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Abstract

Background: The current generation of medical students are the Net Generation. However there is a dearth of data on their
Internet use to inform universities' approaches to using the Internet, especially Web 2.0, most effectively in medical education
In particular, we have little information on students' skills base to use in planning to build greater informatics capacity in the
Australian health workforce.

Objectives. Collecting evidence of current students’ Internet experiences and preferences will help to determine how, or indeed
whether, our approach to developing students’ informatics capabilities needs reform. This study addresses longstanding issues,
by telling us what Internet capabilities students may have acquired or be likely to acquire by osmosis. Such evidenceis required
to help educators to devel op students’ focus on essential clinical uses of the Internet.

Methods: Data on Internet use by 207 incoming medical students were collected as part of a four-page survey at a major
Australian university, on first-year students' experiences with information and communications technologies and preferences
about their usein higher education. Findings about I nternet use by this cohort were compared with informatics education standards,
frameworks and curriculafor Australian medical undergraduates, to identify key issues for teaching and learning.

Results: Students’ Internet useisextensive, intensive and competent, but students do not have uniform experiences or preferences
and are not major users of emerging Web technologies. In the undergraduate medical curriculum, it is difficult to determine
accurately what types and levels of informatics capabilities are specified where, the details of related objectives, activities and
assessment, or any picture of student learning outcomes in this area.

Conclusions: It remainsmost important that educatorsidentify and address gapsin students’ Internet experiences and preferences,
in relation to Internet uses that the profession considers most targeted and productive in building students’ essential informatics
competencies. Educational issuesthat need to be addressed include: - deficitsin Internet skill, knowledge and attitude of individuals
(including some teaching staff); requirements for customising teaching about informatics to varied student experiences and
preferences and within classroom and clinical settings; and considerations of appropriateness and efficiency in Internet use in
professional practice.
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: and professional development, as well as being
Introduction essential to a student-centred learning approach. [1
Background p14]

The use of the Internet including in health information systems,
telehealth services, electronic health records, and clinical and
administrative decision-support systems - is an increasingly
influential part of the working environment of medica

The use of information and communi cation technol ogy
is an increasingly important part of medical
education, in evidence-based practice and in
preparing students for continuing medical education
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professionals. Sharmaet al speaking of North Americabut with
equal relevanceto Australiaassert that “ The shift in the nation's
attention, resources and interest toward internet-related
healthcare activities, often called 'e-health’, is dramatic and a
most significant development in the healthcare environment.”
[2 p50] Clinical trainees and qualified clinicians can expect to
work routinely, via Web interfaces, with electronic patient
records, computerised treatment protocols, prescribing
databases, intelligent monitoring devices and video-based
specialist consultations, for example.

However, thereis “little substantive information on the current
skills base” [3 p3] in information and communications
technologies (ICT), including Internet technology [3], to usein
planning how to build greater health informatics capacity inthe
Australian health workforce. The skillsbase of medical students
is part of this unknown quantity. The current generation of
medical students are often referred to as the Millennials or the
Net Generation, born since 1982 and said to have devel oped,
informally during their upbringing, distinctive attitudes and
practices in the use of Internet-based ICT [4]. According to
Frand [5] these students believe that: computers aren’'t
technology; the Internet is better than TV redlity is no longer
real; doing ismore important than knowing; learning resembles
Nintendo more closely than it resembles logic; multitasking is
away of life; staying connected is essential; delay isintolerable;
handwriting isinferior to typing; and the roles of consumer and
creator are blurring.

The extent of distinctive attitudes and practices in the use of
the Internet among Net Generation medical students, and the
implications of such characteristics for their formal higher
education, are unclear. While educators are being urged towards
renewed “exploration and experimentation into how to use
telemedicine and the Internet most effectively for medical
education” [2], there is a dearth of data on students' Internet
usethat could inform medical educators’ approachesto teaching
about the applications of Internet technologies in medicine —
and supporting this with appropriate uses of educational
technologies. Thisisthe case especially in relation to the group
of emerging technol ogies sometimes described as part of “Web
2.0", such asblogging, socia bookmarking, platformsfor social
writing and media sharing, that emphasise microcontent,
openness, connectivity and folksonomy [7].

Objective

One may ask of medical education, as Skiba [8] has asked of
nursing education, “How do we begin to transform nursing
education to prepare nurses to practice in an "informatics-rich"
health care environment? Where should we start? Is there a
foundation to build on? How can we expect faculty to transform
nursing education for a type of practice that they have not
experienced?’ Academics teaching core aspects of medical
degree studies may be equivocal about the inclusion of health
informatics in professional training, finding it “difficult to
conceptualize”, and assuming that studentswill learn what they
need to know about it “by osmosis’ [9].

For medical education to address the imperative for increased
health informatics capacity in the medica workforce most
effectively and efficiently, the design of medical students
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formal learning about health informatics needs to be informed
by and built upon their current Internet skills. It is important
that those who educate future clinical professionals’ accessand
shareresearch into “ understanding where we are now in relation
toIM & ICT in order to clarify what practical steps are needed
to move forward into the future” [10 p122].

Itisnot clear that onlinelearning per seduring amedical degree
makes any contribution to health informatics skill building.
Most current approaches to educationa technologiesin higher
education are not significantly designed to develop students
ICT capabilities for professional practice. A major educational
technology focus in the university sector, implementing
Web-based | earning management systems, has been influenced
more by generic educational and institutional considerations
thanitisby ICT usesand trendsin the professional workplaces
where university graduates will practice. This is described as
“the reassertion of instructional industrialism via digital
technologies’ by Segrave and Holt [11 p§].

Evidence about current medical students' Internet experiences
and preferences can help to determine how, or indeed whether,
our approach to developing and extending their health
informatics capabilities needs reform. This study identifieswhat
if any aspects of health informatics-related | nternet use may be
assumed in Net Generation medical students, and thus may not
need to be taught or assessed formally, or on the other hand,
what aspects may need to be unlearned or relearned for
appropriate professional practice. This study provides an
evidence base from which curriculum devel opers and educators
can work when they seek to establish or enhance students’ focus
on uses of the Internet that arein keeping with “essential clinical
informatics skills’ [12].

Methods

Student Survey

To provide evidence of current medica students ICT
experiences and preferences, 207 commencing medical students
at amajor Australian university (82% of the incoming class of
251) completed a paper-based survey during an orientation
session in a large lecture setting in March 2006, as part of a
broader survey in the university.

Studentswere surveyed about their experience of ICT useduring
the past year outside of formal school environments, and also
about their preferences regarding ICT uses during their higher
education. As part of the broader survey, data specifically on
their Web use were collected, including: type and level of
Internet access, type and frequency of Internet use; skill level
in relation to type of Internet use; and preference for type of
Internet use to help with studies. Survey questions were based
on Internet usesidentified from current literature on mediaand
culture, and pre-tested on a sample of similarly aged students.

The students surveyed were all commencing as first-year
undergraduates and had not been to university previousdly. The
survey findings capture gender differences (51% of respondents
were men and 49% women) and reflect strong diversity in
language and cultural backgrounds (51% English-speaking
background and 49% non-English-speaking background; 68%
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Australian or New Zealand citizens or permanent residents and
32% international students on study visas).

Curriculum Review

Torelate thesefindingsto students' formal learning about health
informatics, areview of undergraduate medical curriculum and
standards documentation was undertaken, using documents of
the Augtralian Medical Council, the Australian College of Hedlth
Informatics and amajor Australian medical school. Thisreview
sought to identify aspects of using the Internet that students

Table. Typeand level of Internet access by % of respondents
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could expect to learn about or practice during their medical
degree studies.

Students' Internet experiences and preferences were then
considered in the light of formal aspects of health informatics
education and training in their degree program, to identify gaps,
overlaps, and implications for the curriculum and teaching.

Results

Survey Findings

Exclusive Shared
Broadband 42.7 36.4
Dia up 228 199
Wireless 21.8 18.0

Limited None Not sure
4.9 155 0.5
7.3 47.1 1.0
12.6 46.6 0.5

Thefindings suggest that the great majority of studentsare used
to data- and media-intensive high-speed Internet applications.
As shown in Table 1, broadband access, “exclusively for my
own use” or “accessanytime | need it, shared with other people”,

isavailableto nearly 80% of respondents. But the findings also
suggest that more than half of students are not yet used to being
online “anytime, anywhere” or while mobile — reasonable
wireless access is available to only 40% of respondents.
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Table. Type and frequency of Internet uses by % of respondents
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Daily Weekly
Access aschool portal  22.8 37.4
Browsefor general in- 44.7 442
fo
Build and maintaina 1.9 39
website
Buy or sell things 19 7.8
Comment on other 11.7 14.6
peopl€’ sblogsor viogs
Contribute to awiki 24 24
Download MP3 files  23.3 291
Instant messaging / 60.7 24.3
chat
Keepyour ownblogor 7.8 8.7
viog
Listentosoundrecord- 15.0 28.6
ings
Look upreferenceinfo  34.5 46.1
Pastimes other than 40.8 36.9
games or listening
Phone calls 8.7 12.1
Play networked games 11.7 16.0
Read other people's 16.5 27.2
blogs or viogs
Read RSS feeds 3.9 8.7
Send or receive email  71.4 238
Services other than 39 194
buying and selling
Share photosor other | 7.3 15.0
material e.g. blinklist
or Flickr
Socia networking, 14.6 10.2
e.g.MySpaceor Trend-
ster
Upload and share MP3  15.5 16.0
files
Web conferencingwith 7.3 9.2

awebcam

Monthly Yearly Not at all
7.8 7.3 24.8
5.8 3.9 24
49 18.9 68.9
121 30.6 495
6.8 112 52.9
34 6.8 84.0
117 10.2 233
4.4 34 5.8
9.2 6.3 68.0
131 14.1 311
10.2 6.8 24
44 5.8 131
6.3 10.7 61.2
11.7 17.0 45.1
13.6 10.2 311
53 6.3 76.7
29 0.0 19
16.0 204 1.7
11.2 12.6 51.0
4.4 7.3 62.1
9.2 12.6 437
53 10.7 66.5

Thefindings suggest that while students' experience with most
“traditional” Internet uses can be assumed, their experience with
emerging usesistill limited. Asshownin Table 2, at least half
of al respondents use the Internet once a week or more for:
email (95%), genera browsing (89%), chat (85%), pastimes
other than games or music (78%), referenceinformation (71%),
downloading MP3 files (52%), or accessing a school portal

(50%). But at least half of all respondents never usethe Internet
at al for: contributing to a wiki (84%), reading RSS feeds
(77%), maintaining a website (69%), writing their own blog
(68%), Web conferencing (67%), social networking (62%),
phone calls (61%), commenting on others’ blogs (53%), sharing
photos (51%),, or buying and selling things (50%).
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Table. Skill level in relation to type of Internet use by % of respondents (excludes those who don’t use at all)

High
Access a school portal 55.9
Browse for general info 73.7
Build and maintain awebsite 26.2
Buy or sell things 40.0
Comment on other people’sblogs  52.8
or vlogs
Contribute to awiki 259
Download MP3 files 64.9
Instant messaging / chat 79.6
Keep your own blog or viog 475
Listen to sound recordings 50.0
Look up reference info 67.7
Pastimes other than gamesor listen-  69.0
ing
Phone calls 46.1
Play networked games 48.6
Read other people’sblogsor viogs 55.6
Read RSS feeds 233
Send or receive email 89.8
Servic% other than buyingand sell-  42.7
ing
Share photos or other material e.g. 36.2
blinklist or Flickr
Socia networking, eg.MySpaceor 54.9
Trendster
Upload and share MP3 files 52.3
Web conferencing with awebcam  43.8

Medium Low
33.6 105
232 30

311 42.6
34.0 26.0
315 15.7
48.1 25.9
214 136
13.6 6.8

279 24.6
31.2 18.8
258 6.6

24.7 6.3

329 211
24.3 27.0
304 141
44.2 32.6
8.2 20

34.2 231
45.7 18.1
254 19.7
271 20.6
26.6 29.7

Thefindings suggest that overall studentsdon’t regard Internet
use as difficult, and are confident in their abilities as Internet
users. As shown in Table 3, at least half of all respondents
estimate their skill level at 3 out of 5 or better, among those
who use the Internet for: email (98% of the students who use
it), general browsing (97%), pastimes other than gamesor music
(94%), reference information (94%), chat (93%), accessing a
school portal (90%), downloading MP3 files (86%), reading

others' blogs (86%), commenting on others' blogs (84%),
sharing photos (82%), listening to sound files (81%), social
networking (80%), uploading and sharing MP3 files (79%),
phone calls (79%), services other than buying and selling (77%),
writing their own blog (75%), buying and selling things (74%),
maintaining a wiki (74%), playing games (73%), Web
conferencing (70%), reading RSS feeds (68%), or maintaining
awebsite (57%).
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Table. Preferencefor type of Internet use to help with studies by % of respondents

Agree Neutral
Access a school portal 83.7 133
Browse for general info 87.7 103
Build and maintain aweb-  28.1 429
site
Buy or sell things 44.6 34.8
Contribute to awiki 251 415
Download MP3 files 65.7 219
Instant messaging / chat 81.3 14.3
Keepyour ownblogorviog 30.7 39.6
Listen to sound recordings  66.2 26.0
Look up reference info 95.6 29
Phone calls 475 284
Read or comment on other  37.4 37.9
people’s blogs or vliogs
Read RSS feeds 355 39.0
Send or receive email 94.1 3.9
Services other than buying  88.7 7.4
and selling
Sharephotosor other | mate-  51.5 33.2
rial e.g. blinklist or Flickr
Social networking, 35.3 34.8
e.g.MySpace or Trendster
Upload and share MP3files  50.2 320
Web conferencingwitha  45.5 31.2

webcam

Disagree Don't know
2.0 1.0
05 15
25.6 34
181 25
215 118
10.0 25
39 05
24.3 54
5.9 2.0
05 1.0
19.6 4.4
19.7 4.9
15.0 105
15 05
34 0.5
10.9 4.5
24.9 5.0
14.8 3.0
17.3 5.9

With regard to using the Internet in learning overall, students
preferences in favour of every use are stronger than their
opposition to any use. This suggests that students have quite
high expectations about what they should be able to do on the
Internet as part of their studies. As shown in Table 4, at least
half of all respondentsagree or strongly agreethat, to help them
university studies, they want: reference information (96% of
students), email (94%), services other than buying and selling
(89%), general browsing (88%), accessing aschool portal (84%),
chat (81%), listening to sound files (66%), downloading MP3
files (66%), sharing photos (52%), and uploading and sharing
MP3 files (50%). Internet uses that students most disagree or
strongly disagree that they want, to help them with university
studies, are maintaining a website (26% of students opposed),
socia networking (25%), writing their own blog (23%),
contributing to awiki (22%), reading or commenting on others’
blogs (20%), and phone calls (20%).

Curriculum Findings

The Australian Medical Council (AMC) standards for the
assessment and accreditation of medical schools [1] make no
specific mention of using the Internet in medicine, only making
very general referencesto ICT. The AMC lists as the twelfth
out of twelve skills required of graduates [1 p14]: “the ability
to use information technology appropriately as an essential

resource for modern medical practice”. The AMC requirements
for medical school provision of educational resources include
three | CT standards[1 p41]: “The medical school has sufficient
information technology facilities for the staff and student
population to ensure the curriculum can be delivered
adequately”; “Themedical schooal effectively usesand evaluates
information and communication technology in the education
program”; and” Teachers and students are able and encouraged
to use information and communication technology for
self-learning, accessing information, managing patients and
working in health care systems’.

More detail about health informatics capabilities that need to
be developed in undergraduates is found in the Australian
College of Health Informatics (ACHI) educational framework
for hedth informatics [14 p6-7]. It recommends that
undergraduate clinical curricula—through integrated as well as
elective learning — should equip students with standard levels
of competency, inrelation to 23 general elements of computing
as well as 20 specific elements of health informatics. The use
of the Internet is implied in many of these competencies, but
the ACHI framework is silent as to how students might build
skill in these areas based on their existing Internet use
experiences and preferences.
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The university’s Bachelor of Medicine / Bachelor of Surgery
course guide [13] treats the Internet explicitly and implicitly
within four general categories of how students will use ICT to
support their learning across their degree studies: (1) learning
framework — the use of a Web-based |earning management
system to support problem-based learning; (2) 1 T-based learning
resources — the use of interactive multimedia resources to
support self-directed learning; (3) World Wide Web access —
the use of the Web for information search and retrieval to
support learning; the use of Web-based email; and (4) IT skills
—basic skills, the use of IT as learning tool, to complete
assignments and for learning administration. These Internet
uses do not directly translate as support for students’ learning
about the Internet as part of “essentia clinical informatics
skills’.

Learning to use of the Internet as part of “essential clinical
informatics skills” may occur during the undergraduate degree
in two ways, athough these are not discernable from the
curriculum review: (1) Thestructure of the medical degree offers
“medical informatics’ as one of over ten options from which
students may select aresearch project for the Advanced Medical
Science subject in semesters 6 and 7 (of 12 semesters). (2) A
search of the medical course curriculum database, using terms
such as‘information literacy’, ‘information needs’ and ‘ patient
information’, suggests that some relevant units of study also
may be embedded in core curriculum, for example, in Health
Practice subjects.

Discussion

Students Technology Baseline

In summary, students' Internet useis. extensive — 22 different
Internet uses by students are identified; intensive —between 5%
and 95% of students engaged at least weekly in every one of
these different Internet uses; and competent —at least half of all
usersreport good skillsin relation to every one of these different
Internet uses. But students do not have uniform experiences or
preferences; their Internet useis also diverse and idiosyncratic
and not strong in many aspects of emerging technologies. This
seems to belie the existence (as yet) of a wholly
Web-acculturated and Web-capable Net Generation who can
be relied upon to construct knowledge and skills in the use of
the Internet in medicine from a particularly useful base of
informally acquired knowledge or skill.

Whilethe survey dataare comprehensive and quantitative, they
rely on self-reporting by respondents of their experiences and
preferences, and would be strengthened by additional datausing
methods such as actual usage audits and focus groups. Variation
that may be explained by personal style, demographics or equity
factorsis another subject of further investigation.

Health Informatics Capabilities to be Developed in
Students

Curriculum documentation can be read as giving in principle
scope and support for the teaching and learning of essential
clinical uses of the Internet. However, documentation does not
systematically address principles or processes for learning
experiences that would scaffold or guide a student’ s transition
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from socia Internet uses, to those that are necessary or desirable
in contemporary clinical practice.

Some aspects of the use of the Internet in medicine may be
embedded within theoretical or practical studies, but from an
educational quality perspective, it is difficult to determine
accurately what types and levels of health informatics
capabilities are specified where, the details of related objectives,
activities and assessment, or any picture of student learning
outcomesin this area.

Matching Student Experiences and Preferences with
the Needs of the Profession

There is much for curriculum developers and academic
educators to respond to in the experiences and preferences
expressed by students. Looking at these findingsin light of the
Internet use capabilities students ought to have as graduates,
could inform teaching and | earning improvements, on asurface
level or more deeply, to make progress towards building health
informatics capabilities.

Some student preferences may arise from students' sense of
what would improve the convenience of student administration
and learning management aspects of their studies. It would seem
to be relatively easy to adapt student orientation and
administration to be more Web-based or Web-complemented,
in order to be more appropriately student-centred. A next level
of change could be to implement further Web-based or
Web-complemented flexibility and innovation in the their
learning activities, resources, support, and assessment across
the curriculum, particularly examining emerging technology
options, and to assume that this will facilitate or inspire more
health informatics-related skill building that students will do
“by osmosis’.

It remains most important that educators identify and address
gaps in students' Internet experiences and preferences, in
relation to Internet uses that the profession considers most
targeted and productive in building students essential
informatics competencies. However, it is not straightforward
to look to academic expertsto initiate health informatics-related
improvementsto using the Internet in teaching and learning that
may be suggested by these findings. Some of the Internet uses
identified in the survey are likely to be beyond the capabilities
of many academics. Expertise spanning clinical knowledge,
ICT knowledge and pedagogical knowledge is not common in
individuals in the academic teaching workforce, and projects
may entail many stakeholders.

While it is unreasonable to expect students imperfect
knowledge of the Internet and of medicine to shape the design
of learning, it is possible that new synergies between mode and
content of learning could emerge from staff-student dialogue,
exploratory learning or partnerships in improvement projects.
Such activitieswill need to compete for time and attention with
many other aspects of the medical curriculum.

The baseline of Internet uses and use preferences among
incoming studentsthat this study establishes provides evidence
to support changesin standards and curriculafor undergraduate
medicine, in order to elaborate and address issues in health
informatics education, including: deficits in skill, knowledge
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and attitude of individuals (including some teaching staff); classroom and clinical settings; and considerations of
requirementsfor customising teaching about healthinformatics  appropriateness and efficiency in Internet use in professional
to varied student experiences and preferences and within  practice.
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