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Introduction and Motivation for Research

As the role of technology has grown smart phones and tablet computers ensure that staying connected 24/7 is not only possible but often expected, accelerating the hype in mobile computing [START_REF] Edmondson | Next-Generation Mobile Computing[END_REF]. Since the advent of personal digital assistants, mobile devices (e.g., smart phones and tablet computers) have also been widely adopted by medical professionals. Especially for young health professionals, these devices are quickly becoming one of the main tools for accessing medical information, following the general trend: according to [2], 63% of all internet users get access to the World Wide Web via portable devices, e.g., laptop, tablet, or smart phone -with an increasing tendency; 88% of people between 16 and 24 years of age use portable devices for internet access instead of their desktop computers at home and/or at work. We may say that mobility has become an integral part of everything we do in our daily lives. With the introduction of newer and more powerful smart phones and tablets, mobile users have easy and immediate access to information everywhere and at any time, a recent discussion of the state-of-the-art can be found here [START_REF] Röcker | Smart Medical Services: A Discussion of State-of-The-Art Approaches[END_REF].

There has been a tremendous surge in the number of available mobile health technologies around the world [START_REF] Röcker | From Computer Innovation to Human Integration: Current Trends and Challenges for Pervasive HealthTechnologies[END_REF]. According to a recent study [START_REF] Free | The effectiveness of mobile-health technologies to improve health care service delivery processes: a systematic review and meta-analysis[END_REF], already in 2009 about two out of three people worldwide owned a mobile phone. A 2011 global survey of 114 nations [START_REF] Kay | mHealth: New horizons for health through mobile technologies[END_REF], carried out by the World Health Organization, found that mobile health initiatives have been established in many countries.

The most common purpose was the creation of health call centers that respond to patient inquiries. This was followed by the use of SMS for appointment reminders, the use of telemedicine, the access of patient records, measuring treatment compliance, the promotion of health awareness by conducting health surveys, patient monitoring, and creating a decision support system for physicians (see Fig. 1). Fig. 1. Overview of mobile health applications worldwide in regard to type of service [START_REF] Free | The effectiveness of mobile-health technologies to improve health care service delivery processes: a systematic review and meta-analysis[END_REF] Based on previous work and based on the success story of a previous project [START_REF] Holzinger | Design and Development of a Mobile Computer Application to Reengineer Workflows in the Hospital and the Methodology to evaluate its Effectiveness[END_REF] the primary goal of our project was to provide the benefits of such portable devices into the specific environment of emergency medicine: Every patient who requires medical care at the Department of Pediatric Surgery in Graz has to be recorded at the local medical information system (openMedocs), based on a SAP healthcare solution.

In this system every patient has his own record with a patient report for each accident, including a collection of accident data (e.g. location, circumstances etc.). As this is a burdensome additional work for the clinicians, the idea was that the patients or their chaperons fill in this data. As an added bonus, this would also involve the patient at an even earlier stage of the treatment process. Unless in cases of life-threatening injuries, patients are always required to spend some time waiting until a doctor can see them. Then they need to fill out forms and answer questions of a doctor or nurse who needs to write down the answers before the actual medical treatment can begin. This seems like a huge expenditure of time and our goal was to use the waiting period more efficiently and thereby free the doctors of work, so they can concentrate on the medical side of their profession, instead of them gathering data As an added bonus, this would also involve the patient at an even earlier stage of the treatment process. In the pigment lesion clinic this works in daily routine with excellent results [START_REF] Holzinger | Design and Development of a Mobile Computer Application to Reengineer Workflows in the Hospital and the Methodology to evaluate its Effectiveness[END_REF].

Background and Related Work

Today, the health care industry is booming, which includes the need of handling large quantities of data [START_REF] Holzinger | Knowledge Discovery and interactive Data Mining in Bioinformatics -State-of-the-Art, future challenges and research directions[END_REF], consequently, the necessity of computerized systems in the medical sector is indisputable, and much previous work is reporting on a multitude of benefits by the application of mobile computing in medicine and health care (see e.g. [START_REF] Kay | mHealth: New horizons for health through mobile technologies[END_REF][START_REF] Waegemann | mHealth: The Next Generation of Telemedicine?[END_REF][START_REF] Phillips | The effectiveness of M-health technologies for improving health and health services: a systematic review protocol[END_REF][START_REF] Juric | Towards a Low-Cost Mobile Subcutaneous Vein Detection Solution Using Near-Infrared Spectroscopy[END_REF][START_REF] Peischl | The Fine Art of User-centered Software Development on the example of Mobile Medical Apps[END_REF].

Mobile Devices

Mobile devices such as Smartphones with advanced performance properties and especially tablet computers use a touch screen as main interaction method. For this reason, the design of applications running on these devices is crucial for the success of both the application and the device and particularly multi-touch interaction poses a lot of challenges but also possibilities for the developer [START_REF] Holzinger | Multi-touch Graph-Based Interaction for Knowledge Discovery on Mobile Devices: State-of-the-Art and Future Challenges[END_REF]. The acceptance of mobile devices depends above all on their usefulness and their usability [START_REF] Harrison | Usability of mobile applications: literature review and rationale for a new usability model[END_REF]. When using such devices it is quite apparent that the limited space on their screens involves significant challenges to the developers and usability engineers [START_REF] Calero-Valdez | Task performance in mobile and ambient interfaces. Does size matter for usability of electronic diabetes assistants?[END_REF], [START_REF] Oehl | Considerations on efficient touch interfaces-how display size influences the performance in an applied pointing task. Human interface and the management of information[END_REF], [START_REF] Holzinger | Mobile computer Web-application design in medicine: some research based guidelines[END_REF]. For example, one study demonstrated that a touch-based mobile device can be used successfully within the healthcare context only if it has an appropriate design [START_REF] Sax | Tangible Information: Gestures for a Portable e-Nursing touch screen interface[END_REF]. For this reason, the necessity of usability engineering methods [START_REF] Holzinger | Usability engineering methods for software developers[END_REF] is meanwhile commonly acknowledged for the development of medical mobile devices, as several studies show [START_REF] Graham | Heuristic evaluation of infusion pumps: implications for patient safety in Intensive Care Units[END_REF], [START_REF] Holzinger | Optimization of a Handwriting Recognition Algorithm for a Mobile Enterprise Health Information System on the Basis of Real-Life Usability Research[END_REF], [START_REF] Harrison | Usability of mobile applications: literature review and rationale for a new usability model[END_REF]. Mobile devices for medical contexts must always be created with the end user in mind and pay attention to the end user's expertise with both the technology as well as the domain (context) of its use [START_REF] Valdez | Effects of Aging and Domain Knowledge on Usability in Small Screen Devices for Diabetes Patients[END_REF], [START_REF] Ziefle | Acceptance of Telemedical Treatments -A Medical Professional Point of View[END_REF], [START_REF] Ziefle | Human-centered design of e-health technologies: concepts, methods and applications[END_REF]. The specifics of mobile devices pose special challenges in design and usage when they are to be used for mobile questionnaires, especially as they include multiple questions to be answered. Although several studies have already targeted this subject, e.g., [START_REF] Richter | Mobile Computing instead of paper based documentation in German Rheumatology[END_REF], [START_REF] Brewster | Multimodal'eyes-free'interaction techniques for wearable devices[END_REF], [START_REF] Lam | Effective display of medical laboratory report results on small screens: Evaluation of linear and hierarchical displays[END_REF], [START_REF] Arhippainen | Empirical evaluation of user experience in two adaptive mobile application prototypes[END_REF] and some solutions have been developed, there are no known tutorials on how to best develop mobile questionnaires as of yet. However, a user experience evaluation has found that the four most important things to keep in mind when developing questionnaires for mobile devices are the small screen size, the data entry method and interaction style, the mobile context, and the chosen implementation for the questionnaire [START_REF] Väätäjä | Mobile questionnaires for user experience evaluation[END_REF].

Mobile Devices in Hospitals

There are several studies and reviews about the implementation of mobile computing in hospitals, including [START_REF] Brewster | Multimodal'eyes-free'interaction techniques for wearable devices[END_REF], [START_REF] Prgomet | The Impact of Mobile Handheld Technology on Hospital Physicians' Work Practices and Patient Care: A Systematic Review[END_REF], [START_REF] Holzinger | Typical Problems with developing mobile applications for health care: Some lessons learned from developing user-centered mobile applications in a hospital environment[END_REF], [START_REF] Charlotte | Evaluating the deployment of a mobile technology in a hospital ward[END_REF], [START_REF] Jen | Mobile information and communication in the hospital outpatient service[END_REF], [START_REF] Skov | Supporting information access in a hospital ward by a contextaware mobile electronic patient record[END_REF], to mention only a few. The study of [START_REF] Brewster | Multimodal'eyes-free'interaction techniques for wearable devices[END_REF], e.g., gives a comprehensive picture of how to integrate handheld devices into health care and the possible applications of PDAs. Previous studies have clearly shown that the users' information satisfaction resulting from the use of a mobile electronic medication administration record is significantly higher than that observed with the benchmark paper-based workflow, see [START_REF] Geiger | A computerized system to facilitate medical record abstraction in cancer research (United States)[END_REF], or [START_REF] Hsieh | Design and implementation of web-based mobile electronic medication administration record[END_REF].

Touch and Gesture Inputs

In recent years, the use of gestural interface technology has become much more frequent in mass consumer products, especially products such as the Apple iPhone or the Nintendo Wii videogame console; both can be regarded as pioneering examples of this technology. An ever increasing number of consumer electronics manufactures have developed gesture control elements and included this technology in a whole range of mobile electronic devices such as laptops, cell phones, PDAs, remote controls, navigation systems, and digital cameras. It is not surprising that there are studies about, for example, the Nintendo Wii Remote Controller and its use in the area of e-Teaching. One study shows the design and development of a low-cost demonstrator kit for the Wiimote [START_REF] Holzinger | Intuitive E-Teaching by Using Combined HCI Devices: Experiences with Wiimote Applications[END_REF]. It concludes that gestures can enhance the quality of learning processes for children by adding another layer to the instructional discourse. Communication is not restricted to verbal speech and language alone. One cornerstone of human interaction lies in non-verbal communication, parts of which are gestures that are used to complement verbal messages.

Other studies indicate that touch interfaces and their use are much more natural to users than other input devices such as mouse, touchpad or trackball [START_REF] Holzinger | Finger Instead of Mouse: Touch Screens as a means of enhancing Universal Access[END_REF], [START_REF] Siek | Fat finger worries: How older and younger users physically interact with PDAs[END_REF], [START_REF] Holzinger | An Investigation of Finger versus Stylus Input in Medical Scenarios[END_REF]. An added benefit of touch-screen devices is the easier maintenance in terms of cleanness and hygiene. A flat screen is much simpler to swipe clean and disinfect than the movable parts of the other input devices, an important aspect for the use in a hospital.

Experiment

The field of application for the questionnaire developed by us was the emergency department of the pediatric surgery in Graz. A mobile questionnaire can add value by replacing handwritten documentation, thereby providing more accurate and complete documentation with less risk of transcription errors or legibility issues. For this work, not all the features of a tablet PC were utilized, because only a single application, namely our questionnaire, was run on the device. In this specific case, we could not draw on literature or previous studies about the best screen size, the ideal weight, or the optimal battery life for effective handling in a hospital scenario. There are no such sources yet. The only way to come to a definite solution as to which device is the best for the use in such an environment is to test possible candidates in real life. We began our test phase with an iPad as input device.

For this work, the handling, the practicability and the ease of use was most important. Especially, as an emergency department is a place of urgency and hectic activity, meaning cumbersome equipment or difficult or hard to use software defeat the purpose of easing the workload and providing quick and accurate information.

Additionally, we designed this application with the idea that filling out the questionnaire should also provide the patients with a simple task to calm their nerves and help bridge the time spent waiting for the doctor to see them. Due to the fact that it is the pediatric surgery, also elements of play were under consideration, to keep the motivation for the input of the data.

System Architecture

For the experiment, a web application for tablet computers was developed. To understand the whole system, it is important to have a short look at the technical environment. In order to display heterogeneous IT-systems of numerous hospitals, a system was developed by the Styrian healthcare organization (KAGes) and governing body of Styrian hospitals. This countrywide hospital information system (HIS), called openMedocs , is a customized software product designed by the commercial company SAP. The core of openMedocs is the electronic patient record (EPR) system which is used for patient management. All documents and patient data are stored in this system.

Because very sensitive information about every patient is stored here, there has to be high data security, guaranteed by strict privacy policies [START_REF] Weippl | Security aspects of ubiquitous computing in health care[END_REF], [START_REF] Kieseberg | Protecting Anonymity in the Data-Driven Medical Sciences[END_REF]. Due to this fact, the questionnaire for the patient reports cannot be easily integrated in Medocs. Consequently, the questionnaire is designed and developed completely autonomously.

Therefore, the questionnaire will be a stand-alone system which operates only on the frontend side. For that reason, all necessary data for the development of the questionnaire, i.e., the questions, the answers, the structure, and the logical interconnection, are stored locally on the tablet.

User Interaction

The user interface of the tablet application was designed with the future users (parents or guardians and children) in mind. The visuals are based on the corporate identity of the clinic called "Bärenburg" (German for "bears castle", which is a child safety house, built as a center for injury prevention adjacent to the pediatric surgery) and have a child-friendly user interface with large text buttons (see Fig. 2). The interaction with the system is based on a linear sequence of questions that need to be answered one after another. The user fills in the questionnaire to record the individual accident data and then finishes the data input. After all the questions have been answered, the completed questionnaire is transferred into Medocs, the hospital wide enterprise hospital information system. The integration of the patient data into the hospital information system is based on an existing system from cancer research [START_REF] Holzinger | Design and Development of a Mobile Computer Application to Reengineer Workflows in the Hospital and the Methodology to evaluate its Effectiveness[END_REF]. Therefore, the same XML interface as the technical protocol can be used so that the data collected from the questionnaire can be transferred directly into the Medocs-System via remote function call. The XML file contains all the patient's answer as well as the corresponding questions. All the obtained information is then stored in Medocs and the medical personnel, i.e., doctors and nurses, have access to the data of each patient at any given time and any place in the clinical workplace (see system architecture in Fig. 3). 

Test Users

As the application is used in a pediatric surgery, the target test users of this questionnaire are young patients and their escorts. With both injured children and their chaperons as users of this interface there cannot be any restrictions as to age or computer experience. All users were inexperienced with the system in the test.

The test subjects were acquired from patients visiting the pediatric surgery in Graz. The test was conducted on three days per week and but only with patients who were there for a second checkup. This was done to avoid the stressful situation of the initial visit to the hospital. Nevertheless, only about 10% of the persons approached agreed to participate in the experimental procedure. A total of 58 patients tested the system in the real-world. In this study, the test users were both adolescents and parents.

Collecting Results and Procedure

The field of application for the developed questionnaire is the emergency department.

Here, the medical personnel needs complete, accurate, and quick information about the patient and the circumstances that brought them there. An electronic questionnaire on a mobile device can provide this by preventing the possibility of skipping questions and also uploading the information into the hospital system, thereby enabling the doctors or nurses to instantly access and, if necessary, edit the data. For this work, only the handling and easy practicability were studied. The system was tested in two trials. The first trial was used to identify possible usability problems with the questionnaire tool. For this purpose, the system usability scale (SUS) was used. To avoid cross-over effects of device usability and usage context, the first test was conducted with demo-data (gathered from a database of previous examinations) but real patients that came into the clinic for additional checkups. The results from the initial trial were then used to restructure the survey tool before the real life test. This real life test was also conducted in the pediatric surgery but with current cases. An iPad was handed to the patients prior to the doctor's visit. This was not only done to collect data but also to bridge the waiting period of patients. Results were established as qualitative data. Additionally, the SUS was measured again to ensure the changes to the application from the first trial were actually improving the system.

No task set was defined for the real test. It was necessary to collect actual patient data of real cases to test the usability of the system accurately.

Results

The improvement of the prototype after the first trial was in general successful. Before the improvement, the questionnaire tool showed a SUS score of 54.4%. Scores under 60% represent major usability issues according to [Fehler! Verweisquelle konnte nicht gefunden werden.]. In the following iteration of the test, with an improved version, the score increased to 72%, which is a considerable improvement but still below the acceptable benchmark of approximately 80%. The individual results of the SUS can be seen in Fig. 4.

While most of the usability items yielded better results in the real test, two items dropped notably below the initial assessment of the pilot test. The first one, and also the strongest perceived hurdle of the mobile questionnaire, was the use of the system without assistance from an expert (question 4 -"I believe I require help when using the system."). This was followed by the assessment of the overall complexity of the topic at hand (question 6 -"I find answering these questions hard."). Beyond the quantitative results, qualitative observations of the whole procedure were recorded. The following paragraphs report the findings from these observations.

Qualitative Observations

During the trial, several observations have been made about the general usage as well as the practicability of the mobile device in the environment of a hospital's emergency room. Due to agitation, anxiety, confusion, the continuous arrival of new patients as well as departure of already treated patients, the mobile solution showed several disadvantages during the experimental testing phase in real life.

Keeping track of tablets and incidental theft.

Because new patients continuously arrive in the hospital, waiting patients are called into the doctor's office, or patients leave the emergency room after the treatment, it is very difficult to keep track of the distributed tablet computers. Although the secretary or nurse can hand the device to a particular patient, it is not impossible for another patient to take over the device after the initial patient has completed the questionnaire, and begin a new data entry session. The resulting constant change of persons handling the device and people moving around also makes the accidental removal of a tablet from the waiting room easier, either by absentmindedly bagging it or by taking it into another room of the hospital. Keeping track of the tablets is further challenged by the fact that many people bring a tablet or mobile device of their own to use while waiting in the anteroom or reception area.

Falling down.

A very big problem of the mobile solution is the possibility of the device falling down or being dropped. The tablet PC will be used in the department of pediatric surgery, a very hectic and chaotic environment. There are many children who cannot remain in their seats or fidget restlessly, particularly in a stressful and more than likely unfamiliar environment like a clinic. That plus medical personnel rushing between rooms due to emergencies or children running around increase the risk of a device being damaged by a drop to the ground.

Getting wet.

Due to the chaotic environment it is also easily possible that liquids might be spilled on the device. Especially in the pediatric hospital, there are always drinks present, mainly to soothe the young patients. Within the hectic environment and stressful situation of a visit to the emergency room, the frequency of the drinks being dropped or spilled is quite high. Additionally, hospitals, and in this case especially surgical or emergency departments, do have handle and deal with larger quantities of either liquid medication, e.g., infusion bags or bottles, or even bodily fluids, e.g., blood from an open wound. All these factors carry a high risk of the portable device being damaged by liquids.

Usage context.

The flurry of activities and worry of the guardians and patients was a major obstacle when handling the device. In a stressful situation like the aftermath of an accident, participants were not able to concentrate on using a touch screen-based questionnaire tool. Hurting kids crying and wanting to be soothed presented a major hindrance for using the device. Additionally, as soon as the doctor called in a patient, the questionnaires were abandoned and left incomplete as patients rushed into the doctor's office. Another disadvantage in this usage context is the small display size. With the application being designed mainly for children, i.e., using a larger font size, pictures, and big buttons, the presented text had to be short to avoid scrolling or overloading the screen. For an initial anamnesis and case history given by the patient, as was the idea behind this project, mobility is not a necessity in the end.

Discussion

Because in primary care, children, young people, and especially their guardians and chaperons are always under pressure, highly stressed, or even just concerned, we have decided to test our prototype only on patients who have come into the pediatric surgery for follow-up examinations. To advise children and their parents of the questionnaire, and to minimize inhibitions against this new system in the test run, they were assisted by a staff member of the Centre for Accident Research, in our case a pediatric nurse. Although this employee actively went to the patients and their parents and asked them to complete the questionnaire, only 10 percent actually did so.

In order to provide a complete collection of accident data and to permit the attending doctors to know how the accident happened shortly before the actual treatment, it has to be ensured that each patient fills out the questionnaire in the waiting room of the emergency department as completely as possible and to the best of their knowledge. However, as we have seen in the evaluation, both the children and young patients themselves but especially the accompanying persons, mostly parents, are too anxious and panicked to ultimately do so.

Conclusion

With the increasing spread and general usefulness of mobile devices, we had the idea to employ them in the context of initial patient assessment in an emergency room.

Here, they were meant to gather important information about the patient and the accident as well as try and help shorten the waiting time by distracting the patients and their attendants.Medical doctors and nurses work in an environment that requires high mobility. The usefulness of handheld computers in the field of medicine is respected, even among patients. Consequently, it is not astonishing that mobile devices are already frequently used in medical care scenarios. Therefore, the new interface developed for this work should be implemented on a tablet computer. Inspiration for this project came from the successful implementation of a mobile solution in the dermatology clinic in Graz, a project in which a method was implemented that collects data by patients filling out a questionnaire on a touchscreen device. For this work, we then developed mock-ups for a mobile device and tested the idea in real life scenario. During the test phase, we found that in this case scenario a mobile solution is not the best option. These results support the opinion of the medical staff, confronted on a daily basis with the hectic environment of the ER, who also advised against a mobile solution. For future applications of the questionnaire tool, a kiosk-based solution should be implemented, allowing the guardian to hold their child while clicking on the touch-screen solution (see Figure 5). The initial observations show that a non-mobile solution in this context is far superior to a mobile device. Furthermore, a standardized system can improve the data quality in patient records, but it must not necessarily be done by the patient alone; a cooperative usage of a questionnaire system with a doctor is feasible. We can conclude, that in the hectic and turbulent environment with crying children around, a mobile solution is neither useful nor usable and poses a lot of unsolvable problems: mobile computing is not always an advantage in the hospital-world. 

Limitations

The validity of the experiment can be challenged from a methodological and procedural angle. First comparing the results of a second return with an initial visit to the hospital is questionable. The idea to test in the second return of the patient came up, when patients were completely unwilling to take part in the study during the initial stressful visit after an accident. Not all patients necessary come back for a second visit, rendering the device non-useful for those who don't. Having an assistant direct you to a device but not assist you might also lead to patients aborting the test. In general one must assume that only patients (or chaperons) that felt comfortable using the device completed the trial. This might also lead to positively biased results in the evaluation. Nonetheless these biases strengthen the central statement of this paper rather than contradict it. No influence of the doctor's opinion of the device must be assumed, as usage was performed before meeting with a doctor.
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 2 Fig. 2. Questionnaire screen shot of one version of an early prototype
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 5 Fig. 5. Kiosk-based solution of the questionnaire tool. A mother and her child use the system in the waiting room

Acknowledgements. We are grateful for the support of Graz University Hospital, particularly for the support of the Bärenburg and of all the medical professionals of the pediatric surgery team and technical support of the IT-Services department of the Styrian Hospital. We would also like to cordially thank all anonymous reviewers for their effort and insightful input on a previous version of this paper.