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Abstract—Due to faster entry speed and lower attention demand,
speech recognition is widely used in the multimodal text entry
system. But error recovery is a big challenge to its usability for
the accuracy of speech recognition is not good enough. However,
few studies focused on the question how users recovered the
errors in a multimodal entry system, especially in realistic
scenarios. The present study investigated the natural behavioral
patterns of speech recognition error recovery both in laboratory
and field conditions. And further to examine whether there was
any difference between these conditions. Results indicated that
the handwriting modality was more frequently adopted in both
laboratory and filed conditions. Similar behavioral patterns were
found in these two conditions. And further, the usage of modality
to recover error showed obvious individual variety in the
laboratory condition, which was classified into three preference
types. However, it was not apparently varied among individuals
in the field condition. Furthermore, the entry modality had little
effect on the choice of recovery modality. Finally, based on the
findings in the present study, several applicable implications were
provided.
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L INTRODUCTION

Speech entry is extensively applied in the multimodal text
entry system [1] [2], which has great advantages in terms of
speed and attention demand [3] [4]. In a sense, speech entry
provides an effective way to overcome difficulties of text entry
for handheld communication devices [5] [6]. However, the
accuracy of speech recognition is low because of the influence
of various noises in the environment, which restricts the
usability of the entire multimodal text entry system [7] [8] [9].
Therefore, the speech recognition error recovery is critical for
the applicability of speech entry and even the multimodal entry
system [10]. To our knowledge, few studies investigated the
behavioral pattern of speech recognition error recovery in the
multimodal text entry system, especially in a realistic condition
[11]. Thus, this present study aimed to investigate the natural
behavioral patterns as recovering the speech recognition error
in laboratory and field conditions. The main purposes were to:

1. Investigate the behavior pattern of speech recognition error
recovery in the laboratory test.

2. Explore the behavior pattern of speech recognition error
recovery while walking.
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3. Examine whether there was any difference in behavioral
patterns between static and walking conditions.

4. Look into the influence of entry modality on the usage of
error recovery modality.

II.  EXPERIMENT 1: LABORATORY STUDY

A. Method

1) Participants
20 undergraduate and graduate students participated in the
laboratory study. There were 10 males and 10 females with the
average age of 23.3 £2.3 years old. The history of using a
mobile phone was 2 to 6 years. Most of them only used the
keyboard; few had experience in using speech recognition
system.

2) Material
Fourteen sentences were used in this experiment, without
any numbers or English letters. There were four sentences in
the “Speech entry-Free recovery” and “Handwriting entry-Free
recovery” conditions respectively, and two sentences in each of
other combinations (seen in Tablel).

TABLE L ENTRY-RECOVERY COMBINATIONS
Entry Modality Recovery Modality Sentences
HS Handwriting Speech 2
SH Speech Handwriting 2
HH Handwriting Handwriting 2
S Speech Free to choose 4
H Handwriting Free to choose 4

Note: H — handwriting entry; S-speech entry

Handwriting recognition had a higher accuracy, so when

entry modality was handwriting, participants were only

allowed to select the first candidate character to ensure errors
would emergence.

3) Equipment Interface
Nokia N810 mobile internet device (MID) was used as the
experimental platform, and the interface was shown in Fig 1.

The first line on the interface displayed the text need to be
input. Editing area was to show the input results and allowed
test user to edit the result. The status bar signaled the status of
input. The record button controlled the speech input. Once it



was pushed, the recording started, and the recording would not
stop until the button was pushed again. Writing space allowed
hand writing, and the candidate’s area showed available words
for user’s choices. Click the Cancel button could clear the
current input. In the function area, the modify button controlled
the editing status with the edit space changing to be red. Delete
meant to cancel one selected characters, and Clear meant to
remove all the content in the edit space. Next button was used
to update text for the new trial in the display space.
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Figure 1. Program interface for tasks

4) Procedure
First of all, participants were required to input sentences
with predefined modality, and then recover the recognition
errors with modality required or been free to use any modality
as shown in Table 1.

The first three combinations were randomly presented, to
allow the participants to fully understand various kinds of
recovery methods. And then the last two combinations were
randomly presented to access to the real attitude when they
could freely choose recovery modality.

Before the formal experiment, participants could practice to
get familiar with the experimental procedure. And the results
were recorded by the equipment of experimental platform.

B. Results

Only the results of the last two combinations were analyzed.

The numbers of error in sentences, error recovered by speech
and handwriting modalities were counted respectively.

The data were further adjusted in the calculation of the ratio
of recovery modality. If the total number of errors was less than
the total number of recoveries, added the difference into the
total error count, so that it at least was equal to the entire
recoveries. In addition, the default recovery efficiency of the
handwriting was 1. That was, handwriting recovery could
successfully recover one and only one error at one time:

The adjustment balanced the different efficiencies of the
two error recovery methods.

The ratio of handwriting recovery = the number of handwriting
recoveries/ number of errors adjusted (N

The ratio of speech recovery = 1- the ratio of handwriting
recovery 2)

1) Testing difference in the ratio of speech recognition
error recovery between handwriting and speech modality
We used Wilcoxon signed-rank test to analyze the
difference between these two kinds of recovery methods. As
the result showed, the ratio of these two recovery methods
significantly differed from each other (Z=2.76, p=0.006).
Further, the ratio of handwriting recovery was larger than that
of speech recovery, suggesting that participants preferred to use
handwriting to recover errors.

2) The classification of the usage preference to error
recovery modality
In order to further reveal the behavioral pattern in error
recovery, the individual data was analyzed [12]. The
participants were classified into three types according to the
ratio of modality used (Table 2):

Type 1 Speech recovery preference: the ratio of speech
recovery-the ratio of handwriting recovery > 30%

Type 2 Handwriting recovery preference: the ratio of
handwriting recovery-the ratio of speech recovery > 30%

Type 3 Mixed type: the difference in ration between the
handwriting and the speech recovery < 30%

TABLE IIL MODALITY PREFERENCE OF USERS IN ERROR RECOVEY
Types User ID
Speech preference 18, 14

Handwriting preference 6,4,11,20,7,10,2,9,3,8,15

Mixed type 1,17,19,13,12, 16,5

In terms of the usage of error recovery modality, the
handwriting recovery preference occupied the majority of
participants, with 55%, mixed type followed, with 35%, and
speech recovery preference was fewest, with 10%. Most of
them with 85%, however, used both recovery methods, and a
small number of them with 15% only selected the handwriting
modality.

3) The effect of entry modality on the choice of the
recovery modality
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Figure 2. Ratio of error recovery modality usage in different entry modality
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The result of Wilcoxon signed-rank test showed that in the
speech entry condition, the ratio of handwriting recovery was
significantly larger than that of speech recovery (Z=2.98,
p=0.003). Similarly, in the handwriting entry condition, the
ratio of handwriting recovery was significantly larger than that
of speech recovery (Z=2.05, p=0.04). Overall, the choice of
recovery modality was not obviously influenced by the entry
method. Participants preferred to use handwriting recovery in
both entry conditions.

C. Discussion

From the analysis above, we could see that the participants
preferred to use handwriting recovery method. It was worth
noting that, the majority of participants used both the speech
and handwriting modalities to recover errors, while only a few
always adopted handwriting recovery method.

Participants could be further classified into three types:
speech recovery preference, handwriting recovery preference
and mixed type. And the handwriting preference type occupied
the majority, while the speech type was the fewest.

Entry method had little effect on the choice of recovery
modality. In both handwriting and speech entry, participants
preferred to use handwriting modality. Error recovery methods
are relatively independent.

Taken altogether, more available error recovery modality
will give more flexibility to the multimodal system. On one
hand, the handwriting recovery was adopted frequently and
widely, indicating that in editing text, the modality should be
easy to access. On the other hand, the use of error recovery
modality further showed inter-individual variation, including
three main types. Most of participants belonged to handwriting
recovery preference. Thus, when designing the text entry
system, the individual difference should be carefully
considered. It was necessary for an adaptive system, which
should make proper changes according the individual
differences.

III. EXPERIMENT 2: FILED STUDY

A. Method

1) Participants
Another ten undergraduate and graduate students took part
in the field study (5 males and 5 females). Their average age
was 24.1£2.7 years old. Most of them only used the keyboard
entry method; few had experience in using speech recognition
system.

2) Material and Equipment
The material and equipment were the same as those used in
the laboratory study.

3) Procedure
Participants were asked to complete text entry task as
walking in a quiet corridor, with suitable light. Before the
experiment, they first practiced to use experimental equipment
and 12 sentences were used to get familiar with the equipment
and text entry task.

B. Results

The data analysis was the same as that used in the previous
experiment.

1) Testing difference in the ratio of speech recognition
error recovery between handwriting and speech modality

Wilcoxon signed-rank test was used to examine the
difference between these two recovery methods. Results
indicated that there was significant difference in the ratio
between these two methods (Z=2.84, p=0.005), and the
proportion of handwriting recovery (90.3%) was significantly
larger than that of speech recovery.

2) The classification of the usage preference to error
recovery modality
In order to further reveal the behavioral patterns in error
recovery, we also analyzed the individual data (Table 3). The
classification criteria were the same as Experiment 1.

Results in Table 3 showed that all of participants preferred
to the handwriting recovery in walking, especially, half of them
completely adopted handwriting modality.

TABLE III. MODALITY PREFERENCE OF USERS IN ERROR RECOVEY
Types User ID
Speech preference 0

Handwriting preference 1,2,3,4,5,6,7,8,9,10

Mixed type 0

3) The effect of entry method on the choice of the recovery
modality
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Figure 3. Ratio of error recovery modality usage in different entry modality

The results of Wilcoxon signed-rank test showed that the
ratio of handwriting recovery was significantly larger than that
of speech method in the speech entry (Z=2.67, p=0.008), while
the ratio of handwriting recovery was also significantly larger
than that of speech recovery in the handwriting entry (Z=2.80,
p=0.005).
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C. Discussion

These results in the field study indicated that under the
walking condition, all participants preferred to use handwriting
methods to recover error, and the choice of recovery modality
was not significantly influenced by the entry method. Half of
them adopted two methods and the other ones completely
preferred to handwriting modality (reached 100%). This
finding indicated that the usage of the modality to recover a
speech recognition error was less varied among individuals as
walking. And further, there may be difference between the
laboratory and field conditions. Certain factors were found
while walking, which may have important effect on the usage
of modality to recover errors, such as the emergence of the
pedestrians in the corridor, and the increased cognitive load
during moving.

IV. CONCLUSION

Combined with the results in the laboratory and field
experiments, we found that the handwriting modality was more
frequently used for recovering speech recognition errors. There
was no difference between two conditions in nature, but while
walking, individual variety was less, and the usage of recovery
modality was more hardly influenced by the entry methods.

Based on these findings in the study, several applicable
implications were provide and should be paid more attention to.
On one hand, give the priority to handwriting recovery method
to meet the majority. On the other hand, the speech recovery
method should be offered as an alternative to improve the
adaptability of the system. The results could be an important
reference for further system improvement.
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