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ABSTRACT
Background: Reading is a major complaints in low vision clinics. Reading rate is an important predictor of
reading ability. Optimalization of visual function and reading rate could be achieved by using low vision aid.
Nowadays, smartphone could be used as a head-mounted display (HMD) for low vision aid use. The features
of smartphone-based HMD are modifiable magnification, brightness control, and contrast enhancement.
Purpose:  to compare the reading rate using smartphone-based HMD with optical low vision aid in low
vision patients.
Methods: a randomized clinical trial on 49 patients, aged 18-70 years old, with best-corrected visual acuity
on the better eye <6/18-≥3/60, and junior high school or higher education level. Subjects were divided into
group A and B. Reading rate was examined using optical low vision aid first, then using smartphone-based
HMD in group A, group B vice-versa. Reading rate was measured using a newspaper with font size of N10.
Results: the characteristics of subjects were homogenous in group A and B. The median of reading rate
using smartphone-based HMD and optical low vision aid were 32,22 words per minute (wpm) and 33,21
wpm (p=0,574). Additional analysis revealed no statistically significant of reading rate between both of low
vision aid based on the degree of visual impairment, contrast sensitivity, visual field defect, cause of low
vision, and the power of optical low vision aid. Smartphone-based HMD reading rate was better than optical
low vision aid in ≥12 diopter.
Conclusions: there was no differences between the reading rate of smartphone-based HMD and optical low
vision aid. Smartphone-based HMD could be used as a low vision aid alternative.
Keywords: reading rate, low vision, low vision aid, head-mounted display, smartphone.

BACKGROUND
Reading  difficulty  is  frequently  complaint

by  low  vision  patients.  Reading  ability  is
influenced  by  visual  functions,  cognitive,  and
font characteristics. Reading impairment was an
early  predictor  of  disability.  Deficits  of  visual
function  impaired  the  reading  ability.  Visual
acuity,  contrast  sensitivity,  and  visual  field
defect are the measures of visual function.1–3

Reading  is  a  complex  ability  and  visual
function  measurements  could  not  accurately
predict  reading  ability,  therefore  reading  rate
measurement  is  needed.  Reading  rate  is
measured  by  counting  words  per  minute  as
clearly  and  as  fast  as  possible.  Reading  rate
represents  daily  reading  activities  more  than
visual  acuity,  thus  patients  with  equal  visual
acuity could have different reading rate because
of different contrast sensitivity and visual field
defect.  Fluent  reading rate  allows comfortable
reading activities.1,2,4–7 

Improvement  of reading rate in low vision
patients  is  achieved  by providing optimal  low
vision aid.8–11 Low vision aid assists patients to

make  use  of  their  remaining  vision  more
effectively and efficiently. Types of low vision
aid are optical, non-optical, and electronic.8,9 

Electronic  low  vision  aid  features  are
modifiable  magnification  and
contrast.7,8 Closed-circuit  television  (CCTV),
portable  digital  magnifier,  and  head-mounted
display (HMD) are the examples  of electronic
low  vision  aid.  Head-mounted  display  is
classified  based  on  its  usability  into  virtual
reality (VR) that attach to the user’s head and
present  information  directly  to  the  user's  eyes
through a positive lens that enable a wider field
of view (FOV).7,12 The limitations of technology,
made  worse  by  its  high  price,  lead  to  a  low
demand in the past, however newer HMDs are
developed nowadays,  such as eSight  Eyewear,
NuEyes  Pro  Smartglasses,  and  Iris  Vision.
Newer products have high camera and display
resolution.13

Technological  advancement  in  smartphone
computerization and graphical power make way
for a smartphone-based VR. Relumino is a VR
application  for  low  vision.  The  features  of



Relumino are digital  magnification,  modifiable
brightness  and  contrast,  color  invert,  outline
enhancement, and color filter to reduce glare.14

Table 1. Subjects’ Characteristics

Characteristics
Group A 
(n=25)

Group B 
(n=24)

p

Age (years) 0,805
18-39 15(60,0%) 10(41,7%)
40-59 7(28,0%) 11(45,8%)
≥60 3(12,0%) 3(12,5%)
Gender 0,458
Male 13(52,0%) 15(62,5%)
Female 12(48,0%) 9(37,5%)
Educational Level 0,999
Grade 9 13(52,0%) 15(62,5%)
Grade 12 8(32,0%) 5(20,8%)
College or higher 4(16,0%) 4(16,7%)
BCVA (logMAR)a 0,370
Mean ± SD 0,79±0,187 0,86±0,297
Reading Acuity 
(logMAR)b

0,557

Median 0,92 0,92
Range 0,52-1,22 0,52-1,42
Contrast sensitivity 

(logCS)a
0,737

Mean ± SD 1,04±0,459 0,99±0,427
Visual impairment 0,158
Moderate 21(84,0%) 16(66,7%)
Severe 4(16,0%) 8(33,3%)
Visual field defect 0,447
Unspecified 10(40,0%) 11(45,8%)
Peripheral 7(28,0%) 9(37,5%)
Central 8(32,0%) 4(16,7%)
Cause of low vision 0.740
Glaucoma 4(16,0%) 5(20,8%)
Aphakia/pseudophakia 4(16,0%) 0(0,0%)

Retinal disorder 15 (60,0%) 16 (66,7%)
Optic disc atrophy 2(8,0%) 3(12,5%)
Type of Optical Aid 0,435
Spectacle magnifier 21(84,0%) 18(75,0%)
Stand magnifier 4(16,0%) 6(25,0%)
Power of Optical Aid 0,986
≤3x 15(60,0%) 14(58,3%)
3-6x 7(28,0%) 4(16,7%)
>6x 3(12,0%) 6(25,0%)

a:  normal  distribution;  b:   non-normal  distribution;
logMAR:  logarithm  Minimum  Angle  of  Resolution;
logCS:  logarithm  contrast  sensitivity.  SD:  standard
deviation.

Smartphone adoption in Indonesia reach 100
million users, which is the fourth largest in the
world.15 Globally, the penetration of smartphone
is more than 80% in developing and developed

countries.16 Therefore,  smartphone  could
become an interesting and relatively affordable
low vision  alternative.  Until  now,  there  is  no
studies that investigate smartphone-based HMD
as a  low vision  aid.  This  study compared the
reading  rate  of  smartphone-based  HMD  with
optical low vision air in low vision patients.

Table 2. Comparison of Reading Rate
between Smartphone-based HMD and

Optical Low Vision Aid

Variable
Optical Aid

Smartphone-
based HMD p

n = 49 n = 49

Reading Rate (wpm) 0,574
Median 32,22 33,21
Range 4,28-123,75 4,54-116,47
HMD: head-mounted display; wpm: words per minute.

METHODS
This is a randomized clinical trial. Subjects

are low vision patients in Low Vision Unit in
Cicendo  National  Eye  Center  from  August-
November 2019. Inclusion criteria were patient
aged  18-70  years  old,  grade  9  or  higher
educational  level,  and  best-corrected  visual
acuity (BCVA) <6/18 - ≥3/60. Exclusion criteria
were  patient  who  could  not  read  N5  after
provision of optimal low vision aid, patient who
have prior experience of low vision aid use, and
physical conditions which hinder them in using
low  vision  aid.  Sample  was  selected
consecutively  until  achieving  minimal  sample
size. Subjects were divided into 2 groups, Group
A and Group B. Reading rate in Group A was
measured using optical low vision aid first, then
smartphone-based  HMD  after  30  minutes  of
washout, Group B vice-versa.

Independent variables are optical low vision
aid  and  smartphone-based  HMD,  while
dependent  variable  is  reading  rate.  Age  was
classified into 3 groups, 18-39 years old (young
adults), 40-59 years old (middle-aged), and ≥60
years  old  (seniors).17 The  cause  of  low vision
was  grouped  based  on  anatomical  site18 and
prediction of visual field defect.

Subjects  was  examined  using  Early
Treatment  Diabetic  Retinopathy  Study
(ETDRS) for BCVA, Baily-Lovie reading chart
for reading acuity, and Hiding Heidi for contrast
sensitivity. Indonesian standardized reading rate



was  not  available  at  this  study  was  being
conducted. We used texts from newspaper with
font  size  N10  and  contrast  of  71-75%.19 The
paragraph used in this study consist of 8 lines
and  33  words,  which  equal  to  2  lines  of
MNREAD chart (10-15 words per sentence).20

Types and magnification of low vision aid
was determined based on threshold print size of
N5.  Magnification  was  grouped  into  low
magnification (≤3x), intermediate magnification
(3-6x), and high magnification (>6x).21 

Tabel 3. Additional Analysis: 
Comparisons of Reading Rate Based on Visual Functions and Power of Optical Aid

Variable (n)
Optical Aid (wpm) Smartphone-based HMD (wpm)

p
Mean ± SD Median Range Mean ± SD Median Range

Visual Impairment
Moderate (37)b 42,66 5,00-123,75 45,40 4,54-116,47 0,970
Severe (12)a 24,43±15,73 27,13±16,23 0,511
Contrast Sensitivity
1,25% (5)a 80,57±26,19 77,74±22,91 0,878
2,5% (4)a 75,75±30,47 54,20±13,43 0,153
5% (7)a 53,24±32,09 55,41±36,12 0,743
10% (13)a 32,99±19,86 36,08±20,38 0,385
25% (20)b 18,47 4,28-58,06 20,39 4,54-58,23 0,332
Visual Field Defect
Unspecified (21)a 37,02±24,99 42,36±22,77 0,207

Peripheral (16)b 22,44 6,75-82,50 22,67 4,54-73,04 0,605

Central (12)a 55,66±38,24 50,28±36,29 0,480
Cause of Low Vision
Glaukoma (9)a 33,98±28,69 35,85±24,34 0,602
Aphakia/pseudophakia (4)a 40,19±25,54 47,59±32,95 0,557
Retinal detachment (7)a 33,25±29,98 37,16±17,50 0,699

Retinitis pigmentosa (8)b 24,85 11,6-61,93 19,84 11,64-45,97 0,401

Macular disorder (13)a 58,23±37,48 53,20±35,27 0,487
Other retinal disorder (3)a 50,20±12,23 53,73±26,95 0,799
Optic disc atrophy (5)a 22,28±12,47 30,25±17,11 0,029*
Power of Optical Aid
≤3x (29)a 50,86±31,792 45,65±27,65 0,164
3-6x (11)a 28,93±17,971 34,97±26,99 0,205

>6x (9)a 17,51±13,023 28,94±20,05 0,058

*: p<0,05; a: normal distribution; b: non-normal distribution; wpm: words per minute; HMD: head-mounted display;
SD: standard deviation.

Each  subjects  was  given  15  minutes  of
training  for  each  low  vision  aid.  Fitting  of
smartphone-based  HMD  was  performed  to
determine  the  best  and  most  comfortable
settings to read font size of N5, which include
magnification  level,  contrast  level,  brightness
level, and working distance.

Subjects  was  asked  to  read  loudly  and  as
fast as possible. Reading rate was calculated as
a number of  correct  words per minute  (words
per minute), by formula: correctly read words /
reading time (seconds) x 60.22 Reading rate of
subjects  who  could  not  read  the  font  size  in

newspaper  was  0  wpm.  We  used  camera
recorder for documentations and calculations of
reading rate from the first spoken word to the
last spoken word.

Normality  of  data  was  measured  using
Shapiro-Wilk  test.  Comparison  of  sample
groups  characteristics  was  estimated  by
unpaired  T-test  for  normal  distribution  and
Mann-Whitney test for non-normal distribution
in  numerical  data.  Categorical  data  was
analyzed using Chi-Square, Exact Fisher test, or
Kolmogorov-Smirnov  test.  Comparison  of
reading rate using optical aid and smartphone-



based  HMD  was  estimated  by  paired  T-test
(normal  distribution)  and  Wilcoxon  test  (non-
normal  distribution).  P-value  <0,05  were
regarded as indicators of statistical significance.
All  statistical  analysis  were  performed  using
SPSS for Windows ver. 24.0.

RESULTS
Table 1 showed no characteristics difference

between  Group  A  and  Group  B.  Age  of  the
subjects ranged from 18-70 years old. Subjects
were  grouped  into  three  groups,  25  (51,0%)
subjects  aged  18-39  years  old,  18  (36,7%)
subjects  aged 40-59 years  old,  and 6  (12,2%)
subjects  aged  ≥60.  Twenty-eight  (57,1%)
subjects  were  male  and  21  (42,9%)  subjects
were  female.  Twenty-eight  (57,1%)   subjects
were grade 9, while 13 (26,5%) subjects were
grade 12, and 8 (16,3%) subjects were college
or higher.

Best-corrected visual acuity, reading acuity,
and contrast  sensitivity  showed no statistically
difference between two groups. Fifteen subjects
(30,6%)  could  read  newspaper  texts  (N10)
without low vision aid.

Unspecified visual field defect accounted for
21  subjects  (42,9%),  followed  by  16  (32,6%)
peripheral, and  12 (24,5%) central.  The cause
of  low  vision  were  classified  by  anatomical
lesions.18 Thirty-one  (63,3%)  subjects  had
retinal  disorder,  9 (18,4%) subjects had whole
globe  disorder,  5  (10,2%)  subjects  had  optic
nerve disorder, and 4 (8,1%) subjects had lens
disorder.

Types of optical aid used in this study were
spectacle  magnifier  (39  /  79,6%)  and  stand
magnifier  (10  /  20,4%).  Twenty-nine  (59,2%)
subjects need ≤ 3x magnification, meanwhile 11
(22,4%)  and 9 (18,4%) subjects need 3-6x and
>6x magnification.

Table  2  summarized  comparison  between
reading  rate  of  optical  low  vision  aid  and
smartphone-based  HMD.  No  significant
difference was found between those low vision
aid. Median of reading rate without low vision
aid  was  0  wpm  (range:  0,00-64,61  wpm).
Reading rate of >40 wpm was achieved by 10
subjects without low vision aid. Improvement of
reading  rate  was  seen  after  provision  of  low
vision, 22 subjects were able to read >40 wpm
using both of low vision aid. Smartphone-based
HMD had higher reading rate than optical aid in

31 (63,3%) subjects.
Table  3  compared  reading  rate  between

smartphone-based HMD and optical  aid based
on  visual  functions  and  power  of  optical  aid.
Only subjects with optic disc atrophy had higher
and significant  reading rate  using smartphone-
based  HMD  compared  to  optical  aid.  No
significant  difference  was seen in  other  visual
functions.

There was a borderline significant results on
high optical magnification needs (>6x). Mean of
optical  aid  reading  rate  was  higher  in  low
magnifications  (<3x),  while  smartphone-based
HMD had  advantage  in  higher  magnifications
(>3x).  Figure  1  showed  reading  rate  between
low vision aids based on diopter of optical aid,
smartphone-based HMD had higher reading rate
than optical aid in power ≥12 diopter (D).

DISCUSSIONS
This  study  did  not  find  a  difference  in

reading  rate  between  smartphone-based  HMD
and optical aid. Few studies compared reading
rate using HMD and optical aid. Peterson et al
found  a  higher  reading  rate  in  low  vision
patients using HMD (85 wpm) than optical aid
(61 wpm).23 In contrary, Culham et al reported
that optical aid (95 wpm) was faster than 4 types
of HMD (55-70 wpm).24 Ortiz  et  al  compared
HMD  with  CCTV,  they  found  no  significant
difference  between  both  of  low  vision
aids.25 Comparison of electronic and optical low
vision aid was conducted by Taylor et al  who
reported that reading rate using portable digital
magnifier was not different compared to optical
aid.26 The  only  published study about  reading
performance of modern HMD was conducted by
Wittich  et  al.  They  found  improvement  in
critical  print  size  (without  device:  1,08
logMAR,  with  device:  0,59  logMAR)  and
reading accessibility index (without device: 0,23
wpm/200,  with  device:  0,34  wpm/200)  after
using modern HMD (eSight Eyewear).27 

Major  advantages  of  HMD are  modifiable
magnification,  increase  in  contrast  and
brightness, and wider FOV.8,12,27 However, good
hand-eye coordination and head stabilization are
needed for optimal HMD usage, other than that,
appropriate  texts scanning needs head and eye
coordination.24 Retinal image slip is caused by
imbalance  of  eye  and  head  movements  in
magnified  images.  That  phenomenon causes  a



decrease  in  dynamic  visual  acuity  and motion
sickness.28 
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Figure 1. Reading rate based on diopter of optical aid.
red: optical aid, blue: smartphone-based HMD.

We  expected  contrast  increase  in
smartphone-based HMD could improve reading
rate in newspaper texts with contrast of 71-75%.
Lovie-Kitchin  and  Whittaker  suggested  that
contrast  reserve  need  was  10-20:1  to  read
fluently.  Based  on  that  suggestion,  contrast
sensitivity requirements for newspaper is 3,75-
7,5% (1,1-1,4  logCS)29 In  addition,  Crossland
and  Rubin  reported  contrast  sensitivity
requirements to read fluently and very fluently
are 20% (0,69 logCS) and 8% (1,09 logCS).30 

Subjects with high contrast sensitivity (1,25-
5%)  could  read  >40  wpm,  meanwhile  lower
contrast  sensitivity  had  lower  reading  rate.
Smartphone-based HMD could increase contrast
to  90-100%,  however  this  study  did  not  find
significant  improvement  compared  to  optical
aid.  Taylor  et  al  found optical  aid  had higher
reading rate  than  portable  digital  magnifier  in
reading low-contrast MNREAD. They assumed
inadequate  training  time  could  hinder  optimal
contrast adjustment of electronic device.26

Figure  1  revealed  a  trend  of  increasing
reading  rate  using  smartphone-based  HMD in
≥12 D. Smartphone-based HMD was superior in
>6x  magnification  than  optical  aid  with
borderline  statistical  significance.  Increase  in
optical  aid  power  narrowing  FOV.7–9 Head-
mounted  display  could  modify  magnification
depends on user’s needs. Nguyen et al reported
a  decrease  in  reading  rate  was  inversely
proportional to magnification (≤3x: 95±28 wpm,
4-6x:  72±24  wpm,  >6x:  46±29  wpm).
Electronic low vision aid was a device of choice
for  patients  who  need  >6x
magnification.21 Lovie-Kitchin  and  Woo

reported  that  CCTV  with  minimum
magnification  (wider  FOV)  could  benefits
patients  with  fluent  reading  rate  (>75  wpm),
while  slower  reading  rate  needs  maximum
magnification.31 Very short working distance in
high  powered  optical  aid  causes  discomfort,
therefore  HMD  is  superior  in  term  of
convenience  because  of  its  relatively  longer
working  distance  without  sacrificing
magnification and FOV.13,28

No  statistical  difference  was  found  in
reading  rate  based  on  the  degree  of  visual
impairment.  Subjects  with  moderate  visual
impairment read twice faster then severe visual
impairment (44,80±31,50 wpm and 24,43±15,73
wpm). This was in accordance to Nguyen et al
who reported  similar  results,  reading  rate  was
84±30 wpm in moderate visual impairment and
40±13  wpm  in  severe  visual  impairment.32

Ramulu et al stated that visual acuity remain the
most  significant  predictor  of  reading  rate.
reading speed decreasing 15 words/min and the
odds of reading impairment increasing nearly 3-
fold for each 0.1 logMAR.33

In  this  study,  central  visual  defect,
specifically  in  macular  disorder,  had  a  higher
reading  rate  than  other  visual  field  defects.
Patients  selection  may  be  responsible  for  this
findings, only 2 patients with macular scar and
geographic  atrophy  had  a  very  slow  reading
rate.  An  absence  of  absolute  scotoma  could
preserve  patient’s  reading  ability.  Size  of
scotoma absolute influenced reading acuity and
reading  rate.34 Low  vision  aid  does  not
compensate  effects  of  scotoma,  therefore
achieving fluency is difficult.29,35 Nguyen et  al
reported  sn  increase  in  reading  rate  after
provision  of  low  vision  aid  in  age-related
macular  edema  (AMD).  As  much  as  42%
subjects  prefer  CCTV  than  optical
aid.21 Smartphone-based  HMD  had  a  higher
reading  rate  than  optical  aid  in  optic  disc
atrophy  with  statistical  significance.  Various
types  of  scotoma  could  occur  in  optic
neuropathy  depend  on  involving  nerve
fiber.36 Altpeter  et  al  reported  a  decrease  in
reading  rate  in  patients  with  leber  hereditary
optic  neuropathy  (LHON)  was  related  by  the
size of central scotoma, in addition patients with
reading  rate  <50  wpm  need  higher
magnifications.37 

Patients  with  peripheral  visual  defect  had



difficulties  in  using  both  low  vision  aids
compared  to  other  visual  field  defect  groups.
The  findings  were  in  concordant  to  lower
reading  rate  in  patients  with  glaucoma  and
retinitis pigmentosa. In patients with advanced
glaucoma,  the  use  of  magnifier  could  be
challenging since the magnified images could be
greater  than  their  functional  visual
field.38 Virgili et al reported 25% patients with
retinitis  pigmentosa  experienced  a  decreasing
reading  speed  in  1,0-1,3  logMAR  (N40-N80
with reading distance of 40 cm). The use of high
powered  magnifier  would  not  be  optimal
because of constricted visual field. Training to
improve  the  ability  to  search  and  scan  texts
could improve their reading rate.39 

The  reading  rate  in  this  study  was  lower
than previous studies.26,27,31 This could be caused
by  the  difference  in  language  and  the  use  of
newspaper  for  measuring  reading  rate.
MNREAD  chart  had  10  words  and  12-15
syllables for each sentence (1,2-1,5 syllables per
word),40 while the paragraph used in this study
had 33 words and 91 syllables (2,7 syllables per
word). The use of syllables  per minute give a
more  comparable  results  when  we  compare

reading  rate  in  different  language  or  unequal
word  counts.  In  scientific  use,  syllables  per
minute can be more conclusive than words per
minute because of difference of word length in
different languages, however words per minute
is more common and intuitive in everyday life.41

In this study, the only reading parameter we
could measure was reading rate at N10 because
the use newspaper as reading rate measurement.
Training  of  low  vision  aid  were  done  in  15
minutes  for  each  devices,  this  could  hinder
optimal adjustment in smartphone-based HMD. 

CONCLUSIONS
As  conclusion,  the  reading  rate  of

smartphone-based  HMD  and  optical  aid  were
equal in low vision patients to read newspaper
texts.  Smartphone-based  HMD,  with  many
features to improve quality of vision, could be
used as an interesting low vision aid alternative.
Further  studies  could  be  conducted  using
standardized  reading  rate  chart  to  measure
reading  rate  in  variable  parameters,  such  as
maximum reading speed, critical print size, and
reading accessibility index.
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