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Abstract
This thesis presents a system for capturing subjective in situ data on a mobile device without
disturbing the users activities. To do so, a new method called smart experience sampling is
applied. Thereby, the information about the interaction of the user with the device, such as
calendar appointments, and the sensor data of the mobile device, such as the sound level,
are used to detect activity changes of the user. These events are then used to notify the user
about providing the data in form of answering questionnaires. Thus, the compliance can be
increased, which can result in higher quality and quantity of the given answers. Further, it is
possible to add custom questions to the application in order to make it applicable for different
usage scenarios. The selection of questions that are presented to the respondent is based on
the user profile as well as on attributes that need to be defined for each question. This allows
to construct more complex questionnaires. Another feature is the visualization of collected
information that enables the user to reflect on his behavior. The evaluation of the application
was conducted on people’s personal phones over several days. It showed that the application
is perceived as unobtrusive and has the potential to replace classical experience sampling.

v

Zusammenfassung
Diese Masterarbeit präsentiert ein System zur Aufnahme von subjektiven, in situ Daten auf
einem mobilen Gerät, ohne die Aktivitäten des Nutzers dabei zu stören. Um das zu erreichen,
wird eine neue Methode namens "Smart Experience Sampling" angewandet. Dabei werden Informationen über die Interaktion des Nutzers mit dem Gerät, wie Kalendereinträge, und Sensordaten des mobilen Geräts, wie die Lautstärke, genutzt, um Aktivitätswechsel des Nutzers
zu erkennen. Diese Ereignisse werden dazu verwendet, den Nutzer zur Bereitstellung der
Daten in Form von zu beantwortenden Fragebögen aufzufordern. Dadurch kann die Teilnahmebereitschaft des Nutzers erhöht werden, was wiederum in höherer Qualität und Quantität
der gegebenen Antworten resultieren kann. Weiterhin ist es möglich, benutzerdefinierte Fragen zur Applikation hinzuzufügen, um sie für verschiedene Nutzungsszenarien verfügbar zu
machen. Die Selektion der Fragen, die dem Nutzer gestellt werden, basiert auf dem Nutzerprofil sowie auf bestimmten Attributen, die für jede Frage definiert werden müssen. Dies erlaubt
die Konstruktion von komplexen Fragebögen. Eine weitere Funktion ist die Visualisierung der
gesammelten Informationen, die es dem Nutzer erlaubt, sein Verhalten zu reflektieren. Die
Evaluierung der Applikation wurde über mehrere Tage auf den persönlichen Geräten der Testpersonen durchgeführt. Sie ergab, dass das System als unaufdringlich wahrgenommen wird
und das Potential hat, das klassische Experience Sampling zu ersetzen.
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1 Introduction
People strive to obtain self-knowledge to answer the question what they are like. Therefore,
they collect information about themselves. This can be any kind of information about their
daily life. Objective data such as the location or the hours of sleep are as well collected as subjective data like the mood or the action a person performs. When analyzing these data, people
can reflect on their behavior in order to improve it. For example they can answer the questions
"How can I learn more efficiently?" or "Do I life healthy?".
Since people are not able to provide the relevant information accurately in retrospective [7],
an approach called experience sampling emerged. This approach enables researchers to collect
the momentary actions, thoughts and feelings of people [13]. Therefore, a signal (for example
an alert) reminds the participants to complete a self-report at random times of the day. The
self-report is provided in form of a questionnaire and the information are documented in situ.
Thus, the subjective data of the participant can be captured in his natural environment, several times a day. This form of feedback is very valuable, because it is the only way to get to
know what the user really thinks or feels. By applying this method over several days or weeks,
changes in the documented information and correlations between different entities of these information can be observed. So it is for example possible to gain information about the increase
of learning progress over a specific time (documentation) or about the correlation between the
place at which a person learns and his learning motivation (improve behavior).
Recently, new mobile technologies like smart phones were used to conduct experience sampling more unobtrusive, since these devices are part of the daily life of billions of people [1].
The sensors of these devices were used to capture additional information about the participant,
which led to a higher amount of information. Hence, the field of personal informatics developed. Further, some of the projects introduced context-based sampling [23]. In this approach,
the schedule of the signal is not solely based on time information, but also on the sensor data
that are collected by the mobile device. If the user for example moves to a certain location,
the GPS sensor captures this context information and the system signals the user to answer a
questionnaire.
In order to further improve the concept of experience sampling, another problem needs to be
faced. A known disadvantage of using experience sampling is the decrease in participant compliance over time, as these studies require much time and much input is demanded from the
participants [40]. One factor of this effect is the point in time for triggering the signal. When
signaling the participant to report his behavior, he could be disrupted in his current activities,
such as working [40]. Consequently, a smart experience sampling method is needed. This
method should only trigger a signal when the participant currently does not perform an im-
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portant action. Suitable events for this approach are for example when the user is walking or
when he is in a noisy environment.
The goal of this thesis is to develop a context-aware system for experience sampling. The core
feature of this system is the smart scheduling of signals that was mentioned above. Moreover,
the system should be applicable for different scenarios, so the questions should be exchangeable. Another feature is the smart selection of questions that should be asked dependent on
defined attributes. Further, it should be possible to visualize the collected information in order
to reflect on them.
The following statements are intended to be proved in scope of this project:

• The smart experience sampling can completely replace the time based scheduling, as
enough signals are triggered using this method.
• Asking fewer questions in a questionnaire (e.g. four) leads to more compliance than
asking many questions (e.g. six).
• Answering fewer questionnaires a day increases the motivation of the participant to answer the questions.
• Visualizing the inputs of the user in form of statistics leads to more motivation for answering the questionnaires.

The thesis is structured as follows: In chapter 2 the theoretical background and related projects
are presented. The theoretical background includes the concepts of the experience sampling
method, designing a questionnaire, personal informatics and context-aware computing. The
section about the related projects introduces the concept of computerized experience sampling
and presents existing systems that are based on the experience sampling method along with
their weaknesses. Chapter 3 depicts the concept and design of the system that was developed.
Here, the application is described in detail, the requirements are defined, the types of questions
that are used in the application are discussed and the concept of the smart sampling is exposed.
In chapter 4 the implementation of the system is described. First, the architecture of the system
is depicted. The rest of this chapter is structured according to the usage of the application. This
starts with adding questions to the system, followed by the smart triggering of notifications.
Then the design of notifications and the selection routine for questions in a questionnaire is
exposed. The last sections of this chapter present the answering procedure of questions and
the visualization of answers. Chapter 5 presents the evaluation processes and results of the
application. It is divided in the paper prototype that was used for the pre-evaluation and the
software prototype that was used for the post-evaluation. Finally, chapter 6 concludes this
work.

2 Related Work
This chapter outlines the concepts and projects that are relevant for this thesis. The first section
points out the theoretical background that is necessary to understand the context of this project.
Afterwards, concrete systems for experience sampling are listed and discussed.

2.1 Theoretical Background
In this section, the theoretical background of this work is described. First, the experience sampling method is introduced. Due to the fact that this project is based on this method, it is
important to understand the concept of it. Second, the possible question types that can be
asked in a questionnaire are presented. These information are important for deciding which
types of questions should be used in mobile context later on. Then, the concept of personal
informatics is described, which creates the transfer to the information technology domain. Finally, context-aware computing is introduced. This concept is used to make the system smart
that is developed in this thesis.

2.1.1 Experience Sampling Method
The experience sampling method (ESM) [13] is a technique from the field of psychology that
aims at studying the subjective experience of persons interacting in natural environments. The
reason for designing this approach is that people are not able to provide such information about
their daily behavior and experience accurately in retrospective [7]. Since the information are
collected in the natural environment of the participants, the ESM preserves the ecological validity of measurements ("the occurrence and distribution of stimulus variables in the natural
or customary habitat of an individual" [21]). In this method, data about environmental factors
like social interaction or changes in location, but also about mental processes like emotion or
thoughts are collected via self-reports in situ. Only information about current thoughts or feelings of the participants are reported. As a result, this procedure minimizes the cognitive biases
of the reports [5].
For being able to conduct the ESM, the participant need to be made aware of providing information about his behavior, as he would forget about it during his daily activities. Further,
he needs a possibility to document these data. Therefore, two instruments are needed: a signaling device and a possibility to document information [12].
The signaling device is used to emit stimulus signals that cue the respondents to report their ac-
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tivities, thoughts and feelings in natural settings. These signals are triggered at specific points
in time in form of sound or vibration. An arbitrary device can be used for this purpose, for
example a pager. As soon as the participant perceives the signal, he should document his behavior.
In order to precisely capture the participants behavior, the signals should be scheduled at multiple times a day over a time span of several days or weeks. This also allows to recognize
changes in the behavior over time. However, the signals should have a certain time interval
to each other, as answering a questionnaire too frequently would prevent the user from doing
important activities, such as working. For signaling the user to complete self-reports, three different protocols emerged: interval-contingent, event-contingent and signal-contingent [37, 46].
Interval-contingent sampling means that the respondent answers a questionnaire at predetermined times of the day or week, for example every hour or twice a hour. The event-contingent
sampling refers to completing self-reports when a pre-designated event occurs, for example
after social interaction or when the participant smokes. The signal-contingent sampling asks
the respondents to complete the self-reports when prompted by a signal that is fixed in time or
random. This is the method used in the initial ESM.
After perceiving the signal, the respondent uses a questionnaire to write down information
about his momentary situation or psychological state. This questionnaire is provided in paper
form. The investigator can freely design the questionnaire according to his goals. The recorded
information are the basic data of the ESM and can be analyzed in order to gather insights to
the respondents life. So after analyzing the data, it can for example be determined, whether the
action that a person performs affects the happiness of the person or the time of the day has an
impact on how well the person can concentrate on his tasks.

2.1.2 Designing a Questionnaire
The only way to gather information about feelings or thoughts of a person when using the ESM
is to ask questions. This is typically done in form of questionnaires, that offer the possibility to
collect these information in an objective way. When designing a questionnaire, several factors
like validity, reliability or phrasing the questions appropriately for the target audience need to
be considered [8]. Since these duties are not in the responsibility of the system, they are not
further described here. Another important property that is important for designing the system
is the type of questions that is used. The type can restrict the answer possibilities of the respondent and thus influences the information that are provided.
There are generally two types of questions: closed questions and open questions [8, 39].
Closed questions can be answered with a single word or a short phrase. For this type of question, the answer is selected from a finite set of possible answer options. So it is easy to answer,
because the respondent does not need to think about an answer, he just has to choose one of the
provided ones. This is also the reason why this type of question can be answered very quickly.
A downside is that suggesting responses can result in influencing the respondent in his answers. Due to the short answers, these questions are used to gather facts. By using them, the
questioner can control the possible results. This allows him to design the questions in a way,
that they are comparable. So it can be analyzed whether one answer to a specific question is
selected frequently and by different participants or whether the answer to a question changes

2.1. Theoretical Background

5

over time when asking the same question repeatedly. There are various forms of closed questions. The answers can for example be provided in form of texts or values and it can be possible
to select only one of the answers or multiple. Another possibility is to provide an ordinal scale
that can be labeled. So there is an ordered set of answers and each answer value on the scale
represents the appropriate label. The Likert scale [26] is a widely used approach for scaling
responses. In this approach the respondents specify their level of agreement or disagreement
on an ordinal scale. So the question is rather a statement that the respondent has to assess. Due
to the ordinal scale, the answers to a question are well comparable, even when the respondents
chose different answers. Examples for questions of the closed question type are "Where are
you?" with the answer options "At home", "At university" and "On the way" or "How do you
rate your today’s learning progress?" with the answer options "bad", "medium" and "good".
Open questions rather aim at acquiring long answers. They ask the respondent to think about
the question and formulate an answer text by his own. Consequently, more time is needed to
answer such questions. On the other hand, the questions can be answered creatively and more
information can be collected. They are used to gather information that are hardly predictable,
such as detailed opinions or feelings of the respondent. By using this type of question, the
respondent has full control over the answer and is not restricted by the questioner. Solely the
formulation of the question can lead the respondents answer in a direction that the questioner
is interested in. However, this leads to answers that are hardly comparable, as each answer is
different from the others. In order to compare them, the individual answers would need to be
evaluated. The answer to an open question is typically provided inside a text box, in which
the respondent can enter any text of an arbitrary length. Examples for questions of the open
question type are "How would you describe your learning experience today?" or "What could
improve your learning progress?".
Generally, each question can be asked in closed or open form. The answer possibilities of a
closed question can cover every possible answer. As mentioned above, open questions can
provide a much more detailed answer. Thus, there is no truly parallel form of a question in
closed and opened form and they are mostly unsuitable for transformation into the other form
[39].
The question types that are intended to be used in the classical ESM are open questions for
social context, the current activity or thoughts and Likert scales for measuring the current emotion or cognitive efficiency. To analyze the answers to the open questions, they are ordered
in several categories. For example the activities could be grouped in work, maintenance and
leisure [12].

2.1.3 Personal Informatics
Personal Informatics refers to a class of systems that help people to collect personal information in order to self-reflect or self-monitor their behavior, habits or thoughts [25, 34]. It is also
known as quantified self, personal analytics or self-tracking.
The core aspects of such systems are collection and reflection of personal information. For conducting these tasks, the technology around the people is utilized. For example smart phones are
a very suitable platform for these systems, because people are carrying them all day. Moreover,
they include sensors that can be used to capture objective data, such as GPS or accelerometer,
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and a display that can be utilized to enter subjective data and to present information for reflection. So personal informatics systems facilitate the collection, storage and presentation of
personal information.

2.1.4 Context-Aware Computing
Context-aware computing is a paradigm for mobile computing. By using this concept, applications can discover contextual information and take advantage of them [10].
First, the term "context" needs to be defined. Contextual information emerge from interactions
between a computing system and its users. Dey et al. define context as "any information that
can be used to characterize the situation of an entity. An entity is a person, place, or object that
is considered relevant to the interaction between a user and an application, including the user
and applications themselves" [14]. There are four categories for context information [10, 38]:
computing context, user context, physical context and time context. Computing context for example includes the network capacity, the available processors or the devices that are accessible
for user input and output. Examples for user context are the location and the social situation.
Physical context is for example described by lighting, noise or temperature level. The time context for example includes information about the time of day or season of the year.
A context-aware system can now use these context information in different ways. Dey et al.
define that "a system is context-aware if it uses context to provide relevant information and/or
services to the user, where relevancy depends on the user’s task" [14]. According to Schilit et al.
[38], there are four different categories of such systems. The first approach is called proximate
selection. This is a user interface technique where nearby located objects are emphasized or
made easier to choose. This method could for example be used to choose from a set of printers
that are available. The second approach is the automatic contextual reconfiguration. This is the
process of adding new components, removing existing components or altering the connections
between components in a system due to context changes. The third category is called contextual information and commands. The systems in this category use the contextual information to
produce different results according to the context in which they are executed. Last approach
is called context-triggered actions. Systems of this category define simple if-then rules to specify
how the system should adapt according to specific contextual information. Chen et al. further
differentiate between active and passive context awareness [10]. An application that has active
context awareness automatically changes its behavior according to the discovered context. Passive context awareness on the other hand is rather used to present the context to an interested
user without depending the systems behavior on it.

2.2 Related Projects
This section presents some existing systems that are based on the ESM. First, the concept of
computerized experience sampling is shortly introduced. Then relevant projects are described
and the weaknesses of these projects are pointed out.
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2.2.1 Computerized Experience Sampling
In the initial ESM, data is collected with pen and paper. In computerized experience sampling
on the other hand, the data is collected by handheld electronic devices. The participants carry
the device, which is used for signaling, as well as for recording behaviors or experiences [5].
Today, mobile devices like PDAs or smart phones can be used for this approach.
Using this approach has several advantages over the classical ESM. The participants do not
need to carry extra instruments like pagers or a stack of response sheets. The management of
response data is simplified and it is possible to easily alter the order of questions. Moreover,
the participants can use their personal device for signaling and responding. This leads to more
convenience and saves time for the participants. Further, the electronic devices can be used to
directly analyze the collected data [5, 11, 40].

2.2.2 Systems Based on the Experience Sampling Method
There already exist several systems that capture subjective information of the user by using
the ESM approach on modern mobile devices. In this section some early projects and state-ofthe-art systems of this domain are presented. Thereby, the features of these systems and their
weaknesses are analyzed. This way, an overview of what is already present in this area and
what could still be improved can be gained.

2.2.2.1 Existing Systems
The first part depicts the functionality of some existing projects for mobile experience sampling. All factors that are relevant for gaining information are described.

• Barrett and Barrett proposed the Experience Sampling Program (ESP) [3, 4, 5]. This is
a software environment for conducting experience sampling studies on Palm Pilots and
Windows CE palmtops. It is one of the first projects in this domain. For answering questions, there are two modes: automatic mode and manual mode. In the automatic mode
the participants are prompted to answer questions at various times of the day. This can
be either at evenly-spaced times (fixed sampling) or at random times (random sampling).
The manual mode does not signal the participants to answer a question, but they can
answer questions whenever they want. The ESP provides features to create custom questions either on a personal computer or on the mobile device. Beside defining individual
questions, also question sets can be created. There are various answer types available,
such as labeled buttons, popup lists, checkboxes, slider or free text. The selection of questions to ask can be ordered according to the sequence in which the questions were defined
or randomized on base of weights of the questions. All questions are considered for each
trial, but it can also be sampled for specific question sets. It is also possible to branch
several questions. So specific questions only occur if the participant chose a specific answer for the previous question. Another property of the questions is the probability. It
can be set to define a likelihood for asking the question or skipping it. The collected data
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are stored locally on the mobile device and can be transmitted to a PC. The ESP Desktop
module runs on a personal computer and can be used to configure experiments and manage participant data. An issue of this system is that the target devices are outdated and
thus the user would have to carry extra devices.

• The Context-Aware Experience Sampling (CAES) is a project conducted by Intille et al.
[23]. It is a software tool for experience sampling studies on PocketPC devices. Beside
the signal-contingent approach, the triggering of questions in this system is also intended
to be influenced by contextual information that are captured with sensors of the device.
So the intention of the system was to improve the ESM in terms of automatically detecting events, which can be used to collect data. This way, the interruption annoyance
ought to be minimized. However, the first release of the software only included the automatic collection of location data via GPS. Including further context information such
as the heart-rate of the participant and the activity based on the position was planned.
When defining questions, this system allowed for chaining of questions, aggregation of
questions and audio recordings and pictures as possible answers. But this tool was not
intended to run on the user’s own personal device, so it did not avoid asking questions at
improper moments (e.g. during calls) and it was not possible to interrupt the survey during critical device usage tasks (e.g. answering an incoming phone call). However, this
tool was merely implemented and the development stopped, as the developers joined
forces with the MyExperience project.
• MyExperience is a system presented by Froehlich et al. [19, 30]. It is developed for Windows Mobile devices and aims at collecting objective (e.g. GPS position or phone calls)
and subjective data. There are 140 different event types that can be captured. This includes information about the usage of the device such as phone calls, applications that
are used and media capture (e.g. photos, video). Further, also context information, such
as calendar appointments or talking on phone, and information of environmental sensors,
such as Bluetooth and GSM, are collected. The supported sampling strategies are signalbased (intervals or random), event-based (e.g. the user is asked to answer a questionnaire
each time he eats) and sensor-based (e.g. when heart-rate spikes). The questions can be
provided via an XML interface. It is possible to define branched questions and specify
specific sensor events at which a question shall be asked. For answering a question, it is
also possible to record a video, a photo or audio.
• EmotionSense [16, 35] is an Android application that collects the mood of the participant
and and relates it to the data that the smart phone can capture via sensors. So it captures
individual emotions as well as activities (movement and non-movement), verbal (speaking or not speaking) and proximity interactions among members of social groups. The
aim is to determine the impact of interactions and activities on the emotions and behavior of individuals. For scheduling the notifications, this system uses signal-based and
sensor-based (e.g. received call) events.
• A further project in this domain is movisensXS [29], which was inspired by MyExperience. This is a smart experience sampling tool for Android that allows for signal-based
and limited sensor-based (e.g. low battery) scheduling. Here, the questionnaires can be
created online and are fetched by the Android client.
• The system SurveySignal [43] is a survey distribution and management application. It
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has another approach for notifying the user about answering a questionnaire: it sends
text messages (SMS) to the participants containing a link to an online survey. The supported scheduling techniques are the signal-based method and the event-based approach.
Several more applications for experience sampling recently emerged. Most of these systems
provide a web application for easily creating the questions for the survey online. The applications for the mobile devices fetch the appropriate data from the server and use them to present
questions to the users. Beside the questions and answers, the researchers can often also define
several settings for the scheduling of questions, for example the time boundaries of scheduling
or whether the questions should be asked at specific or random points in time. The scheduling for all of these systems is signal-based or event-based. Some of the systems also record
sensor data of the mobile devices in order to gain more information about the user. The collected data are then sent back to the server where the researcher can analyze them. Most of the
systems provide additional features for analyzing, such as visualization of data. Examples for
further applications are BeepMe [6], Easy M [15], ESm Capture [17], ExSam [18], MetricWire
[27], Mobile EMA [28], Paco [33], PsychLog [20] and RealLife Exp [36].

2.2.2.2 Weaknesses of Existing Systems
After having gained an overview of current mobile systems for experience sampling, the weaknesses of these systems can be exposed. On basis of these findings, new requirements for such
systems can be defined.
The problem of systems in this subject area is that participant compliance decreases over time,
because these studies require much time and much input is demanded from the users [40].
Analyzing the input data of an unmotivated user is not very profitable, as he may not have
answered many of the questions and the answers he gave may not be very elaborately.
Recent projects tried to improve compliance by including visual feedback of the input for the
participants [22], which raised the motivation of the users again. This visual feedback is provided by few of the current available systems, as most of them only offer the researcher that
manages the survey to analyze and visualize the data after collecting it from the participants.
Beside the visualization of collected data, compliance can be improved by limiting the effort
of participation [45]. The participants should be able to answer a questionnaire easy and fast,
especially when answering questionnaires multiple times a day. Some of the presented systems
allow to include more complex answer types like free text answers or providing a video.
Furthermore, the questions should be asked at appropriate points in time [40]. The participants
should not be disturbed in their daily activities by the notifications. Hence, the system should
detect activity changes of the user and the questionnaires should be triggered in between of two
activities. This is not realized by any of the presented systems, most of them only support timebased scheduling of questionnaires. Some of them use sensor data to gather more information
about the participant. Only CAES, MyExperience and movisensXS aim at exploiting sensor information for triggering questionnaires dependent on the context of the user. However, these
context information does not necessarily present activity changes and thus the resulting notifications can still disturb the user.

10

Chapter 2. Related Work

Considering these factors could result in less annoyance for the user and more willingness
to participate [40]. Thus, the user probably answers more of the questions and takes more time
to think about the answers. This again leads to more precise data and helps the user to better
document his activities or feelings.

2.3 Summary
This chapter stated the basic concepts like ESM and context-aware computing that are used in
this thesis. Afterwards, existing projects in this domain were presented. Next, their weaknesses
like disturbing the user from other activities were exposed.

3 Concept and Design
This chapter depicts the conceptual approach of the project with the appropriate design decisions. First, the application is described in detail in order to define the functionality and use
cases of the system. Second, the respective functional and non-functional requirements of these
system are derived form the application behavior. The next section defines the types of questions that are going to be used in this application. Finally, the possibilities and concept of the
smart notification of questionnaires that needs to be conducted by the application is described
in detail.

3.1 Application Description
The aim of this thesis is to develop an application that collects subjective user data, such as
thoughts, feelings or actions, based on the ESM. So a varying selection of questions is asked
to the user several times a day to gather these information. Thereby, the application should
request the data in a way that the user is motivated to participate.
The users that the application is intended for like to reflect on their behavior or to document
specific parts of their life. They may want to identify possible mistakes in their behavior in
order to change it and thus improve a specific aspect of their life. An example scenario for this
purpose is to reflect the learning behavior to improve the learning efficiency.
To do so, the system needs information about the behavior of the user. These information can
be gathered with help of questions that are asked to the user. Each question aims at recording
specific aspects of the appropriate area that the user wants to document. For the example of
learning behavior, this could be questions about the location where the user currently learns
or the estimated learning progress for a day. In order to gather enough information that can
be analyzed, different questions need to be answered several times a day. Moreover, not only
one question is asked at a specific point in time, but a questionnaire consisting of several questions is presented to the user. So after having answered the first question, the next question is
displayed directly. Thus, more data can be collected. For the number of questions in a questionnaire, a good tradeoff between asking as many questions as possible without annoying the
user needs to be found. The more questions are asked, the more time is demanded from the
user to answer them, which can lead to low user compliance for many questions.
In order to get more accurate answers, it is important that the user gets asked about his current
actions or feelings and not about those he had earlier the day. Hence, it is a good solution to
develop the system as mobile application, as most people carry a mobile device every day. In
this work Android is chosen as platform, because it is a widely distributed operating system
for mobile devices. Thus, the participants do not have to carry special devices like pagers or

11

12

Chapter 3. Concept and Design

utilize a computer that is bound to a specific location, but can answer the questions on their
mobile device comfortably and in their natural environment. The Android application displays
the questions that are going to be asked and saves the selected answers on the device storage.
Of course, also the drawbacks of using mobile devices, like small screen size or limited power
supply, have to be considered.

3.1.1 Use Cases
The different use cases of the system are depicted in Figure 3.1. Here, the basic features of the
application are defined and put in relation to each other. Further, the possibilities for user interaction with the system are demonstrated.
Since the user concentrates on other tasks during the day, he may forget to answer the questions. Therefore, the application should remind the user to do so with a signal, so that he pauses
his current activity and answers the questions. This notification should not appear randomly,
but depend on the users activities. So the context information of the mobile device are observed
for specific events. By exploiting data like appointments or actions of the user, the questions
can be asked in between of several activities, so that the user is not disturbed in his important
tasks. As soon as such an event is detected, the user is prompted to answer some questions. If
the user notices this advice, he can decide to participate. In this case, a question is displayed
on the device. However, before the question can be displayed, it needs to be decided, which
question to display. So whenever a question is going to be displayed, a selection routine for
the next question is executed by the system. This routine is based on several properties of the
questions and is further described in section 4.5.
When the question was selected and displayed, it can be answered by the user. Beside answering the question, the user also has the opportunity to skip it. This way the user is not forced
to answer a specific question in order to complete a questionnaire, which can have a positive
effect on the amount of answered questions. The appropriate answer to the question is saved
in the database of the system. After having answered a question, it should be possible to edit
the answer, as the user could have accidentally provided a wrong input or could have changed
his mind after rethinking about the question. Editing an answer also includes the update of the
respective entry in the database. In order to check the given answers to the single questions,
an overview of all questions and the appropriate answers should be provided when the user
answered all of the questions in a questionnaire.
For making the application applicable for different usage scenarios, it is necessary to make the
questions exchangeable. Thus, it should be possible for the user to provide custom question
sets. This includes the definition of questions and the respective answer possibilities. The application itself does not provide any functionality to create a question set. This is done outside
of the system according to defined rules that are further described in section 4.2.1. The system
provides functions to import these question sets. Adding a question set includes saving the
data in the application, so the database needs to be updated. All question sets that were added
by the user can be deleted again. When having multiple question sets in the application, the
user should be able to choose which of the sets shall be active. At each point in time, only one
set of questions can be active. This ensures that enough data are collected for the analysis of
the given answers to a set of questions.
As mentioned above, the answers of the user are saved in the application. But it should be
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possible to export them along with the corresponding questions. This way the gathered information can be distributed to a data storage or other applications where they can be stored or
further processed.
For analyzing the answers or reflecting the behavior, the application provides a statistics part.
Here, the user can visualize the answers to specific questions. Therefore, he needs to select the
appropriate questions. He can choose to analyze the answers of only one question in order to
observe trends of the according answers or he can choose several questions at once to compare
the answers of them. The answers are visualized in form of charts, which helps to gain a quick
overview of them. For a large amount of answers, it is not feasible to display all of them simultaneously. Hence, the user should be able to navigate through the graph. This can be done
with help of panning and zooming.

3.1.2 Maintaining Motivation
Motivation is a very important factor to get high quantity and quality of answers. To keep the
motivation of answering the questions high, several aspects have to be considered.
First of all, the participants should not be bothered by the questions. Hence, they should not be
concerned with answering a high amount of questions, as this would be very time consuming
and they probably would stop answering them after a few questions. Therefore, displaying all
the questions of a set consecutively would not be a good approach. It rather has to be decided,
which of the questions are displayed each time the user is asked to participate, so that he is not
overloaded with questions. For extending the possibilities to differentiate between questions,
categories can be regarded. Several categories of questions can be created and in the selection
routine for the questions it can be iterated through these categories. Each category can be used
for a certain type of question, such as questions about the mood of the user or questions about
the progress in learning. This way the type of questions that are asked are balanced. In addition to the categories, the questions within a category have weights. The weight of a question
defines the frequency of being asked in order to distinguish between more and less important
questions. However, it has to be ensured that questions with low weight are not neglected
completely.
Furthermore, people do not like to answer questions that are not intended for them. To avoid
this, the application can ask about personal information like gender and age of the user once
at the beginning. These information can later be used to allow to ask specific questions to a
specific audience.
The frequency of asking the questions should not be too high, because in this case the user
would probably ignore the questions if they bother him. On the other hand, the frequency
should also not be too low, because then not enough data is collected to get significant results.
So here a good adjustment needs to be found.
Further, it should be avoided to ask questions at inappropriate points in time, for example in
meetings or at night. The system should rather notify the user about new questionnaires in a
smart way. Thus, the request of information should be based on specific events such as calendar entries, location changes or unlocking the device. This approach is specified in section
4.3. It would also be possible to use a time based frequency that asks the user for input in a
certain time interval or a random schedule. However, the event based approach is the more
cautious one and thus more suited for this project. But it also can be combined with the time
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based approach in order to have a contingency plan for the triggering of questionnaires, in case
when no event can be detected.
Another aspect is the signaling. When the user is busy and a loud alert reminds him of answering questions, he likely would be annoyed because of the disruption, turn off the alert and
continue his work. As he would not think about answering the questions later on, they would
not be answered any more. So for cases when the user could use his device for working purposes, a more cautious signal should be used that can be perceived, but does not disturb the
user. This could be a simple notification without any sound or vibration. For all other cases,
the events that are detected indicate that the user is not working concentrated. Hence, a more
conspicuous notification can be used in order to get the attention of the user. So in this case the
usage of a sound, vibration and light in form of the LED can be utilized. To avoid the accumulation of questions and signals, there has to be a time-out that marks a questionnaire as missed,
if the user does not respond in time. Another reason to use the time-out is that the event that
caused a notification may be elapsed and further signals by the device, such as the blinking of
the LED, could distract the user again.
As mentioned above, this application will only collect the data without analyzing them and
giving the user hints how to improve his behavior. The automatic analysis of the input data
and the generation of corresponding advices for the user is a long term aim of this project. But
users are not very motivated to participate if they cannot see any results of their inputs. Hence,
the statistics part of the application that was described above serves as extra motivation.
When developing an application with a user interface, it is always important to have a good
usability. All parts of the user interface should be well understandable and the layout should
be consistent, so that the application is easily usable. This encourages the users to use the application and thus also contributes to high quantity and quality of answers. In this application,
the usability is mainly dependent on the possibilities to answer the questions. The user should
be able to give the answers fast and accurate. Typing the answer into the smart phone can produce very accurate answers, but is rather time consuming and thus demotivating. Therefore, it
would be helpful if possible answers are presented along with the questions. To allow the user
selecting the most applicable answer for his situation quickly, the answers could be presented
in form of buttons or sliders. The question types that are most suited for this application are
further evaluated in section 3.3.

3.2 Requirements
Requirements are a very important factor for designing systems. They define the necessary
attributes of the system for being valuable for the user. Consequently, for identifying the
requirements, the user needs are of great importance. By developing a system according to
preliminarily set requirements, it should be well usable and functional. This is even more important when considering that the system that is developed in scope of this thesis should be
used several times a day. The requirements for the application are presented in this section and
are derived from the use cases of the previous section. The functional requirements define the
functions that are offered by the system, so they describe what the system should be capable
of. The non-functional requirements indicate specific properties of the system, so they specify
constraints for the functionality of the system.
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Functional Requirements:
R1: Observation of context.
The context of the mobile device is observed in order to detect specific events that indicate
an activity change of the user.
R2: Notifications.
The user gets reminded to answer questions dependent on the events that are detected.
R3: Selection of questions.
Before a question is displayed to the user, it has to be decided, which of the available
questions is selected.
R4: Answering of questions.
Questions are displayed along with their answer possibilities. The user can select one of
the answer possibilities in order to answer a question. It is also possible to skip a question
and edit the answer to a question.
R5: Viewing statistics.
After having answered a question several times, the user can view the statistics to the
question. It is also possible to view the statistics for multiple questions at once.
R6: Importing question sets.
The user can add a previously defined set of questions to the application by importing it.
Imported question sets can also be deleted again.
R7: Selecting question set.
The user can choose which of the available question sets should be active.
R8: Exporting answers.
The answers that the user provided can be exported from the application along with the
appropriate question data.
Non-Functional Requirements:
NF1: Unobtrusiveness.
The application only demands user interaction for answering the questions. Observing
the context is done in the background. Further, the notification for the user to answer
a questionnaire is only triggered at appropriate points in time, so when the user is not
working concentrated. As each user is behaving differently and may have different perception of interference, the events are controllable in terms of changing the properties for
the detection of them.
NF2: Mobility.
The platform of the system is Android, so answering the questions is possible on a mobile
device in the natural environment of the user.
NF3: Usability.
The system should be easy to understand and to use. The user should always be aware
of all possible interactions with the system and how to conduct these. According to the
small screen size of mobile devices, the interface should also be well structured in order
to achieve a good user experience.
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NF4: Flexibility.
The application should be suitable for several application scenarios. So the application
should enable different types of questions that can be asked to the user. Further, it should
be possible for the user to create custom question sets. Therefore he needs to define
questions according to specified rules.
NF5: Efficiency.
The services of the application should have an acceptable amount of battery consumption.
NF6: Extensibility.
The application should be extendable with other types of questions or events for the
notification routine.

3.3 Types of Questions
In order to increase the flexibility of the system, several question types should be available in
the application. Different types of questions are suitable for different usage scenarios. This
section assesses them according to the usage in the application.
As pointed out in chapter 2.1.2, there are generally two types of questions: closed questions
and open questions. For the system that is implemented in scope of this thesis, several factors
need to be considered for the selection of question types. These factors are defined in the following.
The questions need to be answered on mobile devices. According to the limited screen space
there should be a simple interface for answering the questions. Since the user uses the application in his natural environment and in between of his activities, he has not much time for
answering the questions. Other important tasks like working or learning require his attention.
Thus, it should be possible to answer the questions as fast as possible. Ignoring this requirement could lead to low user compliance. Closed questions conform to this requirement, as
they can be answered easy and fast. The user simply has to select one of the provided answers.
For further reducing the time to answer a question, all answers should be visible on the screen
directly. So using a drop-down list or comparable user interface elements should not be considered. Open questions are not that suited for mobile devices, as typing text into the device
requires more time, especially when using the virtual keyboard. In situations where the questions need to be answered on the way, it is even harder to type an answer into the phone. So
for the context of mobility, it is a better approach to use closed questions.
Another important factor is the comparability of answers. As the user should be able to see
trends for the answers to specific questions in the statistics view, the answers should be classifiable. So it should at least be determinable whether a given answer differs from the previously
given answers to this question. Closed questions are comparable. A finite set of answers is
provided for each question, so a user is able to choose the same answer or a different one.
Further, when providing an ordinal set of answers, even different answers to one question can
be compared to each other. Moreover, if several questions have the same ordinal scale with
the same meaning of labels, the answers to the different questions can be set in relation. Open
questions are hardly comparable. Even when a user gives the same logical answer to a question
as before, he probably formulates it slightly different. So it would be necessary to evaluate the
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answers before comparing them. This is a very complex problem for a system and thus hardly
to realize. Consequently, open questions are not well comparable.
The precision of information is another factor that needs to be considered. The more precise
the information that are provided by the user, the more precise the data that can be presented
by the application. As described in chapter 2.1.2, open questions can yield more precise information than closed questions, because the answers to closed questions are more restricted and
shorter. But the respondent has the control over the answer for an open question, so he could
as well give an answer that is short, not comprehensible for the questioner or even not related
to the question. By using closed questions, the questioner has control over the answers, so he
can define them such that they yield the desired level of detail. However, open questions have
a higher potential for precision. When providing multiple choice questions, the level of detail
is decreasing compared to single choice questions, because the respondent is able to widen the
field of answer. The more answers he selects, the less precise his answer becomes. A better approach would be to convert this multiple choice question in several single choice questions that
aim at obtaining the information for each of the possible answers. So for example the multiple
choice question "Where did you learn today?" with the answer possibilities "At home" and "At
university" could be split in the questions "I learned at home today" and "I learned at university
today" with a Likert scale as single choice answer possibilities. Thus, multiple choice questions
are not integrated in the application.
Summarizing, the usage of closed questions is better suited for this application compared to
open questions. They can be well used in mobile context, the answers are comparable to each
other and they provide a sufficient level of detail in the answers. Open questions are not that
suited for the usage in mobile context and are hardly comparable. Table 3.1 summarizes the
advantages and disadvantages of the different question types for the usage in this system.

Closed questions

Open questions

Advantages
- Easy to answer
- Quick to answer
- Answers are well comparable
- Questioner has control over
answers
- Respondent thinks more
about the answer to the
question
- Very detailed answer possible

Disadvantages
- No detailed answer possible
- Influence answer of respondent

- More time needed to answer
- Respondent has control
over answer
- Answers are hardly comparable

Table 3.1: Comparison of closed and open questions

The pre-evaluation was also used to identify suitable question types for this project. More
information to this evaluation can be gathered in chapter 5.1.
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3.4 Smart Sampling
As mentioned above, the user is busy doing other activities during the day and does probably
not think about answering the questions by himself. Thus, the system should remind him to
answer questionnaires at specific points in time. For preventing that the user is disturbed by
these reminder, it should be triggered at suitable points in time. In the optimal case, the notification should appear in between of two activities of the user. To realize this, the context of the
mobile device is observed for specific events and on basis of these events the user is prompted
to answer questions. This section points out the possibilities for detecting the respective events.
There are basically two ways of recognizing events: utilizing user interaction data and sensors.
User interaction data result from user interaction with the mobile device. This for example includes calendar entries or unlocking of the device. These actions can be detected and utilized
to determine the current activity of the user. As these actions are accessible by the Android
system, not much battery power is needed to utilize them.
The sensors that are integrated in the mobile device can be used to record specific data of the
environment. Example sensors are accelerometer, microphone or GPS. According to relevant
changes of the recorded values, noisy environments or position changes can be detected. When
using the sensors for gaining data, the values have to be polled frequently in order to detect
changes. Since this is consuming much battery power, as few sensors as possible should be
used. So the same event should not be detected by several sensors, but it needs to be decided
which sensor is best suited for this event.
Table 3.2 summarizes all possibilities for the smart notifications for questionnaires that are used
in this project, the information that are used to identify the events and their usage scenarios.

Name
Calendar events

Type
User interaction

Unlocking device

User interaction

Answering incoming call

User interaction

Information used
End dates of calendar entries
User unlocks device
State of the phone

Accelerometer

Sensor

Acceleration

Microphone

Sensor

Sound

Usage scenario
Detect transitions
of activities
Detect presence
of user
Detect user disturbance caused
by incoming calls
Detect
steps
taken by the user
Detect noisy environment

Table 3.2: Used methods for smart notification of a questionnaire
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3.4.1 User Interaction Data
There are various forms of user interaction data that can be utilized. The possibilities are now
presented and assessed.
First of all, the events that the user registered in the calendar of the device can be fetched. Calendar events usually describe meetings or other appointments of the user. Such an appointment
normally describes a task that is going to be conducted in the specified time boundaries. So
during a calendar event, the user should not be disturbed. But at the end of an appointment,
the user often focuses on other tasks again. Consequently, this point in time represents an activity change of the user and thus can be used to notify him about answering a questionnaire
without distracting him from important tasks.
Another possible interaction is the unlocking of the device. If a user wants to use his mobile
device, he first needs to unlock it. When doing so, the user could either use the device for
working purposes, for example to gather information via Internet, or he could use it for personal purposes, such as checking personal messages. At least there is a high risk of interrupting
concentrated work when using a personal mobile device, because the user could get distracted
by notifications from other applications. So the usage of the device can also represent a change
of activity in some cases and can be used to trigger a questionnaire. Though, a more cautious
notification should be used in this case in order to prevent the distraction of the user in case he
is using the device for working purposes.
A further possibility is to exploit other disturbances of the user by the mobile device for triggering a questionnaire. For example notifications of other applications may distract the user
from his current activity. This distraction can lead to concentration loss and thus could be used
to trigger a questionnaire. Examples for such disturbances are incoming SMS or E-Mails. However, the fact that the device notifies the user about such an event does not mean that he gets
distracted. He can ignore the notification or may have not perceived it, for example when the
device is muted. So the disturbance by other notifications does not necessarily imply an activity change. Only when the user decides to use his mobile device after receiving the notification,
he is not working concentrated any more. But in this case he has to unlock his device before
being able to use it, so this is already covered by the previously presented event. A special case
of distraction is an incoming call. Here, the user can use the device without unlocking it. When
accepting a call, the user needs to stop his current activity. Consequently, a questionnaire could
be triggered. Notifying the user at the start of a call or during the call would not be a good
approach, as he is focused on the conversation. Even when he perceives the notification, he
probably would not think about it at the end of the talk. A better approach would be to notify
the user as soon as he ends the call. At this point in time he is neither focused on the call nor is
he working concentrated.
Another approach is to determine the current action of the user on basis of the application he
currently uses. So if the user starts applications like Facebook or Threema, it can be assumed
that he is not working. But this concept is hard to realize, because each existing application
would have to be categorized in working purpose and personal purpose. Further, some applications, such as an Internet browser, can be used for both purposes. Again, since the user
has to unlock the device before being able to use it, these scenarios are covered by the second
approach anyway.
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3.4.2 Sensor Data
For the sensor based approach, several built-in sensors of the mobile device can be used. Thus,
also for this approach there are different ways of determining the activity of the user. All possible usage scenarios of sensors in this context are presented and discussed in the following.
With help of the accelerometer of a device, the proper acceleration that is experienced by it can
be measured. This is the acceleration relative to a free-fall, measured in three dimensions. As
every movement of the device can be detected with help of this sensor, specific actions can be
mapped to patterns of changes in the recorded values. If the recorded values map to a pattern,
the according action is recognized. This method can for example be used to determine steps of
the user while he is carrying the device in his hands or in the pocket. When walking, the user
does probably not concentrate on other tasks. Further, when he starts to walk, there is a change
of activity, so this is a good point in time for notifying the user about answering questions.
The sound of the environment can be recorded via the microphone. For this project it is not
important what is recorded, but rather the noise level. If the noise level is high over a longer
period of time, the user cannot concentrate on his tasks and thus is distracted. Hence, he a
notification can be presented to the user in this case without disturbing him.
The ambient light sensor (ALS) can be used to determine the light intensity at the device. This
could be used for example to determine the point in time when the user takes his device out
of his pocket. In this case it can be assumed that he is going to use his device and not working
concentrated. Though, the change in luminosity can also be caused by other events, such as
turning on the light, and thus is not suited for detecting a specific event. Further, the case of
using the device is already covered by unlocking the device.
The GPS (Global Positioning System) of a device is capable of determining the location of the
user. If the location changes significantly, the user is walking or driving somewhere. While
walking or driving in the bus he can answer some questions without neglecting other important tasks. But as GPS is based on satellite data, it does not detect minor position changes.
Further, the change of position always includes walking of the user. Even when driving with
the bus or the car, the user needs to walk to the car. Thus, recognizing the steps of the user with
help of the accelerometer is the better approach for determining movement of the user. This
method allows to recognize even minor position changes and consequently the point in time
of transition of working to movement can be determined more precisely.
In order to detect orientation changes of the device, the gyroscope can be used. Changes of
this sensor imply that the user is holding the device, otherwise it is unlikely that the orientation changes. He does not necessarily have to use it, as he can for example put it out of the
pocket and on a desk. But for continuous changes of this sensor, it is probable that he uses the
device. He could take pictures or play a game that is controllable with orientation changes of
the device. For these cases a notification for answering a questionnaire would not disturb the
user. However, these scenarios include the unlocking of the device, before the user is able to do
these actions. Thus, it is not necessary to include this kind of sensor for the smart notification
of questionnaires.
The proximity sensor detects the presence of nearby objects, even without any physical contact.
This sensor could be used to determine whether the device is in the pocket of the user. When
fetching the device out of the pocket, the user is probably going to use it. Especially for devices
that are put entirely in cases, this event would be equivalent to using the device. As using the
device is already covered by unlocking, this sensor is not used in scope of this work.
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3.5 Summary
In this chapter the application was described in detail. On basis of this description, important requirements such as context observation and unobtrusiveness were derived. Next, the
analysis of the question types showed that using closed questions is more suitable for this application. Finally, the used methods for the smart notification of questionnaires, such as using
calendar events or the accelerometer, were determined.

4 Implementation
In this chapter the implementation of the system is presented in detail. Since the system is an
Android application, it is implemented in Java. First of all, the architectural design is introduced and design decisions are justified. In the following, the structure reflects the workflow
of the application. This starts with adding new questions to the application, which includes the
interface of the system and the properties that have to be defined for the questions. The next
step is to store the questions and the appropriate answer possibilities. There also needs to be a
possibility for storing the selected answers of the user later on. The section about triggering of
questionnaires includes the implementation of the events by which the user is reminded to answer questions. Further, the strategy for saving power of the mobile device is described in this
section. Next part is about the techniques for notifying the user about answering a questionnaire, followed by the selection of questions for a questionnaire. The procedure of answering
the questions is described in the next section and the visualization of the given answers concludes this chapter.

4.1 Architecture
Figure 4.1 shows the architecture of the implemented system in a class diagram. The attributes
and functions of the classes are omitted in order to get a better overview. Further, only the most
important classes are considered. The blue colored classes represent the three activities of the
Android application.
The classes in the upper part of the UML diagram are used to recognize certain events and
notify the user to answer a questionnaire. The TriggerQuestionnaireService implements a service
and is responsible for recognizing all events that cannot be detected automatically by Android.
This includes the calendar events, the random events, the noise recognition and the step recognition. In order to successfully recognize steps, the helper class StepDetector is utilized. This
class implements a listener for changes of the appropriate sensors of the device and offers
functionality for deciding whether these changes are initiated by steps of the user. The TriggerPreferences class is used for storing and retrieving data like the time of the last trigger event or
the dB threshold for noise recognition. These data are needed for several functionality in the
service, such as deciding when to stop it in order to save battery. Since the Android system
can kill any service for releasing resources at any time, these information cannot be administrated by the service itself, as they would get lost when the service is restarted by Android. The
events user interaction and answering an incoming call can be detected with help of broadcast
receivers. The classes UserPresentReceiver and PhonecallReceiver implement these broadcast receivers and are responsible for detecting these kinds of events. Beside the detection of events, it
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is necessary to notify the user about them. So if any of the above mentioned classes recognizes
an arbitrary event, it uses the TriggerNotification class to create a notification. For reasons of
wakefulness which will be described later on, this class is also implemented as a service.
By clicking on the created notification, the main activity QuestionsActivity is started. This class
is responsible for displaying the questions of a questionnaire and provides functionality for the
user to answer them. The classes that belong to this activity are the classes in the lower part of
the UML diagram. The Questionnaire class manages the selection of questions for the current
questionnaire and saves information about the questionnaire, such as all asked questions. The
QuestionsActivity contains exactly one instance of this class. In order to retrieve the questions,
it fetches the available questions from the SudacoSQLiteHelper class that administrates the relational database with the helper classes QuestionsSQLHelper for questions, AnswersSQLHelper
for answers and ResultsSQLHelper for the selected answers. These helper classes are only used
for code clarity purposes. All necessary functions for storing and retrieving data are provided
by the SudacoSQLiteHelper class, which forwards the requests to the appropriate helper class.
Each questionnaire consists of at least one question, which is defined by the abstract class Question. An instance of the Question class represents a question element that is stored in the SudacoSQLiteHelper. As it is an abstract class, it cannot be instantiated directly but only its subtypes
QuestionValue and QuestionText that extend the class Question. This inheritance paradigm also
allows to add different other question types in the future. The QuestionValue class is intended
for questions with a selectable integer value as answer and the QuestionText class is suitable for
questions with a selectable text as answer. Each question has at least two answers, which are
represented by the abstract class Answer. Each object of type Answer illustrates an answer element of the SudacoSQLiteHelper. According to the question types the classes AnswerValue and
AnswerText extend the class Answer and define the suitable answers for a question. The user
can also skip a question, so a further answer type AnswerSkip is available. As mentioned above,
each question has at least two answers, namely exactly one of type AnswerSkip and at least one
answer of the answer type that suits to the question. Since the representations of the answers
that the user selected are very similar to the answer objects of the questions and only add a few
attributes to them, they are described as specializations of the specific answer objects. These
objects are illustrated by the classes ResultValue, ResultText and ResultSkip in the UML diagram.
The other activities SettingsActivity and StatisticsActivity can be started from the QuestionsActivity. The SettingsActivity is started by selecting the settings entry in the menu inside the
application and provides several user settings that can influence the routines of triggering a
questionnaire and selecting questions for a questionnaire. The StatisticsActivity can be started
by selecting the statistic entry in the menu inside the application and visualizes the answers of
a user for specific questions. Therefore, it has access to the SudacoSQLiteHelper class where it
fetches the selected answers of the user to the questions.

4.2 Adding New Questions
In order to add new questions to the relational database of the system, an interface has to be
defined. The information need to be provided in some form and imported in the application in
some way. Furthermore, a database where the information are stored is needed.
Before being able to import the questions, they need to be defined. Each question is described
by its attributes that are presented in the following.
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• Adding a single question to the application would not be very reasonable, since it is hard
to document activities or thoughts with only one information being collected. Rather
a set of questions has to be added that covers a specific area, for example the learning
progress. A question area describes the field a question belongs to. Thus, questions that
belong to the area of learning progress should intend to gather information about the
learning behavior or the condition of the user. So several sets of questions that belong
to different question areas are suitable for different application scenarios. The area of a
question set can also be used to identify it.
• Each question also needs to have a text that represents the question and can be displayed
to the user. This text intends to gather specific information.
• The questions also need to have a short title that can be displayed in overviews of multiple questions or in other cases where not much screen space is available. Displaying the
whole text in these scenarios would be confusing, as the user would get overloaded with
text. Further, this would be hard to realize due to the limited screen space.
• The next attribute is the type of the question. As pointed out in the last section, a question can be of type QuestionText or QuestionValue. A question of type QuestionText can
be answered by selecting a textual answer, while a question of type QuestionValue can be
responded by providing a numerical value.
• Questions can also have a category. This is suitable for cases where the question pool
should be divided into several groups. When selecting a question to display, each group
should be considered equally. A possible application scenario for this case is the documentation of healthiness where information about eating habits and sport activities
should be recorded in the same extent.
• The weight of a question defines the probability by which the question is selected for
being asked to the user. The higher the weight, the more often the question is asked.
• The occurrence of questions is also restricted by the maximal time a question can be
asked. For specific questions that aim at gaining general information that do not change
over time, it is reasonable to ask them only once. Other questions record the change of a
behavior over time have to be asked repeatedly.
• The point of time at which a question is asked can also be important. Some questions
can be asked at any time, but others should only be asked at the beginning or end of a
day. This can for example be applied to questions that intend to gain information about
specific behaviors of the user for the current day. If the user just got up, he can hardly
answer such questions, because he did not show any behavior so far.
• As some questions are only intended for a specific gender, age or profession group of
users, further attributes are used to record these restrictions. An example for this restriction can be found in the medical domain. If a question about pregnancy of the user is
asked, it should only be asked to female users.
Beside these attributes, each question also needs to provide possible answers that can be chosen by the user. Since the two question types QuestionText and QuestionValue are answered
differently, there also need to be two answer types AnswerText and AnswerValue. AnswerText is
only defined by a text that represents an answer to the question. Each QuestionText can have
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multiple answers of this type and should have at least two of them in order to give the user a
choice when answering the question. AnswerValue is characterized by a minimum and maximum selectable value. These values define the scope that is provided to the user for selecting
the answer value. A step size is used to control the possible answer values in this scope. Additionally, two text labels are necessary to superscribe the start and the end of the answer scope.
Each QuestionValue has exactly one answer of this type.
The realization of this structure is presented in the next section and can be seen in Listing
4.1 that shows an example for representing a question set in JSON.

4.2.1 Interface
For providing the information for the questions, JSON [44] is used in this project. JSON is a
standard that describes a text format for structured data interchange. It can easily be built and
parsed in many programming languages. All necessary information about the questions that
were defined in the previous passage can be described with this format.
The JSON object mainly consists of an array called "questions". This array encompasses the
question area of the set and all the questions that belong to this set, along with their answer
possibilities. Since the question area is the same for all questions in a set, it does not need to
be defined in each question element. Each of the questions are added in form of arrays. Such
an array includes general information about the question and the individual answers for the
question.
The general information consist of the text, the short title, the question type, the category, the
weight, maximum time of occurrence, the time boundaries in which the question should be
asked, the gender it is intended for, the age the user should have to answer this question and
the profession groups the question is designated for. The text and the short title are provided
as strings. The question type is encoded as integer. Here, the value 1 stands for QuestionText
and 2 for QuestionValue. The category is represented as integer and questions with the same
value belong to one category. The weight is provided as integer in the range of 0 to 100. The
higher the value, the more often this question will be asked. For the representation of the number of occurrences of a question also an integer is used. Putting a 0 here means that there is no
restriction in the times of occurrence of the question, so it will be asked over and over again.
The time boundaries are encoded as integer values. Therefore, each day is divided into three
equally large parts. The first part starts at 8:00, ends at 11:59 and is encoded with the number
1. The second part starts at 12:00, ends at 15:59 and is described with the value 2. The last
part starts at 16:00, ends at 20:00 and is represented by the number 3. Further, the value 0 can
be used to indicate that the question can be asked at any time. It is also possible to make a
question only appear in two of the defined parts. So the value 4 can be used to ask the question
only in the first two parts, 5 can be used to ask it only in the last two parts and 6 can be used
to ask it in only the first and the last part. The gender the question is intended for can also be
indicated with a number. The value 1 is used for questions that should only be asked to men,
the value 2 is used for questions that should only be asked to women and the number 0 is used
for questions that are gender independent. The age dependent questions are also arranged in
several groups that are described as integers. The value 1 is used to indicate that the question is
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intended for all users with an age smaller than 18. The next group includes all users that have
an age of 18 to 25 and is represented by the number 2. The value 3 describes that the question
should be asked to users that are older than 25, but younger than 36. The group of users with
ages 36 to 50 is represented by the number 4 and all if the question should only be asked to
people that are older than 50, this can be expressed by the value 5. Again, the value 0 can be
used for questions that are not age specific and can be asked to any user. The profession of
the user is rather recorded generally. It is only divided in the groups pupil represented by the
value 1, student described with the number 2, employee indicated with the value 3 and retiree
expressed with the value 4. If the question is not intended for a specific profession group, this
attribute can be put to the value 0.
The information about the answer possibilities of a question are encoded as an array in the
question object. As mentioned above, there are two different types of answers that cohere with
the question types, namely AnswerText and AnswerValue. The type AnswerText consists of the
different answer possibilities for the question, which are provided in form of strings. So each
string of the answer array represents one answer. The type AnswerValue is defined by an array
that consists of the minimal selectable value provided as integer, the maximal selectable value
provided as integer, the step size provided as integer, the label for the minimal selectable value
provided as string and the label for the maximal selectable value provided as string.
The structure of the JSON object is mainly composed of arrays. This helps when parsing the
file later on, as the elements do not need to be addressed by identifiers, but can be iterated. This
architecture further allows to add new attributes or answers easily.
Listing 4.1 shows an example of a set of questions consisting of two questions. The question
set defines questions for the question area "Learning Progress". The first question is of the type
QuestionText and has a weight of 50. There is no restriction for the number of occurrence of
this question. It should only be asked in the time of 12:00 to 20:00 and can be asked to any
gender, age and profession group of users. Further, it has four answer possibilities. The second
question is of the type QuestionValue and has a weight of 40. As it is slightly smaller than the
weight of the first question, it will be asked with a lower probability. It is intended to be only
asked once and has no restrictions for the time it should be asked or the gender, age and profession of the user. This question can be answered with the values 1 to 6, whereas 1 means "I
don’t agree" and 6 means "I agree". Both questions have the same category, so there will be no
iteration through the categories.
1
2
3
4
5
6
7
8

{
"questions":[
"Learning Progress",
[
"In which environment did you
learn today?",
"Environment",
1,

9
10
11
12

0,
50,
0,

13
14

5,

# main element
# question area (string)
# question text (string)
# short title (string)
# question type (integer, 1 =
QuestionText)
# category (integer)
# weight (integer from 0 to 100)
# maximal number of occurrence
(integer, 0 = infinite)
# time restrictions (integer, 5 = 12:00
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to 20:00)
# gender restrictions (integer, 0 = no
restrictions)
# age restrictions (integer, 0 = no
restrictions)
# profession restrictions (integer, 0 =
no restrictions)

15

0,

16
17

0,

18
19

0,

20
21

[

22

"At
"At
"At
"At

23
24
25
26

home",
the university",
friends’ house",
another place"

]
],
[
"Usually I enjoy learning.",
"Enjoy",
2,

27
28
29
30
31
32
33

0,
40,
1,

34
35
36
37

0,

38
39

0,

40
41

0,

42
43

0,

44
45

#
#
#
#

answer
answer
answer
answer

possibility
possibility
possibility
possibility

1
2
3
4

(string)
(string)
(string)
(string)

# question text (string)
# short title (string)
# question type (integer, 2 =
QuestionValue)
# category (integer)
# weight (integer from 0 to 100)
# maximal number of occurrence
(integer)
# time restrictions (integer, 0 = no
restrictions)
# gender restrictions (integer, 0 = no
restrictions)
# age restrictions (integer, 0 = no
restrictions)
# profession restrictions (integer, 0 =
no restrictions)

[

46

1,
6,
1,
"I don’t agree",

47
48
49
50
51

"I agree"

52
53

#
#
#
#

minimal answer value (integer)
maximal answer value (integer)
step size (integer)
label for minimal answer value
(string)
# label for maximal answer value
(string)

]

54

]
]

55
56
57

29

}
Listing 4.1: Example for the representation of questions in JSON

4.2.2 Storage of Questions and Answers
Before being able to store all information in a relational database, the structure of this database
needs to be defined. Figure 4.2 shows the whole database and its dependencies in an entity-
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relationship model.

Answer

Question
ID
Text
QuestionArea
ShortTitle
QuestionType
Category
Weight
MaxTimesAsk
TimeSpecific
GenderSpecific
AgeSpecific
ProfessionSpecific
TimesAnswered
LastTimeAnswered
MD5Hash

integer
text
text
text
integer
integer
integer
integer
integer
integer
integer
integer
integer
text
text

ID
QuestionID
AnswerType
Text
MinValue
MaxValue
StepSize
LabelMin
LabelMax

integer
integer
integer
text
integer
integer
integer
text
text

Result
ID
QuestionID
AnswerType
Text
MinValue
MaxValue
StepSize
LabelMin
LabelMax
SelectedValue
Date

integer
integer
integer
text
integer
integer
integer
text
text
integer
text

Figure 4.2: Entity-relationship model of the relational database

The questions are saved in the table Question, the corresponding answers in the table Answer
and answers selected by the user in the table Result. All the attributes of a question that were
discussed in the beginning of this section are saved as simple data elements. Additionally to
these attributes, there are more information stored in the database. The integer field ID serves
as identifier for a specific question and can be used as its representation. Consequently, not
the whole question object, but only the ID can be transferred or saved in most scenarios. For
each question, the times it was answered by the user is saved as integer. This information is
used to decide whether a question can be visualized in the statistics. Displaying a chart is only
reasonable when having several answers that can be displayed in order to compare them to
each other. This information is also used in the selection process for the next question for determining whether a question reached its limit of occurrences. Another attribute that is added
is the point in time of the last answer to this question. This information is stored as string and
is necessary to be checked in order to decide whether the question was already answered at
the current day. Asking a question twice during one day is not reasonable, because the answer
to a question does not alter very much within a few hours. The MD5 hash of the JSON file
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the question originates from is also recorded in the database. This information can be used to
decide which questions need to be updated if a JSON file was modified or which questions
need to be deleted if a question set is deleted by the user.
All answers of every type are saved in the table Answer. Each answer belongs to exactly one
question and a question can have several answers, but needs to have at least one. Analog to
the questions, the attributes of an answer that were defined in the last section are saved in this
table. Since the two answer types have different attributes, not all of the fields are used for each
answer. Answers of type AnswerText use the fields AnswerType and Text. Answers of type AnswerValue use the fields AnswerType, MinValue, MaxValue, StepSize, LabelMin and LabelMax.
For both answer types, the ID serves the same purpose as for the questions. The integer field
QuestionID indicates the question that the answer belongs to.
The answers that are selected by the user are saved in the table Result. Each result belongs to
exactly one question and a question can have an arbitrary number of results. This table records
all the attributes that are recorded by the table Answer, plus some additional information for the
selected answers. The SelectedValue field is stored as integer and describes the answer value
that was selected by the user in case of a result of type ResultValue. For results of type ResultText
the field Text is not used to save the text of the answer as it is the case for the table Answer, but
for storing the selected answer text. The field Date indicates at which time the answer was
given for both types of results. It is saved as string, because the type of database that is used
does not allow for storing values of type date or time.
After having defined the interface for describing the questions, they need to be imported to
the application. In order to do so, the library JSON [24] is used. This library provides functionality to get the content of a JSON file and convert it to an equivalent Java object. This way,
the information of the questions provided as JSON files can be easily parsed. In order to have
permanent access to the question data, they need to be saved. As the information consist of
simple data types, a relational database is suited to save them. So an SQLite [41] database with
the model that was defined above is used. SQLite is a widely deployed software library that
implements SQL database engine and is included in Android. Each value is now iteratively
parsed, converted into a simple Java object and saved in the database. For storing the information in the database, appropriate functions of the class SudacoSQLiteHelper are called.
With help of this structure, multiple question sets can be imported to the application. All relevant information are saved in the database and can be accessed by the application. However,
it is not advisable to display all of the available questions to the user, because asking questions
of multiple sets at once would lead to fewer answers for a set and thus implicate inaccurate
results. So the user has to decide which of the available sets shall be active. Only one set can
be active at each point in time. In the preferences the user can select the desired set with help
of a list that contains the question areas of all available question sets.
There are two ways of providing the JSON files. The first possibility is to save the appropriate files in the assets folder of the Android project. This method for inserting new questions
can only be used by the developer of the application, since the user has no access to this folder.
On each start of the QuestionsActivity, for each JSON file in this folder it is checked whether
the corresponding set of questions was already added to the application. In order to do so,
the MD5 checksum of the file is always added together with the question information when
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saving a question. This also offers the possibility to detect changes in the JSON files. For such
changes, the MD5 checksum is different while the question area stays the same. In this case
the whole question set is deleted and added again. The second possibility of adding the JSON
file is during runtime of the application. This method can be utilized by the user of the system.
He can choose the option "Import questions" in the menu of the application to open a dialog
where he can pick an appropriate JSON file that is located in the application folder on the external storage of his smart phone. The corresponding questions are then added to the application
together with the MD5 checksum of the file. This also allows to distribute question sets to other
users. If the user wants to delete an imported question set, the MD5 checksum in the database
is used to identify all questions that belong to this set. Only question sets that were added by
the user can be deleted. By deleting a set of questions, the corresponding answers that were
already given to the questions are deleted as well.
It is also possible to export the answers that were given to a specific question set. Therefore,
the user can select the option "Export data" in the menu of the application. The answer data
together with the information of the corresponding questions are then exported as csv-file to
the application folder on the external storage of the device.

4.3 Smart Triggering of Notifications
The concept of context-aware sampling was already described in chapter 3.4. In this section
it is pointed out how the event recognition is implemented. In the second part some battery
saving optimizations are described.

4.3.1 Event Recognition
For detecting the appropriate events, the environment needs to be observed permanently. If
an event is detected, further actions like notifying the user have to be conducted automatically.
This part of the application does not need any user interaction and consequently does not need
to provide an interface for the user. It should rather be executed in the background without being noticed by the user. A service complies with these requirements. Thus, the implementation
of the event recognition is mainly realized with the service TriggerQuestionnaireService. This
service runs in the background and observes the environment for some of the defined events.
This includes the noise recognition, the calendar events and the random events. It is not necessary to check for these events continuously, as none of these events have to be triggered exactly
on time. So a timer is used to check every 30 seconds whether one of these events occurred.
The step recognition is also handled by this service, but in a different way. For this purpose,
appropriate listeners for the respective sensors are added to the service. These listeners observe
the changes of the sensors and react immediately in case of step recognition. The presence of
the user and the answer of an incoming call are not handled by the service, as these events can
be detected by appropriate methods of Android. For the recognition of these events broadcast
receivers are utilized.
In order to prevent annoyance of the user, the events are only detected at day time from 8:00
till 20:00. Further, there are rest periods after each trigger event and after the user answered
a questionnaire. The rest period after a trigger event is set to 30 minutes. This shall prevent
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the triggering of multiple events in a short time. If the user does not notice one single notification, he is probably busy and more notifications will distract him. After having answered a
questionnaire, the user will concentrate on other tasks again. Moreover, asking more questions
after a short time again will probably annoy him, because he just answered a questionnaire.
This could decrease his motivation and compliance. Thus, the rest period after answering a
questionnaire should be in the scope of several hours. A more precise value is tried to be found
in the evaluation of the system in chapter 5.2. The user is further able to specify whether he
wants to answer questionnaires more often or rather seldom in the preferences of the application. Another case of preventing to notify the user about answering a questionnaire is during
calendar events. Most calendar events indicate an appointment, so it is not advisable to disturb
the user during that time.
In the following the recognition of the individual events is described more precisely.

4.3.1.1 Noise Recognition
The recognition of noise is conducted by the TriggerQuestionnaireService. Every 30 seconds,
the current sound level is retrieved with help of a function taken from a framework that was
developed at the chair i9. If the sound level is higher than a defined value, it is recognized as
noise. But the event should not be triggered in case of a single noise event, as this can be caused
by very short sounds that do not necessarily are synonymous for an activity change of the user.
An example for this scenario would be a cough of the user. The event rather should be triggered
in case of a long period of noise. To realize this, the consecutive recognized noise events are
counted. If the current sound level exceeds the defined threshold, a counter is increased. If the
sound level is smaller than the threshold, the counter is reset. As soon as the counter reaches
the value of the minimal consecutive events that are required to trigger the noise event, the
counter is reset and a notification gets triggered. The number of minimal required consecutive
noise events is set to 4. Since the service checks the environment for events every 30 seconds,
this means that over a period of two minutes the sound level has to be higher than the specified
threshold every 30 seconds. Initially, the threshold was intended to conform to about 55 dB,
because this is the maximum sound level at which concentrated work is possible [32]. But
when testing the application on different devices, it turned out that the recorded sound levels
differ for the same environment. So different devices perceive the same sound level differently.
Hence, the threshold is initially set to a lower value of 40 and the user has the opportunity to
change this threshold. Each time a noise event is triggered, the notification that is shown to the
user provides buttons to increase and decrease the threshold. When touching the button, the
threshold is changed by 5 in the appropriate direction. Inserting buttons to a notification was
introduced in Android version 4.1, so for lower API versions the threshold is not modifiable.
For these versions, the initial value is increased to 50 to prevent the permanent triggering of
noise events.

4.3.1.2 Step Recognition
The recognition of steps is realized with help of listeners that are registered at the TriggerQuestionnaireService. These listeners react to changes in the magnetic field sensor and accelerometer.
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Only if both sensors provide appropriate peaks, a step event is recognized [42]. It would be
annoying for the user if even small movements of the device are wrongly recognized as steps.
For example if the user picks up his device from a desk, no step event should be triggered. To
prevent this, a certain number of consecutive steps has to be recognized in order to trigger the
step event. Hence, the points in time at which steps are recognized are saved in a vector. A
minimal amount of steps that have to be recognized is defined. For each new step that is recognized, all elements in the vector that are more than a specific amount of seconds apart from
this step are deleted. This prevents considering steps that were taken in the past for the current
series of steps. The amount of seconds is computed as 1,5 times the minimal required steps. So
for a minimal required step size of 5 the user needs to take 5 steps within 7,5 seconds in order to
trigger the step event. If the user only takes two steps, the corresponding times are saved. If he
takes another step after 10 seconds, the time of this step is saved in the vector and the previous
two steps are deleted, because they are too old. When the user now takes 4 more steps within
the next 7,5 seconds, these steps are saved in the vector, which now has the size of the minimal
required steps. These steps are considered as consecutive steps and the step event is triggered.
As soon as the size of the vector grows to the minimal required steps, a notification for the user
is created and the vector is cleared. The amount of minimal required steps is set to 6 initially,
but the user has the opportunity to change this value analog to the noise event scenario. Each
time a notification that was caused by recognized steps is presented to the user, he can increase
or decrease the minimal required steps with help of buttons in the notification. Again, this is
only possible with devices that run the Android version 4.1 at minimum.

4.3.1.3 Presence of User
The presence of the user is determined by unlocking of the device. Since this action can only
be conducted by the owner of the device, it ensures that he is using it. This situation can easily
be recognized with a broadcast receiver that receives the "User_Present" event. As soon as the
user unlocks his device, the Android system broadcasts this event and all broadcast receivers
that listen to this event receive it. When receiving it, a notification is created that prompts the
user to answer a questionnaire.

4.3.1.4 Calendar Event
The calendar events are recognized by the TriggerQuestionnaireService. Since the user normally
does not insert or delete events every minute, it is not necessary to check for these events every
30 seconds. The point in time of the last access to the calendar is saved in the TriggerPreferences.
By checking this value, it can be ensured that the calendar events are only pulled once each
hour. So when checking for new calendar events, only the next hour needs to be considered. All
events that overlap with this period of time are queried and for each event it is checked when
it ends and whether this event is defined as all-day-event. All-day-events are not considered
for the event recognition, as they do not represent specific appointments, but rather events like
birthdays. If an appropriate event is recognized, a notification is prepared to be triggered at the
time when the event ends. This is conducted with help of the AlarmManager class of Android
that enables to conduct actions in the future. If more than one calendar event is recognized, this
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is done for all of the events consecutively. However, if another event is triggered before this
notification is presented to the user and the notification would be presented in the subsequent
rest time of the service, it is discarded.

4.3.1.5 Answering of Incoming Call
As in the case of the user presence event, the answer of an incoming call can also be detected
with a broadcast receiver. This receiver needs to receive the "Phone_State" event. This event
provides an extra string that tells about the state of the telephone. It can be idle, offhook and
ringing. Now it has to be checked, if an answered call was ended. The transition from ringing
to offhook describes an answered call. If this precondition is met and the state changes to idle,
the end of an answered call was detected. In this case a notification is created and presented to
the user.

4.3.1.6 Random Event
The TriggerQuestionnaireService is also responsible for triggering the random event. This event
should only be triggered when no other event was triggered for a long period of time. Thus,
it ensures that questions are asked even when none of the other events occur. So when the
service is running and observing the context, the random event cannot be triggered directly,
but it is considered after 2 hours without recognizing any other event at the earliest. As soon
as the 2 hours elapse, the random event should be triggered with increased probability. To do
so, a ticker is started by saving the point in time at which the random event is considered by
the service. This value is stored in the TriggerPreferences. Now each time the service checks
the context, which happens every 30 seconds, a random value between 1 and 100 is computed.
Further, a variable value is set to value = 100 − minutesPassed ∗ 2. So the amount of minutes that
passed since the start of the ticker is subtracted from the maximal possible random value. Then
the random value is compared to the value and the event is triggered if the random value is
equal or greater than the value. In this case the appropriate preferences in the TriggerPreferences
are deleted again. In order to decrease the time for triggering the event, the passed minutes
are multiplied by 2. So the random event will be triggered at latest within 50 minutes since the
ticker was started, because then the value is 0 and the random value will be equal or greater. If
another event occurs in the meantime before the random event is triggered, the ticker will be
reset, so the appropriate preferences in the TriggerPreferences are deleted too.
Since the random event can be triggered at times when the user is busy and does not want
to be disturbed, it does not conform to the intention of the application. It may be used as
contingency plan to remind the user of answering a questionnaire if none of the other events is
detected. Hence, in this work it is used to investigate whether it is necessary to include such a
feature. This is done in chapter 5.2 of this thesis, the evaluation. The random event is assessed
by observing the occurrence of the random event during the usage of the application. Further,
if it gets triggered frequently in some cases, this may effect the assessment of the application
by the user.
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4.3.2 Battery Saving Strategy
In mobile context, energy consumption is a very important aspect, as the power of a mobile
device is limited. If an application has a high battery consumption, it is likely to be deleted by
the user.
When analyzing the energy needs of the system that is developed in the scope of this thesis,
they are mainly caused by the TriggerQuestionnaireService that utilizes sensors for event recognition and does some processing in the background. The first component that needs much
energy are the sensors that are used for step recognition. They have to be queried with a very
high accuracy, because the movements that are produced by walking are very small. Moreover,
the sensors need to be queried continuously, because the moment of the activity change should
be detected and the user can start walking any time. This leads to a high energy consumption
of the application. The second component is the service itself. The code that is executed in the
service is not very complex or computationally intensive. However, this code also has to be
executable when the device is in idle mode. In most cases the user puts his mobile device on
the desk or in the pocket while conducting activities like working. After a while, the device
falls in idle mode to save energy. In this mode no code can be executed. In order to conduct
operations again, the device needs to wake up. A wakelock can be used for this purpose. As
soon as the TriggerQuestionnaireService starts, a wakelock is set to enable all of the operations
in the service. It is released again when the service is stopped. However, this means that the
device is never put in idle mode as long as the service is running. Consequently, much energy
is consumed by the service.
In early versions of the application, the service was running throughout. But this led to
an energy consumption that was not acceptable when testing the application. Hence, a plan
to reduce the runtime and thereby the battery needs of the service was worked out. The main
idea of this plan is to stop the service at times where no notification can be triggered anyway.
When the service is stopped, no sensors are queried and no wakelock is set.
The first case for stopping the service is at night. When the user is sleeping he does not want
to be disturbed by the application that prompts him to answer a questionnaire. However, asking questions in the evening is beneficial, as the user can reflect his behavior of the whole day.
Thus, the night time is set from 20:00 till 8:00. In this period of time the service is stopped and
does not waste any energy.
When a notification is triggered, the next notification will be triggered after 30 minutes at the
earliest. This prevents annoying the user with too much notifications. In this case, the service
can be stopped for the next 30 minutes consequently. If the user notices the notification and
answers the questionnaire, no more questions will be asked for the next several hours. For this
time, the service can be stopped as well.
Triggering notifications during active calendar events can be problematic, because most people
record important meetings or events in the calendar. During these events they likely do not
want to be disturbed. When fetching the calendar events, it can hardly be decided whether
these are important ones. Thus, it is advisable to stop the service during all running calendar
events.
The last case for stopping the service is when no questions are available for asking. As de-
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Figure 4.3: Flow chart of the battery saving strategy

scribed earlier in this chapter, each question has several attributes that can be set. Some questions for example are only asked once, some are only asked to male users and some are only
asked at specific times of the day. Depending on the definition and number of the questions in
a question set, in some cases it may happen that no questions are available for a specific point
in time. So when no questions are available, the service is stopped for the current part of the
day.
The procedure that is described above is conducted together with every check for new events,
so every 30 seconds. To save and acquire the information about the point in time of the last
trigger event and the other necessary data, the TriggerPreferences are used. For determining
whether any questions are currently available, a routine of the class Questionnaire is utilized.
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This routine is also used in scope of the selection of questions for a questionnaire and will be
described in section 4.5.
Figure 4.3 shows a flow chart that illustrates the behavior of the battery saving strategy. In
some cases, for example when the user is working concentrated, no event will be triggered for
a long time. Hence, the service will be running for a long time and much energy is consumed.
In worst case, the random event will stop the service after 2 hours and 50 minutes, because
this is the time at which the random event will be triggered at latest. However, this is not preventable since the context has to be observed for the events. All in all this approach is still an
improvement in terms of energy consumption.

4.4 Notification Design
After detecting an appropriate event, the user has to be notified about it and prompted to
answer a questionnaire. To do so, standard notifications of Android are used. For each notification it is decided whether it plays a sound, has a vibration alarm and utilizes the LED of the
device. For all of these options, the standard settings are used. The sound is used to get the
attention of the user in nearly all scenarios. However, it cannot be used when the user mutes
his mobile device. The vibration can also be useful for situations where the device is muted and
it is carried on the body, for example in the pocket. The light is beneficial for scenarios where
the user did not notice the sound and the vibration, as it indicates a notification for a longer
period of time. This can be the case for example when the user visits a meeting and leaves
his mobile device in his office. If the user entered the meeting in the calendar of his device, a
notification will be pushed as soon as the meeting ends. But the user would not perceive the
sound or vibration that is triggered along with the notification, because he does not carry the
device. When he arrives at his office, the pulsating light of the LED still catches his attention
and he will probably answer a questionnaire.

Figure 4.4: Simple notification for indication of a new questionnaire

The notifications are created in the class TriggerNotification. The user presence event is the only
one which does not use any of the notification options like sound or vibration. If the user unlocks his device, only the notification is shown in the notification bar. Since the user focuses his
attention on the device while unlocking the phone, this can suffice to catch his attention. All
the other events additionally use the options sound, vibration and light to indicate that a questionnaire should be answered. Since the notifications should be triggered in situations where
the user is not working concentrated, they do not distract him from important tasks. However,
if the user does not react to a notification within five minutes, it is deleted again. This prevents
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distracting the user in case he started working again. The fading of notifications is realized
with help of an AlarmManager that starts a routine for deleting active notifications after five
minutes have passed.
The TriggerNotification class is implemented as service. The reason for this decision is mainly
caused by the calendar events. As described in the last sections, these events are not triggered
immediately when they are recognized, but at the time the event ends. As this can be up to
one hour in the future, the device may fall asleep in this time. Thus, the AlarmManager that
is utilized to create the notification for the calendar event, starts a WakefulBroadcastReceiver
called NotificationPublisher. This class is able to wake up the device and start the TriggerNotification class in order to create the notification. Since a WakefulBroadcastReceiver can only start
a service, the TriggerNotification class is implemented this way.

Figure 4.5: Notification that allows to change the threshold

The design of the notification can be seen in Figure 4.4. The icon of the application along with
a prompt to answer a questionnaire is shown. When selecting the notification, the QuestionsActivity is started that enables the user to answer the questions. This design is used for the
calendar event, the event of answering an incoming call, the user presence event and the random event. The noise event and step event use a more interactive notification that is shown
in Figure 4.5. Additionally to the simple notification elements that were described above, the
user can directly manipulate the threshold values for the specific event with help of buttons
in the notification as descibed in sections 4.3.1.1 and 4.3.1.2. So in case of noise recognition he
can change the threshold at which recorded sounds are classified as noise. When the notification was caused by steps of the user, he can change the amount of steps that are necessary for
triggering this event. As mentioned in previous sections, this is only possible with devices that
run an Android version of 4.1 and higher.

4.5 Selection of Questions
By selecting the notification, the QuestionsActivity starts and some questions are asked to the
user. The amount of questions should not be too high, as this can decrease the motivation of the
user drastically. A suitable value for this is tried to be found in the evaluation of the application
in chapter 5.2. Before a question can be displayed, it has to be decided which of the questions
in the database will be asked. The routine for determining the questions is described in this
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section.
For the selection of questions in a questionnaire the activity utilizes the class Questionnaire. Besides the properties such as number of questions or the questions that were already answered,
this class provides a method for finding the next question that is going to be asked.
In order to determine the next question, the available pool of questions has to be retrieved.
This is done every time the first question of a questionnaire is determined. First of all, the
user settings are loaded in order to consider the different properties of the questions. The user
settings are collected by the SettingsActivity that is automatically shown at the first start of the
application. Here the user is asked about his age, his gender and his profession. By selecting the settings entry in the menu, these preferences can be changed anytime. On basis of the
acquired values of the settings, the respective groups that are used when defining a question
are determined. So if the user for example is male, aged 23 and student, the gender group for
this person is 1, the age group is 2 and the profession group is 2 as described in section 4.2.1.
Determining these groups for the user allows to compare these values to the properties of the
question easily later on. Then the current time is used to identify the current part of the day for
the same purpose. Next, all questions that belong to the activated question set are fetched from
the database. These questions form the pool of actual available questions. For each question
in the pool, it is checked whether their properties conform to the settings of the user and the
current time. All questions that do not comply with the settings are deleted from the pool. This
includes questions intended for another age, questions intended for another gender, questions
intended for another profession, questions intended for other times of the day and questions
that already reached their limit of occurrence. Further, each question should be answered only
once a day, so if a question was already answered, it is deleted as well. It also would be possible to delete the questions that do not conform to the user settings from the database, so there
would be less effort to retrieve the question pool. But involving the personal information of the
user in each process of the question retrieval allows the change of these information. Next, for
each question that remained in the question pool, the category of this question is added to a set.
After iterating through all questions, this set contains all categories of the questions that can be
asked. A SparseIntArray is utilized to save more detailed information. Beside the information
of the set, also the number of questions that belong to a category are stored in this data type.
This eases the management of the different categories. When all relevant information of the
questions are stored in the set, it is shuffled and an iterator is created. So the order of categories
changes each time the questions are selected.
The selection of a new question is conducted on basis of the retrieved question pool. It is possible that no questions are present in the question pool, for example when all questions are
defined to be asked in the evening and the current time is in the morning. In this case no question can be returned for being asked. For all other cases, the previously created iterator is used
to retrieve the actual category that shall be considered. All questions that do not belong to this
category are not considered for this selection process. In the next selection process, the iterator
is increased. This ensures that all categories are considered equally. The remaining questions
now have to be sorted according their weight and the times they were already answered. The
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computation for the order of the questions is based on the following formula:
computedWeight = (1 − f actorAnswered) ∗ weight ∗ rand−
f actorAnswered ∗ (timesAnswered + weightLimit) ∗ rand (4.1)
In this computation, factorAnswered is a number between 0 and 1 to weight the influence of
the previous occurrence of questions. If this value is set to 0, only the weight of a question
is decisive for the order of questions, if it is set to 1, only the previous selections of questions
are considered. In the application, this value is currently set to 0.4, because the weight of a
question should influence the selection routine slightly more than the number of occurrence
of the question. The weight is set when defining a question and is in the scope of 0 to 100. A
random value rand is used to add randomness and has a value of 0 to 100. By including this
value, the questions do not occur in the same order for all users. The variable timesAnswered is
retrieved from the question object and represents the number of answers the user has already
given to this question. The weightLimit is the maximum value of weight a question can have,
so it is equivalent to 100. Adding this limit to timesAnswered ensures that the right part of the
formula has approximately the same range of values as the left part, even when the question
was only answered a few times so far. So the first part of the formula computes a value mainly
based on the weight of the question. The higher the weight, the higher this value is. The second
part computes a value that is based on the number of answers that exist to this question. The
higher the amount of answers, the higher this value is. Now the first part is subtracted by the
second part. So the value for the weight is subtracted by the value for the number of occurrence.
That means if a question was already answered often, the computedWeight is decreased for this
question. This enables the selection of questions with comparatively small weights.
After sorting the questions on base of the computedWeight, the first question in the resulting list
is chosen to be displayed next. Finally, some attributes of the Questionnaire class such as the list
of asked questions or the number of remaining questions are updated.
This routine for finding the next question is repeated for the selection of each question in a
questionnaire.

4.6 Answering of Questions
The question that is going to be displayed has already been determined. Now the user needs to
answer this question and all other questions in the questionnaire. Therefore, the question has
to be presented to the user along with possibilities to answer it. The user interface for doing so
is presented in this section.
For being able to answer a question, the user needs to see certain attributes of it. This includes
the text of the question and the answer possibilities. The presentation of these information is
done by the QuestionsActivity. The text is displayed in the center at the top of the screen, the
answer possibilities are positioned beneath.
For a question of type QuestionValue, a numerical answer value is required. The user can enter
this value with the help of a SeekBar as shown in Figure 4.6. The labels for the minimal selectable value and the maximal selectable value of the question are shown above the left and
right edge of the SeekBar. Further, a TextView above the SeekBar indicates the actual selected
value. After selecting the appropriate answer value, the user can push the button "Continue" to
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Figure 4.6: The GUI for presenting a question of type QuestionValue

get to the next question. When pushing this button, the given answer is directly saved into the
database. Saving the answers at this point and not when all questions are answered, ensures
that the given answers are saved even if the user does not finish answering the questionnaire.
Questions of type QuestionText require a selection of one text among others. Here, the several
answer possibilities are displayed in form of buttons that are labeled with the respective texts.
This setup can be seen in Figure 4.7. By selecting one of the buttons, the appropriate answer is
directly saved into the database as well.
At the bottom of the screen the user can see the actual question number and the total amount of
questions that are asked in this questionnaire. This helps when navigating through the questions. The total amount of questions is set to a specific value, but in some cases it can differ
from this value. If for example the total amount of questions is set to 4, but there are currently
only 3 questions available, the total amount of questions for the questionnaire needs to be set
to 3. The "Skip" button can be used to skip a question. This way the user is not forced to give
an answer, which can have a positive effect on the user compliance. The info button at the bottom right corner opens a popup where the purpose of the application is described. This can be
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Figure 4.7: The GUI for presenting a question of type QuestionText

helpful when a user rarely uses the application and forgets about the intention of it. The back
button of the device can be used to get to the previous question. In case of the first question, a
dialog is shown where the user is asked if he wants to exit the application. When returning to a
question of type QuestionValue that was already answered previously, the value of the SeekBar
is set to the appropriate answer value that was selected by the user. After pushing the "Continue" button again, the respective database entry for the result is updated.
Since the questions can be created and imported by the user, they can have a long question text
or many answer possibilities. To ensure a correct layout of the application, the question text
and the answer buttons for the question type QuestionText are wrapped in ScrollViews. So the
amount of screen space for the question and answer parts stay the same for each question. If
these elements do not fit in this space, they can be scrolled.
When answering the last question of a questionnaire, the overview of the given answers is
shown. This view can be seen in Figure 4.8. The short titles of the questions are displayed in a
ListView along with the given answers. For questions of type QuestionText the selected answer
text is shown and for questions of type QuestionValue the selected answer value along with the
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Figure 4.8: Overview of an answered questionnaire

maximal possible answer value for the question is shown.
Each element in the list view includes a pen icon. This icon can be used to change a given answer. By pressing the icon, the respective question is displayed along with its answer possibilities. Compared to displaying the question before entering the overview, the bottom elements
are not present. There is no button to skip the question, since the user decided to change the
answer to this question by himself. There is no indication of the current and overall question
number, as the user already answered all questions and only changes the answer to a specific
question. The info button is not not shown, because the user probably used this button during
answering the first few questions. For questions of type QuestionValue the "Continue" button
changes its caption to "Change". This indicates its function more precisely in this context. When
pushing this button, the answer to the question is updated with the currently selected value.
For questions of type QuestionText the answer can be changed by simply choosing one of the
answer buttons. Furthermore, a "Cancel" button is added for all question types that allows to
return to the overview without conducting any changes. When pushing the back button of the
device in this view, the user is not directed to the last question, but a dialog is shown which
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asks the user if he wants to exit the application. Questions can only be edited by selecting the
appropriate pen icon, as soon as the user once reached the overview of given answers.
The bar chart icon that can be seen next to the pen icon can be used to open the statistic view
for the appropriate question. This view will be presented in the next section. As seen in Figure
4.8, this icon does not appear for all questions. For questions that are only answered once so
far, it is not reasonable to show a statistic about the single answer. So questions that are only
asked once by definition can never be seen in the statistics.
The "Done" button at the bottom of the overview can be used to close the QuestionsActivity. After closing it, the TriggerQuestionnaireService will continue observing the context and notifying
the user, as soon as the rest period after answering a questionnaire has passed.

4.7 Visualization of Answers
The visualization of answers can help the user to reflect his behavior and identify correlations
between several questions. Since there is no other gain for the user in using the application at
this point of time, it is useful for increasing user compliance and motivation.
First, it has to be defined in which way the answers of the user are illustrated. Since there
is a difference in the properties of answers of type AnswerText and AnswerValue, different methods for visualizing these types are necessary.
Answers of type AnswerText only include nominal information in combination with the date at
which the answer was given. The nominal information can be displayed in a pie chart. Though,
the user could see which of the answer possibilities he picked at most. Another possibility is
to visualize the answers together with the time information. An example for this would be to
show the selection of answers corresponding to the time of day. However, this would only be
suitable for questions that are not asked at a specific time of the day.
Answers of type AnswerValue provide ordinal information, because the user picks a value as
answer. This enables to visualize the information in a graph together with the time information. The selected value can be indicated by the y-axis, while the date of the answer can be put
on the x-axis. Now there are two possible charts to use, the bar chart and the line chart. When
using a line chart, the values in between of two given answers would be interpolated in order
to draw the line. This can be problematic in some cases. If for example at day 1 a question is
asked to the user that he answers with the value 1 and after 3 days the same question is asked
again and the user answers it with the value 4 this time, the values for the days in between
would be interpolated. The chart would show that at day 2 the estimated answer was 2 and at
day 3 it was 3. However, in reality the user may would have answered the question at day 2
with value 6. So this leads to possibly wrong information and that is the reason why the line
chart is not used in this project. The bar chart only displays the answers for the dates at which
they were provided by the user. The dates in between of two given answers are left empty.
Nevertheless, it is possible for the user to observe a trend in the bar chart for a specific question
if the answers for this question show a tendency.
The statistics view can be entered with help of the menu of the application or by selecting
the bar chart icon on the overview of an answered questionnaire. When selecting the bar chart
icon, the corresponding question that the icon belongs to is visualized. When using the menu
to show the statistics, a popup with a list of all questions that are available for visualization
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Figure 4.9: Statistic view for two selected questions

is shown in form of the short title together with the text of the question. If the user picks one
of these questions and pushes the "OK" button, the selected question is shown as a chart. The
charts are created with help of the library AChartEngine [2]. This is a framework that can be
used to build graphical chart views for Android applications. The text of the question is displayed above the chart, so that the user knows which question is visualized. The x-axis defines
the answer values and the y-axis indicates the time. For questions of type QuestionValue it is
possible to select up to three questions for being displayed. All corresponding answers are presented in the bar chart. The answers of the different questions have different colors, so each bar
that belongs to question A is blue, each bar that belongs to question B is red and each bar that
belongs to question C is green. In this view, only the short titles of the questions are shown, as
too much screen space would be needed to display the whole text for each question. The color
of the short title is different for each question and corresponds to the color of the bars of the
appropriate question. The button with the list icon right of the question text can be utilized to
open the list of all available questions for visualization again.
An example of a chart for one question can be seen in Figure 4.9. Here, the concentration while
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learning is visualized together with the social form of learning in one diagram. High answer
values for concentrated learning stand for good concentration and high answer values for the
social form of learning indicate that the user learned alone. It can be clearly seen that if the user
learns alone, he is able to concentrate much better compared to learning with other persons.
This is a possible scenario for a user to gain valuable information while using the statistics. So
the user would know that he can improve his learning success by learning alone.
It is possible to scroll and zoom the chart in horizontal direction. The initial view of the chart
includes the last 7 days. In this view the user can identify recent trends in the answers of questions. In order to see overall trends when using the application longer than 7 days or compare
the actual answers to former given answers, the user has to scroll or zoom the view. While all
other activities are only displayed in portrait mode, this activity can also be used in landscape
mode. This can be useful, because this view allows to display a higher amount of bars at once.
In order to compare the answers of several questions of type QuestionValue, the questions need
to provide the same answer possibilities. It would be hard to compare the questions if they are
answered in different scopes of values. An example for this situation would be the following:
question A can be answered with values from 1 to 3 and question B can be answered with values from 1 to 7. Now if the user answers all questions with the mean value of the appropriate
scope, question A would be answered with value 2 and question B would be answered with
value 4. The values do not have an expressiveness by themselves, but rather show a tendency
towards one of the defined labels for a question. So the answers that were given in the scenario
do both not show a tendency, as the mean values were selected. Consequently, the answers do
not differ from each other. However, when comparing the answers to questions A and B in the
statistics, the bars of question B are twice as high as the bars of question A. So the graphical
interpretation of the answers does show a difference of the given answers. As the questions
can be created by any user, it is in the responsibility of the creator to define the same scopes of
answer values for the questions that should be comparable in the statistics view. Further, the
labels for the answers should be ordered the same way. So for each question the same answer
value should have the same meaning.

4.8 Summary
This chapter showed how the system was implemented. The core aspects are the following:
Questions can be added with help of a JSON interface, have several attributes such as weight
and are saved in a relational database. The smart triggering of notifications is conducted via
listeners and a service that runs in background and observes the context. The selection of questions is based on attributes such as weight and the times the question was already answered.
The collected answers are visualized via pie charts and bar charts.

5 Evaluation
In order to assess several aspects of a system, it can be evaluated. An evaluation can be based
on metrical values for assessing technical aspects or on user opinions for rating the usability
and functionality of the application. Since there are no important technical requirements such
as scalability or performance that need to be met for this application, only the usability was
evaluated.
Two different evaluations were conducted during the development process: a pre-evaluation
and a post-evaluation. The pre-evaluation was performed before implementing the application and was based on a paper prototype that simulated the user interface and behavior of
the system. The intention of this evaluation was to assess the drafted user interface and the
usability of the proposed system. The findings of this evaluation were integrated in the software prototype. The post-evaluation was executed after implementing the application and was
based on the developed software prototype. In this evaluation, a more precise assessment of
the functionality and usability was conducted, as the prototype was used over a longer period
of time and provided full functionality. It was also used to identify suitable values for specific
attributes of the system, such as the number of questions in a questionnaire. The results of this
evaluation can be used for further improving the software prototype and for future work in
this domain.

5.1 Paper Prototype
The paper prototype was created with help of Microsoft PowerPoint. Each view for the user
interface was designed on one slide and the elements like buttons or sliders were linked to other
slides for simulating the functionality of the future application. When starting the presentation
on a computer, the several elements of the user interface were selectable with help of the cursor
and thus the participant was able to navigate through the prototype. In the simulated scenario
it was possible to answer a questionnaire consisting of four questions. Two of the questions
provided textual answers in form buttons and two of them provided numerical answers that
were selectable on a labeled ordinal scale. After selecting the answers, the overview of the
answered questionnaire was presented where the test person was able to edit an answer or
view the statistics to one of the questions with help of the appropriate icons. Further, the action
bar of the drafted application provided the settings, where the test person was able to view
and change the displayed values, a statistics icon that directed the user to a list of questions
that were selectable for displaying the appropriate statistics, a share icon that opened a dialog
for sharing the collected data with different applications and an information icon that opened
an information dialog for describing the application. Moreover, also the back button of the
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mobile device was simulated with its appropriate functionality in each view.

5.1.1 Setup
For assessing the usability of the paper prototype, the participants were asked to perform a specific scenario: The first task was to answer all of the four questions of the questionnaire. Then
the overview of the answered questionnaire was displayed and the participants were asked to
change the answer to any of the questions. Thereafter they were supposed to view the statistic
to a specific question. Then they needed to open the settings and modify one of the displayed
values. Finally, they were asked to share the data with another application.
The participants had to conduct all these steps on their own and with as little help as needed in
order to see whether the user interface is designed comprehensible and can be used intuitively.
The evaluation was accomplished with 9 participants that worked in several domains such as
computer science or medicine. The age of the participants was distributed over all age classes
from younger than 26 to older than 45. The gender was also distributed evenly, since 4 of the
persons were males and 5 of them females. None of the persons used software to collect their
behavior or other subjective data before, so they had no background knowledge of this kind of
application. The range of experience with mobile devices, such as smart phones, was also distributed between beginner and expert. Further, nearly half of the participants owned devices
with the operating system iOS, the other half owned Android devices.

5.1.2 Results
After finishing the scenario, the test persons filled out a questionnaire in order to collect information about the usability of the prototype.
They had to mark, which of the steps in the scenario they were able to complete successfully
without any help. Experienced smart phone users did not have any problems to find the appropriate features of the prototype. Even most of the more inexperienced test persons were
able to complete all steps by their own. Only two of the rather inexperienced participants had
problems by finding specific features. One of these persons reported that she expected another
behavior of the navigation with the action bar. In the prototype, there was a start view included
from which the procedure of asking the questions could be started with help of a button. This
was the main activity and the questions part, statistics part and settings were designed as further activities. So when navigating back during answering the questions or at the overview of
the answered questions with help of the action bar, the participant was led to the start view
again. However, this can be very confusing in some situations, as in the case of the participant.
She wanted to change the answer to a question and therefore navigate from the overview of
answered questions back to the relevant question. But by using the action bar for this purpose,
she restarted answering the questionnaire. Since it is not reasonable to start over answering a
questionnaire in most cases and the user actively decides to answer a questionnaire by starting
the application or pressing on the notification, the start view was removed for later versions of
the application and the questions part was made the main activity. The other person was not
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able to view the statistic of a question and to share the data, because she did not recognize the
function of the according icons. However, she reasoned this by having poor experience with
smart phones.
For enhancing the user interface, the participants mainly proposed to display the icons in the
action bar for every activity. This included the icons for showing the information about the
application, for accessing the settings, for starting the statistics and for sharing the data. In the
prototype, these icons were only available in the start view. Since the user should be able to use
these features in every situation, they were added to each activity in the software prototype.
However, the menu bar was finally not designed as proposed as in the paper prototype due to
incompatibility with minor Android versions. Thus, the icons were removed and the features
were added as entries in the menu of the application.
Next, the participants assessed the structure and layout of the prototype, as well as the overall
usability. Therefore, a scale of 1 to 5 was provided, where 1 stood for very poor and 5 meant
very good. On average, the structure and layout was rated with 4,6 points, while the usability
was rated with 4,4 points. Here, it was noticeable that all users that were experts in the usage
of smart phones, rated both characteristics with 5 points. This probably results from being familiar with standard elements of such devices, such as the used icons or the navigation in an
application.
Another question of the questionnaire was about a general opinion of the participants. They
were asked which type of answers they would like to enter in such an application preferred.
They were able to choose multiple items of the possibilities free text answers, selection of provided textual answers and selection of a value from a scale. Further, they were able to propose
other types that they would like to see in such applications. All of the participants chose the
options selection of provided textual answers and selection of a value from a scale. Only one
test person mentioned in the comments section that it would be desirable to have the possibility to enter a free text answer in some cases in order to document individual problems or
feelings. However, as nearly all participants were not willing to type an individual answer into
the smart phone, this type of question was not included into the application.

5.2 Software Prototype
The software prototype was developed with help of Eclipse and is described detailed in chapter
4. In order to assess this prototype, it was tested by participants on their private devices over
several days.
In scope of the evaluation, the prototype was slightly adapted. These changes solely affect the
settings of the application. Some of the entries in the settings were replaced by entries that
record information relevant for the evaluation. So the test persons had to enter their course of
study and their current semester instead of their profession. Moreover, the possibility to adapt
the rest period after answering a questionnaire was removed, because a suitable adjustment for
this value was tried to be found in the evaluation. Further, the actions of the user while using
the application were logged in order to gain insight to the usage behavior.
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5.2.1 Setup
For finding suitable participants for this evaluation, mainly students with the course of studies
technical communication of the RWTH Aachen were asked to participate. These students are
well suited for evaluating an application, as they learn about important characteristics of human interaction with technical devices in their lectures, such as providing content in a comprehensible way and attaining good usability. Therefore, the project was presented to them during
three of their lectures. This presentation mainly included the purpose of the application, the
features of it and the task of the participants that decided to participate in the evaluation. All
in all, 50 bachelor students and 43 master students were registered in these lectures. Of course,
only the students that owned an Android device were able to participate, since the application
was only developed for Android. After the presentation, e-mail lists were handed out where
volunteers could note their e-mail address in order to participate in the evaluation. Altogether,
25 of the students registered for the evaluation.
The process of the evaluation was as follows: After having collected the e-mail addresses of
the volunteers, an e-mail was sent to them that included information about the application and
guidelines for installation of the application on their smart phone. This e-mail was sent around
the end of the semester, so at this time the students had to prepare for several exams. In scope
of this evaluation, the set of questions that was included in the application comprised questions
about the learning progress of the students. Moreover, some questions about the participant
and the usefulness of the application were included. This set was not changeable or removable
by the participants. This way, the application could be tested in a realistic scenario. The participants were split in four groups and for each group a different version of the application was
assigned. The different versions differed in the rest time of the application after answering a
questionnaire and the number of questions in a questionnaire. Different results in these versions could provide information about the proper adjustment of these properties. In versions
A and B the rest time was set to 2 hours and the number of questions to 4 in version A and 6
in version B. In version C and D the rest time was set to 4 hours and the number of questions
to 4 in version C and 6 in version D. By randomly dividing the group of participants in four
evenly large groups, each version was distributed to at least 6 students. The duration of the
evaluation was set to two weeks in order to gather enough data for significant results. After
this time, the participants were asked to send back the collected answers, the personal data
that they entered in the settings, the information about the device of the participant and further information about the usage of the application, such as the handling of the different types
of notifications. Therefore, a suitable feature was integrated into the application. Moreover, the
test persons had to answer a final questionnaire about the usage of the application.
Unfortunately, only 4 of the 25 students that registered for the evaluation, participated. Since
it is not possible to obtain significant results with such a small number of test persons, several
other persons from different domains were asked to participate. So 6 additional persons agreed
to take part in the evaluation. Due to the small number of additional participants, these test
persons were divided in two groups only in order to get evaluable results for at least one of the
two different properties of the different versions. Here, the number of questions in a questionnaire was chosen to be analyzed, while the rest time was fixed to 4 hours. So only the versions
C and D were distributed to the participants and they tested them for one week.
All in all, the group of persons that participated in the post-evaluation consisted of 10 persons
from different domains, such as technical communication and computer science. One half of
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them was aged between 22 and 25, the other half was aged between 26 and 29. 40% of the participants were male and 60% female. The Android versions that ran on the devices of the users
were mainly above version 4.1. Only one person owned a device that ran an Android version
of 2.3.3 and therefore could not use the buttons on the notifications to change the threshold values for specific events. The majority of the test persons declared not to document their learning
progress or other activities regularly, only two of them fully agreed to do so. However, 90%
of the participants stated that they rather like to reflect their behavior. The familiarity in using
technical devices was described as very advanced by all participants, especially for computers
and touch devices like smart phones or tablets.

5.2.2 Results
The next sections present the evaluation results for the usability, functionality and usefulness
of the system on base of the final questionnaire that was asked to them and the data that were
collected by the application. Further, these information were linked with help of an ID that
the participants retrieved in the application and entered in the questionnaire. Thus, the usage
behavior of the prototype can be coupled to the respective ratings for the application.

5.2.2.1 Usability
For assessing the usability of the application, the system usability scale (SUS) was used, as it
is widely used [9]. This is a "reliable, low-cost usability scale that can be used for global assessments of systems usability" [9]. This method aims at covering the effectiveness of a system,
efficiency of a system and satisfaction of the user with a system. The SUS score represents the
overall usability of the system and can be a value between 0 and 100. The resulting value for
the software prototype was 87,5. This is a good result and thus it can be concluded that the
usability is satisfactory to the participants.
The majority of the users stated that no problems occurred while using the application. Further, there were no conspicuous points for suggestions how the usability could be improved.
This emphasizes the well rated usability of the system.

5.2.2.2 Functionality
The functionality was rated with help of several questions to the specific features of the application. All questions were answered on a Likert scale with a range from 1 to 6, so the mean
value was 3,5.
In the first question, the participants had to state whether the application prompted them to answer a questionnaire too frequently. The average answer value was 3,8, so on average the test
persons were asked slightly too frequently. When analyzing the results for the different groups
of rest times after answering a questionnaire, the average value for versions with 2 hours was
5 and the average value for the versions with 4 hours was 3,3. So participants that had versions with shorter rest periods were much less contented with the frequency compared to the

54

Chapter 5. Evaluation

participants that had versions with higher rest periods. The data collected by the application
show that in the versions with lower rest period a notification was triggered 11,8 times a day
on average, while for versions with the higher rest period only 5,2 notifications were triggered
a day on average. The result for the versions with the shorter rest period is less significant
than the result for the other version, as only three of the participants used a version with short
rest periods. However, a distinct tendency for perceiving these versions as too annoying can
be observed. When analyzing the data that were collected by the application, it is noticeable
that only 40% of the test persons adjusted the threshold values for noise or step recognition
with help of the buttons in the notification. Even when the noise event was triggered very
frequently in some cases and was not used by the participants to start the application, most of
the participants did not increase the threshold for recognizing noise. Further, two of the four
persons that adjusted the thresholds, decreased them although the corresponding events were
triggered frequently. Of course, after decreasing the threshold, the events were triggered even
more frequently. Consequently, the persons strongly agreed that the application prompted
them to answer a questionnaire too frequently. So the approach to change the thresholds obviously needs to be improved in terms of awareness and comprehensibility.
The next question aimed at figuring out whether there were too many questions in a questionnaire. Here, the average answer value was 1,4. Surprisingly, even for versions of the application
that included 6 questions in a questionnaire, the participants strongly disagreed that the number of questions was too high. Thus, an upper limit for this value could tried to be found in
future evaluations of the system. Maybe this result correlates with the smart scheduling of notifications and the participants are willing to answer more questions if they asked at the right
point in time.
Next, the participants were asked about the unsuitability of the points in time for the notifications. The average answer value was 2,7, so the test persons found that the points in time were
rather suitable and thus represented activity changes. Only one of the participants rated the
suitability as very poor. However, the application data of this person showed that the noise
event was triggered very frequently and the threshold was first changed by the person shortly
before the evaluation ended. Further, the data showed that many random events were triggered. This may be reasons for the poor rating of this person. Also the two participants that
reduced the threshold for noise recognition stated that the points in time for the notifications
were not very suitable. According to the resulting frequency of noise events, this is understandable. So this is another reason for better integrating the adaptability of the events into the
application.
Further, the obtrusiveness of the prototype was rated. Most of the participants thought that the
application is not obtrusive, so the average answer value was 2,4. As for the last question, only
the participants that had many noise events and did wrongly adapt the threshold or changed
it late in time, stated that the application is rather obtrusive.
Finally, the test persons had to assess the usefulness of the statistics view. The average answer
value for this question was 4,4. Thus, this feature was perceived as rather useful by most of the
participants. Only one of them stated that this functionality is rather not useful.
When asking for possible improvements for the application, several participants proposed to
integrate the individual learning times or days to the application. This way, the system would
only be active in the time at which the user really learns.
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5.2.2.3 Perceived Usefulness
The perceived usefulness was also rated with help of questions in the final questionnaire.
Again, all questions were answered on a Likert scale with a range from 1 to 6, so the mean
value was 3,5.
The overall usefulness of the system was rated with an average answer value of 3,7, so it was
perceived as rather useful by the participants. For this question it is noticeable that all participants that assessed the usefulness negatively (3 persons), stated not to document their learning
progress or other activities. Moreover, there were also 3 test persons that claimed to not document their learning progress regularly, but still perceived the application as useful. Further,
all of the 4 participants that regularly document their learning progress rated the application
as useful, too. The average results to this question are visualized in Figure 5.1. Here, they are
set in relation to the documentation habits of the participants. Low numbers stand for poor
usefulness and no regular learning documentation of the test person, whereas high numbers
represent a well rated usefulness and a regular learning documentation by the user. The linear
trend line shows that the more a person documents his learning progress, the better he rates the
application. The same findings can be applied to the questions whether the application helps
to achieve personal goals of learning or fastens up the process of achieving the goals.
6

Perceived Usefulness

5
4
3

Collected Data

2

Linear Trend

1

0
0

1

2

3

4

5

6

Documentation Habits

Figure 5.1: Perceived usefulness of the system compared to documentation habits for learning of the participants

Most of the test persons claimed that the system helps to gain a better overview of the learning.
This is also reflected by the average answer value of 4 to this question. Only two of the participants did not gain a better overview of their learning behavior. These persons also stated not
to document their learning progress. On the contrary, the majority of participants stated that
the application does rather not increase productivity or efficiency of learning. So the application was perceived as documenting tool rather than as an advisor for better learning behavior,
which is true for the actual state of the system.
As mentioned before, the question set that was used in this evaluation also included questions
about the usefulness of the application. So a question for determining the Net Promoter Score
(NPS) [31] was asked. The NPS aims to measure the performance of a product through the customers’ eyes. The resulting value is in the range from -100% to 100%, where a positive value
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means that there are more promoters than detractors for the system. For gaining this value,
the participants had to state whether they would recommend this application to their friends.
The resulting NPS was -22%. When taking the previous findings into account, the participants
thought that the system is useful for specific purposes, but they were not enthusiastic about
the application. However, this might change when further extending the application for giving
advices how to improve the behavior.

5.2.2.4 Usage Behavior
The usage behavior was gained from the data that were collected by the application and provided by the participants. These data can reveal information about the usage of the different
events for notifying the user about new questions.
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Figure 5.2: Average amounts of triggered notifications for the different event types

The comparison of the amounts of triggered notifications that were caused by the different
event types is shown in Figure 5.2. Furthermore, the absolute number of notifications for the
different events that were triggered for all participants in the evaluation and the corresponding
number of notifications that were used to use the application is depicted in Figure 5.3. It is
noticeable that the noise event was triggered at most with 38,9% of all events. The proportion
of these events that were used for answering questions was 24,4%. The high amount of noise
events probably results from the fact that the participants did not adapt the threshold value
for noise recognition properly, as described before. Still, the proportion of used events of this
type is relatively high, so it can be assumed that this event represents an activity change of the
user quite well. Here, it also has to be considered that not every notification is perceived by
the user of the system. Reducing the amount of triggered noise events could lead to a higher
usage probability for the notifications of this event and thus a better user satisfaction. The user
presence event had an occurrence amount of 30,1% and 36,5% of these events were used to answer a questionnaire. The amount of this event type is also relatively high, so the participants
used their devices frequently. But due to the high amount of used events, it can be concluded
that the user presence describes an activity change in many cases. The step event was trig-
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Figure 5.3: Absolute amounts of triggered notifications for the different event types and usage of the application according to these notifications

gered with 17,6% of all events, while 28,3% of the appropriate notifications were used by the
participants. Since the steps are not perceived differently by every device in contrast to noise,
the adaption of the threshold was not that important in this case. Thus, the amount of step
events is roughly the half of the amount of noise events. The proportion of used notifications
that were triggered by this event is lower compared to the user presence event. A reason for
this could be that the notification is not that often perceived by the user, as he does not concentrate on using the phone in this case. The random event had an occurrence rate of 6,1%
and only 10,8% of these events led to an answered questionnaire. These values show that it
is not necessary to include random events, as they are triggered seldom and do not describe a
change in activity of the user. The calendar event was triggered with 6%, while 22,2% of these
events were used to answer a questionnaire. A reason for the low amount of calendar events
could be that most participants do not use their calendar to note appointments or they did not
have any appointments in the time of evaluation, as many of them learned for exams. Finally,
the incoming call event occurred with a rate of only 1,3%, but 25% of these events were used
to answer questions by the participants. A reason for the low occurrence rate could be that
many people rather communicate by using instant messaging applications such as WhatsApp
or Threema than calling someone. Still, the usage amount of the notifications is acceptable and
thus this event is suitable for describing an activity change.
All notifications fade when the user does not react to them within five minutes. In this case,
the user either did not perceive the notification or ignores it. But when the user cancels a notification, it can be assumed that he has no time to answer a questionnaire and was distracted
by the system. Thus, the notification was triggered at an inappropriate point in time in this
case. The amount of canceled notifications for all participants was only 1,6%. However, it has
to be considered that the participants also could have simply ignored notifications that were
disturbing. Still, this fact emphasizes the findings regarding the suitability of points in time for
the notifications of section 5.2.2.2.
Moreover, the participants answered at least one questionnaire in 88,3% of the days at which
they tested the application. This emphasizes that the system can be used to gather subjective
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user data regularly in the natural environment of the user.

5.3 Summary
This chapter depicted the evaluation of the application that was developed. The key results are
that the system is well usable, unobtrusive and useful for documentation purposes. However,
some features such as the adaption of threshold values for some events need to be further
improved.

6 Conclusion
In scope of this thesis a context-aware, personal informatics application for Android based on
the experience sampling method was designed, implemented, deployed and evaluated. This
system can be used to collect the momentary behavior, thoughts and feelings of a person in
his natural environment. Therefore, the user gets notified about answering a questionnaire at
specific points in time. The most important property of this system is the smart scheduling of
these notifications. In contrast to other systems in this domain, the signals are triggered in between of two activities of the user. Thus, the user is not distracted from other activities, which
shall increase the user compliance. The smart scheduling of signals is realized by exploiting
the context information that are collected by the device, such as accelerometer data or calendar appointments. Further features of the system are the exchangeability of questions that are
asked to the user, the smart selection of the next question that should be displayed according
to the user profile and relevant properties of the questions like weight, and the visualization of
the collected answers to the questions.
The evaluation of the system showed that the application was perceived as unobtrusive by the
participants. By including random notifications beside the smart scheduling of notifications,
it was revealed that there is no need for the random notifications, since they were triggered
very seldom. So the smart scheduling has the potential to replace the traditional method of
time-based scheduling in experience sampling applications. Asking more questions in a questionnaire did not decrease the compliance of the participants. This property has to be further
examined in future studies. Further, it was shown that asking more questionnaires a day by
reducing the minimal amount of time between the scheduling of two questionnaires tendentially decreases the motivation of using the application. So even when triggering the signal for
answering a questionnaire at suitable points in time, the frequency of triggered notifications
has an effect on user compliance. Providing a statistics part further increases the motivation of
the user, since it can be used for documenting the collected information.
In future, several features of the application can be improved. The scheduling process could be
enhanced by utilizing wearable systems. Wearable devices are emerging more and more. These
systems provide more sensors that can be used for determining the context of the person that
uses the application more precisely. So sensors like photoplethysmogram (PPM) for measuring
the heart rate of the user or accelerometers that are positioned at different parts of the body
could add more information for the scheduling process that are not attainable when using only
the smart phone. Moreover, these systems could be used to enable a more unobtrusive way
to interact with the system. A smart watch could for example be used to present and answer
the questions faster and easy accessible, which could further increase the compliance. Another
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possible enhancement of the system is the documentation of the sensor data and relation to the
information provided by the user. The more information are collected, the more information
can be gained by the user. In the current version, the sensor data are solely used for the smart
scheduling approach. Another suggestion is to simplify the process of creating question sets.
This is currently done by creating a specifically coded JSON file. For users that are not that
familiar with information technology it could be hard to successfully create a new question
set. To solve this problem, for example a web application could be used to easily create new
questions. However, the last two improvement suggestions that were mentioned are already
realized in existing systems and thus would not be new contributions in this domain. A feature
that clearly can be improved is the statistics part. In the current version of the system, the user
has to choose the questions that should be visualized by himself. So he needs to think about
possible correlations of different information and then compare the inputs to the according
questions. A better approach would be to automatically detect correlations and present them
to the user. Thus, it would be easier for the user to reflect his behavior. One step further, the
collected data could be analyzed automatically in order to give the user recommendations how
to improve his behavior. This would turn this documenting tool into an advising tool.
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