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INTRODUCTION

Nowadays a lot of smartphone based apps, such as Apple "Home Kit", BMW "Connected", and assistive devices, such as Amazon "Echo", exist to help users with their mobility planning. Most of the existing assistive solutions are remarkable at their core capabilities. Research in the field of humanoid robots is also ongoing. Such robots can help, for example, with household tasks and assist in mobility for elderly people. Such solutions can offer an easy way to assist a user completing tasks. However, from a holistic point of view, a large number of assistants might be overburdening, e.g. looking up all possible information sources before leaving the house in the morning to be well informed. Also, handling remotely controled devices can create cognitive load. Both can be time consuming and can cause stimulus satiation.

One possible way of avoiding such satiation could be a crossdomain capable personal assistant. Such a personal assistant could combine several data sources and controls in order to assist the user reliably and pro-actively throughout the whole day based on the user's habits and needs. A first step into daily mobility planning and pro-active user notification has been done by Google with the smartphone-based app "Google Now". Also, BMW has presented the "ConnectedMirror" as a pro-active personal assistant in 2016 to provide the user with useful information in terms of mobility options when leaving his home as well as smart home automation and car pre-conditioning. Nevertheless, such personal assistants are still rather limited in their possibilities and functions.

The users aren't aware of their demand of assistive features in particular. This circumstance makes examination of user demands difficult, especially when examined only with a questionnaire. This is why a prototype-based survey can be more valid, but it only examines statements about the developed features. Needs about other, not yet implemented assistive features, remain hidden. Studies consisting of both, questionnaires and (real-world) applications tend to gain better evidence about the users demands in term of useful assistance in daily life [START_REF] Burke | Toward a definition of mixed methods research[END_REF].

What particular kind of assistance does the user really need? What information is most beneficial for the user in which situation? In this paper we examine these and other questions about possible personal assistants with cross-domain knowledge and functionality based on three consecutive user-centered studies -two questionnaire-based and one prototype-based. Summarizing, the main contributions of this paper are as follows: (a) identifying dissatisfaction in daily personal assistance; (b) examination of assistive features for actions of daily living; (c) insights about eligibility of a smartphone based personal assistant.

RELATED WORK

During the last 25 years, several generations of artificial intelligence systems evolved. In the beginning, expert systems were highly researched. Now, context-based intelligent assistant systems are very promising to empower personal assistants [START_REF] Brézillon | From expert systems to context-based intelligent assistant systems: a testimony[END_REF]. In [START_REF] Rj Keeble | Assistant agents for the world wide web intelligent interface design challenges[END_REF] Keeble et al. argue about "intelligent" or "adaptive" user interface designs. Their framework is able to compute cross-domain data and interact with its environment to automate daily internet tasks. One conclusion is that the emphasis in the user interface should be on adaptation, leaving intelligent behaviour to the user. Different methods are possible for investigation of the demands and needs the users have towards functionality and user interfaces of assistive devices.

One method to do so are surveys. Bhattacharya et al. [START_REF] Bhattacharya | Ma$$iv-An Intelligent Mobile Grocery Assistant[END_REF] investigate adaptive user interfaces and natural language processing using a paper-based survey. Horzyk et al. [START_REF] Horzyk | An Intelligent Internet Shop-Assistant Recognizing a Customer Personality for Improving Man-Machine Interactions[END_REF] investigate in the same topic but extended their survey with a prototype. A shop-assistant is created based on a chatbot that adjusts reactions to human needs, acting similar to a real world shop assistant. The key is the automatic human personality recognition system. In [START_REF] Rocznik | Towards Identifying User-Centered Requirements for Smart In-House Mobility Services[END_REF] the authors tackle the challenge of wellfounded requirements for smart in-house mobility services with a survey (N = 158) and identify the lack of availability of mobility-centered information as one of the pain points regarding mobility-centered information at home. Simulation, based on real-world assumption is also a possibility to explore demands and needs of a user as shown in the following research. Since coordination and personal assistance in groups is a challenging and highly researched field, Nourjo et al. [START_REF] Nourjou | Introduction to spatially distributed intelligent assistant agents for coordination of human-agent teams' actions[END_REF] recently introduced a spatially distributed intelligent assistant agent system to coordinate teams in terms of earthquake emergency response. Coordination of teams is optimized by allocating tasks in time and space efficiently and is shown by simulation. To support the elderly in singlehouseholds and improve productivity in their daily tasks, research in [START_REF] Yamazaki | Home-assistant robot for an aging society[END_REF] focuses on a life-sized humanoid robot. The aim is to develop an autonomous integrated software system running a robot that is able to discover its environment, track objects and perform manipulation tasks in a household.

To get insights about usage of a concrete implementation of a functionionality, prototype based evaluation can be used. So did the authors in the following study to get quantitative data: the additional benefit of adaptive user interfaces is shown in [START_REF] Richard | MailCat: An intelligent assistant for organizing e-mail[END_REF], where adaptively classifying and sorting e-mails results in reduced time and cognitive burden. An Android based intelligent multi-agent memory assistant is presented in [START_REF] Costa | An intelligent multi-agent memory assistant[END_REF] to assist people memorizing their activities and events to antagonize effects of dementia and overcome their cognitive limitation. Coronato et al. focus their research in [START_REF] Coronato | A multimodal semantic location service for intelligent environments: an application for Smart Hospitals[END_REF] on semantic integration of different positioning systems. Their framework uses ontologies and rules to provide both physical and semantic locations. This is an important step towards context-aware personal assistants within smart home environments. Locating and monitoring user actions, vitals, symptoms and safety, is essential to understand upcoming needs and to support the user. Mild walking impairments are examined in [START_REF] Zhou | An intent-based control approach for an intelligent mobility aid[END_REF]. The authors try to recognize and predict upcoming multimodal user actions to provide pro-active walking assistance by a robot.

Additional consideration of user statements can lead to a more user centric solution. Thus, in the following studies the prototype-based research is extended with a pre/post survey: efficiency of group collaboration is researched in [START_REF] Ko | Lock n'LoL: Group-based Limiting Assistance App to Mitigate Smartphone Distractions in Group Activities[END_REF]. The aim is to create a smartphone based assistant to reduce distraction by limiting smartphone usage. A large-scale user study has shown that their developed app Lock n' LoL could raise the productivity in group activities. Alnosayan et al. [START_REF] Alnosayan | MyHeart: An intelligent mHealth home monitoring system supporting heart failure self-care[END_REF] try to understand a user's fitness within a smart home environment and give encouraging notifications to the user about self-care. Pro-active support in daily tasks is also a highly researched topic when it comes to smart homes. Wang et al. [START_REF] Wang | Performance evaluation of the personal mobility and manipulation appliance (PerMMA)[END_REF] go one step further and develop an assistive wheelchair with two dexterous robotic arms. This smart wheelchair can be controlled in a local and cooperative mode and help severe physicaly disabled users to perform mobility and manipulation tasks during basic activities of daily living. For a better understanding why users somehow abandon certain assistive functionalities in smart domestic environments, a long term study is performed in [START_REF] Maartje De Graaf | Why Do They Refuse to Use My Robot?: Reasons for Non-Use Derived from a Long-Term Home Study[END_REF]. Results show that different user groups have their own unique motivations and reasons for their resistance, rejection, or discontinuance of the use of the assistive functionalities.

In [START_REF] Cesta | Psychological Implications of Domestic Assistive Technology for the Elderly[END_REF][START_REF] Cortellessa | A Cross-Cultural Evaluation of Domestic Assistive Robots[END_REF] the authors focus on elderly perceptions of interaction with assistive robots and smart domestic environments. To evaluate the users' perceptions of an assistive robot, the authors designed a video-based methodology, where eight movies of a robot performing actions were shown to the participants instead of a live performance. They conclude that the perceived benefits are highly dependent on complex relationships between the cognitive, affective and emotional components of people's images of a robot, besides the practical benefits they provide.

The mentioned research mainly focuses on assistance within one specific domain. To get assistance in different activities of daily living, a user needs to fall back to several different solutions. With respect to usability, a holistic cross-domain solution would be more user-friendly and convenient for daily activities. Hence, Sun et al. investigate a smartphone based crossdomain personal assistant that is able to discover users' highlevel intentions and therefore assist in tasks by actively sug-gesting apps [START_REF] Sun | An intelligent assistant for high-level task understanding[END_REF]. Our research is based in this cross-domain sector and focuses on user requirements towards a personal assistant for daily mobility and activity needs. It consists of three studies, which are a combination of several online-and prototype-based surveys.

METHOD & EVALUATION

To examine the question about requirements in terms of a personal assistant for daily mobility and activity needs, we have designed a mixed method study. We conducted three consecutive surveys. The results of the first survey were used as the basis for the second survey, and the outcome of the second survey served as the basis for the third survey. Each questionnaire begins with the recording of personal information (demographic data, personal daily mobility and commuting distance and time) and informed consent.

First Study: Identifying Needs Method

The aim of the first study was to identify possible deficiencies in daily personal mobility and activity needs in order to create a foundation for the potential range of functions. The study was conducted via an online questionnaire. The participants were recruited within family, friends and the university in the area of Tübingen, Germany. No compensation was offered. A total of 23 participants (13 female, 10 male) took part in the study. 14 are students of different science majors followed by nine employees in automobile and other industries. The ages of the participants ranged from 18 to 56 years (M = 30.22, SD = 12.69). The average daily commuting distance was 25.65 km (SD = 21.91) which takes 64.26 minutes (SD = 31.4) on average. The following means of transportation were used by more than 52% of the participants to commute between destinations (multiple nominations were allowed): car, bus, train, bicycle. Going by foot and/or motorbike were indicated by under 9% of the participants. After the questions about personal information, the participant was asked about challenges in open questions, while commuting on a daily basis. Subsequently, the five most relevant challenges were chosen and rated using four 5-point-Likert scale [START_REF] Likert | A technique for the measurement of attitudes[END_REF] questions concerning the participant's opinion in terms of periodicity, time consumption, annoyance and possibility of avoidance.

The last part of the questionnaire examined the desired assistance of a personal assistant with regard to daily mobility. The participants were asked to imagine what kind of information should be displayed and/or actions triggered by a smartphone based personal assistant before and during a commute.

Results

For the quantitative analysis of the data, the software IBM SPSS (version 24) was used. Based on the participants' statements, the qualitative data has been categorized for each section of the questionnaire. The defined categories for the deficiency in daily personal mobility are

• traffic situation: congestions, too much traffic, construction sites, long traffic light phases, blocked streets due to parked cars, obstacles due to agricultural machines, garbage collection, pedestrians, bicyclists,

• disturbances in the local public transport: delays, cancellations, crowded trains/busses, long connecting times, missing the connection, train strikes, irregular timetables,

• weather consequences: unsuitable clothing, forgetting an umbrella,

• car usage: bad and inattentive drivers, violations of the rights of way, long search for a parking spot and resulting long walking ways and time issues, low sun,

• bicycle usage: not enough bicycle stands, pedestrians on the cycle path, bicycle maintenance, poor cycle paths,

• time management: departing too late, getting up on time, finding the right departing time in order to arrive in time,

• miscellaneous: forgetting appointments or important objects, poor track conditions, unexpected behaviour of other traffic participants, empty wardrobe or fridge, uncharged smart phone.

For the desired assistance we found the following categories using IBM SPSS (version 24):

• traffic situation information: congestions, construction sites, accidents, road closures, events, speed limits,

• local public transport information: delays, disturbances on the route, bus/train schedules, connection possibilities, current position of the planned bus/train,

• weather information: on the route and arrival point, sudden changes,

• general mobility: transport recommendations, expected travel and arrival time, length of the route, navigation, useful and fast directions, current schedule, current position, alternative routes,

• automotive connection: technical information, parking possibilities, parking spot reservations, park&ride, carsharing,

• calendar: determine departure times in order to arrive in time, appointment reminders, appointment organization,

• smart-home: information about the temperature at home, operating the home intercom, backup home server, automatic start of cooking devices, operated electric devices, displayed contents of the fridge,

• bicycle connection: displayed information on the speedometer, maintenance tips,

• e-mail and smartphone messages,

• miscellaneous: online banking, automatic ticket purchase when getting on the bus/train, show free WLAN, emergency call, task list for the day, entertainment.

The categories were sorted by the frequency of their nominations. Most participants considered unexpected obstacles during the ride, such as congestions or train cancellations, to be the biggest problems in their everyday life. In order to solve the resulting time management issues, the personal assistant was desired to give a detailed overview of the route to be travelled. Additionally, possible applications of the personal assistant were seen in non-travelling contexts.

Second Study: Features of a personal assistant

Method

The second questionnaire was online based as well and designed on top of the evaluated results of the first survey. The aim was to determine demanding features of a personal assistant. The participants again were recruited within family, friends and the university in the area of Tübingen, Germany, without any compensation offered. A total of 17 participants (12 female, five male) in the age ranging from 18 to 54 years (M = 29.41, SD = 11.33) answered the survey. Nine were employed (three in automobile industry, two in administration, four in other industries) and eight were university students (five computer science majors and three other majors). Daily commuting distance average was 35.71 km (SD = 29.96) which consumed on average 83.34 minutes (SD = 47.79). About 65% go by car and/or bicycle (48%) followed by bus (35%), train (29%) and foot (23%), 6% use a motorbike.

Collection of demographic data was followed by an introduction about the survey. Subsequently, the participant was presented a scenario and had to rate 37 possible functions about general mobility, car usage, public transportation, time management and daily activities, smart home and miscellaneous topics. Each mentioned section of the questionnaire was derived from the first study and describes possible assistive features of a smartphone-based personal assistant. To be able to classify the user within a five factor polarity profile, each proposed feature is followed by four questions taken from a subset of the "User Experience Questionnaire" [START_REF] Laugwitz | Construction and evaluation of a user experience questionnaire[END_REF], probing the participants' opinion about attractiveness, efficiency, stimulation and novelty. The sequence and polarity was chosen randomly for each question. To allow the participants to state additional features, a free text field was given at the end of each section. The last part of the questionnaire probed the users' opinion about the desired level of information (seven statements) and usage (four statements) of a smartphone-based personal assistant again on a 5-point-Likert-scale. The survey ended with open questions about usefulness of the presented features and a task about sorting the top level feature categories by relevance.

Results

We analyzed the quantitative data using the statistics program R (version 3.2.4). The sections general mobility, car usage, public transportation and time management were rated mainly positive whereas smart-home and misc. were seen as less important (see Fig. 1). Especially those functions that should already be known by the participants from common navigation, organization or calendar apps were rated generally more positive than uncommon functions. Common functions are, for instance, current incidents on the route (see Fig. 1a), duration and estimated time of arrival (see Fig. 1a) and important dates (Fig. 1d). Uncommon functions are, for instance, autonomous ticketing (see Fig. 1c) and context-aware point of interest suggestion (Fig. 1f). The latter function was rated as stimulating. Similar results were found with respect to the ranking of the top level feature categories.

The functions regarding the weather situation, transport choice, smart home, time management, e-mails/messages and reminders were mentioned as being extremely beneficial by one part of the sample, the very same features were rated notably futile by other participants, as indicated by the standard deviation in Fig. 2.

As it can be seen in Fig. 2, the average opinion of all participants shows, that it is important that the personal assistant solely notifies the user when changes or deviations from the initial plan are detected. Besides, exclusively the information that is relevant for the current situation should be communicated. Making decisions autonomously without requiring the user's confirmation is a feature a personal assistant should not have at all.

Although the average opinion of the participants stated that the personal assistant covers every domain of their daily life. Such a personal assistant could mean a clear support, even if they probably wouldn't use all of those function (see Fig. 3). However, the participants expected to use such a personal assistant regularly.

Third Study: the Prototype Method

For the third study design, we had depicted possible features of a personal assistant in terms of positivity, negativity and controversy from the results of the second study and created interactive mockups demonstrating these. The third study was performed as an interview and focused on probing the practical acceptance and ease of use of a limited personal assistant prototype. All participants (N = 9) were recruited within Beginning with the interview, every participant was verbally introduced into personal assistant as the main topic of this survey. Four interactive mockups from the fields of smart home, public transportation, ticketing and miscellaneous were designed by us and examined by each participant. All use cases were examined using a PC and a mouse. For each use case, the participant received an introduction and a task that had to be solved using the specific mockup prototype, for instance, a smart home use case, where the user had to answer the person ringing the door bell as shown in Fig. 4. During examination of each use case the user was asked to comment, not limited to yes/no statements, each interaction aloud based on the following statements from the "System Usability Scale" [START_REF] Brooke | SUS-A quick and dirty usability scale[END_REF]:

• I think that I would like to use this system frequently

• I found the system unnecessarily complex

• I thought the system was easy to use

• I thought there was too much inconsistency in this system

• I would imagine that most people would learn to use this system very quickly

The use case sequence was randomized for each participant.

Figure 4: Interactive smart home mockup: the participant was asked to find out whether the parcel service had arrived or someone else.

Results

In this study the comments of all participants were sorted regarding the valence and grouped by their gist. We also measured the performance of each participant for every task in terms of #errors made and #assistance needed.

In terms of below average results two use cases were taken from smart home examples. First, the user was asked to identify if the parcel service had rang the door bell, as depicted in Fig. 4, and in the second scenario to let temperature increase in the living room to 23°C automatically at 8pm using a similar interactive prototype. Both use cases were solved by the participants without errors or assistance. Nevertheless, the majority of the participants expressed concerns about security and daily usage of smart home functionality.

An above average rated use case was taken from public transport: we asked the participants to buy a train ticket using the personal assistant prototype. The automatic ticketing use case was rated above average in the second study, regarding the dimensions attractiveness, efficiency and novelty (see Fig. 1c). But it was not further explained, so we decided to examine two different versions of an automatic ticketing functionality. Version 1 displayed a dialogue on the smartphone prototype asking the user if a ticket should be bought while sensing an upcoming commute by train. Version 2 bought the correct ticket in this situation automatically without asking for permission but notified the user about the purchase. Both versions were rated by the participants as not complex and could be solved without errors or assistance. However, the fully automated version 2 of this use case was generally rated negative and not desirable whereas the majority would like to use version 1 in case of time pressure. Those insights confirm the second study results shown in Fig. 3. However, we are still not sure about the demand of this functionality.

The controversially use case is about nearby points of interest and taken from the category miscellaneous. The participants were asked to find the next gym while on the way home, preferably without making a detour (see Fig. 5). This task was rated as not complex and could be solved without errors by the par- ticipants. Two participants needed assistance to solve the task. This use case was only rated moderately in the second study regarding the dimensions attractiveness, efficiency and novelty (see Fig. 1f), which was also evident in this examination. Many navigation apps were already able to suggest point of interests (POIs) at the route while the user is travelling. The majority of our participants had stated that they don't have any demand for this functionality, since they either know the relevant points of interest on their routes or look up the necessary information in advance at the computer.

In general, none of the participants had severe problems to solve the given tasks except for the last use case, but some have noted that elderly people with less smartphone experience could find the usage of such a personal assistant cumbersome. Regarding the results we have shown a partially differentiated user opinion comparing the second and the third study. One reason can be the interview-based method combined with an interactive prototype in the third study: the participants verbalized each thought and answered individual questions by the interviewer.

GENERAL DISCUSSION

The results suggest that most of the functions developed by the participants' daily challenges are already realized in common existing apps and therefore rated rather positively. Besides, range of different possible functions is still demanded by the participants. In a next step it could be interesting to what extent those functions can be summarized in one single useful application.

The second study revealed in particular that users don't want to be overwhelmed with redundant information or notified periodically, but solely know the right things for the right situation. Besides, the users indicate that they are not willing to relinquish the final control to the assistant e.g. by allowing the execution of critical actions like the purchase of tickets. Thus, we replicated the previous findings of Brehm et al. [START_REF] Sharon | Psychological reactance: A theory of freedom and control[END_REF] and Samson et al. [START_REF] Samson | The behavioral economics guide 2017[END_REF] who stated that an intelligent assistant must not patronize its user. The personal assistant should be there in order to make appropriate suggestions but still enabling the user to decide consciously which functions he or she wants to apply.

Another finding that appeared in the nearby point of interest use case (third study) is that users actually don't want to be supported by the personal assistant in every single situation. Apparently, the demand for help depends on the whole context in which the user is situated right now. For instance, it is not necessary to automatically navigate the user verbally when the route to be travelled is well known (e.g. the way home after work). However, in the case of sudden unexpected disturbances or in unknown environments (e.g. on holidays), the user wants to be guided. Therefore, the personal assistant should be very flexible and should always take the specific context of its user into account.

As a limitation of the presented studies, the small sample size only allows limited generalization of the results. However, since a personal assistant should appeal to a wide range of users, a diversity within the sample is desirable. With respect to the age, profession and driving behaviour, this requirement was given in every single study. Nevertheless, the results indicate that it is quite challenging to develop a personal assistant that is used by a heterogeneous group of persons in every possible functionality. Thus, it could be more reasonable to augment the range of functions and let the user decide which function he or she wants to apply. This would certainly mean more effort for the user, hence, at first every possible function has to be examined in order to find the personally relevant ones. So an easier solution could be a target group oriented personal assistant with its function range being customized for the respective target group (e.g. students, parents etc.). One could also imagine a conjunction of the two approaches: the functions could be taken together in profiles, which manually or automatically (e.g. day-respectively time-dependent) can be activated or deactivated as needed with minimal effort.

The presented surveys depict an important basis for further studies. For the next stage it would be most suitable to create and evaluate a functional real-world application in order to gain helpful application-based results.

CONCLUSION

To determine the users' needs and requirements in terms of a personal assistant we have performed three user-centric surveys to probe the current dissatisfaction and the desired assistance in specific situations. For the last survey, we created four scenarios using smartphone mockups based on insights of the first two surveys and asked the participants to solve the given tasks in terms of intelligent assistance. Regarding the results, it is challenging to design a range of functions that support any kind of user in any kind of situation. Hence, a personal assistant should contain various functions and at the same time has to be personalizable in order to fit best to its user's needs. Various designs are imaginable for a personal assistant but should be chosen depending on the target field of application.

Once the right what -i.e. the range of functions -is determined, it is inevitable to investigate the right how -i.e. the interaction with the user -in order to enable the optimal sup-port. Only if the user feels connected to the assistant and likes to use its features, a useful personal assistant would have been created. Thus, one aim of future studies should be how the participants desire the interface with the personal assistant to be and what modalities (for instance, visually or auditively) they would prefer to interact with.

Summarizing the results, we can state overall positive user ratings regarding the dimensions of attractiveness, efficiency and stimulation for general mobility, car usage, public transportation in terms of information delivery, e.g. schedules, traffic, parking lots, and moderate ratings regarding novelty. Time management is also rated moderately regarding novelty but positive regarding the other dimensions, not only in terms of information delivery but also in terms of task automation, like the adaptive alarm clock functionality. The categories smarthome and other are rated moderate to negative regarding all dimensions.

Across almost all examined sections in the present study it is clear that the participants apparently don't want to be patronized by the personal assistant. For instance, autonomous execution of an action without the user's confirmation. It could be interesting to observe how this attitude may change within the next years. Due to systems that already have increasing access to highly critical personal data this threshold could be crossed and could enrich the remit of a personal assistant. To further validate the results of the third questionnaire future work will focus on implementing the discussed functions in a real-world smartphone application and examine the acceptance of the functionalities by the users, while using them on a daily basis.
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 2 Figure 2: Overall participants rating (avg. & std.) of the set of statements concerning the provision of information.
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 3 Figure 3: Final ratings (avg. & std.) of all participant statements regarding the acceptance and usage of the presented personal assistant.
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 1 Figure 1: Excerpt of examined user ratings of the second study. The users were asked to rate several given scenarios per category 1a)-1f) regarding the given dimensions attractiveness, efficiency, stimulation and novelty. Each scenario describes a possible assistive feature of a smartphone-based personal assistant.

Figure 5 :

 5 Figure 5: Interactive miscellaneous (nearby POI) mockup: the participant was asked to navigate to the next nearby gym on the way home coming from work.
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