
COGNITIVE EXPERIMENTS ON TIMING LAG
FOR SUPERIMPOSING CLOSED CAPTIONS

Ichiro Maruyama1  Yoshiharu Abe1,2  Eiji Sawamura1

  Tetsuo Mitsuhashi1,3      Terumasa Ehara1,4       Katsuhiko Shirai1,5

1Telecommunications Advancement Organization of Japan, 3-23-5 Uehara, Shibuya, Tokyo, 151-0064, Japan
2Mitsubishi Electric Corporation, 5-1-1 Ofuna, Kamakura, Kanagawa, 247-8501, Japan

3Shobi Junior College, 665 Shimo-Matsubara, Kawagoe, Saitama, 350-1153, Japan
4NHK, 1-10-11 Kinuta, Setagaya, Tokyo, 157-8510, Japan

 5Waseda University, 3-4-1 Okubo, Shinjuku, Tokyo, 169-8555, Japan

ABSTRACT

This paper describes cognitive characteristics of timing
difference for closed captions superimposed onto TV news
programs. It was reported that timing delays for
superimposing disrupts hearing impaired people's enjoyment
and intelligibility of TV, but nobody has yet investigated the
permissible limit for timing difference. This study presents
subjects' permissible and preferable limits of the timing
differences and also the correlation between the limits and the
four factors: subject groups, news contents, caption formats
and the direction of timing difference. Significant difference
between the hearing impaired and the hearing was recognized
for those limits. For the permissible limit of the hearing
impaired, significant difference was recognized in subject
groups and caption formats. For captions outside the picture,
the limits for the deaf and late-deafened were 3.95 and 4.94 s,
respectively. For caption inside the picture, the permissible
limit for the late-deafened was 1.63 s, but that for the deaf
was not recognized. For the permissible limit of the hearing
impaired, significant difference was recognized only in
caption formats and the limits by caption formats were 5.38
and 1.39 s for the outside and inside formats, respectively.

1. INTRODUCTION
A closed caption service helps the hearing impaired enjoy TV
programs. However, it is available for only 10% of TV
programs in Japan because the closed captions are currently
produced manually and it is a time-consuming and costly task.
Therefore we have investigated how to automatically generate
programs with closed captions by an off-line system for
programs that have electronically available manuscripts such
as news and information programs [1,2]. Our research
includes the three items: automatic summarization of
manuscripts, automatic detection of the timing for
superimposing closed captions, and efficient closed caption
production system. We have already proposed word pair
sequence spotting, which is based on a phonetically HMM-
based word spotter [3], for detecting the timing for
superimposing closed captions, and have developed and
evaluated it so that the timing difference between speech and
captions can be within 0.1 s [4]. We have also found that
higher detection accuracy can be achieved for speech with
background noise if a longer timing difference is permitted.
Therefore one of the next issues is to investigate how large a
timing difference is permissible. This research is considered
to be one of the most significant topics in the area of closed
caption service.

D. Burnham et al. reported how the time delay between
speech and captions affected the enjoyment and intelligibility
of TV news programs, but for only two hearing-impaired
subjects [5]. In their experiment, they evaluated captioned
news segments with either only an audio signal or both visual
and audio signals. They reported that even delays of 1 s seem
to disrupt the enjoyment and intelligibility and that they need
to investigate the rating method of the enjoyment and
intelligibility and the relationship to the degree of hearing
loss. On the other hand, nobody has yet investigated the
permissible limit for timing difference between speech and
captions without an audio signal in a large-scale experiment.
The purpose of this study was to investigate the permissible
and preferable limits for both the hearing impaired and the
hearing by cognitive experiments. This study showed also the
correlation between those limits and factors such as subject
groups, contents, caption formats, and the direction of timing
difference, because the above factors may affect cognitive
characteristics. The results of this study should be useful for
practical applications for closed caption in news programs as
well as the design of our timing-detection system.

Section 2 describes the method of the cognitive experiments,
and section 3 describes the permissible and preferable limits
for the deaf, late-deafened, and hearing subjects, and the
correlation between the limits and the factors. In section 4, we
discuss the experimental method and the results. Section 5
makes some concluding remarks.

2. METHOD

2.1. Subject Groups

There were 33 subjects in the experiment. Considering
differences in perceptual mechanism and language ability, we
grouped them into three groups: the deaf, late-deafened and
hearing. The deaf group consisted of 6 males and 2 females
with an average age of 55 (ranging from 35 to 70), the late-
deafened group consisted of 3 males and 5 females with an
average age of 58 (54 to 67), and the hearing group consisted
of 12 males and 5 females with an average age of 20 (19 to
23).

2.2. News Contents
Five items of Japanese TV news were selected, one each from
the fields of politics, the economy, sports, accidents, and
culture. Each items was about 60 s long and consisted of
announcers' pictures in the studio at the beginning and outdoor
pictures of the scene without the announcers. In order to
investigate influences of lip-reading, we chose three items to
include only pictures of the announcers' lips, and two to
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include pictures of the speaker's lips in addition to the
announcers' lips: the sports item included an interview with a
winning athlete for 13 s, and the economy item included a
reporter speaking for 5 s.

2.3. Caption Formats
Captioning is done in two formats: one is the closed caption
service that is currently used in Japan and the other is a new
format that we have proposed. Both formats have a two-line
closed caption without scrolling. The former displays it at the
bottom of the original picture, which sometimes superimposes
it over open captions. The latter displays it on a separate
closed caption area outside the original picture. Hereafter, we
call these formats the inside and outside formats, respectively.
They are shown in Figure 1 and Figure 2, respectively. After
the news speech was dictated, captions were generated by
manually summarizing the dictations to 70% of the number of
their characters.

Figure 1. Captions inside the picture.

Figure 2. Captions outside the picture.

2.4. Direction of Timing Difference
Timing differences between speech and picture of -3, -1, -
0.33, 0, +0.33, +1 and +3 seconds were selected based on the
results of a preliminary experiment using hearing subjects.
The item with zero timing difference was generated by
matching the time for superimposing the first caption with the
start time of the speaking. The plus (minus) means that
captions were superimposed earlier (later). We used earlier
and later as the two levels of this factor.

2.5. Viewing Conditions

The combination of news contents, caption formats and timing
differences resulted in 70 items with closed captions being
generated and prerecorded on digital videotapes. The
experiments were conducted in a special room where noise
and brightness were controllable. Each subject group was
required to randomly evaluate a total of 70 items in three

experiments. The subjects were given a half-hour recess
between the experiments. Two or three subjects at a time
watched the videotape on a 29-inch TV monitor. The other
watching conditions were controlled to conform to the
standard conditions based on ITU-R BT. 500-7.

2.6. Rating Method
The subjects were asked to give each item two kinds of grades
within 15 seconds. The first grade (see Table 1) was based on
impairment scale usually used for assessing the quality of TV
pictures and sound. The second grade (see Table 2) was for
the quality in terms of preferred timing of superimposing
closed captions. These grades rated the permissible and
preferable limits, respectively. We define the permissible
limit as the 50% boundary between grades 3 and 4 on the
impairment scale, and the preferable limit as the 50%
boundary between grades 1 and 2 on the quality scale. After
the experiment, the deaf and late-deafened groups were asked
how much lip-reading they were able to do during the
experiments.

Grade Evaluation of timing difference
5 Imperceptible.
4 Perceptible, but not annoying.
3 Slightly annoying.
2 Annoying.
1 Very annoying.

Table 1. Impairment scale.

Grade
Evaluation of timing for
superimposing closed captions

2 Good.
1 Bad.

Table 2.  Quality scale.

3. RESULTS

The common analysis method in experiments of this type is
that variance analysis is done after the permissible and
preferable limits for each combination of factors have been
computed. However, we were unable to have each subject
group evaluate all the items because of restrictions on time
and the subjects' specialties. Instead, we analyzed the results
as follows.

The variance analysis using grades on each scale showed a 1%
significant difference between the hearing impaired and the
hearing group, so we analyzed the experimental data
separately for the hearing impaired and the hearing. For the
deaf and the late-deafened group, the variance analysis using
grades on each scale did not show a 5% significant difference
in news contents, but for the hearing group, that showed 1%
significant difference. Therefore we ignored the difference of
the contents factor in the analysis for the hearing impaired,
but included it for the hearing.

Each permissible limit was approximately computed from the
cumulative normal probability distribution below grade 3 on
the impairment scale, and each preferable limit was computed
from the distribution of grade 1 on the quality scale. In the
following variance analysis, all other interactions were
ignored.
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Figure 3. Permissible and preferable limits for the hearing group.
(P: politics, E: economy, C: culture, A: accident, S: sports); (I: inside, O: outside); (E: earlier, L: later)
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Figure 4. Permissible and preferable limits for the deaf and
late-deafened groups. (DG: deaf group, LDG: late-deafened
group); (I: inside, O: outside); (E: earlier, L: later)

Inside (s) Outside (s)
Deaf group ------------- 4.94 ± 0.61
Late-deafened group 1.63 ± 0.41 3.95 ± 0.49

Table 3. Permissible limits for the deaf and late-deafened
group by subject groups and caption formats.

Factors P-value Decision
Subject groups 0.6887
Direction of timing difference 0.9268
Caption formats 0.0085 **

���������    **: 1% significant difference
Table 4. Variance analysis table for the preferable limits for
the hearing impaired.

Inside format (s) 1.79 ± 0.26
Outside format (s) 5.38 ± 0.55

Table 5. Preferable limits for the hearing impaired by
caption formats.

3.1. The Hearing Impaired
The permissible and preferable limits for each of the
combined factors are shown in Figure 4. The horizontal axis
shows the combination of three factors. The DG_I_E and
DG_I_L permissible limits were not recognized because the
cumulative percentage below grade 3 on the impairment scale
exceeded 50% for all the timing differences. Therefore, both
the subject groups and caption formats significantly affected
the permissible limits. The variance analysis was impossible
for lack of the DG_I_E and DG_I_L permissible limits, but
the variance analysis using grades on each scale, with the
three factors other than news contents, did not show a
significant difference in the direction of timing difference. The
permissible limits with 95% confidence interval were

calculated ignoring the difference of the direction of timing
differences, as shown in Table 3.

The result of the variance analysis of the preferable limits is
shown in Table 4. A 1% significant difference was recognized
only for caption formats. The preferable limits with a 95%
confidence interval were calculated ignoring the difference of
both the subject groups and the direction of timing
differences, as shown in Table 5.

Figure 4 shows that both limits were similar except for the
DG_I_E and DG_I_L limits. Only the preferable limit of the
two limits was recognized in the cases of DG_I_E and
DG_I_L, because some deaf subjects felt not only that the
timing difference was annoying but also that the timing of
superimposition was good for the same item.

3.2. The Hearing
Permissible limits and preferable limits for each of the
combined factors are shown in Figure 3. The E_O_L
permissible limit was not recognized because the cumulative
percentage below grade 3 on the impairment scale was less
than 50% for all the timing differences and the percentage
decreased as the timing difference became larger. For all three
factors, no significant difference was recognized in the
variance analysis except for the economy contents. Therefore
the permissible limit with a 95% confidence interval were
calculated ignoring the difference of all the factors except the
economy contents. It was 1.99 ± 0.10 seconds.

The E_I_L and E_O_L preferable limits were not recognized
because the cumulative percentage of grade 1 on the quality
scale exceeded 50% for all the timing differences. No
significant difference was recognized in the variance analysis
except for the economy contents, like for the permissible
limit. Calculated in a similar way, the preferable limit was
2.44 ± 0.14 seconds. Figure 3 indicates that the preferable
limits were more than the permissible limits except for the
P_O_E item, because some subjects who felt annoyed by the
closed captions overlapping the open captions probably chose
"annoying" when grading the impairment scale.

3.3. Subjects' Comments
One deaf and five late-deafened subjects reported being able
to make use of lip-reading to a greater or lesser degree in the
experiments. Some opinions about the lip-reading include: “I
can lip-read familiar people like family members, but had
difficulty lip-reading the announcers because they spoke
faster.” “I managed to lip-read items with the same contents
when they were presented again.”



Some opinions about the experiment were: “I was not
confused by timing differences in captions outside the
picture.” “It is bad to have closed captions overlapping open
captions even if the timing is correct.” “Timing difference is
not an important factor when watching news programs.”

4. DISCUSSION

4.1. The Hearing Impaired
Before the experiment, we expected that:
(1) The hearing impaired would require small timing

differences because some of them can lip-read.
(2) In the outside format, although the captions are further

away from the speaker's lips than in the inside format, the
permissible limit should be more severe because subjects
can see captions more clearly since they are in a separate
area.

However, the results actually showed that the limits obtained
in the outside format were much larger than we expected, and
that no significant difference in contents was recognized. This
was inconsistent with the hypotheses, so to find the reason, we
considered the subjects' comments, the evaluation terms and
the news contents. The reason the results contradicted our first
expectation seems to be that the subjects concentrated on
understanding the contents when watching the news, and that
three of the news items included pictures of the speaker's lips
only at the beginning. The reason our second expectation
failed seems to be that some subjects were annoyed with the
overlapping of open captions and took this into account in
their evaluation. We found that the evaluation terms affected
the result, because the preferable limit for the deaf group was
recognized while the permissible limit was not recognized.

4.2. The Hearing
The permissible limit calculated using all the factors except
the economy contents was similar to that in the preliminary
experiment for the hearing. In this experiment, a significant
difference was recognized in the factor of the news contents,
but it did not seem to correlate with the permissible and
preferable limits though the timing of changing pictures
affected those limits in some news items.

4.3. Further Work
In this paper, cognitive characteristics for superimposing
timing differences were investigated only in terms of the
permissible and preferable limits because of restrictions of
time and cost and the difficulty in rating of the comprehension
of the contents. However, an evaluation by testing the
subjects' comprehension of the contents would be of interest in
order to better understand the characteristics. Since our targets
are text-available programs such as news programs and
information programs, we used news items in the
experiments. The viewpoint for enjoying TV seems to differ
depending on the kind of program: drama, magazine, sports,
or documentary program. The characteristics appear to be
related to the movement of the subject's eyeball while
watching TV, and it would be interesting to investigate this
relationship.

5. CONCLUSION
This paper described cognitive experiments on the timing
difference for superimposing closed captions onto TV news
programs. We investigated subject groups, news contents,

caption formats, and the direction of timing difference, and
extracted their correlation with the cognitive characteristics.
In this experiment a significant difference between the hearing
impaired and the hearing was recognized for the permissible
and preferable limits. For the permissible limit for the hearing
impaired, a significant difference was recognized only in
subject groups and caption formats. In the outside format, the
limits for the deaf and late-deafened were 3.95 and 4.94 s,
respectively because they concentrated on understanding the
contents of the news programs they were watching. In the
inside format, the permissible limit for the late-deafened was
1.63 s, but that of the deaf was not recognized. For the
preferable limit for the hearing impaired, a significant
difference was recognized only in caption formats and the
limits by caption formats respectively 5.38 and 1.39 s in the
outside and inside formats, respectively. There was significant
difference between them because subjects might take into
account the overlap with open captions when grading. On the
other hand, a significant difference was recognized only in
news contents for the hearing, and their permissible and
preferable limits calculated using all the data except for one
contents were 1.99 and 2.44 s, respectively.

This experiment showed that the permissible range of timing
difference for superimposing captions in news programs was
relatively wide, and that the hearing impaired could accept a
timing difference of about 1 s when watching news programs.
We will use these results in the design of our automatic
detection system for superimposing closed captions.
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