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Background: The goal of the current investigation was to find out about students attitudes and needs toward the development of a new personal digital assistant (PDA) to help them navigate through an increasingly digital learning environment (DLE). As students have repeatedly been shown to be an especially stress-prone user-group, a PDA serving as a digital secretary might additionally significantly reduce study-related stress.

Methods: N = 12 STEM (science, technology, engineering, and math) students in various years of study at the University of Luebeck, Germany, participated in the study. A qualitative research design of semi-structured interviews was used with the interviews evaluated according to Mayring's qualitative content analysis using MAXQDA Version 2018.

Results: Students being educated in a DLE in many cases report positive as well as negative impacts on communication through progressing digitalisation. In line with previous findings, students indicated several study-related and personal stressors during their academic life, but they also reported a variety of preventive factors such as motivation and interest in their studies as well as social support. When asked specifically about desired functions of a future PDA, students wished for a kind of digital secretary with functions such as recording, calendarisation and automated exam registration.

Conclusions: Valuable insights were obtained regarding all areas of interest – DLE, stressors and preventive factors of students being educated within DLE, and ideas regarding the development of a new, student-user-friendly PDA. Previous results from stress research in student samples combined with the insights from the present study support the thought that a PDA combining administrative and counseling functions might be a new idea for students and could potentially complement a simple administrative PDA, additionally helping to provide students with therapeutic or counseling needs.
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INTRODUCTION

Progressing digitalisation is finding its way into everyday live, becoming second-nature to the so-called generation of “digital natives” (Prensky, 2001). Personal digital assistants (PDA) like Alexa, Siri, Cortana, or Google Assistant, are a readily accepted part of today's student life, seeking to offer support for most situations in everyday life. Byte magazine, cited in Bayus et al. (1997) proposed the more or less vague definition of PDAs as being “highly portable, easy-to-use computing and communication devices aimed at the mass market.” In addition, by Bayus et al. stated “The purpose of a PDA is to help people communicate more effectively and efficiently in an era of global mobile communications. Furthermore, a PDA should assist people in managing all their information needs. Key functions are thus communications and intelligent assistance.” No clear definition of what a PDA is exactly or what functions justify the term PDA for an electronic device seems to exist.

With the rapid progression of digitalization, similar changes can be found in the context of higher education. Classes are more and more offered as blended-learning formats or even as online modules altogether with massive open online courses as the most prominent example (e.g., a course by Sebastian Thrun on artificial intelligence at Stanford University in 2011, with 160,000 students from over 190 different countries being enrolled for the course (Siemens, 2015). Accordingly an increasing use of internet-based learning can be observed (Cook et al., 2008).

It is only natural to include such PDAs as digital navigators into digital learning environments (DLE) – as already having been done by several deaneries to offer their students a professional support system (Kavakli et al., 2012; Ghose and Barua, 2013; Ranoliya et al., 2017; Dibitonto et al., 2018).

Many universities are already experimenting with solutions to offer help to students under stress. The following main findings can be noted:

(1) Student counseling helps students, but usually does not reach the severe cases or only with difficulty (Kavakli et al., 2012).

(2) Chat users indicate two key motivations for using a bot: productivity followed by entertainment (Brandtzaeg and Følstad, 2018).

(3) Students still prefer telephone, mail or face-to-face communication with their peers for important questions, but trust bots especially when it comes to up-to-date information (Dibitonto et al., 2018).

One of the biggest hurdles for the durable and motivated use of such bots is above all the necessary gain of information, which the students must obtain when using the bots. Many of the early approaches of assistance systems have lost user acceptance because they were not able to provide real added value for the users. A prominent example of this is certainly the widely known clip from Microsoft, a bot that was ahead of its time in terms of user interaction, but on the other hand did not have much content to offer (Dey, 2009). However, there are already efforts to make lecturer knowledge available for the engines (Ghose and Barua, 2013; Ranoliya et al., 2017).

This whole issue of digitalisation might pose benefits such as more work flexibility and better adaptation to individual needs, but also potentially harbors the danger of posing additional stressors, such as increased isolation of individuals (Wildemeersch and Jütte, 2017) or technical problems (Islam et al., 2015). This seems particularly important when one takes into account that students are alarmingly stress-prone with some even showing full-scale psychological conditions, such as anxiety disorders, depression or suicidality (Verger et al., 2009; Stallman, 2010). This has specifically been shown among medical students (Erschens et al., 2018a,b) and students of the science, technology, engineering and math (STEM) subjects (Madany Mamlouk et al., 2018) where studies are generally considered very challenging and demanding.

If PDAs are to be successfully included into the everyday lives of students, they need to be extremely user-friendly and particularly tailored to the user group, making routine usage attractive and not posing additional stress factors. It is well-known that such features significantly contribute to user acceptability, and in turn lead to consequent usage, for example as depicted in the technology acceptance model (TAM) (Venkatesh and Davis, 2000).

We have shown that there are many promising approaches to bringing conversational agents to universities. There is both the therapeutic approach, which takes intensive care of its conversational agents, and the FAQ approach, which is primarily about contact points for quick information. There is not yet a single integrated approach in which an empathic chatbot accompanies the students and, in addition to providing a lot of helpful information about their studies, also provides a further social anchor for a balanced and healthy study.

This is where our project comes in. In the coming years, a conversational PDA called Melinda (My Emotion-screening, Learning-supportive, Integrated New Digital Assistant) should bring these loose ends together and be a valuable and reliable partner for the students, providing them with information and trustworthy support. In order to start the developmental process of Melinda, this study aims to get students' views on two major issues: First, it seeks to get their opinions on working in a Digital Learning Environment (DLE) in general, and specifically with regards to potential new stressors accompanying digitalisation in higher education. Second, it strives to determine what students consider relevant in a PDA serving as a student support system in order to be accepted and used by them.

The bot must be able to bind the students so comprehensively to the use of the system that the emotional component has enough opportunity to ask empathic questions without the bot being shut down immediately by too many users after an initial phase. It is therefore essential to get a clear idea of the requirements and expectations that a specialized user group has of the bot. In this study, we have therefore concentrated on a group of students with a more technical background: German students from the STEM subjects.



METHODS


Design

This study presents a qualitative research design of semi-structured interviews. Qualitative research methods are particularly helpful when wanting to get new insights or understand underlying concepts, which can in turn be used for further quantitative prospective studies. They are frequently used in social science and medical research and data collection follows strict rules comparable to those known in quantitative research projects (Dicicco-Bloom and Crabtree, 2006; Mcgrath et al., 2018).



Participants

STEM students from the University of Luebeck, Germany, were asked to participate in the study. We asked for students who were interested in DLE or have already used DLE in general and in regards to their studies. They were all recruited via email. N = 12 students from various years of study took part in the survey. N = 3 were master students (one in the 1st semester, two in the 4th). N = 9 were bachelor students (one in the 1st semester, two in the 3rd, four in the 5th, and two in the 7th). They had various academic backgrounds including medical informatics, molecular life science, mathematics in medicine and life science, robotic and autonomous systems, infection biology, medical engineering and entrepreneurship in digital technologies.



Interviews

The interviews were conducted by a clinical psychologist experienced in qualitative research. Students were asked questions focusing on the DLE as well as stress-promoting or stress-preventing factors. Additionally, students' ideas on the development of a PDA were collected. Example questions of the interview are provided in Table 1 (For full interview guide, please see Supplementary Material).


Table 1. Interview excerpts.
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Furthermore, demographic information, such as gender, age, year of study, and course of study, was assessed.

The semi-structured interview guideline were constructed based on the SPSS-method (Sammeln [collect], Prüfen [check], Sortieren [sort], Subsumieren [subsume]) developed by Cornelia Helfferich (Helfferich, 2011). First, ideas for possible questions were gathered. Second, they were checked for coverage of the topic. Third, the questions were sorted by topic. Last, they were subsumed which means they were ranked and subordinated in the interview guideline.

All data were assessed pseudonymously. The interviews were audio recorded and later transcribed verbatim. Original recordings were deleted after transcription. Transcripts were stored on a secure computer with no connection to the internet.



Data Analysis

The goal of the qualitative content analysis of the interviews was to get an overall image of the arguments brought up by the interviewed subjects concerning factors of stress and coping related to their studies as well as working with DLE. The interviews were evaluated according to Mayring's qualitative content analysis (Mayring, 2010), following the author's general procedural model. In order to attain an overview of the opinions mentioned by the interviewed subjects, summarisation, more precisely inductive category formation, was determined as the technique of analysis. The procedure of inductive category development according to Mayring (2014) was performed by two independent raters, one as part of the team in Luebeck, the other from the team in Tuebingen.

In a first step, the goal of the analysis and the theoretical background were defined according to the interview guide of the semi-structured interviews. Three main topics (stress, coping and the DLE including properties of a possible PDA) were chosen as categories. In a second step, each of the raters started working through the material line by line and formed categories using MAXQDA Version 2018. In order to obtain the same level of abstraction in building the categories, the raters revised them together via video chat and agreed on the final categories by paraphrasing representative examples and building a hierarchy of categories. Following this, both raters independently worked through the material again.



Ethical Approval

Ethical approval was given by the ethics committee of the University of Luebeck (No.18-010). The participation was voluntary. All students provided their written informed consent.




RESULTS


Sample

N = 12 STEM students were interviewed. The average age was M = 27.92 ± 6.44. 50% were female.



Categories Derived From the Interview Material

Based on the analysis of the verbatim transcribed interviews via the SPSS technique described above (see Methods section), the following areas could be distinguished: digital learning environments, stressors, preventive factors and digital assistant. For each of these areas, categories (see Figure 1) and subcategories (see Table 2; for full data please see Supplementary Material) could be identified and example quotations are listed for each subcategory. For full data please see Supplementary Material.


[image: Figure 1]
FIGURE 1. Themes derived from student interviews via SPSS method with according categories.



Table 2. Examples and anchor quotations for each category and its subcategories.
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Principal Results

In this study we report on students' views on a conversational DA as a supportive instrument in their everyday lives. From the present interview data, the following categories could be derived: students' general perception of the DLE with their advantages and challenges and specific stressors and preventive factors students perceive within a DLE in a more study-related / administrative as well as in a personal/emotional sense. Finally, students' ideas on characteristics of a new PDA were gathered (see Figure 1).

Despite the many advantages, especially regarding faster and more efficient communication within DLE, students also seem to be aware of drawbacks of increased digitalisation, such as information overload and reduced personal contact. Advantages and disadvantages regarding a DLE are generally reported according to the change of communication happening through progressing digitalisation and e-learning. Further, technical and legal issues were mentioned when students spoke about disadvantages they had experienced.

Stressors mentioned in the interviews were mainly reported in the context of either performance within the medical studies or organizational aspects of university life. Preventive factors were mostly related to motivation, interest and encouragement through feedback from others as well as time off from studies (social contacts and leisure time).

When specifically asked about a PDA, students agreed on basic features such an assistant should have. They stressed the need for simple operations within the system as well as a clear layout and the wish for direct links with other entities (e.g., direct email link to teacher). An important topic was the PDA's role as a kind of secretary. Students wanted the system to prioritize for them, filter information, plan dates and remind them of deadlines. However, students stressed the importance of self-determination within such a system. They wanted to be in control of, for example, remembering functions and general decisions and rebutted the idea of a system telling them rather than suggesting what to do.




DISCUSSION

This study explored students' views on the DLE as well as necessary features of a PDA as a support system within this environment. Our data suggest that students had quite a balanced opinion on working within a DLE. They could reflect on potentials as well as challenges, and apply both to study-related aspects as well as more personal, emotion-related ones.

When asked for desired functions of a supporting PDA within such a DLE, students see potential for support in the area of administrative or study-related concerns, respectively (see Figure 2). They explicitly wish for functions such as time management and calendar, exam registration, recording, reminder-systems, and prioritization of information by the system – all of which should be considered when developing a PDA for students in the sense of a digital secretary. Such a PDA might be able to reduce administrative and study-related stressors particularly in challenging study subjects like STEM.


[image: Figure 2]
FIGURE 2. Filled arrows: paths having been described by students in the interviews; dashed arrow: new part to further explore when developing a PDA.


In light of this, students in the present study, in line with previous studies (Flynn and Macleod, 2015; Fares et al., 2016), have to withstand enormous pressure especially before and during exams. However, they usually develop successful strategies to deal with this stress. One factor, mentioned by many of our interviewees, was their thirst for knowledge, a driving force behind their enrolment at a university. Overall, such strategies seem to make most students resilient enough to deal with the academic stress they experience. However, students are more prone to stress-related conditions during their studies and might benefit from early integrated screening and supportive structures (Verger et al., 2009; Stallman, 2010).

This, in turn, led to the idea, that an ideal PDA might additionally be able to identify underlying problems when a student, for example, does not complete homework tasks or has not entered the system for a while. On this basis, it might serve as a helpful agent for screening and treatment of psychological impairments, such as symptoms of depression or anxiety, offering broad and easily available support mostly irrespective of time, location or even language (Fitzpatrick et al., 2017; Fulmer et al., 2018).

A “perfect” PDA within the professional environment should be able to combine these two characteristics. First, it should offer supportive information on routine tasks, such as deadlines for class homework or updates on changes of location. Second, it should simultaneously screen for psychosocial needs of the user and react accordingly. This must be embedded into the routine chat, for example, within the pre-class assignment online, as not all users will have a psychological problem in the first place, making a student-related PDA distinctly different to psychotherapeutic chat bots already in use (Kavakli et al., 2012; Pasikowska et al., 2013). This was mirrored by the fact, that within the interviews no one mentioned the idea of a PDA having the potential to support personal and emotional issues.

Insights gained by the semi-structured interviews and the above-outlined considerations, as also depicted in Figure 2, finally led to the preliminary design-idea for so-called “Melinda” – “my emotion-screening, learning-supportive, integrated new digital assistant” (see Figure 3).


[image: Figure 3]
FIGURE 3. Final idea for a new student PDA, Melinda.


However, there are some limitations. If one aims for such a combined PDA, some technical challenges have to be considered. A text- or voice-based request analyzed by a natural language processing (NLP) system can be processed much more efficiently than would be possible for an inquiry using an ordinary GUI-based system, simply because the information sought is already implicitly represented by the verbal request. Thus, digital infobots for university admission are a consistent first use in the context of higher education (Ghose and Barua, 2013; Ranoliya et al., 2017; Dibitonto et al., 2018). However, if communication is not about a mere database request, but rather on a personal or emotional subject, it still poses a great challenge for NLP systems to derive this context from the message. Recent NLP-based frameworks approach this problem using a so-called sentiment analysis (also known as “opinion mining”) that seems to be a promising step in the right direction (Cambria et al., 2013; Poria et al., 2016).

Second, we only interviewed students at one location (University of Luebeck, Germany) from the STEM subjects. Despite the fact that the latter consisted of various sub-subjects, most of them came from studies with a more or less direct link to digital aspects (i.e., computer science), which also limits generalisability. Finally, as always with qualitative research, the data analysis depends on interpretation of the raters and is thus, despite analyzing protocols, more prone to subjectivity.

Despite several technical challenges and potentially emotional barriers, these data presented only preliminary characteristics, and we strongly believe a PDA integrated into the usual DLE of students is a feasible and useful project. We particularly value the idea of not only addressing study-related issues, but also more personal situations and emotional states. As there are already validated reliable screening instruments for psychological burdens, the challenge will be to integrate these into normal everyday conversations.

During the intensive interviews, we gained the impression that both sides of Melinda can certainly strengthen each other: On the one hand a reliable and trustworthy companion, with whom one would like to talk gladly and frequently, and on the other hand a contact person with a comprehensive knowledge of important dates and available teaching and learning material adapted to my needs. In this combination we expect for the first time a setup that has the potential to bind users permanently and to be used in the long term.

The next step thus will be to test a Melinda prototype within the actual study setting to see how students interact with such a PDA, collect some first data in a wizard-of-oz-experiment, and then develop algorithms to individually match the user needs.
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DLE
Advantages

Challenges

Stressors and Preventive Factors within DLE
Study-related
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Helpful characteristics of a DA within DLE
Must Haves

No Gos

Example/Anchor Quotation

“It's great that you can freely choose your learning environment and also plan
your time schedule independently (...) | can choose when to do what and feel
much more self-determined”. (student 1)

“Data sharing became much easier". (student 2)

“Patforms are often packed with too much information and too many functions,
(..) because the creators wanted to make sure to meet everyone's needs ..
What results is unfortunately often a confusing user interface”. (student 3)

“Idon’t have enough time to complete my assignments in a way that | would like
to hand them i (...), more elaborated, but | feel | just don't have enough time".
(student 4)

“The motivation for my stuciies was that | was really interested in science (...) - |
was S0 eager to get access to science, to that scientific environment”. (student
5

“Besides my masters, | have a side job. (...)  fellow student of mine has to work
more than 20 hours part-time besides his studies”. (student 5)

“Volleyball, twice a week and sometimes also competitions on weekends (...) |
really need sports in my free time to recharge my batteries". (student 6)

“Most likely it should be some kind of digital secretary (...) that manages your
times, dates, deadines, etc., so that you don't need to keep them in mind".
(student 4)

“Decisions should always be in the user's hands. (...) the system should have
o power to decide something for you". (student 3)
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Sample Questions

What comes to mind when you think of DLE?
Where do you see the biggest problems in dealing with DLE?

If there were a DA supporting you with your studies ~ what should and
shouldn't it be able to do?

Which situations in your everyciay lfe as a student do you perceive as
particularly frustrating?

How are you able to renew your energy (studies or everyday life)?

In which situations do you feel “burned-out?” In which situations of the
DLE do you feel “burned-out?”

What are your driving factors when you study?
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