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1. Introduction 

Modern mobile computing devices such as smartphones or tablet PCs which have 

instant internet access have become almost ubiquitous among today’s society (Payne 

et al., 2012; Traxler, 2008; Wallace et al, 2012) Globally the number of smartphones 

has crossed the one billion mark and it is estimated that it will surpass the two billion 

mark in 2016 ("2 Billion Consumers Worldwide to Get Smart(phones) by 2016," 2014). 

1.1. Digital natives 

The ubiquity of the internet and mobile computing devices led to a generation of 

students that grew up in this highly digitalized world with information and 

communication technology (ICT) as an integral part of their daily life’s. „This generation 

of learners born between 1980 and 1994 were therefore termed as “digital natives" 

(Prensky, 2001) or “net- generation” (Tapscott, 1999) due to their presumed familiarity 

and reliance on ICT.” (Gutmann et al., 2015). It was suggested that these digital native 

students have naturally integrated the potentials of digital information access and 

knowledge acquisition into their personal life’s and studies (Prensky, 2001; Tapscott, 

1999). 

1.2. Mobile learning 

Due to easy portability, wireless connectivity to the internet and numerous specialized 

applications (apps), these technologies offer on- the- go access to worldwide, up-to-

date information resulting in a flexibility and independence never before possible 

(Gayeski et al., 2003).The use of mobile end-devices and the resulting unique way of 

learning is therefore consequently referred to as mobile learning (m-learning), although 

so far there has been no consensus on the term itself. For the purpose of this study 

we define "Mobile learning" as using digital learning media for medical education with 

mobile devices including all benefits that result from the portability and functionality of 
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the device itself, the instant access to the content of the World Wide Web (www) and 

the vast variety of applications (Sandars, 2013). 

As a consequence, these mobile computing devices have created new and flexible 

possibilities for context-specific and immediate learning, especially while on the move, 

with the benefit of empowering the learner to create a uniquely personalized learning 

environment (Ally, 2009). Learning can now be delivered at any place and at any time, 

radically transforming the prevalent concept of knowledge and how it is generated, 

transmitted, owned, valued and consumed (Sandars, 2013; Sharples, 2000; Traxler, 

2008; Traxler, 2009).  

1.3. Impact of mobile learning on digital native student life’s 

Some authors even proposed different learning styles and behaviour of digital natives 

in comparison to their predecessors. „For instance, digital natives were suggested to 

be experiential learners, proficient in multitasking, comfortable with multimedia learning 

environments and the use of ICTs for interacting with peers and educators (Frand, 

2000; Oblinger & Oblinger, 2005; Prensky, 2001; Tapscott, 1999). This led in part to 

the assumption that the present educational system might not be fully prepared to deal 

with the needs and expectations of today’s student generation.” (Gutmann et al., 2015). 

Therefore, several authors believe that especially mobile access to information via 

modern digital handheld devices has the potential to further enhance medical 

education and patient care. Although a high ownership of mobile computing devices 

(Kühbeck et al., 2014; Robinson et al., 2013; Wallace et al., 2012) and usage of 

medical applications (Koehler, 2012) to support learning (Robinson et al., 2013) have 

been published, there is also an ongoing debate on the kind and level of learning media 

use by students and faculty in higher education (Harley et al., 2006). „Amongst others, 

Bennet et al. (Bennett, 2008) and Thompson (Thompson, 2013) criticized the limited 
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and underlying empirical evidence on the concept of digital native learning and 

concluded that the digital natives approach to learning and technology use varies and 

is complex rather than deterministic.” (Gutmann et al., 2015). „For undergraduate 

medical education, some studies identified digital media as the predominant 

information source for medical students (Cooper & Elnicki, 2011; Leff & Harper, 2006; 

Peterson et al., 2004) whereas other authors reported non-digital learning media, 

notably textbooks, as medium of choice for personal study (Baudains et al., 2013). A 

number of studies have also investigated the use and acceptance of certain learning 

media or technology, e.g. e-books (Woody et al. 2010), mobile devices (Baumgart, 

2011; Ellaway et al., 2014; Nguyen et al., 2015; Wallace et al., 2012) or Web 2.0 tools 

(Pander et al., 2014; Sandars et al., 2008) in higher education. “(Gutmann et al., 2015). 

„However, only limited data is available on the quantitative and qualitative use of 

different learning resources by students in a genuine educational context and its 

longitudinal alterations” (Gutmann et al., 2015), as well as attitude and perceived 

impact of modern learning media on medical education. 
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2. Aims of this dissertation 

Therefore, „[t]he aim of the study was for one, to systematically analyse use and 

acceptance of learning resources by undergraduate medical students. For this 

purpose, we monitored the daily use of digital and non-digital learning media during a 

teaching module of pharmacology by an online questionnaire and analysed the overall 

media use and media choices in teaching vs. self-study periods.” (Gutmann et al., 

2015).  Additionally, „semi- structured interviews were conducted at the end of the 

course to gain insights into the learning media preferences by students. “(Gutmann et 

al., 2015). 

For another, we used focus groups to further explore the attitude towards digital, in 

particular mobile learning media in comparison to non-digital learning media such as 

textbooks and the perceived impact of mobile learning on medical education. For the 

purpose of an initial orientation, a short online survey about practical use and 

experience with digital learning media was performed prior to the focus groups.  
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3. Methods 

For this investigation, two independent studies were conducted. 

First a two-phased sequential mixed-methods explanatory design was employed 

consisting of a daily online survey and follow-up interviews to study the use of learning 

media by undergraduate medical students. 

Second we facilitated focus groups for qualitative analysis in order gain in depth-insight 

into students’ views and attitudes towards learning media in medical education with a 

prior online survey about practical use with digital learning media. 

All study participants were students from Technische Universität München (TUM), 

Germany, who were enrolled in a pharmacology course at the Institute of 

Pharmacology and Toxicology. 

Study participation was voluntary and informed consent was obtained from all study 

participants. All data were processed in an anonymized manner. Approval by the ethics 

committee of Technische Universität München (TUM) was obtained. 

3.1. Quantitative data 

3.1.1. Study design and participants 

„The study was conducted with a cohort of 338 3rd year medical students, enrolled in 

a pharmacology course”. „The module consisted of a 28-day teaching period with daily 

lectures and twice-weekly seminars, followed by a ten-day self-study period and a final 

written exam (Figure 1).  
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Figure 1. Experimental setting and timeline. (Gutmann et al., 2015) 
 
 

Quantitative data were solicited during the lecture and self-study periods by a daily 

online questionnaire. For descriptive statistics of learning media use, the portions of 

votes per medium per day were calculated and averaged for the whole study period.  

For the quantitative analysis prior to the focus groups, participants were asked to 

answer an online survey.” (Gutmann et al., 2015). 

3.1.2. Data collection, instruments and analysis 

To collect quantitative data on learning media use in real time, a member of the 

research team, Felizian Kühbeck, developed a web-based survey tool that displayed 

a questionnaire to study participants in a daily manner. A web-based solution was 

selected to ensure compatibility with all common operating systems and devices. The 

survey tool was written in Hypertext Preprocessor (PHP) as server-side programming 

language to be compatible with all major operating systems, and connected to a 

MySQL-Database for storage and analysis of survey data. Adobe Dreamweaver was 

used to write the PHP-Code. Three-digit codes were generated at the beginning of the 

course and printed on small paper notes. Every student had to randomly pick a note. 

At the beginning of the course the students had to enter their codes, this ensured 

anonymous usage of the tool, but the results were collected per person. „The user 

interface consisted of a questionnaire soliciting information on the most, 2nd most and 
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3rd most used learning medium of the previous day. For each question, study 

participants could choose one item from a list of ten different learning resources 

(textbooks > 300 pages, textbooks < 300 pages, lecture slides, software applications 

for mobile devices (apps), internet search, e-learning cases, podcasts, e-books, 

personal notes, exam questions), or opt not to respond. The questionnaire was 

automatically displayed to study participants when visiting the online learning platform 

(www.tum300.de) used for pharmacology teaching at TUM. A cache memory function 

prevented multiple daily votes by single users.” (Gutmann et al., 2015). 

For the quantitative data collection about use of digital learning media an online survey 

was performed via Google.Docs, asking the students how frequent they have used 

apps on a mobile device, wikis, video-podcasts, audio-podcasts, social media 

platforms (Facebook), internet fora (medilearn.de), media sharing (Dropbox), learning 

e-cases or blogs (Doccheck) before for the purpose of their medical studies. The 

questionnaire is shown in Table 1. 

 Have you ever learned with an application on a mobile device? 

 Have you ever used wikis (such as Wikipedia) for your medical studies? 

 Have you ever watched video-podcasts (such as youtube) for your studies? 

 Have you ever listened to medical content via audio-podcasts? 

 Have you ever used social media (such as facebook) to share medical content? 

 Have you ever used medical internet fora (such as medilearn)? 

 Have you ever used media sharing (such as dropbox) for your medical studies? 

 Have you ever used medical e-learning cases? 

 Have you ever read blogs (such as doccheck) about medical content? 

 
Table 1. Online Questionnaire prior to Focus Groups. 
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3.1.3. Statistics 

„Graphs are presented as mean ± standard deviation of the mean (SEM). To determine 

if the two sets of data are significantly different from each other, Student´s t-test was 

used. A two-way analysis of variance (ANOVA) with Tukey’s multiple comparisons post 

hoc-test was used to compare the use of digital and non-digital media by male and 

female students. For statistical analysis, GraphPad PRISM 6.0 (La Jolla, CA) software 

was used. P values < 0.05 were considered statistically significant.” (Gutmann et al., 

2015). 

For the online survey (n=15) of the focus group participants a categorical rating scale 

with four response options was used (1: yes, very often, 2: yes, sometimes, 3: yes, 

once, 4: no, never). 

3.2. Qualitative data 

Since focus group sessions and telephone interviews were totally conducted in 

German language, grammatical and context-sensitive error corrections were 

undertaken in the translation of the chosen citations into the English language for the 

purpose of publication. 

3.2.1. Interviews 

Participants and data collection 

For qualitative analysis, semi-structured telephone interviews (n=11) were conducted 

after the exam with a sub-cohort of study participants via convenience sampling. 

“Following questionnaire data analysis, an interview guide was generated and pilot 

tested with non-participating students for clarity, relevance and interview length.” 

(Gutmann et al., 2015).  „All interviews were conducted by one researcher (JG) in the 

weeks following the exam and lasted ten to 15 minutes. After eleven interviews, 

thematic saturation was reached.” (Gutmann et al., 2015). 
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Analysis 

„The interviews were audio-recorded and transcribed verbatim using f4 transcription 

software (Dresing & Pehl, Marburg, Germany). Elements of grounded theory and 

constant comparison were used to identify and develop themes iteratively from 

ongoing data collection analysis (Maykut & Morehouse, 1994; Mills, Bonner, & Francis, 

2006). The process involved line-by-line examination of each transcript by the 

interviewer and coding of phrases into themes.” (Gutmann et al., 2015). 

3.2.2. Focus groups 

Participants 

This part of the study was conducted with 1st year undergraduate medical students 

enrolled in a pharmacology course. For the three focus groups (FG) convenience 

sampling was used to select participants (n=18) by email and verbal advertisements 

during core lectures. Students were assigned to one of the three focus groups 

according to availability. The number of participants per session varied from 5 to 7.  

Data collection 

We facilitated focus groups for qualitative analysis in order gain in depth-insight into 

students’ views and attitudes towards learning media in medical education. The FG 

discussions were moderated by one researcher (JG) and were facilitated using a semi- 

structured questioning route with open-ended questions, in order to ensure 

consistency across groups (Table 2). The questioning route was developed from 

literature review. Each session lasted approximately 120 minutes. Focus group 

sessions were held until no new significant topics emerged and data saturation was 

completed. Focus group setting and self- administered questionnaire were piloted with 

a group of volunteers. No field notes were taken during or after the focus group 

interviews.  
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Clarification of the term mobile learning (ML) in contrast conventional learning (CL) 

Exchange of practical experience with mobile learning media 

In your opinion: 

 What are limitations and weaknesses of ML (in contrast to CL)? 

 What are opportunities and strengths of ML (in contrast to CL)? 

 What impact does ML have on your learning activities (in contrast to CL)? 

 How could ML enhance future clinical education and practice? 

 
Table 2. Focus Group Interview Guideline. 

 

Analysis 

Open-ended prompts were offered to gain insight into the medical students’ attitude 

and experiences with digital learning media in order to guide the interview and 

minimalize influencing the manner in which they would respond. 

The focus group interviews were audio- and video recorded and transcribed verbatim 

with each participant being assigned an anonymous identifier (1-18, randomly 

assigned) using f4 transcription software (Dresing & Pehl, Marburg, Germany). 

For analysis, a preliminary coding scheme based on the grounded theory technique 

(Glaser, Strauss, 1962) was used, in which codes are drawn from the text and coding 

involves frequent comparative analysis of the data. The questionnaire served as 

orientation for coding, and subtopics were identified in an iterative process, which 

ensured that topics were comparable across groups. The transcriptions were analysed 

and coded into categories and sub-topics using MAXQDA qualitative analysis software 

(Verbi, Berlin, Germany). Codes were added or deleted to finalize the coding scheme. 

An additional researcher reviewed all of the codes independently. Discrepancies in 

coding were then reviewed and resolved by consensus. Final grouping of the codes 
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into overall topics was completed by the researcher (JG) as well as selecting illustrative 

quotations.  
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4. Results 

4.1. Demographic data 

„A total of 258 out of 338 (76%) students enrolled in the pharmacology course (winter 

term 2012/13) at TUM participated in the study. The mean daily participation in the 

online survey was 79.5 (± 18.2) students (Table S1). Responses of day 1 and 35 were 

omitted from further analysis due to low participation numbers (29 and 24 students, 

respectively). The mean age of participants was 23.4 (± 3.5) years. The female:male 

ratio of participants was 1.77:1 with 165 (64%) female and 93 (36%) male students. Of 

all students enrolled in the course „general pharmacology”, 68% were female and 32% 

male.” (Gutmann et al., 2015). „A total of 316 out of 338 (94%) students participated in 

the final paper-based survey.” (Gutmann et al., 2015).  Out of the total study cohort 

there were 19 students identified and considered as high frequency users, which 

means they answered the daily online- survey more than 50% of the time. 11 of these 

students voluntarily took part in the semi-structured telephone interviews. The focus 

group cohort consisting of 3 groups with 18 participants included two-thirds female (12) 

and 6 male students with an average age of 23.3± 2.8 years. „In comparison, 65% of 

all medical students and 68% of first year medical students in Germany in 2013 were 

female ("Statistical Yearbook 2014," 2014).“ (Gutmann et al., 2015). 11 (61%) of these 

students reported regular use of Smartphones, mainly for communication, internet-

research and time- management. Focus groups reflected a cross- section of the 

students involved in the study with regards to most prevalent demographic data at TUM 

such as mobile device ownership, age and gender.  
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4.1.1. Quantitative data 

Use of digital versus non-digital media 

„To gain insights into learning resource use by undergraduate medical students in 

pharmacology, we analysed the overall employment of digital and non-digital learning 

media over the whole course period. Digital learning media were defined as electronic 

means of communication that deliver learning content via the internet and included 

smartphone applications (web-based or native apps), lecture slides (at TUM 

downloadable as Portable Document Format (PDF) files via the campus management 

system), online exam questions, internet search, podcasts, e-books and e-learning 

cases. Non-digital learning media were defined as paper-based resources and 

included printed textbooks (>300 or <300 pages, respectively) and personal notes by 

the students. All learning resources surveyed were available to students at TUM. 

Cumulative analysis of the 1st, 2nd and 3rd most used learning media revealed that study 

participants predominantly employed digital over non-digital learning resources (69 ± 

7% vs. 31 ± 7%; p < 0.01; Figure 2A). Of note, no significant difference in the use of 

digital and non-digital media between male and female study participants was 

observed (Figure 2B). “(Gutmann et al., 2015). 

 
 
Figure 2. Use of digital and non-digital learning resources by students. (Gutmann et al., 2015) 
 
A. Cumulative results of all study participants. B. Cumulative results of male and female students,  

n = 258, *** p < 0.01; n.s. = non- significant.   
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Quantitative ranking of learning media 

„To delineate the quantitative significance of individual media for learning, we 

investigated the number of votes for each medium in relation to all responses. Figure 

3 depicts the media ranking based on mean use in percent. The most utilized learning 

resources were lecture slides (26.8 ± 3.0%), apps (22.0 ± 3.7%) and personal notes 

(15.5 ± 2.7%), followed by textbooks > 300 pages (10.6 ± 3.3%), internet search (7.9 

± 1.6%) and e-learning cases (7.6 ± 3.0%). Other learning resources were only rarely 

used by the students, e.g. textbooks < 300 pages (4.8 ± 2.2%), e-books (0.7 ± 0.7%) 

or podcasts (0.3 ± 0.5%). 

 

 
 
 
 
 
 
 
 
 
 

 
Figure 3. Quantitative ranking of learning resources during the course module. (Gutmann et al., 2015) 
 
Box plots showing median, first and third quartile with whiskers representing the 5% and 95 % percentile. 
Statistical outliers are shown as black dots. n = 258.  
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Investigation of media use during the teaching period revealed similar results, while 

ranking of learning media differed slightly in the self-study period” (Gutmann et al., 

2015).  (Figure 4). „Collectively, these data reveal a predominant use of digital learning 

resources by undergraduate medical students in pharmacology, and suggest that the 

relevance of individual learning resources varied between teaching and self-study 

periods of the same course module.” (Gutmann et al., 2015). 

 

Figure 4. Quantitative ranking of learning resources in different course periods. (Gutmann et al., 2015) 
 
 A. Teaching period. B. Self-study period. Box plots showing median, first and third quartile with whiskers 
representing the 5% and 95 % percentile. Statistical outliers are shown as black dots. n = 258. 
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Daily media use and comparison of teaching vs. self-study period 

„To monitor dynamic patterns of learning media use within the course module, we 

tracked the employment of individual media types at day-by-day resolution. As shown 

in Figure 5, the application of most learning media types was relatively constant, while 

some media exhibited noticeable differences during the teaching module. 

 

Figure 5. Analysis of daily media use.  (Gutmann et al., 2015) 
 
The stacked bars are depicting the ratio of each learning resources in relation to all learning media used 
per day in percent. Day 1-23 was teaching period, day 24-33 self-study period. The mean daily response 
rate in the online survey was 79.5 (± 18.2) students. 

 

We performed comparative statistics to assess potential changes for individual 

learning resources between teaching (day 1-25) and self-study periods (day 26-35) 

(Figure 6). Of the non-digital learning media, only textbooks (> 300 p) and textbooks 

(< 300 p.) were used significantly less in the self-study period when compared to the 

teaching period (-57%; P < 0.0001 and -53%; p < 0.01, respectively). Of the digital 

learning media, the use of exam questions (+176%; p < 0.01) and e-learning cases 

(+334%; p < 0.01) markedly increased in the self-study period. No significant changes 

were observed for other learning media. “(Gutmann et al., 2015). 
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Figure 6. Comparison of learning media use in teaching vs. self-study periods. (Gutmann et al., 2015) 
 
Dot plot charts of most used learning media per day. Each data point represents the mean cumulative 
responses for a learning medium of a single day in relation to all media in percent. The mean daily 
participation rate in the online survey was 79.5 (± 18.2). 
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Online survey about frequency of use of digital learning media 

To gain a preliminary insight into frequency of use of digital learning media for the 

purpose of medical training, an online survey was performed prior to the focus 

groups. 15 out of 18 focus group participants took part in the questionnaire. Figure 7 

depicts the distribution of frequency of the digital media use. The graph shows the 

portion of student agreement on frequency of use in % for each learning media. 93% 

of the participants have been using wikis often or sometimes, followed by 80 % 

students who used social media and fora. Media sharing was used by 66% of the 

students often or sometimes. Video podcasts (80%) have been used more often than 

audio podcasts (40%) and e-learning cases (40%), whereas Apps and Blogs were 

used least (only 40 % of the students used apps and 20% used blogs often or 

sometimes). 

Figure 7. Distribution of frequent use of digital media for medical studies. 
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4.1.2. Qualitative analysis 

Interviews 

„To expand, cross-check and further understand data obtained from the quantitative 

analysis, semi-structured telephone interviews were conducted with a sub-cohort of 

survey participants.” (Gutmann et al., 2015).  Representative statements are cited in 

Table 3. „The interview participants endorsed central findings of the quantitative study, 

foremost the different usage patterns of textbooks, exam questions and e-learning 

cases in teaching vs. self-study periods. When asked for potential reasons for the 

decline of textbook use during the progression of the pharmacology course, a common 

theme that emerged from the interviews was the perceived benefit of textbooks for 

systematic knowledge acquisition of new topics, which is particularly required in the 

initial course phase. In contrast, exam questions and e-learning cases were seen as 

best suited for knowledge consolidation, proof-checking” (Gutmann et al., 2015). of 

already learned facts „and transfer to clinical scenarios. Inquiring about the high but 

constant use of apps in both teaching and self-study periods, interview participants 

most often mentioned quick data access and concise presentation of information as 

the key advantages of these media. Finally, lecture slides by the educators were 

regarded as important framework for learning and guidance for (exam) relevant 

information.” (Gutmann et al., 2015). 
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Course 
Period 

Media Code Representative Statements 

Teaching 
period 

Non-digital 
media 

Knowledge 
acquisition 

“I use books at the beginning [of the 
course] in order to get a detailed 

overview of the entire topic.” 
 

Self-study 
period 

Digital 
media 

Repetition “At the end [of the course] I like to 
learn with quizzes or [e-learning] 

cases because it is a playful 
repetition.” 

 
“The information [of the app] was very 
condensed, very useful for repetition.” 

 
Exam 

relevance 
“I predominantly learned with the 

lecture slides because those contained 
all the relevant information I needed 

for the exam.” 
 

Overall time Look-up “I liked apps because I could look up 
information quickly on the go.” 

 
 
Table 3. Qualitative results of semi-structured interviews (n=11).  (Gutmann et al., 2015) 

 

 

Focus groups 

Three focus group sessions were conducted in order to elicit students’ thoughts and 

opinions on digital and non-digital learning media in medical education on behalf of the 

pharmacology course.  

Digital learning media which can be accessed via mobile technology such as 

smartphones and tablet PCs, included on the one hand on institutional provided media 

such as interactive e- learning cases, quizzes, apps, forums as well as downloadable 

lecture slides, lecture videos or podcasts. On the other hand, it implied online media 

available for public included wikis, social platforms such as Facebook, and media 

sharing tools such as Skype or Dropbox. On the contrary, paper-based textbooks and 

personal written notes were considered as conventional learning media or non-digital 

learning media. 



Results 

21 

 

In the following section, representative interview quotations are presented to highlight 

particular topics identified.  

In accordance with the interview guideline five distinct topics emerged during focus 

group discussions: 

1. Potentials of digital learning media and non-digital learning media 

2. Limitations of digital learning media and non-digital learning media 

3. Perceived impact of certain learning media for medical education 

4. Possible use of mobile learning media in clinical education 

5. Outlook on learning media in medical education 

Potentials of digital learning media and non-digital learning media 

Potentials of digital learning media 

Due to the handiness of modern mobile end-devices digital learning media becomes 

accessible at any place and at any time and is therefore considered as mobile learning 

media. Focus group participants identified five major advantages of learning via mobile 

technologies in particular, namely: 

• Superior technology 

• Portability and handiness 

• Flexibility and efficient time management 

• Ubiquity: on-the-go and just-in-time 

• Unlimited and up-to-date information 

 

Based upon the pervasive ownership of mobile end-devices in recent times and 

increasingly digitalization of society, students felt, that it is just a matter of time until 

mobile end-devices are likely to become wide spread among medical students and 

therefore are assumed to be an integral part of medical education as well. 
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“I think it is the technology of the future which will prove its superiority, because 

there are just too many advantages.” 

Most students agreed that especially the handiness and low weight of those small 

mobile end-devices make usage more comfortable than with heavy volume textbooks. 

This portability of not only the device itself but also consequently the multiple available 

content on the device, offers the chance of convenient mobile use and easy access to 

information. 

“It is very handy, so you can always carry it around. Even the smallest book is 

bigger and heavier than a Smartphone.” 

 “I like to repeat while on-the-go. Since screens are now sufficiently large 

enough, it poses no problem anymore.” 

Since the devices are so handy and easy to carry around, some students tended to 

make valuable use of their idle times by mobile learning. This flexibility provided 

learning which was considered “efficient” for the reason of improved time- 

management by making use of wasted time, and being able to access information even 

in spare moments.  

“If the drive takes some time, I like to learn instead of staring into space and 

wasting my time.” 

Some students mentioned that mobile learning offered the only way to incorporate 

sports during study periods. 

“When running two hours on the treadmill I enjoyed listening to podcasts. This 

way I was able to use time even more effective.” 
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They believed that checking information on mobile end-devices is a valuable and time 

saving process, especially for studying more productively. 

As one assumes through the very nature of the flexible use of mobile-end-devices, 

using it ‘on the go’ and ‘just-in-time’, irrespective of time and location, was a recurrent 

positive statement. 

“I think it is awesome! You can easily look up something [on your Smartphone] 

with just one single finger, even in overcrowded subways. In contrast you 

probably would not be able to open a book [in this crowd].” 

One key advantage of being able to learn “on-the-go” is the possibility to instantly and 

spontaneously access any possible information worldwide with up-to-date content. 

“The huge potential of this small device is that you have unlimited access to all 

the knowledge of the entire world… [In contrast] you have to take a bunch of 

books for different disciplines like urology, gynaecology etc.” 

This is considered as fairly useful since the constant and rapid development of new 

guidelines or drug dosages in medicine was considered overwhelming. Medical-books 

in contrast are regarded as mostly already outdated at the point of publication. Internet 

enabled mobile end-devices therefore are considered as beneficial tools because they 

can be used as an immediate source for checking current information.  

“You always get the most up-to-date information in case of some new 

releases… Books are not up-to-date, especially in medicine which is a rapidly 

evolving topic.” 
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Potentials of non-digital learning media 

Besides these mentioned potentials of digital learning media which evolve through the 

use of mobile end-devices, non-digital learning media such as textbooks are still 

valued. During focus groups three main reasons emerged: 

•  Personal preference 

•  Possibility of editing and highlighting 

•  Trustworthiness of source 

 

A couple of those “conservative” students would rather read a book in traditional print 

format than digital. Some students prefer print media without any further reason, others 

because they like feeling the book physically in their hands.  

 “I would never exchange those [apps] for my books.” 

Those “conservative” learners also like being able to reference a book easily with tabs, 

marks, underlines, or highlights and to take notes beside the text.  

“I prefer to study with a book or written notes, in which I can mark and scribble 

in…” 

Few students who consider themselves as “conservative” learners prefer to use printed 

books, because they consider books as more trustworthy and accurate learning media 

than sources on the internet based on the assumption of a listed bibliography and the 

fact that books are usually reviewed prior to publication. 

” I have a high level of confidence in [the content of] books…” 
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Limitations of digital learning media and non-digital learning media 

Limitations of digital learning media 

Although there are several potentials of the use of digital learning content on mobile 

technology for medical education, focus groups revealed that there still remain 

challenges that need to be overcome, regarding:

External factor 

• Device 

• Internet 

• Apps 

• Ownership 

• Costs 

 

Internal factors 

• Overreliance, superficial learning 
and addiction 

• Imbalance of study- and leisure- 
time 

• Distractive learning environment 

• Doubtful trustworthiness

Limitations of digital learning media due to external factors 

External factors mentioned by the students included technical limitations, mainly 

screen size and insufficient or costly internet access. Additional a lack of supply of 

high- quality learning- content such as in apps and fairly high costs of mobile devices 

were felt to be a challenge.  Mobile devices, especially Smartphones have a rather 

small screen size which can not only strain the eyes of the students who try to learn 

with it for a long period but can also display only a small amount of information.  

“I cannot learn with such a tiny thing, where I have to squint my eyes to see 

anything.” 

Also, those mobile end-devices are dependent on reliable Internet-access, which is not 

always provided, or limited of speed, even at the universities. 

“I think it is not useful because you do not have sufficient Internet connection 

all-around.” 
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Although there are already hundreds of medical apps provided, students believe that 

there are not enough quality and elaborated apps in German language and they 

mentioned that a lot of those applications still need refinement especially considering 

ease of use and content presentation. 

“I do learn with my Smartphone although the supply of applications is often 

either so far not existing or ill-conceived.”  

Another flaw mentioned was the confusing oversupply of applications in the app-stores 

without any recommendation of professional apps by the faculties. Students were 

concerned about the quality of the provided app content due to the lack of reliable 

references and mentioned that they could use it more effectively if the faculty would 

recommend quality proofed applications for their students. 

“I prefer learning with quality certificated content, for example provided by the 

university.” 

There was consent on the fact that other students should not be disadvantaged 

regarding the provided information of faculty intern mobile applications. Teaching 

content should not depend on certain kind of end-devices since although there is a 

high ownership, still not all students have access to mobile end-devices or own them. 

“They should not take smartphone ownership as a given and imply that all 

students should have and use it.” 

Additional cost is a great disadvantage of mobile learning, not only that mobile end-

devices do cost a certain amount of money, but in order to be able to use these devices 

efficiently you need to have access to internet which means additional monthly data 

charges by mobile providers.  

“It is unfair because not everyone is able to afford a tablet or Smartphone.” 
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Limitations of digital learning media due to internal factors 

Additionally, there were several internal factors emphasized by the students that pose 

certain limitations to the use of digital learning media.  

Being able to offload mental functions to digital devices and being able to look up 

everything at the point of need, few students are concerned that the use of 

Smartphones in education may result in an over-reliance. They fear that substituting 

your Smartphone for your brain might lead to limited internalized knowledge and 

resulting stultification.  

“Knowledge in your brain versus knowledge in the app.”  

Students worry that they might lose track of the content as a whole by just looking up 

fractional key words or topics, which could result in superficial and incoherent 

knowledge. 

“I believe that some people think less on their own because they can just look it 

up.” 

A couple students also feared the possible risk of addiction to those devices and 

constant information access. Some students valued for example in particular the time 

spent in subways on the way as quality leisure time, where they can relax and do not 

have to be engaged in studying since medicine is a very knowledge-intensive subject.  

“Since medicine is a quite laborious study, I must admit that I really enjoy 

relaxing while on the go. Just having those 10 minutes on the subway to get 

some rest from it.” 

For some students, the fact that via mobile end-devices you are always connected to 

the world, it is difficult to rest or just keep away from permanently looking up 
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information, even in leisure times and designating a clear delineation between study 

life and private life. 

“It is hard trying to out-balance study and leisure time.” 

Another limiting aspect is the often distractive learning environment, meaning in 

particular noise and overcrowdings, while on the go with the consequence of lacking 

concentration.  

“Learning on-the-go is difficult. For example, taking the subway is very 

distracting.” 

Students not only worry about being distracted by the real environment. Also the virtual 

environment on those end-devices for example social media such as Facebook pose 

the potential risk of unfocused “inefficient” learning. 

“Sometimes discussions [online] are getting off-focused because people start 

bragging or asking about irrelevant different topics.” 

Due to the vastness of sources on the World Wide Web there is also mistrust in the 

reliability of data derived from variable web pages among the students. 

“You have to watch out for reliable internet sources and sometimes just hope that 

it is right.” 

Limitations of non-digital learning media 

Some limitations of non-digital learning media directly result from the potentials of 

mobile learning media like lack of comfortability and limited portability due to size and 

weight as well as the problem of already outdated content upon release. There are 

also some additional limitations which students came up with during focus group 

sessions: 
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• First edition errors 

• Laborious search 

• Extensive elaboration of content 

 

With the release of new medical books comes the problem of not only already out-

dated information, but also various errors which will be corrected only in future editions. 

Students often have to use errata along with the books, which makes studying very 

tiresome. 

“If it is the first edition of a book I rather trust the internet on information, since 

usually there are too many mistakes in those books.” 

Due to the very nature of a book, one has to use the table of contents to find information 

in the book, which some students find too ineffective and therefore prefer e-books or 

other digital content because looking up key topics is much easier and quicker. 

“With digital learning media I can quickly search for something even in a 1000- 

pages document, but with a book I would have to look in the table of contents 

just to get the wrong page and search over again…” 

Depending on the format of a book, some books give quite detailed information on 

certain topics that might not be of primary interest, especially during exam preparation 

and therefore some students fear to get off-focused and lost in detail. 

 “It happens quite often that if I use heavy volume books I tend to get lost in detail.” 

Perceived impact of certain learning media for medical education 

Digital learning media 

Mobile learning introduces a new type of studying, which is different in many ways from 

the typical non-digital tasks such as making notes and reading from a textbook. These 

digital learning media that can be also used mobile included in particular apps and 
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learning cases. Quizzes that test certain learning content in order to individually proof 

check or repeat already learned knowledge as well as lecture slides are highly valued 

especially for exam preparation.  

The most mentioned effects of these learning media on their studies which students 

noticed were: 

• Variety 

• Diverse approaches 

• Interactivity 

• Fun and motivation 

• Addressing multiple senses 

• Individuality 

• Efficient learning through online 
look-up 

• Proof-checking of acquired facts 

• Knowledge consolidation 
through repetition 

• Peer-to-peer interaction via 
social media platforms 

• Peer-to-teacher interaction via 
social media platforms 

• Exam preparation 

 

The wide variety of learning possibilities via digital devices, most notably mobile end-

devices, offers diverse approaches to learning content, which enriches the learning 

process. 

“I like variety while learning. Not just reading all the time.” 

“In pharma after I learned with a book, I liked to repeat the topics with the 

pharma-cases or the quizzes at the end of the day; simply changing medium.” 

Through more interactive and individual access to information m- learning seems to 

provide internal motivation to some students. Therefore, participants feel that using m-

learning media adds to more fun, and increased motivation, interest and engagement. 

“This way you are having fun while learning. I do not enjoy reading a book ten 

hours long. It is a refreshing and diverse way of learning.” 
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The capacity to have different types of learning media available, including not only 

visuals, audio podcasts, but also animations, interactions and game based learning, 

provides diverse chances of imparting and approaching new learning content, by 

encompassing and blending multiple senses. 

“I like graphs to learn from with animated arrows for receptors or point of action 

and interactive linkages for more detailed information.” 

“You can address multiple senses. A book just cannot offer this chance of cross-

linking several senses.” 

Students believe that the individual arrangement of these various learning strategies 

as well as time-management through the independency of time and location might 

enhance memory and allow them to find their personal learning path within their 

individual learning context. 

“You can individually schedule when you want to listen e.g. to podcasts; when 

you are highly motivated and focused.” 

Not only multimedia interactive features are valued as beneficial but also the direct 

impact on learning activities such as more simplified access to different resources via 

mobile internet-enabled end-devices. Wikipedia is a highly used and valued internet 

source by the students. 

“I think that you are able to learn more efficient because you don’t have to look 

up things in five different books.  I simply take my smartphone or tablet and enter 

it on Wikipedia and then I know it right away.” 

Since long-term memorizing of the extensive amount of medical knowledge is felt to 

be a great challenge, most students also favored the chance of consolidating already 
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pre-acquired knowledge in small units via repetition, on-the-go check-up, or simply 

testing knowledge by doing online quizzes.  

“I liked to proof-check my knowledge with quizzes, to figure out whether I 

actually learned and remembered anything in pharma.” 

They therefore considered mobile learning as efficient for their further studies. Being 

able to constantly look up information “on-demand” resembles a unique way of 

knowledge acquisition, which is hardly possible to achieve with single use of print 

media. They also valued mobile media such as apps especially as a suitable tool for 

learning hard facts or memorizing lists by heart. 

 “…The chance to practice; simply repeating certain topics.”  

The virtual learning environment also fosters peer-to-peer interaction as well as 

facilitation of intensified student teacher interaction via specially designed forums for 

communication, questions, feedback and inter-exchange of supporting learning 

material.  

“Web forums are of great importance to get feedback from fellow students; to 

know that others have the same comprehension problems.”  

Facebook was especially mentioned by the students and despite certain limitations 

such as privacy concerns and missing moderation of discussions, it was highly valued 

because of immediate support, organizational information provided, document sharing 

and collective peer knowledge. 

“If you need any information, there is certainly someone who can provide it.” 

Not only social media platforms offer this chance but also faculty intern fora can be of 

great value for both educators and students to foster peer-to-teacher interaction. 
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“Some lecturers are unapproachable. There is no way to directly contacting 

them. This I liked in pharma. With this forum we had the chance to ask questions 

and get the answer right away.” 

When it comes to exam preparation in particular, lecture slides provided by the faculty 

are highly valued by the students. 

 “Lecture slides are indispensable [especially for exam preparation].” 

Non-digital learning media 

Despite all the advantages of mobile learning, there still remain students who consider 

themselves as non-digital learners, and who prefer to study with more traditional 

learning media, books above all.  Therefore, focus groups revealed three aspects that 

occur when learning with non-digital learning media. 

 Coherent learning 

 Understanding of complex context  

 Stationary setting 

 

Studying with a book seems to be the favoured choice when it comes to “learning 

properly”. Most students define the term “learning properly” as acquisition of new 

knowledge, gaining a deeper understanding of a particular topic and learning 

coherently in context.  

“I am simply someone who just likes to study with a book, reading coherently.” 

“For proper comprehension I need to read a written-out text in my heavy-volume 

books and not just listed facts like in an app.” 
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Additionally, they prefer stationary long lasting learning time-periods at a desk at home 

or in the library. In contrast few students even regard “fractional learning” with an app 

as improperly and inefficient. 

“I would not memorize that much, as if I sit down at home in silence with my written 

notes or a book trying to understand the context.” 

Possible use of mobile learning media in clinical education 

Chances of mobile media use in clinical education 

Three distinct topics emerged considering possible chances of mobile learning media 

regarding clinical practice. 

• Practicing clinical pictures 

• Quick reference 

• Digitalization of patient data 

 

Due to mobile accessibility some digital learning media, in particular learning cases 

and apps are especially suitable for bedside clinical medical teaching in order to 

convey comprehensive knowledge to the students. On the one hand, understanding 

complex clinical pictures in context and practicing how and when to use certain 

medication can be easily achieved via learning cases.  

 “It is very useful because you get to know certain clinical pictures and when to 

use which drug by doing these cases.” 

Also on the other hand, apps for drug references including interactions, dosage and 

adverse effects as well as active agent and quick overview of most common diseases 

and evidence based treatment could help students in their clinical routine. 

“You can look up up-to-date pharmacological information, especially new drug 

interactions, treatment in pregnancy or antidotes for intoxication. “ 
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Additionally, students imagined that the overall digitalization of patient data could lead 

to more sufficient patient care as well as treatment. 

“It could be very helpful to have instant access to patient’s laboratory values or 

imaging finding especially during ward rounds. “ 

Challenges of mobile media use in clinical education 

Even though, there are certain potentials of mobile media in clinical education, 

students mentioned in particular two challenges that they imagine could interfere in 

clinical practice. 

• Patient data-hacking 

• Disturbed patient-doctor relationship  

Students fear that there could be a patient data security breach, when storing and 

working with patient data digitally on mobile devices. 

 “I fear that patient data could be hacked. “ 

Also, students argue that that the use of mobile phones during clinical practice could 

lead to patient insecurity. 

 “Using a smartphone in front of the patient could lead to mistrust and unease. “ 

Since medical undergraduate students do not have sufficient clinical experience, the 

use of digital learning media in practice can only be assumed. 

Outlook on learning media in medical education 

Although some students strongly rely on books or on web-based information, all 

students tended to double-check with other media in case of uncertain information, 

largely depending on the topic of interest. 
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“I try to combine several resources…it depends on the subject and resources 

whether I rather trust in books or web-based-resources.” 

Some students made use of their Smartphones or tablet- PCs not only while on-the-

go but also continued to use it at home as an additional tool to quickly look up key 

facts, while studying with a book.  

“I simply combine it. For example, I study with a book and I have the tablet or 

Smartphone right next to me in order to look up anything I don’t know by asking 

Wikipedia.” 

Students figured that the generation gap complicates further developments in 

education and agreed upon that in order to improve medical education, there needs to 

be intensified communication between digital immigrant educators and digital native 

students about views and attitudes regarding modernizing learning media. 

 “I think lecturers could become a little more modern in terms of education. “ 

Despite the personal media preference, the idea of offering the opportunity of 

accessing learning content via mobile devices to all students, who can then decide for 

their own whether and how they want to use these additional ways of learning with 

mobile devices, was shared by all students. 

“It just depends on your personal learning style. Most important is that you have the 

chance to choose from different learning media. It is always about having a choice.” 
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5. Discussion 

„[T]here is a paucity of information about the quantitative and qualitative use of learning 

resources by the current student generation in higher education.” (Gutmann et al., 

2015).  In this study we provide a comprehensive assessment of learning media use 

by undergraduate medical students in a genuine educational setting. „Using a 

prospective mixed-method design with daily online surveys and final semi-structured 

interviews” (Gutmann et al., 2015). as well as in depth focus group discussions, „we 

demonstrate a preponderance of digital resources for learning by both male and female 

students in pharmacology. We show that students employ a broad spectrum of learning 

media” (Gutmann et al., 2015)., of which digital learning media were predominantly 

used.  

5.1. High ownership of digital mobile devices 

In a previously published study we reported that approximately 80% of the students at 

TUM own a mobile internet-enabled end-device (Kühbeck et al., 2014). This finding is 

in line with other studies that reported not only high ownerships of mobile computing 

devices, but also active use of medical related applications to enhance their learning 

(Koehler, 2012; Robinson et al., 2013; Wallace et al., 2012). In accordance with current 

literature (Davies et al., 2012; Wallace et al., 2012) this study illustrates that especially 

convenience through portability of the devices and the resulting easy and instant 

access of world-wide op-to-date knowledge were major inherent benefits of these 

devices. This high ownership of digital mobile devices is an important precondition for 

the overall findings of this study.  

5.2. Potentials of mobile learning media 

This study supports the findings of Wallace et al. (Wallace et al., 2012) and Davies et 

al. (Davies et al., 2012), who both identified similar topics within their focus group 
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discussions regarding the potentials associated with the use of mobile computing 

devices. In accordance with current literature our study illustrates that especially the 

convenience through portability of the devices and the resulting easy and instant 

access of worldwide up-to-date knowledge, were major benefits, which can all be used 

to incorporate these media in medical training.   

5.3. Predominant use of digital learning media 

„Our results revealed the predominant use of digital learning resources by 3rd year 

undergraduate medical students enrolled in a pharmacology course in Germany. This 

finding is in accordance with studies conducted with US medical students on internal 

medicine clerkships that reported internet databases (e.g. Up-to-date ®) as a major 

information source (Cooper & Elnicki, 2011; Leff & Harper, 2006; Peterson et al., 2004). 

In contrast, a focus group study with UK medical students after their first primary care 

attachment found non-digital media (notably textbooks) as the medium of choice for 

personal study (Baudains et al., 2013). This discrepancy may in part be explained by 

the heterogeneity of students with regard to the use and preference of digital learning 

sources and devices (Ellaway et al., 2014; Lust et al., 2011), or a non-representative 

study participants selection for which qualitative studies with smaller participant 

numbers (e.g. focus groups) are particularly prone (Patton, 1990).” (Gutmann et al., 

2015). 

5.4. The importance of applications in pharmacology  

„A surprising observation of our study was the importance of apps, ranking second of 

all learning media. Apps are applications optimized for mobile internet-enabled devices 

(smartphones or tablet-PCs), but are increasingly compatible to a broader range of 

computing devices (e.g. as web-based apps). We previously reported that 

approximately 80% of our students at TUM own a mobile internet-enabled device 
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(Kühbeck et al., 2014), which is in agreement with recent studies on smartphone 

ownership amongst college students in the UK (Payne et al., 2012; Robinson et al., 

2013). It was reported that the majority of students have a positive attitude towards the 

use of these technologies for educational purposes (Davies et al., 2012; Wallace et al., 

2012). However, as emphasized by Nguyen (Nguyen et al., 2015), the availability of 

high quality apps for learning and its curricular integration is still in its infancy. 

Moreover, several studies have reported a reluctance of many educators to 

recommend or use these new educational tools (Harley et al., 2006). In pharmacology, 

a number of well-developed apps exist (e.g. drug repositories), which may explain the 

frequent use of apps in our study cohort. It is tempting to speculate that current 

undergraduate students are likely to embrace apps as a major medium for learning, if 

available in good quality and fitted to their curricular contents.” (Gutmann et al., 2015). 

5.5. Limitations of digital learning media 

One should be aware of some limitations of mobile learning media.  Minor challenging 

topics that occurred, regarding screen size, technical and functional aspects of the 

devices and apps, as well as insufficient internet connection and problems that 

occurred while on-the-go, were believed to improve over time, as technology will 

develop fast over the next years. But, as Wallace et al. (Wallace et al., 2012) have 

already observed, some students in our study were also very unsure about certain 

aspects of mobile media in learning.  Concerns mentioned primarily focused on the 

impact of outsourcing memory to the internet. Some students feared that being able to 

constantly look up any information needed could lead to less internalized and coherent 

knowledge resulting in stultification at the worst. Sparrow et al. (Sparrow et al., 2011) 

summarized findings of four studies who showed that when students were expected to 

have future access to information, they have lower recall-rates of the information itself. 
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These findings should carefully be kept in mind, when thinking about implementation 

of mobile learning media into medical education. Additionally, participants highlighted 

the fact that there should be no discrimination of any students who either cannot afford 

or simply do not want do use a mobile end-devices. They suggested that supporting 

learning media should always be independent of media choice and therefore be 

accessible for all students.  

5.6. Diminishing but still valuable use of non-digital learning media 

„Our survey data revealed the use of a broad spectrum of learning resources by 

undergraduate medical students in pharmacology. Textbooks, long regarded as the 

main medium for students` learning (Kozma, 1991), accounted only for approx. 15% 

of most used learning resources in our study. This range is consistent with a recent 

study using self-reporting diaries in a cohort of UK medical students that found 

textbooks to account for approx. 25% of learning media (Brennan et al., 2014), 

suggesting that the role of “traditional” learning resources in higher education is in a 

process of rapid transformation. Moreover, the efforts to adapt textbooks to the digital 

world, e.g. as e-books appears to be of limited success. In our study, we found e-books 

only rarely used by students despite the fact that most textbooks used at our institution 

are available in digital formats. These results underscore earlier findings by Woody et 

al. (Woody et al., 2010) who showed that the majority of students preferred printed 

over electronic textbooks irrespective of gender, computer use or technical affinity.” 

(Gutmann et al., 2015). 

Nevertheless, conventional learning media such as printed textbooks, are still 

favoured, in particular when it comes to contextual learning of new content or because 

of personal learning style preference. Few valued the trustworthiness of books and 

tend to rather rely on textbook resources compared to web-based resources. Baudains 
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et al. (Baudains et al., 2013) were also able to show within their focus groups that 

printed textbooks are not out-fashioned but still have certain advantages. One major 

theme was the experience of physically feeling the paper of a printed textbook. 

5.7. No gender difference in media use 

„An important finding of our study was that preference of digital and non-digital learning 

resources did not differ between male and female students. Imhof and co—workers 

assessed the computer use in a cohort of German university students and reported no 

gender differences, neither with regard to time spent on task nor with preferred 

activities at the computer (Imhof et al., 2007). These and our findings contrast earlier 

studies that reported significant higher computer and internet use by male students 

(Broos, 2005; Sánchez-Franco, 2006).” (Gutmann et al., 2015). 

5.8. Dynamic pattern of media use and reasons behind this 

„An interesting outcome of our study is the dynamic pattern of learning media use 

within a self-contained teaching module. When comparing teaching vs. pre-exam self-

study periods, textbooks (> 300 p. and < 300 p.) were used significantly less (-57% 

and -53%, respectively) during self-study, while exam questions (+334%) and e-

learning cases (+176%) were utilized more. A study by Briscoe et al. reported that both 

medical students and residents preferred printed over digital media for initial learning, 

however reasons behind their preferences remained unknown (Briscoe et al., 2006). 

Our interview results suggest this observation may be due to the perceived benefit of 

textbooks for systematic knowledge acquisition of new topics.” (Gutmann et al., 2015). 

5.9. Supply of learning materials by educators and institutions 

„Finally, in spite of the broad use of novel learning media in our study cohort, our 

quantitative and qualitative analyses demonstrated a key role for learning media 

provided by educators (e.g. lecture slides or indirectly as written notes)” (Gutmann et 
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al., 2015)., especially for exam relevant topics. „While the role of the lecturer is likely 

to change in the future from a provider of information towards a facilitator of learning 

(Sandars & Morrison, 2007), our results further underscore that today`s students value 

educators` learning materials as means of guidance.  Moreover, as institutions and 

educators increasingly make materials available online (e.g. via campus management 

systems or open-source learning platforms), there will be a reduced need to consult 

traditional learning sources, e.g. textbooks.” (Gutmann et al., 2015). 

5.10. Effect of mobile learning media on learning activities 

The use of mobile end-devices to enhance education has been increasingly evaluated 

over the last years, suggesting valuable new approaches of ubiquitous access to 

authentic learning content (Sandars, 2013). This study supports the findings of Wallace 

et al. (Wallace et al., 2012) and Davies et al. (Davies et al., 2012) about the effect of 

mobile learning on learning activities. In common with our findings, this study showed 

that mobile end-devices have the potential to facilitate student learning by providing 

easy “on-the-go“ and “on demand“ access to worldwide information, especially for 

looking up and repeating key facts and making use of wasted time. This offers the 

chance to create a personal learning context, in which students have the possibility to 

increase their engagement and motivation to medical related topics by having a variety 

of creative multimedia tools and resources on the device itself with or without the World 

Wide Web, enabling the students to choose other and individual ways of learning. 

5.11. Broad supply of learning media for all students 

Finding a majority of students in our study who feel that mobile learning media are a 

suitable supplement for their studies, we agree with Arthur Richardson (Richardson, 

2002) who defines a learning ecology as an environment in which people can choose 

from a variety of resources and activities which apply to their individual learning. He 
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suggests that through e-learning one enables to combine technologies with the 

variety of resources and support student interaction and learning.  Although there are 

numerous learning style models proposed by many researchers one can agree that 

there is a huge variety of individual preferred learning styles, which makes it 

impossible to identify the one preferred learning style or learning media that works for 

all students (Arp, 2006; Gülbahar & Alper, 2011; Nilsson et al., 2012). Gülbahar and 

Yildrim (2006) conducted a research based on individual learning differences and 

concluded that it was necessary to present learners with all possible types of media 

and material resources, including non-digital media as well as digital learning media 

(Gülbahar & Yildirim, 2006). The increasing digitalization of society should encourage 

educators to also adopt to these digital technologies and integrate those into the 

existing curricula (Dala-Ali et al., 2011; Sandars, 2013) according to students’ actual 

needs and use of devices. In line with other authors (Dala-Ali et al., 2011; Koehler, 

2012; Payne et al., 2012; Robinson et al., 2013; Wallace et al., 2012), we believe that 

learning media via mobile end-devices have the potential to foster individual medical 

training at university and clinical practice, but have to be carefully introduced and 

evaluated by teachers and students, in order to increase potentials but also be aware 

of the limits and possible risks of these learning media. Therefore, we strongly 

encourage educators of today to develop and implement learning materials and 

activities as additional educational tools according to the students’ needs with the 

focus on enhancing medical training. 
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6. Strength and limitations of the study 

The main strength of this study is, that it is the first study to give detailed insights into 

attitudes of medical students in Germany about learning media in medical education. 

This study focused on mainly first year medical undergraduate students at Technische 

Universität München, Germany. „While this study adds to our understanding of learning 

media use in undergraduate medical education, there are limitations inherent to the 

methods applied in this study. “(Gutmann et al., 2015). 

First, regarding the qualitative acquainted data, as the nature of focus groups, 

discussion and results were dependent on personal reporting and are so subject to 

recall bias. Additionally, the moderator and the participants themselves may influence 

the answers of the discussants. However, discussions focused on the issue of 

evaluation and were standardized (Morgan, 1996). Although we have no reason to 

assume that our data is influenced in that particularly way, we cannot rule out a 

possible bias. Data saturation and consistency among focus groups suggest that the 

findings are valid. Also, telephone interviews „rely on self-report that may not be 

answered accurately or faithfully. “(Gutmann et al., 2015). 

Second, regarding the quantitative data, „we obtained (…) data on learning media use 

by an online questionnaire linked to an online learning platform used at TUM. This may 

have led to a selection bias for students with higher affinity for digital technologies. To 

estimate the potential impact of this bias, we conducted an additional paper-based 

survey with all course participants. The vast majority (96%) of students stated that they 

have regularly accessed the online platform during the course period, thus arguing 

against a predominant use by a non-representative sub-cohort.  

Finally, our study cohort consisted of 338 undergraduate medical students enrolled in 

a basic pharmacology course at a single German medical faculty. While the 
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demographic characteristics of our study cohort was representative for German 

medical schools, females were slightly underrepresented in the online survey when 

compared to all course participants (64% vs. 68%), which might have affected study 

outcomes. In addition, media use and usage patterns may differ for students of other 

disciplines, institutions or academic levels and is likely dependent on materials 

provided or recommended by the faculty. The present study is therefore exploratory in 

nature and serves as basis for future multi-centre confirmatory studies with larger 

cohort sizes.” (Gutmann et al., 2015).  Assuming a relevant difference considering the 

use and acceptance of mobile learning media between digital native students and 

digital immigrant teachers, follow up studies need to be done, to proof this hypothesis. 
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7. Conclusion 

„To our knowledge, this is the first prospective cohort study of daily learning media use 

in medical education, regarding pharmacology. Both quantitative and qualitative data 

revealed a high prevalence and acceptance of digital learning media” (Gutmann et al., 

2015)., in particular mobile learning media such as smartphone applications. This 

positive attitude is mainly due to the fact that mobile internet enabled devices are 

widely available and digital access to unlimited up-to-date information is now possible 

irrespective of time, location and context. However, non-digital learning media such as 

textbooks remain important used learning media, emphasising the individual learning 

style preferences of today students. Additionally, learning media provided by the 

educator, regardless of the kind of learning media, remain a key source of information 

and guidance, especially for exam preparation. We thus conclude that “digital natives” 

are open to novel learning resources which can be e.g. accessed by mobile devices 

such as smartphones.  

This study adds valuable insights into students’ attitude, perception and use of learning 

media in medical education which might be of interest to other medical faculties in 

order to assist developing student-focused approaches for improving medical curricula. 

We postulate that the lessons from this data are transferable and that there is 

considerable relevance for modernizing curricula at other medical institutions 

worldwide. 

„Further studies are needed to investigate what kind of learning media (or combination 

of thereof) are associated with the best learning outcome in the current cohort of 

undergraduate students. In addition, further work needs to be done to examine cross-

country differences in availability, use or development of digital resources in higher 

education. This will likely have important implications for the implementation of new 
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learning media and technologies in academic programs and educational institutions. 

These research questions will become more complex with the fast pace of 

technological change and the progression of today’s students to the educators of 

tomorrow.” (Gutmann et al., 2015). 
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Table S1. Daily response rate of online survey. (Gutmann et al., 2015) 
Responses of day 1 and 35 were omitted due to low participation numbers. 

 

Course Period Day Participant number 

   

teaching 1* 29 

teaching 2 75 

teaching 3 68 

teaching 4 56 

teaching 5 50 

teaching 6 74 

teaching 7 59 

teaching 8 69 

teaching 9 67 

teaching 10 57 

teaching 11 61 

teaching 12 61 

teaching 13 75 

teaching 14 69 

teaching 15 77 

teaching 16 73 

teaching 17 62 

teaching 18 59 

teaching 19 74 

teaching 20 84 

teaching 21 85 

teaching 22 82 

teaching 23 97 

teaching 24 79 

teaching 25 79 

self-study 26 91 

self-study 27 89 

self-study 28 115 

self-study 29 105 

self-study 30 108 

self-study 31 105 

self-study 32 110 

self-study 33 109 

self-study 34 100 

self-study 35* 24 

   
 

Mean 79.5 

 SD 18.2 
 

SEM 3.2 
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Appendix 

1. Online Questionnaire about use of learning media during medical studies 
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2. Interview Guideline for telephone interviews 
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3. Interview Guideline for focus groups 
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4. Daily Online Questionnaire 

 

 

Note: second most media, and third most media are omitted on the screenshot 

  


