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Abstract 
We present a multimodal media center interface based on 
speech input, gestures, and haptic feedback.  For special user 
groups, including visually and physically impaired users, the 
application features a zoomable context + focus GUI in tight 
combination with speech output and full speech-based control. 
These features have been developed in cooperation with 
representatives of the user groups. Evaluations of the system 
with regular users have been conducted and results from a 
study where subjective evaluations were collected show that 
the performance and user experience of speech input were very 
good, similar to results from a ten month public pilot use. 
Index Terms: multimodal interface, digital television 
 

1. Introduction 
Multimodal interaction can be beneficial for digital home 
appliances and their digital content. One particular, and 
already a relevant example area is the so-called media center 
applications, which combine commonly accessed media 
(television broadcasts, music, photographs etc.) into a single 
device/application. Many such systems, both hardware 
solutions and software for personal computers and game 
consoles exist. Typically, they are used with a remote 
controller. However, this makes the interaction quite clumsy in 
many cases, or even too complex for some users. 

Use of speech and multimodal interfaces has been studied 
in the interactive television context. Ibrahim and Johansson 
[1] propose a novel TV program guide system which combines 
speech interaction and direct manipulation with a remote 
control. Their results indicate that users prefer the multimodal 
approach to pure spoken input or pure direct manipulation, as 
different modalities are better suited for different operations 
and hence support each other. However, when speech input is 
used, its complexity might become a problem. Wittenburg and 
others [2] studied unrestricted speech input for TV content 
search and found retrieval performance to be critical to user 
experience, indicating that unrestricted speech input is only 
viable if user expectations can be met. It might therefore be 
advisable to use a domain specific grammar and vocabulary 
rather than allow free form speech, in order to maximize 
recognition rates and avoid negative experiences. With 
restricted speech, however, the amount of Out-Of-Vocabulary 
sentences may become a problem. If these challenges are met, 
speech can provide a powerful input channel: commands, 
which would require tedious navigation with current 
interfaces, can be given with a single utterance. 

In addition to providing new interaction methods for regular 
users, speech and other new modalities can help many special 
user groups. Speech has been traditionally applied to support 
visually impaired. Television and radio are important for this 
group, and digital television provides some new possibilities, 
such as subtitles being read out loud using TTS. 

While visually impaired users benefit from the speech 
output, many user groups can benefit from speech input. 
People with motor impairment, such as paralysis or some 
neurodegenerative diseases, are often limited to using input 
methods with very limited means of interaction. With speech 
recognition some of these users can have significantly more 
efficient access to various systems, including digital television. 

In this paper we present how the speech input, together 
with supporting modalities such as gestures, haptic feedback 
and zoomable graphics, can provide an efficient interface for 
media center applications. Furthermore, we present how the 
multimodal interface can be accessible for different user 
groups. For blind users, speech output and haptic feedback 
provide full access to the information, while a zoomable GUI 
is accessible for many visually impaired users. Speech input 
combined with a voice activity and blow detection makes the 
interface usable for physically impaired users who cannot use 
their hands. 

The rest of the paper starts with a generic description of 
the system. This is followed by descriptions of the different 
modalities. In the end, we describe a user evaluation that was 
carried out to study user expectations and experiences of the 
different interaction modalities. After results, we conclude by 
discussing the implications. 

2. Multimodal Media Center 
As a part of the Finnish project TÄPLÄ (Ambient Intelligence 
based on Sound, Speech and Multisensor Interaction) we are 
developing multimodal interaction methods for home 
environments. A large consumer survey with more than 
thousand respondents conducted at the beginning of the 
project did show that while people consider speech input with 
caution, the actual experiences with a working speech-based 
system can make attitudes more positive [3]. Media centers 
form an area, which is rapidly becoming very popular in 
homes. It provides a lot of opportunities and challenges for 
user interaction solutions. In the TÄPLÄ-project, we have 
built a multimodal interface based on speech, gestures, haptic 
feedback, and their rich multimodal use for a media center 
application.  

Our solution is based on a low-cost PC (Athlon X2 3800) 
running the media center server software, a mobile device 
(Nokia N95) as an interface device, a wireless access point to 
connect these together, and a high-definition 40” digital 
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television. The server software implements the media center 
application functionality. It is written in C# and runs under 
Windows XP. The server software includes speech 
recognition, and speech synthesis. The mobile device has the 
following embedded components as native Symbian 
applications: gesture recognizer, speech recognizer, haptic 
feedback controller, and speech synthesizer. General logic, key 
input and display are controlled with a MIDP 2.0 based 
application.  This setup is illustrated in Figure 1. 

 
Figure 1: Media Center Setup. 

The media center application offers the same functionality as 
the other applications in the area, e.g., users are able to watch 
and record television broadcasts, listen to music, and view 
photographs. In the first version we have focused on television 
broadcasts. The application provides full control over digital 
television content, including a novel electronic program guide 
(EPG). Next, we present its multimodal user interface. 

3. Multimodal User Interface 
As illustrated in Figure 1, the television is the main display, 
and the secondary display is the one in the mobile phone. The 
phone is also able to provide haptic feedback. Next, we 
present these in more detail.  

3.1. Zoomable Focus + Context GUI 

The system interface consists of several screens for different 
application media (e.g., photographs and music). Here, we 
focus on the EPG interface. It consists of a matrix display, 
where columns represent channels and rows represent time 
slots. Cells are individual television programs. The columns 
and rows near the center of the display are slightly enlarged 
and/or highlighted, and a strong enlargement is applied to the 
active program. Transparency is used to make the content 
under the enlarged area visible. The graphics are also freely 
zoomable from weekly overviews to extreme close-ups. The 
mobile phone display shows the last user input, i.e., it provides 
feedback on speech and gesture recognition results, and 
displays contextual help and detailed information for the 
active view. For many visually impaired users, these features 
combined with a proper use of contrast, colors and fonts can 
make graphical elements very helpful. 

Finally, overlaid animated icons are used to give guidance 
and feedback for gestures and speech input. Push-to-talk 
activation is displayed on screen so that users can be certain 
that the system is listening to their speech, which is 
particularly important when activation is not done with 
buttons, as is the case for users with motor impairments. 

3.2. Speech Output 

For visually impaired users, the system includes tight 
integration between graphics and synthesized speech output. 
The content of the active item is spoken out loud as soon as it 
activates. However, the spoken content is not the same as the 
content presented on the display, since speech and text 
modalities have different strengths and weaknesses. For 
example, speech outputs should use full sentences to keep the 
message easily comprehensible, and they should have the most 
important information in the beginning of the message to 
allow efficient browsing. As the most important information is 
spoken first, users can navigate around quickly to form an 
overview. As the setup features speech synthesis in both the 
mobile device and in the server, we can choose the output 
channel between these two. Mobile TTS can provide spatial 
and voice quality separation between the audio from television 
and the speech by the system. The optimal solution depends 
greatly on the use context and the specific user group. 

3.3. Speech Input 

Users have full control over the media center via its speech 
user interface. It includes commands for overall navigation in 
the application (e.g., “Go to program guide”), navigation 
inside the EPG (“Show Monday afternoon”) and for watching 
media (“Go to documentary channel”). It is also possible to 
record multiple episodes with a single utterance (“Record all 
the Tom the Tractor shows this week”), and highlight 
programs based on their genre (“Show me all the children 
programs tomorrow morning”). Speech recognition is 
implemented with context-free grammars. A grammar 
containing all program names for a handful of channels for a 
week has vocabulary of about 900 words. Thus, it is possible 
to use medium size grammars in this domain. 

In the setup, we have two speech recognizers: an 
embedded recognizer running on the mobile phone, and a 
server-based recognizer. The choice of the recognizer is 
balancing between speed, vocabulary size and accuracy. 

The system uses various mechanisms to activate speech 
recognition. In this domain, voice activity detection alone is 
not reliable enough for daily use. Input is activated either by 
traditional button pressing (‘push-to-talk’), or a gesture in 
which the user raises the phone to his/her mouth to start the 
command, and lowers the phone to end the command and start 
the recognition. For further robustness, this can be combined 
with voice activity detection, but we did not found it necessary 
because of the robustness of the gesture recognition. 

For physically impaired users who cannot use their hands, 
wireless Lavalier microphones were mounted to their wheel 
chairs, and placed in vicinity of each user’s mouth. To activate 
speech recognition, we implemented a detector that activates 
normal voice activity detection when a user blows into his/her 
microphone. Even a weak blow directed straight into the 
microphone registers as a high energy level in the audio and 
can be reliably detected. After this, the voice activity detector 
records the user utterance and feeds it to ASR. 

3.4. Gesture Interface 

In addition to speech, gesture-based interaction can be very 
useful in a media center interface. Mobile phone keypad and 
gestures can be used for navigation and selections either 
independently or combined with each other. In our case, the 
accelerometer-based gesture recognizer supports tilting of the 
phone up and down for moving the selection up and down on 
the screen, swinging left, right, forward and upward for left 
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and right movements, selection and cancel, and shake for 
getting help. A combination of rule-based methods and 
Hidden Markov Model (HMM) based statistical model is used 
for gesture recognition. 

3.5. Haptic Interface 

As well as the gesture input, also haptic feedback can be used 
to enrich the user interface and provide a supporting channel 
for visually impaired users, especially when combined with 
spoken and auditory output. The haptic feedback is given 
using the vibration component of the mobile phone. We use 
haptic patterns (hapticons) to provide feedback on speech and 
gesture recognition. The patterns differ by intensity, the 
direction of the motor and delays between pulses. We use 
different hapticons for each function’s feedback, and even 
though research has shown that learning more complex haptic 
patterns requires training, the value of user being able to get 
the feedback without using the visual modality is indisputable, 
especially for blind people. 

4. Public Pilots and User Evaluations 
In order to get feedback from users, we arranged a long-term 
public pilot study between June 2008 and March 2009 in a 
local media museum, Rupriikki. A mock living room with the 
media center was built inside the museum. Museum visitors 
were able to use the system freely, and provide feedback using 
a web questionnaire. Several user studies were conducted with 
museum visitors. Based on the findings, speech input was 
found highly appropriate among the museum visitors. In order 
to study the expectations and user experiences of different 
modalities more closely, we also arranged a controlled user 
experiment in our speech usability laboratory. A user 
experiment was conducted to get subjective data on user 
experience of different modalities. In the test we used a 
version with the full 900 word grammar and no speech output. 
Mobile phone keys were used for push-to-talk, and server 
based recognition was used with a fast WLAN connection to 
keep the delays minimal. 

4.1. Participants 

26 students from the local university participated in the 
evaluation (10 male, 16 female). Their age ranged from 19 to 
33 years (mean = 22.6 years, SD = 3.0). They received extra 
credit towards the completion of an undergraduate course as 
compensation for participating in the study. 

4.2. Method 

We used a subjective user experience method SUXES for 
evaluation [5]. SUXES is heavily based on the SERVQUAL 
method, originally developed for real world services, and later 
applied for speech interfaces [4]. It produces a subjective 
measure of the gap between the pre-test user expectations and 
the post-test perceptions (user experience). The questionnaire 
contained various statements about the quality of the 
application and each of the modalities. For example, one 
statement was “Speech input is quick to use”. Before the use, 
users mark two values between 1 and 7, an acceptable level 
and a desired level of quality for each statement. As its name 
implies, the acceptable level means the lowest acceptable 
quality level, while the desired level is the uppermost level, 
i.e., there is no point to go beyond it. After the use, the users 
mark the perceived level. Figure 2 illustrates the expectations, 
perceptions and the gap between them. In this example the 

user has marked 3 as accepted level for speech input 
usefulness, 6 as the desired level, and 4 as the perceived. 
 

 
Figure 2: Interpreting expectations and perceptions. 

The gap can be expressed using two disconfirmation measures, 
the Measure of Service Superiority (MSS) and the Measure of 
Service Adequacy (MSA). MSS measures the difference 
between the perceived level and the desired level, and MSA 
the difference between the perceived level and the accepted 
level. If experiences are in the range of expectations, MSS 
values are negative and MSA values are positive. The range of 
the accepted and the desired level is called the Zone of 
Tolerance. For the example in Figure 2, The Zone of 
Tolerance is <3, 6>, MSS is -1, and MSA is 2, meaning the 
perceived user experience is within the Zone of Tolerance. 
The method is particularly suitable for iterative development 
and prototyping, since it has been designed to provide 
information for further developing services. Most importantly, 
it indicates what the strong features of the application are, and 
where further development efforts are needed. 

4.3. Procedure 

Before the actual test, the participants were introduced to the 
home entertainment system application and its input and 
output modalities with a web-based wizard. The main features 
of the application were presented, but the actual usage 
instructions were not revealed at that point. Also, the 
participants were not informed that the test was related to 
input methods, but instead that it was a regular usability test to 
discover problems in the software. After the introduction, user 
expectations were gathered with the web-based questionnaire. 

Each participant was given three exercise tasks and 11 
evaluation tasks with the home entertainment system 
prototype. The order of task presentation was the same for 
each participant. The tasks reflect typical usage scenarios, e.g., 
selecting a recorded program, setting up recordings and 
changing channels in the electronic program guide. 
Participants were free to use any of the input modalities to 
complete the task. After completing the tasks, they filled in a 
questionnaire consisting of the same statements they were 
asked in the pre-test questionnaire. This time the participants 
gave only one value to indicate their perceived experience. 

4.4. Results 

We calculated the expected values and the perceived value for 
different quality statements (speed, pleasantness, clearness, 
error free use, error free function, learning curve, naturalness, 
usefulness, and future use) corresponding to each multimodal 
input/output method (speech input, gestures, and haptic 
feedback). Figure 3 shows the Zones of Tolerance across the 
dimensions using the median values for the acceptable level 
(lower bound) and desired level (upper bound), and perceived 
level (black circles). Area to the left from the perceived level 
represents MSA and area to the right MSS for each modality. 
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Figure 3: User expectations and user experience of 

different modalities. 

Application of Friedman's test shows that there are significant 
effects of the input/output method on the reported values 
across all dimensions. Pair-wise comparisons between 
modalities were carried out by using Wilcoxon signed-rank 
test with Bonferonni corrected levels of observed significance.  
In terms of perceived levels, speech was rated significantly 
higher than gestures in all dimensions (p < 0.01). It was also 
rated as the most pleasant, clearest, easiest to learn, most 
useful and likeliest modality to be used in the future. No 
significant difference was found between speech and haptic 
feedback in speed, error-free use, error-free function or 
naturalness. Similarly, haptic feedback was considered faster, 
more pleasant, less error-prone in use and less error-prone in 
function than gestures. The rest of pair-wise comparisons 
between haptic feedback and gestures were not significant. 

It is beyond the scope of this paper to discuss the results in 
detail for each dimension. We focus on the two dimensions 
that we consider the most critical for adoption – usefulness 
and subjective future use. Speech was considered by far the 
most useful modality in comparison to gestures (z = -3.8, p < 
0.01) and haptic feedback (z = -3.7, p < 0.01), while the 
difference between gestures and haptic feedback is not 
significant. Unsurprisingly, this effect is mirrored in the MSA 
and MSS values. It is interesting that haptic feedback and 
gestures rank very low and barely meet the lowest acceptable 
level, while speech exceeds expectations. In terms of 
perceived future use potential, speech also dominates gestures 
and haptic feedback (z = -4.0, p < 0.01 and z = -3.4, p < 0.05 
respectively). The difference between gestures and haptic 
feedback is not significant. As with usefulness, also the MSA 
and MSS values show a similar effect for speech. It is 
noteworthy that again speech exceeds the desired level, while 
gestures fall below the acceptable level. Informal feedback 
from users during the study correlates with these findings, as 
well as the user interviews and feedback during the public 
pilot study in a media museum. 

5. Discussion 
As illustrated in Figure 3, our speech interface design was 
received very positively. Participants’ expectations were 
somewhat reserved, matching the findings of our initial user 

survey [3]. However, as results show, speech input surpassed 
clearly the expectations when people found it useful. In 
particular, commands such as “record all episodes of 
Friends” were considered very useful. 

One reason for positive feedback was accurate speech 
recognition (93%, and 97% when OOV sentences are 
removed), which was high because of carefully designed 
recognition grammars. However, as previous studies in similar 
multimodal conditions have shown, there is no clear 
correlation between the speech recognition accuracy and user 
experience. For example, in [6] recognition accuracy varied 
between 45% – 100%, but we could not find any correlations. 
More importantly, our results show that grammar-based 
recognition, i.e., so-called restricted speech, can be used 
efficiently in this domain without training. Otherwise, there 
would have been a significant amount of recognition errors 
due to OOV words as the utilized recognizer was anything but 
robust in this respect. 

Regarding other modalities, there were a lot of 
expectations for gesture input and haptic feedback, but these 
were not met. Our results suggest that haptic feedback should 
be kept simple and not overused, unless clear mappings to 
other modalities, tasks or content can be found. For gesture 
recognition, we have changed them to work with the mobile 
phone keypad. In addition to using gesture as a replacement to 
push-to-talk, we change the function of the arrow buttons 
depending on the angle in which the user holds the phone. 
This has been very successful, e.g., to separate zooming keys. 

In the future, we will evaluate the application in long-term 
studies with physically and visually-impaired users, and 
release the system for general public to collect feedback and 
usage statistics from a large amount of real home users. 
Finally, we add new modalities, such as physical browsing.  
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