to a pc by USB 

cable, the data is send to the computer via the MIDI protocol. 

The high quality hardware combined with the high resolution 

MIDI/USB data stream results in a high precision input device. 

 

 

 

 

 

We believe that different physical features of input devices can 

lead to different practical affordances. Each feature of a 

specific control element could have some positive qualities for 

performing a specific task, that may be a negative quality for 

performing another task. The computer mouse for instance has 

the special quality of precisely pointing a pixel in a bounded x-

y plane. The computer keyboard gives the user the special 

affordance of writing text in natural languages, having a 

specific button for each symbol of the language. A touch 

screen gives the user the affordance to use their finger as a 

pointing device just by clicking on a region of the screen, the 

screen can also be used as an alphabetical keyboard, without 

having to introduce another physical device to interact with the 

GUI other than the screen itself. 

 There are several reasons why we have chosen to 

evaluate this particular type of tangible input device in our 

experiment. The main reason is the physical layout of the 

device, and its resemblances with common GUI elements. The 

device is packed with a variety of different types of tangible 

control elements: buttons, knobs, sliders and two jog wheels. 

Therefore, the input device can be considered a spatial-

multiplexed collection of TUI object/controls. More 

specifically one where every control has just one degree of 

freedom. In case of the horizontal sliders this freedom lies on 

the X-axis, for the vertical sliders on the Y-Axis. For the 

rotation of the knobs and jog wheels the degree of freedom 

can be defined as a rotation around the Z-axis [5].  

 These physical properties of the device provide the 

user with multiple different control elements that all have their 

own practical affordances. Looking at the visual 

characteristics of the various control elements on the deck 

there is a strong resemblances with common GUI elements 

(see Appendix A for a visual illustration of this resemblance):  

a) The deck has a lot of buttons that can be clicked, they look 

just like normal buttons used in all types of GUIs.  

b) The sliders on the deck correspond strongly with UI sliders 

that are common in graphical user interfaces. 

c) The rotary track knob seems like a good element to control 

discrete item selection in an item list, this because of its 

discrete nature and the feedback it gives in the form of a click 

with every step (like the scroll wheel of the external computer 

mouse).  

d) The continuous Jog wheel seems like a good control for 

navigating through a scrollable dialog window because of its 

free floating, continuous rotary nature. 

 As we have shown in section 4.5, TUIs usually 

consist of physical surrogate objects that have some 

corresponding properties to the virtual objects or parameters 

they manipulate. Looking at both visual and functional 

resemblances between the device's tangible input elements, 

and that of most common virtual GUI elements, the DJ Deck 

can be considered a physical surrogate of common graphical 

user interface elements. TUIs have proved to be very 

successful in completing a variety of specific tasks, using this 

physical surrogate object paradigm. The goal of the present 

article is to examine if this same paradigm applies to the DJ 

Deck, by evaluating if this type of TUI can be successful in 

completing GUI element manipulation tasks. Practical 

experimentation with real users should determine if the device 

really gives the user the expected affordances as described 

above. 

 

The following section will introduce the general architecture 

of the present experiment and how it differs from previously 

conducted experiments. 

 

6. ADDITIONS TO PREVIOUS WORKS 

This section shows how our experimental set up differs from 

previously conducted experiments. 

 

Figure 4. The visual lay out of the DJ Deck 

 

Paul Groth




The present study evaluates the effectiveness of using a 

Tangible Media Controller to control common GUI elements. 

There are several reasons why this experimental design is 

unique in comparison to previously conducted studies, we: 

(1) test for performance on controlling common GUI elements 

instead of a specific tasks. 

(3) test a diverse collection of control elements. 

(4) test manipulation time with the control in hand, instead of 

acquisition of the device. 

(5) test both experience participants as well as inexperienced 

ones. 

 

(1) It’s not the first time this specific kind of devices is 

connected to a computer and used for an experiment. 

Although there is one article [12] that used the exact same type 

of device for data mix performances, this is the first time 

quantitative performance measurements are taken from this 

device. Some previous experiments that also used tangible 

input devices usually have a very task specific set up that is 

often related to music mixing or audio timeline navigating [7, 

10], visualization tasks [6] or data mixing [12]. These articles 

find that for these specific tasks, tangible devices do 

outperform, and where also preferred above the other 

conditions. This article focuses on this device’s effectiveness 

in controlling very generic types of GUI elements. 

 Because the present study aims to evaluate the 

effectiveness of the DJ deck as input device for controlling 

general purpose applications instead of specialized tasks, we 

use a experimental set up that uses generic Graphical User 

Interface (GUI) elements. These elements are the building 

blocks of virtually all personal computer applications, if the 

deck is successful in controlling these elements, the deck 

should be an effective input device for controlling a broad 

range of computer applications. The few experiments that do 

focus only on generic GUI elements, like the study by 

Greenberg and Boyle [11] are often technical; knowledge of 

electronic engineering is needed to reproduce their 

experimental set up. Homemade hardware components were 

used like: sliders, knobs and buttons, which were all manually 

connected and controlled. For our study we use a device that is 

commercially available for normal computer users. 

   

(2) Instead of using only physical sliders like in [6], or just 

scroll devices [20] we evaluate the affordances of multiple 

types of control elements, all attached to one single device. 

The media controller or DJ Deck used in the present study has 

the advantage of being one integrated device that combines a 

variety of control elements. The complete device can be 

connected to a computer using a single USB port. (See the 

next section for a detailed description of the specific input 

device used for this experiment) 

 

(4) As opposed to some experiments that measure both 

acquisition time and manipulation time [25], the present study 

only measures the amount of time spend on manipulation of 

the GUI elements, when the control is already at hand. This 

because we are interested in the different properties of input 

devices, when used to manipulate GUI elements. In terms of 

how much time it takes to navigate from one item to the next 

item, revealing their maximum speed, precision and error 

rates. The time it takes to acquire a given control element or 

switch between devices is not in the scope of this research, 

because we aim to use the device as the main input device and 

it should therefore be at hand at all times. 

 

(5) Because more people are now producing and mixing music 

this type of devices have moved from a professional 

environment to the consumer market, characterized by high 

availability, more in house use and lower prices [p.346, 24]. 

More people now own their own media controller, which 

makes it possible to find experienced users for our study, 

which have their own device and have some prior experience 

in using it. By comparing the performance of the experienced 

user group with our inexperienced user group we can conclude 

if experience with the device is needed to use it effectively. 

This should reveal how intuitive the device is for first time 

users, as well as giving us the opportunity to test the maximum 

performance an experienced user can reach when using such a 

device to control GUI elements. 

 

Research Questions:  

With the present study we explore the usage of an alternative 

input device for controlling common Graphical User Interface 

(GUI) elements.  

Our general research question is:  

Can the DJ Deck be effectively used as an input device for 

controlling Graphical User Interface (GUI) elements? 

 

We use tree sub questions to address our general research 

question 

• Sub Question 1: Do inexperienced PUI users 

perform acceptable with the DJ Deck even though 

the device is new for them?  

With acceptable we mean that the task performance when 

using the deck as input device, will be comparable to that 

when using the more common mouse and keyboard.   

 

• Sub Question 2: Do experienced PUI users perform 

better with the deck than with all the other input 

devices? 

This question should determine if prior experience 

combined with the tangible properties of the device 

results in a quicker manipulation of the GUI elements 

than the other input devices. 

 

• Sub Question 3: Will experienced PUI users 

outperform inexperienced users with the deck? 

This to test if prior experience with this type of PUIs will 

aid performance when using the deck on our tasks. 

 

7. METHOD 

We conducted an experiment to test multiple input devices 

from a human-computer interaction (HCI) point of view. 
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7.1 Participants 

A total of 10 participants took part in our evaluation, each 

participant completed the presented tasks in randomized order, 

to cancel out learning effects. For this experiment we invited 

both inexperienced participants as well as participants that are 

experienced with this type of Physical Input device. This to 

reveal the users rate of adaptation to the newly presented 

device, as well as determine the maximum performance this 

device can support when controlled by an experienced user. 

 

7.2 Procedure 

Before the evaluation, the experimenter explained the purpose 

of the experiment and the basic procedure. Thereafter, an 

informed consent was signed, giving permission to using the 

gathered data for analysis (see appendix B). The detailed 

operations of the UI controls were not mentioned, because we 

wanted to observe the natural behaviours that came from the 

expectations and intentions of each participant. The 

experiment consists of three types of tasks, a item selection 

task, a text scroll task, and a slider task. All tasks are executed 

with multiple input devices, a mouse pad, a keyboard, a USB 

mouse and the DJ deck. Resulting in 14 short tasks with 8 to 

12 items per task. Before each task a short explanation of the 

task is shown on screen. The goal in each task is to navigate to 

a given target value and click a button when the right target 

value is selected.  

7.2.1 Item selection task 

For the item selection tasks a list of the numbers from 1 to 26 

is shown on screen, below the list the target value is given      
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

7.2.2 Text scrolling task 

In case of the text scrolling task, the goal is to scroll down in a 

text form and to click a button when a piece of marked text 

becomes visible on screen. When the button is clicked, the text 

form scrolls back up, and a new text is loaded containing 

another piece of marked text located somewhere else in the 

form. 

 

 

7.2.3 Slider task 

For the slider task the goal is to select a target value between 0 

and 100 on a horizontal slider. An arrow above the slider marks 

which target value to select next. The current slider value is 

shown below the slider. If the target value is selected and a button 

is clicked, a new target value appears above the slider. 

 

 

 

 

7.3 Manipulation time measurements 

To determine the user’s performance on task, manipulation 

time is measured on every item. During all three task types 

time measurements are taken to record how long it takes for 

the user to navigate to the given target value, and click a 

button. When the user starts to manipulate the GUI element 

the timer starts running and stops again when the right item is 

selected, and the button is clicked. Then a new target value is 

presented, time freezes until the user start to manipulate the 

GUI element again, so before the user starts to navigate he has 

time to see what the new target value will be. 

 The participants execute exactly the same navigation 

tasks using different input devices, this way the performance 

of the different input devices can be compared in terms of the 

measured manipulation time. Analysis of the time it takes to 

select a item can reveal the maximum speed and precision 

reachable with a certain input device. Errors can also be 

identified based on the difference between the manipulation 

time and the average manipulation time on a given task.  

 

7.4 Measuring prior computer experience 

For both participant groups we measure the user’s prior 

experience with computer hard- and software. For this 

Figure a. Item selection task. 

 

Figure b. Text scrolling task. 

 

Figure c. Slider task. 

 



measurement we use the computer user self-efficacy (CUSE) 

scale, developed by: Cassidy & Eachus (see appendix C). The 

between group differences in task performance could occur 

because of differing amounts of computer experience between 

experienced and inexperience PUI users. By measuring the 

prior computer experience per group we can determine if 

between group performance differences are caused by their 

general experience with computer user or by their experience 

with physical user interfaces.  

 

7.5 Measuring prior physical user interface 

experience 

Four basic questions are asked to determine the user’s amount 

of prior experience with controlling DJ Decks: 

1) When did you first used a DJ Deck or Media Controller ? 

2) How many times a month do you use a DJ Deck ? 

3) When you use a DJ Deck, for how long do you use it at a 

time ? 

4) What brand and model of Media Controller do you use?

 This last question is used to determine the difference 

between the device the participant usually uses and the device 

we use in our evaluation. The other tree questions are used to 

determine the amount of prior experience a particular 

participant has in controlling physical user interfaces. 

 

7.6 Analysis 

For data analysis we used a paired T-test with a significance level 

of 5%. For the manipulation time we use tenths of seconds as the 

unit of measurement throughout this article. Below each result 

table is given if the manipulation time is summed up or averaged 

over all, tasks, devices, or participants (per group). 

 

7.7 Expected outcome 

Our experiment aims to test the performance of the DJ Deck 

on general GUI elements. A comparison to other input devices 

is made to conclude if this alternative input device has any 

advantages to more commonly used input devices. 

 Before getting into the actual results of this 

experiment we will now present some expectations of the 

current study.  

• Hypothesis 1: We hypothesise that inexperienced 

PUI users perform acceptable with the DJ Deck even 

though the device is new for them. We expect that 

the task performance when using the deck will be 

comparable to that when using the more common 

mouse and keyboard as input device. We expect that 

the deck’s controls will be intuitive to use for the 

proposed task. This because of the physical 

properties of the device and its resemblances 

between the GUI elements.  

• Hypothesis 2: We also expect that experienced users 

will outperform novice users. Assuming that prior 

experience with this type of media controllers will 

aid performance when using the deck on our tasks. 

• Hypothesis 3: Furthermore we hypothesize that 

experienced PUI users perform better with the deck 

than with all the other input devices. This because of 

the tangible properties of the device, that provide the 

user with more tactile feedback than the other 

devices, resulting in a quicker manipulation of the 

GUI elements. 

• Hypothesis 4: Different physical properties of 

control elements all have their own specific strengths 

and weaknesses giving different affordances on 

specific tasks. Promoting the use of multiple 

specialized control elements, instead of one or two 

generic input device, creating a strong task 

dependent working environment. 

 

8. RESULTS 

8.1 Between group differences 

Novice users do pick up the usage of this new device quickly, 

reaching scores comparable to commonly used input devices on 

their first interactions with the device, supporting our first 

hypothesis. 

Although experience users perform slightly better than 

inexperienced users on all tasks, the difference is not significant. 

This suggests that having prior experience in controlling DJ 

Decks does not aid performance when using the same device type 

for controlling general GUI elements, this result goes against our 

second hypothesis. 

 

  ITEM SCROLL SLIDER 

inexperience users 300 187 260 

experienced users 283 182 234 

 

 

8.2 Comparison between input devices 

8.2.1 Item select 

Within the item selection task, the track NOB is significantly 

faster (T=0,0032) than all the other devices and control elements. 

Behind the track knob, the keyboard is the second fastest device 

in controlling this item selection task, being significantly faster 

(T=0,0025) than all other devices, except the track NOB. 

8.2.2 Text scroll 

The DJ Deck’s Jog wheel was the fastest input device for 

controlling the text scrolling task, faster than all the other 

devices, although not significantly faster (T=0,2535) than the 

keyboard, the deck did significantly (T=0,0078) outperform all 

the other input devices. 

8.2.3 Slider 

On our third task type, the horizontal slider task, the USB 

mouse was significantly faster (T<0,0001) than all other 

devices. The mouse pad, keyboard, and DJ Deck perform 

equally well on the slider task, but were significantly 

outperformed by the external USB mouse. 

 

 

 

 

 

 

Figure d. Deck performance between user groups. 

(average manipulation time on task) 
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PAD KEYB USB DECK NOB 

ITEM 
2165 1733 1872 3055 2029** 

SCROLL 
3432 2032 2275 1929*  

SLIDER 
2392 2467 1560** 2607  

outperforms all other devices significantly** 

outperforms all other devices significantly except one* 

 

 

 

These separated results per task show that most control 

elements score good on some tasks but not on all tasks. 

revealing the complementary nature of the different types of 

input elements used for this experiment. Supporting the fourth 

hypothesis, that all control elements have their own specific 

strengths and weaknesses on specific tasks. 

8.3 Overall performance 

Looking at the overall score of all the tasks combined the USB 

mouse is significantly faster than all other devices used in our 

experiments. This shows that the USB mouse can still be 

considered a strong general purpose input device. Overall, the 

keyboard also performed quite well. The laptop’s built-in 

touchpad performs very weak on all task types. Although not 

significantly, the DJ Deck did outperform the laptop’s built-in 

touchpad on a combined time measurement off all tasks. This 

result goes against our third hypothesis that the deck’s controls 

would outperform all the other devices on all tasks. 

 

Mouse PAD 6145 

Keyboard 4794 

USB mouse 4390** 

DJ Deck 5839 

outperforms all other devices 

significantly** 

 

 

 

9. EVALUATION 

Altogether the DJ deck performs very acceptable as an input 

device for controlling GUI elements. Note, that the average 

computer user has at least hundreds of hours of experience in 

controlling a keyboard and mouse. Even when used by 

inexperienced participants that have never used a device like 

this before, their performance is comparable to that of more 

common input devices.  

 Looking at the results per task separately, the deck’s 

outperforms the other input devices on two of the three tasks. 

A good result when you realize that it’s probably the first time 

the user uses this particular device. 

During our experiment we have identified a quite 

common error that every participant encountered at least once 

during the experiment. We will call it the overstep error or 

precision error, it means that when the user navigates towards 

the given target value, it oversteps the target value, usually by 

just one or two steps. Forcing the user to navigate back to the 

target value one again in the opposite direction, creating the 

possibility to overshoot the target value one more in the other 

direction, resulting in oscillating around the target value. Some 

input devices are more prone to have this problem, because of 

their high initial navigation speed, high device sensitivity or 

the absence of stepwise feedback coming from the input 

controls.  

10. DISCUSSION AND FURTHER WORK  

The present study gave a basic examination of the 

effectiveness of a specific type of space-multiplexed tangible 

input device to control generic GUI elements. We did identify 

some limitations in regard to the tasks we used for our 

experiment. We will now list these limitations and propose 

some solutions that could counteract these limitations in 

further investigations. 

 In case of the discrete tasks, fine grained, high 

precision control was needed to reach a good score. Therefore 

the overstep error was occurring quite often in both the item 

selection, and the slider tasks. Especially in the slider task the 

target value was a number between 0 and 100. So, the need for 

a control precision of 1% was needed, resulting in a lot of 

overstep error occurrences, especially when using the 

continuous input controls. For most common tasks it is 

unrealistic to use 1% precision, this is just like asking the user 

to point to a single pixel on the screen instead of a pointing to 

a reasonably sized icon. For further investigation we suggest 

using an upper and lower target boundary instead of just a 

single value, like we did for the text scrolling task, where the 

marked text had to be visible somewhere on screen. 

 We were interested in the maximum performance 

that can be reached with the DJ deck, for that reason we used 

an group of experienced TUI users. Still we believe that none 

of our participants have reached their maximum performance 

during the experiment, because the participants had to use a 

DJ Deck that was new for them. They didn’t use their own 

device, so some adoption to the device was needed to get used 

the particular device before maximum performance could be 

reached. For a follow up study we suggest to let participants 

use their own device during the experiment to cancel out the 

needed adaptation to the device. Longer trials could also be 

used to investigate beyond the initial adaptation phase towards 

the maximum reachable performance level. 

 Some previous work suggests that TUIs afford the 

user to perform complex tasks like using multiple controls 

simultaneously or in close sequence [25]. Because of the 

simple nature of the tasks used in our examination we could 

not explore the possibility of these more complex user 

interactions. We measured manipulation time on single UI 

elements, not measuring acquiring time and switching costs 

between different control elements on the same device. For 

additional research we suggest to make the tasks more 

complex, using a broader variety of control elements, test 

simultaneous manipulations of different GUI elements per task 

to reveal the special affordances of the deck.  

 

Figure e. Per task results for each device. 

(combined manipulation time) 

Figure f. Combined task results for each 

device. (combined manipulation time) 



Although we have shown performance advantages for using 

multiple, specialized devices, there are some possible 

drawbacks for this approach including (1) cost of buying 

multiple devices, (2) learning the association between the 

physical and virtual user interface components, and (3) the 

overall management of multiple devices (e.g., they take up 

space and could get misplaced). Nevertheless, many of these 

issues are common and manageable in other disciplines. 

 

Although we hypothesise about the visual and mental 

workload exerted by different devices, we did not present a set 

up to test this hypothesis directly. There are technical 

possibilities to determine the user’s amount of visual and 

mental attention needed to control input devices. 

 

As a final note, in the current experimental design we only 

gathered quantitative data about the users on task 

performance, no quantitative measurements were taken during 

the tasks. In interface design it’s not just performance that 

matters, measuring the users affect towards the interaction or 

device can give valuable information. We suggest an 

additional evaluation that is not concerned with performance 

measures such as time to completion, error rates and other 

quantitative aspects of performance. An evaluation that does 

consist of some tasks aiming to get the participants to express 

themselves, think aloud while attending to the tasks, 

expressing their appreciation for and the limitations of  the 

device. 

 

When comparing the feel of the different control elements, a 

distinction can be made between discrete and continuous 

control elements. The discrete controls (e.g. the keyboard, 

scroll wheel and track knob) have a intuitive way of navigating 

one step forward or backward. Minimizing the occurrence of 

the overstep error, resulting in high performance on discrete 

tasks types (e.g. the item selection task and the slider task). 

Continuous controls (e.g. the mouse, the slider and Jog Wheel) 

usually do not have a distinctive way to navigate a single step, 

only trial-and-error learning will help the user to find out how 

much to move the control element to navigate just one step 

for- or backwards. For these types of controls, the high 

sensitivity, and high initial navigation speed, combined with 

the absence of the control’s step feedback results in a high 

occurrence of the overstep error, leading to a low score on 

discrete task types. On the other hand the high sensitivity, and 

high maximum navigation speed of these continuous devices 

results in high performance on continuous tasks (like the text 

scroll task) where precision in less important than maximum 

speed. This reveals the complementary nature of these 

different types of input elements, showing a trade-off between 

maximum navigation speed and navigation precision. 

Supporting the hypothesis that these different control elements 

all have their own specific strengths and weaknesses on 

specific tasks, e.g. making discrete controls more suitable than 

continuous ones for controlling tasks having a discrete nature. 

Supporting the main direction of this article towards the use of 

multiple specialized control elements instead of one or two 

generic input device, creating a strong task dependent working 

environment. 

11. CONCLUSION  

Computer graphics have made it possible to completely 

virtualize user interfaces. Highly virtualized interfaces, such as 

touch interfaces have advantages of flexibility, space 

efficiency and input-output collocation, but these 

developments can also come at a cost. The most obvious 

drawback that can be seen in many modern input devices, 

especially touch screens, is the absence of tactile feedback to 

the user.  

The present study gave a basic examination of the 

effectiveness of a specific type of space-multiplexed tangible 

input device to control generic GUI elements. The overall 

results show that these types of Media Controller can 

effectively be used to control generic GUI elements. Already 

reaching a performance level comparable to that of more 

common input devices on the first trials of the experiment.  

Our experiment revealed the complementary nature 

of different types of input elements, showing a trade-off 

between maximum navigation speed and navigation precision. 

These findings support the hypothesis that different control 

elements all have their own specific strengths and weaknesses 

on different tasks, e.g. making discrete controls more suitable 

than continuous ones for controlling tasks having a discrete 

nature. Supporting the main direction of this article, towards 

the use of multiple specialized control elements instead of one 

or two generic input device, creating a strong task dependent 

working environment. 
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Appendix A: 

Resemblance between the DJ Deck and GUI elements  

 

 

 



 

Appendix B:  

INFORMED CONSENT  
 
Date: 23-7-2014 

Study Title or Topic: Using the DJ Deck to control Graphical User Interface Elements 
Researcher: Guus Rietbergen, MA candidate, Graduate Program in Amsterdam, VU 
 

What You Will Be Asked to Do in the Research: 
The Participant is asked to use different input devices to control Graphical User Interface Elements 

(e.g. Mouse, keyboard and DJ Deck). 
Risks and Discomforts: 
I do not foresee any risks or discomfort from your participation in the research. 
Voluntary Participation: 
Your participation in the study is completely voluntary and you may refuse to answer any question or 

choose to stop participating at any time. 
Withdrawal from the Study: 
You can stop participating in the study at any time, for any reason, if you so decide. Your decision to 

stop participating, or to refuse to answer particular questions, will not affect your relationship with the 

researcher or VU university Amsterdam. Should you decide to withdraw from the study, all data 

generated as a consequence of your participation will be destroyed. 
Confidentiality: 
All information you supply during the research will be held in confidence and, unless you specifically 

indicate your consent, your name will not appear in any report or publication of the research. Your data 

will be safely stored and only the researcher and supervisor will have access to this information. 
Questions about the Research:  
If you have questions about the research in general or about your role in the study, please feel free to 

contact Guus Rietbergen, MA candidate in Information Studies:HCM 
Publication of Data: 
The provided data will be used for statistical analysis, demographic information may be mentioned in 

the report anonymously. 

 
Legal Rights and Signatures:  
I (fill in your name here), consent to participate in (insert study name here) conducted by (insert researcher’s 

name here). I have understood the nature of this project and wish to participate. I am not waiving any of my legal 

rights by signing this form. My signature below indicates my consent.  
Signature     Date         
Participant  
  
Signature      Date     
Researcher 



 

Appendix C:  

Source: Cassidy, S., & Eachus, P. (2002). Developing the Computer User Self-Efficacy (Cuse) Scale: 

Investigating the Relationship Between Computer Self-Efficacy, Gender and Experience With 

Computers. Journal of Educational Computing Research, 26(2), 133–153. doi:10.2190/JGJR-0KVL-

HRF7-GCNV 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 


