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Before)you)start)
The first step is to conduct a critical appraisal of
existing literature relevant to the research question.
Before proceeding further, it is then necessary to
consider whether a survey is the most appropriate
method to collect the data required to answer the
research question. Appropriate alternatives to surveys
include a systematic review or meta-analysis, casestudies, or studies with focus groups. It is beyond the
scope of this article to discuss these alternate forms in
depth, however, the researcher should be guided by
published literature in their topic. The key steps for
survey design will now be discussed. (Refer to figure
1).)
Step 1. Define research objectives
Step 2. Sampling frame and sample selection
Step 3. The sample size
Step 4 . Mode of data collection
Step 5. Construct and Pre-test questionnaire
Step 6. Recruit and measure sample
Step 7. Preparing data for statistical analysis
Step 8. Analysis of data
Step 9. Writing the report
Figure 1 – Summary of Critical Steps for Survey Design

Step)1.)Define)the)Research)Objectives)
The literature review should formulate a set of clear
research objectives. These objectives should
incorporate the outcome(s) of interest and the target
population. Franko et al offer an excellent example in
their review of iPad applications for orthopaedic
surgeons where the objectives are neatly summarised
in the statement, ‘the purpose of this study was to
collect, analyse, and summarise orthopaedic-related
iPad apps for students, patients, and medical
providers’.1 The study design was clearly defined as a
review of all applications accessible on iTunes, and
the target population was stipulated early in the paper.
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In the methods section the authors expanded upon the
research objectives by defining variables of interest
and data analysis techniques.

Step)2.)Sampling)frame)and)sample)selection)
Selecting an appropriate sample of respondents is a
critical step in planning the results because sampling
bias influences the degree to which results and
conclusions are applicable to a population outside of
the study. The ‘sampling frame’ refers to a list of
population members. From here, several sample
selection methods can be applied. Drolet et al
provided an excellent example of surveying from the
sampling frame in their assessment of working hours
of resident medical officers in North America.2 The
authors derived a complete list of directors in training
of all 682 medical institutions in North America, from
which 123 institutions across 41 states agreed to
participate. Whilst this type of sampling is ‘ideal’, it is
resource intensive, and can be limited by nonparticipation.
Sampling can be broadly conceptualised as a
‘probability’ or ‘non-probability’ model. Probability
sampling methods allow each member of the
population to have a chance (probability not equal to
zero) of being selected in the sample. This allows
assessment and control of potential sampling error.
Comparatively, examples of non-probability sampling
include those of convenience, personal judgement, or
a quota. Therefore, it is recommended, where possible
to use probability sampling to assist in knowing and
controlling for sampling error. (Refer to Table 1).
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Sampling Method
Simple random
sampling

Systematic
sample

Stratified sample

Cluster sample

Description
A simple random sample is a basic probability
method of sampling. The example includes a
random-number generator to select participants.
Whilst it is simple, it can be costly, particularly
if the population is large, and there remains a
probability that the sample does not adequately
represent the target population of interest to
meet the objectives.

In systematic sampling, every nth participant
from a population is included in the sample. This
form of sampling may be used when the
population size is unknown, but can produce
bias if the population parameter of interest is
known to occur in certain clusters.

In this technique, the population is stratified into
mutually exclusive subsets (for example, gender,
age, occupation) and then simple random
sampling is applied to each strata identify
participants. Stratified sampling can produce
very accurate results; however, one must ensure
adequate sample size is selected from within
strata.

As the name implies, cluster sampling involves
division of the population into clusters that may
not necessarily be mutually exclusive. A random
sample of these clusters is then selected, and all
members of the selected clusters are then
included in the survey. Cluster sampling is often
used when the sample frame is unknown. This
method can produce very accurate results, but is
heavily dependent on careful, un-biased
clustering of the population.

Example
Blumberg et al, 20063
Study: Telephone coverage and
health survey estimates
Design: Simple random sample
of all residential telephone
numbers from the national
registry of landline telephone
numbers.
Rose et al, 20064
Study: Comparison of cluster
and
systematic
sampling
methods for measuring crude
mortality.
Design: Systematic sample of
one in three compounds of
households were surveyed from
a particular district, and one
household from each compound
was randomly selected.
Wallihan et al, 19995
Study: Accuracy of selfreported health services uses
and patterns of care amongst
urban older adults.
Design: Stratification based on
ethnic background in North
America.
Curtis et al, 20016
Study: Evidence of behaviour
change
following
hygiene
promotion
programme
in
Burkina Faso.
Design: Households in a
particular city were divided into
location clusters (for example,
inner, central, outer zones).

Table 1 - Comparison of probability based sampling methods.
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Step)3.)The)sample)size)
Sample size determination is important to achieve
desirable accuracy and confidence of the results with
minimum waste of resources. Whilst the statistical
mathematics can become intricate, the key principles
to consider for calculating sample size are: to assess
what is the required level of precision, variability
within the target population, resource constraints
(cost, time etc.), and the selected sampling
methodology.7 Simplistically, for most qualitative
research,
larger
sample
sizes
are
better.
But how much is enough? Often a simple activity is to
conduct a preliminary survey, from which observed
results can guide the final sample size estimate. In
principle, the sample size should aim to achieve
minimum standard error (standard deviation of a
particular sample relative to other samples in a
population).

The estimation of sample size is often an important
opportunity to involve statistical consultation early in
the research planning phase. This will enable
researchers need to consider what data collection and
analytical methods are most appropriate to address the
domains of the research question.

Step)4.)Mode)of)data)collection)
The commonly used methods for survey data
collection include internet-based, postal mail
questionnaires, face-face interviews, telephone or a
combination of these techniques.8 The emerging
popularity of internet-based surveys has been
attributed to their lower cost, ease of data collection,
ability to program complex skip patterns within the
survey, and ease of distributing to international
participants. However, as Perera highlighted, there is a
need to ensure that survey data is confidential, secure
and adheres to research ethics conduct.9 Comparison
of data collection methods are shown in Table 2.

Variable

Internet-based

Postal mail

Telephone

Cost
Speed
Response rate
Sampling need

Cheapest
Fast
Low to Moderate
Email address

Cheap
Moderate
Low to moderate

Moderate
Fast
Moderate
Telephone
number

Length of

Short-moderate

Questionnaire
Lengthy
answer
choices
Open-ended
responses
Possibility
of
interviewer bias

Poor
Poor
None

Address

Face to
interview
Costly
Slow
High

Face

Address

Short

Moderate

Long

Poor

Moderate

Best

Poor

Moderate

Best

None

Moderate

High

Table 2 - Comparison of survey methods for data collection.

Question synthesis

Step)5.)Construct)and)PreTtest)questionnaire)
Question selection
Developing the items to be included in a questionnaire
should be guided by the objectives of the study, and
previous literature. Qualitative methods such as focus
groups, key informant interviews and Delphi method
can also be used to identify key themes that need to be
addressed.10,11 The items to be surveyed are dependent
on the research question, and will cover a broad range
of information categories including knowledge,
opinions, behaviour and attributes.
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In preparing the questionnaire, the framing and
wording of questions must also be tailored to the
objectives. Questions or survey items can be asked in
an open and closed-ended manner. Open-ended
questions are useful in generating ideas and for
exploratory
research.
However,
the
major
disadvantage is the variability of answers and the need
for ‘coding’ of answers prior to qualitative analysis.
Comparatively, closed-ended questions are designed
with a set of pre-determined answers, which can be
easily tabulated and analysed. However, authors must
be vigilant of catering for an appropriate range of
answers, and relevance of the questions. Responses to
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closed-ended questions are typically based on a scale
of options that can be nominal (e.g. a list of tablet
devices), ordinal (e.g. year of postgraduate
experience), continuous (e.g. visual analogue pain
score), or Likert scale (e.g. levels of agreement with a
statement from strongly disagree to strongly agree).
Given that majority of surveys use an ordinal or Likert
scaling system, it is useful to avoid having responses
that are neutral, or at extreme ends of a scale (such as
‘never’ or ‘always’).
Some surveys can also incorporate a series of ‘Filter’
questions. For example, ‘Do you own a tablet device?
If Yes, which one. If No, proceed to next question’.
These are more easily integrated in an electronic
survey that can program specific skip patterns.
Fundamentally, wording of the question needs to be
clear, succinct, and should avoid ambiguous terms and
double-negative statements.
The pre-testing of the survey should follow the
development of the survey itself. This phase involves
distribution of the survey to people resembling the
target sample and receiving critical appraisal of the
practical limitations, including survey length, content,
instructions, appropriateness and order of questions.
After incorporating the comments from pre-testing,
the survey is then ready for distribution.

Step)6.)Recruit)and)measure)sample)
Fundamentally, recruitment of a sample for the survey
must endeavour to eliminate the influence of bias. As
aforementioned, where possible a probability method
of sampling is most desirable, and further
stratification may reduce sampling error. It is pertinent
to recall that using a large sample does not necessarily
reduce sampling bias. However, researchers should
plan ahead for non-response or attrition bias by
improving the questionnaire, training of people
to deliver surveys (if face-face methods are used), and
informing members of the sample prior to sending the
survey.

Step)7.)Preparing)data)for)statistical)analysis))
The critical phase of analysis begins with preparation
of the data. Qualitative methods require ‘coding’ of
the data by assigning numerical values to responses,
and formulating frequency tables. At this stage it is
also important where relevant, to perform descriptive
statistics to identify outliers.

Step)8.)Analysis)of)data))

The analysis of data depends on the survey design.12
Basic descriptive statistics are often a useful way to
start and can be performed using a variety of
©JOURNAL)OF)MOBILE)TECHNOLOGY)IN)MEDICINE)
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commercial statistical software, for example Stata ©
StataCorp LP, SPSS © IBM, or Microsoft © Excel.
Averages and variability
Describing average and variability depends on the
type of data collected. For ordinal data or highly
skewed data it is preferable to use the median. If the
median has been selected, an appropriate measure of
variability is the inter-quartile range (the range in
which the 25th centile and 75th centile of responses
exist). Comparatively, for data that obeys a normal
distribution, the mean and standard deviation should
be used.
Relationships
There are a plethora of tests that can be used to
describe relationships between non-numerical
variables. For example, a contingency table can be
used to compare the relationship between two nominal
variables. If there are unequal respondents between
the groups then percentages can be used in the
contingency table. In the case of describing a
relationship between variables with equal intervals a
correlation coefficient can be calculated. It is beyond
the scope of this article to describe in depth statistical
methods, however, often the simplest statistical
methods are the most effective in communicating the
result to be inferred.
Margin of Error
Where possible, analysis should endeavour to
calculate the effects of bias in a sample. A simple
method is to calculate the standard error of the sample
estimate. This can be reflected in the standard error of
a mean, median or a percentage. When comparing two
or more groups a confidence interval should be
derived to measure the precision of the result.

Step)9.)Writing)the)report)
The synthesis of results, analysis and discussion
follow the standard outline of a scientific publication.
It is most important at this final stage to address the
objectives and communicate the results in the simplest
manner possible. Importantly, the discussion section
should comment on limitations of the methodology.
This should address sample size, limitations of the
survey technique, non-response bias, and importantly
provide guidance for the direction of future studies.
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Conclusion)
This editorial has endeavoured to cover the principles
of designing and implementing a successful survey.
There is no ‘gold-standard’ for what items or
questions should be included in a survey related to mHealth. This is dependent on the independent
objectives of the research. However, further guidance
can be obtained from several excellent examples in
this field. Readers are encouraged to read ‘Electronic
health records in ambulatory care’ by DesRoches et
al13, ‘New horizons for health through mobile
technologies’ a World Health Organisation report14,
and ‘Smartphone App use among medical providers in
ACGME training programs’.15 Hopefully this will
stimulate ideas and facilitate high-quality surveys
related to mobile technologies in medical practice.
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Background:!Uncorrected-refractive-error (URE) is the leading cause of global vision impairment (VI);
122.5 million people are estimated VI from URE. NETRA is a $30USD clip-on application for
smartphones.!
!
Purpose:!To validate the NETRA as an alternative to subjective refraction for potential use in resourcepoor countries.!
!
Methods:!NETRA uses a pinhole mask attached to a smartphone displaying a spatially resolved pattern
to the subject. Refractive error is estimated by the patient subjectively aligning patterns by a touchscreen
interface on the smartphone. NETRA was compared to subjective refraction in 34 eyes.!
Results:!The mean Subjective Spherical Equivalent (SSE) was -0.65D (std 2.79, 95%CI ±0.97) Twosided T-test showed that mean SSE is not statistically significantly different (two sided t-test; t=1.6742
p=0.1036, 95% CI±0.29) from the mean NETRA Spherical Equivalent (NSE) . Mean difference of
Spherical Equivalents (NSE - SSE) was 0.24D (Std 0.84, 95%CI ±0.29). And NETRA produced a mean
VA improvement of 0.44LogMAR (Std 0.52, 95%CI±0.18), or four Snellen lines.!
Conclusion:!In settings where access to a trained refractionist is not possible, NETRA has the potential to
estimate refractive error closely enough to render an individual no longer VI from URE. NETRA is
potentially a cost-effective tool in meeting the VISION2020 goals to eradicate avoidable blindness and
warrants further testing in resource-poor settings.!
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Introduction
In 2010 the World Health Organization (WHO)
announced its updated estimates of visual impairment
(Snellen Acuity <6/18-3/60); globally, the number of
people of all ages visually impaired is estimated to be
285 million. The principal causes being uncorrected
refractive errors (URE) and cataracts, 43% and 33%,
respectively. As with the Global trend in disease
burden, 90% of the 122.5 million people visually
impaired from URE live in low or middle income
countries1. Of note these figures do not include the
©JOURNAL)OF)MOBILE)TECHNOLOGY)IN)MEDICINE)
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issue of presbyopia. VISION 2020: The Right to
Sight is the global initiative, of the WHO and the
International Agency for the Prevention of Blindness
(IAPB), to eliminate avoidable blindness by 2020. It
states as one of its principle objectives, in preventing
visual loss, as the need “to provide refraction and
optical services that have a high success rate in terms
of visual acuity and improved quality of life and are
affordable, of good quality and culturally acceptable
to rural, as well as urban populations”. Add to this
global health inequity the conservative estimate that
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global productivity loss associated with URE is at
$121.4 billion USD ($427.7 billion USD before
adjustment for country-specific labour force
participation and employment rates) and the
overwhelming cost-effectiveness of refractive
correction—it is possible to generate a net economic
gain if the total cost of eye glasses provision were
made available at less than $1000 per person2. In
most high-income countries the optometrist to
population ratio is approximately 1:10,000. However,
in low and middle-income countries this ratio
increases dramatically to 1:600000 and much worse in
many rural areas; rising to millions of people per
optometrist, if one is found at all. VISION2020
recommends a minimum number for the number of
trained refractionists per population (table 1)3.

estimation of refractive error exist, NETRA simplifies
the mechanism by putting the human subject in the
loop. This solution is based on a high-resolution
programmable display and combines inexpensive
optical elements, interactive graphical user interface,
and computational reconstruction. The detachable
device can piggy-back on the ubiquity and penetration
of mobile devices, especially in resource poor
settings, so providing a possible cost effect,
innovative and socially acceptable solution to VI from
URE.

Table 1 – Vision2020 recommendations for number of
trained refractionists per population

In most resource poor countries the number and
distribution of professionally trained refractionists is
not adequate to meet this unmet need4. With a pair of
basic prescription spectacles costing as little as $1 to
produce, this lack of human resource is a major
contributor to treatable visual loss due to URE in
resource poor countries. Most attempts to address this
unmet need have been unsuccessful, with a large
reliance on volunteer organisations and overly
complicated modifiable spectacles5. Following Tudor
Hart’s ‘inverses–care-law’ local optometric services
tend to be private, and unevenly distributed; making
them unaffordable and inaccessible to many to the
urban poor and those living in rural areas. A strong
current within International Health is the flow toward
building health systems that are equitable, accessible
and affordable to its people, and so construct an
anthrogenic and sustainable health care system. The
growing social acceptance and market penetration of
mobile phones throughout human society has created
opportunities for innovative solutions to meet this
global demand to treat this unnecessary VI6.
Researchers at the Massachusetts Institute of
Technology (MIT)7 have developed, and are currently
validating through several international collaborations
(including this one), an interactive, portable, an
inexpensive solution for estimating refractive errors in
the human eye; the Near Eye Tool for Refractive
Assessment, (NETRA). The NETRA is simply
attached to a mobile phone (see figure 1) and designed
to provide a rapid screening tool for refractive error.
While expensive optical devices for automatic
©JOURNAL)OF)MOBILE)TECHNOLOGY)IN)MEDICINE)
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Figure 1 - NETRA Prototype attached to Samsung Behold II.

We aimed to validate the NETRA against optometric
subjective refraction and calculate what proportion of
individuals, classified as visually impaired (WHO)
without refractive correction, would be successfully
treated based on NETRA correction alone

Methods)
Netra Device
The NETRA is a view dependent display to measure
focusing ability of an optical system. Its basic
principle exploits alignment rather than blur as an
indicator of de-focus (figure 2).
Trading
mechanically-moving-parts for moving patterns on a
digital screen, and replaces lasers, or light being
focused into an eye, with a method that relies on user
feedback, therefore allowing self-assessment.
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Figure 2 - Participant look at a portable touch screen display.
NETRA combines inexpensive optical elements,
programmable display and interactive software components
to create the equivalent of a parallax barrier display that
interfaces with the human eye. Using this platform, there is a
new range of interactivity for measuring several parameters
of the human eye, such as refractive errors, focal range, and
focusing speed.

Figure 3(a) shows the basic optical setup of the
NETRA system for self-evaluation of refraction. A
microlens array, or a pin-hole array, is placed over a
controllable high-resolution display. The viewer holds
this setup in front of the eye being tested. The image
formed on the viewer’s retina depends on the
refractive properties of the tested eye. Using a simple
interaction scheme, the user modifies the displayed
pattern until the perceived image closely matches a
specified result. Based on this interaction, the user’s
refractive error is estimated.
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Figure 3(b) shows a simplified ray diagram with two
pinholes in 2 dimensions. In practice, 8 pinholes or 8
microlens (positioned on the eight neighbours of a cell
centred at a 3 x 3 grid). One point is directly
illuminated under each pinhole (points A and B) two
parallel rays enter the eye simulating a virtual point at
infinity. An eye that can focus at infinity converges
these rays, which meet at a single spot P on the retina.
A myopic eye however, is unable to focus at infinity,
and converges these incoming rays before the retina,
producing two distinct spots (PA and PB), as shown in
Figure 3(c). Changing the position of point A (or B)
changes the vergence of the rays produced by the
pinholes. For instance, moving points A and B closer
to each other on the display plane, causes the
corresponding rays to diverge, progressively moving
the virtual point closer to the viewer. Likewise,
moving these points apart causes the associated rays
to converge, moving the virtual point away from the
observer. For a myopic eye, as points A and B move
closer, the two imaged spots overlap on the retina at P
[Figure3(c)]. The amount of shift applied to A and B
allows computation of the refractive error in the
viewer’s eye. The case for hyperopia is similar: as
points A and B move further apart on the display
plane, the resulting rays converge, creating a virtual
point “beyond infinity”.8
The amount of shift c
required to create a virtual source at a distance d from
the eye is: c = f (a/2)/ (d - t)
where t is the distance from the pinhole array to the
eye, a is the spacing between the pinholes, and f is the
distance between the pinhole array and the display
plane. f is also the focal length of the lens lets for the
micro-lens array based setup. Using a programmable
LCD, the distance between the virtual scene point and
the eye can be varied without any moving parts. This
is equivalent to varying the power of a lens placed in
front of the eye. From Equation 1, the power of a
diverging lens required to fix myopia is given (in
dioptres) by D = (1/d) = 1000 = (f(a/2)/c +t), where
all distances are in mm. Positive values for c and D
represent myopia, while negative values represent
hyperopia8.

!VOL!1|!ISSUE!3!|!SEP!2012! 8!

!
!

Original Article
)WWW.JOURNALMTM.COM)

Figure 3 - NETRA optical setup: (a) a microlens array placed over a high-resolution display is held right next to the eye. For
simplicity, we use a single lens to represent the combined refractive power of the cornea and the crystalline. (b) The NETRA
optical system using a pinhole array. A perfect eye converges parallel rays onto a point on the retina. (c) A myopic eye converges
a set of parallel rays before the retina (red arrows). By shifting points A and B to A0 and B0, respectively, the resulting rays focus
on the retina at point P (blue arrows). The amount of shift required to move A to A0 allows us to compute refractive error. (d)
Microlens design of the system improves the light throughput.

Performing the NETRA refraction test is a simple,
quick and practicable procedure. The patient looks
down the eyepiece, only being able to visualise the
screen by looking directly down the eyepiece. The
patient is encouraged to focus in the distance with the
fellow eye. The refracting eye is presented with a pair
of circular-line patterns, consisting of eight lines
arranged in a circular pattern, one red the other green.
Below are representations of the views for a myopic
and hyperopic eye compared to emmetropia.
©JOURNAL)OF)MOBILE)TECHNOLOGY)IN)MEDICINE)
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The patient is then instructed to slide their finger
across the screen to move the circular-linear patterns
until the first green and the first red lines are aligned
(bottom image above). Once aligned the patient taps
the screen and the phone re-presents the image with
the linear pattern at a different orientation; in total
eight axis powers are presented—varying by 450 each
presentation.
After the eight results the phone
calculates the estimated NETRA prescription and
presents the results on the screen as shown in figure 4.
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Each Circle on the chart represents one measured
value. The Left image shows 4 Readings with 0
Degrees of correction and 4 Readings around - 1.1.
Negative Values mean myopia while positive means
hyperopia. The Green circles shows no doubt when
the patient tried to align. The Prescription is based on
the best fitting curve over the data collected. Due to a
very limited processor being used, the best fitting
curve may be off. In This example, the subject has no
myopia or hyperopia (Spherical =0), but has an
astigmatism of minus 1.5 dioptres at 1530.

disease, or mobility/ learning difficulties rendering
them incapable of using a mobile phone.
Outcomes
Test outcomes were determined by looking at three
levels of examination, for correlation between the
recognised Gold standard (refraction) against the
NETRA. These were: (1) NETRA refraction Vs.
Subjective refraction; (2) NETRA corrected visual
acuity (BCNVA) Vs. Subjective (BCVA) and; (3)
NETRA corrected visual acuity (BCNVA) Vs.
Uncorrected Visual Acuity (UCVA).
Statistical correlation was determined as well as 95%
confidence intervals and standard deviation for the
mean differences.
Examination:

Figure 4 - Top image shows the Myopic representation;
circle separate. Bottom image shows final alligment postition
(Emmetropia)

In total, 20 sequential patients meeting the inclusion
criteria were asked to participate, three were excluded
from the study. One was excluded due to bilateral agerelated macular degeneration and a further two were
excluded due to inability to perform the test (see
discussion for more detail). In total 34 eyes of 17
patients attending a community optometrist
participated. Written informed consent was given.
Due to the absence of a LogMAR acuity chart a
standard backlit Snellen acuity chart was used at six
meters.
All subjects underwent an uncorrected
Snellen visual acuity (UCVA), non-cycloplegic
subjective refraction and best corrected visual acuity
(BCVA) assessment by a single, senior, optometrist.
Participating individuals then underwent the NETRA
assessment using the NETRA and an iPod Touch
(generation 4) with the assistance of the lead
researcher who provided only the information
supplied by MIT in two single A4 descriptive sheets.
NETRA results displayed on screen were then used in
a trial frame, rounding up to the nearest 0.25 dioptre,
and the participants NETRA corrected visual acuity
(BCNVA) was recorded.

Figure 5 - Top image shows the Hyperopic representation;
circle overlap. Bottom image is final position (Emmetropia).

Participants
The inclusion criteria for the study stipulated all
participants must be; aged 18 years or older at the
time of the examination; Phakic or pseudophakic
(minimum one week post operative); able to perform
subjective, objective and auto-refraction. Subjects
were excluded if they had documented macular
©JOURNAL)OF)MOBILE)TECHNOLOGY)IN)MEDICINE)
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Analysis
Data from right and left eyes in all participants were
recorded and analysed (table 2). Criterions for
comparison of refractive data by using differences in
spherical equivalent (DSE) have been previously
established.9,10 DSE was calculated as follows:
DSE = (SN + 0.5xCN) – (SS + 0.5xCS)
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Where SN and CN represent the sphere and cylinder
from NETRA refraction, and SS and CS represent the
sphere and cylinder from the subjective refraction. A
negative DSE indicates over minus or under plus.
Snellen visual acuity was converted to LogMAR
equivalent for data analysis. Two visual acuity
outcome measures were also used:
1. BCVA-UCVA
2. BCNVA – UCVA
Number of participants: 20 patients (40 eyes) were
recruited of which 17 were examined, or 34 eyes.
Validation studies of autorefractors have enrolled 100
to 200 eyes/participants and have been sufficiently
powered to achieve statistical significance.11,12 The
limited number of participants that form the cohort of
the Pilot data for this study are sufficient to inform the
authors of the feasibility to pursue further funding for
a larger study.

Results)
Data was collected from 40 eyes, 6 eyes were
excluded due to either macular degeneration (2 eyes)
or inability to perform the test (4 eyes). Hyperopia
was found in 15 of 34 eyes, with 3 of 34 being
emmetropic and 16 of 34 being myopic. The
uncorrected LogMAR equivalent of Snellen visual
acuity (UCVA) and the best corrected visual acuity
(BCVA) from the non-cylopegic subjective refraction
assessment by the single senior optometrist, were
recorded (Table 2).

Pt

Age

Patient
ID

Years

Eye

UCVA

BCVA

R(1)
Uncorrected
Best
or
Log Mar
Subj
L(2)
LogMAr
1
81
1
1.00
0.18
1
81
2
0.80
0.10
2
75
1
0.18
0.10
2
75
2
0.60
0.10
3
81
1
0.30
0.10
3
81
2
0.48
0.00
4
51
1
0.60
0.00
4
51
2
0.60
0.48
5
62
1
0.48
0.30
5
62
2
0.10
0.00
6
33
1
0.30
0.20
6
33
2
1.30
-0.08
7
42
1
1.30
-0.08
7
42
2
1.00
0.18
8
77
1
0.78
0.48
8
77
2
0.18
0.00
9
54
1
0.48
0.00
9
54
2
0.18
-0.08
10
39
1
0.18
0.00
10
39
2
0.76
0.00
11
66
1
0.60
0.00
11
66
2
0.00
-0.10
12
46
1
-0.10
-0.10
12
46
2
0.60
-0.10
13
56
1
0.48
-0.10
13
56
2
0.60
0.04
14
67
1
0.60
0.04
14
67
2
1.78
-0.20
15
30
1
1.78
-0.20
15
30
2
0.00
-0.15
16
27
1
0.18
-0.2
16
27
2
1.30
-0.1
17
23
1
1.00
-0.16
17
23
2
1.00
0.18
Table 2 - LogMAR equivalents for uncorrected and best
subjective Visual acuity.

When plotted against each other the spherical
equivalents for both subjective and NETRA
refractions show a clear linear relationship, with a
Pearson correlation coefficient, r = 0.9537 (p=0.0000),
as seen in scatter plot in graph 1. The differences in
spherical equivalent of the subjective optometric and
NETRA tests were calculated, and the mean DSE was
found to be -0.24D (Std 0.84, 95%CI ±0.29) , (Table
3)

)
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Table 3 - Subjective and NETRA prescriptions, respective spherical equivalents and DSE
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linear relationship can be seen, with a Pearson
correlation r= 0.9651 (p=0.0000), as seen in scatter
plot in graph 2.

-1
-2

-1.5

BCVA - UCVA

-.5

0

Correlation of VA improvement

-2

-1.5

-1
BCNVA - UVCA

-.5

0

Graph 1 - A scatter plot showing the linear relationship
between the NETRA-spherical-equivalent against subjectivespherical-equivalent.

Statistical analysis: A two-sided T-test showed that
mean subjective spherical equivalent is not
statistically significantly different from the mean of
NETRA spherical equivalent (t= 1.6742 p= 0.1036,
Std = 0.84, 95%CI ±0.29). These results indicate that
there is no difference between the means of the two
groups. (Table 4)
Best corrected visual acuities of the subjective
optometric (BCVA) and NETRA (BCNVA) tests,
were both recorded. A comparison of best corrected
subjective (BCVA) minus uncorrected VA (UCVA),
and best corrected NETRA (BCNVA) minus
uncorrected VA (UCVA), was made. (Table 4)
The mean difference of subjective BCVA – UCVA
was 0.58 LogMAR (Std 0.52, 95%CI ±0.18) i.e. a
Snellen equivalent of 6 lines of improvement;
compared to a mean difference BCNVA – UCVA of
0.44 LogMAR(Std 0.52, 95%CI±0.18) , i.e. a Snellen
equivalent of 4 lines of improvement. Of the 34 eyes
observed, 17 would be classed as visually impaired
(Snellen VA <6/18) without correction of refractive
error. 15 of these 17 (88%) eyes would no longer be
classed as visually impaired based on their NETRA
corrected acuity alone. In this uncorrected visually
impaired group, the mean improvement in vision was
0.72 LogMar (Std 0.57, 95%CI±0.29)—equivalent to
approximately 7 lines of improvement in Snellen
Acuity.
A scatter plot of difference in VA from uncorrected to
subjective and NETRA was also plotted. Again a clear
©JOURNAL)OF)MOBILE)TECHNOLOGY)IN)MEDICINE)
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Graph 2 - A scatter plot showing the linear relationship of
VA change between the Subjective and NETRA refraction.

Discussion)
This pilot data shows comparable VA outcomes
between NETRA and the gold standard of optometric
subjective refraction. This data suggests the spherical
equivalent determined by the NETRA is comparable
with the spherical equivalent found by subjective
refraction (mean 0.24D difference), this was more
accurate in the uncorrected visually impaired eyes,
with a mean difference between Subjective and
NETRA refraction being 0.12D.
By WHO
classification of VI six subjects (35%) would have
been classed as VI (person) due to uncorrected
refractive error. NETRA refraction corrected their
acuity to a level no longer rendering them VI.
The authors stress that the role of eye examination is
not only the production of a spectacle prescription,8
however to meet the growing unmet need of VI due to
refractive error the validity of the NETRA as a tool
for correcting URE in a setting where no refractionists
are available shows promise.
The goal of this tool is not to replace the
optometrists/refractionists but to be a reliable, costeffective refractive error screening tool. Autorefraction is typically used by refractionists as a
starting point as opposed to defining the end point
refraction. However, in settings where access to a
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trained refractionist is not possible the NETRA has
the potential to estimate refractive error closely
enough to render an individual no longer VI from
URE. Current non-mass produced cost of the NETRA
stands at only $30. The results in this pilot study are
comparable to the accuracy demonstrated of marketed
autorefractors.10,11,12
A Potential advantage of NETRA being connected to
a mobile communication device is that it allows
refraction results to be instantly displayed on the
phones’ screen (Figure 6). The capacity exists to SMS
the refraction to a local optical provider who can bulk
make, and deliver, the spectacles to a community. Or
a pre-prepared “off the shelf” spectacle can be
distributed at the point of refraction13. This low-cost,
user friendly product has the potential to contribute to
the strengthening of national Eye health-care systems
and facilitate national capacity-building within
resource poor states, and so help VISION: 2020
realise its commitment to ‘eliminate the main causes
of avoidable blindness and to prevent the projected
doubling of avoidable vision impairment between
1990 and 2020 ‘.

NETRA had a tendency to over minus/under plus due
to accommodation while performing the near task.
This is largely overcome by asking the participant to
open the fellow eye and fix in the distance. The
observer can watch for signs on convergence which
suggests the participant is accommodating and give
necessary prompts. The planned NETRA prototype 2,
includes a fellow eye fogging device so may
overcome these issues.
Since this solution relies on subjective feedback, it
cannot be used by individuals who cannot reliably
perform the user-required tasks; such as very young
children or someone cognitively impaired. The
majority of the patients performed the selfexamination after simple explanation from the
assistant. However, one patient could not “see the
display” even after prompting, the other Failed to
understand what was being asked. Eyes that did not
correct well with NETRA were mostly due to
inaccurate orientation of the cylindrical axis in
participants with high astigmatism (>1.50D). This is a
recognised issue with autorefractors, which on the
whole are only used as a starting point—very rarely
will refractive correction be prescribed from an autorefractor alone.
Further work needs to be carried out to investigate
NETRA against other objective refractive instruments
and its accuracy over a broader range of spectacle
prescriptions. Future studies should include more
examiners to generate intra-examiner reliability
measurements. Future work should also assess the
practicalities of this portable device in the field, and
also the logistical possibility of providing the
spectacles once the prescription has been ascertained.

Suggestions for full validation study

Figure 6 - Display screen for the NETRA refraction
programme

Limitations of this pilot study include: we only
examined 17 patients, or 34 eyes, this low number
was primarily due to funding. We feel there is enough
evidence now to fund expanding the number to 100
patients, or 200 eyes, in order to increase the power of
the study.14
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1. NETRA comparison with retinoscopy (objective
refraction).
2. NETRA comparison with autorefractor (e.g. Nidek
8000).
3. Measure of accommodation.
4. In astigmatic eyes with cylinder >1.00D; measure
of required steps in subjective technique to reach
optimal acuity.
5. Time taken to complete test in each participant
6. Multiple examiners to assess inter observer
variation
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Conclusion)
This device has the potential to extend an ophthalmic
and public health service to people who would
otherwise have very limited access, if any at all. This
device can build upon the success of the wellestablished case finding key-informant-method15, to
ascertain not only those who are visually impaired, or
blind, but also the degree to which refractive error
contributes to this. Uncorrected refractive error is the
major contributor to VI globally, and places both
financial and personal burden on societies that are
overwhelmingly resource poor.
Addressing the
treatable causes of VI is a major focus (no pun
intended) of the WHO and VISION2020 programme.
The NETRA system provides a simple, practicable
and economically valuable tool in addressing the
unmet need of this major contributor to treatable
global VI.
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Purpose:!To examine scientific evidence on the effectiveness of mobile phone technology in Diabetes
Mellitus (DM) care management.!
!
Methods:! A systematic review was conducted through literature searches from three electronic
databases and was restricted to English-language articles published between January 2002 and March
2012. Studies that used mobile phone intervention and reported changes in diet, physical activity, and
blood glucose and /or glycosylated hemoglobin (HbA1c) levels were retrieved. A meta-analysis was
conducted for studies with HbA1c measures.!
Results:! More than 50 articles were screened. Of them, 15 met the review criteria. Of the 15, study
sample sizes ranged from 12 to 130 participants aged 8 to 70 years old. Duration of intervention ranged
from 1 to 12 months. Overall, significant improvements were observed in blood glucose and/or HbA1c
concentration, adherence to medication, healthy lifestyle, and self-efficacy. Twelve of 15 trials, which
had serum HbA1c measures, showed an average 0.39% (95%CI: -0.067, -0.721) HbA1c reduction from
studies with pre- to post-tests (p=0.018).!
Conclusion:!Findings from the study provide the evidence that health reminders, disease monitoring and
management, and education through mobile phone technology may significantly help improve glycaemic
control patients with DM.!
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Introduction)
There has been a rapid escalation in the rate by which
mobile technology has been adopted in the United
States and globally1, 2. More recently, as of June 2011,
the U.S had an estimated 331.6 million wireless
subscribers (Cellular Telecommunications & Internet
Association (CTIA), 2011) and 4.6 billion mobile
cellular subscriptions worldwide3.
As mobile phone technology continues to expand and
electronic medical and personal health records (PHRs)
grow simultaneously, mobile phones will become
increasingly important in the strategic implementation
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of chronic disease management 1, 4. Research evidence
suggests that mobile phone technology may be
beneficial in diet and weight management 5, 6, physical
activity involvement 7, 8, asthma control 9, 10, and
diabetes management 11, 12.
Diabetes Mellitus (DM) is a highly prevalent chronic
disease in the United States and in the world 13-15.
Although several methods of patient care have been
well established to improve clinical profile and
complications associated with DM, effectiveness of
novel interventions remains to be evaluated 16.
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The purpose of this review is to identify the impact of
mobile phone technology interventions on DM care
and patient outcomes, recognize potential challenges
and limitations associated with performing healthcare
practice and conducting research in this field, and
examine practical ways of incorporating mobile phone
technology in DM management.

Methods)
Data sources
Electronic literature searches were conducted
extensively to identify all eligible observational and
randomized controlled clinical trials. Searches were
performed on three major databases including
PubMed, Ovid MEDLINE, and Google scholar using
combined terms of ‘diabetes’, ‘diabetes mellitus’,
‘cellular phone’ ‘mobile phone’, and ‘text message’.
In addition, manual searches were completed by
screening the bibliographies and citations of published
articles. The search was restricted to English-language
articles published between January 2002 and March
2012.

Data extraction
Relevant data from each eligible published paper were
extracted into a structured spreadsheet. Authors, year
of publication, study setting, sample size, study
design, age group, race, duration of intervention,
outcomes, method of self-management, intervention
details, and reported results were reviewed.
Meta-analysis
Studies with a randomized controlled trial design and
having pre- and post-intervention measures of serum
HbA1c concentration were further analyzed using
meta-analysis random effect modeling approach to
quantitatively estimate the overall effect from multiple
studies.

Results)

Eligibility criteria

Characteristics of included studies

Studies were selected for the review based on the
following criteria: (1) participants had clinically
diagnosis of DM (either type II or type I); (2) the
study evaluated use of mobile phones for DM self
management; (3) effect was measured in the process
or outcome of DM care; and (4) the studies with
designs of randomized controlled trial, quasirandomized trial, crossover randomized clinical trial,
or observational cohort studies. Studies were excluded

In the initial review, more than 50 articles were
screened. After excluding studies that did not meet the
eligibility criteria, 15 studies were reviewed
intensively. Of them, studies took place in several
countries including Korea 17, 17-20, U.S 11, 21-23, Austria
24
, Finland 12, Iran 25, U.K 26-29, and multi center (Italy,
England, and Spain)30. Patients were recruited from
primary clinics, tertiary hospitals and community
settings. Figure 1 shows the selection of studies.

©JOURNAL)OF)MOBILE)TECHNOLOGY)IN)MEDICINE)

!

if (1) they were case reports, and (2) if other
communication technologies such as the Internet, email, or video messaging were used as the primary
mode of communication instead of mobile phone
technology.
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Figure 1 - Papers selected for the systematic review of mobile phone technologies involving diabetes care and management

Of the 15 studies, 2 were observational studies (one
cross-sectional and one prospective cohort study) and
the other 13 were randomized controlled trials. The
minimum duration of intervention in these studies was
1 month and maximum of 12 months. Sample size
ranged from 12 to 130 participants at the end of the
follow-up period and all studies included both males
and females. Gender was distributed almost equally in
all the studies. Participants were aged 8-70 years old.
Five studies examined patients with Type 1 DM, eight
studies observed patients with Type 2 DM, and two
studies included patients with both Type 1 and Type 2
DM.
Approach of mobile phone intervention
Mobile phone intervention in the included studies
showed a wide range of technological innovations.
Three of the studies developed software or an
application
programmed
for
diabetes
care
management 11, 21, 28. The others used both mobile
phone technology and Internet to provide support for
self-monitoring blood glucose, continuous education,
©JOURNAL)OF)MOBILE)TECHNOLOGY)IN)MEDICINE)
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reinforcement of diet, exercise, and medication
adjustment 12, 17, 17-20.
Among the 15 included studies, 12 used a mobile
phone Short Message Service (SMS) to deliver blood
glucose test results and self-management information.
These studies adopted a short message service alone,
or SMS combined with other intervention strategies,
which included transmitting self-monitored blood
glucose to mobile phone via a Bluetooth wireless link.
One study 26, combined mobile phone with clinical
visits that consisted of medical advice and structured
counseling from a diabetes specialist nurse in
response to real-time blood glucose test. The
combined intervention appeared achieving a greater
reduction in HbA1c than isolated mobile phone
intervention.
Table 1 summarizes the key features of studies
included in the systematic review. Outcome measures
varied across individual studies, including HbA1c
concentration, insulin and lipid profile levels, changes
in body weight, blood pressure values, self-efficacy,
and perception of the use of mobile phone technology.
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Effects of intervention
Glycosylated hemoglobin (HbA1c) levels were
measured in 12 studies (Fig 2). The effects of the
intervention in each study was calculated as the
difference in the mean percentage change of HbA1c
value from pre-intervention to post-intervention in the
intervention and control groups. The minimum
difference reported at the end of the study period in
the intervention group was -0.1 (6.4% pretest to 6.3%
at 3 months) while the maximum difference was -2.4

(9.8% pretest to 7.4% at 3 months). Ten studies
showed lower HbA1c levels among participants in the
intervention group at the end of the intervention,
although only seven 17, 19, 20, 25, 27, 28, 30 reported
significant reduction in HbA1c levels (p < 0.05).
Meta-analysis suggests that during an average followup of 6.3 years, an overall net effect of HbA1c
reduction of the 12 studies in intervention groups was
0.39% (95%CI: -0.067, -0.72, p=0.018) after taking
off the reduction in control groups.

Figure 2 - Meta-analysis for studies with HbA1c measures

Discussion)
Maintaining health lifestyle in patients with DM is
fundamental to their health status and welfare. Mobile
phone technology may be essential in interventions
that target behavioral and lifestyle changes,
particularly, those associated with chronic diseases
management. Our study reviewed fifteen studies that
assessed the effect of mobile phone interventions on
the self monitoring and management of DM provides
evidence that there is a significant effect on DM
management using mobile technique. This result is
consistent with existing literature 17-19.
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The main contribution of the present review provides
the most recent evidence of mHealth studies, and the
findings are based on studies from different countries.
Among the reviewed studies, most applied
randomized controlled designs, which enhanced the
comparability of the outcomes. Also, most studies
applied quantitative measures of key outcomes,
including HbA1c, weight loss and serum glucose
concentration measurement.
Despite the strengths of mobile phone technology
use, several potential limitations should be kept in
mind when interpreting these results. First, although
findings from the reviewed studies showed promise in
mobile phone use and improvement of DM
management, some of these studies had small sample
sizes. Therefore, future studies that utilize large
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sample size are needed to determine whether the
increased patient-providers’ communication via
mHealth have significant impacts on clinical
outcomes and public health. Secondly, it is unknown
what kind of modalities of mobile technology (SMS,
mobile phone calls, application, etc) play a better role
in improving outcomes in patients with DM. Thirdly,
since most studies had a short period of intervention,
the long-term effects of mHealth are still unclear.
Fourthly, the current review paper is done by the
authors in searching for the relevant literatures. We
may have missed some papers during the search. If
any, it will cause potential selection bias. Further
studies should be continued to confirm the findings.
Lastly, as with all systematic reviews, the present
study is subject to publication bias 31.
It should be noted that our present study aims to
review the studies in the last decade and to evaluate
the feasibility of using mobile phone technology to
promote patients’ DM management and improve
healthy lifestyle. It is clear that although mHealth
techniques may offer new opportunities in disease
control, we still face several challenges. First, the
application of mHealth is a new approach in realworld practice. Most studies are still in the
exploratory stages. Therefore, it is essential to find the
link between practice and scientific knowledge, which
come from studies with vigorous study designs and a
large-scale sample size. Secondly, continuous
adherence and compliance to mobile phone
technology in DM management is crucial to the
outcomes. The mobile phone use intervention relies
heavily on behavioral change theory. In other words,
the innovation is based on a patient’s willingness to
fully participate in every aspect of the intervention.
Thus, the intervention may not be suitable for all
patients with DM, such as those who may have
difficulties operate smart phone. Several studies
observed that some patients withdrew from an
intervention study due to the inconvenience of using
the assigned mobile phones on a regular day-to-day
basis. Therefore, findings observed in most studies are
based on participants who may be highly motivated 1.
Thirdly, mobile phone technology raises important
questions about how to protect patients with DM
while simultaneously promoting its development and
implementation 1. This includes challenges associated
with privacy and confidentiality of information
collected and stored by mobile devices and/or
transmitted to cyber infrastructure databases. For
notification and intervention purposes, additional
privacy and confidentiality concerns arise when
sending health-related data to mobile devices 32. For
example, interventions can be interrupted and privacy
may be breached if the mobile phone is lost or stolen.
©JOURNAL)OF)MOBILE)TECHNOLOGY)IN)MEDICINE)

!

However, similar limitations are present with other
communication modes (e.g., postal mail or emails
may be delivered to the wrong address) 31. It is
important to ensure that information gathered and
transmitted via mobile devices remains secure 1.
Fourthly, although mobile phone technology promises
unprecedented opportunities to reach DM patients
anytime and anywhere, mHealth interventions may
result in the marginalization of certain populations,
such as illiterates or those without access to a mobile
phone 31. These drawbacks may greatly affect the
impact of such interventions in such population. In the
United States, mobile handset ownership differs
among different ethnic groups and access is lower
among those with lower socioeconomic status
(defined as those with less than a high school
graduate). Similarly, evidence points to disparity
between younger and older patients 1. Possible
explanations for this disparity might be related to age,
urban and rural, and economy; although neither of
these reasons has been definitively determined.
Fifthly, mobile phones and Internet technology are
advancing rapidly and are ubiquitously available
worldwide 16. However, the costs to participants and
healthcare providers are still difficult to estimate.
Moreover, the question remains as to who will be
responsible for covering the attributable costs of this
innovation in the real world. Unfortunately, only three
studies 24, 28, 30 in this review had cost/benefit analysis
information, in which they reported that selfmonitoring and management of diabetes via mobile
phone technology would be cost-effective at
approximately €4/month, 2 pence/text, and
€1.4/month
respectively.
Nevertheless,
the
applicability of mobile technology in low resources
settings is still questionable in terms of its overall cost
(phone, internet and operation). Furthermore, patients
with DM are disproportionately distributed in those
with low socioeconomic status. The application of
mobile technology calls for healthcare system and
health policy reforms to meet an urgent need of an
increasing trend of DM in the United States and
worldwide13, 15, 33, 34.

Conclusion)
The results from the present study indicate significant
improvements in gylcaemic control and selfmanagement with mobile phone intervention methods
for DM care. Most reviewed studies demonstrated the
promise of mHealth to aid patients and to reduce
HbA1c by the use of mobile phone technology.
Further research with a longer duration and larger
sample size is needed to examine several key issues
including the benefits of mHealth interventions for
patients and healthcare providers’ perceptions, and
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how mHealth integrating appropriately into healthcare
practice, and the cost effectiveness of intervention in
improving self-management in patents with diabetes.
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Background:!Many adolescent mothers experience significant challenges in regulating emotions due to
adverse life experiences, which can place adolescent mothers and their children at risk for poor
developmental outcomes. Ambulatory monitoring of stress that also provides immediate feedback using
wearable biosensors has the potential to enhance clinician-delivered parenting interventions and help
young mothers develop emotion regulatory skills.!
!
Methods:!We conducted a pilot study to assess the acceptability, ease of use, and preliminary efficacy of
a wearable biosensor, the iCalm sensor band, among a sample of four mothers, ages 15-18 years.
Mothers wore the biosensor for a period of 24-36 hours while engaging in normal, daily tasks (e.g.
caring for their child, attending school). Both quantitative electrodermal activity (EDA) data (via the
iCalm sensor band) and qualitative data (via individual semi-structured interviews) were collected.!
Results:!The adolescent mothers were able to comfortably use and wear the iCalm sensor band. EDA
data were collected and corresponded with stressful daily life events described by the mothers during
qualitative interviews.!
Conclusion:!The iCalm biosensor is acceptable to use among high-risk adolescent mothers and appears to
help mothers with the development of emotion regulatory skills.!
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Introduction)
Many adolescent mothers experience significant
challenges to effective parenting as they experience
high levels of stress due to poverty, school problems
and single parenthood and are more likely to come
from disenfranchised Latina and African-American
racial/ethnic communities.1,2 Adolescent mothers
who enter parenthood with their own early histories
of child maltreatment and mental health problems
are particularly vulnerable and at great risk for
maltreating their young children as these early
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stressors compromise their ability to effectively
regulate their emotions and engage in sensitive and
responsive parenting.3-6
Clinician-led parenting interventions have garnered
some evidence for increasing positive parenting
skills among young mothers, although intervention
effects may be difficult to sustain in the long term.7
Adolescent mothers with emotional regulatory
difficulties typically find it challenging to effectively
utilize the parenting skills learned in an intervention,
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Mobile health technologies that provide ambulatory
monitoring of physiological markers of stress such
as heart rate and sympathetic nervous system (SNS)
activity have enormous potential to improve
emotional regulatory abilities via immediate
biofeedback mechanisms.8-11 Unobtrusive, wearable
sensors that provide continuous, real-time
physiological monitoring can assist individuals to
assume responsibility for self-care behaviors by
increasing their awareness of phasic changes in these
key biomarkers.8, 11-13 However, few have been
evaluated outside of the original development phase.
Electrodermal activity (EDA), commonly known as
galvanic skin response, reflects the electrical
conductance of the sweat glands in the skin and is
driven by metabolic, cognitive, and emotional
processes.14-16 EDA exclusively measures SNS
activity whose general action is to mobilize the
body’s response to emotional arousal.14-16 Under
relatively low levels of physical exertion, higher
EDA reflects emotional arousal, including arousal
not open to conscious awareness. EDA is also
elicited by attention demanding tasks17 such as
parenting. Traditionally, EDA has been measured in
the laboratory under simulated emotionally arousing
conditions. In contrast, the iCalm sensor band is a
portable, convenient and validated method of
ambulatory monitoring of EDA.9,12 The iCalm
sensor10 connects wirelessly to an Android based
Smartphone, which graphically displays changes in
EDA in real time. The goal of this study is to pilot
test the acceptability, ease of use, and preliminary
efficacy of the iCalm sensor band among at-risk
adolescent mothers.

Mothers previously participated in a thirteen session
group-based intervention that focused on increasing
positive parenting and emotional regulatory skills
through mindfulness parenting and cognitivebehavioral skill building.18 Approximately one
month after completion of the behavioral
intervention, the adolescent mothers agreed to wear
the iCalm sensor band and use the corresponding
Smartphone for a period of 24-36 hours. Mothers
signed informed consent, or if under 18, informed
assent and parental consent. All procedures were
approved by the New York University Institutional
Review Board and the school administrators.
Instrumentation
The iCalm sensor band (see Figure 1) applies a
constant voltage to the skin through two Ag/AgCl
metal electrodes and measures the resulting
current.9,12 A transconductance amplifier is used to
convert the current to a voltage, which is sampled at
rate of 4 Hz using a 12-bit analog-to-digital
converter and then integrated into the sensor band
microcontroller (Atmel XMega32A4). The sensor
band also contains a low-power 3-axis accelerometer
and temperature sensor, which are also sampled at
the same rate. These additional sensors measure
physical activity and help inform the interpretation
of the EDA signal, which can depend on physical
movement (metabolic activity) and changes in
temperature (sweating). The iCalm sensor band has
been validated against gold-standard laboratory
measures of EDA9,12 and is currently under
evaluation in two clinical trials.19

This study has two primary aims: 1) to explore to the
validity of the iCalm sensor band and Smartphone to
detect SNS activation among a highly vulnerable
population of adolescent mothers parenting young
children in an uncontrolled setting; 2) to examine the
usability, ease of delivery, and acceptability of the
iCalm device among these vulnerable youth.

Methods)
Participants
We recruited a sample of four adolescent mothers
attending a high school for students primarily from
low-SES families and highly at-risk for school
dropout based on early school or social problems.
Mothers were Latina and African-American between
the ages of 15-18 years and were raising young
children between the ages of 12-48 months.
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Figure 1 – iCalm Device

The EDA data with millisecond time stamps are
streamed in real-time to an Android-based mobile
phone via Bluetooth. An integrated 600 mAh
Lithium polymer battery provides approximately 12
hours of continuous streaming to the phone.
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(Alternatively, a 2GB micro-SD card can be used
without Bluetooth extending battery life). The
casing of the iCalm sensor band is made of
neoprene, which is washable and water resistant, and
can be worn on the wrist or the ankle.12
The
Android phone software algorithm monitors the
slope, normalizes the threshold and integrated
response within a ten second time window, and is
graphically displayed on the phone. The cost to
produce the iCalm sensor band is approximately
$400, although it is not yet commercially available.
Data Collection
At the start of the data collection period, a research
assistant (RA) spent 15-20 minutes training each
participant on using the sensor band and
Smartphone. Participants were instructed to wear
the sensor band and use the corresponding
Smartphone for “as long as they could wear it” over
a 24-36 hour period. Three participants chose to
wear the ankle band. The adolescent mothers were
instructed to take off the sensor band while bathing
but could leave it on during sleep. At the end of the
data collection period, the RA assisted participants
in charting their activities by time period and their
corresponding EDA. A semi-structured qualitative
interview was also conducted which assessed
acceptability regarding comfort and usefulness of
the devices, ease of long-term use, and
recommendations for future design.
Data Analysis
Quantitative Data - EDA data from the iCalm
sensor band were exported into Microsoft Office
Excel. Over 50,000 unique data points were
collected for each mother across the 24-36 hour
period. Both tonic EDA (reflecting slow adaptation
to a stimulus or stressful event) and phasic EDA
(reflecting rapid adaptation to a stimulus or stressful
event) were captured. Accelerometer data were used
to account for large phasic EDA signals that might
have been confounded by bursts of physical activity
or other such movements. Prior to analysis, large
EDA signals were rejected that might have occurred
during episodes of vigorous movement. Because the
baseline EDA values differ from one individual to
another, the data were normalized based on
minimum and maximum values. The time series
data were then plotted (Figure 2) along with the
corresponding EDA values using custom software
written in MATLAB (v. R2011b).

activities and stressful incidents were linked to the
log of EDA over the data collection period. Themes
were identified and data speaking specifically to the
acceptability and ease of use of the sensor band and
Smartphone application were highlighted.

Results)
The four adolescent mothers each wore the band
over a 24-36 hour period, taking the band off to
bathe and sleep. In Figures I-IV, we present
representative samples of EDA activity for all four
study participants, highlighting specific events,
cognitions, or feelings that were associated with
fluctuation in EDA.
Time periods spanning
approximately 3-5 hours were selected to best
illustrate changes in the EDA observed across the
four young mothers. The figures illustrate that the
iCalm accurately captured variations in phasic and
tonic EDA levels as participants engaged in their
daily activities. While the tonic levels are due to
multiple physiological and environmental factors,
the phasic component corresponded with specific
events associated with emotional arousal.20 Large
increases in the EDA signal corresponded to the
perceived severity of stressful situations as described
by the participants during the qualitative interview.
The qualitative data spoke to the ease of use
of the sensor band and Smartphone application, as
well as the high degree of acceptability by the
adolescent mothers. All participants noted that the
iCalm sensor band was useful for increasing
awareness of their level of stress during daily
activities and assisting them to modulate their
emotions. For example, mothers indicated, “It’s a
good way to know when you need to chill” and “I
like knowing about my stress, then you can do
something about it.”

Qualitative Data - The qualitative data were
transcribed and reviewed in detail. Participants’
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Figure 2 – Electrodermal Activity vs. Time graph for all four participants
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All participants noted that during at least one
stressful occasion during the study’s data collection
period, they consulted the Smartphone to examine
their EDA. In addition, 3 out of 4 participants
spontaneously reported that after observing an
increase in EDA they engaged in cognitive self-talk,
a skill learned in the parenting intervention as the
following quotes demonstrate:
“The phone helped me calm down and made me
realize, I’m taking this overboard. It helped me see
the things I stress about and realize how
unimportant they are.”[Mother #2]
“I saw that the [stress level] was at an “8” [while
putting my daughter to bed], so I said, “I need to
calm down.” [Mother #1]
[Could not find a seat on the bus and looked at the
phone] “I said to myself, you need to chill.” [Mother
#4]
Participants all stated that they were able to wear the
iCalm sensor band as instructed. There were no side
effects or social harms (e.g. peer-related stigma)
reported. The mothers also provided suggestions
for making the iCalm sensor band more comfortable
and “fashionable” regarding the size and the quality
of the material of the band. Barriers to use were
identified primarily with regard to the comfort-level
of the band itself when worn on the ankle under
shoes or boots. All the mothers indicated that they
would recommend the iCalm sensor band to other
young people like themselves.

Discussion)
The results of this study demonstrate that the iCalm
sensor band was effective in detecting levels of
emotional arousal among at-risk youth in an
uncontrolled non-laboratory environment. Further,
this study provides strong initial support for the
usability of the iCalm sensor band among at-risk
adolescent mothers parenting young children.
Results also support a high degree of acceptance and
self-reported efficacy of the iCalm sensor band for
monitoring and regulating stress in this vulnerable
population.
This pilot study indicates that
continuous ambulatory monitoring of stress using
the iCalm sensor band holds great promise for
helping adolescent mothers to autonomously adopt
previously learned emotional regulatory skills.
Several possible limitations should be noted. The
use of a small convenience sample and lack of a
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comparison group limits generalizability. While all
the adolescent mothers who were approached for
participation agreed, they may not be representative
of all at-risk adolescent mothers. In addition, the
high level of acceptability among participants could
be due to the novelty of the technology. Moreover,
the extremely brief period of time that participants
wore the sensor band limits our understanding of the
long-term use of the technology including issues
related to charging the sensor band and loss or
damage.
While it is possible that the phasic EDA signals
corresponded to bursts of physical activity, the
inclusion of the accelerometer reduces this possible
confound.
Nevertheless, large spikes in EDA
activity were omitted prior to analysis of the data. In
addition, our qualitative data indicated that
participants’ phasic EDA signals corresponded to
specific stressful events and time of day described in
the qualitative interview.
While none of the study participants expressed
concern about a loss of signal detection from the
sensor band, the qualitative interview did not
specifically ask participants about this issue.
Although participants were instructed to observe the
Smartphone regularly, data were not collected on
how often participants observed their EDA. In our
current clinical trials we are continuously
monitoring participants’ use of the iCalm sensor
band and Smartphone application through a webbased portal and collecting qualitative data regarding
signal detection and the frequency of EDA
observation.
Future development efforts may
include a component to alert the wearer that the
sensor band is loose, not attached, or has been
affected by a confounding variable (e.g., water).
Future research efforts will involve incorporating
intervention material, such as text, audio, and videobased emotional regulatory skills and parenting
strategies into the Smartphone application for
mothers to access once their EDA reaches an
individually-determined threshold.

Conclusion
In conclusion, the iCalm sensor band is highly
acceptable among at-risk adolescent mothers and
can assist mothers to utilize previously learned
emotion regulatory skills during real-life stressful
moments. This pilot study demonstrates that the
iCalm sensor band has the potential to expand the
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reach of clinician-delivered parenting and other
behavioral interventions.
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Background:!The successful integration of mobile information technology (IT) and existing health
information technology (HIT) requires a critical evaluation of factors that may impede implementation
and end-user perceptions of new technology.
Purpose:!Using a mixed-method approach researchers interviewed and issued questionnaires to a family
medicine faculty and residents to ascertain: 1) usability of iPad features and functions in a practice
setting, and 2) perceptions of barriers to and support for implementation of HIT in a clinical setting.!
!
Methods:!Two faculty physicians and one resident were interviewed to discuss the HIT infrastructure
for the clinical site, as well as attitudes and preferences about iPad usability. Qualitative data was
transcribed and analyzed. Resident and faculty physicians (n=42) from a family medicine residency
completed an American Medical Association survey on HIT readiness. Descriptive and non-parametric
statistics were tabulated.!
Results:!Both interview and survey participants reported individual readiness for HIT adoption, while
listing environmental barriers. Interview participants also described physical and software features of the
iPad they would find useful in practice. Survey respondents reported clinical staff readiness as a strength
for adoption of HIT.!
Conclusion:!Participants reported readiness to integrate HIT into clinical practice and have a clear idea of
useful device features. HIT adoption may be hampered by environmental factors, and future research
should focus in this area.!
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Introduction)
With technology advancing at a rapid rate, health
care professionals face numerous opportunities and
options for incorporating health information
technology (HIT) into practice. Electronic-based
health information has been shown to decrease
redundant treatments and improve decision©JOURNAL)OF)MOBILE)TECHNOLOGY)IN)MEDICINE)
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making.1-4 One device demonstrating promise in the
medical setting is the Apple iPad tablet, the industry
leader in terms of available applications (apps).5
Since its unveiling in early 2010, the iPad has been
adopted by the medical community for education,6-8
surgical
assistance,9
and
provider-patient
10
communication assistance.
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combination of environmental (e.g., integration
across organizational boundaries, interface with
multiple electronic health record (EHR) systems,
legal concerns regarding patient privacy) and
individual factors (e.g., daily work flow issues,
concerns about control, autonomy, authority and
trust regarding the use of individual information, and
motivation to change to another device).11 Family
medicine doctors often work autonomously,
allowing them the opportunity to adopt technology
in a more flexible fashion.5 To efficiently integrate
HIT into this setting, it is necessary to evaluate what
may impede implementation such as integrating
workforce IT systems with clinical needs and
patients level of e-health literacy or perceptions of
usefulness.5, 12, 13
Since HIT has the potential to positively influence
communication and health outcomes, it is important
to understand the process of HIT adoption in order
to effectively promote its use. Little is known about
the environmental and individual factors influencing
HIT adoption.14 This mixed-method study was
conducted to ascertain: 1) understanding of specific
HIT features and functions (individual factors), and
2) perceptions of barriers to and support for
implementation of HIT in a practice setting
(environmental factors).

Methods
Participants
This study included resident and faculty physicians
from a family medicine residency ambulatory office
located in an urban Midwestern community that had
recently implemented the iPad into practice (< 1
year use). Prior to implementing the iPad, ten faculty
members and resident physicians were asked to pilot
the technology for one year. During this time the
physicians were encouraged to download and use
any free applications for clinical use. The iPads
were encouraged for use during clinical encounters
and for activities that would enhance workflow such
as for charting. Additionally, the iPad could be
taken home to use for work purposes at the
physician’s discretion. A random selection of
individuals who had piloted the iPad from different
specialties participated in the in-depth interviews for
this study.
Procedures

included a paper-based survey and in-depth
interviews with physicians. All faculty and resident
physicians were eligible to participate. The inclusion
criteria included: (1) English-speaking, (2) faculty or
resident physician, (3) able to use a computer; and
(4) able to provide informed consent.
Surveys - To assess HIT readiness, a modified
version of the previously validated AMA survey on
readiness was used.15 The authors selected the AMA
survey due to experience using the tool when
consulting with agencies on HIT readiness. The
survey was modified by changing the language in a
few of the statements and removing two statements
in an effort to make the survey more applicable to
the study population. Participants were recruited and
completed the assessment anonymously during noon
conferences over a three month period from
February to May 2011. The survey consisted of 22
items designed to assess physician attitudes and
knowledge of technology use in the clinical setting.
No incentive was provided to interview or survey
participants. In-depth interviews with one-on-one
facilitators lasted approximately 30 minutes. Each
session was led by a trained facilitator and staffed by
at least one note taker. After each interview, the
team reviewed the findings of the session.
Descriptive statistics were tabulated from survey
data. The continuous variables were analyzed with
the Mann Whitney test for non-normal distributions.
All statistical tests were two-tailed and alpha =.05.
In-depth interviews - Transcribed notes from each
interview were analyzed according to the qualitative
methods. The notes were transcribed into an
electronic version. Research team members cut full
quotes that concisely summarized points and used
them to describe emergent themes. Emergent themes
were categorized and transcripts from each interview
were combined and compared.16

Results
Surveys
Forty-two (n=42) resident and faculty physicians
from a family medicine residency ambulatory office
completed the survey. The majority of participants
were white (86%) and were 21-30 years old (50%).
Resident physicians represented 63% of participants.
Gender of participants was evenly distributed, with
48% male and 52% female. All demographics are
reported in Table 1.

The study was approved by the University
Institutional Review Board. This two-part study
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Twenty-two statements regarding readiness to
implement HIT were included in the paper-based
survey. Participants were asked to indicate a
response to each statement on a Likert-type scale
from 1 (strongly disagree) to 5 (strongly agree). All
results and statements are summarized in Table 2.

The Mann-Whitney U test was used to compare
faculty and resident responses to each survey
question. Faculty and resident physicians reported a
statistically significant difference on one question,
“Your practice has a strong track record of
successfully implementing information technology
for use in clinical care.” Faculty reported a mean
value of 4.07 and residents reported 3.32 (U=119,
p=.041). These findings are reported in Table 3.
There were no statistically significant differences
based on gender or by age when comparing those 30
years old and under to those over 31 years and older.
In-depth interviews

Table 1 - Demographic Information of Survey Participants
(n = 42)

Respondents most strongly agreed with statements
that fell within three factors, including HIT use,
readiness, and physician and staff perceptions of
HIT. Items with the highest mean rating included
“Physicians in your practice will regularly use an
[electronic health record] EHR or other automated
system to retrieve patient information” (mean 4.69)
and “Physicians in your practice will regularly use
an electronic health record system to document
patient
care
during
clinical
encounters”
(mean=4.67).
In terms of workplace relationships affecting HIT,
the items “Physicians and clinical staff in your
practice are willing to change how they work if
needed to improve patient care,” (mean=4.03); “In
your practice, physicians and staff trust each other,
work well together in teams, and are willing to be
accountable for using HIT to improve patient care,”
(mean=4.00); and “Most physicians and clinical staff
in your practice see EHR systems as critically
important to their future success,” (mean=3.93) were
other top agreement statements (Table 2).The items
with the lowest mean ratings were “Your practice
will provide meaningful incentives to reward
appropriate clinician use of HIT” (mean=2.78) and
“HIT vendors doing business with your practice
consistently provide functional, sustainable products
and timely, high-quality support services”
(mean=2.63) (Table 2).
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Two faculty physicians (n=2) and one resident
physician (n=1) were interviewed to discuss the HIT
infrastructure within which they worked, as well as
attitudes and preferences about iPad usability.
Interview responses included themes of HIT
infrastructure, iPad functionality, and iPad potential.
Participants indicated the presence of general iPad
security issues, as well as compatibility with current
electronic health records (EHR), as barriers to
successful integration of the iPad into clinical
practice. Interviewees suggested that support from a
dedicated IT department would be necessary to
overcome these. One participant concluded, “IT has
to be behind whatever devices you use.”
In terms of functionality, participants indicated that
both physical design characteristics and software
functions of the iPad were important. Features such
as light weight, small size, touch screen, camera,
long battery life, and ease of charging were deemed
helpful for a practice setting. Necessary software
functions included simple interface, video
conference applications, speed, and access to
electronic medical records. At the time of this study,
the iPad’s inability to multitask was identified as a
limitation, “Well, you can’t multitask like you can in
windows.”
Participants ended by expanding on potential uses
for the technology in the clinic including educational
videos for patients, the possibility of improving the
quality and amount of physician notes in patient
files, and enhanced communication between
providers and patients (e.g., displaying images such
as the high fidelity x-rays, anatomically correct
drawings provided by various apps, and offering
ability to print patient resources in real-time).
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Table 2 - Survey Results Ranked by Mean
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Table 3 - Comparison of Faculty and Resident Survey Responses
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Discussion
Participants from the in-depth interviews highlighted
several important factors about the implementation
of HIT devices. Specifically, how physicians use the
iPad within clinical care was explored. First, the
device was seen as a compliment to the existing
electronic infrastructure. This could have important
implications for primary care providers as the
current infrastructure is examined and enhancements
are planned. In the future, the iPad could permit
continuous data entry into EHR systems as well as
the addition of photograph documentation to support
notes.
Results from the survey indicated that physicians
regularly used their electronic health record system
during clinical encounters to retrieve patient
information. Physicians indicated they were willing
to change their behaviors to improve patient care,
and believed they work in a supportive staff
environment. These findings suggest that in order to
successfully implement and sustain HIT, primary
care clinics must address aspects of HIT use that
extend beyond the device itself. Responses to the
survey indicate environments conducive to the use
of HIT may require members that see the tool as
important to improving patient care and whose work
environment contains trust and cooperation among
co-workers. Trust has been identified as necessary
for producing a successful work environment and
this becomes especially important during
organizational transitions or transformations.17, 18
The iPad itself possessed physical and software
features that made it useful to the physician
participants in this study. However, the device’s
limitations included inability to multitask and the
compatibility with secure networks (or inability to
use 3G network within a secure system). Interview
participants shared concerns that these issues with
security and compatibility could potentially prevent
the adoption of new HIT in many medical centers.
Limitations
There were several limitations identified in this
study. The population was limited to a single
clinical site in a Midwestern location and no
comparison group was included in the study.
Participants included mostly Caucasians, 30 years of
age or less. Despite these limitations, this study
provides one statement in a larger conversation
about the potential barriers and favorable conditions
©JOURNAL)OF)MOBILE)TECHNOLOGY)IN)MEDICINE)
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for successful integration of HIT into the clinical
setting and indicates a clear direction for future
research on collaboration between IT programs and
clinical staff and the requisite environmental work
conditions
needed
for
successful
HIT
implementation.
This study was not sufficiently powered and only
univariate statistics were used. The lack of effect
size limits the interpretation of the HIT readiness
survey findings. For the qualitative data, saturation
was not reached due to the small number of
participants interviewed.
This study, although
underpowered, serves as a preliminary investigation
to assess the use of the Apple iPad in a clinical
setting as a part of patient care. The findings were
valuable to the organization that implemented use of
the iPad and has aided in their logistical
determinations for more widespread implementation
of this tool.
There is the possibility of bias from the sample of
faculty and residents used for the in-depth interviews
as they also participated in piloting the iPad. The
sample used for this study was a random selection of
the individuals who piloted the iPad and who were
instrumental in assisting with the implementation of
the iPad for the study clinic. It was the decision of
the research team to gather the perception and
opinions of this group rather than the group at large,
as the team thought that their experiences would
provide a richer context of the usability of the iPad’s
features and functions as well as perceived barriers
and supports in a medical clinic.

Conclusion
Health information technology can improve a
physician’s access to EHRs which has positive
benefits for treatment and decision making1-4 and
may provide an improved method for connecting
and educating patients. This study found that the
Apple iPad, was readily adopted into practice
receiving primarily favorable remarks from study
participants. Supports for the use of HIT involved a
mixture of features, (camera, light weight, etc.)
functionality, (easy-to-use interface) and the
environment in which the device was used (trust,
cooperation, and understanding the relevance of the
tool). Barriers to the implantation of the iPad
included the need for dedicated IT assistance to
overcome identified security and compatibility
issues and the inability to multitask. Future research
of HIT needs to take place not in the study of
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physician understanding and readiness, but in the
physician’s work environment. Communication
between physicians, hospital administration, vendors
and dedicated IT professionals will be essential, as
the needs for security and functionality are balanced.
The potential exists for HIT to positively impact
health and patient-provider communication, but
before HIT such as the Apple iPad is readily adopted
in the clinical setting, certain barriers should be
identified and addressed.
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Background:!Eye screening programs have been effective in reducing the burden of eye diseases in the
developing world. Most use paper recording systems which are prone to misplacement and are
inefficient for auditing purposes. Digital data collection via mobile devices may prove more efficient,
but reliable strategies information sharing between devices in rural settings remain an issue. This paper
examines the speed and range of use of Mobile Tethering technology to synchronize data across devices,
and hence the suitability of such devices in the eye screening setting.
Methods:!The data synchronization feature of eyePatients software for iPhone and iPad was tested using
an Apple iPhone 4 as the central router, with Mobile Tethering activated. Apple iPad 2 devices were
connected to the wireless local area networks (WiFi) generated by the iPhone 4. The linear range of data
synchronization and the effect of corners and barriers on synchronization were tested.!
Results:!Synchronization was rapid, taking between 1.0-1.5 seconds to complete when linear distance
was within 30 meters. Beyond 34 meters considerable slowing was noted and no successful connections
were able to be established beyond 40 meters. A single corner had no statistically significant effect on
the maximum range of a single tether connection, but two corners or a door barrier had a small but
statistically significant reduction on range.!
Conclusion:!Mobile Tethering provides a reliable and fast connection between multiple devices that can
be used for the synchronization of large amounts of data required for eye screening purposes.!
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Introduction)
The introduction of the tethering function on iPhone
(Apple, Cupertino, California, USA) and other smart
phone devices has opened up opportunities for
changing the way data can be collected and shared in
the clinical setting. Very few studies have examined
the potentials of using such technology in clinical
screening programs in rural and remote areas.
Clinical screening programs such as HIV screening
and eye screening have been effective in reducing
the burden of diseases in the most needed parts of
the world 1-5. For instance, eye screening programs
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travel to rural areas and only stay in a particular
location for short durations (usually days) to screen
large numbers of patients, typically a few hundred
patients per day, for treatable eye disease such as
cataracts, pterygium, and diabetic retinopathy. 2,6-8.
Therefore they depend on heavily on efficient and
reliable data collection.
Patients going through eye screening process would
normally undergo registration of information,
nursing assessment, medical assessment and
counselling. Upon determining that the patient
requires and consents to medical treatment, the
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patient’s information is kept with the team and
arrangements would then be made for the patient to
return on a surgery day for treatment. This process
in most eye screening teams is currently performed
using a paper recording system. The disadvantages
of a paper based system is that it is prone to record
misplacement or damage and needs to have details
manually re-entered into a computer system for
auditing purposes. With the recent availability of
large numbers of affordable and portable mobile
devices, there is increasing enthusiasm for the use of
such devices in clinical settings 9-11.
The
advantages of electronic data collection in the field
include clear and legible documentation, eliminating
need for repeat manual entry and eliminating risk of
misplacement of paper documents.

A

B

3G connection

a wireless local area networks (WiFi) router by
broadcasting signal for a local WiFi network.
Devices connected to the WiFi network will be
assigned a unique IP (internet protocol) address,
through which data can be transmitted directly
(Figure 1B). The data collected by the devices can
then be transferred or E-mailed back to central
server at the completion of the screening day.
Smart phones on the market capable of Mobile
Tethering include Apple iPhone 4, iPhone 4S and
some Android based mobile phones (Android, Inc.,
Palo Alto, California, USA).
There are also
increasing number of medical related mobile
Applications (Apps) that utilizes this feature,
including eyePatients (George Kong Softwares,
Melbourne, Australia) on Apple AppStore ®.
This paper examines the speed and range of use of
Mobile Tethering technology to synchronize data
across devices, and hence the suitability of such
device in the eye screening setting.

3G connections

Methods
Systems Setup

Local WiFi Network

Figure 1 - Models of data sharing between mobile devices
(A) Each mobile device shares data with central server via
mobile connection, (B) Mobile devices shares a working set
of data via local WiFi Network and final dataset is sent to
central server at the completion of screening through
mobile connection.

The main challenge of the digital data
collection is for several devices situated in different
rooms of a screening station to share the same
patient information. There are essentially two
potential strategies for tackling this issue. Method
one is to have each device connect to and then share
data on a central server several kilometres away via
3G (3rd generation mobile telecommunications)
mobile network connection (Figure 1A). This
method is disadvantaged by the fact that 3G mobile
networks are often unreliably slow in rural areas,
making this paradigm potentially too slow to handle
the large throughput required. The alternative
paradigm is to have the mobile devices on the field
communicate with each other directly. This has
been made possible recently with the introduction of
the Mobile Tethering technology. Mobile Tethering
is a technology whereby a smart phone can acting as
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An Apple iPhone 4 running iOS 4.3.3 operating
system (Apple, California) was used as the central
router. Mobile Tethering option was turned on
under the Mobile Hotspot option within Mobile
Settings. Once Mobile Tethering was turned on,
Apple iPad 2 devices were connected to the wireless
local area networks (WiFi) generated by the iPhone
4 by selecting the iPhone 4 name in the searchable
Networks. The login process involved entering the
pre-assigned password on the iPhone 4 Hotspot
option.
Data synchronization was tested on the iPad with
iPad App eyePatients and on iPhone with the App
eyePatientsMobile (George Kong Softwares,
Melbourne,
Australia).
eyePatients
and
eyePatientsMobile
Apps
are
clinical
data
management Apps designed to help eye care
clinicians
including
ophthalmologists,
ophthalmology residents, optometrists and students
in recording patient data, including visual acuity and
intraocular pressure data. These Apps were acquired
from Apple AppStore. The selection of these Apps
for use in this paper was purely for the purpose of
testing the proposed model in the paper and is not an
endorsement of the Apps. Data synchronization was
performed under the Synchronization module within
the eyePatients and eyePatientsMobile Apps. Under
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the synchronization module, the local IP address of
the mobile device is displayed, which is used by
other mobile devices for connection to the device.

A

Synchronization testing was conducted in a similar
manner as described above.

A

B

C

D

distance

B

distance

Figure 2 - Testing linear range of data synchronization on
Mobile Tethering network: (A) for single tether connection,
(B) for two tether connections.

Testing linear range of data synchronization
The linear range of a single tether connection was
tested along a straight indoor corridor, between an
iPad 2 and an iPhone 4 (Figure 2 A). The two
devices were placed at increasing linear distances
from each other starting from 2 meters and
subsequently in 2 meter intervals. The distances
were measured with tape measure and positions
marked prior to starting testing to ensure accurate
straight measurements down to nearest centimetre.
Ten patient data records (approximately 6 kilobyte
of data) were entered in the iPad 2 device for each
synchronization
test.
The
duration
of
synchronization
(from
start
of
pressing
synchronization button to message showing
synchronization complete) was recorded with a
digital timer. Three synchronizations events were
performed at each position until loss of
communication is reached such that synchronization
is not able to be completed. The point at which
communication is lost was tested five times by
reducing the distance back within range by 4 meters
and re-extend the distance out at 1 meter intervals
until communication is lost again.
The total
combined linear range of two tethering connections
was tested similarly, this time using two iPad 2
devices with the central iPhone 4 in the centre
(Figure 2B). The two iPad 2 devices were placed
with increasing linear distances away from the
central iPhone 4, starting from 2 meters (therefore
total distance of 4) and increase in 2 meter intervals.
©JOURNAL)OF)MOBILE)TECHNOLOGY)IN)MEDICINE)

!

Figure 3 - Testing effect of corners and barrier to data
synchronization on Mobile Tether connection, (A) Single
corner (B) Two corners scenario 1 (C) Two corners
scenario 2 (D) Barrier with one wooden door.

Testing the effect of corners and barriers
As the stations of an eye screening program are not
usually aligned in a linear fashion but instead in
separate rooms, it is necessary to understand
whether Tethering signal is affected by bends in the
path or barriers. These were tested on a single tether
connection between an iPad 2 and an iPhone 4
(Figure 3). To test around single corner (Figure 3A),
the mobile devices were placed at equal distances
from a corner formed by two concrete walls.
Distances from the corner were increased
symmetrically from 2 meters onwards in 2 meter
steps. To test around two corners, two scenarios
were performed, scenario 1 (Figure 3B) involved
having a fixed inter-corner distance of 4 meters and
altering the distance of mobile device from their
closest corner. Scenario 2 (Figure 3C) involved
performing synchronization testing with different
inter-corner distances. To test the effect of wooden
door barrier, the two testing devices were placed at
increasing distances away from a wooden door midway in the path between them.
Statistics
Comparisons of measurements were performed with
using two-sided Student’s T-test with alpha level of
0.05.
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Results
Speed and linear range
Synchronization of 10 records using the eyePatients
App was rapid, taking between 1.0-1.7 seconds to
complete when linear distance was within 30 meters.
Beyond 34 meters considerable slowing was noted
in the initiation of data connection (Table 1 and
Figure 4). No successful connections were able to
be established beyond 40 meters (Table 1). By
having the tethering iPhone as the central point, two
iPad 2 were able to synchronize across even greater
linear distance (Table 1). The maximum distance
for functional synchronization is approximately
double the distance for single tethering connection.
16

Speed of transmission
(seconds/10 records)

14

(Table 1). For both two corner scenarios, maximum
range of a single tether connection was reduced to
33 m (p=0.01, p<0.025 with Bonferroni correction).
The effect of a door barrier on maximum linear
range was small (approximately loss of 2 m) but
statistically significant (p=0.01).

Discussion)
This paper examined the speed and range of use of
Mobile Tethering technology to synchronize data
across mobile devices.
Knowledge of the
capabilities and limitations is important for
designing the physical layout of eye screening
stations. This study demonstrates that using Mobile
Tethering, a reliable and fast connection can be
established
between
multiple
devices
for
synchronization of large number of data records
required for eye screening purpose.
Possible range 36 meters

12

Max 30 meters

10

Registration

8

Pharmacy/
Cashier

6
4
2
0
0

10

20

30

40

Nursing assessments

Doctors assessments

Counselling room

Distance (m)

Figure 4 - Speed of transmission of 10 data records at
various linear distances on a single tether connection.

Distance until
communication
breakdown (meters
± SEM)
Single device to server
No corners
One corner
Two corners scenario 1
Two corners scenario 2
One door (wooden)
Two device connect with
server in between
No corners

36 ± 1
35 ± 1
33 ± 2
33 ± 2
34 ± 1
84 ± 4

Table 1: Maximum range distance for tethering
connection arrangements. (n=5)

Effects of corners and barriers
Single corner had no statistically significant effect
on the maximum range of a single tether connection
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Figure 5 - An example of physical layout of mobile devices
in an eye screening station.

The range of connection covers a considerable
distance, up to 30 meters reliably for single tethering
connection with no corners or barrier. Even when
the connection needs to bend across two corners or
through a wooden door barrier, the maximum range
was reduced minimally by approximately 2 meters.
The actual distance between two iPad devices can be
greater (up to 80 m) by having the iPhone device
broadcasting WiFi signals in the centre. The range
of transmission is greater than Blue Tooth
connection which is typically of the range of 5-10
meters. This capability of range allows for much
flexible designs for physical layouts of mobile
devices in eye screening stations for digital
recording of patient information. For example, a 30
meter length community hall could be divided as
shown in Figure 5 into logical stations for eye
screening. A longer up to 60 m linear camp setup
can also be arranged with the Tethering iPhone
device placed centrally (Figure 6). The Mobile
Tethering model outlined in this paper could
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potentially be useful for screening programs in other
disciplines (such as for otolaryngology and
cardiology). Clinical data management Apps for
general medicine currently available which allows

data sharing over WiFi network include My Medical
App (Hyrax Inc.) and MedicalNotesHD (George
Kong Softwares, Melbourne, Australia).

Possible range 84 meters
Max 30 meters

Nursing assessments

Max 30 meters

Doctors assessments

Counselling room
Pharmacy/
Cashier

Registration

Figure 6 - An alternative example of physical layout of mobile devices in an eye screening station with centrally placed WiFi
broadcasting device.

There are some limitations to the Mobile Tethering
technology, firstly most smart phone devices limit
the maximum number of devices that can be
connected to its WiFi network (For iPhone 4 the
maximum is 5). Secondly, some Mobile Network
providers requires that there has to be some mobile
connectivity for the smart phones to generate a WiFi
Hotspot network, therefore limiting the use of this
paradigm in very remote locations without any
mobile connectivity. Thirdly, tethering is a high
battery consuming feature; therefore the central
tethering iPhone will need to be charged regularly to
continue to function. Lastly, WiFi Hostspot network
can potentially be influenced by environmental
factors such as proximity to high voltage power
sources and storms.
This study is not a head-to-head comparison with the
alternative model in which each mobile device
connects to a distant server via mobile connectivity.
However, the alternative model is expected to
perform less favourably as it is limited by unreliable
slow mobile connectivity in rural areas. It is also
counter intuitive that data that needs to be shared
between devices in close proximity needs to connect
first to a server hundreds of kilometres away. Future
studies will involve comparison of various models in
head-to-head trials. Lastly we note that WiFi
broadcast capabilities is not restricted to smart
©JOURNAL)OF)MOBILE)TECHNOLOGY)IN)MEDICINE)

!

phones, certain lap-top computer models are also
capable of broadcasting WiFi network, in which
case the same design paradigm proposed in this
paper will also apply.

Conclusion
In conclusion, this study shows that using mobile
tethering, reliable and efficient connections can be
established
between
multiple
devices
for
synchronization of data. We found the application
of this technology useful in the setting of rural eye
screening.
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Nowadays, there is an increasing use of mobile phones as a part of telemedicine to aid in the
management of various health conditions. There are numerous reports of using mobile phones as a tool
for sending and receiving short text message (SMS) in medicine. Aside from keeping patients
continuously in touch with their health care providers, mobile phones can also be a useful tool for
providing doctors with valuable information. A useful adjunct of many mobile phones is its ability to
take clinical pictures.
In this study we present a case series where mobile phone photos taken by the patient were later used to
aid in the diagnosis and management of various maxillofacial conditions.!
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Introduction)
In recent years, we have been witness to various
advancements in mobile technology with broad
implications in medicine. A search of the medical
literature reveals many accounts of the use of mobile
phones in various specialties. There are numerous
reports of using mobile phones as a communications
tool for sending and receiving short text message
(SMS) between patients and doctors.1-7 In addition,
the use of mobile cameras to take clinical pictures
for the purposes of documentation or as a diagnostic
aid has been widely used in various specialties.8,9
Telemedicine is the “provision of care through
remote interaction” which may be enhanced by
mobile phone technology.
Patients today are
becoming increasingly autonomous in the
management of their own health by participating in
telemedicine and using their mobile device to
improve or aid in their disease management.10
However, there are fewer published studies
investigating the use of patient-taken photos in the
aid of clinical diagnosis. In this study we discuss
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how photos taken on mobile phones by patients
helped the doctor to manage the clinical problem.
The aim of this study is to report the use of pictures
taken with mobile phones as a medical diagnostic
tool in two patients in the context of maxillofacial
pathology.

Case)1)
A 17- year – old boy presented to the Oral and
Maxillofacial department of Shahid Beheshti
University Medical Centre (SBUMC) for treatment
of an erythematous swelling on his left cheek. When
asked about the history of his present illness he
could not give an adequate account and was only
sure that the problem had occurred 6 months ago.
He had undergone several treatments in the previous
6 months but since he lived in a remote village the
clinician did not have any knowledge of the previous
medical interventions, which made the situation
more complicated. He tried to explain the fact that
the lesion underwent a period of remission and
exacerbation following intravenous antibiotic
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therapy. On examination, he had a visible scar in left
alar grove of the nose.
Self-taken photos of this cheek lesion attracted our
attention. These photos were taken by a 2 megapixel
phone camera, after which they were transferred via
USB cable to a laptop. Some of these photos can be
seen in Figure 1. These photos clearly showed a
complicated chronic infection and provided good
insight of how the wound had changed during the
time. Biopsy and tissue culture showed
Mucormycosis. The photos notified the clinician of
the ineffectiveness of previous pharmacotherapy
thus wide local excision followed by medicine
therapy was decided.

any medical reports either, but numerous pictures of
the scar were taken by the patient with the aid of his
mobile phone 3.2 Megapixel camera (Figure 2). The
photos showed that the patient had a tendency to
form keloids and hypertrophic scars; thus, scar
revision surgery was not a suitable treatment
approach. After thorough evaluation of the patient’s
photos and his expectations, we decided to choose
self -inflated tissue expander installation for him.

Figures 1 - Sample of pictures taken by patient with his
mobile phone before admission to a hospital

Case)2)
A 20-year- old boy was referred to SBUMC with the
chief complaint of an unaesthetic scar on his right
frontal area due to a car accident that had happened
12 months ago. When asked about the history of
present illness, he could hardly explain the
procedures he had undergone. This case did not have
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Figure 2 - Sample of pictures taken by patient with his
mobile phone before admission to a hospital
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Discussion)
Nowadays, mobile phones have become the primary
camera for many people and taking pictures with
them have become very popular. We believe that
clinical photos of facial lesions can not only
augment the patient’s history in order for the
primary health provider to synthesize and accurate
diagnosis, but can also serve as a powerful
diagnostic tool.
Since their invention mobile phones have played an
active role in medicine. Dyer5 in 2003 reported the
use of mobile phones for sending a text message to
patients in order to remind them of upcoming
appointments with their doctor. Mao et al1 in 2008
reported effective use of mobile phone text
messaging for pharmaceutical care in a hospital in
China. Moumouldis et al8, in 2007, described a
novel use of photo messaging in the assessment of
nasal fractures; Shreier et al9 presented a mobile
phone based telemedical compliance management
system for patients with psoriasis. Shreir and his
team developed a unique software whereby patients
are able to input various health parameters (such as
their body weight), take photos of their psoriatic
lesions, and report their side effects of their current
treatment. This data is automatically sent to a
monitoring center for continuous clinical monitoring
with periodic assessment of the state of the disease.
Hayn et al11 concluded that mobile photos can
simplify the patient – physician communication and
shorten the mean duration of a regular outpatient
follow up. In addition to this, it can also facilitate the
treatment process by having regular photo updates of
particular lesions under treatment, thereby allowing
any particular modifications to the treatment
regimen as is necessary. However, in one study the
results showed that there was no evidence to support
the use of photographs sent by email or message for
follow-up of facial lacerations sutured in the
emergency department and despite the request of
doctors, none of the patients sent their photos.12
In the present study, the patients were firstly treated
in remote village areas with no access to proper
medical equipment; therefore, once they were
referred to a medical center in a city the photos they
had taken with their mobile phones proved to be an
extremely valuable diagnostic tool. In case 1, the
photos showed the ineffectiveness of a particular
pharmacological treatment and the photos in case 2
helped the clinician to select the optimal treatment
modality. These two cases elucidate how patients'
own mobile photos can be a valuable adjunct to the
clinical history provided by them.
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Nowadays, with advances in technology, nearly all
mobile phones have the possibility of taking photos,
thus, it would be a useful idea to encourage the
patients to record any visible changes in their
maxillofacial region and also the progress of their
treatment. In most cases, serial photos might be very
useful to document the onset, extent and progress of
the disease, as well as tracking the post-surgical
outcome.

Conclusion)
Mobile phone pictures can become part of a
patient’s permanent medical record and can provide
reliable information for doctors.
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Mobile technology has become increasingly prevalent
in the workplace. Smart phones, tablets, and other
forms of personal digital assistant have particular
appeal for professionals seeking tools to enhance
productivity. Research in particular requires the
capacity to collect and process data in an efficient and
cost effective manner. Investigators are increasingly
turning to mobile devices for solutions as programs
and data handling capabilities become more
sophisticated. With these developments, however,
arises the need to contemplate and address ethical
considerations relevant to mobile technology use in
the research context.
There are many reports describing use of mobile
devices as part of the research process. Examples
include remote field data collection1-5, observational
data collection6-9, survey administration,4,10,11 and
patient data diaries12-15. Mobile devices also have the
potential to improve the feasibility of conducting
research in poor and underserviced areas of the world
where this is much needed16. In addition to facilitating
data collection and/or the administration of study
instruments, mobile technology can be used to
enhance the methodological quality of a study.17,18
While investigators may be excited by the potential
for mobile technology to improve the research
process, Research Ethics Boards (REBs) and
Institutional Review Boards (IRBs) may be hesitant.
The role of the REB/IRB is to ensure that research is
conducted in an ethical manner19-21 and in accordance
with institutional policies and jurisdictional laws.
Research involving human subjects must adhere to the
basic ethical principles, including respect for persons,
beneficence, and justice.20 Of particular relevance to
research protocols incorporating mobile technology
are considerations related to participant privacy,
confidentiality and data handling.
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While the considerations related to data handling may
be obvious, there are additional aspects of mobile
device use in research that may raise ethical questions.
When a minimal risk survey study of health care
providers was recently proposed to the REB of the
author’s institution, concerns were raised about the
impact of mobile device use on the voluntariness of
study participation. The proposed protocol involved
use of a tablet-based information and consent form
followed by a tablet-based survey. In this case, the
scanned information and consent form bearing the
stamp of approval of the REB could be displayed on
the tablet, and an associated signature box permitted
eligible participants to sign the tablet-based consent
form with their finger if they elected to participate.
The tablet was to be offered to potential participants
by a Research Assistant knowledgeable about the
study and available to answer any questions prior to
handling the tablet and/or prior to signing the consent.
From a process perspective, the proposed sequence of
events was very similar to that which occurs with use
of a paper-based consent, where the medium would
simply be a tablet rather than paper. The advantages
of use of a tablet based information and consent
process are that this eliminates the costs related to
printing information and consent forms, the need for
the research assistant to carry these, and the need to
securely store signed consent forms for the required
period.
The REB chair rejected our proposed use of a tabletbased information and consent process on the basis
that this did not provide eligible participants sufficient
time to consider whether they wished to participate in
the study or not. The ethical principle of concern
related to the voluntariness of participation due to the
immediacy of tablet based survey. Instead, the REB
mandated use of a paper-based information and
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consent sheet in conjunction with the tablet-based
survey, although participants were still recruited
through direct approach by a Research Assistant.
Interestingly, the same REB deemed acceptable the
recruitment of survey participants via email, where the
email inviting study participation contained a
hyperlink to a Survey Monkey version of the survey
and an electronic version of the information and
consent sheet was simply provided as an email
attachment which participants were under no
obligated to review. Additionally, no signature was
required from participants completing the Survey
Monkey version of the survey as the REB interpreted
the decision to click on the survey hyperlink as a
positive indication of consent. The REB apparently
considered the email invitation/web-based survey
hyperlink process more autonomous, given that
eligible subjects could read the email invitation in
privacy and return to it at a later time if they wished.
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Albert Road Clinic is an acute care private psychiatric
hospital with active and committed Psychiatrists who
work with us. The Albert Road Clinic Consulting
Suites is based within the hospital and this space is
tenanted by approximately 40 consultant psychiatrists
who work either full time or on a sessional basis in
their private practice.
Several psychiatrists
approached me to try and resolve the issue of their
patients not attending for scheduled appointments; the
non- attendance has potential detrimental effects for
the patient (who may have forgotten the appointment)
leading to possible clinical risk. The other
consequences have been an adverse effect on the
consultant psychiatrists’ business and the inability to
back fill the appointment for which the patient has not
attended.
There is evidence in the literature that reminder
systems have reduced the non-attendance in various
practice settings1-3. Sims et al3 in a controlled study
demonstrated a relative risk reduction of 28 and 25 %
in terms of non-attendance, in the two year studied
when comparing the attendances with the year prior to
no reminders being sent. Prasad and Anand 1 using a
broader outcome measure i.e. attending on the day
and on time, noted that it occurred overall in 79% of
those who received reminders and only 34% who did
not receive the reminder. Stubbs4 in their review
noted that all reminder systems improved attendance
rates but SMS reminders were the most cost effective.
It was decided that we would try and harness
technology to improve patient appointment
attendances within the consulting suites and we
commenced a trial of sending SMS reminders, on the
previous business day to the patients who indicated
through the individual practices that they would like
to be contacted in this way.
Our system was a corporate telecommunications
service and our implementation process was
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communication to recruit those practices that were
interested in participating in the trial of this new
process. The consultants were informed that instead of
calling patients to remind them of their appointments,
an SMS reminder would be sent out to patients who
did not object to a reminder of the appointment on the
working day before. Education was provided re the
system and process to each of the consulting suites
secretarial staff who were to implement the system.
The initial trial was well received by those who agreed
to participate. In view of the success we decided to
implement the scheme for all of the suites. A decision
was made at the medical executive with an 'opt out'
option, for the consultant psychiatrists. Patients were
required to sign a consent form (which is maintained
by the individual consultant psychiatrists’ practices) in
order to receive the reminder. Most patients
understood the nature of the activity but where
necessary a detailed explanation was offered by the
doctor/secretarial staff. The SMS reminder system is
now a routine in all of the consulting suites none of
the psychiatrists opted out.
Some strategies had been previously trialed in some of
the private practices.
This has included medical
secretaries attempting to telephone patients directly to
confirm appointment times with them but had limited
success due several issues not least the ‘human factor’
such as work demand of the medical secretaries,
patients availability to respond to phone calls and the
not insignificant comments that many of patients
found these phone calls intrusive; particularly if they
occurred within their working hours. The strategy of
calling patients was used in a limited fashion at the
Clinic as well but the inherent problems outlined
seemed to outweigh the benefits.
Our system now has now been in operation for
eighteen months.
Anecdotally patients have
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expressed that the system works well. This view is in
keeping with the conclusion following an extensive
review of the literarture5. In order to ascertain
acceptability, the author spoke informally with
consultant psychiatrists. The responses have been
variable. Although there were positive views there
were negative comments as well.
The negatives
focused upon some difficulties with reliability
regarding the provider; which resulted in further
investigation and the subsequent move to adopting a
SMS messaging system within a patient management
system which is used within our consulting suites. The
system we currently utilize has the advantage of being
fully integrated with the appointment calendar and
accounting package for each consultant psychiatrists’
private practice.
There is a minority of patients who do not use mobile
phones and the occasional patient who has opted for
email reminders, and staff now have adequate time to
attend to them on an individual basis. A significant
draw back has been that since patients have now
become reliant on the service they have missed
appointments when the system has occasionally
‘crashed’. These events have fortunately been rare but
do have serious consequences for the individual
practices
and
have
caused
understandable
dissatisfaction to the consultants. We are now moving
towards manual reminders when such eventualities
occur. It has been essential to ensure that we have
built processes to quickly respond to system failures;
not least to ensure that there are contingencies in place
to ensure that more than one staff member checks that
the SMS reminders have been successfully sent.

we operate. Give the recipient a choice to accept or
reject the reminder system and obtain written consent
with the phone number on which to receive the
message with the onus on that individual to inform if
the number had changed or not functional any longer.
The treating psychiatrist needs to keep a record of this.
A disclaimer is that patients should not rely solely on
the reminder would minimize the potential of claims
against the organisation in case of a bona fide systems
failure is handed to the patient. A back up system of
sending out reminders is required if there are
problems.

Figure 2 – SMS received by patient

Overall, the introduction of a SMS messaging system
for outpatient appointments at Albert Road Clinic has
been positive. Adopting such a system not only
provides a useful service but also the reminder
systems have been shown to be a significant saving of
costs as well3.
The system provides a cheap,
automated alternative of sending out reminders. In
addition it is a saving of the secretarial staff time. It is
recommended that the adoption of such systems will
enhance the attendance not only in medical settings
(as noted in the literature) but also in psychiatric out
patients clinics. The focus for future research should
be directed at patient satisfaction and probable
medico-legal implications of failures of the system,
even with the disclaimer. In addition the cost savings
to the institution and the time savings to secretarial
staff need investigation.

Figure 1 – Appears on the screen of sender

Our experience would lead me to recommend the
adoption of similar systems in any practice. Where
this is to be introduced the key is to adequately
'educate' all parties, i.e. secretarial staff, the clinician
or others involved in its operation. A de identified
print out of the message received by the patient and
confirmation of sending which is available to the
secretary can be seen in Figure 1. The system needs to
be robust so that if a patient responds to the SMS
(Figure 2) it must come directly back to the sender
rather than it getting lost in the system. An
improvement that is required for the current system
©JOURNAL)OF)MOBILE)TECHNOLOGY)IN)MEDICINE)

!

VOL$1|$ISSUE$3$|$SEP$2012! 54!

!
!

Letter to the Editor
)WWW.JOURNALMTM.COM)
References
1.
Prasad S, Anand R. (2012) 'Use of mobile telephone
short message service as a reminder: the effect on patient
attendance.' International Dental Journal. 17;62(1):21–6.
2.
Taylor NF, Bottrell J, Lawler K, Benjamin D.
(2012) 'Mobile Telephone Short Message Service
Reminders Can Reduce Nonattendance in Physical Therapy
Outpatient Clinics: A Randomized Controlled Trial.' Arch
Phys Med Rehabil 1;93(1):21–6.
3.
Sims H, Sanghara H, Hayes D, Wandiembe S, Finch
M, Jakobsen H, et al.(2012) Text Message Reminders of
Appointments: A Pilot Intervention at Four Community

Mental Health Clinics in London. Psychiatric Services. Am
Psychiatric Assoc; 63(2):161–8.
4.
Stubbs ND, Geraci SA, Stephenson PL, Jones DB,
Sanders S.(2012) 'Methods to Reduce Outpatient Nonattendance.'
Am J Med Sci.
Apr.
3.
doi:
10.1097/MAJ.0b013e31824997c6
5.
Guy R, Hocking J, Wand H, Stott S, Ali H, Kaldor J.
(2011) 'How Effective Are Short Message Service
Reminders at Increasing Clinic Attendance? A MetaAnalysis and Systematic Review.' Health Serv Res.
8;47(2):614–32.

$

©JOURNAL)OF)MOBILE)TECHNOLOGY)IN)MEDICINE)

!

VOL$1|$ISSUE$3$|$SEP$2012! 55!

