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Abstract

Purpose Low-vision clients frequently
report having problems with reading. Using
magnification, reading performance
(as measured by reading speed) can be
improved by up to 200%. Current
magnification aids can be expensive or bulky;
therefore, we explored if the Apple iPad
offers comparable performance in improving
reading speeds, in comparison with a closed-
circuit television (CCTV) video magnifier, or
other magnification devices.
Methods We recruited 100 participants
between the ages of 24–97 years, with low
vision who were literate and cognitively
capable, of whom 57 had age-related macular
degeneration. To assess reading, participants
read standardized iReST texts and were
tested for comprehension. We compared
reading speed on the Apple iPad (10 inch)
with that of the CCTV, home magnification
devices, and baseline measures.
Results All assistive devices improved
reading rates in comparison to baseline
(Po0.001, Hedge’s g41), however, there was
no difference in improvement across devices
(P40.05, Hedge’s go0.1). When experience was
taken into account, those with iPad experience
read, on average, 30 words per minute faster
than first time iPad users, whereas CCTV
experience did not influence reading speed.
Conclusions In our sample, the Apple iPad
was as effective as currently used technologies
for improving reading rates. Moreover, exposure
to, and experience with the Apple iPad might
increase reading speed with that device. A larger
sample size, however, is needed to do subgroup
analysis on who would optimally benefit from
each type of magnification device.
Eye (2017) 31, 865–871; doi:10.1038/eye.2016.309;
published online 3 February 2017

Introduction

There are an estimated 285 million people
worldwide who suffer from visual

impairments.1 With the percentage of adults
above the age of 60 rising, an increased number
of people affected by visual impairments should
be expected.2 Difficulty in reading is the most
frequent complaint made by individuals with a
visual impairment, and is the main cause of
being referred to rehabilitation services.3–6

Rehabilitation interventions for reading
difficulties are often linked to magnification, and
can fall into two main categories: low-tech with
the use of tools such as loupes, and high-tech
through the use of electronic magnification such
as closed-circuit televisions or head-mounted
devices.7–8 The recent development of portable
electronic devices that can be used for reading,
such as the Apple iPad, offer an alternative
magnification tool to those that are traditionally
used in rehabilitation. However, there is little
evidence to show how effective portable
electronic reading devices are as low-vision aids
or how they compare against existing
magnification aids.
Previous researchers have shown that

with magnification, reading performance
(as measured by reading speed) can be
improved by up to 200%.4,9 The most common
types are hand-held and video magnifiers, such
as the close-circuit television (CCTV).
Typically, CCTVs have higher levels of

magnification in comparison with other
magnification devices.10 When magnified and
displayed on a larger screen this increases
reading speed.11–12

In addition to hand-held and video
magnifiers, rehabilitation agencies and clinicians
have recently been recommending electronic
portable reading devices—such as the iPad—as
a low-vision reading aid. Electronic tablet
readers combine the portability of hand-held
magnifiers with the high-resolution displays of
CCTVs, and have a wide variety of free and/or
for-purchase downloadable applications, for
example, VisionAssist, an app that increases
magnification and adjusts contrast polarity.
As such, tablet readers are believed to be a
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useful tool for those with low vision. A recent online
survey of people with visual impairments found that
nearly half of their respondents (48%) already owned and
were using a tablet computer as a low-vision aid.13

However, there is little empirical research to support
these recommendations, with most endorsements coming
from anecdotal evidence made by rehabilitation
specialists.14 Gill et al15 compared the reading speeds of
participants using the Apple iPad, the Sony e-reader, and
plain text presented on a sheet of paper. The researchers
found that participants consistently read faster on the
iPad with larger text sizes and rated the iPad as having
the best clarity.15 Roth et al directly explored reading
performance across three conditions (newspaper, a print-
out of a news article, and a news article on an iPad) in
low-vision participants.16 Measuring reading speed in
words per minute, Roth et al found that individuals had
faster reading speeds when reading from the iPad,
compared to when reading from the newspaper or a
printed page from an internet website.16 Other benefits of
the iPad include apps to present text at high contrast, as
single scrolling lines of text, and present text in dynamic
formats, all of which have been shown to increase reading
speed and ability.17–20

The purpose of the present study was to compare the
reading performance (as assessed by reading speed) of
participants with low vision, using the iPad, the CCTV,
and the individual’s home reading device or technique.
We utilized standardized texts that had the same level of
difficulty across all conditions, and participants were
tested in their dominant language (English or French).
Each text was followed by a multiple-choice
comprehension question to ensure that the participants
understood the content of the text they read. We included
a questionnaire to assess language, background, and
reading habits before and after onset of low vision.
We hypothesized that participants would have faster
reading speeds using the iPad as compared to the CCTV
or their home device.

Materials and methods

The research protocol was approved by the research
ethics board of the Centre for Interdisciplinary Research
in Rehabilitation of Greater Montreal, in accordance with
the Canadian Tri-Council Policy Statement of ethical
conduct for research involving humans.

Participants

100 participants, clinically diagnosed with low vision,
were recruited from the client list of the MAB-Mackay
Rehabilitation Centre. Participants were required to have
a visual acuity better than 6/90, but worse than 6/24 in

the better eye with best standard correction, as measured
by the ETDRS chart, or qualify for low-vision
rehabilitation in the province of Quebec.21 See Table 1
for a breakdown of diagnoses and standard
demographics such as gender, age, education level,
diagnosis, and visual acuity.

Measures

Montreal cognitive assessment-blind The Montreal
cognitive assessment (MoCA) screens for mild cognitive
impairment in adults with functional vision (MoCA22),
and has been modified and validated to allow for the

Table 1 Participant demographics

Demographics N

Total survey respondents
Male/Female 39/61

Impairment (in terms of visual acuity)a

6/9 to 6/60 (logMar 0.18–1.00) 77
6/61 to 6/120 (logMar 1.01–1.30) 19
6/121 or worse (logMar 1.31 or worse) 3

Primary diagnosis
Macular degeneration 57
Diabetic retinopathy 6
Glaucoma 6
Other 25
Unknown 6

Age
Less than 50 years 9
50–59 years 7
60–69 years 13
70–79 years 18
80–89 years 40
90 years or more 13

Language
French 16
English 84

Highest level of education
Primary 4
Secondary 40
Post-secondary 56

Self-reported reading abilityb

No ability 0
Elementary 4
Moderate 4
Very good 15
Fluent 75

aOne participant’s acuity was listed only as 'Hand Motion' and therefore
was not included in this table. bTwo participants did not complete this
question and therefore are not included in this table.
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screening of cognitive impairment in adults with low or
no vision (MoCA-B23).

The visual function index This assesses the degree of
perceived difficulty individuals experience completing a
number of daily tasks related to vision.24 The visual
function index (VF-14) consists of fourteen questions,
including three questions that assess reading. Participants
rated the level of difficulty they had with the task, with
corrective lenses, from 0 (unable to do the activity) to 4
(no difficulty).

Demographics and reading questionnaire This
questionnaire consisted of 23 multiple-choice questions,
measuring socio-demographic information and language
background (eg, mother tongue, language proficiency).
It also assessed self-reported proficiency in reading
(1=no ability, 5=fluent ability), and reading habits
before and after onset of low vision (eg, frequency,
enjoyment, type of reading). Participants were also asked
if they had previous experience with the iPad or CCTV.

Materials

Closed-circuit television We used the ClearView+model
(Optelec, Longueuil, QC, Canada), which has a 22-inch
thin film transistor screen (flicker-free panel).

Apple iPad We used an Apple iPad Air (2013 model,
16 GB) with a 9.7 inch (diagonal) backlit LED rectangular
screen. The brightness of the iPad was maintained at the
maximum level, and the device was held still throughout
the trials.

Home magnification The home magnification device was
any visual aid that the participants most commonly used
when reading long text (eg, hand-held magnifier). If their
home device was the Apple iPad or the CCTV, then
participants read using the iPad or CCTV we provided.
For any other home device participants used a visual aid
that they brought to the study.

The international reading speed texts The International
Reading Speed Texts (IReST25) are standardized reading
materials used to measure reading speed under
naturalistic conditions (ie, newspaper print). In our study,
participants read these texts in either English or French,
they are homogeneous and comparable for repeated
measurements within and between languages. The order
in which participants read the text was pseudo-
randomized across conditions. Based on the normative
reading rates provided by Trauzettel-Klosinski and the
IReST study group we selected Texts 1, 2, 4, and 8 as our
test texts.25 These texts have average reading speeds that

do not differ by more than 10 words per minute, and
are thus considered comparable. In addition, a fifth text
(Text 7) was chosen as a practice text (as recommended by
the IReST study group).

Procedures

Upon arrival, participants were instructed on the content
and procedure of the study and informed consent was
obtained. The participants completed the MoCA-B, and
then read the IReST texts in the four reading conditions
(baseline, iPad, CCTV, home magnifier), with the order
pseudo-randomized to reduce practice or fatigue effects.
For the iPad and CCTV condition, the participants were
given instructions on how to use the device with a
practice text, and could adjust the contrast and
magnification settings to what they felt would be ideal for
reading. The distance between the participant’s eye and
the reading device was measured for each condition.
The size of the text was also recorded for each condition.
In the CCTV condition the first letter of the text, either an
uppercase A, I, O, or T, depending on which text the
participant read, was measured after the participant chose
their preferred degree of magnification. This information
was then converted into degrees of visual angle, to
compare the text sizes across all conditions.
For all reading conditions, the participants were

required to read the text aloud, while the researcher
recorded completion time as well as errors using a
stopwatch (rounded to the nearest 1/10th of a second).
An error was any word that was skipped or
mispronounced by the participant. Participants then
completed a multiple-choice comprehension question
about the content of the reading. In addition, the contrast
settings, polarity (ie, black text on white background), and
the chosen font size were recorded. If the participant was
unable to read the text it was noted in their participant
file. Upon completion, participants completed the VF-14,
and the Demographics and Reading Questionnaire.

Data analysis

Prior to running the analyses, all variables of interest were
assessed for normality. We used the Kolmogorov-
Smirnov test for normality, with all variables of interest
having a k-s value o1, and significance level of the test
of 40.05.
As we were interested in the magnitude of the effect

(ie, increase in reading rate) caused by the magnification
of text by each device in comparison to baseline,
we analyzed the difference scores (in wpm) using a
two-sample dependent (or paired) t-test (with Holm–

Bonferonni correction for multiple comparisons) on the
word-per-minute data. We also report 95% confidence
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intervals around the mean difference as a measure of the
margin of uncertainty around the estimated difference
between the two means, and bias-corrected Hedge’s
g (g*)26 as an effect size measure.

Results

Descriptive statistics

To test whether our participants were a representative
sample of a visually impaired population that report
having difficulties with reading, we analyzed the reading-
related questions on the VF-14 questionnaire (ie, items
1–3). Participants reported a great deal of difficulty
reading small (M= 0.54, SD= 0.79) and medium text
(M= 0.76, SD= 1.02), and report less difficulty with large
text (M= 2.60, SD= 1.46) when compared with small text,
t(198)= 12.41, Po0.001, g*= 1.75, g*CI (1.42 2.07). Thus,
increasing text size using any magnification device should
improve reading performance in our participants.
We were interested in reading habits before and after

the onset of vision loss. A majority of our participants
(85%) reported enjoying reading before the onset of their
low vision. However, only 35% reported enjoying reading
after the onset of their low vision.
We also assessed participants experience with the

CCTV and iPad; 59% reported having previous
experience with the CCTV, although only 35% of
participants reported currently using the CCTV as their
primary magnification device. Conversely, of the 28%
reporting to have experience with the iPad, all were
currently using the iPad. Note that in case of both the
CCTV and iPad, experience was not quantified.
To ensure that participants understood the content of

the texts, a multiple choice reading comprehension
question was asked following each reading task. On the
basis of the results, in the iPad (97%), CCTV (97%), home
device (93%), and baseline, that is, no magnification,
conditions (95%), the majority of participants who
completed the task answered the reading comprehension
question correctly. The high accuracy of participants on
the reading comprehension task confirms that a majority
of participants comprehended the texts, increasing the
integrity of the reading rates reflecting true reading
performance.

Primary outcome: reading speed across devices

To test our hypothesis that participants would have faster
reading speeds when reading using the iPad compared to
the other reading devices, we calculated the mean reading
speeds in words per minute (wpm) across participants for
the baseline condition and on each device (Table 2).
During baseline, participants found reading without

magnification extremely difficult, with most being
unable to read the text, or showing slow reading speeds.
A repeated-measures analysis of variance (ANOVA) was
run to determine if there were significant differences in
reading speed across devices. Mauchly’s Test of
Sphericity was significant (χ2 (5, N= 54)= 116.31,
Po0.001) and therefore the Greenhouse-Geisser
correction was used. There was a significant difference
(F(3, 73.05)= 21.01, Po0.001, ηρ2= 0.28) such that all
devices increased reading speed in comparison to baseline
as indicated by post hoc comparisons using the Bonferroni
correction: iPad (Mdifference= 60.12 wpm, Po0.001, CI
(43.48, 76.79)), CCTV (Mdifference= 52.59 wpm, Po0.001,
CI (36.57, 68.61)), and home device (Mdifference= 66.69
wpm, Po0.001, CI (27.93, 105.45)). However, there were
no significant differences in reading speed among the
three low-vision device conditions.As not all participants
used a home device, n= 46 could not be included in a
repeated-measures ANOVA; therefore subsequent
pairwise comparisons were conducted using paired
samples t-tests to get a more accurate measure of
performance and effect size across each device
comparison. The paired samples t-test showed
participants had statistically significant increases in
reading speed in comparison to the baseline when using
the iPad (Mdifference= 63 wpm, Po0.001, CI (50.49, 75.57),
g*= 1.40, g*CI (1.09,1.71)), CCTV (Mdifference= 60.2 wpm,
Po.001, CI (49.23, 71.21), g*= 1.53, g*CI (1.21, 1.84)), and
home device (Mdifference= 80.8 wpm, Po0.001, CI (58.39,
103.11), g*= 1.2, g*CI (0.84, 1.56)), to magnify the text.
Given that individuals with AMD make up a majority of
our participants, we re-ran the same analysis, but only on
individuals with AMD, and found the same pattern of
results, with reading speed in comparison to the baseline
when using the iPad (Mdifference= 55 wpm, Po0.001,
CI (41.67, 68.37), g*= 1.52, g*CI (1.10, 1.94)), CCTV
(Mdifference= 55 wpm, Po0.001, CI (43.31, 66.05), g*= 1.77,

Table 2 Reading speeds (in words per minute) and normalizeda

reading speeds (in words per minute) for all conditions

N Range Mean±SD

Reading Speeds (wpm)
Baseline (no magnification) 100 0–187.4 16.5± 43.4
CCTV 100 0–186.6 76.7± 36.2
Apple iPad 100 0–209.5 79.5± 47.4
Home magnification 54 13.9–738.5 97.3± 97.6

Normalized Reading Speed (wpm)
Baseline (no magnification) 100 − 9.9–0 − 6.9± 2.8
CCTV 100 14.5–186.6 76.5± 37.7
Apple iPad 100 − 8.9 –.9 − 5.4± 1.8
Home magnification 54 − 8.2–15.9 − 4.8± 3.4

aNormalized relative to the reading rates of each text.
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g*CI (1.34–2.21)), and home devices (Mdifference= 59 wpm,
Po0.001, CI (44.76, 74.17), g*= 1.82, g*CI (1.29, 2.34)).

Additional analysis: font size and effect of experience
with CCTV and Apple iPad

Unlike previous studies,14–15 we allowed participants to
choose the size of text that they considered best for
reading. Therefore, we were interested in comparing the
font size chosen by participants on both the CCTV and the
iPad. Note that calculation of font size was not possible
with the home magnification devices due to most being
optical magnifiers. After measuring font size (in mm) and
distance (in mm), we converted the font size on both
devices into minutes of arc. Three participants were not
included in the analysis due to missing distance and/or
size information. We observed that with the CCTV,
average text size was both large and highly variable
across participants (M= 823 arcminute, SD= 3629, Range
28.51- 31439, 95% CI (95.9, 1551). Conversely, iPad users
chose to use a smaller text size, and showed less
variability across participants (M= 130 arcminute,
SD= 96, Range 16–565, 95% CI (109, 149), trending
towards a statistically significant difference (Mdifference

= 695, SDpooled= 2567 arcminute, t(192)= 1.885, P= 0.06,
95% CI (−32, 1422), g*= 0.27).
We also addressed if experience with the device had an

effect on reading speed. As seen in Table 3, although a
majority (55%) of participants had received CCTV
training, we observed no difference in reading speeds
between those with CCTV training and those without
(Mdifference= 1.6 wpm, P= 0.835, CI (−13.3118, 16.45),
g*= 0.04, g* CI (−0.37, − 0.45)). Conversely, compared to
those with no experience with the iPad (n= 70), those that
had experience with the iPad showed an increase in
words read per minute (Mdifference=− 30 wpm, P= 0.005,
CI (−50.76, − 9.17), g* = 0.67, g* CI (0.2, 1.1)).

Discussion

The purpose of this study was to investigate whether the
Apple iPad is a useful tool for those with low vision.

Specifically, we were interested in changes in reading
speed associated with the iPad compared to the CCTV
and home magnification devices. We found that
compared to baseline, all three device categories
(iPad, CCTV, and home magnification) show similar
improvements in reading speed. These results are
encouraging as they indicate that individuals using the
iPad read at a comparable rate to using the current 'gold
standard' in low-vision rehabilitation, the CCTV. We also
examined the effect of previous experience using the iPad
versus previous experience using the CCTV. There were
no differences in the reading rates of participants who
had previous experience using the CCTV compared to the
reading rates of first time CCTV users. However, there
were differences (~30 words per minute) in the reading
rates of experienced iPad users compared to first time
iPad users. It is also important to note that operating a
CCTV for the first time may be more difficult than using
an iPad for the first time. However, increased exposure to
and experience with the iPad may increase reading speed
with that device.
Reading is an important task of daily living that most

adults enjoy, and difficulty with this task is one of the
main causes of being referred to rehabilitation services.4–6

Based on the results of the reading habits assessed by our
questionnaire, it was found that 91% of our participants
enjoyed reading before the onset of their low-vision
condition, whereas only 35% enjoyed reading after the
onset of their low-vision condition. Previously,
researchers have shown that use of assistive low-vision
devices that magnify text improve reading speed for those
with low vision (eg, Nguyen et al9). Our study has shown
that the iPad perform just as well as current assistive
devices such as the CCTV, but that exposure to and
experience with the iPad may increase the average
reading speed of those with low vision. This could have
implications for participants overall reading ability and
for reading enjoyment as well. In a study by Arthanat,
Vroman, and Lysack, thirteen older adults were given an
in-home information communication technology training
program over the course of three months using the iPad.27

Although this study did not deliberately examine reading
speed using the iPad, the authors examined how older
adults learned to use the iPad as well as their opinions of
technology use across multiple dimensions (satisfaction,
creativity, encouragement, comfort, anxiety, social
interactions, and opinions of self). At the end of the study,
participants were given the option to receive monetary
compensation for participating in the study or to retain
ownership of the iPad; only one participant opted for the
monetary compensation.27 Although participants
reported higher levels of frustration with technology at
the beginning of the study by Arthanat et al,27 by the end
of the training sessions, participants reported higher

Table 3 Comparing reading speeds (in words per minute)
when using the CCTV and Apple iPad, between individuals with
and without experience on each device

N Range Mean± SD

CCTV
No experience 39 22.0–164.6 78.1± 32.8
Experience 55 14.5–186.6 76.5± 37.7

Apple iPad
No experience 70 7.8–170.8 72.8± 37.9
Experience 24 23.2–209.5 102.8±59.3
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levels of satisfaction with technology. Similar results were
found when examining comfort with technology;
participants were more intimidated by technology at the
beginning of the training period, but results showed that
by the end of the training period they were more
comfortable using the iPad. Possible future directions for
research in rehabilitation may examine whether training
and experience using the iPad will increase reading
speeds in low-vision clients.
Other studies have examined the use of the iPad as a low-

vision reading aid15–17 and found that participants had
higher reading speeds compared to other devices when
using the iPad. The results of the present study confirm and
are consistent with these findings as our participants had
faster reading speeds when using the iPad compared to
when they read from just a piece of paper. Going beyond
this finding, our study compared the iPad to other assistive
devices, and found that the iPad performed just as well as
these devices. However, when experience was taken into
consideration, previous exposure to the iPad was linked to
increased reading speeds. This increase in reading speed
due to exposure may show that more time with, or training
on, the iPad may be required for these benefits to become
apparent.27 It is also conceivable, however, that those with
previous experience using the iPad may also have higher
levels of education, income, or better visual acuity. Future
studies should examine the impact of experience and/or
training on the iPad, social/economic factors, and their
effects on reading speed.
One of the limitations of the current study is that the

measure used to assess reading comprehension may not
have been challenging enough for some of the
participants. As the original IReST text was at a sixth-
grade reading level, the reading comprehension questions
designed for the purpose of this study were also written
at a sixth-grade level. Further, our aim in using the
comprehension questions was to encourage participants
to read the text at a speed that they could comprehend the
content of the text. Future studies should include a wider
and varied range of more challenging measures to assess
reading performance. A second limitation is that the act of
reading on the iPad and reading using the CCTV may not
be directly comparable. Access to each text and its
magnification through the iPad was accomplished by
programming the IReST texts directly into the iBook app.
Therefore, individuals could choose their desired font size
directly within iBooks, and then scroll through the text
with swipe commands on the touch screen. In
comparison, access to the texts on the CCTV was
accomplished though the traditional placement of paper
under the CCTV camera, magnification through the
CCTV controls, and scrolling of the text through moving
the CCTV tray from side to side. This action has
previously been reported to induce nausea in some users,

a phenomenon that has not been reported with the iPad.28

On the contrary, a study by Walker using drifting
horizontally-scrolling text on an iPad, found that the
majority of participants with macular disease reported
improved reading ability when the drifting text was
presented at a PRL.29 Therefore, reading speed is likely,
in part, dependent on the reading techniques involved.
Linked to these reading techniques, it could be argued
that the manual dexterity required to operate a CCTV tray
for stable and continuous reading may place higher
demands on the low-vision reader than simply swiping
across a tactile screen to move text or turn a page; again,
however, we did not observe slower reading rates in the
CCTV condition, should this be the case. Future studies
should therefore compare the iPad with a portable CCTV
in the same context: using the camera and magnification
capacities on each to assess different types of reading
conducted in daily activities (eg, reading medicine bottles,
newspaper).
Given the similarities in reading rates, the iPad appears

to be as effective as the currently used technologies within
low-vision rehabilitation for improving reading rates at a
substantially lower cost. While the CCTV is the current
gold standard in low-vision rehabilitation, the cost ($2000
CAD) makes the Apple iPad ($549 CAD) a cheaper and
more portable low-vision aid. While the iPad has some
limitations in regards to the use of hard copy materials, its
access to online resources, e-books, and apps targeted
specifically for low-vision users makes the iPad a useful
tool for those with visual impairments. Although our
sample size is reasonable (n= 100), a larger sample is
needed to conduct subgroup analyses on who would
optimally benefit from tablet computer magnification in
low vision. Yet based on the results presented here, it
would appear that the iPad provides an alternative
magnification device for individuals with low vision.

Summary

What was known before
K The iPad appears to increase reading speed, but it is

unknown how the iPad compares to other low-vision
rehabilitation devices.

What this study adds
K The Apple iPad significantly increases reading speed in

participants with visual impairments. The Apple iPad
improves reading speed at a comparable rate to the current
gold standard in low-vision rehabilitation, the CCTV.
Training on the Apple iPad may significantly increase
reading speed compared to those who do not have training.
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