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Abstract 

Background:  Mobile devices provide medical students with easy access to medical information and educational 
resources. Since 2013, we have followed the study use of iPads among medical students. In 2016, we observed a nota-
ble drop in the mobile device usage in the first cohort of medical students entering their clinical courses.

Methods:  The aim of the study was to identify the hurdles for adopting mobile devices at the beginning of the clini-
cal courses. We examined how students evaluated their own and the clinical teachers’ ability to use the iPad, how the 
study assignments fit into digital learning, and how students used the mobile device with patients. The data were col-
lected with online surveys among three consecutive student cohorts and the distributions of closed-ended questions 
analyzed.

Results:  Response rates ranged from 67.5 to 90.8%. Students evaluated their own ability to use the iPad as good or 
excellent and teachers’ skills as relatively poor and wanted more digitally tailored assignments. They reported negative 
attitudes towards mobile device use in the clinical setting and were hesitant to use them in patient contact. Teachers 
seldom communicated suitable quality medical applications to students.

Conclusions:  Clinical teachers need support and training to implement a learning environment and assignments 
appropriate for mobile devices. Both students and teachers were concerned about using these devices with patients. 
To achieve the full potential of digitalisation in clinical courses, their use should be developed collectively with 
students.
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Background
The tablets and smartphones of today provide learn-
ers with easy access to massive amounts of medical 
information and educational resources [1–3]. With the 
quantity of medical knowledge increasing, no one doc-
tor nor medical student can be expected to remember 
everything, a problem that is in part solved by mobile 
technology [2, 4]. As future doctors, today’s medical stu-
dents are the agents of change, enabling the integration 
of advantages of mobile devices into clinical patient care 
[5, 6]. Given the abundance of mobile devices [1, 4] and 

emerging health technology [5, 7], and further also the 
integration between user and technology [8], it is impera-
tive to investigate the benefits achieved with mobile tech-
nology also in medical education and practice [1–3].

Studies providing an insight into the entry of mobile 
technology-savvy medical students into the clinical set-
ting are rapidly evolving [3–6]. Overall, mobile device 
usage in educational contexts has a history of about a 
decade, and in accordance with the novelty of the phe-
nomenon the studies on device usage have only recently 
accumulated [1, 9] despite full iPad curriculums having 
existed since 2011 [3]. Studies so far have found that stu-
dents and junior doctors use mobile devices for searching 
information, time management, retrieving information 
before treating patients, reporting to senior colleagues, 
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and most importantly for backing up their clinical rea-
soning and decision making [2, 10], but more seldom in 
direct patient contact [6].

Studies focusing on mobile device usage in the clinical 
context have repeatedly raised the topic of hesitance in 
using the device with patients and have raised a serious 
concern of patients’ reactions to mobile device usage, 
fears being that the students’ devices would have a dete-
riorating effect on communication with the patient and 
could be interpreted as a sign of uncertainty and unpro-
fessional behaviour [2, 7]. However, a few studies among 
patients have suggested that they were not bothered by 
the use of mobile technology but were pleased that phy-
sicians used devices bedside to assist them in diagnostic 
decision-making [6, 11].

The uncertainty of patients’ reactions has not been the 
only major obstacle in adopting mobile technology in the 
clinical context. Students’ have also faced social barriers 
in the form of their device usage and online information 
seeking being construed as unprofessional behaviour and 
misinterpreted as personal use of social media by senior 
doctors and other healthcare professionals [12–14].

Poor Internet access in teaching hospitals has also been 
reported as one of the major barriers to the use of mobile 
devices. Studies have reported that students have had 
no Wi-Fi access in the hospital or there have been dead 
spots in the network coverage. This has resulted in an 
inability to access the Internet and digital materials and 
consequently frustration among students [11, 15]. Fur-
thermore, many hospitals have regulated the use of per-
sonal mobile devices through formal policies, thereby 
hindering the open use of devices [2].  Previous studies 
have suggested that medical students and junior doctors 
seek reliable medical mobile resources [15, 16] and would 
like senior colleagues to share with them quality online 
resources in their field. Medical students’ learning in the 
clinical context is also found to be best supported when 
the clinical teachers command effective teaching meth-
ods and the use of modern learning technology [17].

From 2013 to 2018, one Finnish Faculty of Medicine 
delivered iPad tablet computers to first-year medical and 
dental students for their personal study use. An action 
research project has followed medical and dental stu-
dents’ use of iPads since then, collecting data on all new 
student cohorts and followed their mobile device use in 
both their pre-clinical and clinical courses [18]. There-
fore, an opportunity presented itself to explore the stu-
dent cohorts’ device use both vertically, following the 
development of a cohort during their study years [19], as 
well as horizontally comparing the device use of differ-
ent student cohorts at certain stages of their studies. The 
questionnaire contained partly the same questions for 
students of all study years, but new items were included 

to match the clinical learning environment. Our search of 
the literature has not discovered a similar study.

We found early on that both students and teachers 
needed support to learn how to use these devices for edu-
cational purposes, which were offered to them in various 
forms such as iPad training, pop up support, and e-guides 
[18]. Most of the students were persistent in learning to 
use the new device as a learning tool [18]. We observed 
[19] a peak in mobile learning in the biomedical sciences 
courses in the first and second study years in which all 
the learning materials were delivered in the digital format 
before class and the electronic learning environment was 
well designed. Digital note taking was along with online 
information seeking the most important use of mobile 
devices in students’ studies [18]. One of the key findings 
of the project to date has been that when the first medical 
cohort began clinical trials in spring 2016, their iPad use 
declined significantly [18].

This study is explorative and based on the principles 
of action research. The research strategy was designed 
to examine changing practices and address educational 
challenges faced by medical students when embarking 
on clinical courses with mobile devices [20]. We sought 
to identify challenges and impediments to be overcome 
in the clinical setting in order for us to discover feasible 
ways of using mobile devices and ways to make the most 
use of the potential of the new technology in the hands 
of future healthcare providers. We sought to answer the 
following questions: (1) How did the students assess their 
own and their clinical teachers’ ability to use iPads in 
learning and teaching? (2) How did the clinical pre-class 
and in-class assignments support the students’ use of the 
new technology? (3) How did students use the mobile 
device with patients?

Methods
To explore hurdles in the adoption of iPads at the outset 
of the clinical courses, we used an online survey designed 
for this study and collected data from the three consecu-
tive student cohorts entering the clinical courses and 
focused on the closed-ended questions concerning in-
class digital teaching and learning, and the use of iPads in 
teaching involving patients.

Context of the study
The context of this study was a medical degree pro-
gramme at a Faculty of Medicine in Finland which admits 
new students every autumn. The first 2 years focus 
mostly on biomedical sciences. Students learn these top-
ics through problem-based tutorials and lectures. The 
clinical portion of the medical degree program includes 
lectures, small group -teaching, skills lab exercises, bed-
side teaching, and hands-on clinical learning on hospital 
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wards and outpatient clinics. The medical programme 
rewards the title of Licentiate of medicine, qualifying 
graduates to practice medicine in Finland.

Participants
The three cohorts studied consist of iPad-equipped 3rd 
year medical students which commenced their medical 
studies in 2013, 2014 and 2015, and further started their 
clinical courses in the spring of 2016, the autumn of 2016, 
and the autumn of 2017 respectively. Before the term of 
2016–2017 the clinical phase of the degree programme 
traditionally commenced during the spring term of year 
3 but was then shifted to start at the beginning of year 
3 due to a revision of curriculum. This study analysed 
responses given by the cohorts at the end of their respec-
tive first semester of clinical courses.

Basic information on cohorts, including the number 
of students per cohort, response percentages and sex of 
respondents were also gathered and are presented in the 
Results.

Data collection and analysis
The data were collected using online surveys (E-lomake©) 
designed for the research project. The survey included 
closed-ended multiple choice and 5-point Likert scale 
questions, and open-ended questions on the study use of 
mobile devices. No validated questionnaires were avail-
able upon review of the literature. The questionnaires 
were developed from themes arising from the literature 
and the teaching and learning practices in our unit, and 
specific items related to the use of mobile technology for 
clinical courses were added to the survey. The question-
naire was originally in Finnish. The translation of the 
questionnaire is provided in the Supplement. This study 

analysed responses given by the cohorts at the end of 
their first clinical semesters. Several reminders per sur-
vey were sent to maximize the participation rates.

Duplicate responses were checked and the lat-
ter removed in the raw data. Answers stored through 
the electronic questionnaire service were exported to 
Microsoft® Excel and the principal investigator (EP) 
anonymised the data by deleting the student identifiers 
from the data. The closed-ended questions were analysed 
using Microsoft® Excel for Mac version 16.22 by calcu-
lating the distributions of the answers to the statements 
on the five-point Likert scale and comparing the results 
between the three cohorts.

Results
The response rates for the surveys were satisfactory, 
90.8% for the first cohort, 70.8% for the second cohort 
and 67.5% for the third cohort (Table  1). The response 
rates of female and male students correspond to their 
portion of the whole student cohort. The age of the 
respondents per cohort ranged between 22 and 39, 21–41 
and 22–50. The first two cohorts were comprised of 120 
medical students each, while the 2015 intake was 150.

When the 2016 cohort started their studies in 2013, 
80.7% of the respondents had a smartphone and 19.2% 
had in addition to the iPad another tablet computer 
whilst 77.1% had a laptop (Table 2). The adoption of the 
smartphone is obvious in the subsequent cohorts with 
almost all students owning one in the 2018 cohort, and 
the share of students entering studies with only a smart-
phone almost tripling over 3 years. Tablet computers 
also became increasingly common, one third of newly 
accepted students owning one by 2015. Meanwhile the 

Table 1  The response rates, gender and age of respondents of the three third year medical student cohorts in the years 2016, 2017 
and 2018

Total Female Male Ages 18–21 Ages 22–25 Ages 26–29 Ages 30+

1st cohort in 2016 (N = 109) 90.8% 57.9% 42.1% 0 80 18 11

2nd cohort in 2017 (N = 85) 70.8% 54.1% 45.9% 1 57 17 10

3rd cohort in 2018 (N = 81) 67.5% 56.8% 43.2% 0 55 13 13

Table 2  Students’ own devices at the beginning of their studies in 2013 through 2015

Smart phone Tablet computer Laptop computer Only 
smartphone 
in use

1st cohort in 2013 80.7% 19.2% 77.1% 8,8%

2nd cohort in 2014 92.1% 23.8% 80.2% 13,7%

3rd cohort in 2015 99.1% 34.3% 75.9% 23,1%
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incidence of laptops amongst new students remained at 
a fairly stable level.

Students’ and teachers’ ability to use iPads in learning 
and teaching
Students were asked to rate their own ability to use the 
mobile device for studying and subsequently rate their 
clinical teachers’ ability to use the iPad in teaching. Stu-
dents generally rated their own ability of using the iPad in 
studies as good, the incidence of reported excellent usage 
doubling for the latter two cohorts. Reports of lacking or 
poor ability to use the iPad in studies was almost non-
existent. The 2016 cohort deemed only 7.3% of teachers 
to use iPads for teaching in a good or excellent fashion, 
and 43.1% to do so inadequately or not to be able to use 
them at all. Subsequent cohorts reported increasing rates 
of good usage of the iPad by teachers, also fair usage see-
ing a notable increase. The reported rate of very poor 
usage decreased markedly after the initial cohort (Fig. 1).

Distribution and format of study materials
To effectively use mobile devices for note taking, students 
needed to download teachers’ handouts in time before 
class in a suitable format (in general PDF). We asked the 
students about utilization of electronic study materials. 
Seventy-five percent of the 2016-cohort reported teach-
ers to upload handouts before class quite often, similar 
responses being given by the latter two cohorts (Fig. 2a). 
18% of the 2016 cohort thought teachers to do this quite 
seldom with a steady decline in latter cohorts. The num-
ber of students reporting study materials always to be 
uploaded ahead of class increased notably in the last 
cohort, the absolute number however still being low.

The majority of the 2016 cohort reported the PDF for-
mat to be used quite often, subsequent cohorts reporting 
similar rates (Fig. 2b). Only a fraction of the 2016 cohort 
thought teachers to do this quite seldom, the incidence 
decreasing with subsequent cohorts. A noticeable finding 
is that 15% of the 2018 cohort thought teachers to do so 
always, an increase from the previous 2 years’ figures.

Fig. 1  Ability to use the iPad (a) Students’ own ability to use the iPad in studying; b Teachers’ ability to use the iPad in teaching

Fig. 2  Uploading of study materials (a) Teachers’ uploading of handouts in e-learning environments before class; b Teachers’ uploading of study 
materials in the PDF format
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Use of mobile device‑compatible pre‑assignments
We asked the students to evaluate how the pre-assign-
ments were implemented in their courses. A majority 
(67%) of the 2016-cohort reported teachers to use tests 
for pre-assignments quite seldom, the number rising 
with the following cohorts (Fig. 3a).

Videos were used for pre-assignments quite often 
according to only a fraction of the 2016 cohort, 
reported rates rising with the subsequent cohorts 
(Fig.  3b). Over three quarters of the 2016 cohort 
thought videos to be used quite seldom with similar 
response rates in the subsequent cohorts.

A steadily increasing number of students reported 
pre-assignments used as being mobile device compat-
ible, and conversely a decreasing number thought them 
to be so quite seldom (Fig. 3c).

Use of in‑class triggers and applications
Only a mere 12.6% of the 2016 cohort reported teach-
ers to always or quite often use in-class triggers and 
applications for enhancing learning, subsequent cohorts 
however reporting markedly increasing rates (Fig.  4a). 
Respectively, a clear majority of the first cohort thought 
teachers did so quite seldom, subsequent cohorts report-
ing a continuous increase.

A considerable number of resources and applications 
designed for medical education are available in applica-
tion stores. The survey showed that teachers seldom or 
never told students about apps relating to their clini-
cal field, results staying similar throughout all studied 
cohorts (Fig. 4b).

Students’ use of iPads in studies
Students used iPads for note taking (Fig. 5a) and informa-
tion seeking (Fig. 5b). The incidence of students reporting 
always using mobile devices for seeking information saw 
almost a doubling after the first cohort, whilst the major-
ity reporting doing so quite often remained at a constant 
level (Fig. 5b). Those reporting using mobile devices for 
seeking information quite seldom saw a steady increase 
whilst remaining only a fraction of the respondents.

Students’ use of mobile devices with patients, 
and the remedies they suggested for improvement
Use of mobile devices with patients for enhancing com-
munication was sparse and on the border of non-exist-
ent with only a tenth of the 2016 cohort reporting using 
devices quite seldom and a clear majority reporting never 
using mobile devices for this purpose (Fig.  6a). Subse-
quent cohorts reported very similar numbers.

Fig. 3  Use of pre-assignments (a) Teachers’ use of tests for pre-assignments; b Teachers’ use of videos for pre-assignments; c Mobile compatibility of 
pre-assignments used by teachers
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Fig. 4  In-class triggers and apps (a) Teachers’ use of in-class triggers (voting, tests and tasks); b Teachers relating of quality mobile device 
applications to students

Fig. 5  Note taking and information seeking (a) Students’ use of mobile devices for taking notes; b Students’ use of mobile devices for seeking 
information

Fig. 6  Use of mobile devices in the clinical setting (a) Students’ use of mobile devices with patients to enhance communication: b Students’ use of 
mobile devices to support clinical reasoning
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A mere fraction of students reported always using 
mobile devices for supporting clinical reasoning. 19% 
of the 2016 cohort students reported using a mobile 
device quite often for supporting clinical reasoning, lat-
ter cohorts reporting varying rates (Fig. 6b). Almost half 
of the 2016 cohort reported seldom usage with latter 
cohorts’ rates varying. Roughly a third of the 2016 cohort 
and later slightly higher numbers of students reported 
never using a mobile device for clinical reasoning.

Use of patient records on mobile devices
The privacy of patients and the security of their infor-
mation is pivotal in healthcare. The majority of students 
through each cohort reported never using mobile devices 
for taking notes on patient information (Fig.  7a). The 
majority also reported always deleting any patient infor-
mation stored on the device (Fig. 7b), with around a fifth 
of students reporting never to do so. The decision not to 
store patient information on cloud services was almost 
unanimous with close to all respondents reporting never 
to do so (Fig. 7c).

The risk for transmission of infection requires atten-
tion when adopting mobile devices in healthcare. Stu-
dents reported taking into account the risk of infection 
more often than not (Fig.  7d), 71% (2016) reporting to 

do so always or quite often, with corresponding figures 
for the subsequent cohorts decreasing slightly but stay-
ing above 60%.

Discussion
The aim of this study was to explore hurdles in the adop-
tion of iPads in the clinical phase of the medical degree, 
as well as to examine differences in hurdles faced by the 
three consecutive years of iPad-cohorts entering clini-
cal education. This was to get an idea of how well the 
clinical environment was receiving the tablet computers 
given their value as aids in learning clinical medicine. The 
response rate of the first cohort in 2016 was as high as 
90% which is in line with the novelty of the use of iPads 
in the clinical setting. Decrease in the response rates with 
subsequent cohorts is likely due to questionnaire fatigue. 
The use of mobile phones, tablets, and laptops by new 
students at the beginning of their degree studies largely 
mirror overall adoption of mobile technology in the gen-
eral population.

The same type of research on the use of new tech-
nology by successive medical student cohorts in the 
early stages of clinical courses had not been conducted 
before. However, our results were consistent with previ-
ous research findings [1, 3, 14]. Both previous research 

Fig. 7  Patient information and risk of infection (a) Students take notes of patients with a mobile device; b Students delete the patient information 
from their mobile devices; c Students save patient information to the cloud; d Students take into account the risk of infection when using a mobile 
device
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literature and our own previous research on the first 
cohort of medical students reported challenges in incor-
porating devices into clinical settings [12, 16, 18, 19]. 
For students, this was problematic because they were 
accustomed and proficient in using mobile devices in 
the biomedical science courses in their first two study 
years [18], and it was in the clinical setting that the 
importance of online information sources increased as 
they participated in patient care and needed immediate 
access to e.g. clinical databases. Eventually, they ended 
up using their personal smartphones for this purpose. 
Resistance did not end completely with the first cohort, 
but the use of mobile devices for information retrieval, 
in turn, increased significantly among students in the 
second and third cohorts. This may be due to the gen-
eral increase in the use of mobile devices, good practices 
passed on by older students to their younger colleagues, 
reporting preliminary results to teachers on the clinical 
phase challenges of the iPad project [19], and tailored 
support for clinical teachers [18].

As reported in previous studies [12, 13], students expe-
rienced ambivalence in mobile device use with patients. 
We observed that any mobile device use in direct patient 
contact raised serious concerns among students. They 
were also worried that using the device might deterio-
rate their communication with the patients [2, 7, 12, 13]. 
In addition, they feared that senior physicians and other 
health care professionals would construe their behav-
iour as unprofessional or misinterpret their online infor-
mation seeking for personal communication on social 
media [12–14]. The evident lack of role models for the 
use of mobile devices in the clinical setting speaks to the 
need for the support of faculty development pertain-
ing to the use of these devices. The few studies exploring 
the patients’ own perceptions of bedside usage of mobile 
devices reported positive attitudes among patients [6, 10, 
11]. We have not yet collected data from a patient per-
spective, but we believe that using the new technology 
together with patients would be an important target for 
future research. In addition, the use of mobile devices in 
a clinical setting requires open guidelines and codes of 
conduct [7, 13].

Previous studies reported that poor Wi-Fi access and 
therewith problems with accessing the Internet and digi-
tal learning materials in the clinic were major barriers 
to benefiting from mobile devices in the clinical context 
[11, 15]. In our own earlier study, students who were 
accustomed to receiving learning materials in biomedi-
cal courses on time and in a format suitable for mobile 
devices complained that in clinical courses, materials 
were delivered too late and in an inappropriate format 
for taking notes [19]. Because clinical teachers rarely 
used digital pre-assignments or online assignments in the 

courses, several students eventually left the iPad at home. 
Comparing the results between the three cohorts enter-
ing the clinic, there was a slight positive trend towards 
more active use of the digital learning environment and 
better reception of the mobile-savvy students in the clini-
cal context over time.

We found a significant discrepancy between students’ 
own reported ability to use iPads for study and their 
teachers’ ability to apply these devices to teaching. Both 
improved with the following cohorts. A comparison 
of the three cohorts showed that the ability of teachers 
to apply the digital environment effectively and accept 
students’ mobile devices improved relatively slowly. 
This suggests that it is important that teachers receive 
adequate training and support in the use of new tech-
nologies. On the other hand, it is important to support 
teachers in gaining practical knowledge of the format 
in which the learning materials should be distributed 
electronically, evident by the lower incidence of format-
appropriate materials used compared to preclinical 
courses [19]. The knowledge of how to create and imple-
ment digital assignments as part of the course is central 
for executing a mobile friendly curriculum.

An important finding of this study was the fact that 
practically no students seemed to use the iPad for back-
ing up clinical reasoning. This despite a majority report-
ing using it for seeking information. The results may be in 
part explained by difficulties in interpreting the question-
naire statements. Some students might also be unfamil-
iar with the concept of clinical reasoning so early in their 
clinical courses.

Another noteworthy finding lies in the mobile devices 
use for taking notes on patient information. Whilst stu-
dents almost unanimously reported never taking notes 
on patient information with their mobile devices, ca 
20% of students from each cohort reported never delet-
ing patient information from their device. The discrep-
ancy may indicate that more students used their iPad for 
taking some notes on patient information than cared to 
admit it in the questionnaire, or some students simply 
felt they would not need to delete patient information if 
they took notes of them using their iPad. The possibil-
ity of difficulty interpreting the question remains. While 
working in healthcare units, students are only allowed 
to write patient record information under supervision, 
but they participate in bedside instruction and examine 
patients, and are allowed to fill out paper forms when 
interviewing and examining a patient. Despite the poten-
tial of mobile devices for quickly storing patient informa-
tion e.g. through photography and note taking or copying 
of information, both legal and ethical boundaries limit 
patient record use on any device not sanctioned by hos-
pital administration.
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Mobile devices are in themselves powerful devices, 
even using only a web browser. However, the mobile 
revolution has also been based on the development of 
innumerable medical applications. In line with previous 
research [15, 16], our study showed that teachers pro-
vided students with very little information about high-
quality medical applications [19]. These results remained 
similar in all three cohorts. The novelty of mobile devices 
in clinical teaching may be one explanation for this, but 
over time the question arises as to why so few clinical 
teachers recommended good medical applications to stu-
dents or used applications as part of their clinical teach-
ing [15, 16, 19].

Strengths and weaknesses of the study
The strength of this study is found in part in the dura-
tion of the iPad research project, having started in 2013, 
and data having been gathered on all subsequent stu-
dent cohorts until 2020. No similar study has yet been 
found to track cohorts of medical students using their 
mobile devices throughout the degree. Furthermore, a 
total of three cohorts were analysed for this study, which 
provided results on the use of mobile devices in clini-
cal courses from their introduction to routine use. The 
response rates of the study were satisfactory. With the 
lead author being a student of one of the studied cohorts 
also unique insight into the phenomenon studied was 
utilized. The research project has actively collaborated 
with both students and faculty, yielding benefits from the 
iterative process. This study delivers on previously identi-
fied interesting results that have been reported in inter-
national conferences and published in peer-reviewed 
articles [18, 19].

There are also limitations in this study. We did not find 
a validated questionnaire in the research literature on 
the use of mobile devices in medical education, so we 
designed the survey ourselves. In addition, one limitation 
was that it was performed in a single medical education 
unit. However, as no such study had been published, we 
thought that a detailed study of students’ perceptions of 
barriers to mobile device adoption in a clinical setting 
would provide useful information for units incorporat-
ing new technology into their teaching. The Covid-19 
pandemic has also increased interest in and utilisation of 
online learning in all medical education units [21].

Future directions
A large amount of both quantitative as well as qualitative 
data has been collected as part of the iPad research pro-
ject from 2013 through 2020. The next step is to analyse 
the students’ answers to the open-ended question using 
qualitative content analysis. In addition, it is interesting 
to study how these student cohorts responded to mobile 

learning surveys in later courses. In this study, the quan-
titative items of the questionnaires were used, in which 
students responded to the statements on the Likert scale. 
In our future report, we will focus on the qualitative anal-
ysis of open-ended responses and will better be able to 
answer questions regarding e.g. the affordances of iPad 
use in the clinical phase of a medical degree.

Further topics to look into will be patients’ percep-
tion of the use of mobile devices in clinical encounters, 
particularly by involving patients in the development of 
the use of digital devices and applications in healthcare. 
The use of social media by students and young doctors 
as sources of medical information is also an important 
topic that should be examined. In addition, the change 
in mobile device use (e.g. utilisation of QR-codes etc. for 
social distancing, telemedicine developments) after the 
COVID-19 pandemic would be interesting to study but is 
beyond the scope of this article as the data for this study 
were collected before the pandemic. Several studies on 
the use of mobile devices have been published and the 
mobile devices usage in the new normal is poised to be 
an interesting study area [22–25]).

Conclusion
There were three main findings related to the hurdles 
for adopting mobile learning devices at the outset of the 
clinical studies. First, there was a mismatch in students’ 
and teachers’ ability to apply the mobile device in teach-
ing and learning. Second, the digital learning environ-
ment did not support mobile note taking nor other use 
of novel technology in the students’ first clinical courses. 
Third, the ambivalence related to the usage of the mobile 
device in patient contact was twofold. Students them-
selves hesitated to use the devices with patients and also 
feared the attitudes of the senior colleagues and other 
healthcare professionals towards their device use. Taking 
into account these aspects would benefit the utilization 
of the full potential of mobile devices in clinical studies, 
making way for incorporating them and making the most 
of their benefits in future patient care.

Supplementary Information
The online version contains supplementary material available at https://​doi.​
org/​10.​1186/​s12909-​021-​03008-9.

Additional file 1. Message to the students

Additional file 2. Questionnaire translated into English

Acknowledgements
The authors wish to thank the iPad-work group who were central in establish-
ing the framework for the adoption of the mobile device, Dean Risto Ren-
konen for the support of this project, and for the lead author’s peer support 
Asta Toivonen, Paul Cottier and Peter Holley.

https://doi.org/10.1186/s12909-021-03008-9
https://doi.org/10.1186/s12909-021-03008-9


Page 10 of 10Folger et al. BMC Medical Education          (2021) 21:594 

Authors’ contributions
DF analysed the data and was the lead author of the manuscript. EP designed 
the study, analysed the data with DF and drafted the manuscript, JM and LS 
contributed to discussion of analysis and drafting the manuscript. All authors 
contributed to the revisions and approved the final manuscript.

Funding
This research was supported by the MEDigi-project. The iPad-project at the 
University of Helsinki Medical Faculty was made possible by the Jane and 
Aatos Erkko Foundation. Open access funded by Helsinki University Library.

Availability of data and materials
The research data analysed during the current study are available from the 
corresponding author.

Declarations

Ethics approval and consent to participate
Starting in 2013, there was no research ethics committee dedicated to 
educational research in the Faculty of Medicine at the University of Helsinki. 
Therefore, ethics committee approval could not be granted before the research 
started and could not be obtained retrospectively. The research was carried out 
in accordance with the guidelines of the Declaration of Helsinki and the Finn-
ish National Advisory Board on Research Ethics. Partaking was voluntary and 
an electronic informed consent was acquired. The principal investigator (EP) 
oversaw data collection and anonymisation of the data. This was particularly 
important because the leading author (DF) was a student of one of the student 
cohorts studied. Confidentiality and anonymity of respondents were guaran-
teed throughout the research and publication processes.

Consent for publication
Not applicable.

Competing interests
The authors wish to declare the following conflicts of interest. The lead author 
was part of the 2016 cohort analysed for this study. The lead author was 
funded by the national Finnish medical digitalisation project MEDigi during 
2019 and part of 2020 with the aid of which he was an employee of the 
University of Helsinki Medical Faculty.

Author details
1 Clinicum, University of Helsinki, P.O. Box 63, 00014 Helsinki, Finland. 2 Centre 
for University Teaching and Learning, University of Helsinki, P.O. Box 21, 
00140 Helsinki, Finland. 

Received: 10 August 2021   Accepted: 22 October 2021

References
	1.	 Masters K, Ellaway RH, Topps D, Archibald D, Hogue RJ. Mobile 

technologies in medical education: AMEE guide no. 105. Med Teach. 
2016;38(6):537–49.

	2.	 Dimond R, Bullock A, Lovatt J, Stacey M. Mobile learning devices in the 
workplace: ’as much a part of the junior doctors’ kit as a stethoscope’? 
BMC Med Educ. 2016;16(1):207.

	3.	 Lumsden CJ, Byrne-Davis LMT, Mooney JS, Sandars J. Using mobile 
devices for teaching and learning in clinical medicine. Arch Dis Child 
Educ Pract Ed. 2015;100(5):244–51.

	4.	 Wallace S, Clark M, White J. ’It’s on my iPhone’: attitudes to the use of 
mobile computing devices in medical education, a mixed-methods 
study. BMJ Open. 2012;2(4):e001099.

	5.	 Gaglani SM, Topol EJ. iMedEd: the role of mobile health technologies in 
medical education. Acad Med. 2014;89(9):1207–9.

	6.	 Chase TJG, Julius A, Chandan JS, Powell E, Hall CS, Phillips BL, et al. Mobile 
learning in medicine: an evaluation of attitudes and behaviours of medi-
cal students. BMC Med Educ. 2018;18(1):152.

	7.	 Nerminathan A, Harrison A, Phelps M, Alexander S, Scott KM. Doctors’ use 
of mobile devices in the clinical setting: a mixed methods study. Intern 
Med J. 2017;47(3):291–8.

	8.	 Law JK, Thome PA, Lindeman B, Jackson DC, Lidor AO. Student use and 
perceptions of mobile technology in clinical clerkships - guidance for 
curriculum design. Am J Surg. 2018;215(1):196–9.

	9.	 Maudsley G, Taylor D, Allam O, Garner J, Calinici T, Linkman K. A Best 
Evidence Medical Education (BEME) systematic review of: What works 
best for health professions students using mobile (hand-held) devices 
for educational support on clinical placements? BEME Guide No. 52. Med 
Teach. 2019;41(2):125-40. https://​doi.​org/​10.​1080/​01421​59X.​2018.​15088​
29.

	10.	 Tews M, Brennan K, Begaz T, Treat R. Medical student case presentation 
performance and perception when using mobile learning technology in 
the emergency department. Med Educ Online. 2011;16:1. https://​doi.​org/​
10.​3402/​meo.​v16i0.​7327

	11.	 Patel R, Green W, Shahzad MW, Larkin C. Use of Mobile Clinical Decision 
Support Software by Junior Doctors at a UK Teaching Hospital: Identifica-
tion and Evaluation of Barriers to Engagement. JMIR Mhealth Uhealth. 
2015;3(3):e80.

	12.	 Davies BS, Rafique J, Vincent TR, Fairclough J, Packer MH, Vincent R, et al. 
Mobile Medical Education (MoMEd) - how mobile information resources 
contribute to learning for undergraduate clinical students - a mixed 
methods study. BMC Med Educ. 2012;12:1.

	13.	 Ellaway RH, Fink P, Graves L, Campbell A. Left to their own devices: medi-
cal learners’ use of mobile technologies. Med Teach. 2014;36(2):130–8.

	14.	 Harrison A, Phelps M, Nerminathan A, Alexander S, Scott KM. Factors 
underlying students’ decisions to use mobile devices in clinical settings. 
Br J Educ Technol. 2019;50(2):531–45. https://​doi.​org/​10.​1111/​bjet.​12579.

	15.	 Boruff JT, Storie D. Mobile devices in medicine: a survey of how medical 
students, residents, and faculty use smartphones and other mobile 
devices to find information. J Med Lib Assoc. 2014;102(1):22–30.

	16.	 Archibald D, Macdonald CJ, Plante J, Hogue RJ, Fiallos J. Residents’ and 
preceptors’ perceptions of the use of the iPad for clinical teaching in a 
family medicine residency program. BMC Med Educ. 2014;14:174.

	17.	 Simpson D, Marcdante K, Souza KH. The power of peers: faculty 
development for medical educators of the future. J Grad Med Educ. 
2019;11(5):509–12.

	18.	 Pyörälä E, Masalin T, Hervonen H. Faculty of Medicine as a mobile learning 
community. In: Niemi H, Jiyou J, editors. New ways to teach and learn in 
China and Finland: crossing boundaries with technology. Frankfurt am 
Main: Peter Lang; 2016. p. 77–103.

	19.	 Pyörälä E, Mäenpää S, Heinonen L, Folger D, Masalin T, Hervonen H. The 
art of note taking with mobile devices in medical education. BMC Med 
Educ. 2019;19(1):96.

	20.	 Whitehead J. Generating living theory and understanding in action 
research studies. Action Res. 2009;7(1):85–99.

	21.	 Goh PS, Sandars J. A vision of the use of technology in medical education 
after the COVID-19 pandemic. MedEdPublish. 2020;26:9. https://​doi.​org/​
10.​15694/​mep.​2020.​000049.1.

	22.	 Dost S, Hossain A, Shehab M, Abdelwahed A, Al-Nusair L. Perceptions 
of medical students towards online teaching during the COVID-19 
pandemic: a national cross-sectional survey of 2721 UK medical students. 
BMJ Open. 2020;10(11):e042378.

	23.	 Fatani TH. Student satisfaction with videoconferencing teaching quality 
during the COVID-19 pandemic. BMC Med Educ. 2020;20(1):1–8.

	24.	 Hayat AA, Keshavarzi MH, Zare S, Bazrafcan L, Rezaee R, Faghihi SA, et al. 
Challenges and opportunities from the COVID-19 pandemic in medical 
education: a qualitative study. BMC Med Educ. 2021;21(1):1–3.

	25.	 Almendingen K, Morseth MS, Gjølstad E, Brevik A, Tørris C. Student’s 
experiences with online teaching following COVID-19 lockdown: a mixed 
methods explorative study. PLoS One. 2021;16(8):e0250378.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1080/0142159X.2018.1508829
https://doi.org/10.1080/0142159X.2018.1508829
https://doi.org/10.3402/meo.v16i0.7327
https://doi.org/10.3402/meo.v16i0.7327
https://doi.org/10.1111/bjet.12579
https://doi.org/10.15694/mep.2020.000049.1
https://doi.org/10.15694/mep.2020.000049.1

	Hurdles for adopting mobile learning devices at the outset of clinical courses
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Context of the study
	Participants
	Data collection and analysis

	Results
	Students’ and teachers’ ability to use iPads in learning and teaching
	Distribution and format of study materials
	Use of mobile device-compatible pre-assignments
	Use of in-class triggers and applications
	Students’ use of iPads in studies
	Students’ use of mobile devices with patients, and the remedies they suggested for improvement
	Use of patient records on mobile devices

	Discussion
	Strengths and weaknesses of the study
	Future directions

	Conclusion
	Acknowledgements
	References


