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Television Captions for Hearing-Impaired
People: A Study of Key Factors that Affect

Reading Performance

FRANK THORN?' and SONDRA THORN, New England College of Optometry,

Boston, Massachusetts

Closed captions are broadcast with television programs for special-needs viewers
such as hearing-impaired people. We examined how caption presentation rate,
small amounts of induced dioptric blur, and English learned as a second language
affect the reading performance of good readers. Thirty-two college graduates with
normal hearing and vision, half of whom learned English as a second language,
read television captions that consisted of white capital letters equivalent in size to
20/92 Snellen letters on a black background. Text was presented at rates of 55, 120,
and 216 words/min. Lenses of 0, 0.5, 1.0, or 1.5 diopters (D) were worn over the
person’s best refractive correction. The fastest text rate and small amounts of blur
significantly disrupted reading performance. People who learned English as a sec-
ond language were hindered more by presentation rate than by dioptric blur.
Surprisingly, people with refractive errors (even though they were optically cor-
rected) were hindered less by induced blur than were people with normally clear

vision.

INTRODUCTION

Closed captions for television are much like
subtitles on foreign films because they allow
hearing-impaired people to understand the dia-
logue of television .programs and movies. The
closed transmission of this information as part
of the regular video signal has been one of the
most important technological developments for
hearing-impaired people in this century. The de-
but of this service in 1980, after a decade of en-
gineering development and public policy plan-
ning, made television accessible to a new
potential audience of 18 million Americans whe

! Requests for reprints should be sent to Frank Thorn, New
England College of Optometry, 424 Beacon St., Boston, MA
02115,

had been essentially left out when television be-
came the dominant entertainment and informa-
tion medium.

. Captions are now transmitted for more than
200 h of broadcast and cable programming each
week and are also available for most movies of-
fered on videotape. However, despite the rapid
growth of the service during the first 13 years,
only about 2% of the potential audience bought
the special decoder that makes it possible to see
closed captions on any television set. Now it is
no longer necessary to buy special decoders to
see captions on a television set. A new federal
regulation went into effect in July 1993 mandat-
ing that all new televisions sets with screens
13 inches (33 cm) or larger sold in the United
States must have a built-in decoder chip. This

© 1996, Human Factors and Ergonomics Society. All rights reserved.



READING TELEVISION CAPTIONS

regulation will eventually make captioning
availablé in every U.S. household. Undoubtedly,
this is a significant victory for hearing-impaired
people and their advocates. However, an impor-
tant gauge for measuring the response to the ser-
vice has been lost, because we can no longer
track the sale of decoders.

Because substantial amounts of public and
private resources are supporting this service,
and because the 98% of hearing-impaired people
without decoders are still unable to fully under-
stand the dialogue of television programs, it is
important to identify the reasons béhind the
poor response to the captioning service. Con-
versely, we should also try to understand why so
many of those who do use captions appear to be
extremely enthusiastic about them.

Our previous research has suggested that cap-
tions may be too difficult for many people to
read and enjoy (Thorn & Thorn, 1989). We have
shown that if a person has even a slight visual
problem, the caption letters are too small for
maximurm reading performance under normal
viewing conditions. This research was the first
controlled attempt to study the legibility of
television captions. Our research addresses a
fundamental question: Are the captions pre-
sented with television programs appropriate
for the majority of people who might benefit
from them?

There are several factors to consider when in-
vestigating the legibility of captions. First, cap-
tion reading is more difficult than many reading
tasks. Because the text is divided into segments
of ane to seven words and displayed for a limited
time, this leaves only a small margin for error.
The original standard for caption presentation
was 120 words/min. However, the largest cap-
tioning agency now captions verbatim unless
the dialogue is faster than 150 words/min. A typ-
ical program may even have segments appear-
ing at a rate of 160 to 170 words/min.

Second, many hearing-impaired people can-
not read at normal fluency rates. Common read-
ing problems such as dyslexia are found across
all segments of the population, but the hearing-
impaired population has other reading prob-
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lems as well. Many deaf people learn to commu-
nicate in American Sign Language first, and
English is acquired as a second language. Fur-
thermore, hearing-impaired children who do
not sign still cannot acquire language as natu-
rally or as easily as their hearing counterparts.
Scholastic achievement tests underscore a glar-
ing deficiency: The average person graduating
from a school for the deaf reads at only the third-
to fourth-grade level (Schein & Delk, 1974; Try-
bus, 1978). Despite attempts to rectify this situ-
ation, below-par performance on normal read-
ing tasks has remained virtually unchanged
since testing first revealed this problem. A study
by Stewart (1984) indicated how this problem
can affect caption reading. A survey of 162 deaf
adults who were members of a club for the deaf
revealed that only 58% claimed to understand
television captions most of the time.

Third, visual problems are more common in
the hearing-impaired community than in the
population at large. Studies have shown that
children and young adults with congenital hear-
ing loss are more likely to have visual problems
than are normally hearing people. Although
some of this is caused by syndromes that can
produce pathological losses in both the auditory
and visual organs (e.g., rubella and Usher’s syn-
drome), the major cause for the high rate of vi-
sual problems in the hearing impaired is refrac-
tive errors. To make matters worse, if deaf
people have a refractive error, they are also
more likely than hearing people to have the
wrong eyeglass prescription (Gottlieb & Allen,
1985; Johnson & Caccamise, 1983; Pollard &
Neumaier, 1974).

Fourth, the largest subgroup of the hearing-
impaired population is the elderly. The elderly
usually have small visual losses caused by nor-
mal aging processes, and many develop patho-
logical visual losses as well (Caird & William-
son, 1986). In addition, sensory processing
capacity tends to slow with aging, especially on
complex tasks that require switching between
two or more activities (Kline & Schieber, 1982;
Simonson, Anderson, & Keiper, 1967; Walsh,
1982). This would be expected to disrupt a
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complex task, such as watching a television pro-
gram and reading the captions accompanying it,
even when no pathological conditions exist (Cer-
ella, Poon, & Williams, 1980; Craik, 1977).

Overview

We designed a series of experiments to test the
legibility of television captions when people are
challenged by small amounts of optical blur,
moderate increases or decreases in captioning
speed, or the late acquisition of English. Our
early work focused on the relationship between
caption reading and optical blur. Our present
work focuses on the interplay of three parame-
ters: optical blur, the rate of display (words/
min), and the acquisition of English as a first or
second language. We chose normal-hearing col-
lege graduates for this study rather than hear-
ing-impaired people because of their ready
availability and because we wished to first test
the effect of blur and speed on a sophisticated,
fluent population so as to measure these effects
under the most favorable conditions.

METHODS
Observers

Thirty-two young adult optometry students
with normal hearing and vision were tested. Of
these, 16 had learned English as a first language
(EFL) and 16 had learned English as a second
or third language (ESL). In the ESL group, 8
learned a first language based on the Western
alphabet (ESLa) and the other 8 learned a
first language based on Chinese characters
(ESLc). All observers were college graduates and
successful optometry students who read En-
glish fluently.

The ESL students may be analogous to
(though clearly not the same as) young, edu-
cated, hearing-impaired adults whose English
and reading skills are not quite as fluent as their
hearing counterparts.

Appaiatus

Observers viewed captions on a 25-inch (63.5
cm) RCA SelectaVision Video Monitor from 3 m.
The captions were displayed with a line-21
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closed caption decoder (Telecaption I), which is
available in the United States and Canada. We
chose the caption style that presents words and
lines without a change jn position during dis-
play time (e.g., the lines-do not scroll). The cap-
tions were composed of white uppercase letters
on a black background and appeared in the
lower portion of the monitor screen superim-
posed on video segments from 6 popular movies:
A Chorus Line, A View to a Kill, Cocoon, Rocky IV,
The Empire Strikes Back, and The Big Chill. The
captions were recorded on half-inch (1.27 cm)
videotape, and the experimenter controlled the
presentation rate with a variable-speed Pana-
sonic NV-8950 video cassette recorder.

The effect of blur on caption reading depends
on the size of the television screen and the view-
ing distance. Under the conditions of our exper-
iment, the caption letters were 2 c¢m high (0.8
inches) and viewed at a 3-m distance. This is
slightly smaller than 20/100 Snellen letters used
in visual acuity testing. This text size, which is
about five times the size of a normal young
adult’s clinically measured visual acuity, pro-
duces good legibility and reading rate for people
with normal vision (Legge, Pelli, Rubin, &
Schleske, 1985; Legge, Rubin, & Leubker, 1987).

Testing Procedure

The observers viewed captioned movie seg-
ments with the sound off. Ten sets of captioned
segments were produced for this study. Each set
consisted of a practice segment followed by six
captioned segments, one from each of the six
movies used. Each movie segment consisted of
three consecutive caption displays, which were
composed of one to four lines of text per display
and contained an average of 17 words. A set of
six segments (excluding the practice segment)
contained an average total of 101.2 words.

Each captioned segment was grammatically
complete within itself (consisting of short mono-
logues or dialogues) and was carefully chosen
for consistency in level of difficulty. The cap-
tions contained no proper names, foreign words
or phrases, swear words, or awkward word order,
and the accompanying video portion did not
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portray any sex or violence. The format is simi-
lar to that used by the National Technical Insti-
tute for the Deaf in the Communication Perfor-
mance Profile videotapes, which the college
produced to test speech-reading ability (Johnson
& Caccamise, 1983; Thorn & Thorn, 1989). The
following is an example of the text that ap-
peared in a captioned segment:

Display 1: [DO YOU WANT TO KNOW]

[ALL THE WONDERFUL THINGS]

Display 2: [THAT HAVE HAPPENED TO ME?}

Display 3: ['LL TAKE THE TRUTH.]

Observers received eye exams before taking
part in the study. Their best refractive correc-
tion was determined for the 3-m viewing dis-
tance so that all observers had the clearest pos-
sible view of the television display when they
were not intentionally blurred. Additional posi-
tive lenses were then placed in trial frames or
attached over their best corrective lenses to pro-
duce the desired amounts of blur. Observers
read captions with four levels of blur (0, 0.5, 1.0,

and 1.5 D) and at three speeds (56, 120, and 216

words/min). The four levels of blur focused the
eyes at 3 m (clear), 1.2 m, 0.75 m, and 0.55 m and
would be expected to reduce visual acuity from
slightly better than 20/20 (4.4 mm high letters)
to approximately 20/30 (6.6 mm high), 20/40 (8.7
mm high), and 20/70 (15.3 mm high). The 20/92
letter size of the television captions (20 mm
high) is readily visible in a visual acuity test by
normal observers with 1.5 D of blur.

Caption sets, speed, and blur conditions were
presented in random order. However, speed and
blur conditions remained constant throughout a
caption set. Observers read the captions aloud
as they appeared on the screen while the exper-
imenter recorded responses on a prepared
script. There was a 10-s pause between each seg-
ment. There was a longer pause between each
set, during which the experimenter prepared for
the next viewing condition. An entire session
lasted about 1 h.

Data Analysis

Each set of six captions contained approxi-
mately 100 words (mean = 101.2; range, 99—
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103). We calculated the data in two ways. First,
we simply counted the number of correct words
and calculated the percentage of words correct
for a set. This allowed us to calculate precise
accuracy scores. Second, we counted the num-
ber of whole segments or captions that were
read with perfect accuracy. This allowed an in-
dividual to achieve one of seven performance
levels for a set (0 to 6 correct). However, people
often miss unexpected words or the last part of a
line or segment, so a caption’s meaning can be
lost with only one or two reading errors. Thus
we believe the percentage of whole segments
read correctly is a better (though imperfect) in-
dicator of comprehension than is word count.

Two analyses of variance (ANOVAs) were used
to test the data. The percentage of correct words
and the percentage of correct segments were an-
alyzed in a Language Group X Blur (in diopters)
x Speed (words/min) three-way ANOVA. There
were three language groups: the group of 16 stu-
dents who learned English as a first language
and those who learned English as a second lan-
guage, which was divided into two groups of
eight students each. To analyze specific con-
cerns, the ANOVA was sometimes repeated, ei-
ther with the 16 students who had learned En-
glish as a second language considered as one
group, or with them treated as two subgroups
that were then compared with each other (with-
out the data from the EFL group).

Post hoc analysis of the data suggested that
the refractive error of the observers may play a
significant role in their ability to read blurred
captions. Thus we performed four-way ANOVAs,
including refractive error as a factor, and these
results are discussed in the following section.

RESULTS

Both blur and fast presentation rate dramati-
cally reduce reading accuracy. This was especially
obvious when we analyzed our observers’ ability
to read whole segments without error. Perfor-
mance decreased from 83% correct when clear
to 22% correct with 1.5 D of blur for slow and
normal presentation rates and from 30% to 0.5%
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Figure 1. Under slow and normal presentation rates, word accuracy was better than 98% when clear but
dropped to 60% with 1.5 D of blur. Fast presentation rate reduced accuracy, especially when text was blurred.
The students’ first language had a marginal effect on word accuracy. The greatest effect is for the most difficult
reading conditions.

at the fast speed. Reducing the speed of captions
from the normal rate had little effect on reading
accuracy, but increasing caption speed reduced
it dramatically. Observers with English as a first
language performed slightly better than those
with English as a second language under all
conditions.

and the interaction between speed and blur, F(6,
174) = 5359, p < .0001, showed highly signifi-
cant effects. At the fa§t rate, word accuracy was
reduced to 55% and 31% with 1.0 D and 1.5 D,
respectively.

The main effect for the language groups was
not quite significant, F(2, 29) = 2.60, p = .091.
Word-Reading Accuracy ) An ANOVA comparing the EFL group with the

ESL group showed that the former performed

The effects of both blur and presentation rate significantly better than the latter, F(1, 30) =
were significant. Blur reduced word-reading ac-  4.25, p = 048, although this overall difference
curacy, F(3, 87) = 78.6, p < .00001. This effect was small (Figure 1). An ANOVA directly com-
was equal for both slow and normal speeds, with  paring the ESL subgroup that learned a first
1.0D and 1.5 D of blur reducing accuracy to 84%  language based on a Western alphabet with the
and 60%, respectively. The fast presentation rate group whose first language is based on Chinese
reduced accuracy with all lenses, but the differ- characters showed no main language or lan-
ence was greatest with increased amounts of guage interaction effects.
blur. Both speed, F(2, 58) = 176.3, p < .00001, The interactions between language groups
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and either blur or speed do not approach signif- blur-induced reduction is far more dramatic. At
icance, F(6, 87) = 0.838,p = 544, and F(4,58) = slow and normal speeds, performance dropped
1.17, p = .334. A significant three-way interac- from 83% correct when clear to 22% with 1.5 D.
tion for Language Group x Blur X Speed, F(12, At the fast speed, observers accurately read only
174) = 2,52, p < .004, suggests that for the eas- 30% of the segments when the captions were
iest testing conditions, the groups did not differ clear and dropped to less than 1% correct with
but for conditions of intermediate difficulty 1.5 D of blur.

(slow and normal speeds with 1.0 and 1.5 D of The ANOVA for correct segments also shows
blur), significant differences are measurable. that both blur and presentation rate have a sig-
This interaction may be caused by a ceiling ef- nificant effect on reading accuracy, F(3, 87) =
fect wherein all groups perform very well under 67.0, p < .00001; F(2, 58) = 135.3, p < .00001.
the easiest viewing conditions (slow and average The Blur X Speed interaction effect is also

speeds with 0 D and 0.5 D). highly significant, F(6, 174) = 7.68, p < .0001. It
may seem surprising that this interaction ef-
Reading Accuracy for Whole Segments fect is based largely on the fact that the fast

presentation rate reduced performance the
When we examine the effect of blur on the most with small amounts of blur (0 and 0.5 D).
ability to read whole segments correctly, the This is caused by a basement effect whereby
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Figure 2. At the fast presentation rate, observers could rarely read all the words in a whole segment. At slower
rates, 1.5 D of blur reduced accuracy to about 20%. Words, especially longer words, were missed most often
toward the end of caption segments and lines. As a result, an observer might read 80% or 90% of a segment’s
words but miss the meaning. Performance was noticeably reduced for students who learned English as a second
language, especially for those whose first language was based on Chinese characters.
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performance was so poor with higher amounts
of blur that there could not be a large difference
between the slower speeds and the fast speed.
Thus the difference between slower and fast
speeds when clear is 83% versus 30% (52% dif-
ference) but 22% versus 1% with 1.5 D (only a
21% difference).

This method of analyzing the data also em-
phasizes the differences between the two main
language groups (Figure 2). With 1.0 D of blur at
slow and normal speeds, the EFL group read
68% of the captions correctly, whereas the ESL
group was reduced to 32% accuracy. For the fast
speed under clear viewing conditions, the EFL
group performed more than twice as well as the
ESL group (44% vs. 17%).

Few observers could accurately read complete
caption segments with 1.5 D. The language
group effect is significant, F(2, 29) = 7.08, p =
003, and the Language X Speed interaction ef-
fect is significant, F(4, 58) = 2.82,p = .033. This
interaction may again be caused by a basement
effect. Under the most difficult conditions, both
groups performed very badly (and, therefore,
similarly), whereas under moderate levels of
difficulty, the performance differences were
magnified.

A direct comparison between the students in
each ESL subgroup shows that the eight who
learned a first language based on the Western
alphabet performed slightly better than the
eight who learned a first language based on Chi-
nese characters. However, none of these differ-
ences was statistically significant. The Speed x
Language interaction was almost significant,
F(2,28) = 3.16, p = .058, given the basement
effect noted earlier.

TABLE 1

HUMAN FACTORS

The Influence of Refractive Errors

On a post hoc basis we noticed that certain
observers within different language groups
seemed to be strongly affected by blur, whereas
others were affected much less. We believed this
observation was related to refractive error (Rx)
differences among observers. Thus we per-
formed a post hoc ANOVA for both word accu-
racy and segment accuracy to test this hypoth-
esis. Both ANOVAs had four dimensions
(Language Group X Caption Speed x Blur x
Rx). The Rx dimension was divided into five re-
fractive categories (Table 1).

Brief definitions of the refractive categories
are provided here. Hyperopic people are at least
1.0 D farsighted and must normally adjust their
focus (accommodate) to see objects clearly even
at distance. In everyday life they often underac-
commodate a small amount so that objects are
slightly blurred at all distances. Emmetropic
people see clearly at distance with no accommo-
dative effort. Myopic people are nearsighted and
cannot focus clearly beyond a certain distance
without the aid of eyeglasses. Although myopes
wear glasses most of the time, they are accus-
tomed to viewing a blurred world in the morn-
ing, in the shower, and at numerous other times
during the day.

There was no overall refractive error effect—
word accuracy: F(4,25) = 1.81,p = .158; com-
plete segments: F(4,25) = 1.22,p = 327. The Rx
interaction with language groups—word accu-
racy: F(4, 50) = 2.12, p = 092; complete seg-
ments: F(4, 50) = 329, p = 018—and the Rx
interaction with presentation rate were margin-
ally significant—word accuracy: F(8, 50) = 1.92,

Distribution of Refractive Error Types among the Difference Language Groups

Refractive Type English First ESL—alphabet ESL—kanji
Hyperope (= +1.0 D) (1) +2.120D — —
Emmetrope’(+0.75 D to —0.20 D) (3) -0.083D0 (7) +0.141D —

Low myope (- 0.25D to —2.9 D) () -1810D (1) -0.870D (4) — 1.655 D
Medium myope (=3.0D to ~59D) (5) —4.246 D — (4) — 4295 D
High myope (= —6.0 D) (2) -7.685D — —

Note: Number of observers appears in parentheses. Mean refractive error for each subgroup in diopters (D).
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p = .092; complete segments: F(8, 50) = 2.67,p
= 016, respectively. There was a highly signif-
icant Rx X Blur interaction in both ANOVAs—
word accuracy: F(12,75) = 2.95, p = .002; com-
plete segments: F(12,75) = 3.06,p = .002. These
interactions demonstrate that people with
higher refractive errors are better able to per-
form under difficult viewing conditions. This is
shown in Figures 3 and 4.

For these figures the data from different lan-
guage groups and different caption speeds have
been categorized by refractive error. Both fig-
ures show that the performance of myopic peo-
ple is unaffected by the amounts of blur that we
have tested. Hyperopic people are less affected
by blur than are*the other refractive groups.

We were concerned that the refractive error
effects may be the dominant effects in the exper-
iment because we had not considered observers’
refractive errors in the original experimental de-
sign. However, when we include Rx in the ANO-
VAs, all of the significant statistical effects pre-

Refractive Error vs
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Figure 3. Percentage of words read correctly by
the different refractive groups as a function of in-

duced blur.
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viously described remained significant, and few
showed any reductions in significance.

Figure 5 shows the effect of the amount of my-
opia on the accuracy of reading words and
whole segments for clear versus 1.5 D of induced
blur. It should be noted that a ceiling effect re-
stricts the measurements for word accuracy
when captions are clear, whereas the measure-
ments for whole segment accuracy with 1.5 D of
blur suffer from a basement effect. Although the
effect of myopia on performance is most clearly
demonstrated for the word accuracy data, the
similarity between Rx groups when reading
clear captions is demonstrated by the data for
whole segments. For Figure 5, data for different
language groups and different caption speeds
have also been combined.

DISCUSSION

Why does blur reduce caption reading ability
so much when vision is blurred only 1.0 or 1.5
D? Certainly, a person’s ability to read equiva-
lent-size letters on an eye doctor’s chart would

Refractive Error vs
the Blur Effect
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Figure 4. Percentage of whole caption segments read
correctly by the different refractive groups as a func-
tion of induced blur.
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Reading With & Without Blur by

Different Refractive Error Groups
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Figure 5. With clear vision, amount of myopia has no effect on performance (with word
or segment accuracy). With 1.5 D of blur, performance improved as the amount of

myopia increased.

not be affected by these amounts of blur. We
believe that the most likely answer is simply
that a person reading continuously presented
text cannot ponder or recheck his or her first
impressions. Rather, a reader has one good lock
at each letter in its context and then must move
on. This simple view is supported by consider-
able data and has important implications for
captioning.

Legge et al. (1985, 1987) have shown with
continuously scrolled text that people with good
reading skills can reach maximum reading
speeds (for skilled readers, 300 words or.more
per minute) when text is 3 to 10 times larger
than their clinically tested visual acuity letter
size. If the average visual acuity of a young or
middle-aged adult is better than 20/20, then flu-

ently legible text could contain letter sizes as
small as 20/60. This is much smaller than the
caption text we used. However, when an observ-
er’s vision is blurred by 1.5 D, his or her visual
acuity is reduced to about 20/70. Our caption
text is, then, less than half the size needed for
fast reading speeds.

A second factor may be proposed for the
greater disruption of visual performance by blur
for emmetropes than for myopes: There is a dif-
ference in the response of their ocular accommo.-
dation to blur. Gwiazda, Thorn, Bauer, and Held
(1993) have shown that myopes tend to relax
their accommodation in response to blur,
whereas emmetropes tend to increase their ac-
commodation to blur. These responses could
prove to be inappropriate in both cases. When
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looking at a television across a room, myopes
may conceivably have a reflexive relaxation of
accommodation that maximizes clarity,
whereas emmetropes may reflexively accommo-
date to blur that cannot be cleared, which would
reduce clarity. In fact, we have recently shown
that adult myopes and emmetropes do not
change their accommodation in response to the

lenses used in this study (Thorn, Cameron, Ar-
nel, & Thorn, 1996).

For many tasks the size considerations dis-
cussed previously are not important for people
with compromised vision. A specialist in vision
rehabilitation would simply suggest that the pa-
tient move closer to the text or use a magnifier.
This is not a practical suggestion for watching
television. Television viewers are usually com-
fortable watching a large television from 3 to 3%
m. As the viewer moves closer so that the text is
larger, the television raster becomes more obvi-
ous, and the surrounding action is spread fur-
ther into the periphery of the visual field so that
it becomes more difficult for the viewer to share
attention between the action and the text.

This should be especially difficult for elderly
viewers, who have more difficulty than other
age groups when switching back and forth be-
tween two tasks. Given that these viewers have
watched television programs primarily for the

' pictorial action, we believe they will be reluc-
tant to use captions if they must sacrifice their
habitual enjoyment of television by constantly
switching between the video and an overly tax-
ing reading task that can easily cause fatigue.
After all, television is watched primarily for en-
tertainment and relaxation.

Optometrists who specialize in the visual re-
habilitation of patients with reduced visual abil-
ities often refer to the difference between visual
acuity and various reading tasks as visual acuity
reserves (Whittaker & Lovie-Kitchin, 1993). The
general rule for people with good reading skills
is that for spot reading (reading letter by letter),
text must be as large as a patient’s visual acuity
letter size; for low-fluent reading (80 to 100
words/min), text must be at least twice their vi-
sual acuity letter size; and for high-fluent read-
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ing (150 to 180 words/min), letters should be at
least three times as large as visual acuity letter
size. Patients with reduced vision rarely read
at rates significantly faster than the high-
fluent rate.

Considering that our high-speed captions
were presented at 216 words/min, it is not sur-
prising that caption-reading performance was
affected by even the smallest amounts of blur.
The original standard for captioning was 120
words/min, which is comfortably below the
high-fluency rate. However, in analyzing cap-
tion speed on some favorite situation comedies
now on television, we find that higher caption
speeds (long periods of up to 160 words/min)
have become closer to the norm. Reading at this
rate should be compromised by small amounts
of blur.

Clearly, our study has a serious flaw relative
to the intended users of captions. Captions are
not intended for people like our readers—college
graduates working toward a doctorate degree.
Rather, most hearing-impaired people are either
elderly, with slightly reduced vision and slower
information-processing skills in tasks requiring
divided attention, or are congenitally hearing
impaired with reading skills that are signifi-
cantly below the performance levels of their hear-
ing peers. Let us analyze how the caption reading
of the intended users of captions might be affected
by the factors studied in this experiment.

First, people who are congenitally or prelin-
gually deaf normally read at about the third- or
fourth-grade level. This means they have a read-
ing vocabulary that is far more limited than that
used in many television shows and movies and a
maximum reading speed of about 120 words/
min. In addition, congenitally deaf people have
a high rate of visual disorders, especially prob-
lems caused by poorly corrected refractive er-
rors (Gottlieb & Allen, 1985; Johnson and Cac-
camise, 1983; Pollard & Neumaier, 1974). Thus
the vision of a great many congenitally deaf peo-
ple is similar to that of our students when they
performed with induced blur. If we consider the
combination of visual disorders, limited reading
vocabulary, and limited reading speeds ex-
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pected in congenitally deaf people, then we must
wonder if the current captioning system meets
their needs. Our observers who learned English
as a second language read at a college level, but
even they were affected more by blur and speed
than were those who learned English as a first
language.

Late-onset elderly hearing-impaired people—
the majority of the hearing-impaired popula-
tion—is the other group that needs special con-
sideration. They usually have reading skills
-equal to that of the normal hearing population,
but they often have subtle visual losses and re-
duced information processing rates on complex
tasks. In addition, they may tire from the con-
tinuous strain of extended, complex infor-
mation-processing activities. Again, we must
wonder if the caption text size and rate of pre-
sentation of closed captions address the needs of
this group.

CONCLUSION

Our study suggests that the closed captions
currently on television for hearing-impaired
people may not serve many of the intended users
because the captions are too small and fast for
them to appreciate. Because it is technically fea-
sible to present alternative captioning styles si-
multaneously during broadcasts, we believe
that the simultaneous presentation of a second
captioning style that has a slower rate of presen-
tation and larger text may respond to some of
the special needs of the hearing-impaired popu-
lation. However, the introduction of any change
in strategy must be approached carefully so as
not to threaten the invaluable service to the
hearing-impaired people who currently use tele-
vision captioning.

In addition, captioning agencies cannot adopt
such a policy until the parameters of the text
needed for the congenitally deaf and elderly
hearing-impaired populations are empirically
determined through rigorous experimentation
with these people. We are currently undertaking
this task.
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