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ABSTRACT 
Semantics synchronous understanding is a spoken language 
processing technique that allows the computer to extract 
natural language semantics and take appropriate actions 
while the user is still speaking. Speech interface using this 
technique can immediately produce and display partial 
results before the end of a user utterance. To assess the 
impacts of this technology on speech based human computer 
interactions, we conducted comparative studies on personal 
information management tasks for PDA. The majority of the 
participants seem to favor the highly interactive interface, 
although the new technique does not seem to speed up the 
task completion rate. 
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INTRODUCTION 
Conversational interface designs have largely followed the 
turn taking nature of human to human dialog where the 
computer would wait for the end of the user turn to extract 
natural language semantics and take appropriate actions. 
However, recent advancements in the speech technologies, 
such as the semantics synchronous understanding (SSU) 
capability[1] standardized in the speech application 
language tags (SALT)[2], have made it possible for the 
computer to not just recognize but understand user’s 
utterance, carry out multimodal discourse integration, take 
partial actions, and produce responses while the user is still 
speaking. Although many conversational systems do 
employ back channel communications as feedback during a 
user turn, the intent there is often to send simple 
acknowledgements and not to significantly interfere with 
user’s expression. A SSU based system, however, overlays 

the system turn activities amidst a user turn to provide much 
richer feedback. Not only does it significantly depart from 
the turn-taking model, the rich feedback can potentially 
interfere and even disrupt user’s ongoing utterance, 
prompting new considerations in the user interface design. 

In this article, we show some preliminary results from a user 
study based on the MiPad experiments previously reported 
[3]. MiPad is a speech-enabled PDA that allows the user to 
carry out personal information management (PIM) tasks in 
naturally spoken commands. The previous MiPad followed 
the turn taking interaction model. The user was required to 
tap and hold onto an input field to speak to the device. An 
end of a user turn is signaled by lifting the stylus. A generic 
input field, available on every screen, allowed the user to 
utter sophisticated commands that would otherwise require 
many steps with GUI. For example, a user can say “schedule 
a meeting with John, Jane and Steve on Friday at 2 for 1 
hour.” MiPad would respond to the command by switching 
to the meeting arrangement screen with the meeting 
attendees, the relevant date and time fields all filled.  
Another example is “show email from Alex received on 
Monday,” to which MiPad would switch to a mail list screen 
with relevant mail items highlighted in distinct colors. For 
mobile applications where the device has limited screen size 
and has only soft keyboard, we have found speech is 
particularly useful in the areas of data entry (including both 
form filling and free text dictation), screen navigation, and 
searching items from long lists or tables. 

EXPERIMENTAL SETTINGS 
To study the effects of SSU, we implemented in HTML with 
SALT two versions of MiPad, one based on the turn taking 
model and one SSU. Both versions share the identical GUI 
layouts and have the same complexity in the speech 
grammar. Our previous experience indicates that users had 
difficulty discovering the phrases that can be effectively 
recognized by the computer. For this study, we implement a 
visual prompting strategy called “what you see is what you 
can say” (WYSIWYCS). On the initial screen, for example, 
we replace the graphical icons labeled with “email” and 
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“appointment” with hyperlinks labeled with phrases “check 
email” and “schedule a meeting” that strongly suggest the 
phrases the speech recognizer will accept. Similarly, instead 
of labeling the meeting arrangement screen with “attendee,” 
“date,” “start time,” and “end time,” we use the labels 
“with,” “on,” “from,” and “to,” respectively. For SSU 
MiPad, a talk button is provided for the user to toggle the 
microphone. While the turn taking MiPad updates the screen 
at the end of the system turn, the SSU MiPad does so as soon 
as the semantic object is detected in the utterance. The user 
therefore has an “open microphone” experience. For both 
cases, we display the understanding outcomes in the main 
body (e.g., “14:00” in the time field) and the raw recognition 
string (e.g., “two in the afternoon”) in the generic input field 
on the very top of every screen. While the microphone is on, 
a moving bar shows the volume of the captured audio. 

PRELIMINARY RESULTS AND OBSERVATIONS 
Six members of Microsoft .NET Speech Group are recruited 
to participate in the user study. Only half of the subjects have 
seen the previous MiPad, but all of them are familiar with the 
speech technologies. For instrumentation purposes, the 
experiments are carried out on a Tablet PC rather than a 
MiPad device. Both native and non-native speakers are 
included in the experiments where a speaker independent 
acoustic model is used. The raw dictation word accuracy for 
such an acoustic model ranges from 37% to 89% for the 
subjects included in the experiment. However, for the 
commands pertinent to MiPad, the speech understanding 
accuracy (based on semantic object recognition rate) ranges 
from 67% to 95%, mainly due to the low language perplexity. 
Large variations exist among users.  

Speech Usage 
Fully aware of the WYSIWYCS prompting strategy, many 
users still have considerable amount of out of domain (OOD) 
phrases in their commands. The prompting strategy is more 
effective, in a statistically significant way, for SSU than turn 
taking MiPad. The OOD rate is lower by 2.5 standard 
deviations normalized with Student’s t-distribution  (df=5). 
For turn taking MiPad, the high OOD leads to a higher 
rejection rate in the generic input field, forcing users to fall 
back to GUI for navigation more often. As a result, the 
speech utterances are more directed at individual fields and 
tend to be shorter, consistent with the observations made by 
[4]. On the other hand, because of the immediate feedback, 
the user tends to adjust their wording more quickly in SSU 
MiPad to follow the visual prompts.  As a result, speech is 
used more frequently, and the utterances are much longer, 
both in a statistically significant manner. 

Disfluencies 
State of the art speech technology is still not perfect to deal 
with spontaneous speech phenomena such as false start, 
correction, and stuttering. The effects are more pronounced 
in turn taking MiPad because the speech utterances are 
processed on a batch basis, and a short “bad” speech 
segment is enough to cause the whole utterance being 

rejected. For SSU MiPad where speech is processed on a 
fragment basis, these anomalies are usually rejected 
immediately by the recognizer. Because of the continuing 
listening, disfluencies seem to have fewer impacts on the 
overall interaction. We also observe that users tend to correct 
misrecognition by speaking again, switching to the 
alternative modality (pen) only if repeated attempts fail. This 
observation is consistent with the findings of [5]. 

Despite that our subjects are all well proficient in the 
strengths and weaknesses of the current speech technology, 
we still observe that they tend to slow the speaking rate and 
over-articulate during corrections. For automatic speech 
recognizers trained with fluent speech corpus, this speaking 
style creates significant mismatch from the training data, 
lowering its recognition rate. However, during post 
experimental interviews, many subjects do not even realize 
they have done so, suggesting such behaviors are so natural 
that they might be taken subconsciously. It is therefore 
worthwhile to train the speech system to better recognize the 
“correction” style of utterances. 

Task Completion 
Statistical significance tests fail to validate the hypotheses 
that either one interaction model yields a shorter task 
completion time over the other. Despite the data, four fifths 
of the subjects report they feel a significant gain in task 
completion rate with SSU MiPad, and prefer SSU 
interaction model. There does not seem to have a clear 
correlation between such perception and the speech 
recognition rate for the user. 

FUTURE DIRECTION 
In contrast to the turn taking MiPad where the stylus is 
limited to provide GUI focus of the input field, SSU MiPad 
frees up the stylus for pen gesture inputs. We are currently 
studying whether and how viable multimodal interaction is 
for mobile devices. 
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