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ORIGINAL ARTICLE

Medical students’ attitudes and wishes towards extending an educational
general practice app to be suitable for practice: A cross-sectional survey
from Leipzig, Germany

Maximilian Sandholzera,b, Tobias Deutschb, Thomas Freseb and Alfred Wintera

aInstitute for Medical Informatics, Statistics and Epidemiology, Medical Faculty of the University of Leipzig;
bDepartment of Primary Care, Medical Faculty of the University of Leipzig, Germany

KEY MESSAGES

� Fourth year medical students from Leipzig, Germany, were interested in using a general practice app dur-
ing and after medical education.

� The responding students anticipated using a future general practice app mainly for collaboration, access to
knowledge and diagnostic purposes when working as physicians.

ABSTRACT
Background: In medical education and practice, smartphone apps are increasingly becoming
popular. In general practice, apps could play an important future role in supporting medical edu-
cation and practice.
Objectives: To explore medical students’ perceptions regarding the potential of a general prac-
tice app for training and subsequent work as a physician.
Methods: Cross-sectional survey among Leipzig fourth-year medical students who were provided
with an app prototype for a mandatory general practice course.
Results: Response rate was 99.3% (n¼ 305/307); 59.0% were female and mean age was 24.5
years. Students certified that the app had a higher potential than textbooks in both education
(57.4% vs. 18.0%) and practice (47.1% vs. 22.8%). Students’ most desired possible app extensions
when anticipating its use for subsequent work as a physician were looking up information for
diagnostics, therapy and prediction (85.1%), access to electronic patient files (48.1%), communica-
tion and networking (44.3%), organization of medical training (42.9%) and online monitoring of
patients (38.1%). Students experienced with medical smartphone apps were more interested in
app extensions. Consideration to use the app to support the opening of their own practice was
significantly associated with higher interest in accessing electronic patient files, networking with
colleagues and telemedicine.
Conclusion: Fourth year medical students from Leipzig see a high potential in smartphone apps
for education and practice and are interested in further using the technology after undergraduate
education.
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Introduction

Smartphones and related apps have found their way
into the healthcare domain. The variety of available
apps targeted at patients, doctors and students – with
purposes such as personal health tracking, patient
monitoring, decision support, diagnosis and measure-
ment, patient education and communication and
access to medical knowledge – reflects the spectrum
of purposes for this technology in medicine.[1–3] A key
group of users who grew up with the smartphone are

medical students and young healthcare professionals,
with as many as 90% owning a smartphone and hav-
ing medical smartphone apps installed on their devi-
ces.[4,5] With students believing that mobile
technologies contribute to their medical education, it
remains no surprise that institutions concerned with
medical education and practice are beginning to
unlock this potential.[6–9]

Understanding the demands of target users plays
an important role in providing content congruent with
their needs.[10] With 67.1% of previously surveyed
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students welcoming a general practice app supporting
them during vocational training and 42.2% when
opening their own practice, our previous research
highlighted the potential of this technology to bridge
the gap between medical education and practice.[10]
Additionally, our research on the adoption of a proto-
type of a general practice app showed students’ will-
ingness to use it during education.[11]

In the current study we aimed to explore students’
perceptions regarding the potential of a general prac-
tice app for training and subsequent work as a phys-
ician. We specifically wanted to understand students’
evaluation of the relative potential compared to text-
books. Particular attention was paid to the students’
interest in content that might be useful in daily prac-
tice. We wanted to gain a more refined understanding
of students’ interests by employing group comparisons.

Methods

Sampling

In May 2014, we conducted a cross-sectional classroom
survey among medical students at the end of their man-
datory lecture series on general practice (8th semester of
12) at the Leipzig Medical Faculty. Previously, a web-
based prototype of a smartphone app on general prac-
tice was provided to the participating students, who were
encouraged to use it as an additional learning tool
accompanying the lectures. Participation in the survey
was voluntary and students were notified about its
purpose.

Provided app prototype

A web-based prototype of a general practice app was
developed based on a general practice textbook.[12] It
provided specialist texts, information on medicines, dif-
ferential diagnostic algorithms, lecture notes, selected
scientific articles available for download, and a mul-
tiple-choice mock examination. A screenshot of the
prototype’s user interface can be found in the appen-
dix of a previously published study.[11]

Questionnaire

Questionnaire items were developed by an interdiscip-
linary research team (business, computer science,
psychology and general practice background) based
on prior experience, a paper on smartphone usage by
doctors [13] and interviews with experienced general
practitioners (GPs) running medical practices. The ori-
ginal German questionnaire was reviewed by GPs prior

to being piloted among a group of students to ensure
understandability. Besides socio-demographic variables
and career considerations, the data relevant to this
publication addressed the perceived potential of the
provided app compared to a textbook, its perceived
potential for the subsequent work as a physician and
students’ interest in several additional features that
might be helpful in a physician’s daily practice.

Statistical analysis

The anonymized dataset was analysed with IBM SPSS
Statistics 22 and Microsoft Excel for Windows.
Frequencies were presented as valid percentages.
Continuous variables were presented as mean 6 stan-
dard deviation (SD). Chi-square tests were used to
compare frequencies. To enable exploratory group
comparisons based on the variables for perceived
potential of an app compared to a textbook for med-
ical education and for the profession of a doctor,
respectively, these variables have been dichotomized.
To explore differing preferences towards app features
depending on the intention to work practice-based,
we compared students who considered using a GP
app for the support of opening their own practice (e.g.
when closing insurances and completing registrations)
with those who did not. Statistical significance was
assumed for p< 0.05.

Results

Sample characteristics

The response rate was 99.3% (n¼ 305/307). The major-
ity of the participants (59.0%; n¼ 180/305) were female
and mean age was 24.5 6 2.7 years (range 21–35,
n¼ 297). When asked about their desired career
choice, general practitioner was mentioned by 6.0%
(n¼ 18/302) and specialist in another field by 43.4%
(n¼ 131/302) of the respondents while 50.7% (n¼ 153/
302) replied that they had not decided yet.

Nearly all participants stated that they had used the
provided prototype (97.7% (n¼ 296/303)).[11]

Perceived potential of the provided app

Students’ opinions about the potential of the supplied
app compared to a textbook, both for their subsequent
work as a doctor as well as for acquiring knowledge
during undergraduate, postgraduate and continuing
medical education are displayed in Figure 1.

Furthermore, 79.4% (n¼ 227/286) of the students
mentioned that they were interested or very interested
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in further development of the provided general prac-
tice app. This corresponds to a mean of 4.1 6 1.0
(n¼ 286) on a Likert scale extending from 1 (strongly
disagree) to 5 (strongly agree).

Preferences regarding possible app extensions

Students’ selection of the purposes for which they
would like to use a future app as a physician, given it
would provide the necessary functionality, are summar-
ized in Figure 2.

Out of 12 purposes to choose from, a mean of
4.3 6 2.7 (n¼ 288) features was selected and 72.9%
(n¼ 210/288) of the students selected three or more
items. The results of comparisons for gender and judg-
ment of the potential of the app compared to a book
for education and for the job, respectively, are pre-
sented in Table 1.

Those students aspiring to a GP career were signifi-
cantly more interested in using the app to stay in con-
tact with the university than those who preferred

another specialty and those who had not yet made a
decision (52.9% vs. 28.3% vs. 23.9%, p¼ 0.040).
Differences based on the consideration to use the app
for the purpose of supporting the opening of one’s
own practice are presented in Figure 3.

Discussion

Main findings

After having tried a prototype of an educational app
on general practice, students signalled their interest in
further development and highlighted the potential of
the app prototype over medical textbooks for both
education and medical practice. While using a future
app on general practice for diagnostics, therapy and
prediction were popular among almost all surveyed
students, group comparisons highlighted differentiated
preferences for the other, less desired features. Despite
the overall moderate interest towards most of the
functionalities, the mean number of functionalities
selected was over four, which indicates that although
students see a general potential for an app, preferen-
ces towards specific functionalities may differ.

Strengths and limitations

This study addresses an innovative and relevant topic,
namely the future generation of doctors’ perception
on employing apps. It provides evidence on this topic
from Germany from the field of general practice, where
research is scarce. The results are especially relevant to
developers, for practitioners as well as for suppliers of
healthcare software, as we provide evidence of their

Figure 2. Purposes for which students would like to use a future app as a doctor given that respective features are provided
(displayed as valid %, n¼ 289).

Figure 1. Students’ judgment of the potential of the supplied
app prototype compared to a textbook for the medical profes-
sion (white bars) as well as for acquiring knowledge during
undergraduate, postgraduate and continuing medical education
(grey bars) (Values displayed in valid percent for n¼ 289).
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target customer’s needs. The high response rate (total
estimation) is a further strength of the study.

As a possible limitation it could be argued that
although fourth-year medical students typically have
completed clerkships, they might have an inexperi-
enced view on the effects of specific app extensions
for their work as physicians. Furthermore, the results
are based on only one medical faculty, which may limit
generalizability. However, since medical students in
Germany are not entirely able to choose their

university by themselves, it seems unlikely that the
medical students in Leipzig differ relevantly from those
of other German universities.

Interpretation of the study results in relation to
existing literature

Convenience of an app for information access
Using the future app as a physician to look up infor-
mation was considered highly attractive by surveyed
students. We found no differences for the preference
of this feature based on the group comparisons, which
could be due to the high convenience an app offers in
quickly accessing or searching specific content while
being portable. Another benefit of mobile resources
over traditional methods of accessing information lies
within their easy updateability. Reportedly, online
resources are more up-to-date than textbooks.[14] An
app can simplify the access to relevant state of the art
information.[15] These benefits are reflected in the
presence of apps for topics that require detailed infor-
mation, such as disease diagnosis and management or
drug references, which have been found to be com-
monly used among students in Germany and the
UK.[10,16] Such benefits may result in time savings
and increased quality of clinical decision making.[4,17].

Contact to university
The overall moderate to low interest in using the app
for contact with the university if it provides specific
services may be explained by the fact that for most
graduates in the German healthcare system the univer-
sity has a very limited role in practical postgraduate
medical education. It has, however, been significantly

Figure 3. Group comparison for possible extensions to future
app between those students who want to use a future app for
the support of opening their own practice (grey bars; n¼ 103)
versus those who do not (white bars; n¼ 186) (displayed as
valid %, n¼ 289).

Table 1. Group comparisons for possible extensions to future app based on gender (male vs. female) and relative potential of
apps (students attributing a higher potential to apps vs. those attributing a higher potential to textbooks) (Chi-square test, items
are sorted in order of overall preferences).

Possible app feature (Shortened item)
All
(%)

Gender
Perceived potential for education

and training Perceived potential for the job

Male
(%)

Female
(%) p

Higher for
books (%)

Higher for
apps (%) p

Higher for
books (%)

Higher for
apps (%) p

Diagnostics, therapy and prediction info 85.1 85.2 85.1 0.970 85.2 85.1 0.971 84.6 85.8 0.766
Access to electronic patient file 48.1 53.9 44.3 0.108 40.2 54.7 0.016 38.9 58.2 0.001
Communication and networking 44.3 45.2 43.7 0.797 43.4 44.7 0.830 38.3 50.7 0.035
Organizing medical training 42.9 37.4 46.6 0.124 40.2 46.0 0.330 37.6 49.3 0.048
Online patient monitoring 38.1 44.3 33.9 0.074 28.7 45.3 0.004 35.6 41.0 0.344
Organizing opening own doctor office 35.6 31.3 38.5 0.211 30.3 40.4 0.081 30.9 42.5 0.042
Diagnostic functions with peripherals 34.3 44.3 27.6 0.003 26.2 41.6 0.007 26.8 44.0 0.002
Telemedicine 28.5 36.8 23.0 0.011 27.3 30.4 0.563 24.8 33.8 0.097
Contact to university 27.7 31.3 25.3 0.263 24.6 30.4 0.278 28.2 27.6 0.914
Patient education and communication 22.5 28.7 18.4 0.040 18.0 26.1 0.109 17.4 28.4 0.029
Procurement of goods and services 20.1 23.5 17.8 0.239 18.0 22.4 0.372 18.8 22.4 0.454
Marketing 7.6 11.3 5.2 0.054 7.4 8.1 0.828 8.1 7.5 0.853

Total n 289 115 174 289 122 161 283 149 134 283
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preferred by those students who aspire to a GP career.
This may be explained by the anticipation to work in a
single-handed practice, which makes the access to
mobile up-to-date information delivered through a
trustworthy channel valuable, especially since currently
no institution regulates medical apps or websites,
thereby letting professionals solely rely on their own
judgment.[18] Other authors reasoned that with trust-
worthy and validated apps, health care professionals
can be more confident about employing smartphones
in a clinical setting.[19]

Students’ experience
We found that the surveyed students would like to use
the app in areas where students typically use mobile
devices already, in areas that are obviously related to
medical education and in those that can be expected
to be related to clinical work (e.g. during the final year
or when starting postgraduate education). In these
fields students can easily picture the direct benefits of
an app with the respective functionality. For example,
although accessing the patient file with an app can
improve efficiency and quality of documentation result-
ing in more time for direct patient care,[20,21] we
found that 4th year students do not attribute an extra-
ordinary relevance to such a feature. Similarly, as 4th
year students are far away from operating their own
practice, the low interest towards other functionalities,
such as procurement of goods and services as well as
marketing, may be explained (Table 1). Existing market-
ing apps for medical services, however, have demon-
strated effectiveness in other fields of medicine.[22]

Gender differences
With regard to gender, previous literature found no differ-
ences in technology perceptions and more specifically in
the use of mobile apps for medical purposes among the
younger generation.[23,24] However, we found that
males wanted to use the app for rather more technical
tasks than did females. Females may prefer to use the
app for supporting organizational tasks more than males.
These findings are, in principle, in accordance with those
from Kennedy et al., who reported different usage of the
Internet among males and females.[25]

Using an app for opening an own medical practice
Students who considered using the app to support the
opening of their own practice preferred other purposes
significantly more. This could be due to the respective
features being perceived as more beneficial in a prac-
tice-based than in a hospital-based setting. There might
be lower barriers to using a mobile device in this envir-
onment. For example, there is no need to explain

oneself to colleagues for using a smartphone to avoid
making an unprofessional impression.[16,17] Results
also suggest that students considering opening their
own practice would like to use a future app for collab-
oration and networking. This is interesting considering
that practices in Germany are usually single-handed.
Reportedly, social media and Web 2.0 tools improve
collaboration in problem solving, sharing of knowledge
and networking among medical students.[26,27]
Additionally, such a community could help young
physicians with organizing their medical training, which
also has been significantly more preferred by those
who want to use a future app to support the opening
of their own practice. The same group was also more
interested in using the app with peripheral devices (e.g.
portable ultrasound systems and electrocardiographic
Bluetooth devices). The combination of smartphones
and peripheral devices is able to simplify and improve
patient care in general practice settings.[28,29]

Implications

Others stated that students should acquire the skills
that enable them to effectively use mobile learning in
the workplace.[8] We believe this can be warranted by
providing medical students with an app that not only
aids them during undergraduate education, but also
after graduation. Our results on students’ demands
towards practice oriented app extensions suggest that
the future generation of doctors is very open to
employing medical apps. Thus, healthcare institutions
should be prepared to provide useful mobile technolo-
gies and encourage their usage.

Conclusion

Medical students attribute a higher potential to an app
on general practice than to a textbook. They expressed
demand for practice oriented app extensions and are
willing to use a future app in subsequent daily practice
mainly for access to knowledge on diagnostics, ther-
apy, and prediction as well as for collaboration. Future
research should assess priorities of cohorts in later
stages of medical education and different countries.
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