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Smart Mobile Devices (SMD) usage within the health professional community has been increasing
exponentially over the last decade. Such popularization has the potential to change not only how doctors
treat patients but how they learn and gain new skills. Since today’s students are tomorrow’s professionals, it
is important to understand how future doctors use SMD in the academic environment by quantifying the
number of students using a mobile device; what are the main clinical information sources; and to determine
the usage characteristics of these devices, namely in frequency, context, and goal. A survey was distributed
amongst the eight Medicine faculties in Portugal, between 2012-12-28 and 2013-01-03, resulting in a
sample of 128 filled surveys. Collected data showed that the majority (67.2%) of Portuguese medical
students owns an SMD. Of the SMD owners, 34% refer to using their device frequently during academic
periods, mostly as a means to consult information and access the Internet. Notwithstanding, paper books are
still the main bibliographic source used by Portuguese students, with over 90% referring to using them

regularly. The usage of SMD to gather clinical data and anamnesis is residual.

1 INTRODUCTION

1.1 SMD History

Health professionals have been increasingly
using Smart Mobile Devices (SMD) — Personal
Digital Assistants PDAs, Smartphones, and Tablets
— over the last decade. However, the technological
era of pocket computers used in HealthCare started
long before.

In 1984 the first PDA was launched, the PSION
Organizer I1. It was a revolutionary device, since at
that time it already incorporated, in a single device, a
two line screen and a keyboard. In addition,
common applications such as the notepad,
calculator, clock, calendar, text processor, and
spreadsheets were already incorporated. McDonald
et al. (1988) described the use of this device in
collecting and analyzing dental research data
(McDonald and Standring, 1988). In 1989, Tattersall
et al. published about the utilization of this same
device to collect clinical records in primary health
care (Tattersall and Ellis, 1989).

The name PDA (Personal Digital Assistant) was
coined for the first time by Apple, in 1993, at the

launch of the MessagePad (Newton OS). This was
the first PDA with a touch screen and writing
recognition, which were very appealing at the time,
since it provided a more natural interface than the
mouse and keyboard to less experienced users (Le et
al., 1995). In 1995 there were already several
applications specially developed for healthcare, such
as books, medical calculators, and medical file
notebooks (Ebell et al., 1995).

The prime breakthrough occurred in 1996, with
the launch of two devices that defined the future of
mobile technologies: the Nokia 9000 communicator
(the first PDA/mobile phone combo), the precursor
of the current smartphones, and the PalmPilot. The
latter belonged to the first generation of PDAs
developed by Palm, which achieved great popularity
within health professionals and was the first
massively adopted mobile device (OReilly, 2000).
This trend was also followed by medicine students,
who started substituting pocket books with PDAs
(Woznicki, 2001).

In 2004, about 527 of the 1450 applications for
PalmOS and 306 of the 900 applications for
Windows CE were medical applications (medApps)
(Luetal., 2005).



It’s not surprising that, for Payne et al., the most
important moment regarding the popularization of
SMD was the appearance of the Apple AppStore in
July 2008, which enabled users to download and
install relevant applications with ease (Payne et al.,
2012). Since then, the medApps market never
stopped growing, with a staggering estimated value
of more than 7000 health related AppStore
applications (apps) in the fourth quarter of 2012. The
most used apps include therapeutic and drug
administration guides and medical calculators
(Franko and Tirrell, 2012).

1.2 Adherence to Technology

In 1999, only 15% of USA medical staff had a
PDA, with Palm being the most used device brand
(Physicians’ Use of Handhelds Increases From 15%
in 1999 to 26% in 2001, 2001). In 2001, these
devices were used by 26% of the staff, even though
only 18% referred to using them for clinical support
(Physicians’ Use of Handhelds Increases From 15%
in 1999 to 26% in 2001, 2001). This market share
increased substantially in the first half of the last
decade, achieving a share of 45% in 2005 (Garritty
and EI Emam, 2006). In Portugal, this number
appears to be lower. In samples collected from two
Portuguese hospitals, only 33% of Portuguese
medical staff had a pocket computer (Martins and
Jones, 2005). In 2012, 85% of USA medical staff
owned a smartphone, 62% have a tablet, and 21%
own both devices. Over a half of these health
professionals refer to using the tablet regularly for
clinical related tasks (Ressi, 2012).

1.3 SMD role in HealthCare and
Medical Education

In opposition to desktop computers, SMDs are
easily carried, enabling an updated and universal
access to information (Fischer et al., 2003a) in
otherwise impossible contexts (Franko and Tirrell,
2012); they are usually intuitive, flexible and easy to
use(Galt et al., 2005b; McConnell, 2000), with state
of the art devices guaranteeing support to rich
multimedia applications (Free et al., 2010). SMDs
are even proposed as a telemedicine platform in
developing countries (Kaplan, 2006).

Thus, it’s undeniable the potentially positive
impact of SMDs in healthcare (Miller et al., 2004a;
Sittig et al., 2000) and medical education (Lindquist
et al., 2008), namely in data recollection and
analysis for research (Blaya et al., 2010) and

education (Mendonca et al., 2001; Torre et al.,
2005), in supporting medical practice (Lindquist et
al., 2008), in reducing clinical error (Galt et al.,
2005a; Nyun et al., 2003; Rosencrance et al., 2004),
and in promoting evidence based medicine (EBM)
by obtaining credible evidence (Fischer et al.,
2003b; Shurtz and von Isenburg, 2011).

1.4 Information Sources

In the last decades, several researchers have been
aware of how practitioners come across multiple
clinical questions while having to quickly solve
them (DaRosa et al., 1983; Williamson et al., 1989).
In fact, the quality of the service provided is
influenced by factors such as the way the medical
doctor deals with a clinical dilemma, the effort put
to find an answer, and the information source.

A 1997 study (Haug, 1997) pointed to scientific
papers, colleagues, books, seminars, and conferences
as the prime sources of information. Fifteen years
later, with the globalization of the Internet and
Information Technologies (IT), this pattern has
changed substantially, and sites such as Medscape,
UpToDate and PubMed (Khalifian et al., 2013;
Shariff et al., 2012) are increasingly important as
updated information repositories.

1.5 Objectives and motivation

Taking into account the potential benefits from
using SMD in healthcare (Miller et al., 2004b; Sittig
et al.,, 2000), and the relative low usage of these
devices by the Portuguese doctors (Martins and
Jones, 2005), this work aims at understanding the
usage of IT as learning tools by medical students.
Therefore, the prime objectives of this study are to
determine the information sources used by
Portuguese medical students for clarification of
clinical practice issues; to quantify the number of
students using a mobile device for information and
communication; and to determine the usage
characteristics of these devices, namely in
frequency, context, and goal.

2. METHODS

This was a cross sectional study done in a
sample of the population of Portuguese medical
students. An online survey was distributed via e-
mail amongst students from the eight medical



faculties in Portugal. The survey was based on
reviewed literature (Payne et al., 2012),(Grasso et
al., 2006),(Menzies and Thwaites, 2012), following
the guidelines proposed by Sushil and Verma (Sushil
and Verma, 2010). A pre-test of the survey was
conducted in a small group of medical students and
residents. All the medical students were considered
eligible for the study, and all the completed surveys
were considered valid to enter in the study. Two
verification questions were also used: the first
(Q1.5) served as exclusion criteria for the whole
survey, while the second (Q3) served as exclusion
criteria for group Q4.

The survey collected demographic data (Q1), the
frequency with which information sources were
procured (Q2), the number of students with SMD
(Q3), and the SMD usage pattern (Q4). The
variables of interest were operationalized in a Likert
scale from 1 to 5 (never to always respectively).

Data was collected between 2012-12-28 and
2013-01-03. All the variables were described by the
absolute and relative frequency. The chi square test
was used to compare proportions and a p-
value <0.05 was considered significant. SPSS
version 21 was used to perform the analysis.

3. RESULTS

A sample of 128 medical students was used with
0 surveys excluded. According to ANEM
(Associagdo Nacional de Estudantes de Medicina), it
is estimated that there are about 10,000 medical
students in Portugal. Thus, the sample represents
around 1% of the universe of interest.

The sample is constituted by 60 male individuals
(46.9%) and 68 female individuals (53.1%), with
ages between 18 and 28 years old with an average
age of 22. 54 of the students belong to the
Faculdade de Ciéncias Médicas da Universidade
Nova de Lisboa (42.2%), 24 to the Faculdade de
Medicina da Universidade de Lisboa (18.8%), and,
with the exception of the Universidade do Algarve
where no answers to the survey were obtained, all
other medical faculties represent at least 11% of the
sample. Regarding the course year, 90 (70.3%)
students were attending the clinical years (4™, 5" and
6"), while 38 (29.7%) were attending the pre-clinical
years (1%, 2" and 3).

Of the 128 inquired students, 86 (67.2%) had a
smartphone, PDA, or tablet, whilst 42 (32.8%) had
none of these devices (Figure 1). As seen on Table
1, a higher percentage of male students had an SMD
(73%). However, there is no apparent association

between gender and the possession of SMD
(p > 0.05).

Yes
67%

Figure 1 - Percentage of medicine students with SMDs.

Table 1 - Number of students with SMD by gender

No Yes Total
Gender
N % N % N %
Male 16 27% 44 73% 60 47%
Female 26 38% |42 62% 68 53%
Total 42 33% 86 67% 128 100%

The usage frequency regarding the different
types of information sources is present in Table 2.
Medicine students seem to be keener on using books
as a prime medium for solving questions (X = 4.17;
SD =0.056; Var=0.395). This was also the
parameter with lowest variance. Internet is also a
common information source (X =4.03;
SD = 0.068; Var = 0.597).

Overall, students do not seem to resort to eBooks
and SMD applications as much, although in this case
the variance is high (X =2.67; SD=0.117;
Var = 0.395). However, there is a strong association
between being an owner of an SMD and resorting to
eBooks and SMD applications (Chisq = 44.703;
p <0.01). There also seems to exist an association
between using the Internet as an information source
and owning an SMD (Chi sq = 9.753; p < 0.05).

Table 3 shows the usage pattern of SMDs during
the academic year. From the 86 med students owners
of SMDs, they seem to use them most frequently as
a means to access Internet (X =3.84; s=1.039;
Var=1.079) than to collect clinic history (
X =1.88; s=1.111; Var=1.233). Nevertheless,
there is a low consensus between students (high data
dispersion). We couldn’t find any statistically
relevant relation between SMD usage pattern and
gender or school year.




4. DISCUSSION

Over a half of Portuguese medical students
(67.2%) have one or more SMDs, a value only
slightly lower than what was found in the literature
(Table 4). Alike what was described by other
authors, there is no difference in prevalence between
genders (Barrett et al., 2004; Martins and Jones,
2005; McLeod et al., 2003). From the students who
own an SMD, 34% refer to using it frequently
during the academic year. Medical students prefer to
use their SMD as a means to access information
rather than for collecting data. They use their SMD
mostly to access the Internet. Until now, SMD usage
for medical history collection is still meager.

These results seem to converge to the empiric
observation that, although SMD usage is increasing
among students, their full potential is still to be
unlocked. This opens exciting opportunities in app
development aimed specifically to medical students
and young physicians.

Paper books are the main bibliographic source
elected by Portuguese students, with over 90% of
them referring to using it regularly. However, the
Internet shows as the second most frequently used
source, particularly amongst students with an SMD.

It was also found a strong association between
owning an SMD and using eBooks or applications,
which confers internal consistency to the survey.
The number of surveys collected represents only
about 1% of the population of Portuguese medical
students. The size and characteristics of this
population are not well known, thus not being
entirely possible to infer if the sample is
representative or not. Since the survey was onling,
the sample bias cannot be excluded and may favour
more technology-friendly subjects.

It was hoped that an association between using
SMDs for clinical history collection and the
academic year (grouped by clinic cycle and pre-
clinic cycle) could be found. Usually, medical
students in their pre-clinic years are seldom required
to collect clinical data. However, this association
could not be statistically proven.

An exact SMD usage pattern is hard to define,
for there is great data dispersion. Thus, no relation
could be established.

We’re planning on conducting a similar study in
2015, using a paper based survey to eliminate the
aforementioned bias and to increase the student
coverage to values close to 80%.

Table 2 - Frequency with which students use each of the medical information sources when they have doubts (n = 128).

Frequency Medical information source

Colleagues Professors Books Student Notes | eBooks or Apps Internet
Never 1.6% (2) 6.3% (8) 0.0% (0) 6.3% (8) 28.1% (36) 1.6% (2)
Rarely 4.7% (6) 17.2% (22) 1.6% (2) 9.4% (12) 18.8% (24) 0.0% (0)
A few times 40.6% (52) 53.1% (68) 7.8% (10) 26.6% (34) 17.2% (22) 18.8% (24)
Often 43.8% (56) 20.3% (26) 62.5% (80) 42.2% (54) 29.7% (38) 53.1% (68)
Always 9.4% (12) 3.1% (4) 28.1% (36) 15.6% (20) 6.3% (8) 26.6% (34)
Mean 355 2.97 417 3.52 2.67 4.03
SD 0.070 0.077 0.056 0.094 0.117 0.068
Var 0.628 0.755 0.395 1.134 1.766 0.597

Table 3 - Frequency with which SMDs are used by function, during the academic year (N = 86).

SMD Function

Frequency Collection of Consult of
Medical History Notes eBooks or Apps Internet Class Notes
Never 51.2% (44) 32.6% (28) 23.3% (20) 4.7% (4) 20.9% (18)
Rarely 23.3% (20) 27.9% (24) 20.9% (18) 7.0% (6) 20.9% (18)
A few times 14.0% (12) 23.3% (20) 27.9% (24) 14.0% (12) 18.6% (16)
Often 9.3% (8) 9.3% (8) 23.3% (20) 48.8% (42) 20.9% (18)




Always 2.3% (2) 7.0% (6) 4.7% (4) 25.6% (22) 18.6% (16)
Mean 1.88 23 2.65 384 2.95
SD 1111 1.218 1.206 1.039 1.422
Var 1.233 1.484 1.453 1.079 2.021
Table 4 Medical doctor/Student owners of SMD prevalence in other studies.
Study Value N Population Country Year
(Wallace et al., 2012) 85.0% 213 Students Canada 2012
(Payne et al., 2012) 79.0% 257 Students UK 2012
(Payne et al., 2012) 74.8% 131 Residents UK 2012
%If;)ms and Thwaites, 52.0% 850 Medical Doctors New Zealand 2012
(Smart, 2012) 83.5% 182 Medical Doctors UK; Europe 2012
Manhattan Research .
(Ressi, 2012) 85.0% NA Medical Doctors USA 2012
g;ria;)ko and - Tirell, | g5 oop NA Medical Doctors | USA 2012
REFERENCES
Barrett, J.R., Strayer, S.M., Schubart, J.R., 2004. Galt, K.A.,, Rule, AM., Taylor, W., Siracuse, M.,

Assessing medical residents’ usage and perceived
needs for personal digital assistants. Int. J. Med. Inf.
73, 25-34. doi:10.1016/j.ijmedinf.2003.12.005

Blaya, J.A., Fraser, H.S.F., Holt, B., 2010. E-health
technologies show promise in developing countries.
Heal. Aff. Proj. Hope 29, 244-251.
doi:10.1377/hlthaff.2009.0894

DaRosa, D.A., Mast, T.A., Dawson-Saunders, B., Mazur,
J., Ramsey, D.E., Folse, J.R., 1983. A study of the
information-seeking skills of medical students and
physician faculty. J. Med. Educ. 58, 45-50.

Ebell, M.H., Hale, W., Buchanan, J.E., Dake, P., 1995.
Hand-held computers for family physicians. J. Fam.
Pract. 41, 385-392.

Fischer, S., Stewart, T.E., Mehta, S., Wax, R., Lapinsky,
S.E., 2003a. Handheld Computing in Medicine. J. Am.
Med. Informatics Assoc. Jamia 10, 139-149.
doi:10.1197/jamia.M1180

Fischer, S., Stewart, T.E., Mehta, S., Wax, R., Lapinsky,
S.E., 2003b. Handheld Computing in Medicine. J. Am.
Med. Informatics Assoc. Jamia 10, 139-149.
doi:10.1197/jamia.M1180

Franko, O.l., Tirrell, T.F., 2012. Smartphone app use
among medical providers in ACGME training
programs. J. Med. Syst. 1-5.

Free, C., Phillips, G., Felix, L., Galli, L., Patel, V.,
Edwards, P., 2010. The effectiveness of M-health
technologies for improving health and health services:
a systematic review protocol. Bmc Res. Notes 3, 250.
doi:10.1186/1756-0500-3-250

Bramble, J.D., Rich, E.C., Young, W., Clark, B.,
Houghton, B., 2005a. The Impact of Personal Digital
Assistant Devices on Medication Safety in Primary
Care [www Document]. URL
http://www.ncbi.nIm.nih.gov/books/NBK20559/
(accessed 1.3.13).

Galt, K.A., Siracuse, M.V., Rule, AM., Clark, B.E.,
Taylor, W., 2005b. Physician Use of Hand-held
Computers for Drug Information and Prescribing
[Www Document]. URL
http://www.ncbi.nlm.nih.gov/books/NBK20596/
(accessed 1.3.13).

Garritty, C., EI Emam, K., 2006. Who’s Using PDAs?
Estimates of PDA Use by Health Care Providers: A
Systematic Review of Surveys. J. Med. Internet Res.
8. d0i:10.2196/jmir.8.2.e7

Grasso, M.A., Yen, M.J., Mintz, M.L., 2006. Survey of
handheld computing among medical students.
Comput. Methods Programs Biomed. 82, 196-202.
doi:10.1016/j.cmpb.2006.03.005

Haug, J.D., 1997. Physicians’ preferences for information
sources: a meta-analytic study. Bull. Med. Libr.
Assoc. 85, 223-232.

Kaplan, W.A., 2006. Can the ubiquitous power of mobile
phones be used to improve health outcomes in
developing  countries?  Glob. Heal. 2, 9.
doi:10.1186/1744-8603-2-9

Khalifian, S., Markman, T., Sampognaro, P., Mitchell, S.,
Weeks, S., Dattilo, J., 2013. Medical student appraisal:



searching on smartphones. Appl. Clin. Informatics 4,
53-60. doi:10.4338/ACI-2012-10-CR-0047

Le, P.P., Kohane, I.S., Weeks, J.C., 1995. Using a pen-
based computer to collect health-related quality of life
and utilities information. Proc. Annu. Symp. Comput.
Appl. Med. Care 839.

Lindquist, A.M., Johansson, P.E., Petersson, G.l.,
Saveman, B.-1., Nilsson, G.C., 2008. The Use of the
Personal Digital Assistant (PDA) Among Personnel
and Students in Health Care: A Review. J. Med.
Internet Res. 10. doi:10.2196/jmir.1038

Lu, Y.-C., Xiao, Y., Sears, A., Jacko, J.A., 2005. A review
and a framework of handheld computer adoption in
healthcare. Int. J. Med. Inf. 74, 409-422.
doi:10.1016/j.ijmedinf.2005.03.001

Martins, H.M., Jones, M.R., 2005. What Explains
Doctors” Usage of Mobile Information and
Communication Technologies? A Comparison of US
and Portuguese Hospitals. AMIA. Annu. Symp. Proc.
2005, 495-499.

McConnell, E.A., 2000. Get the right information to the
right people at the right time. Nurs. Manag. (Harrow)
31, 37-40.

McDonald, S.P., Standring, G.L., 1988. The Psion
Organiser 1l as a data-collection tool for dental
research and evaluation. Br. Dent. J. 164, 404-405.

McLeod, T.G., Ebbert, J.O., Lymp, J.F., 2003. Survey
assessment of personal digital assistant use among
trainees and attending physicians. J. Am. Med.
Informatics Assoc. Jamia 10, 605-607.
doi:10.1197/jamia.M1313

Mendonga, E.A., Cimino, J.J., Johnson, S.B., Seol, Y.H.,
2001. Accessing heterogeneous sources of evidence to
answer clinical questions. J. Biomed. Inform. 34, 85—
98.

Menzies, O.H., Thwaites, J., 2012. A survey of personal
digital assistant use in a sample of New Zealand
doctors. N. Z. Med. J. 125, 48-59.

Miller, R.H., Hillman, J.M., Given, R.S., 2004a. Physician
use of IT: results from the Deloitte Research Survey. J.
Healthc. Inf. Manag. Jhim 18, 72-80.

Miller, R.H., Hillman, J.M., Given, R.S., 2004b. Physician
use of IT: results from the Deloitte Research Survey. J.
Healthc. Inf. Manag. Jhim 18, 72-80.

Nyun, M.T., Aronovitz, J.R., Khare, R., Finkelstein, J.,
2003. Feasibility of a palmtop-based interactive
education to promote patient safety, in: AMIA Annual
Symposium Proceedings. p. 955.

OReilly, M., 2000. Worshipping at the altar of the Palm
Pilot. Cmaj Can. Med. Assoc. J. 163, 1036.

Payne, K.F.B., Wharrad, H., Watts, K., 2012. Smartphone
and medical related App use among medical students
and junior doctors in the United Kingdom (UK): a
regional survey. BMC Med. Inform. Decis. Mak. 12,
121. d0i:10.1186/1472-6947-12-121

Physicians’ Use of Handhelds Increases From 15% in
1999 to 26% in 2001 (No. 25), 2001. . Harris
Interactive.

Ressi, M., 2012. Taking the Pulse 2012, Taking the Pulse.
Manhattan Research, New York.

Rosencrance, J.G., Schott, M.J., Linger, B.T., 2004. Using
PDAs during the internal medicine clerkship. W. V.
Med. J. 100, 236-237.

Shariff, S.Z., Sontrop, J.M., Haynes, R.B., lansavichus,
A.V., McKibbon, K.A., Wilczynski, N.L., Weir, M.A.,
Speechley, M.R., Thind, A., Garg, A.X., 2012. Impact
of PubMed search filters on the retrieval of evidence
by physicians. Cmaj Can. Med. Assoc. J. 184, E184—
E190. doi:10.1503/cmaj.101661

Shurtz, S., von Isenburg, M., 2011. Exploring e-readers to
support clinical medical education: two case studies. J.
Med. Libr. Assoc. Jmla 99, 110-117.
d0i:10.3163/1536-5050.99.2.002

Sittig, D.F., Jimison, H.B., Hazlehurst, B.L., Churchill,
B.E., Lyman, J.A., Mailhot, M.F., Quick, E.A.,
Simpson, D.A., 2000. Techniques for identifying the
applicability of new information management
technologies in the clinical setting: an example
focusing on handheld computers., in: Proceedings of
the AMIA Symposium. p. 804.

Smart, N.J., 2012. A survey of smartphone and tablet
computer use by colorectal surgeons in the UK and
Continental Europe. Color. Dis. Off. J. Assoc.
Coloproctology Gt. Br. Irel. 14, e535-538.
d0i:10.1111/j.1463-1318.2012.03161.x

Sushil, S., Verma, N., 2010. Questionnaire Validation
Made Easy. Eur. J. Sci. Res. 46, 172-178.

Tattersall, A.B., Ellis, R., 1989. The use of a hand-held
computer to record clinical trial data in general
practice: a pilot study. J. Int. Med. Res. 17, 185-189.

Torre, D.M., Sebastian, J.L., Simpson, D.E., 2005. A
PDA-based instructional tool to monitor students’
cardiac auscultation during a medicine clerkship. Med.
Teach. 27, 559-566.

Wallace, S., Clark, M., White, J., 2012. “It”s on my
iPhone’: attitudes to the use of mobile computing
devices in medical education, a mixed-methods study.
Bmj Open 2. doi:10.1136/bmjopen-2012-001099

Williamson, J.W., German, P.S., Weiss, R., Skinner, E.A.,
Bowes, F., 3rd, 1989. Health science information
management and continuing education of physicians.
A survey of U.S. primary care practitioners and their
opinion leaders. Ann. Intern. Med. 110, 151-160.

Woznicki, K., 2001. It’s a Wired, Wired World. New
Physician Amsa 50.



