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ENHANCING THE USER EXPERIENCE OF TV USER INTERFACES: THE CONTINUOUS INTERACTION PRINCIPLE

In this article we describe the contextual constraints for developing a new form of interaction technique for the TV environment (problem statement) and present a brief state of the art on currently researched interaction technologies for enhancing the TV experience (touch, point-and click, gesture, speech). Then design and development of the continuous interaction principle is presented followed by results from a first user evaluation. In the experimental user evaluation study, the research focus was to evaluate the continuous interaction principle by comparing two types of continuous input: touch and haptic feedback. While there was no difference in terms of usability for continuous input (haptic feedback) vs. touch input, the continuous input with haptic feedback is rated higher in terms of user experience than the touch input. The evaluation results in general indicate that new ways to interact with content can reduce complexity of the user interface and enhance the experiences of the user when interacting with an interactive TV system.

INTRODUCTION

Over the last decade, user interfaces of I(P)TV systems were undergoing continuous developments and changes. The available functions as well as the content offered via these systems have multiplied. This increase in offered content and user interface (UI) complexity also poses challenges to users when navigating and using these systems. To overcome the clear limitations of standard approaches to provide a joyful user experience when browsing through content, we developed the continuous interaction principle. The continuous interaction principle consists of (A) a novel type of user interface and (B) the ability of the system to deal with continuous input.

The increasing complexity, as well as a steadily increasing number of services available on interactive TV and Internet Protocol based TV systems makes activities as simple as watching TV more and more complicated. New forms of interaction have been proposed in the scientific community to enhance the standard remote control (RC) interaction. These forms of interaction include touch, gesture (point and click and free hand), speech or voice recognition as well as combinations of these modalities.

STATE OF THE ART The "Standard" Remote Control

The majority of people associates watching TV with the use of a remote control. While the limitations of standard remote controls have been reported in detail (e.g. ( 7)), the majority of TV-related devices are still controlled with an ordinary remote control using infra-red signals to control the TV. During the last 50 years, the design and functionality of remote controls has seen the following major changes:

• the extension of number of buttons on the remote control: Originally remote controls had one button for one function (e.g. four buttons for the four TV channels available). With the increase of functions on the TV, also the number of buttons increased. Especially latest developments for the support of text entry have shown the same approach (e.g. dual-sided or double-sized remote controls).

• the reduction of number of buttons in combination with an on-screen UI [START_REF] Mirlacher | Interactive Simplicity for iTV: Minimizing Keys for Navigating Content[END_REF][START_REF] Obrist | Field evaluation of a cross platform 6 key navigation model and a unified user interface design[END_REF].

• the usage of touch sensitive elements on the remote control (4, 15)

• the usage of speech as alternative means for input [START_REF]r117 remote control by ruwido austria[END_REF].

Touch

To enhance or replace remote controls with touch-based input has been already been suggested by Enns and Mackenzie (4) in the last millennium, where they presented a remote control including touch and gesture. In general, touch interaction has been getting more and more important with the rise of smart-phones. While touch interaction was well researched within the last 20 years it still seems to have difficulties to enter in today's living rooms [START_REF] Pirker | Investigating usability and user experience as possible entry barriers for touch interaction in the living room[END_REF]. The drawbacks of classical remote controls are said to be their lack of scalability and their difficulty in supporting new technologies. Touch-based interaction for remote controls could help to simplify the interaction, supporting flexibility in terms of taskoriented support, by simply changing the number of buttons shown on the screen.

Touch interaction can pose a set of usability problems, including the limitation that touch interfaces cannot be used blindly (compared to a standard remote control were users can feel the buttons). Additionally, most touch-enabled devices do not support infrared signal emission which is still the standard for most standard TV devices; thus, new forms of communication with the TV and iTV system like Wi-Fi are needed and have to be supported by all involved devices.

Voice/ Speech

Voice interaction has its roots in natural language processing (5). Elder (3) was one of the first that considered it as an interaction technique. It seems advantageous to apply speech as an interaction technique for iTV systems: it can be hands free, thus enabling the user to naturally interact with the system without the need to take any device in his hands.

But voice interaction also poses a set of difficulties when applied in the context of iTV.

Integrating sound/speech recognition in this environment is difficult; it implies the necessity that the user actively activates the speech recognition functionality to avoid any misleading interpretation of the ambient noise or sound in the living room. Apart from the fact that the accuracy of speech recognition and recognition of certain languages/dialects is still an issue, it additionally needs enhanced technical solutions (e.g. special microphones in the TV or remote control) to enable the user to perform speech input.

Gesture

Gesture has been become accepted widely as a possible means of controlling devices due to its success in video games. It offers the advantages that it does not require visual attention from the user on the remote control, but supports a completely blind usage, enabling the user to solely focus on the TV screen. Gesture interaction has been reported to be well accepted by users [START_REF] Kela | Accelerometer-based gesture control for a design environment[END_REF][START_REF] Pelling | Be careful how you point that thing: Wiimote aiming for large displays[END_REF]. Regarding the question whether mobile phones can be used reasonably well as pointing devices, evidence here is contradicting, showing that pointing is not possible [START_REF] Lin | Free hand interface for controlling applications based on Wii remote IR sensor[END_REF], while others demonstrated pointing capabilities [START_REF] Pelling | Be careful how you point that thing: Wiimote aiming for large displays[END_REF].

Gesture interaction based on a Wii-mote has been recently investigated in the context of TV (2) replacing traditional remote controls. Findings indicate that users perform naturally pitch and yaw gestures when interacting with a gesture instead of the remote control.

Gestures seem appropriate to enable eyes-free interaction, and to avoid the continuous problem of selecting buttons on a standard remote control. In a second study the same authors study free hand gesture. It was shown that the optimal mapping between mid-air gestures and directional actions strongly depends on context [START_REF] Bailly | Gesture-Aware Remote Controls : Guidelines and Interaction Techniques[END_REF]. Hybrid techniques combining mid-air gestures and buttons were especially efficient, with the further advantage of compatibility with pure button-based techniques.

As designers will want to look for eyes-free interactions, techniques using a directional pad or pitch and yaw for transposing 2D marking menus to the mid-air space are recommended. Purely gestural techniques tend to be slightly lower, in terms of performance, though. It is necessary to focus on keeping it simple, and to keep in mind that designing for the entertainment in the home, especially for the living room, poses a unique context.

CONTINUOUS INTERACTION

The main goal of our research was to develop a form of interaction principle that will allow users to browse in large quantities of content in a simple and efficient way, for example large Video on Demand stores with thousands of movies or extensive channel lists offered by some IPTV providers. The interaction principle should rather be an evolution, based on the current standard remote controls, than a revolution.

Main tasks supported are to browse in large quantities of content, to interact with the content in an easy way (pause/forward/back) and to easily change channels and control the volume. This is in line with our research findings of the most often used functions/buttons [START_REF] Mirlacher | Breaking myths: inferring interaction from infrared signals[END_REF]. The interaction principle must be usable for all audiences, keeping in mind that watching TV overall is still a rather passive activity.

We followed an iterative user-centered development process. Based on a variety of ethnographic studies investigating current user behaviors and user needs in the field we identified that the most important aspect of TV watching is still "watching TV". Given the enormous amounts of content offered in terms of TV channels as well as content offered on a video on demand basis, we came up with the idea that the user should be able to search continuously in the content, simply navigating deeper into it.

The interaction principle we came up with is currently labelled continuous interaction principle and basically consists of two parts. The first part is an input device that enables continuous input and at the same time continuous feedback. The second part is a user interface that corresponds to this mechanism. The interaction is aimed to feel 'analogue' as opposed to keeping a button pressed that resends the same signal on standard RCs.

Input device:

In terms of interaction, we came up with a solution for the input device that uses a movable element, which can be pushed and pulled by the user (Figure 1). The movable element is based on a patented interaction solution (13) that enables continuous feedback to the user: the harder/faster the user pushes, the more resistance (force feedback) is perceived. The visual feedback, reflected in the graphical user interface, is the result of the movement speed of the input device which corresponds to the presentation of the items on the screen.

The continuous interaction is performed by shifting a plate on top of the remote control (cf. To select an element within the on-screen menu, the user presses an ok/select button. The interaction and depth of menus is designed based on previous work on enhancing the usability of iTV systems [START_REF] Mirlacher | Interactive Simplicity for iTV: Minimizing Keys for Navigating Content[END_REF]. Error recovery is supported as users can come back to the main menu by repeatedly pressing the back button.

User Interface: To support the continuous interaction moving forward and back (push/pull), the graphical user interface takes up this metaphor and provides a list of elements that the user can browse through in only two directions similar to index cards [Figure 2 (right)].

To investigate the continuous interaction principle, a series of prototypes has been built for the input device. We have been experimenting with various forms, ranging from the shape of a standard remote control to the (finally selected) monolithic form (Figure 1).

The overall award winning design concept is called aura (1) and the goal was to communicate that this type of interaction is able to support users in their most preferred activities: searching through media content and simply watching media content.

The user interface was developed having the next generation of set-top boxes in mind, using a combination of html 5, css3 and java script. The communication protocol between the remote control unit and the user interface is based on RF4CE. 

USABILITY AND UX STUDY

The goal of this study is to investigate usability and user experience of the continuous interaction principle. To investigate the optimal way on how to support these principles, we compared to ways of input: continuous and touch input.

Our hypotheses are that (A) the continuous interaction principle is usable and provides a better user experience for both types of input compared to standard remote control interaction (B) the usability of the continuous input will be better in terms efficiency, effectiveness and satisfaction.

Method and Setting

To investigate usability and user experience aspects an experimental user study was performed. The study was conducted in a lab equipped as living room. Twelve persons took part in the study, six were female and six were male.

The age of our participants ranged from 18 to 55 years. All participants had normal or corrected to normal sight and all were right-handed. The experiment took place in December 2012 at the User Experience Research Lab in Neumarkt, Austria. To observe the users interacting with the system we used three network cameras, which were remotecontrollable. A microphone was used to record comments and interview answers.

The study was structured as follows: in a short pre-interview, participants were asked about current media usage, remote control usage and touch interaction. Then the participants were handed over the first remote control and participants performed a warmup task (switching through channels). Then four tasks were performed with the remote control. Participants completed a SUS (Standard Usability Scale) questionnaire and the AttrakDiff (6) questionnaire before starting with the second remote control (again one warm-up task and four typical interactive TV tasks followed by the two questionnaires.

Remote Controls used to evaluate the Continuous Interaction Principle

The Continuous Interaction Principle was evaluated using two remote controls which are depicted in Figure 3.

The touch input remote control has a touch sensitive area in the middle, flanked by the silver OK and back buttons. Nine LEDs provide visual feedback for the interaction. The continuous input remote control has a moveable plate on top. Both of the remote controls offer position sensitive functions as described above.

Tasks

The tasks were (T1A) finding a broadcast in the EPG ordered by time or (T1B) by channel; (T2A) searching for a video on demand movie by genre or (T2B) by order A-Z and using the playback function; (T3A) moving step-by-step through a list of channels or (T3B) video on demand items and (T4A) finally changing the volume to the maximum or (T4B) turning the system off. 

RESULTS

Usability

The continuous interaction principle is overall usable, with some room for improvement. Usability for the continuous interaction principle was rated slightly better than for the touch interaction. Both ratings are in line with SUS ratings for standard remote controls which typically range from 65 to 85 for standard iTV tasks (e.g. in ( 15)).

The average SUS rating for the continuous interaction was 72.1 while the touch interaction was rated 68.3. There was no significant difference in SUS scores for the continuous input (M = 72.1, SD = 18.1) or touch condition (M = 68.3, SD = 25.5); t(22) = 0.42, p = 0.681.

To investigate the differences between continuous input and touch interaction, we compared the completion rates for all tasks. Task completion overall was very high (93%).

There was no significant difference is task completion for the two types of input.

One main difference between the two types of remote control was the integration of additional functions for the various positions of the continuous input device. To investigate the ability of the participants to discover that the position of the remote control is activating different functions (turning counter-clock is activating the volume control, turning clockwise is activating the video forward/rewind function, and turning the remote control 180 degrees is turning the system off) we asked in task 4A/B to change the volume to maximum and to turn off the system. These were the only tasks were participants did not succeed in terms of interaction technique. Finding out these functions without any guidance seems to be difficult.

Most errors in interaction were related to precision problems with the touch interaction or overshooting with the continuous input. Participants were overlooking navigation items, had problems with speed or accuracy for both types of interaction.

The continuous input allowed the participants to perform the majority of tasks faster than with the touch interaction. While the interaction with the continuous input is faster the perceived difficulty of the task is almost the same for the two forms of input (no significant differences).

User Experience

To investigate the perceived user experience, we used the user experience questionnaire of Hassenzahl (6) called AttrakDiff. The AttrakDiff uses a semantic differential scale to investigate pragmatic quality, hedonic quality (stimulation and identity) and the attractiveness of a product:

• Pragmatic Quality (PQ): Describes the usability of a product and indicates how successfully users are in achieving their goals using the product.

• Hedonic Quality -Stimulation (HQ-S): Mankind has an inherent need to develop and move forward. This dimension indicates to what extent the product can support those needs in terms of novel, interesting, and stimulating functions, contents, and interaction-and presentation-styles.

• Hedonic Quality -Identity (HQ-I): Indicates to what extent the product allows the user to identify with it

• Attractiveness (ATT): Describes a global value of the product based on the quality perception.

According to Hassenzahl (6) the hedonic and pragmatic qualities are independent of one another, and contribute equally to the rating of attractiveness.

While the touch input was rated quite high according to the pragmatic quality (PQ) (M = 0.40 on a scale from -2 to 2, SD = 1.6) the PQ of the continuous input was rated at nearly the same level (M = 0.87, SD = 1.02). The difference for the pragmatic quality is not statistically significant ( t(22) = 0.845, p = 0.407).

The overall hedonic quality of the two remote controls, combining the two concepts of hedonic quality -stimulation and hedonic quality -identification, was rated very high, with means above 1.5 on a scale from -2 to +2 for both remote controls. There was no significant difference in scores for hedonic quality for the continuous input condition (M = 1.64, SD = 0.83) and the touch input condition (M = 1.63 SD = 0.59); t(22) = 0.61, p = 0.952. A closer inspection of the two concepts of stimulation and identification revealed that both of the remote controls scored slightly better for the stimulation dimension (continuous input: M = 1.85, SD = 0.80; touch input: M = 1.82 SD = 0.74) than for the identification dimension (continuous input: M = 1.44, SD = 0.91, touch input: M = 1.43, SD = 0.70).

Nevertheless, there was no significant difference observed for the two remote control conditions in terms of scores for hedonic quality -stimulation (t(22) = 0.076, p = 0.940) as well as scores for hedonic quality -identification (t(22) = 0.36, p = 0.972).

SUMMMARY AND DISCUSSION

The goal of the continuous interaction principle was to design and develop an interaction solution that offers users a usable way to browse through large quantities of content and provides an enhanced user experience. The solution takes into account the specific usage situation in the living room, allowing the user to interact with the content without the need to look at the remote control which is supported by the continuous input remote control providing haptic feedback.

To support frequent functions like volume control and power on/off, the continuous interaction principle uses position-dependent information from the remote control to perform these actions. Using such a way of interaction for frequently used functions should be used sparingly, as users might not detect the additional functionalities themselves.

The continuous interaction principle overall supports a lean back behavior of the users, as the control requires only little learning effort.

The evaluation of the continuous interaction principle showed that the specially designed continuous input remote control that uses physical (push/pull) movement and haptic feedback is slightly advantageous compared to the touch interaction. Results indicate that the solution overall is experienced as improvement in terms of user experience, despite some usability flaws and average usability ratings for the SUS and the AttrakDiff questionnaire, which were outweighed by the excellent ratings for hedonic quality.

The evaluation of the continuous interaction principle with two types of continuous input (touch/continuous) showed that the system overall is perceived as usable and does provide an overall good user experience. The evaluation confirmed our two initial hypotheses that the principle is usable and offers an enhanced user experience and that the continuous input (with the remote control with haptic feedback) was rated slightly better in terms of user experience.

Figure 1 -

 1 left to right). Shifting up (pushing) moves further into the user interface, while shifting down (pulling), is going back out in the user interface. The remote control is also position sensitive. If the remote control is turned counter-clockwise (roll) and the plate is shifted up and down, the volume function is activated, while clockwise turning (roll) is activating the video forward/reward function. Turning the remote control upwards (yaw) pauses the currently played video content. Turning the remote upside down (rolling 180 degrees) and having it motionless for some time is turning the TV system off.
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 3 Figure 3: Left: Touch input with LED feedback; Right: the continuous input remote control