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ABSTRACT 

We present initial results from an evaluation of a multimodal in-

terface for a mobile route guidance application providing public 

transport information in Finland. The application includes a range 

of input and output modalities, such as speech input and output, a 

fisheye GUI, and contextual predictive text input. The application 

has been in public pilot use for almost a year. In this paper we 

present results from a formal user evaluation, focusing on predic-

tive text input and speech input and output. Speech input outper-

formed other input methods, even with high error rates and slow 

response times. However, the domain specific predictive text in-

put was the preferred method, surpassing users’ expectations. 

Categories and Subject Descriptors 

H.5.2 [Information Interfaces And Presentation]: Methodology 

and Techniques – input devices and strategies, interaction styles, 

voice I/O. 

General Terms 

Measurement, Performance, Experimentation, Human Factors. 

Keywords 

Predictive text input, speech recognition, SERVQUAL. 

1. INTRODUCTION 
Mobile phones have enabled ubiquitous spoken telecommunica-

tion between humans. Nowadays even regular mobile phones 

include the possibility to run custom applications (e.g., MIDlets in 

Java enabled phones). This has enabled the development of mul-

timodal and distributed mobile applications that take advantage of 

e.g. speech, graphics, non-speech audio, haptics and positioning 

information. At the same time, the mobile context of use has 

brought along new application domains for speech-based and 

multimodal systems, such as mobile public transport navigation 

assistants considered in this paper. 

The new developments can provide more efficient ways for data 

entry, which has traditionally been challenging in small mobile 

devices with limited keypads. However, there have been very few 

comparisons on truly multimodal data entry methods in the mo-

bile context, and speech is often dismissed for very small vocabu-

lary cases [10]. 

In this paper, we first present the mobile multimodal public trans-

port guidance application TravelMan. It runs on standard mobile 

phones and features three different methods for entering address 

data: multitap text input, predictive text input optimized for the 

address data, and speech recognition. Speech and haptic output 

are used in all input modes to support mobile use and also enable 

use by visually impaired users. First we present the Travelman 

application, and then some key findings from its evaluation, fo-

cusing on the predictive text input and speech input and output. 

2. TRAVELMAN  MULTIMODAL MO-

BILE ROUTE GUIDANCE  
TravelMan [3] is a multimodal mobile application for serving 

public transport information. The application is based on the re-

search on mobile spoken and multimodal transport information 

systems carried out in a Finnish research project on speech tech-

nology. It combines experiences gathered from the development 

of several speech-based timetable applications [7], a distributed 

multimodal spoken dialogue system for bus timetables [3], and 

two route guidance applications developed for multimodal use 

and visually impaired users [6]. Figure 1 presents two screenshots 

from the TravelMan application. 

 

Figure 1. TravelMan interface screenshots 
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TravelMan provides route guidance information for public trans-

port, such as metro, tram, and bus traffic in major Finnish cities 

and long-distance traffic in the rest of the country. There are two 

main functions: (1) planning a journey and (2) interactive guid-

ance during the journey. In the journey planning phase a user 

gives the departure and destination addresses or locations using 

one of the several available methods. When the user has given the 

addresses, the system computes a set of applicable routes, allow-

ing the user to browse them. After selecting a suitable route, the 

user can simply listen how the journey progresses, or navigate in 

the route description interactively. 

2.1 TravelMan User Interface 
The main design principle of the TravelMan application is to max-

imize the overall efficiency of the user interface with design solu-

tions that work equally well with different modalities and support 

multiple simultaneous or alternative modalities. The main output 

modalities, speech and graphical user interface, are designed to 

support each other although they can be operated independently 

This way the same interface is suitable for users ranging from 

those with normal vision to low-vision or blind users. In particu-

lar, the combination of speech and a graphical fisheye interface 

supports users with limited vision, while also being helpful to all 

users, since in the mobile context of use we all have sometimes 

limited vision (e.g., due to need to monitor our surroundings). In 

addition to speech and GUI, there are several other modalities that 

aim to make the interaction richer and provide alternatives in 

different contexts of use. They are presented in detail in [3]. 

2.1.1 Speech-based Focus-and-Context GUI 
The use of TravelMan is based on multidirectional menus that are 

operated with the directional keys of the telephone. As illustrated 

in Figure 1, menus are presented using a reel metaphor: items in a 

menu are on top of each other and the user can roll the reel to 

select menu items. The currently selected node is enlarged to pro-

vide more information, making it easier for people with low vision 

to see the information on the small display. As the adjacent items 

(both horizontally and vertically) are visible, the user always has a 

context for the current selection.  

The interface design is inspired by focus-and-context visualization 

techniques such as Fisheye Menus [1]. Our approach, however, is 

two-dimensional, uses a reel instead of menus, and is tightly inte-

grated with speech output. The content of each item in a reel is 

read out loud by the speech synthesizer when the item is activated, 

as illustrated in Figure 1. The spoken content is not necessarily 

the same as the content presented on the display since speech and 

text have different strengths and weaknesses. On the small mobile 

phone display, it is important to use very few characters for the 

textual presentation, so the route descriptions are carefully con-

structed to include only the necessary amount of characters. 

Speech outputs, on the other hand, use full sentences to keep the 

message easily comprehensible. The temporal nature of speech 

also makes it possible to skip the ends of spoken prompts by 

quickly moving to the next item, similarly to spearcons [8]. Ac-

cordingly, presenting most important information first can speed 

up the usage especially for blind users. 

The reel metaphor works efficiently with speech also when it is 

used to make selections. The user can select between multiple 

items by moving left and right. Since the active item is always 

read out loud, there is no need to add any additional speech out-

puts, such as listing all of the possible alternatives. Instead, users 

can review the options by browsing through them, and they do not 

need to use special button for selecting, since the active item is 

always the selected one. The only additional speech output in 

navigation with the reel menus is the menu title and the current 

functionality of the two softkeys. These are presented once after a 

new menu has been opened. Here, we are interested in finding out 

what is the user acceptance of synthesized speech outputs provid-

ing complementary information and an alternative output channel. 

2.1.2 Speech and Contextual Text Input 
For entering addresses and names of departure and destinations 

locations, TravelMan has three primary input options: speech 

input and normal and contextual predictive text inputs. In the 

speech option the user can speak the full addresses including 

street names and numbers, places of interest, and city names. If 

speech recognition provides multiple alternative results, the user 

can use the reel interface to select the appropriate one. There are 

two sources for alternative choices: n-best speech recognition 

results and multiple entities with the same name (e.g., if the city 

name is missing, there would be numerous “shopping streets” in 

the search results). For speech recognition, the application uses a 

client-server system where the audio is sent over network from the 

mobile client to a server-based Finnish speech recognizer. Since 

the vocabulary is rather large (covering all addressed and place 

names in Finland), a server-based recognition is needed to make 

the recognition robust and fast enough. As the recognition takes 

place on the server, and as there are better alternatives for menu 

navigation, it is not efficient in the current interface to use speech 

recognition for purposes other than giving addresses. 

The second way to enter addresses is text input. In addition to 

normal multi-tap text entry, an optimized predictive text input 

method for the address data entry is provided. The language mod-

el for the prediction contains all the valid street and place names 

supported by the application. Reel is used in the predictive entry 

so that the reel contains all valid addresses in the beginning and 

updates in real time when the user enters new characters. At any 

time, the user can select a street name from the reel. When a street 

name has been selected or completely entered, the predictive text 

input automatically switches to number mode for entering the 

street number. The text input is designed to be fully accessible for 

visually impaired people. When the user types characters the sys-

tem speaks out loud the most likely character sequences according 

to the current domain. When there is only a reasonable amount of 

results left, the system informs the user with sound and vibration. 

This is performed in the background so the user can continue 

typing, or select the correct address using the reel interface. 

In the evaluation presented here, a version of TravelMan limited 

to Helsinki metropolitan area was used. The language model for 

speech recognition consisted of 8896 street names and addresses, 

2053 place names, and numbers from 1 to 100, totaling 11049 

words. In addition, the interface did not contain any error correc-

tion methods, since we wanted to exclude them from this initial 

study. 

3. USER EVALUATION 
The TravelMan application has been in public pilot use since 

spring 2007. With the public pilot an extensive amount of feed-
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back was gathered from real users. To explore more advanced 

features of the system in detail, we arranged user evaluations in a 

lab environment.  Next we present user tests conducted in the 

autumn of 2007. 

3.1 Method 
39 students from the local university participated in the evaluation 

(28 male, 11 female). Their age ranged from 18 to 45 years (M = 

24).  21 participants had prior experience with Series 60 smart-

phones, which were used in the evaluation. Both objective and 

subjective metrics were used to analyze the interactions and elicit 

feedback from the participants. A modified version of the SERV-

QUAL questionnaire [1] was used to collect subjective metrics. It 

produces a subjective measure of the gap between the pre-test 

expectations and the post-test perceptions. Participants define an 

acceptable level, a desired level, and the perceived level for each 

statement related to the quality of the application. For example, 

one statement was “Predictive text input is quick to use”. 

Before the actual test, the participants were introduced to the Tra-

velMan application by a web-based wizard. Main features of the 

TravelMan application were presented, but the actual usage in-

structions were not revealed at that point. After the introduction, 

user expectations were gathered with a web-form based on the 

SERVQUAL method. 

The test took place in a dedicated laboratory within from one to 

two weeks after the introduction and service quality question-

naires.  A Nokia N95 smartphone was used in the test, and data 

was gathered with the test application’s internal logging system. 

The participants were given four exercise tasks and 21 evaluation 

tasks (7 tasks with each text entry method). The exercise tasks did 

not include the use of any input methods for addresses, only gen-

eral navigation to familiarize the participants with the application 

user interface. The actual tasks were designed in a way that forced 

the participants to change either the start location or the destina-

tion, but the actual answer (for example, the time next bus de-

parted) was not to be found in the address input view. If initial 

attempt to accomplish a task failed (e.g., due to speech recogni-

tion error, mistyped address), the participant was requested to try 

again. 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 defects in the software. 

The evaluation was organized as a within subject study with one 

independent variable Text Entry Method with three levels: 

Speech, Multi-tap, and Predictive Text. The task set - entry me-

thod pairings were the same for all participants and the order of 

modality presentation was counterbalanced using Latin Square 

design. The tasks were always presented in the same order within 

modality. After completing the task set with the given modality, 

the participants filled in a questionnaire consisting of the exact 

same statements they were asked in the pre-test questionnaire. 

This time the participants gave only one value - based on their 

perceived experience. In order to keep task sets comparable with 

each other, we selected the addresses in each set based on the 

minimum button presses that are required to select that particular 

address with the predictive text input reel. For example, the first 

address of every set requires eight key presses in optimal case. 

All results mentioned in the following are either highly significant 

(p < 0.001) or significant (p < 0.01) according to repeated meas-

ures ANOVA, unless otherwise noted. 

3.2 Usage Metrics 
In objective usage metrics, we focused on task-completion times 

and entry rates, as seen in Table 1. The median task completion 

time was 13.7 seconds for speech input, 17.2 seconds for predic-

tive text input, and 30 seconds for multi-tap text input. Speech 

recognition rates varied greatly between different users. The range 

was from 100% to about 45%. Overall recognition rate was 

70.4%, with 97% of tasks being completed successfully within 

three attempts. 

Table 1. Median input entry times per modality in seconds. 

Modality 
Number of 

tries 

Input 

time 

Transfer 

time 
Total time 

Multi-tap 1.02 28.8 0.8 30.0 

Predictive 1.05 15.6 1.1 17.2 

Speech 1.47 5.7 7.8 13.7 

 

In the case of speech input, the total entry time was greatly af-

fected by the data transfer time between the client and the server.  

The median time for giving a speech input was 5.7 seconds (SD = 

5.4). This includes all retries caused by misrecognitions, in aver-

age each speech input was given 1.47 times. For multi-tap and 

predictive text input, the transfer time is around one second, and 

the actual input time was 28.8 seconds (SD = 13.7) for multi-tap 

text input, and 15.6 seconds (SD = 32.3) for predictive text input. 

As seen from the results, speech is the fastest input method, even 

with long transfer times caused by distribution and error prone 

speech recognition. A clear learning effect can be seen in several 

cases when comparing input rate efficiency between the tasks. 

With speech input, number of input task (re)tries was significantly 

higher (p < 0.05) in the first tasks compared to the rest of the 

tasks, as seen in Table 2. As usual with speech recognition, the 

recognition accuracy varied between the sentences. 

Table 2. Entry rates and average number of tries for 

different modalities (without transfer times). 

Task 
Multi-tap Predictive Speech 

tries wpm tries wpm  tries wpm 

1 1.03 4.56 1.08 7.35 1.9 15.70 

7 1.00 5.39 1.03 11.58 1.5 28.82 

Total 1.02 5.34 1.05 10.02 1.5 28.83 

 

3.3 Subjective Evaluation 
The SERVQUAL method makes it possible to estimate what is 

the current state of the application from the base of user expecta-

tions and experiences. This can be calculated using two discon-

firmation 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.  

In the case of the TravelMan evaluation we calculated MSS and 

MSA measures for different dimensions (speed, pleasantness, 

clearness, error free use, learning curve, naturalness, usefulness, 

and future use) for each modality (regular text inputs, predictive 

text inputs, speech recognition, speech synthesis) and the applica-
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tion itself. When comparing the main dimensions, usefulness and 

future use, there were significant differences between modalities, 

as presented in Table 3 and Table 4. 

Table 3. Subjective usefulness measures. 

 Acceptable Desired Perceived MSA MSS 

Multi-tap 3.42 5.84 5.13 1,71 -0.71 

Predictive 3.68 6.32 6.26 2.58 -0.10 

ASR 2.76 5.55 5.05 2.28 -0.50 

TTS 3.11 5.71 4.00 0.89 -1.71 

TravelMan 3.42 6.05 6.08 2.66 +0.03 

Table 4. Subjective future use measures. 

 Acceptable Desired Perceived MSA MSS 

Multi-tap 3.13 5.32 4.18 1.05 -1.13 

Predictive 3.45 5.74 6.16 2.71 +0.42 

ASR 2.05 4.21 3.63 1.58 -0.58 

TTS 2.08 4.34 2.68 0.61 -1.66 

TravelMan 2.21 4.63 5.08 2.87 +0.45 
 

As can be seen from the results, there are cases where MSS is 

positive or very near to zero. These cases relate to the usefulness 

and user’s willingness to use the predictive text input and the 

TravelMan application. The perceived values are very high in 

these cases in absolute sense as well. In other words, users found 

the predictive text input and TravelMan to be very useful and 

superior compared their expectations. 

Otherwise, MSS and MSA values were as expected, below and 

above zero, respectively. In the case of multi-tap text input, users 

found it quite useful. In the case of speech input, experiences were 

quite close to desired levels, and users found it quite useful, but 

since expectations were not too high concerning future use, it was 

less favored than text inputs. Regarding speech outputs, users 

expected it to be more useful than speech recognition, but per-

ceived its quality to be less, both in relative and absolute sense. 

Furthermore, MSS was quite high for speech outputs when future 

use is considered, especially given the mediocre expectations. 

4. CONCLUSIONS AND DISCUSSION 
The results show that speech input was the fastest input method 

even with relatively low recognition rates and slow response times 

(caused by the distributed system). In fact, the overall recognition 

accuracy can be considered problematic. Still, the user attitudes 

towards speech input quite good, matching the required quality. 

Given the recognition rates and absolute error percentages, we 

would have anticipated more criticism. 

Even speech input was fastest, the predictive text entry was fa-

vored by the user, and it surpassed the expectations gathered befo-

rehand. This is exemplified by some participants, who did not use 

T9 normally, and had hard time getting grasp of the predictive 

input. However, in many cases, when they finally understood the 

method, it was considered with enthusiasm. 

Standard text input was clearly slower than either of the new al-

ternatives in the experiment. Still, it was preferred over speech 

input. However, it was outperformed by predictive text input, 

which was also the preferred method. 

Finally, speech outputs were not received favorably. The partici-

pants considered the synthesizer to be fast, clear, easy to use, error 

free etc., but because of its lack of naturalness and pleasantness, 

they did nor ranked it high in overall sores. Indeed, the synthesiz-

er was of limited quality due to the limitations of mobile hard-

ware. On the other hand, it represents the state-of-the-art in Fin-

nish speech synthesis for mobile devices. 

Overall, the results show that the use of speech input and output is 

likely to be dependent on the added value they provide in real 

conditions. In certain mobile situations, the hands and eyes free 

interaction possibilities may favor speech. For example, pen-

based soft-key text input has been shown to be slower while walk-

ing, although it did not affect the error rates [9]. Furthermore, in 

laboratory conditions speech synthesis did not read provide any 

added value, as opposed to mobile usage, where users’ eyes may 

be busy. It has also shown that the results obtained with usability 

tests differ significantly from those gained from the real usage [5]. 
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