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Executive Summary

This document describes the research process of work package 3 (WP3) in the first year of

the M RROR project. Work package 3 aims at AiCaptu
support reflective learning. A learning experience is understood as an experience relevant to

the reflective learning process. In the context of MIRROR, we focus on learning experiences

that relate to work practices. Therefore, an experience is relevant if it has the potential to

lead to a work-related outcome of a reflection session.

The collection of data is complicated by the unpredictability of the (captured) data relevance

and the subjectivity of experiences, which demands interpretation of the captured data by the

empl oyee. WP 3 pl ans to capture affective aspe
motivation to facilitate the selection and interpretation of the available data.

In the first year, WP3 took an exploratory approach to identify sensing technologies that are
realistically usable and that contribute to capt
This compromises technologies to capture the task context (object i ve 3. 1) and the
physical and emotional stress as context information (objective 3.2). First steps towards a

context management and representation (objective 3.3) have been taken. This means

especially creating a common understanding of captured context and its usage across all

work packages.

Five studies were conducted to reach these goals:

1 Research on available technologies in the testbeds and possible new sensors has
been carried outinthepre-st udy fACapturing technologi eso.

1 The design study on using Mood Maps has confirmed that this simple conceptual
approach to capture the affective dimension is effective and accepted by users.

1 A domain model was created in discussion with the other work packages. The
domain model has achieved a shared understanding of the various work packages of
the captured data.

1 Psychophysiological sensor data was collected in a study at NBN and annotated with
notes from a parallel ethnographic study. This data is an important basis for
developing and testing new algorithms and applications in the upcoming months.
Furthermore, motivational barriers and drivers have been identified.

1 An offsite user study has been carried out by KMRC, whereby they have asked
employees from all testbeds about their current usage of technology and their
acceptance of additional sensors.

The insights of these five studies have been amalgamated into a first draft of a conceptual
model that provides a set of criteria to analyze learning experiences.

In summary, we can conclude that there is no single solution for all testbeds when it comes
to capturing task context. Capturing task context needs approaches that take into account
specific characteristics of the different testbeds. There is not a single solution as each of the
approaches has its advantages and disadvantages, such as privacy, and usability in work
practices of sensors, the applicability of mobile applications, or the potential of connecting to
existing information systems. Careful analysis of workplaces is required to choose the
appropriate capturing tools.

Our study at NBN has shown the big inter-individual differences in requirements between
users within a testbed. Applications that capture and present physiological data for reflection
Version 1.6 |
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may not be universally useful, but each of them has to target a specific type of users. We
expect similar issues with other reflection apps, which will be investigated in the coming
months. To facilitate that, we have collaboratively developed empirically grounded personas
to feed it into the requirements process.

Creating transparency about oneods own experien
strategies that have been developed by individuals. This can lead to resistance to this
transparency due to anxiety of its impact. This needs further investigation of the impact of
interventions and how to address anxiety as part of scaffolding learning processes. This

requires further investigation of the impact of MIRROR interventions into existing coping

strategies.

In year 2, WP3 will build on the above described results and will shift its main focus towards
the context infrastructure:

1 The above mentioned results and the conceptual model will be integrated to define a
base for context augmentation and filtering that can be used by all capturing apps.

1 The in-depth analysis of the physiological sensor data (annotated with real-world
work practices) that was collected at NBN and the positive acceptance of sensors will
support the design and development of capturing applications that allow the capturing
of emotion and work related aspects like interest or stress.

Version 1.6 |
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1 Introduction

WP3 aims at providing methods and tools for capturing experiences to facilitate reflective

l earning. We under st and il earning experienceo
learning. In the context of MIRROR, we focus on learning experiences that relate to work

practices. Capturing of learning experiences forms the basis for supporting various activities

in reflective learning (which are covered by work packages 4, 5, 6, 7, and 8), ranging from

providing simple memory cues (e.g. a note or a snapshot to assist remembering) to rich data

that allows an in-depth analysis (e.g. a video of a certain situation).

In the first year, we have taken an exploratory approach which consisted of complementary
research instrument s: (i) iDensingresSigmndi d RehdaenBcr
al. 2008) that are technology-driven and explore the potential and challenges of specific

technical solution ideas (ii) conceptual studies as foundation of our research and the
collaboration with other work packages, and (iii) User Studies as an empirical analysis of the

target context and its users, targeting at learning about real workplace practices with respect

to capturing learning experiences. One priority for these studies has been the close
collaboration with other work packages, and one conceptual study on developing a domain

model (Chapter 6) was specifically targeted at developing a shared understanding between

the technical work packages 2 to 8 and the theory development in WP1.

The work in the first 12 months in WP3 addressed the following 3 defined objectives:

1 Objective 3.1: Capturing task context information at the workplace. In order to provide
meaningful context information to support reflective learning, we have to find practical
ways to capture task context in real workplace settings. This includes both hardware-
based sensors and the extraction and further analysis of existing data (e.g., in
existing information systems). Towards that end, available hardware sensors were
evaluated regarding the applicability for the testbeds as part of a Design Study (see
Chapter 3). All testbeds were inquired on their use of technology as part of a User
Study (see Chapter 8). Further, relevant characteristics of the task context were
elicited as part of Combined User and Design Study at NBN (see Chapter 7).

i Objective 3.2:. Capt uring t he user 0s physical and e

information. This is based on the insight that physical and emotional stress plays an
important role as context information in work and learning experiences. In year 1, we
have explored two approaches: biosensors and mood capturing through mood maps.
As part of the user studies, all testbeds were asked on their acceptance of bio-
sensors (see Chapter 8). At NBN (see Chapter 7), we conducted a trial where
individuals have worn a specific sensor for at least two days. To explore the potential
of mood maps, two prototypes for capturing, aggregating, and visualizing the mood of
individuals have been developed and evaluated in a self-application as part of a
Design Study (see Chapter 5).

1 Objective 3.3: Context management and representation. In the first year, we have
concentrated on the representation of context information. For that purpose, a model
is needed for storing and processing the captured data. As a first step, a conceptual
common domain model (Chapter 6) integrating the technical perspectives of the WPs
2-8 and the theory development in WP1 was created to facilitate the later integration
of data that is gathered by different apps provided by different partners (see Chapter

Version 1.6 |
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3). These results and the discussion with WP1 resulted in approach to categorize
data for reflection (see Chapter 9).

Before describing the studies and their results, Chapter 2 will provide an introduction to the
underlying theory of reflection in general (Section 2.1, which is common to deliverables D3.1,
D4.1, D5.1, D6.1, D7.1, and D8.1) and the specific challenges of capturing experiences
(Section 2.2). These conceptual foundations guide our research approach (as described in
Chapter 3). Chapters 4 to 8 will describe the conducted studies. Chapter 9 aims at providing
a new approach to categorizing the captured data. Finally, the results of all studies are
summarized and discussed in Chapter 10.

Version 1.6 |
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2 Theoretical Background

21 MI RRORG6s under st and ieffegtiveddarninghae worko | e o f |

The purpose of this section is to summarize our current understanding of reflection in
MIRROR and to provide a common set of basic concepts to apply across the
deliverables D3.1, D4.1, D5.1, D6.1, D7.1 and D8.1. This text is included in all these
deliverables in an identical way.

This section is based on continuous work in the first year of MIRROR to identify and agree
on a shared set of concepts. It does not include emerging theory based on the empirical work
in MIRROR. The set of shared concepts will be refined over the course of the project.

The document starts with an outline of concepts related to the individual process of
reflection, followed by a section on reflective learning on individual, collaborative and
organizational levels. Next the concept of reflection session is elaborated, providing a link to
the MIRROR requirements process and the storyboards with testbed specific requirements
(to be documented in D1.3). Finally there is a section on the roles of tools in reflection,
pointing towards the MIRROR design space.

Reflective learningr ef er s t o fithose intellectual and affe
engage to explore their experiences in order to lead to new understandings and
appreciations o ).(nBWRROR wetbasa bur underdt@8ntling of the process of

reflective learning on the model of Boud et al (1985), in which the learner re-evaluates past

experience by attending to its various aspects, thereby producing outcomes (Figure 1). This

process is a core element in collaborative reflection and in organizational learning

New perspectives on

Returning
experience

to experience

Behaviour

Ideas Attending to Change in behaviour

feelings

Readiness for
application

Feelings

Re-evaluating
experience

Commitment to action

Experience(s) Reflective process Qutcomes

Figure 1: The process of reflective learning (Boud et al. 1985)

In everyday as well as academic language 6 e x p e r refens both do single experiences (of

specific events or situations) and general experience in the form of knowledge/skills/attitudes

coll ected and developed over ti me. Al so, exper
which people can be more or less conscious.

In the reflective learning process (Figure 1) we can consider the experience returned to as a
single experience or as a set of such single experiences. A single experience is defined as
the total response of a person to a situation, including behavior, ideas and feelings. Given
the differences between individuals, the experience of one and the same event will be
different in different persons.

In the reflective process, the re-evaluation of experience requires generalization and
abstraction from the concrete experiences as well as attention to their emotional aspects.
The | earnersd knowl edg é& ansl eutcome of - thesre-ewaluatiers our ce f or
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The outcome of reflective learning can be cognitive, affective, and/or behavioural. A
reflective process, through its outcome, al ways results i n some
outcome does not necessarily have an immediate and/or measurable impact on the work
practice in question. For our purposes (in MIRROR) we consider reflection and reflective
learning to be the same thing.

A key aspect in making a reflective process happen is the presence of triggers. Triggers are
unexpected situations (e.g. disturbances and perception of uncertainty, or positive situations
like surprising success) creating awareness of discrepancy between expectations and the
current experience. Reflection might be triggered by an external event or agent (external

fireso

trigger/incident) or mi ght develop from oneods

reflect).

2.1.1 Reflective learning on individual, collaborative and organizational levels

Reflection can take place individually and collaboratively. For reflection to be

coll aborative, the participants need to share ex

their own reflection, resulting in a spiral-like interaction between individual and collaborative
reflection. Collaborative reflection may be based on experiences of shared events and
situations of collaboration between the participants, but also on individual experiences that
are not related to the same events but are comparable through a shared context (e.g.
experiences from similar, individual work tasks taking place at different times and/or different
locations).  Individual and collaborative reflection has different advantages and can
complement each other in workplace learning.

Reflective learning can also be viewed on the level of the organization. Organizational

learning , an organizationd6s i mprovement of its tas

Schon 1996), can be seen as a consequence of the learning taking place in individuals and
teams in the organization in the context of their work, e.g. through a bottom-up learning
process. Learning i n an organi zat i op-downs
management of its processes, which may be more or less explicit about the role of informal

|l earning and employeesd6 reflection on work
reflect on their own performance (and that of the organization) on the basis of data from the
organization; this data may originate in processes of work but also in processes of reflection
through which the employees share their ideas and views.

In workplace learning, reflection and problem solving can be seen as closely related and
feeding into each other (D. Schén 1983).

2.1.2 The reflection session

By reflection session we refer to a time-limited activity framing and supporting processes of
reflection. Reflection sessions range from the small, individual, spontaneous pause in
between work tasks to the scheduled, elaborately organized and facilitated workshop in a
team. Key dimensions that can be used to characterize reflection sessions are
Objectives, Content, Process, Outcomes, Support, and Timing. These dimensions, to be
elaborated below, are not completely independent.

2.1.2.1 Objectives

The objective(s) of a reflection session link the reflection to work processes. The objectives
may be more or less explicit. Objectives can be characterized in more detail outlining
whether they are on individual, team and/or organization/management level, in which
specific work/business processes and the objective(s) originate (e.g. day-to-day needs of
Version 1.6 |
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individual work practice, plan for individual competence development,..), to which roles they
relate, and what are the more specific goals (e.g. related to sense making, problem solving,
improvement or performance)

2.1.2.2 Content

By content we refer to O6the thing reflected

detail by outlining whether the reflection is addressing individual experience and/or shared
experience (e.g. among the members of a work team), whether the reflection is addressing
a single experience and/or a set of experiences, whether the reflection is concerned with
one work process or issues that span several work processes, which work process(es)
are in focus, and whether other representations of the relevant work practice (e.g. best
practices, standards, simulations such as in a serious game) are being used in the re-
evaluation of the experience

2.1.2.3 Process

This refers to how the activities in the reflection session are being conducted. These
processes can be individual and/or collaborative.

2.1.2.4 Outcomes

This refers to the results of the reflection session, e.g. what is being produced, some of
which may be planned and some unplanned. In characterizing the outcomes of a reflection
session, the following should be considered: Which articulated knowledge is
developed/constructed (e.g. lessons learned, creative solutions, proposed changes to certain
work processes, and refined/annotated/aggregated data from a work process), which
artifacts are produced (e.g. reports and personal notes), to which roles and processes the
outcomes are relevant, which knowledge and artifacts are intended to be shared (and with
whom), and what are the actual changes in work practices.

2.1.2.5 Support

This refers to support or scaffolding for reflection, which can be provided by a human
coach/ facilitator and/or by tools. Support can be characterized by the way access to data
from the work process is being provided (subject to numerous considerations regarding
availability, privacy, representation/presentation, sharing etc.) by the roles in the reflection
session (e.g. is there a facilitator), by the procedural support (e.g. guidance through
certain steps), by the support for articulating and sharing knowledge within the reflection
session and in the creation of its outcomes, and by the specific techniques/approaches used
(such as creativity techniques and serious games).

2.1.2.6 Timing

This refers to when the reflection session takes place, in particular how it is scheduled with
respect to work processes. It also refers to the duration of the session. The timing can be
characterized by outlining to what extent the reflection session is separate from, or
intertwined/concurrent with, the work process (If reflection happens in frequent, small
steps, e.g. in between work tasks, it may be convenient to consider these steps together as
one reflection session), whether the session is a pre-scheduled activity or initiated upon
need or convenience, and what are the criteria and conditions for starting and

terminating the session. The start of a session may fo

initiative (e.g. on the occurrence of a trigger for a reflective process) and/or on some form of

Version 1.6 |
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prompting. The termination of the session may be based on time allocated/elapsed, the
occurrence of certain events in the work process, the completion of certain outcomes, etc.

2.1.3 The roles of tools in reflection at work

Tools may have different roles in supporting reflection at work (Krogstie 2009). Two key
categories of tool use are gathering data from the work process and providing support
for the reflection session.

Tool support for a reflection session includes providing access to data from the work
process. Some of this data may serve to trigger reflection, other data may be used to make
sense of (recall, reconstruct) the experience(s) in question. Tool support for the reflection
session may also take the form of process guidance, e.g. guide its steps. Further, tools may
support the articulation and sharing of knowledge in a reflection session and in producing
outcomes of value to the surrounding work and business processes.

Finally, in considering support for reflection we need to consider tools that support the
work process more broadly, since tool use in day-to-day work and reflection may be closely
intertwined and one may impact on the other.

2.2 Challenges of capturing learning experiences

We understand a learning experience as an experience relevant to reflective learning. In the
context of MIRROR, we focus on learning experiences that relate to work practices.
Therefore, an experience is relevant, if it has the potential to lead to a work-related outcome
of a reflection session. This experience could be a single event that indicates need for
reflection on a certain issue, e.g. by showing a discrepancy between the own mental model
and observations, but also a collection of events that for instance shows a trend, e.g.
increasing stress levels.

Experience on its own is a very broad term. For instance, the term user experience is related
to usability engineering (McCarthy & Wright 2004). While this is an attempt to create a
holistic view of a user and her experience during using a system, this approach and the
underlying theory is still limited to a user of an application or device.

We build our notion of experience on its usage in experiential learning as defined by Kolb
(Kolb 1984). Experiential learning has its early roots in the works of Dewey (Dewey 1938)
and sheds light on the cognitive processes in education. Hence, the technical possibilities
are not taken into account. Kolb writes about the notion of experience:

In experiential learning theory, the transactional relationship between the person and the
environment is symbolized in the dual meanings of the term experience i one subjective and

personal, referring to the personds internal

St

and the other objective and enviromenendmlt hias

The subjective and personal experiencei s t he result of the indi

situation the experience refers. The return to experience and re-evaluation of an experience
of Boud targets this subjective and personal experience. In being subjective, it might not
always reflect an actual situation but is interwoven with personal beliefs and expectations.

However, we see the objective and environmental experience differently. In contrast to
Kolb, we see that an objective and environmental is not limited to the sum of experiences
that makes up the competencies of a person. Colleagues and IT systems can capture
objective data about an experience which is also the result of an interpretation of, e.g. sensor

Version 1.6 |
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signals or the individual c o | | e a g u e s 0 Weprefar to ¢hfs tddatacatso as the objective
and environmental experience.

Figure 2 shows how a work situation is perceived and interpreted subjectively by the learner
and objectively by sensors and colleagues. Subjective and objective experiences allow
the comparison of different views of a situation during the experience session.
Nevertheless, not all data that can be captured is useful for reflection. Moreover, the
availability of different views of a situation might not be obvious. The context infrastructure
takes care of filtering the relevant data and augments the data with relevant data from other
sources.

Reflection Session

/\ XLearning Experience

Subjective Personal Experience Context Infrastructure
Augmentation L Filtering
: i ; ; Task Affective
Tacit Explicit Diary Observation context context
Knowledge Interpretation Interpretation/\\
Articulation .
- Aggregation Sensors
rd

Interpretation

Figure 2: Capturing learning experiences

Subjective experience and objective experience differ in their underlying perception of the
situations as well as their interpretation of the gathered data. For instance, sensors have only
a very limited view of a situation. A learner has in general a broader view but might interpret
the perception or even the experience wrong - as Moon points out:

fif learners do not learn from experience but from their perception of experiences, there are
implications for the nature of guidance required by learners in order to make sense of
experience.0(Moon 1999)

Version 1.6 |




MIR @R User studies, requirements, and design | Page 17

studies for capturing learning experiences

Planned or involuntary interpretation, done by the learner or the context infrastructure might
skew the view of the perceived situation. The reflection of these conflicting views in the
reflection session can yield new insights and lead to learning. The context infrastructure aims
at identifying these views that lead to learning.

Subjective and personal experience is only accessibly when the learner articulates this
knowledge. This articulation might be complicated by the tacit nature of a part of the
knowledge. If knowledge is articulated, it will be in general subjective because it reassembles
the mindset of the learner.

Aggregation of subjective articulations over time or over different user can result in more
objective view. The quantified self group uses personal informatics (Li 2010) to count and
aggregate subjective impressions. Therefore, they quantify their life and aim at creating
objective data. They use apps and tools to bridge the gap from subjective to objective
experiences, e.g. by aggregating the time spent writing e-mails or the number of curses per
day.

Close examination of Figure 2 leads to a number of challenges that have to be addressed.
These challenges are discussed in the next sections.

2.2.1 Context information

Capturing a learning experience means capturing relevant data and information that could
support a later reflection session. We refer to this data that describes an event as context
information. This notion builds on the definition by Dey & Abowd:

AContext is any informati on tsituationofcanentithsn used t o
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.6 (Dey & Abowd

1999)

This definition already outlines one of the key challenges of dealing with context information:
which characteristics of the real-world situation are relevant context. With respect to
reflection, there are specific challenges:

1 Unpredictability of relevance. Since the reflection session takes place after capturing
and since the outcome of a reflection session cannot be clearly predicted, more
context information has to be captured than will probably be used afterwards. This
means on the one side that a selection mechanism is necessary to select a relevant
subset of this data. On the other side, the selection of methods for capturing data is
crucial.

1 Subjectivity and need for interpretation. It is inherently difficult to identify data that
relates to a concrete experience. While hardware sensors and IT systems can
capture a growing part of the context, the perception of this context and its
interpretation is hard to estimate. The perception by a user depends on existing
experiences and biases. Only the user can provide the necessary feedback to select
the relevant subset of data and annotate it for later reflection, and in many cases this
selection is already part of a reflective learning process. Hence, WP3 cannot solely
rely on fully automated ways of capturing (such as hardware sensors or mining of
existing data), but has to look at a combination of sensors that automatically captures
the context and applications that involve the user into this process. These might be
simple applications, e.g. a diary, or built on top of hardware sensors, e.g. a diary in
which entries can be tagged with GPS locations. As a consequence, these
applications are also software components that capture context information. In
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consequence, when speaking of sensors we refer to both, software and hardware
sensors, and both fully automated and semi-automated ways of capturing.

2.2.2 Affective aspects

Particularly interesting 1 but frequently neglected i are affective aspects; they play a central
role in personal development as well as in work processes. In result, they influence work
independent of the concrete task and environment. Furthermore, Boud highlights the
importance of emotions in his model of reflection as well. Therefore, in WP3 we want to
research the role of affective aspects for reflective learning:

1 We believe that affective aspects are an essential context aspect to interpret the
gathered data. Affective aspects could be used to select critical subsets of the
gathered data for reflection. This probably correlates with the known role of emotions
in remembering and interpreting situations in the human memory.

1 Furthermore affective aspects could be used to control the progress of a reflection
session. Which part of the reflection session induces a change in the affective state?

1 Creating awareness about emotions both on a personal and collective level helps to
develop a more holistic perspective on learning, which might have an impact on
behavioral change and sustainability. But it also challenges the aversion of business
environments to emotions, which can be deeply rooted in an organizational or team
culture.

1 Last but not least, the affective state could be the content of reflection for personal
development and developing coping strategies. An interesting use case would be the

reflection about oneds own stress | evel dur |
individual could identify personal stress factors, distinguish positive and negative
stress, and develop ways tactoismanageo her own

2.2.3 Motivational aspects

Motivation of the reflecting person is essential for capturing the required context data.

Capturing and annotating data task needs additional time and effort e.g. for keeping a diary,

but also just for wearing a sensor, or annotating captured data. Therefore, capturing

strategies require consci ous management o f Hetehtke falilesvieg 0 s mo t
aspects need to be taken into account:

1 The reflection process itself will reward the user in the long term, but this is probably
not enough in the short term. If a capturing application provides an immediate
benefit, this will create a direct motivation for this task, e.g. for capturing data in a
game. On the contrary if an employee plays the game only for entertainment this
might i nterfere with the employeebs daily duti

1 It is clear to us that reflection should not focus only on negative aspects
(Aproblemso). When analyzing data from I T sy
and misbehavior. However, this would result in a negative connotation of reflection. It
might be harder to identify positive events and success stories but they are essential
for the userdéds motivati on.

1 There are different types of benefits and we expect that they will appeal to
different types of users. So we should not aim for an average user, but rather
identify those different types of users (e.g., based on personality types). Some users
might appreciate the joy of use of a playful user interface. Other might need a
concrete feedback on their current progress. Still others are driven by curiosity about
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their own behavior. The basic idea behind those concepts is to give reflection (and

the use of reflection apps) a positive connotation for the user.
1 There are already existing tools that focus on tracki n g

oneods own

applications can be found under a variety of names including: personal informatics,
quantified self, living by numbers, self surveillance, and self tracking (Li 2010). These
tools already provide benefits and motivation to the user. If we understand the
underlying principles of these tools, we can build successful reflection apps.
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3 Research Interests and Research Approach

In the first year, WP3 aimed at identifying sensing technologies that are realistically usable

and that contribut e t o capture meaningful data for a ndl ea
technol ogies to capture the task context (object
stress as context information (objective 3.2). First steps towards a context management and
representation (objective 3.3) have been taken by creating a common understanding of

captured context and its usage across all work packages.

3.1 Research Questions

The DoW defines six research questions that guide the work in WP3 during the whole
project. These six questions can be grouped into three strands that describe the main
contribution of WP3 to the Mirror project i Context Modeling, Sensors and Context
Infrastructure. Furthermore, WP3 is a basis for other work packages and therefore Cross WP
activities have been identified as a fourth strand.

In the remainder of this section the six research questions will be cited and mapped to our
research interests and the activities in the first year of WP3. By doing so, the overall research
guestions are broken down into concrete questions that should be tackled in the first year.
Parts of these concrete research questions have already been defined in D1.1. Additional
research questions are targets of independent design studies.

3.1.1 Context Modeling

RQ1: How can the effort of modeling and acquiring context information in a specific
workplace setting be reduced in order to allow for generalization and broad adoption of the
MIRROR approach?

The decision which data is useful for reflection is highly user and context specific and cannot
be generally inferred from collected application and sensor data. Capturing Learning
experiences therefore requires (a) a significant amount of user interaction and (b) a tailored
capturing solution. In the first year, we aim at identifying capturing technologies and already
available data in the testbeds (Task 3.1) by answering the following questions:

a. What technology is currently used by the employees that might be used for
personal reflection or data collection?

b. What is the general attitude towards technology usage?

c. What technology can be introduced to capture more data?

RQ2: How can MIRROR define an adaptable depth of context information based on a limited
set of personal information that enables reflective learning in most workplace environments?

The employee is the best information source about her experiences and intentions, but this
source should be treated carefully. If the user feels that data gathering impacts her work or
even her private life, this will result in anger and finally the drop-out of the person. The
system wonot be us ed i the firsmyear eve will stagtrie identifye ,
motivational barriers and drivers to capture learning experiences that are essential to design
capturing apps (Task 3.3). The questions during the first year are:

a. What are the attitudes toward the use of specific technologies to capture
data?
b. What benefits are expected from using a new technology?
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c. How can we create context conditions or provide incentives that are
motivating for individuals to capture data?

3.1.2 Sensors

RQ3: How can existing sensor technologies for psychophysiological and physical activity
monitoring be adapted for long-term use for capturing user experiences in the workplace?

In year 1, we select and evaluate psychophysiological sensors in a testbed (Task 3.1). While
the majority of psychophysiological sensors are still only used in lab environments, there are
experiments with commercial sensors and wearable prototypes are being developed.
Deepening our understanding of these sensors in the field is necessary.

a. Which sensors are applicable?

b. Is the usability of these sensors sufficient for larger deployments?

c. How is the data quality affected by the work environment, e.g. constant
movement?

RQ4: Can such sensor technologies effectively assist the selection of specific work and
learning experiences in order to support reflective learning?

The recorded physiological sensor data reflects the emotional state of the user. Hence, an
analysis of this data could indicate important or stressful experiences. In the first year, we
aim at capturing sensor data and annotations in a real work environment. The collected data
from a real environment is a basis for the development and evaluation of rating algorithms.
Moreover, we aim at collecting first feedback on the following question:

a. What is the role of affective aspects in daily work practice and for reflection?

3.1.3 Context Infrastructure

RQ5: How can context management and augmentation approaches developed in ambient
computing scenarios be adapted to the context management of work and learning
experiences?

Context management in Mirror has to support a variety of applications from different work
packages. Work package specific requirements have to be collected and discussed to inform
context management and processing (Task 3.4). Depending on the perspective of a work
package, more data entities or special relations between data entities are required.
a. How can concepts from theory development inform data formats and
structures?
b. Which information has to be stored to accommodate needs of the individual
work packages?

RQ6: How can we bridge the gap between context information that we can capture directly
and what is relevant/needed for supporting reflective process by combining different methods
and formalisms?

Sensor technologies and available data source can become overly complex to select from. A
conceptual model should assist in categorizing and selecting context information for

reflection apps. Cr eat e a conceptual mo d e | (Taskf3.2)athatfiMlle ar ni n
support the selection of context data for reflection.
a. Which data is relevant for a fAlearning ex

b. How can this data impact a reflection session?
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3.1.4 Cross WP activities

Although no research questions explicitly targets cross WP activities, the results of WP3 will
directly support the other work packages. This is especially true for the context infrastructure.
A common understanding of goals and requirements is necessary to support the interlinking
of work packages. The complexity of gathering data is one of the major challenges in
MIRROR. Hence, WP3 directly influences which solutions are possible in other work
packages. If data is not attainable, solutions building on this data are rendered impossible.

3.2 Research approach

Out of the four strands presented above, Context Modeling is the main focus of WP3 during
year 1. Activities in the other strands are more focused on preparing the next steps in year
two, e.g. for the context infrastructure and psychophysiological sensor applications. Five
studies were conducted to research the questions from the four strands. Figure 3 shows how
these studies build on each other and connect to the four strands of work.

Sensors
User Study:
Questionnaire
on User Acceptance
and IT usage
[Ch. 8]

: Combined User
Pre-Study: and Design Study
at the
Neurological Clinic
Bad Neustadt
[Ch. 7]

Capturing
Technologies
Context [Ch. 4]
Modeling

Design Study:
Capturing and
Visualizing Mood

[Ch. 5]

Context
Infrastructure Towards a
Conceptual Model:
Criteria for Analyzing
Learning
Experiences
[Ch. 9]

Conceptual
Study: Common

Cross WP Domgihn l\éloda
Activities [Eh. 6]

Figure 3: Research approach

These five studies are:

1) The Pre-St udy fACapturing technologieso (Chapter

maps them to the first requirements of the testbeds. The requirements process has
provided a high level overview through testbed visits and two creativity workshops.
Building on this knowledge, candidates for capturing technologies are identified. The
main focus is to find technologies that can be used in multiple testbeds and thus reduce
the effort of modelling and acquiring context information in a specific workplace in order
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to allow for generalization and broad adoption of the MIRROR approach. This study is the
base for the later studies, as it identifies critical issues for capturing learning experiences.

2) I n the Design Study saurml iCapgumomgloanfdhapter

combine an alternative approach to capture affective aspects with research on possible
motivational drivers for capturing context. Apps for capturing moods and multiple
visualizations are developed and evaluated at the General Assembly in Karlsruhe.

3) I n the Conceptual Study on a ACommon domai
the various work packages have been collected to facilitate a cross work package
understanding of the available data and its representation. A domain model is created,
discussed, and refined in collaboration with the other work packages that connects theory
and implementation and defines at a high level how data is exchanged.

4) A combined User and Design Study was conducted at NBN (Chapter 7). The
Neurological Clinic Bad Neustadt has been selected for this user study for two reasons.
On the one side, the employees at a stroke unit are in average facing higher demands
and pressure than in the other testbeds. On the other side, NBN was identified as the
most complex and challenging of the five testbeds.

a) At NBN, different groups of employees, physicians, nurses and therapists collaborate.
Each of these groups has distinct goals, roles and educational backgrounds.

b) Work is focussed on patients and not on digital information.

c) Strict privacy laws in hospitals restrict the data that can be captured.

d) Hospitals restrict the use of radio-based technologies and thus place additional
requirements on sensors.

The design study part evaluates a specific bio-sensor (resulting from the selection made

in the first design study) regarding its usability and applicability for capturing physical and

emotional stress in a real testbed. Observations, sensors, and questionnaires are

combined to yield a maximum result. In the user study part an ethnographic study is

conducted.

5) An offsite User Study has been carried out by KMRC (Chapter 8), whereby they have
asked employees from all testbeds about their current usage of technology and their
acceptance of additional sensors. This provides insights how far the results from the user
studies at NBN can be transferred to other testbeds.

Building on the results from these studies, FZI and NTNU have pursued an approach to

create a conceptual model (Chapter 9) that supports the categorization of data for reflection.
The available data and its impact on reflection is analyzed and described.
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4 Pre-study: Capturing technologies

Sensors can provide unobtrusive means to capture data about an experience. They can help
to balance two contradicting requirements, the need for rich data and unobtrusiveness. While
there is a plethora of available sensors, the user is still an indispensible resource to select
and understand the captured data. The more data is captured the more data has to be
reviewed by a user. Therefore, sensors are required that are either easy to interpret by
machines or produce data that could be easily reviewed, e.g. a picture.

This pre-study analyzes the state of the art technologies for capturing context information
and compares them to testbed constraints that were already known. The goal is to select an
appropriate set of capturing technologies that can be used or extended to capture learning
experiences in one of the testbeds. This comes down to the research questions:

T Which technical solutions are available?
T Which of them are applicable to the testbeds?
T  Which of them can be used in different testbeds?

4.1 State of the art

Research in context-aware computing, ambient assisted living, context-aware experience
sampling and life logging has generated a plethora of sensors and applications that could
capture relevant information. In our analysis we looked at five different groups of capturing
technologies:

i Stationary sensors that are fixed in their location and monitor users in the surrounding
area

1 Tools can be augmented with sensors to capture the work of a person.

1 Mobile and Wearable sensor technologies are accompanying the user in different
environments and are always available

i Biosensors can capture the physiological state of a person and can indicate
emotional states.

1 Applications that collect data in interaction with the user.

The Mirror partners have already experience in using software and hardware sensors and
can build on this knowledge to assess the available technologies: the xDelia project has
researched and evaluated a broad range of biosensors, in the Soprano project stationary
sensors have been integrated and APOSDLE has captured data in computerized work
environments.

4.2 Method

In a first step, existing solutions were studied in form of a literature review or by self
application of available tools. This basic overview was than compared with the main
restrictions that were collected during the testbed visits. The following requirements are
immediately clear or could be inferred after the first meetings with testbed partners:

1. Privacy: capturing technologies should not only respect the privacy of the user but
also of her colleagues and especially customers and patients.

2. Usability: capturing technologies should be easy to use and not infer with work
related tasks.
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3. Scalability: capturing technologies should be affordable for a company and easy to
deploy.

4. Relevance: capturing technologies should capture data that can support a reflection
session. This point is very testbed specific and could not be used to select sensors at
this point of time.

Four main candidate technologies were chosen for presentation at the creativity workshops:
1 A mobile diary application to capture individual observations
9 Biosensors to capture the affective state (especially stress)
1 A Mood Map application to capture the subjective mood
1 Proximity sensing to capture social relationships

Building on feedback during the workshop, these technologies were researched further. FZI
focused on wearable sensors, mobile applications for Android and the Mood Map concept.
KNOW analyzed available capturing applications for the iPhone. A list of these sensors can
be found in appendix B.

4.3 Results

This section contains a short summary of the results and point to the technologies that turned
out to be relevant. The detailed results and all analyzed technologies and tools are described
inappendix BACapturi ng tTaldehinshdwe g suenmdry. of the analyzed and
selected sensor technologies.

Stationary sensors are either expensive, difficult to install or capture only very basic
information, e.g. closing a door. Furthermore captured events are always related to a location
and not to a person. Nevertheless, localization technologies can provide the position of a
person but this data still has to be related to a user. However in summary, stationary sensors
do not provide the required scalability and are prone to violate the privacy of others.

Table 1: List of chosen sensor technologies

Sensor Chosen sensors | Strength Weaknesses Necessary
type Improvements
Stationary | none One sensor for Privacy, scalability
sensors multiple users for mobile users
Augmented | Anoto Pen Pen & paperis a | Scalability (costs) | Costs will sink
very important with growing
tools . :
tool in several adoption
testbeds
Mobile and | Proximity sensing | Capture task Privacy concerns Implement
wearable context and and scalability secure data
solutions meetings (every user needs | storage
a sensor) Cost will sink
with growing
adoption.
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Biosensors | Movisens ECG High accuracy Scalability (costs) | Costs will sink
physiological with growing
data and best adoption
usability of the
assessed
biosensors

Interactive | Information Detailed task Testbed specific, Create secure

applications | systems e.g. the | context, that is privacy constraints | access and

hospital already available | (patient data) privacy filters
information
system
Mobile Availability, Small user | Smartphone
applications bound to one | interface, adoption is
user smartphones rapidly
devices required growing.

Tools can be augmented with sensors to capture all work activities using this tool. The tools
in the visited testbeds are mainly PC and pen & paper. The Anoto pen can capture all written
notes as images. There are several tools for monitoring PC related activities. Until now, no
new tools have been identified, that could be augmented with sensors.

Mobile and wearable solutions can be used without additional infrastructure and are
automatically related to the person that has made an experience. The main criteria to select
mobile and wearable solutions are their usability and how they cope with privacy
requirements. For instance, SenseCam has a great potential to really capture an experience
as it was seen by the employee, but SenseCam inherently violates the privacy of the
environment. This could be colleagues, partners and patients. They have no means to
control the SenseCam and would therefore stop its usage.

Biosensors are increasingly becoming available. However, currently users have to decide
between data quality and usability of a system. Medical electrodes are inconvenient and
heart rate monitors for sports like running do not provide the necessary accuracy. The
Movisens ECG system provides this data quality and use a new kind of electrodes that can
be integrated in a simple chest belt. The usability and data quality of the system has to be
evaluated in the field.

A promising tool to monitor the social activity in small, closed groups is proximity sensing,
as used in reality mining. Everybody in this group would have to wear a sensor, e.g. the staff
of nursing home or a hospital. Current solutions combine proximity sensing with further
sensing technologies like audio recording. These combined solutions would collect very
valuable data, but they would violate all privacy constraints and in some countries even laws.
Proximity sensing itself, would only count meetings between users of the system. Each
individual would have a list of times of these meetings.

Information systems are now used in nearly every company for at least the administration
and increasingly the communication. This can be very valuable but is hard to attain because
it is protected by privacy constraints and security issues. The hospital information system
stores information about every treatment but it is completely disconnected from the internet
and data security is seen as the central requirement. More research is necessary to identify
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interfaces to access non-patient related data in a way that does not infringe the privacy of the
staff.
Our research has collected a large number of capturing tools for mobile phones. These

tools motivate users to collect data by them like the quantified self group. Mirror has to learn
from these success stories and build similar tools. As the number of smartphones grows,

mobile technologies become even more important.
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5 Design Study: Capturing and Visualizing Mood

Emotions play an important role in the activities that are part of our everyday work. Our
emotional states are defined as mood when they are relatively long lasting. In order to
identify tools and methods that can collect information about the mood of employees, this
study was performed in collaboration between FZI and NTNU. Mood capturing needs
minimal involvement of the employee and could be used to support the reflection process.
Stating the current mood with a single click needs much less time than writing a diary.
Additionally, this data can be anonymously collected and aggregated for teams or
organizations. This aggregated data could be used as feedback to reward employees for
stating their mood. Besides, the use of different visualizations can motivate the user and
stimulate reflection.

The approach to capture moods was highly appreciated by testbeds and scientific partners
alike, when it was presented by FZI at the creativity workshop in London. Due to this interest,
a discussion started on possible challenges in capturing moods. Three main aspects are
researched in this design study:

1 How to motivate employees to capture and share their mood?
1 Does mood data indicate critical events?
1 Does mood data support reflection?

5.1 State of the art

In this study, mood is understood as the measurable articulation of emotions and subjective

feelings. The circumplex model of affect (Russel, J.A. (1980)) proposes that emotional

concepts are organised according to a circular structure, in a two dimensional space of

valence and arousal. Valence is a pleasure-displeasure s pace (often evaluated
good/ positiveo or ifeeling bad/ negative) whi | e
physiological activity (often described as having high or low energy). Each emotion can be

understood as a linear combination of these two dimensions, or as varying degrees of both

valence and arousal (see Figure 1).
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’/___/ fonse alent \\\ \
P excited
/" nervous
elated
/ stressed \
\
/ upset happy \
UNPLEASANT PLEASANT
\ sad contented /
serene /
\, depressed /
relaxed
. bored calm /
\_»»\- 4/',/
~— /
DEACTIVATION

Figure 4: Circumplex Model of Affect (Russell 1980)
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5.2 Method
In this design study, NTNU and FZI developed several applications that allow the capturing
and viswualization of usersod mood. Fzl bui

curiosity of the employee to motivate the data collection. The individual user is rewarded with
information of his/her mood in comparison to others. NTNU used a slightly different approach
and focused more on the hedonistic value of their application and the capturing of additional
data. Therefore, NTNU developed multiple visualizations and a mobile application that
combined moods with pictures and additional notes.

Apps of both partners were integrated and evaluated at the General Assembly (GA) which
took place at Karlsruhe in May 2011. This experiment would not have been possible in a
testbed at this point of time because of the required preparations and the parallel test of
several technologies. The General Assembly provided a unique test environment because all
participants shared a common work context and were in a real work situation without
focusing on this experiment, but on the work that they had to do. Therefore, the time
constraints and cognitive efforts to use the mood capturing tools matched a user at work.
Moreover, a General Assembly is a very good documented event and therefore offers rich
available reference data.

At the beginning of the General Assembly the experiment was shortly presented and
additional mobile devices were given to volunteers. During the meeting, participants could
state their mood with the different tools and see the changes of the average through the
different visualizations.

All entered mood data and the means of capturing (which tool) were stored for later analysis.
Additional data that was captured using the mobile devices was stored as well. The meeting
agenda, the meeting protocol and additional notes serves as a reference to analyse the
captured data. Some sessions had more intense discussions that should be clearly visible in
the data. Additionally, participants were asked during breaks for feedback on their
experience with the system.

5.2.1 Overview of the Test Scenario

All the mood-entries provided by the Mood Map App and the TimeLine App are stored in a
cloud-based architecture which calculates the average-mood of the latest 10 mood-entries.
The mood-average is computed by averaging the valence and arousal components
separately. The system also provides interfaces for fetching the current mood-average. This
functionality has been exploited to provide multiple visualizations of that data.

Figure 5 shows the 4 different mood visualizations as well as the two input interfaces
described in section 5.2.2 and 5.2.3.
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Figure 5: Interfaces for moods 1/O

5.2.2 Acquiring moods

The Mood Map App allows users to introduce their moods in a two-dimensional map and
afterwards compare them with the average mood of the other users. The horizontal axis
indicates valence and the vertical axis represents arousal of an employee. This diagram uses
a coloured background to indicate the different emotions that are related to the abstract
valence and arousal values. The mood can be entered by clicking in the mood map (see
Figure 12a) and afterwards a second interface shows a visualization of the data
automatically (see Section 6.2.3 and Figure 8).

It is a web based application developed with Google Web Toolkit. Therefore, it may be used
from any browser (Mozilla Firefox (recommended), Chrome and Safari were successfully
tested, but Internet Explorer does not show the graphical interface properly). The application
is developed following a client-server architecture, where the mechanism for interacting with
the server is making a remote procedure call (RPC).

As stated before, the current average is calculated with the last ten entered moods due to the
anonymous entered data. With this mood feedback and the possibility to compare the own
mood with the rest of users, it is intended to motivate users to capture data. Here, users are
not just giving input for the system, but receiving a personalized response and being able to
derive a benefit for themselves. This benefit of comparing themselves with the other users
can lead them to regularly introduce their mood and therefore capture more data about
themselves.

NTNU adopted the same mood model and integrated it in a mobile TimeLine Application,
running on Android devices. Due to the limited dimensions of the display, it might be difficult
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and confusing to show the mood in the time line through a mood map or through the
corresponding colour of the mood. We have therefore decided to use emoticons. The mood
map is divided into four quadrants, representing four different mood statuses and mapping
those to four different emoticons that the user could choose from in the Timeline Application
user interface to set the mood (see table below).

High Energy

Quadrant X and Y values Representation
Top Right ;Eggig; - happy
Top Left ;Egggg - nervous
Bottom Right §Eggég§ - calm
Bottom Left ;Eggég - sad

Figure 6: The two mood capturing interfaces:

a)Bi-di mensi onal Mood Map to introduce the userds mood,

Mood Map to the mood icon and its meaning in the Timeline application.

Users can add their mood to the timeline at any moment, by selecting one of the emoticons.
The timeline supports attaching to the timeline also other type of content, e.g. photos and
comments ( see Figure 7).

<l @ ©o9n
timehne timeline
L E
- =
add tmeline my timelines m
@
(=

S -
My groups shared timelines

| ERERE] e
DD LE DO S s

my tags syncronize Photo Video Audio Text Files Moods

Capture

Figure 7: Several contents can be attached to the timeline, moods are among these.

The mood inserted by a user is not visible to others, even if the whole timeline is shared.
However, the mood is used to calculate the average mood of the users sharing the timeline.
The average mood is visible to users through the timeline.
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5.2.3 Mood visualizations

To explore different ways of visualizing moods, we have developed four prototypes of media
for visualization:

1 Local: Mood Bars

1 Ambient: The Nabaztag
1 Ambient: Public Display
1 Social: Twitter

Each of these visualizations fits best a determined context. The local Mood Bars visualization
allows seeing the average in the same application display and the ambient device Nabaztag
can provide non-disruptive information during a meeting, whereas a public display is the best
media to provide information in a corridor or in a public hall.

The Mood Barsdé web interface s howsodstthioeghtwo sual i z
coloured bars, the first bar for valence and the second bar for arousal. This way, the user can

easily compare both dimensions. This visualization allows the user to compare his or her

mood with the average immediately after entering the own mood and in the same browser (of

the mobile device or computer). The vertical bars represent the range of values, numerically

comprised between 0 (bottom) and 1 (top). The blue arrows show the values introduced by

the user, whereas the black arrows show t he average mood. A fABack t ¢
placed at the bottom of the site allows the user to go back to the mood map (initial state of

the application) and introduce new mood values when desired (see Figure 11c).

Large public displays are useful to show information such as charts and images that can be
seen from distance. The current prototype shows the average mood on a mood map and the
valence and arousal component via graphical gauge widgets (see Figure 1la). Data are
updated every 15 seconds. This visualization allows several people to meet in front of it in a
shared space and might trigger collaborative reflection.

The average mood is also twitted every 15 minutes. Our first prototype only shows valence
and arousal values by float numbers ranging between 0 and 1 (0 minimum, 1 maximum). A
more meaningful informational representation (for e.g. using feeling names) to be twitted is
currently under investigation. A (non-human) twitter user has been created and it is possible
for other twitter users to leave comments on average mood statuses.
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Figure 8: Prototypes of ambient visualization used at the assembly:

a) the ambient display and the Nabaztag, b) the shared timeline on a tablet PC, c¢) Bars visualization in the web
application to compare the moods

The Nabaztag is a WiFi-enabled ambient device in a shape of a toy-rabbit (see Figure 11a).
Ambient devices are electronics characterized by their ability to be perceived at-a-glance,
exploiting the capability for the brain to perceive information without (or with low) cognitive
load. The Nabaztag is able to provide an assessment of average mood by separating the
valence and arousal components and showing val
valence through changing of colours. For instance, the rabbit pulling the ears up means that
there is a high average level of valence, while changing colour from red to blue means a
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lowering of arousal. Figure 9 shows some possible state the rabbit can assume and their
relative meanings in the mood map-domain.

<4— Ears position indicates valence

"
T
| <4—Body color indicates arousal
Examples:
! ‘ i
.. \ ."r. i I||
: }
_ Happy Afraid Sad
(High Valence, high arousal) (Half valence, half arousal) (Low valence, low arousal)
Figure 9 Possible states of Nabaztag and meanings
5.3 Results

GA attendees have extensively used the apps throughout the 3-days assembly. They have
entered their moods using two available interfaces and they have shown a general interest in
the evolution of the average mood according to the events taking place at the moment.

The concrete aspects taken into account in the test are detailed below.

5.3.1 Acceptance of the Applications

The integration of the aforementioned prototypes has shown a good reliability. Hundreds of
moods have been shared during the meetings, usage peaks have been recorded during
heated discussions (Figure 10). The ambient visualizations have provoked both technical
and ethical discussions. Most of the speakers who shared the stage checked, at least once,
the outcome of their talks against the rabbit, in order to assess whether the audience were
actually paying attention to the speech or were bored/tired. While during the GA sessions the
mood map web-interface was the most used, during breaks and informal meetings the
smartphone-based interface was the most adopted.
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Figure 10: Average mood (valence and arousal) during the first day of the assembly

5.3.2 Adoption by Other Partners

Partners not directly involved in the development of the integration have shown interest in
enabling their own application to provide both mood-status input and visualization. Data
analysis from wearable sensors feedbacks (FZI) can provide a continuous assessment of
mood status. It can be considered as an alternative to the already developed user-centred
input techniques for certain scenarios.

5.3.3 Interest of Testbeds

Testbeds have shown interest in applications of Mood Map and ambient visualization tailored
for their own domain. They declared that moods and stress level are critical elements in
health-related work environments (care-homes, emergency units) and deeply affects work
practices.

5.3.4 Relevant feedback from users

In the following, we quote some feedback gathered from users:

T AThe wvisuali zati on ][ oift stenlef Ndaobeaszntbéatg trraibgbgie r
happens when something triggers it, for instance a change in the pattern or a new
typeof visualization. 0

T AFor the use of such an application [Ilike

of what you want people to share. Before usage it should be agreed upon what to
share. The application should give the user a clear message on how to use it and
what to share. o

T AColors for representing moods are a bit

traffic light to represent energy of the moooc

T AUsing the Nabaztag (rabbit) is interest.i
audience, but during most of the time on the first day, people tended to forget about
the rabbit. o
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6 Conceptual Study: Common domain model

Captured data has to be accessible in a form that is useful for later retrieval and annotation
by reflection apps. Interfaces, protocols or storage formats could implement this structure for
the various apps. At this early stage of the project the concrete requirements for these
implementations are still unclear but partners require a common understanding of captured
data to simplify later integration of their apps.

1 How can concepts from theory development inform, data formats and structures?
1 Which information has to be stored to accommodate needs of the individual work
packages?

This study is a first step to create a common understanding of the available data and its later
usage by creating a domain model. A domain model can serve this purpose by acting as a
shared artefact to facilitate discussion and in turn ensure coherency between theory and
implementation. Furthermore, a domain model can be refined to become a data model for
the implementation. Figure 11 shows these two roles of the domain model in the project. On
the one hand the domain model supports the communication between apps by allowing them
to share data, reuse of apps and the sharing of concepts over several apps. On the other
hand these concepts are connected to the theory that typically defines concepts on another
layer of abstraction.

Reflection
Process

Experience

Figure 11: Purpose of the domain model

The creation of the domain model aimed at the following requirements:

1 Provide an overview of available data
1 Simple enough to be understood by novices
1 Integrate the different requirements of all work packages
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6.1 State of the art

In TEL context acquisition until now has focused on activity recognition while working on a
PC. There are already first proposals how this context data can be stored. After pioneering
research on context-awareness in the context of the Learning in Process project (Schmidt et
al. 2004), Contextualized Attention Metadata (CAM) (Najjar et al. 2006) is currently gaining
importance in TEL. However, there are alternative formats, e.g. user interaction context
model (UICO) (Rath et al. 2009) is used in APOSDLE. UICO builds on an extensive
ontology, while CAM uses a much simpler structure to facilitate its adoption by other
researchers. Nevertheless, both formats are focused on events on a PC.

The MIRROR projects aims to broaden the scope of workplace learning from PC-centered
work to workplaces that are not IT centered like emergency services or elderly care. In these
environments the learner is mobile. Capturing the current situation of a user becomes more
difficult. While all PC events are digital available, monitoring all actions, for instance of a
nurse in an emergency situation, is more complex. Hence, a new format or extensions to the
existing formats are necessary.

6.2 Method

Domain modelling is collaborative process. A first version of the domain model was created
by WP3 based on their knowledge of existing data. The result was discussed and
incrementally adapted with the other work packages in the form of a telephone conference.
In each telephone conference the domain model was presented and upcoming refinements
were discussed. Afterwards the domain model was adapted to comply with WP-specific
requirements.

We chose a simple set of Powerpoint slides to visualize the entities (based on an extended
Entity-Relationship notation), because they are easy to share and no additional tool
knowledge is required. The formalism has already been successfully used for similar
purposes in similar project situations (e.g., SOPRANQO) and found to be very useful for
heterogeneous groups. In the visualization, entities are depicted as boxes and their
properties are depicted as hexagons. Relations between entities are shown by arrows. Most
arrows connect two entities and a property with an arrow. These triples model a relation
between two entities by a property. Arrows between boxes without hexagons indicate
hierarchies, e.g. generalizations of a concept.

Triples are a good basis for modelling as they are simple to understand and can be easily
transferred into semantic data formats like RDF. More complex relations can be divided into
triplets. Hierarchies are useful to group similar kinds of data, because this simplifies later

retrieval and reduces the domain model 6s si

6.3 Results

The current domain model represents a shared understanding that was developed between
the work packages. This will evolve based on the user studies and the development of first
apps. The current state is a basis for first developments that will support the development of
the architecture and inform concepts for first apps.

The discussion on the domain model was largely driven by the goal to be simple and
concise. This was enforced by Powerpointéos
a single conflict about including an entity, but many discussions about naming of entities or
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importance of an entity for a certain work package. For instance, a role model is essential for
WP6, while WP4 would access and sort data without using it.

Figure 12 shows a high level overview of the main entities. Details have been removed from
this picture to focus on the five main entities and their relation. Further entities have been
defined but moved to a second layer of abstraction. This section will focus on the highest
level and the methods to store captured data and its relations.

Reflection
Session

> ‘ Actor
role IR has 0

CollectedData

Reflection
Outcome

The reflection session was introduced in discussion with WP1 and encapsulates a major
share of the theory. As defined in 2.1 the reflection session encapsulates all information that
is externally available about the reflection process. This includes objectives, contents and
outcomes. Contents and outcomes are both data elements from the Collected Data entity.
The Collected Data is used on its own or as input for certain tools to produce a reflection
outcome. The tools store additional information about reflection sessions: support, timing and
process. The process of a reflection session is also indicated by the number of involved
actors.

Figure 12: High Level overview of the domain model

Actors can be individuals, groups or even organizations. Actors have different roles during
the reflection process that define their permissions on the collected data. Several actors can
take part in one reflection sessions and in this session an actor may have several roles. For
instance, multiple persons attend a team meeting and one of the team members acts not
only in its role as a team manager but sometimes as a coach to facilitate reflection.

MIRROR aims at facilitating reflection by development of new tools. These tools are not
limited to developed apps but can encompass as well social measures as discussions
rounds. The evaluation of these tools is supported by storing for each data element, how it
was captured and with which tools it was processed.
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Figure 13 shows the details of the collected data entity. All entities above the collected data
entity are known from the high level description and only repeat these major properties. All
entities depicted below collected data are sub entities of collected data. These sub entities
can be understood as different types of data. There are simple data types and complex data
types.

Reflection
Session

Results-in

Aggregat
es

CollectedData

ComplexData

i Work
Observation SensorData :
Resources Reflection
Outcome

DiaryEntry BioSensor Document

Figure 13: Details of the collected data concept

There are currently 3 simple data types: observation, sensor data and work resources. The
special sub entities indicate that these three kinds of data of very different properties. A diary
entry is a very subjective observation of behaviour, ideas and own feelings that is in general
unstructured. Sensor data, as produced by a bio sensor comprises large amounts of data
that are highly structured and measure objective values. Work resources, like documents
and e-mails, can be structured or unstructured and can be either objective or subjective. All
these data types are incorporated into the domain model by inheriting from collected data.

Complex data types are aggregations of other data types. This allows recursion until an
arbitrary level to store complex relations and data structures. There are several sub entities
to complex data that provide the required meaning to this structure. Simple data types like a
diary entry or sensor values can be connected to activities.

Complex data types are important to store the relations between captured data. This is
essential to retrieve all relevant data for later reflection. As soon as the number of data
entries grows, these relations are the only connection to specific data elements.

Relations and connections can be either created during capturing or during a reflection
session. For instance, a user may annotate sensor data with her personal impression of the
situation. Thereby the outcome of a reflection session becomes part of the collected data and
is available for further reflection sessions.
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7 Combined User and Design Study: at the
Neurological Clinic Bad Neustadt

The user study in WP3 has focused on learning about a real world target context and its
implication for capturing learning experiences in depth, which includes individual attitudes,
form and role of social interaction, and work practices and processes. The study had several
interlinked goals: (1) test the usability and acceptance of sensors as a means for capturing
affective and task context (research questions 2a and 2b), (2) assess the potential of bio-
sensor information for supporting reflection (research questions 3a, 3b) (3) collect data to
improve analysis and sensemaking of sensor data for year 2 developments (research
gquestion 2c¢), and (4) gain insights into the role of affective aspects of reflective learning in
workplace settings (research question 3c).

This user study has been conducted and analysed in very close collaboration with WP6
(coordinating and sharing insights from observation), and WP8 (observing barriers to
organizational learning, which is reported in WP8). This is reflected in the shared testbed
description as a result of these coordinated user studies, which is shared across WP3, WP4,
WP6, and WP8 and can be found in appendix ADescr

7.1 Testbed and Sample

As planned in the DoW, WP3 has concentrated on a single testbed in-depth, rather than
multiple testbeds in a more superficial way. For this purpose, NBN has been chosen as the
work of nurses and physicians poses particular challenges to sensor usage (high degree of
physical activities, complexity of work processes, restricted allowed usage).

Within NBN, the stroke unit was selected. A stroke unit is a specialized entity in hospitals that
deals with acute cases of strokes and is organized towards providing timely treatment for
emergency cases. The time pressure and the daily work with emergencies and their results
are a burden for all employees on a stroke unit. Some patients die, other will have to cope
with disabilities for the rest of their life. Currently the number of younger patients is
increasing, which are in the same age group as the employees. Therefore, it is easier for
nurses and doctors to relate to the individual patient and the emotional stress increases.
Reflection about current practices and the knowledge of the own physiological reaction might
support the employees in their daily work.

Four doctors and four nurses took part in the study. The participants included all age groups
at the stroke unit (22-44), men and women (3:5) and different levels of experience (1.5-25
years). The first part of the study, wearing sensors and observing employees, took place
during four consecutive days. The interview was scheduled on two days one week after the
study.

For more details about the Neurologic Clinic Bad Neustadt, the medical personnel and their
work environment and routines, see Appendix fDes

7.2 Method / Research Instruments

We have combined a sensor-b as e d study (ACapturing Pil ot St
et hnographically informed stadyn (DWoldk, Otwbechat
extended with a contextualized interview that was based on preliminary findings of the

observations.
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For the first part, we have selected the Movisens sensor (as described in the following
section 7.2.1). The second part has been based on the adapted rapid ethnographic method
(Millen 2000), which has been developed in the context of the MATURE project (Barnes et al,
2009). Ethnographically informed methods are becoming increasingly popular in design-
based research approaches, and their key characteristic is active participation in social
settings to understand why things happen (Jordan, 1996, Fetterman, 1999). In contrast to
field observation which describes what happens, ethnography focuses also on the why and
how things happen (Kaschig et al. 2009). While traditional ethnography is based on long-
term studies, the adapted method compensates the much shorter time frames with (a) a
more focused observations (asi olnaisdc h@umte 0)
interview at the end of the study that is used to clarify issues that arise from a preliminary
analysis of the data. In the case of NBN, we had four days of observation, followed by an
interview one week later.

7.2.1 Sensors equipment used

As part of the Pre-Study on Capturing Technologies (see chapter 5), it has been found that
the most suitable sensor technology is a combination of heart activity, especially the heart
rate, with accelerometers is both practical and promises to yield interesting results.

The participants were equipped with an ambulatory measurement system from Movisens as
shown in Figure 14. The Movisens solution is selected because of its simplicity for the user
and the quality of the data. Commercial heart rate monitors that are mainly intended for
physical training do not provide the necessary data quality (Polar 20011) and use wet
electrodes that depend on the sweat of the user. Standard electrodes for ECG
measurements use gel to ensure the connectivity between the body and the sensor. While
this provides accurate measurement results, the effort to wire a user is rather high.
Additionally, the gel dries during long term measurements and can cause intense skin
irritation. The ambulatory measurement system from Movisens uses dry electrodes that do
not need special preparation before usage. Thus, test persons need only a short introduction
to use the system without further assistance.

Figure 14: The Movisens sensor and the sensor belt:

On the inside of the sensor belt one of the two dry electrodes is visible. The sensor sits in the middle of the belt
and can be removed. The belt is worn around the chest and fastened by a Velcro strip.

The ambulatory measurement system from Movisens consists of a breast belt and a small
sensor that captures a single channel ECG, the acceleration of the sensor in 3 dimensions,
temperature and air pressur e. The ECG mon
heart. The acceleration sensors at the breast capture the main movements of the upper body
and can be used to measure the physical activity of the user. The temperature sensor can be
used to control the contact between belt and body but is not usable for measuring the body
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temperature. The air pressure sensor can be used to recognize vertical movement e.qg.
walking stairs or talking an elevator.

We use the ECG to calculate an accurate heart rate and the variability of the heart rate, even
between beats. Both parameters are well known parameters from psychophysiology and
correlate to the stress level of a person (Berntson 1997, Cacioppo 2007). However, the
activity of the heart is influenced to a larger extent by physical activity. Both effects overlap
and make an analysis of stress levels difficult.

The sensors were worn during at least two consecutive shifts of approximately 8 hours. After
each shift participants are requested to state their experienced stress level on a 5 point scale
for each hour of their shift. The used questionnaire can be found in appendix A.

7.2.2 Ethnographically informed study

A subset of the participants who wore a sensor belt (4 nurses and 4 physicians, 3 male/
4female) was followed by one observer who took the role of an ethnographer during their
shift who collects additional data about the work practices and environment for later
gualitative analysis as well as benchmarking of the sensor data.

The ethnographers (in total 3) had mixed professional background and experience
healthcare to avoid bias in this respect. Each of them was in charge of following a participant
during a whole shift. The assignment of observers to participants was made taking into
account the diversity of the desired data pool. Concretely, the criteria followed to choose the
observed participants are different professions (doctor und nurses), different shifts (first,
second and third) and different levels of work experience (experienced worker and novices).

The tasks of the ethnographers includes being close to the participant and annotating (a)
time, (b) place, (c) activity of the participant (d) and people that interact with the participant or
influence his/her behaviour and activities. The ethnographers follow their assigned
participants during the whole shift, including work time and breaks. The annotations are
made in a traditional notebook, which facilitates the skill to take notes anywhere and anytime,
and have a level of detail of about 1 min.

At the end of the shift, the participants were additionally asked to fill in a brief questionnaire.
It consisted of a table where the participants introduce their perceived stress level for each
hour of their shift. The stress level is indicated through a 5 point scale: (1) very calm, (2)
calm, (3) average, (4) stressful, (5) very stressful.

7.2.3 Interview

One week later, there were interviews of about 1 hour with each participant of the study,
where the interviewer corresponded to the ethnographer. From our experience one week
should be enough to forget details about a day but not long enough to forget the main
events. This seems to be a plausible scenario for reflection because time is limited and
prevents daily reflection.

The interview was structured into three parts:

In the first part, the sensor data of the participant was shown and chronologically analysed
with the UnisensViewer software (Unisens 2011), inviting the participant to remember what
could have happened in specific timestamps where the curves indicated a special event. The
UnisensViewer allows the visualization of different sensor data as line charts over a in a
single window with flexible zooming possibilities. In all the cases where the data pool allowed
it, the selected sensor data was taken from a quiet and a stressful day, in order to have the
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possibility to compare them. The participants were also given a printed report with the
aggregation of the sensor data (heart rate beats histogram, Poincaré plot of heart rate
variability, heart rate per hour and activity in steps per hour).

In the second part, the participant was asked about the support that the data offers him/her
to remember experiences and about which representation of the data is more suitable for
him/her. Examples of these two different representations are shown in section 7.3.1.2.

In a third part, questions were asked that resulted from a preliminary analysis of the notes of
the ethnographers and focussed on specific issues that arose during the observation time
and particularly focused on understanding the broader context, on an individual, team, and
organizational level (questions can be found in appendix C)

7.3 Data Analysis and Results
In the following, our results are represented in two parts:

1 The first parts concentrates on sensor-related aspects, including the usability of
usability of the sensor system, and the quality and usefulness of the gathered data
(research questions 2c, 3a, 3b).

1 The second part analyses the ethnographic notes with a wider perspective, including
preparation of data for later usage (research questions 2c), potential for introducing
capturing technology (research questions 1b and 1c), and the role of affective
aspects (research question 2d).

7.3.1 Sensor usability and usefulness

7.3.1.1 Sensor usability

In general the participants accepted the belt for the study but all of them saw room for
improvement. Hence, they would not like to wear the sensor everyday but accepted it for the

purpose of a study. One participant described the beltasafibadl y fitted bra t ha
inconvenient but still wearable. o

The participants criticized that the belt was itching, that it was hard to adjust to the right size
but the main point of critique was the electrodes. One participant noted that the dry
electrodes tend to stick to the dry skin and that this is painful when the electrodes are moving
and the electrodes are pulled off. However, a third participant said that the sweating caused
the belt to become uncomfortable and proposed that the sensors could be integrated in an
ordinary bra.

Two out of eight participants had to quit the study because of a rash under the sensor pads.
The first person already knew about an existing allergy to adhesive tape. The first signs
showed after three hours as red contours around the ECG pads, but the participant decided
that this was a minor problem. After 6 hours the participant reported an increased itch and
returned belt and sensor. The second person noted similar red contours of the sensor pad
after the first day and found it very inconvenient to wear the sensor belt.

7.3.1.2 Quality of the data

The participants told us that we monitored a set of rather quiet days with only a few
emergencies. The daily questionnaire on the experienced stress level confirms these
statements. The average over all participants and days was rated as 2.38 on the 5 point
scale where 5 indicate extreme stress and 1 means a very calm day. Only three hours during
the four days of the study were rated as stressful (4) by a single participant.
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The data shown to the participants during the concluding interview was dominated by their
high activity levels. This activity mostly comprises walking between patients and offices.
Figure 15 shows how many steps the different professions walk during their shift. Nurses are
nearly constantly walking from bed to bed, while doctors spend more time with
documentation. Only during the doctors lunch break they exceed the activity level of a nurse.

{a) First Shift - moming (b) Second shift - aftemoon

I Coctor (12:00 -21:00)
[ IMurse (14:00 -22:009

1500

1500

I Coctor (7200 - 14:00)
[ IMurse (5:00 - 13:00

1000 | b 1000

500 ¢ b 500

Murnber of steps per hour
Murnber of steps per hour

5 7 9 1 13 15 12 14 16 18 20 22
Time (h) Time (h)

Figure 15: Comparing the number of steps between nurses and doctors

Nurses are walking more than doctors and have fewer breaks for documentation. The figure shows the number of
steps for a doctor and a nurse during each hour of (a) first and (b) second shift. While the activity of a nurse never
falls below 400 steps, doctors spend more time at their desk.

This physical activity results in an increased heart rate and hides potential stress related
reactions of the heart rate. The observed breaks between activities were mainly used for
documentation tasks and small talk. Stressful events during inactivity could not be recorded.
However, there were some stressful events that could be identified from the data even during
activity. Nevertheless, these events represent few extremes that do not cover all interesting
events for reflection.

Furthermore, the high activity levels affect the quality of the recording of the sensor data.
Especially the ECG signal is prone to errors. If the electrodes move on the skin or even loose
contact with the skin the quality of the ECG signal is degraded. This results in so called
artifacts that reshape the ECG signal.

The captured data was presented in two formats. At first the data with all details was
presented using the UnisensViewer software. The presentation started with an overview of
the day as shown in Figure 16. The number of steps per minute, the heart rate per minute
and the general activity was shown.

The second presentation format was a printed report that showed the captured data
aggregated on an hourly basis. Figure 17 shows two charts that were used and belong to
same nurse and the same day as the data shown in the above figures. The aggregation per
hour simplifies the presentation but information is lost. For instance the sudden peak of the
heart rate at 3:20 is no longer clearly visible. Only a small rise of the heart rate around 17:00
provides a hint to this situation.
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Figure 16: Screenshot of the captured data as displayed in the UnisensViewer.

The first row shows the number of steps, the second row the heart rate, and the bottom row the general activity.
Clearly visible is a sudden peak of the heart rate after 3 hours and 20 minutes.
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Figure 17: Example figures from a report shown to a nurse

(a) shows the number of steps during a shift. Clearly visible are the main times of activity (17-19) when patients
are washed and put to bed. (b) presents the heart rate during the day, only slight changes are visible.

During the presentation with the UnisensViewer, the different types of data were explained
and afterwards the data was reviewed in a chronological order. If the participant showed
interest in specific time spans the data was zoomed in to see more details. From the data
shown in Figure 16, it is clearly visible that something happened 3 hours and 20 minutes
after the start of the recording. The participant immediately remembered this event and
requested to see more details of this event. In this case, a sudden emergency occurred with
a patient that had just arrived. In this and some other cases the captured raw data was
shown to the user. Raw data shows more details, e.g. the heart rate on a sub-minute scale,
but can be more confusing. Figure 18 shows the details of the event that was identified in
Figure 16.

The example in Figure 18 shows that stressful reactions in hospitals often result in physical

activity. However, if the effect is strong enough as in Figure 18 these events can be

recognized and used for reflecting. Minor events that might be more stressful are difficult to

capture by using the heart rate. The coupling between physical activity and physiological
reactionistooclosetoident i fy events that are one fArather st
colleague.
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Figure 18: Details of the reaction to a sudden emergency

The heart rate shown in the first row rises from 90 beats per minute to 155. This is mainly caused by the intense

physical activity shown in the | ower 3 rows. The nurse sy
returned to the patient. Close examination of the three activity curves shows the two sprints and a very short stop
in between.

7.3.1.3 Support to remember experiences

The general interest of the participants about the use of sensors for tracking their work

activities and doing a subsequent analysis was very positive. They were used to see

physiological measures and such curvesint heir patients® monitors, bt
on their own before. Only in two cases, the participants had used activity sensors for sport or

applications to control weight and calories, respectively. The first reaction of the participants

was diverse, but always in a positive way. Some of them could quickly identify what was

each measure; others were surprised or showed curious about them.

D4: Amazing, it is easy to understand.

D2: Should we go through each color? [referring to the color of each curve] What is the
lilac curve?

In one case, where the participant admitted not to being likely to experiment with herself, she
expressed that she was interested about it.

D4 : ée | dono6t |ike staying in hospitals and g
keen on trying new things outé but it was act
like to know about activity and movement.

The own physiological measurement at work was interesting for all of them and the
participants expressed their interest about recalling how were their work days and what had
happened. Most of them stated that this interest is much higher when they had stressful days
and that they would like to compare how the measures look like on different days.

D1: It would have been moreinteresti ng f or me i f it hadndét been
for an emergency to come, but nothing happened.

Watching the curves in detail allowed the participants to compare their expectations
regarding the measures that were shown in the screen. In some cases, the data was
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surprising for them concerning e.g. the range of their heart rate or their appreciation of a
specific moment.

N2: é | thought | was calmé but now | see it w

During the informal interviews, the participants expressed different expectations regarding
the importance of the physiological measures too.

For most of them the number of steps was relevant and they found it a natural way to
measure their movement activity. Besides, they could count the total number of steps at the
end of the day too. Blood pressure was mentioned by two participants as being an interesting
measure that helps them to better find out how were their activity and load. They stated the
possible combination of the blood pressure with the heart frequency.

D4: It would be interesting to see the blood pressure too. It definitely helps me. Blood
pressure would show other things, but heart frequency is quite variable. Together with
blood pressure would be better.

One participant evinced the relevance of comparing herself with other colleagues, who have
the same position. She was curious to learn if they have the same physical activity and she
would even change her way of acting according to what she sees in the comparison. For one
nurse it was interesting to compare how the work experience affects them, by comparing the
curves of experimented nurses and new nurses.

D2: €The comparison with the others would be i
If I had less activity in comparison to them, then | could say, | do more or less. [I| would
|l i ke to know] I f the others organize their da

N1: | would like to compare it between novices and more experienced and settled
people.

In contrast, another participant stated that he does not have the need to know, how his
colleagues work.

All participants acknowledged that the sensors had supported them to remember the course
of the day. The curves helped them to structure the day and remember the overview of the
day. Some of them could think about what happened in a specific moment, where the curves
showed that something could have happened. Some participants could even explicitly say
what had happened and why.

N4: Yes! Il can remember the two patients. They

N1: Yes [it helps me to remember]. | can say approximately when some things
happened.

D1: Yes, it was interesting [the support of the sensors to remember]. It was interesting to
see it graphically.

Another challenge for us was to see if the sensors not only support to remember, but to
reflect about their own experiences. Reflection is a matter of time, too, and one participant
explained how the doctors have to act quickly in specific situations, without having time to
reflect.

D1: We have to hurry
hi

up . @ againdtltt Whatyeauld | doa n 6t d
better? You donodt t nk.

You are there, and vy

Nevertheless, some participants made from the interview an approximation to a reflection
session, thinking about the experienced events and the reasons why they happened.
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Besides, two of the participants expressed their concern about the stress and cognitive
aspects of their work.

Regarding the use of the sensors, all the participants stated that they would use the system.
However, there were different opinions concerning how often they would use them and which
visualization they would prefer.

N1: Yes, it would interest me, especially when | had stress or emergencies.

D1: How often I woul d us e it é [ canodt
admissions wi t h reani mati oné

They admitted that they would not use the system every day, because they would need too
much time and it would be too much data. They considered using it once a week or once a
month. The course of the week would influence this, too, and would make them use it more if
they had stress, difficult situations or a particular day at work.

D2: It is difficult to say, when | would use it. At the beginning definitely quite often, but
later only if | need it...

Concerning the type of visualization, the participants were asked to choose between the
UnisensViewer curves or the graphics with the summary of the data. All participants except
one preferred the UnisensViewer, because it shows the measures with detail and they can
discern the impact of specific events.

N2: | like the UnisensViewer more than the graphics. | can see everything what
happened there and make a guess.

N1: Maybe UnisensViewer, then | can exactly see when, what time, something

happened. .. Wit h t Whenagseizune bccucssfor éxample.n 6t s

7.3.2 Analysis of the ethnographic data

For analysing the notes taken by the ethnographers both during the observation phase and
during the interviews, we have used standard qualitative data analysis methods by coding
sections of the notes using Atlas TI. For that purpose, hierarchical codes have been used.

el

ee,

This has been done for nurses and physicians
fdocument ati ono, fcar e routi neso, fisear cho,

fbarriers/ affectiveo) have b®edifferants stilwcodesh aor
physician 7 top-l e v el codes wer e used (Amedi cal

different codes on a more detailed level. Overall 1457 codes have been assigned for nurses,
and 1076 codes for physicians.

Based on the coding, several aspects have been further analysed that are described in the
following sub sections:

9 Personas have been created to capture the variations between individuals in order to
feed it into the requirements process.

1 The data was transformed into activity profiles to facilitate further refinement of
sensor data analysis algorithms.

1 Data has been analysed with respect to organizational barriers; this is reported in
WPS8.
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1 The role of boundary objects as an object of reflection has been derived from the
data.

1 The role of affective aspects in daily work practices has been analysed.

Further analyses are planned in the upcoming months, especially as part of the integration of
the results of all user studies into a coherent empirical basis for a refined reflection model.

7.3.2.1 Personas

The user study at NBN has shown that there are big differences between individuals with
respect to reflective practices. While the sample was too small to extract factors that
differentiate between individuals, it has become clear that support for the individuals studied
has to look quite differently so that it is important to address the different needs as part of the
requirements process.

Following the experiences in (Thalmann & Maier 2010), empirically grounded personas were
developed. A Persona is an archetype of a fictional user representing a specific group of

typical users (Miller & Williams 2006). These personas lead to a more comprehensive
understanding and image of the target peopl eds
and subsequently the development of our applications to support reflective learning.

The description of a persona contains information about a fictitious, archetypical person and
his/her characteristics. As a description format, a structured persona description that has
been adapted from (Thalmann & Maier 2010) has been developed that included a short
motto, educational and professional background, attitudes and practices related to learning
and reflection, problem solving and knowledge routines, ways of communication, motivation
and interests and the role of affective aspects.

The personas were jointly developed together with RUB (WP6) and DFKI (WP9) and can be
found in AppendixEfi Pe r s o n a s, deaelopetltBgéther with RUB and DFKI.

7.3.2.2 Transforming into activity profiles

Automated interpretation of the sensor data in a hospital environment with high level of
physical activity requires further development of the data analysis algorithms to separate
physical activity from other factors that influence heart rate, e.g., stress level. This further
refinement of algorithms will be done in year 2.

To facilitate that refinement, the ethnographic notes have been transformed into activity
profiles that correlate timestamps with the activity of the individual. The activity is further
categorized according to cognitive and physical activity level, ranging from 1 (very low) to 5
(very high).

Table 2: Example activities of a nurse

Time Room Cognitive Physical Activity Context
activity activity description
17:18:00 | U1 1 2 Yawns ECG is printed
17:19:00 | U51 4 4 Tries to remove | 51.2 has
ECG cables as |suddenly heavy
quick as possible muscle spasms
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17:20:00 | U44 4 4 Runs to doctors
room to alarm a
physician

17:20:00 4 4 Runs back to | Two other nurses
patient are already at the

bed, 51.2 has still
muscle spasms

17:21:00 | U1 5 2 Asks why the | Still muscle
physician is not yet | spasms: Other
here. nurses say that

the doctor will
come soon.

17:21:00 | U1 5 2 Asks if she should | A nurse replies: "

just give the | I would not do
injection,  without | that"
the physician

17:22:00 | U1 3 2 Gives the injection | Physician arrives
after approval from
physician
17:24:00 | U1 3 2 Muscle spasms
end

7.3.2.3 Role of boundary objects

When analysing the data with respect to where we could leverage existing data and

information as context information of learning experiences, it has been found that specific

boundary objects (e.g. Wenger 1998) that are shared between the occupational groups are

promising candidates. For work processes, this includes the so-cal | ed fcurveo
documentation that i s f ound eleattonictpétient recard (seent 6 s b
Appendix D). These are the most important formal communication artefacts between

physicians and nurses, while otherwise reflective practice is mostly found in informal

exchanges that are unplanned and serendipitous in their topics. For learning processes,

boundary objects (shared between junior and senior physicians) are less well developed as

there is no real systematic documentation of progress in professional development.

These boundary objects appear to be promising starting points for reflection so that capturing
strategies could leverage on existing data or provide improvements to handling boundary
objects.

7.3.2.4 Role of affective aspects

As particular focus has been given to capturing affective aspects, their roles in daily work
practices has been analyzed from the coded notes. The work at NBN is particularly
interesting for the investigation of these aspects as it involves dealing with life-threatening
emergencies and their possibly lasting effects. In this respect, it was particularly interesting to
analyse their fAcoping strategieso (e.g., Carver
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the sample we have found the following aspects (where the finding are of course limited
because of the small sample size):

1 Developing effective coping strategies is part of gaining experience. Consistently, the
more experienced individuals had more developed coping strategies. They shared
the characteristic of fdAprofessional di stance
tried to suppress emotions and emotional reactions altogether in their work life, while
others had more balanced views.

1 There were indications that cultural differences (in terms of national culture) account
for different emotional strain resulting from the confrontation with death of patients
(especially for physicians).

1 Some coping strategies (especially for nurses) consisted of a clear separation
between work life and private life that was link to symbols, like changing clothes. It
has been explicitly mentioned by one participant of the study that there is resistance
to more reflection as this might lead to rumination after work, which could result in
negative emotional effects. This has to be taken into account when addressing
affective aspects.
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8 User Study: Questionnaire on User Acceptance
and IT usage

This capturing of context relies in most cases on the introduction of new technology.
Therefore, acceptance of these technologies predetermines the access of applications that
build on top of them. This user study aims at identifying the user IT infrastructure and the
private usage and acceptance of technology by employees. A checklist and questionnaire
was defined in D1.1 by KMRC to answer the following research questions:

1 What technology is currently used by the employees that might be used for personal
reflection or data collection?

1 What is the general attitude towards technology usage?

1 What are the attitudes toward the use of specific technologies to capture data?

1 What benefits are expected from using a new technology?

8.1 Testbeds and Sample Size

This user study was conducted in all 5 testbeds, but the number of participants varied
between testbeds. The five testbeds come from different countries and completely different
domains. Each testbed brings the own organizational culture, restrictions and possibilities.
While there are 38 filled questionnaires from NBN and 71 from RNHA, there are only 13 from
Regola, 5 from British Telecom, and 3 from Infoman.

The IT checklist defined in D1.1 was filled out by NBN, Regola, Infoman and several elderly
homes from RNHA.

8.2 Method

KMRC created a questionnaire in the local language (Italian/English/German) that combines
multiple research topics from the work packages. The following 5 questions relate to the
acceptance of sensor technology and could be answered on a 5 point Likert-type scale:

1 I'would be willing to wear sensors for a certain time.
T 1'would wear such sensors only if it was mandatory.

1 Wearing such sensors would be uncomfortable in my job.
1 I'would wear sensors if they help me with my daily work.
1 1'would wear sensors if they help others at work.

The study was conducted offsite in collaboration of testbeds and KMRC. The testbeds
collected feedback using the questionnaires from as many participants as possible.

Due to the specific nature of the RNHA testbed - mainly a lower level of education and
concerns about the level of literacy - a shortened version of the staff survey with easier
language was used. The modifications were well received by the testbed and likely lead to an
increases response rate. The following two questions were used:

9 1 am used to wear physiological sensors (e.g., to measure pulse, heart rate), e.g., as
bracelets or chestbelts.

1 1 like to wear physiological sensors (e.g., to measure pulse, heart rate), e.g., as
bracelets or chestbelts.
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Additionally, IT staff at each testbed was asked about the currently used technology. The IT
questionnaire collected information such as the number of PCs, mobile Phones and internet
connection.

8.3 Results

The IT checklist outlined the expected huge differences between testbeds regarding their IT
infrastructure. While the IT centric testbeds like Infoman equip every employee with a PC,
there are very few PCs at RNHA and NBN. Firewall settings are restrictive in all testbeds
except single RNHA locations. Mobile devices are provided only for subsets of the
employees, e.g. management and sales. In summary, the usage of PC and mobiles is rather
low in workplaces that are not IT centric.

Computer usage

strongly agree

I =T
[ infoman
I Regola
agree b . 1 - MEM

neutral - - . A ...

disagres . . .. . . . B .

strongly disagree

At home, | often use a computer. | give more computer advice to other people than | receive.

Figure 19: Private PC usage

However, Figure 19 shows that the private PC usage is rather high. IT related testbeds show
a higher private usage of PCs. In all testbeds, except RNHA, the majority of participants sees
them self rather in the role of giving computer advice than receiving it. In summary, there is a
significant amount of PC literacy in all testbeds but only at BT and Infoman is this skill used
at work.
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['would be willing to wear sensors
strongly agree T T T T

I =T
I Infoman
] Regola
I B

AOPEE [ s

neutral - A BN L

GEENECREN 0 PR . R . TN | ey

strongly disagree

for a certain time only if andatary  even if uncomfortable if it helps me if it helps others

Figure 20: Acceptance of sensors in testbeds

Figure 20 shows what motivates participants to wear sensors. Comparisons between
different testbeds are difficult because of the variance in participant numbers. However, three
trends can be found in every testbed. Employees are neutral or would agree to wear sensors
for a certain time. Bad comfort is the most important argument for not using a sensor.
Participants from all testbeds, except Infoman, would rather wear sensors to help others than
their self.

At RNHA, sensors were seen very critical. The average response for both questions was
2.18 where 2 means disagree. The questions at RNHA did not mention any motivating
element. Therefore, they cannot be compared to the answers displayed in Figure 20. The
questions at RNHA focused on the correlation between the experience of using sensors and
the actual acceptance. When looking at the answers in detail there is a correlation (=0.75)
between employees that use sensors privately and the group that would wear a sensor. If
people can be convinced to use sensors for a certain time, they will probably use them
afterwards.
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9 Towards a Conceptual Model: Criteria for
Analyzing Learning Experiences

Research on context awareness and the increasing use of information systems has resulted
in a plethora of available technologies and integration approaches. Which of them can be
applied in a specific work environment requires a structured analysis of available data source
and their impact on a reflection session.

In this chapter we present an approach to support the analysis of the available data sources
in a specific workplace. We draw from our experience in the user and design studies
described above. We introduce criteria to analyze and categorize the context data at the
workplace. They were created in discussion with work package 1 and lack the empirical
evidence that should be gathered in the second year of the project.

This should help to answer the following questions:

T Which data is relevant for a flearning expe
1 How can this data impact a reflection session?

The following four main categories characterize data sources gathered from a work process
in the light of their potential to support reflection: availability, impact on reflection, applicability
on sharing and aggregation. These categories are not independent, but overlap and
influence each other.

9.1 Availability

Identifying available data sources as is the first step to select appropriate data sources.
Availability can be seen as the sum of necessary investments and efforts of the employees.
This means that availability is not a simple yes no question but a scalar value that is
determined by technical and social aspects.

At most workplaces a significant amount of data is already captured by information
systems, communication infrastructure and on paper. The introduction of additional
capturing tools can provide more specific data for a reflection session (see chapter 3).
Nevertheless, additional tools require either additional investments into development and
infrastructure or additional efforts by the employee. Obtaining data that is already available,
might require the development of adapters or data export functionalities.

The motivation for capturing data determines the effort that employees are willing to
contribute. Reusing existing data sources needs no additional efforts but may the
behaviour of employees, especially if employees do not accept the use of this data for
reflection purposes. If new tools are necessary, there is an extra motivation required to use
these additional tools. In many cases, data has to be collected over a longer time span, e.g.
over several weeks, before an analysis of the data yields interesting results. The outcome of
a reflection on this data might not motivate an employee to spend additional effort over a
longer time span. Therefore, new tools should blend into the existing work process to
minimize required time and effort.

Data might be captured but be not attainable for other reasons. For example, patient records
are protected by privacy laws. Additional tools might not be applicable, e.g. because of a
lack of time. These aspects are pitfalls that might render a whole capturing concept
impossible. However, there might be another data source that can serve the same purpose.
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9.2 Impact on reflection

During a reflection session data can be used for different purposes and have a different
impact. This impact depends mainly on the concrete scenario and the individual user.
However, the captured data may support a specific purpose, e.g. trigger, marker, categorizer
and supplementary data.

Data could trigger the reflection session. If data shows a discrepancy to the expected an
employee can start to think about the reason for this discrepancy. However, as expectations
are based on the mental model of an employee this is very specific for a user. Furthermore,
the mental model of an employee is largely unknown to an application. There might be hints
and heuristics to identify and highlight these discrepancies.

When data is captured, nearly all data sources store a time stamp as well. If one kind of data
clearly marks a point in time as relevant for reflection, it will act as marker to retrieve further
data. For example, a sensor could capture the heart rate of a nurse during her work and
thereby indicating stressful time spans. Additional data relating to these time spans could be
retrieved. Markers are not limited only to time but can be used for other dimensions that are
used to sort data, e.g. the place of a person.

Available context data can be used to categorize other data. During reflection categorization
of data supports the selection of a subset of the captured data, e.g. data relating to specific
processes. In the hospital, a nurse might connect diary entries to specific patients by writing
there name into the diary. Furthermore one data source can be used to categorize another,
e.g. a localization technology shows a nurse in which room a note was jotted down.

Work documents and documentation by others might support the process of understanding a
certain process or event. This supplementary data may not show a critical discrepancy like
a trigger but once a reflection on an event starts it can provide additional information that
helps to come to an outcome, e.g. by confirming findings or enrich them with more details.

9.3 Sharing

In collaborative reflection sessions, like a team meeting or in a talk between colleagues,
experiences are shared and discussed. These discussions can be facilitated by sharing data
that relates to these experiences. However, data sources can have inherent limitations
towards sharing.

Captured data can be private or already known to others. Data that is more private
requires a more conscious decision of the user. Others might already know that data was
captured but do not know the exact contents. This can result in group pressure to share or
not share the captured data. In other situations, an overview of captured data might be
known but not the data itself. Sharing data in this situation would mean pointing to details to
change the opinion of others.

The captured data and the contained knowledge can differ in its maturity. The captured data
might not be easily explainable to others. Even if data provides obvious insights to an
individual, the same data might be confusing and without any sense to others. There are
different levels of maturity.

It is important to differ, if employees can share or have to share captured data because this
influences the usage of capturing tools. The reason for collecting data can enforce sharing,
e.g. if data is collected to optimize organizational processes. Employees might stop using
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tools to avoid monitoring or adapt their usage to expectations. In the worst case, the use of
data can affect the work process.

9.4 Aggregation

The aggregation of data can provide new perspectives on experiences and offer new
abstraction levels. In some cases the aggregation of data, is the major reason to capture
data at all. Data can be aggregated over multiple instances, over time or multiple employees.
It can be useful for individual reflection session, e.g. reviewing trends in bio-signals, or at a
collaborative or organizational level.

Data can be aggregated mathematically, e.g. into averages and trends, graphically, e.g. in
different charts and plots, or formally, e.g. by tag clouds or relation networks. Mathematical
integration can be used for any amount of data but can differ in its statistical properties.
Graphs and plots can show trends or high level patterns that would stay unnoticed otherwise.
Tag clouds and similar aggregations need large amounts of data to become valuable but can
be applied to texts.

An aggregation has to be meaningful to support a reflection session. If a number or chart
cannot be traced back to specific processes and problems they might trigger thinking about
reasons but cannot lead to outcomes. In the worst case the aggregation may actually remove
information, e.g. by hiding important changes in an average.

On the contrary, it can be desired to hide sources of underlying data through aggregation.
Aggregation can create anonymity and privacy. Private collected data can be hidden in
abstract numbers. The resulting privacy level depends on the number of independent data
sources. Aggregation functions may have to wait until enough data is available to reach the
desired level of privacy.
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10Discussion and Conclusion

This chapter discusses the outcomes from the user and design studies by summarizing the
main results, outlining implications for the theory development and the requirements process,
and finally providing an outlook on next steps.

10.1 Summary

The work in year 1 was focused on the context modeling and preparation activities in the
other three strands. Figure 21 shows a summary of the results per strand and activity. In the
following, these results are explained in detail and mapped to the concrete research
questions raised in Chapter 3.

Sensors User study; Sensor acceptance

Questionnaire in testbeds

on User Acceptance
and IT usage

Rich annotated

] ical
gy, Combined User psychophysiological sensor data

A d Design Study
Capturing )
Technologies I N Iat thel Clini
[Ch. 4] eurological Clinic
Context Bad Neustadt
Modeling [Ch. 7] _ Motivational barriers and
drivers for capturing experiences

Design Study:
Capturing and
Visualizing Mood Overview of available
[Ch. 5]

capturing technologies

Context
Infrastructure Towards a
Conceptual Model:
Criteria for Analyzing First draft of a
Learning Conceptual Model
Experiences
[Ch. 9]

Conceptual
Study: Common | W — Domain Model

Cross WP bornan Q,“fde'
Activities : -
Coping strategies
at NBN

Detailed Personas
for NBN

Figure 21: Summary of results

10.1.1 Context Modeling

Context modeling was the central task during the first year. Available technologies in the

testbeds and possible new sensors have been researched in the pree<st udy fACapturi
technol ogi eso. The Movisens ECG s e mgeoview ofas s el
available capturing technologies for the design study at NBN. Motivational barriers and

drivers for capturing experiences have been identified in this study at NBN and the design

study at the general assembly. These and more detailed outcomes answer the following

research questions from chapter 3.1:

What technology is currently used by the employees that might be used for personal
reflection or data collection?
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The IT checklist has shown that the usage of PCs and mobiles is rather low in workplaces
that are not IT centric. In IT centric work places like BT and Infoman, PC based capturing
solutions like DYONIPOS can be used to capture the majority of tasks.

In other testbeds like NBN and RNHA, communication and documentation is supported by
information systems. However, the testbed visits and the analysis of these systems in the
Pre-study have highlighted the difficulties obtaining this data. Privacy constraints and laws
prevent direct access to this data. For instance, at NBN the patient data is protected by strict
laws and all documentation is linked to a patient.

What is the general attitude towards technology usage?

The majority of employees in all testbeds are familiar with PCs but only a minority already
uses smartphones. The use of PCs at work is lower than at home. The observation at NBN
has shown that nurses seldom use IT systems. However, physicians use the PC much more
and a minority of them even has a SmartPhone.

What technology can be introduced to capture more data?

The analysis of capturing technologies has generated only a handful of promising hardware
sensors that could support the capturing of task context and adhere to the basic
requirements of the testbeds - the Anoto pen and proximity sensing. The Anoto pen captures
shared artefact like written notes and proximity sensing could capture communication
instances. In summary, capturing communication and shared artefacts have turned out to be
the most viable solution to capture task context.

Another rich source of task context are software sensors like mobile applications, PC based
sensors like APOSDLE and existing documentation in information systems, like the hospital
information system at NBN. While information systems create shared artefacts by definition,
mobile applications have to be integrated into the work process to provide the necessary
motivation. Communication and creation of shared artefacts are again an obvious work
related task that could integrate reflection, e.g. assistant physician could use a mobile
application to document treatments for discussion with their supervisor.

What are the attitudes toward the use of specific technologies to capture data?

The offsite questionnaire has shown that employees are neutral or would agree to wear
sensors for a certain time. Bad comfort is the most important argument for not using a
sensor. Participants from all testbeds, except Infoman, would rather wear sensors to help
others than their self.

The design study at NBN has shown a general interest in physiological sensors and captured
data. The usability of the sensor is the most important criterion. This was confirmed in the
offsite user study.

What benefits are expected from using a new technology? How can we create context
conditions or provide incentives that are motivating for individuals to capture data?

Users will use capturing technology if they see a clear benefit and the tools are integrated
into their daily work. The Mood Map Scenario has evaluated three possible benefits:

1 gaining knowledge about others
M influence others
1 hedonistic value

Further expected benefits came up during the interviews at NBN
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1 gain knowledge about the own body
1 benchmarking between colleagues

In summary, the work in this strand has made the biggest progress. Until now, an in-depth
analysis of available capturing technologies and a first design study was only possible at
NBN. However, the impression from the testbed visits and the questionnaire results indicate
that the other testbeds are similar.

10.1.2 Sensors

The main result of this first year is the collected and annotated set of psychophysiological
sensor data from the study at NBN. The data is an important basis for developing and
testing new algorithms and applications in the upcoming months. The algorithms from xDelia
project can be tested against data from a completely different environment.

The pre-study about capturing technologies supported the selection of a sensor and showed
possible other options.

The acceptance of sensors in the testbeds is a requirement to use these applications
during the regular work. The questionnaire and the design study at NBN provided the
necessary insights.

Which sensors are applicable?

Affective aspects can be captured using biosensors or by collecting feedback from the
user. The Movisens ECG sensor was selected for further evaluation at NBN. The design
study on using Mood Maps has confirmed that this simple conceptual approach to capture
the affective dimension is effective and accepted by users. However, the study has also
highlighted further potential for improvement:

1 Need for alternative ways of capturing. Sensors, or very easy tangible interfaces (e.g.
buttons or sliders), might be better during moments of high variation (when it is more
needed).

1 The mood itself might be difficult to interpret. Adding richer information can allow
putting things in the right context within the learning experience.

9 Visualization of mood status should be improved. We need to find new metaphors
that can express feeling-related data across cultural and communities boundaries.

1 Mathematical average might not be the best index to represent the mood of a group
of people. Mood-entries variance, trends and distributions may highlight
discrepancies in moods entry that might be useful to trigger reflection.

Is the usability of these sensors sufficient for larger deployments? How is the data quality
affected by the work environment, e.g. constant movement?

While the usability of the Movisens sensor technology needs further improvements, the
resulting data quality is very good. We have now a rich set of combined observation
and sensor data that is a base for further analysis. Therefore, we are in contact with the
manufacturer and are discussing possible improvements.

Regarding the presentation of this data, all participants except one preferred the more
complex visualization of the UnisensViewer that presents much more information at the
same time. However, nurses and doctors are already used to read heart rate diagrams. This
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results in an easier interpretation of the visualized data. Users from other contexts might be
confused by the amount of data.

What is the role of affective aspects in daily work practice and for reflection?

On the one side, we noticed a general interestatNBNi n one s @amknavéetge t o
about the own body. On the other side, participants that already use heart rate monitors for

sport showed less interest in this data. They already have built knowledge of their body and

the captured data is not as surprising as for others. They only see the difference between
sports and work. Others showed higher interest but this might change over time.

In summary, this strand has mainly prepared data and gathered requirements to build
and evaluate sensors. The actual development of algorithms and applications will take place
in the next years.

10.1.3 Context Infrastructure

In the first year, WP3 aimed at establishing a common understanding and the underlying
theory for the context infrastructure. Therefore, a domain model was created in discussion
with the other work packages and first draft of a conceptual model was created.

How can concepts from theory development inform data formats and structures? Which
information has to be stored to accommodate needs of the individual work packages?

The domain model has achieved a first shared understanding of the various work packages.
The concept of reflection session played a major role in the design of the higher layers of the
domain model. Concepts from theory were discussed to inform context management and
processing and thus guide the definition of data model for the MIRROR AppSphere.

Which data is relevant for a Al earning experien
session?

In a first step a set of criteria was created to analyze the available data:

71 Different types of data are captured in a work process. Some data sources are
already available for reflection, others need adapters and some need complete new
tools or even hardware sensors. The selection of which data is useful for reflection is
a central element in the modeling of the data.

1 Data can have different roles in the reflection process, e.g. it could trigger a
reflection or it could be used to solve a concrete issue in an ongoing reflection
session by providing supplementary data. It might act as a marker in time or space to
analyze other data. Captured data may help the user to categorize an experience and
link it to a specific process or question. These different roles will probably become
more differentiated during the progress of the project.

1 In collaborative and organizational reflection data has to be shared. The captured
data has different qualifications towards sharing. Some data is already known to
others, while other data is private. In some scenarios it might be required to share i,
while in other scenarios the user can decide if data is shared. Besides, the content
described might be common-ground or it could be difficult to explain and express.

1 Aggregating data can provide new insights. However there are different
qualifications towards aggregation of data. Some data like working hours can be
mathematically aggregated in a meaningful way while other data like a diary cannot.
Even if an aggregation is possible, the result might actually blur the meaning of the
data, e.g. if the abstraction level is too high. The aggregation of private data of
several persons can create a useful result while preserving anonymity. However this
depends on the number of persons and the nature of the used data.
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The insights summarized above were amalgamated into a set of criteria that provide a
starting point to a conceptual model of fACapturi

10.1.4 Cross WP activities

The domain model was a cross WP activity so there are no WP3 specific questions in this
strand. However, the studies from other strands also created results that are useful for other
work packages.

During the study at NBN, we encountered different types of users that reacted completely
differently. Some showed great interest in their physiological data, while others said that they
do not want to know about this data to protect themselves and their own coping strategies
that they have developed over time.

10.2 Implications

10.2.1 Implications for app development

The major implication of our efforts in the context modeling strand is that there is no single

solution for all testbeds when it comes to task context. Hardware sensors mainly conflict

with privacy requirements or donot deliver the
Mobile applications and information systems can be applied in wide range of testbeds, but

their actual design and later use depends on the testbed. Careful analysis of workplaces is

required to choose the right capturing tools.

Affective aspects are present in all testbeds and probably in nearly all workspaces.
Therefore, capturing apps for affective context that have been developed for one workplace
are easier to transfer to other workplaces. However, current sensors still have to balance
accuracy vs. usability. Nevertheless, WP3 will continue its collaboration with Movisens to
improve the usability and develop new algorithms based on the gathered data.

Physiological sensor data has shown the potential to trigger or support on ongoing
reflection process. In our interview we facilitated this process by explaining data and asking
questions. A later application building on this data will have to do something similar, i.e., not
only displaying data at various levels of aggregation, but also drawing attention to certain
parts. This can be based on more sophisticated algorithms that analyze heart rate and
accelerometer data and separate physical activity and movement from stress level.

Our study at NBN has shown the big differences in requirements between users in the
same testbed. Applications that capture and present physiological data for reflection may
not be universally useful, but each of them has to target a specific type of users. We expect
similar issues with other reflection apps, which will be investigated in the coming months. To
facilitate that, we have collaboratively developed empirically grounded personas to feed it
into the requirements process.

10.2.2 Implications for theory development

Anxieties associated with creating transparency
associated with the affective dimension, have to be addressed as part of scaffolding

reflective processes. This requires further investigation of the impact of MIRROR
interventions into existing coping strategies.

During the interviews at NBN, participants could remember their activities better, when they
were shown their daily questionnaire. The active thinking about the day, while they filled
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out the questionnaire, seems to support remembering the day. In result, even a simple cross
on a questionnaire assisted their memory. This effect was only seen on a small scale, but it
might be useful to research small daily tasks that make experiences aware and thus
accessible for later reflection. Small daily practices could support remembering and
reflection.

The approach on a Common Domain Model has pointed out some issues to be considered
as part of the requirements process. One important issue is the trade-off between generic
tools that cannot interpret specific types of data, but only rely on general data structures
(e. g., rich text without t handspeacifid tooisuthatdedyros
being able to interpret the data (e.g., treating mood map data differently from location
information). While the generic approach ensures wide applicability across different contexts
and provides the flexibility for various forms of appropriation by users, this approach is
inherently limited in the kind of support it can provide. For the context management, the
approach determines the level of detail that the context model needs to have.

10.3 Outlook

In year two, WP3 will build on the above described result and will shift its main focus towards
the context infrastructure.

Figure 22: Next steps

In the sensors strand the next step is the in-depth analysis of the physiological sensor
data that was collected at NBN. The positive acceptance of sensors and the results of the
data analysis will support the design and development of capturing applications that allow
the capturing of emotion and work related aspects like interest or stress. Besides, Quantified
Self will be systematized and formalized in order to extract requirements that can inform
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