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Abstract

Background: Smartphone usage has spread to many settings including that of healthcare with numerous potential
and realised benefits. The ability to download custom-built software applications (apps) has created a new wealth
of clinical resources available to healthcare staff, providing evidence-based decisional tools to reduce medical errors.
Previous literature has examined how smartphones can be utilised by both medical student and doctor
populations, to enhance educational and workplace activities, with the potential to improve overall patient care.
However, this literature has not examined smartphone acceptance and patterns of medical app usage within the
student and junior doctor populations.

Methods: An online survey of medical student and foundation level junior doctor cohorts was undertaken within
one United Kingdom healthcare region. Participants were asked whether they owned a Smartphone and if they
used apps on their Smartphones to support their education and practice activities. Frequency of use and type of
app used was also investigated. Open response questions explored participants’ views on apps that were desired or
recommended and the characteristics of apps that were useful.

Results: 257 medical students and 131 junior doctors responded, equating to a response rate of 15.0% and 21.8%
respectively. 79.0% (n=203/257) of medical students and 74.8% (n=98/131) of junior doctors owned a smartphone,
with 56.6% (n=115/203) of students and 68.4% (n=67/98) of doctors owning an iPhone.
The majority of students and doctors owned 1–5 medical related applications, with very few owning more than 10,
and iPhone owners significantly more likely to own apps (Chi sq, p<0.001). Both populations showed similar trends
of app usage of several times a day. Over 24hours apps were used for between 1–30 minutes for students and
1–20 minutes for doctors, students used disease diagnosis/management and drug reference apps, with doctors
favouring clinical score/calculator apps.

Conclusions: This study found a high level of smartphone ownership and usage among medical students and
junior doctors. Both groups endorse the development of more apps to support their education and clinical
practice.
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Background
Smartphones have become ubiquitous among the ge-
neral public. From internet to email, they offer on-the-go
access to information never before possible. Within the
healthcare population, the utilisation of smartphone and
other mobile devices, such as the personal digital assistant
(PDA) and handheld tablets, has the potential to have
a positive impact upon patient care. Specifically, by pro-
viding personnel with immediate access to medical and
health information, this technology can lead to improved
decision-making and reduced numbers of medical errors
[1,2], improved communication between hospital medical
staff [3,4] and enhanced telemedicine capability [5,6].
The release of Apple’s iPhone in June 2007 (Apple Inc,

Cupertino, CA, USA) was arguably the birth of the
smartphone. It blended the attributes of the PDA with
those of the mobile phone. From this point the market
developed rapidly, with Apple recently releasing their
iPhone 4S version, and competitors releasing equivalent
models. From a healthcare perspective the pivotal mo-
ment was the launch of the Apple Appstore in July 2008.
This gave phone users the ability to download a specific
software application or “app” from an online shop. Rival
companies such as Google Android and Blackberry have
since followed suit with similar schemes. This represents
an unrivalled ability to disseminate up-to-date informa-
tion, at exceptional speed across a chosen population.
Indeed to date there are a staggering 500,000 iPhone
apps available to download [7].
In this regard the utilisation of smartphones by me-

dical personnel has recently evolved. Doctors are now
able to hold textbooks on their smartphone and use
resources such as medical calculators and drug formu-
laries. Moreover these apps update themselves, and are
relatively easy to produce and release. While early litera-
ture focused on properties such as remote information
access and improved communication, the recent trend
has been for personnel or departments to use this tech-
nology to develop customised apps to improve an area
of work. Visualisation of radiological images on smart-
phones, so-called ‘teleradiology’, has been a popular area
of research [8-11], as have clinical guideline/decision
support apps [12-14].
The smartphone has also proved useful within medical

student populations. Trelease described the use of the
smartphone as a potential “learn anywhere” resource for
students [15], with further research exploring the use of
podcasts on smartphones as a way of delivering educa-
tion [16]. Within medical school the requirement of
gaining competency sign offs during clinical attachments
is very applicable to handheld technology [17], with evi-
dence for improved case logbook use [18].
As a result of these developments the need for a stu-

dy examining the uptake and application of smartphones
was identified. The aims of the study were to: identify
the extent to which junior doctors and medical students
own smartphones and use them to enhance their clinical
activities; and how often they use apps for education and
clinical professional development. This survey was un-
dertaken as a pilot study, to provide baseline data for fu-
ture research being undertaken by the authors, planning
to investigate a smartphone based hospital-linked app as
an intervention to aid the clinical activities of junior
doctors and medical students soon to qualify as junior
doctors.

Methods
We distributed 2 on-line questionnaires, via email, using
a recognised survey website (www.surveymonkey.com).
Questionnaire 1 (Appendix A) was sent to Foundation
level junior doctors (newly qualified doctors analogous
to American ‘Intern’ position), years 1 and 2, working
across one health region encompassing 8 hospitals and
employing 601 Foundation level doctors. Questionnaire
2 (Appendix B) was a modified version of questionnaire
1; adapted to the different survey group to account for
differences in participant role and environment. This
survey was sent to medical students, years 1 to 5 in an
East Midlands University in the United Kingdom (UK)
within the same healthcare region, with 1,706 registered
undergraduate medical students. The medical degree
offered by this university comprises of 5 years total
study, with students moving from pre-clinical to clinical
studies mid way through year 3. Each survey was sent
out twice in the late spring of 2011, with a 2-week delay
between each message. No honorarium was offered.
The questionnaire was constructed by the lead re-

searcher and was reviewed by an expert panel for con-
tent validity and reliability. Questions were derived from
previous literature [19,20] and the researcher’s personal
experience and that of other informants. Categories of
medical apps enquired upon (Appendix A and Appendix
B, question 7) were derived from survey data collated by
Garritty et al. [21]. The questionnaire was piloted within
one hospital and altered accordingly.
The questionnaire collected data on the following areas:

the numbers who owned a smartphone; type of smart-
phone; the number of medical apps owned and which
were most useful; the medical environment in which the
smartphone was used; and how often apps were actually
referred to during working/educational hours. An open
text entry box allowed respondents to discuss any further
issues arising from medical related smartphone use.
All numerical data were entered and analysed using the

Statistical Package for Social Sciences (SPSS version17),
initial descriptive statistics were undertaken and inferen-
tial analyses were performed using the non-parametric
Chi square test and Fisher Exact tests as appropriate.

http://www.surveymonkey.com


Table 1 Percentage of medical students and junior
doctors owning medical related smartphone apps

Question
response

Medical student
cohort (n=203)

Junior doctor
cohort (n=98)

No 20.2% (41) 24.5% (24)

Yes – 1–5 apps 52.2% (106) 51.0% (50)

Yes – 6–10 apps 16.7% (34) 20.4% (20)

Yes – 11–15 apps 5.9% (12) 3.1% (3)

Yes – 16–20 apps 1.5% (3) 1.0% (1)

Yes – 21–25 apps 1.5% (3) 0.0% (0)

Yes – 26–30 apps 1.0% (2) 0.0% (0)

Yes – 30+ apps 1.0% (2) 0.0% (0)
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Open ended responses from the surveys were initially
coded and organised into key themes by the lead author,
then verified by the co- authors to support rigour of
analysis , trustworthiness and reliability in the interpre-
tation of the data [22]. Quotations illustrating the key
themes were later selected and used alongside literature
evidence to illustrate the key issues (student (s) or doc-
tor (d) participant number are included to show repre-
sentativeness and extent of the contributions).
Results
Findings from each survey are presented separately; where
applicable common data is presented together enabling
comparisons between surveys groups to be made.
Junior doctors
Of the junior doctors surveyed 131 answered the ques-
tionnaire, out of a possible cohort of 601 employed foun-
dation level trainees; equating to a return rate of 21.8%
(131/601). The male to female split was 39.7% (n=52/131)
and 60.3% (n=79/131) respectively. Of the 131 partici-
pants, 49.6% (n=65/131) were Foundation Year 1 (FY1)
trainees, and 50.4% (n=66/131) were Foundation Year 2
(FY2) trainees. Overall, some returns were received from
all 8 hospitals within the targeted health region.
Table 2 Frequency of use of medical related apps within med

Question response Medical st

Clinical attachment
(n=137/203)

Several times a day 22.6% (31)

Once or twice a day 19.0% (26)

2-3 times a week 19.7% (27)

Once a week 13.1% (18)

Rarely used 8.8% (12)

Never used 16.8% (23)
Of those junior doctors responding 74.8% (n=98/131)
owned a smartphone, with the most popular model being
an iPhone, 68.4% (n=67/98), 17.3% (n=17/98) owned a
Google android platform smartphone, and a further 14.3%
(n=14/98) owned ‘other’ smartphones.
The number of medical smartphone apps downloaded

by respondents is displayed in Table 1. 74 smartphone
owners had apps, 80% of these were iPhone users, 12%
had Google android phones and 7% had ‘other’ smart-
phones. Frequency of app usage is displayed in Table 2,
with time spent daily using apps displayed in Table 3.
Figure 1 details the type of medical app, and how often
these were used by junior doctors.
When questioned about the willingness to access an

app specific to their hospital 74.8% (n=98/131) answered
yes, they would be willing to use this specific app.
Medical students
In total 257 medical students answered the question-
naire, out of a possible cohort of 1,706 registered under-
graduate students; equating to a return rate of 15.0%
(257/1706). The male to female split was 45.1% (n=116/
257) and 54.9% (n=141/257) respectively. The distribu-
tion of respondents within each year of study were
15.1% (n=39/257) in year 1, 13.2% (n=34/257) in year 2,
6.6% (n=17/257) in year 3 pre-clinical studies, 12%
(n=31/257) in year 3 clinical studies, 21.8% (n=56/257)
in year 4 clinical studies, and 31.1% (n=80/257) in year 5
clinical studies. When examining pre-clinical and clinical
medical students there were approximately equal num-
bers returned (48.2% and 52.9% respectively).
Of the medical students surveyed 79% (n=203/257)

owned a smartphone, with the most popular model
being an iPhone, 56.6% (n=115/203) and a further 18.7%
(n=38/203) owning a Google android platform smart-
phone. The number of medical smartphone apps owned
by each student is displayed in Table 1. Approximately
the same number of males as females owned a smart-
phone, but males were significantly more likely to own
apps (FE=5.43, df=1, p<0.05). iPhone owners were also
significantly more likely to own apps (Chi sq=19.68, df=4,
ical student and junior doctor groups

udent cohort Junior doctor
cohort (n=98)Medical school education

(n=160/203)

14.4% (23) 14.3% (14)

20.0% (32) 15.3% (15)

17.5% (28) 20.4% (20)

14.4% (23) 6.1% (6)

18.1% (29) 16.3% (16)

15.6% (25) 27.6% (27)



Table 3 Daily use, in minutes, of medical related apps within medical student and junior doctor groups

Question response Medical student cohort Junior doctor cohort (n=98)

Clinical attachment (n=137/203) Medical school education (n=148/203)

None 24.1% (33) 12.2% (18) 27.6% (27)

1-10 minutes 27.0% (37) 27.0% (40) 30.6% (30)

11-20 minutes 13.9% (19) 21.6% (32) 27.6% (27)

21-30 minutes 18.3% (25) 8.9% (13) 11.2% (11)

31-40 minutes 9.5% (13) 10.1% (15) 2.0% (2)

41-50 minutes 2.9% (4) 6.7% (10) 0.0% (0)

51-60 minutes 3.7% (5) 4.1% (6) 1.0% (1)

60+ minutes 0.7% (1) 9.5% (14) 0.0% (0)
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p<0.001). 76% of pre-clinical students (n=68/89) and 80%
(n=135/168) of students in their clinical years owned a
Smartphone.
Students were asked to comment on the purpose of app

usage. This was divided into two sections; educational for
revision and learning, and clinical for ward and clinic en-
vironment. Overall, app usage for educational purposes
was most popular (78.3%), with 39.9% using apps for clini-
cal purposes. Within the educational section, revision and
learning equated to 73.2% (n=123/168) and 83.3% (n=140/
168) respectively. Within the clinical section, ward and cli-
nic environment equated to 42.9% (n=72/168) and 36.9%
(n=62/168) respectively. Very few pre-clinical students
used apps to support their limited clinical activities in con-
trast to those in their clinical years, but both groups used
apps for education (Chi sq=38.68, df=3 p<0.001).
Frequency of app usage is displayed in Table 2, with

time spent daily using apps displayed in Table 3. Figure 2
Figure 1 Percentage frequency of use of different categories of medi
details the type of medical app, and how often these
were used by students. When questioned about the wil-
lingness to access an app specific to their medical school
96.1% (n=197/203) answered yes, they would be willing
to use this specific app.

Open text data analysis
62.3% (n=160/257) of medical students and 66.4%
(n=87/131) of junior doctors chose to answer within the
open text entry boxes. Two key themes emerged from this
open text data, that of ‘future app development’ and the
‘negative aspects of smartphone use in the clinical envi-
ronment’; both are illustrated below.

Future app development
Respondents were keen to state what future apps they
would like to see developed, although there was a clear
difference between students and doctors. Students desire
cal apps within the junior doctor group (n=98).



Figure 2 Percentage frequency of use of different categories of medical apps within the medical student group (n=203).
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apps to integrate their timetable, and lecture/module ob-
jectives into a handheld source, along with a quiz/test
app (Table 4). They want to check ‘where they should be’
and ‘what they should be learning’, on the go without
having to stop to use desktop computers.

“I believe smartphone use is ideal for medical students
as it allows easy access to material within seconds,
which would take longer searching a textbook. If the
university had an app it would assist in accessing
lecture notes and enhance student learning” (s13)
Table 4 Type of app listed as desirable by medical
student and junior doctor population, with number of
respondents indicated

Respondent
group

Type of APP Number

Medical student

Timetable linked App 91

Objectives for lectures/modules 72

Logbook 52

Revision note App 38

Hospital App 18

University ‘to do list’ App 11

Junior Doctors

Antibiotic formulary App 52

Hospital disease management guideline App 47

Rota and annual leave App 34

Acute medical/surgical conditions App 26

Electronic patient record App 19

On-call contact details App 8
“Revising using an app is easier, in a car or plane and
on holidays” (s22)

Doctors however, are more concerned about accessing
clinical information at point-of-care (Table 4); ‘what to
prescribe’ and ‘how to treat an illness’.

“I would use an app with clinical guidelines that are
hospital specific, including management advice for
common conditions. This would be very useful on a
busy ward because with only a few computers it is
difficult to get a monitor when they are needed for
urgent clinical work” (d6)

“Please make a hospital app this will save so much
time, we can actually treat patients and not spend all
day sat at a computer!!” (d19)

Negative aspects of smartphone use in the clinical
environment
Several recurring negative themes surrounding smart-
phone utilisation emerged. Among both students (26
responses) and doctors (15 responses) the issue of cost, of
both smartphones and apps, was a common theme.

“I find it very annoying that so much emphasis is placed
on smartphones, as not everyone can afford one” (s45)

“I would love to use the BNF* on the iPhone but it is
very expensive!” (d29)

“It is difficult to find free or cheap apps that contain
enough material to last longer than a few uses, before
all the material has been seen” (s26)
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*(BNF - British National Formulary: a nationally appro-
ved drug dosing guide)
Specific to doctors’ open text data (17 responses) was

the theme of the appearance to others of using their
smartphone in the workplace.

“I think it appears extremely rude both to patient and
colleagues to appear to be looking at your phone whilst
on the ward, as it is usually misinterpreted as checking
texts or emails” (d8)

“The culture of looking lazy or uninterested by playing
on your phone needs to be overcome. Once patients
and consultants realise the phone use is work related
I will feel more comfortable” (d31)

Discussion
This study represents primary research for the UK, the
first formal survey to investigate smartphone ownership
and usage in a junior doctor and medical student popu-
lation; this data adds valuable insight to an evolving UK
healthcare system. This research is timely since the UK
Department of Health have recently published a Frame-
work for Technology Enhanced Learning [23] in which
the potential for the use of innovative technologies in-
cluding smartphones is recognised:

‘Innovative educational technologies, such as e-
learning, simulation and smartphones, provide
unprecedented opportunities for health and social
care students, trainees and staff to acquire, develop
and maintain the essential knowledge, skills, values
and behaviours needed for safe and effective patient
care.’ (pg 6)

It is therefore important to capture patterns of smart-
phone use in healthcare education and clinical practice
in order to develop and recommend appropriate lear-
ning materials and activities for delivery on smartphone
platforms.

Numbers owning a smartphone and frequency of medical
app use
A systematic review by Garritty et al. concluded that PDA
usage among healthcare providers varied from 45% to
85%, noting younger physicians or residents and those in
large hospitals were more likely to use a PDA [21]. Al-
though this data was derived largely from the United
States, with no data from the UK, our results do corro-
borate their findings and demonstrate a large number of
respondents owning and using medical apps on their
smartphone. A hospital based survey undertaken by
Dasari et al. who questioned British anaesthetists across a
breadth of training grades, reported that 59% owned an
iPhone. 80% of those owning an iPhone actively used
medical apps, with 60% using them for clinical activities
and 47% for educational activities [19]. In comparison, our
data points towards higher medical app usage rates within
a comparable doctor group, with 72.4% of doctors using
medical apps, to varying degrees, during clinical activities
(Table 2).
Within a US medical student population, Grasso et al.

reported 52% of medical students using handheld com-
puters, however displaying a clear divide between pre-
clinical and clinical years (28% and 76% respectively) [20].
In contrast our data displayed equal smartphone owner-
ship within pre-clinical and clinical years (76% and 80%
respectively), with overall app usage as high as 83.3% (for
educational purposes). This change should be interpreted
cautiously, taking into account the inherent difference bet-
ween a handheld computer and a smartphone, and the
varying postgraduate structure of US and UK medical
degrees.
Within the student group, educational use of apps starts

in pre-clinical years and appears to follow into clinical
years, with both year groups using apps more for educa-
tional than clinical purposes. However there appears to be
no pattern relating to frequency and time spent using apps
specific to clinical and educational environments (Tables 2
and 3). If we acknowledge the touted benefits of handheld
technology in the clinical environment for clinicians, we
would expect a higher frequency of app use in a clinical
environment also within a student population. Students
are using apps to learn at all stages of their studies, and
this factor should be taken into consideration when de-
signing or developing further apps in these settings.
Comparing student and doctor groups: smartphone

ownership and frequency of app use is similar, however
time spent daily using apps is reduced within the doctor
group. The majority of doctors reported using apps daily
for between 1 and 20 minutes, with very few using apps
for longer than 30 minutes (Table 3). In contrast to stu-
dents, who display a more even spread, especially for
medical school educational activities. It is unclear if this
pattern is due to external time pressures of the environ-
ment within which the app is used (i.e. a busy hospital
setting for doctors), or the true intention or need of stu-
dents to use apps for longer. It suggests doctors are
using apps for quick reference as opposed to prolonged
educational reading.

Number and type of medical apps used or owned
The findings suggest that students and doctors are se-
lective about the medical apps they download and/or
purchase, the majority owned 1 to 5 apps which they
used on a regular basis. Similar to previous studies, the
most frequently used apps in the student cohort were
those detailing medication/drug reference [20] and those
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involved with disease diagnosis/management (Figure 2).
In slight contrast, the doctor cohort used clinical scoring
apps more often (Figure 1). The nature of apps used
reflects the manner in which smartphones appear to be
utilised. In the clinical environment smartphones are often
used at point of care [2]; thus for a doctor, apps that in-
crease efficiency by saving time and allow ‘mobile’ rapid
decision making are going to be popular [1]. For a student,
disease diagnosis/management related apps are more
likely to fullfill their educational needs when compared to
more simple clinical scoring/calculator type apps.
In both groups apps used for procedure/case docu-

mentation scored very low, with over half of participants
not using these apps (Figures 1 and 2). This is perhaps
attributable to the lack of apps currently available in this
area, and that for an app of this nature to be regularly
used it would likely need to be linked to the relevant
medical school or regional postgraduate healthcare or-
ganisation. The finding that both medical students and
junior doctors own relatively few medical apps, but use
them often, has key ramifications for the development of
future organisational Medical School or Hospital linked
apps. For an app to be used by a medical student or jun-
ior doctor it clearly needs to be of high quality and be fit
for purpose to avoid user neglect. On the other hand, as
medical students and junior doctors appear to own a
relatively small number of apps, the chance of integra-
ting such an app into regular use is increased.

Future app development
From the analysis of open text entry data, there is a clear
trend that both students and doctors want apps linked
to their respective organisations. For students the de-
sired purpose of these appears to be to receive adminis-
trative information relating to timetabling and lecture
content, and secondly the need for revision and quiz
type apps. This does align with previous studies descri-
bing using mobile devices to enhance competency sign
offs [17], and student case logbooks [18]. No studies have
explored the benefit of incorporating lecture timetabling
and lecture objectives into a smartphone format.
Doctors are concerned about clinical information relat-

ing to patient management and care, with administrative
apps relating to rotas and annual leave receiving less at-
tention. Using a search on the Apple appstore, we were
able to find relatively few doctor orientated UK hospital
associated apps (this method does not take into account
apps distributed directly to workers through Apple’s com-
mercial app license). Among these were a Microbiology
app [24], a Paediatric Drug dosing app [25] and a Throm-
boprophylaxis app [26]. This suggests that the needs of
British junior doctors, relating to smartphone apps, are
currently not being fully addressed. As an example of full
smartphone hospital integration; the Samsung Medical
Center in Seoul, Korea has launched a smartphone app
that allows doctors access to both inpatient records and
lab results [27]. They provide evidence of a positive re-
sponse from doctors, with regular use of this app during
working hours. With the evidence that our doctor group
reported regular use of disease diagnosis/management
apps and drug reference apps (both areas for which hospi-
tals develop individual clinical guidelines), the possibility
of these guidelines being linked to smartphone apps spe-
cific to UK hospital sites should be explored in future
research. This would remove the medico-legal risk of hos-
pital staff using smartphone based clinical resources not
referenced or reviewed by accepted authorities.

Negative aspects of using smartphones
Concern about the cost of a smartphone and medical
apps is an important finding among both student and
doctor groups. There are policy implications around the
expectation that all students and doctors should be
expected to have a smartphone to support their educa-
tion or professional practice. Furthermore what policies
should be in place to prevent discriminating against
those, who for whatever reason, choose not to endorse
this technology?
One obvious solution to this problem of incurred costs

for the individual is for the organisation to provide
smartphones and free access to apps. This solution is
currently being evaluated within the Wales Deanery (UK
regional healthcare organisation) among all Foundation
Doctors (American ‘Intern’ equivalent) [28], with the
results not yet published in full. As our data points to
the majority of students and doctors owning smart-
phones, it could be argued that the cost of scoping,
designing and developing suitable high quality apps and
advertising the utility of free apps that are available, is
the more pertinent issue to be immediately addressed.
Not to be overlooked are the personal concerns of

doctors relating to the experience of using smartphones
in a clinical environment and the effect on the doctor-
patient relationship/communication, and the negative
connotations associated with doing so. This re-iterates
physician concerns regarding patients’ perceptions of mo-
bile phone use in the clinical environment as previously
identified [29] and clearly requires further in-depth quali-
tative investigation. Use of smartphones in clinical areas
may well require a shift in service user attitudes towards
this mobile technology. Overcoming this barrier will re-
quire an investment in doctor education at all grades, and
a definite policy from organisations to endorse smart-
phone technology.

Limitations
This study focused on students and young doctors, both
are groups which may be more ‘IT savvy’ and likely to
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use smartphone technology. Higher trainees and consul-
tants were not questioned within this study. The chosen
site for conducting this study comprised a large popu-
lation fitting the inclusion criteria however the res-
ponse rate was relatively low (15% and 21.8%, in student
and doctor groups respectively), and limits the level to
which these results can be generalised to other similar
groups. The number of responses received is comparable
to similar regional surveys of this kind [20]; in a published
review of hand held device use by healthcare providers,
the average response rate in 4 of the most up-to-date pub-
lished studies was 27.6% [21], with one study using an on-
line questionnaire (as in our study) obtaining an 11%
response rate. Many study articles in this review did not
report a response rate.
The increased likeliness of smartphone users to answer

a survey related to smartphone use is noted as a definite
source of non-response bias and voluntary response
bias and using an online questionnaire may have con-
tributed to this study design limitation. However the
prevalence of smartphone ownership was only one objec-
tive of the survey and it does provide a snapshot at just
one point in time providing a useful benchmark for future
studies.
This survey was intentionally conducted during uni-

versity term time to ensure a representative student
response

Conclusion
Smartphones will soon be universally owned among the
medical profession and offer a real opportunity to im-
pact on the efficiency of working practices and patient
care with minimal capital outlay for healthcare organisa-
tions. High levels of smartphone ownership and the in-
tuitive and user-friendly interfaces associated with many
apps suggest that the traditional ‘barriers’ to implemen-
ting new technologies are no longer applicable [30]. Ul-
timately large organisations may remain sceptical to invest
time and money into smartphone implementations if they
cannot see a clear benefit to patient care and safety, and
evidence to support this.
We report an apparent rise in smartphone ownership

and medical app usage among medical student and doctor
groups, with similar levels of smartphone ownership and
patterns of medical app use when comparing these two
groups.
However, a differing opinion between these groups

exists, regarding the type of apps desired to facilitate
future smartphone usage. The “take home message” is
that junior doctors and medical students are overwhel-
mingly enthusiastic to endorse organisational associated
apps that help their learning and work activities. However,
organisations and developers should be mindful of the
negative issues surrounding medical app use in the clinical
environment from both clinicians and service users. Fu-
ture work should focus not only on appropriate app de-
velopment but also on the perceptions of health care
professionals and users on the use of mobile technologies
in clinical areas.

Appendix A
Questionnaire 1: Survey distributed to Foundation Doctors.

1. Please state your gender:
a) Male
b) Female

2. Please state your current position and job rotation:
(choice of either ‘FY1’ or FY2’ chosen for one of the
below options)

a)Medicine
b)Surgery
c)GP
d)Anaesthetics
e) Psychiatry
f ) Other

3. Please state your current hospital of employment:

a) Queens Medical Centre Nottingham
b) Nottingham City Hospital
c) Royal Derby Hospital
d) King’s Mill Hospital Mansfield
e) Lincoln County Hospital
f ) Grantham Hospital
g) Pilgrim Hospital Boson
h) Chesterfield Royal Hospital

4. Do you own an application smartphone?

a) No
b) Yes – iPhone
c) Yes – Google Android
d) Yes – other smartphone

5. Concerning your smartphone, do you own medical
related applications?

a) No
b) Yes – 1–5
c) Yes – 6–10
d) Yes – 11–15
e) Yes – 16–20
f ) Yes – 21–25
g) Yes – 26–30
h) Yes – 31+
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6. Please estimate the frequency, during working
hours, you utilise medical applications on your
smartphone:

a) Several times a day
b)Once or twice a day
c) 2–3 times a week
d)once a week
e) rarely used
f ) never used

7. In relation to the following types of applications,
please indicate how often you use them to
help you with your clinical activities: (choice
of ‘not used’, ‘occasionally used’, ‘often used’,
‘very often used’ and ‘used constantly’ for each
of below)

a)medication formulary/drug reference
b)clinical score systems/medical calculator
c)disease diagnosis/management
d)procedure documentation
e)web access
f )email access
g)calendar
h)password storage
i) other (please detail in comment box)

8. Please estimate the time you spend per day
(in minutes) using smartphone applications related
to clinical activities:

a) none
b) 1–10
c) 11–20
d) 21–30
e) 31–40
f ) 41–50
g) 51–60
h) 61+

9. Would you utilise a smartphone app specific to
your Medical School?

a) Yes
b) No

10. Please detail any further comments you have
regarding your use of medical related smartphone
applications in the clinical environment:

� Which specific apps would you recommend?
What features do you find most useful in a
medical related app?
� If so, why do you find your smartphone useful at
work?

� Do you use any other portable digital assistant/
handheld computer at work?
(free text entry box provided)

Appendix B
Questionnaire 2: Survey distributed to Medical Students

1. Please state your gender:
a) Male
b) Female

2. Please state your current year of study:

a) 1st year
b)2nd year
c) 3rd year pre-clinical
d)3rd year clinical
e) 4th year
f ) 5th year

3. Do you own an application smartphone?

a) e)No
b) f )Yes – iPhone
c) g)Yes – Google Android
d) h)Yes – other smartphone

4. Concerning your smartphone, do you own medical
related applications?

a) No
b) Yes – 1–5
c) Yes – 6–10
d) Yes – 11–15
e) Yes – 16–20
f ) Yes – 21–25
g) Yes – 26–30
h) Yes – 31+

5. Please indicate how you use medical related app:
(you may choose more than one answer)

a) Education – revising
b) Education – learning
c) Clinical – ward environment
d) Clinical – clinic environment

6. Please estimate the frequency you utilise medical
applications on your smartphone during clinical
attachment compared to medical school educational
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time. (one of the below options chosen for the
categories: ‘clinical attachment’ and ‘medical school
education’)

a) Several times a day
b)Once or twice a day
c) 2–3 times a week
d)once a week
e) rarely used
f ) never used

7. In relation to the following types of applications,
please indicate how often you use them during
educational and/or clinical hours: (choice of ‘not
used’, ‘occasionally used’, ‘often used’, ‘very often used’
and ‘used constantly’ for each of below)

a)medication formulary/drug reference
b)clinical score systems/medical calculator
c)disease diagnosis/management
d)procedure documentation
e)web access
f )email access
g)calendar
h)password storage
i) other (please detail in comment box)

8. Please estimate the time you spend per day (in
minutes) using smartphone applications related to
clinical and educational activities: (one of the below
options chosen for the categories ‘clinical’ and
‘education’)

a) none
b) 1–10
c) 11–20
d) 21–30
e) 31–40
f ) 41–50
g) 51–60
h) 61+

9. Would you utilise a smartphone app specific to
your Medical School?

a) Yes
b) No

10. Please detail any further comments you have
regarding your use of medical related smartphone
applications in the clinical environment:

� What characteristics would you find useful in a
Medical School linked app?
� Which specific apps would you recommend?
� What features do you find most useful in a

medical related app?
(free text entry box provided)

Competing interests
The authors declared that they have no competing interest.

Authors’ contributions
KP conceived the idea and managed the data collection process. HW and
KW were involved in the development and refinement of the data collection
tools, interpretation and presentation of the data and carried out the data
analysis. All the authors were involved in drafting and redrafting the
manuscript and revising it critically for intellectual content. All authors read
and approved the final manuscript.

Acknowledgements
We acknowledge the contributions of Jo Cooper at the early stages of this
project and Simon Timbrell for organising the data collection from the
medical student population.

Author details
1King’s College Hospital NHS Foundation Trust, Denmark Hill SE5 9RS,
London. 2School of Nursing, Midwifery & Physiotherapy, University of
Nottingham, Nottingham NG7 2HA, UK.

Received: 19 January 2012 Accepted: 26 October 2012
Published: 30 October 2012

References
1. Lindquist AM, Johansson PE, Petersson GI, Saveman BI, Nilsson GC: The use

of the personal digital assistant (PDA) among personnel and students in
health care: a review. J Med Internet Res 2008, 10(4):e31.

2. Prgomet M, Georgiou A, Westbrook JI: The impact of mobile handheld
technology on hospital Physicians’ work practices and patient care: a
systematic review. J Am Med Inform Assoc 2009, 16(6):792–801.

3. Wu R, Morra D, Quan S, Lai S, Zanjani S, Abrams H: The Use of
smartphones for clinical communication on internal medicine wards.
J Hosp Med 2010, 5(9):553–559.

4. Wu R, Rossos P, Quan S, Reeves S, Lo V, Wong B: An evaluation of the use
of smartphones to communicate between clinicians: a mixed-methods
study. J Med Internet Res 2011, 29(13):e59.

5. Armstrong D, Giovinco N, Mills J, Rogers L: Facetime for physicians: using
real time mobile phone-based videoconferencing to augment diagnosis
and care in telemedicine. Eplasty 2011, 3(11):e23.

6. Aziz S, Ziccardi V: Telemedicine using smartphones for oral and
maxilofacial surgery consultation, communication, and treatment
planning. J Oral Maxillofac Surg 2009, 67:2505–2509.

7. Apple Inc:; . http://www.apple.com/uk/iphone/from-the-app-store/.
8. Modi J, Sharma P, Earl A, Simpson M, Mitchell JR, Goyal M: IPhone-based

teleradiology for the diagnosis of acite cervico-dorsal spine trauma.
Can J Neurol Sci 2010, 37:849–854.

9. Choudhri AF, Radvany MG: Initial experience with a handheld device
digital imaging and comunications in medicine viewer: OsiriX mobile on
the iPhone. J Digit Imaging 2011, 24(2):184–189.

10. Takao H, Murayama Y, Ishibashi T, Karagiozov K, Abe T: A new support
system using a mobile device (smartphone) for diagnostic image display
and treatment of stroke. Stroke 2011, epub.

11. Choi B, Mukherjee M, Dala P, Young H, Tracy C, Katz R: Interpretation of
remotely downloaded pocket-size cardiac ultrasound images on a web-
enabled smartphone: validation against workstation evaluation. J Am Soc
Echocardiogr 2011, 24(12):1325–1330.

12. Kubben P, van Santbrink H, Cornips E, Vaccaro A, Dvorak M, van Rhijn L: An
evidence-based mobile decision support system for subaxial cervical
spine injury treatment. Surg Neurol Int 2011, 23(2):32.

13. Flannigan C, McAloon J: Students prescribing emergency drug infusion
utilising smartphones outperforms consultants using BNFCs. Resuscitation
2011, 82(11):1424–1427.

http://www.apple.com/uk/iphone/from-the-app-store/


Payne et al. BMC Medical Informatics and Decision Making 2012, 12:121 Page 11 of 11
http://www.biomedcentral.com/1472-6947/12/121
14. Shaw M, Adam C, Izatt M, Licina P, Askin G: Use of the iPhone for cobb
angle measurement in scoliosis. Eur Spine J 2011, epub.

15. Trelease R: Diffusion of innovations: smartphones and wireless anatomy
learning resources. Anat Sci Educ 2008, 1(6):233–239.

16. Brunet P, Cuggia M, Le Beux P: Recording and podcasting of lectures for
students of medical school. Stud Health Technol Inform 2011, 169:248–252.

17. Torre DM, Treat R, Durning S, Elnicki M: Comparing PDA- and paper-based
evaluation of the clinical skills of third-year students. WMJ 2011,
110(1):9–13.

18. Ho K, Lauscher H, Broudo M, Jarvis-Selinger S, Fraser J, Hewes D: The
impact of a personal digital assistant (PDA) case log in a medical
student clerkship. Teach Learn Med 2009, 21(4):318–326.

19. Dasari K, White S, Pateman J: Survey of iPhone usage among anesthetists
in England. Anaesthesia 2011, 66:630–631.

20. Grasso MA, Jim Yen MJ, Mintz ML: Survey of handheld computing among
medical students. Comput Methods Programs Biomed 2006, 82(3):196–202.

21. Garritty C, El Emam K: Who’s using PDAs? estimates of PDA use by health
care providers: a systematic reviw of surveys. J Med Internet Res 2006,
8(2):e7.

22. Grbich C: Qualitative research in health: an introduction. London: Sage; 1999.
23. Department of Health (DH) A: Framework for technology enhanced learning.

http://www.dh.gov.uk/prod_consum_dh/groups/dh_digitalassets/documents/
digitalasset/dh_131061.pdf.

24. Microguide, southampton university hospitals NHS trust. http://itunes.apple.
com/gb/app/microguide/id447171786?mt=8.

25. Paediatric emergency drugs, evelina Children’s hospital, guys and St Thomas’
NHS trust. http://itunes.apple.com/gb/app/paediatric-emergency-drugs/
id415663345?mt=8%20.

26. Thrombosis Guidelines, Guy’s and St Thomas’ NHS trust. http://itunes.apple.
com/gb/app/thrombosis-guidelines/id448736238?mt=8.

27. Choi JS, Yi B, Park JH, Choi K, Jung J, Park SW, Rhee PL: The uses of the
smartphone for doctors: an empirical study from Samsung medical
center. Healthc Inform Res 2011, 17(2):131–138.

28. Hardyman W, Bullock A, Carter-Ingram S, Pugsley L, Stacey M: The iDoc
project: using smartphone technology with foundation doctors across Wales,
eLearning in Health Conference: collaboration, sharing and sustainability in
the current environment. Birmingham: University of Aston; 2011.

29. McAlearney AS, Schweikhart SB, Medow MA: Doctors’ experience with
handheld computers in clinical practice qualitative study. BMJ 2004,
328:1162.

30. McAlearney AS, Schweikhart SB, Medow MA: Organizational and physician
perspectives about facilitating handheld computer use in clnical
practice: results of a cross-site qaulitative study. J Am Med Inform Assoc
2005, 12(5):568–575.

doi:10.1186/1472-6947-12-121
Cite this article as: Payne et al.: Smartphone and medical related App
use among medical students and junior doctors in the United Kingdom
(UK): a regional survey. BMC Medical Informatics and Decision Making 2012
12:121.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

http://www.dh.gov.uk/prod_consum_dh/groups/dh_digitalassets/documents/digitalasset/dh_131061.pdf
http://www.dh.gov.uk/prod_consum_dh/groups/dh_digitalassets/documents/digitalasset/dh_131061.pdf
http://itunes.apple.com/gb/app/microguide/id447171786?mt=8
http://itunes.apple.com/gb/app/microguide/id447171786?mt=8
http://itunes.apple.com/gb/app/paediatric-emergency-drugs/id415663345?mt=8%20
http://itunes.apple.com/gb/app/paediatric-emergency-drugs/id415663345?mt=8%20
http://itunes.apple.com/gb/app/thrombosis-guidelines/id448736238?mt=8
http://itunes.apple.com/gb/app/thrombosis-guidelines/id448736238?mt=8

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Results
	Junior doctors
	Medical students
	Open text data analysis
	Future app development
	Negative aspects of smartphone use in the clinical environment


	Discussion
	Numbers owning a smartphone and frequency of medical app use
	Number and type of medical apps used or owned
	Future app development
	Negative aspects of using smartphones
	Limitations

	Conclusion
	Appendix A
	Appendix B
	Competing interests
	Authors' contributions
	Acknowledgements
	Author details
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


