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day was concluded with an expert panel discussion.
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requires crossdisciplinary research in fields such as Cognitive Sciences, Computer Science, Engineering, Psychology and Neurobiology. The research program offers the vision of future technical
systems being Companion-Systems – cognitive technical systems that provide their functionality in a completely individualized way: they adapt to a user’s capabilities, preferences, requirements, and current needs and take into account both the situation and the emotional state
of the individual user. Furthermore, they are continually available, co-operative, reliable, and
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Trust in Digital Technology: Reliability and Validity
Maximilian R.W. Fink, Xueyao Ma and Harald C. Traue
Ulm University, Medical Psychology, Frauensteige 6, 89075 Ulm
{maximilian.fink, xueyao.ma, harald.traue}@uni-ulm.de

Abstract. Digital technologies like smartphones, assistance systems and
medical equipments, experience an increased penetration into everyday life.
Therefore, trust and related factors of a user of digital technology are relevant
issues. To which extend is trust influenced by modern digital technology in
general and in a medical context? A new questionnaire with four factors of trust
was constructed. In addition, to inner consistence of scales, the validity of the
new provided questionnaire is examined by an experimental study design.

Keywords: Digital technology · trust questionnaire · reliability · validity

1

Introduction

In everyday life, almost everyone is confronted with digital technologies. Yan[1, p.viii]
argued, that the transformation from a social concept of trust into a digital concept,
requires trust modeling and management for the construction of trustworthy digital
systems. Several papers about trust in various digital domains are available. However,
the majority of the papers are of theoretical nature[2], describe more or less unidimensional scales like the Computer User Self-Efficacy or the Computer Attitude Scale, but
rarely report empirical research with these scales[3]. In a recent study[4] 72% of the
German patients trust in the medical competence. In addition to visiting a doctor, an
early diagnosis by internet will become more common in the future. Furthermore,
these technologies act as individual health care, search for health information, and
diagnostic procedures. This might allow a shorter latency up to interventions. Contemporarily developed Companion Technology will play a vital role in supporting
patients with their health prevention activities and treatment decision-making. Above
all, high-end medicine can be pursued with digital technology in form of robot technologies for e.g. surgery; an accordingly trained surgeon steers the robot with various
types of tools. Advantages are lower loss of blood, the lower application of painkillers
as well as a shorter stay in the hospital and smaller scars[5]. Because the modern medicine causes partly a fluent crossing between person and machine and digital technologies win within the scope of medical interventions more and more in meaning, it is to
be guaranteed inevitably the trust of the patient in the involved apparatus. Thus, there
is a need for psychometric scales of trust to study trust in digital technologies in various domains of technology applications.
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Construction of a trust questionnaire, Structure & Reliability

2.1

Construction of new trust scales

Beside the already mentioned questionnaires, there are also scales and questionnaires
of the operationalization of the trust which do not refer to digital technology, but can
be used with regard to their core contents. For example, the Interpersonal Trust
Scale[6] which captures e.g. a person´s trustworthiness and reliability. Another questionnaire captures trust in the human-human interaction in clinical settings (social
trust, trust in the therapist and trust in the future)[7]. Karrer et al.[8] developed a questionnaire to capture an users affinity as personality quality in electronic devices and
showed a diminishing enthusiasm with increasing age of the subjects (Technology
Affinities Grasp – The Questionnaire TA-ED). Furthermore in contrast to most studies which have been conducted by means of questionnaires and interviews, the theoretical and for experimental examination usable Trust Meter was developed. It allows
the calculation of potential trust with regards to the reaction of the subject in relationship with other people considering the environmental factors. None of the proposed
and other examined models and theories in digital technologies and other areas generally fulfill the condition of a comprehensive operationalization of trust in digital technologies and they are rarely tested in empirical or experimental settings (see [3] for
details of the referred scales).
2.2

Construction of the new trust questionnaire, item reduction and reliability

From the existing relevant questionnaires, items were adapted and new items extracted from expert interviews. A comprising subjective appraisal for the purpose of a
search grid for the choice of relevant items led to necessary a-priori factors. These
factors should capture the Emotion, Competence, Trust, Like and Dislike in reference
to digital technology in general. For example Like and Dislike were adapted among
other things from positive/negative technology results[8].
At first a questionnaire with 79items was built. The items out of the chosen sources
provided five a-priori factors. A data collection of 101 subjects showed high intercorrelations between the a-priori factors and the accompanying items. Trust-scores,
as well as Like-scores correlated negatively with the Dislike-scores. Therefore, the
factors are not independent. On the basis of skew distributions, item-factor correlations and other criteria, like the content of the items, statistically skewed, contradictory or non-plausible items were removed from the original questionnaire. The resulting
53items version was again analyzed for skewed distributions, intercorrelations and the
internal consistence. The five a-priori factors have been condensed to a four factor
solution. The factor of the Trust, as well as of the Like were assembled to the factor
Trust in Digital Technology due to intercorrelations (r =.576). In favor of the reliability score, several items have been additionally removed to a final version with
36items (Emotions, Competence and Trust in Digital Technologies - version german
36items, ECTDT-vg36) and four scales. The factors were renamed to capture the
main meaning of the items in the following (Table 1).
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In a second study with a sample of (N=264) age-distributed subjects the reliability of
the ECTDT-vg36 was cross-checked .
Table 1. Cronbach alphas of the ECTDT-vg36 questionnaire and gender-specific
means and standard deviation (N=264 (male=106, Xage=29,45 years; female=158,
Xage=24,14 years; Xage whole=26,79 years). α: Cronbach alpha.
X
α

Factor

3

SD

♂

♀

♂

♀

Emotions in dealing with digital technologies

.701

4,49

4,09

,85

,82

Negative emotions to digital technologies

.849

2,50

3,08

,98

,98

Trust in digital technologies

.811

3,71

3,20

,69

,66

Subjective competence in digital technologies

.838

4,23

3,66

,84

,70

Validation Study

To analyze the reliability of the ECTDT-vg36, this questionnaire was used in an experimental validation study with 264 subjects. In order to validate the new questionnaire, a faked case vignette of a possible digital surgery technique which is currently
able to be realized was sketched, based on the real existing DaVinci©-surgeonrobot[5].
The validation was organized in two steps. In the first step, subjects filled out the
ECTDT-vg36. In step two the faked robot news report was presented and the subjects
were asked how they would trust such a surgery robot. General result is that the factors of the Trust, Competence, as well as Emotion correlate significantly positive with
each other. The factor Dislike correlates significantly negative with each of the three
mentioned factors. Referring to the surgeonrobot e.g. the fear of potential users correlates positive (r=.187, p<.01) with Dislike and negative (r=-.270, p<.01) with Trust.
Moreover comprehensible correlations (Trust (r=.215, p<.01), Competence (r=.205,
p<.01), Emotion (r=.130, p<.05) and Dislike (r=-.128, p<.05)) show an acceptance of
digital technique in the modern medicine. There is also a correlation between a surgeonrobot´s competence and the Competence in the ECTDT-vg36 (r=.141, p<.05).
Surprisingly, there is no significant correlation with regard to the e.g. robot´s misuse.

4

Discussion

In recent years some studies have been dealing with trust in digital technology, even
scales have been reported. However most of the papers are merely theoretical and
even studies with scales rarely apply them to empirical studies. Which is the reason
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why a new questionnaire for trust in digital technology was constructed adapting
items from older scales. The reliability of the questionnaire was tested twice and an
experimental validation was carried out. Because of possible subjective influences
based on the former development of the ECTDT-vg36 it was hard to create new items
with regard to the faked robot news report referring to the validation. Moreover, it is
unclear how the conditions while the questionnaires were answered, influenced the
results: ECTDT-vg36 in a completely quiet environment and the items of the faked
robot news report under physical activity. In the end nobody has doubted the faked
robot news report genuineness´. According to the results, younger people are more
critical about digital technology and more realistic. It could be due to the fact that
older people have learnt their occupation without digital technologies of today's
standard. Younger people grow up with omnipresent digital technology from the earliest age and probably integrate this so essentially into their everyday life.
There are several limitations of the new questionnaire. First of all due to the small
sample the representativity is low. Secondly, the used samples were not random since
it comprised medical students (younger part) and retired subjects outside the medical
sector. In the end, the ECTDT-vg36 can capture trust with regards to digital technology as well as the cause of the scepticism.
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In-Car Distraction Issues of Auditory and
Visual Modality for Spoken List Selection Tasks
Sven Reichel, Patrick Szauer, and Michael Weber
Ulm University, Institute of Media Informatics, Germany
{sven.reichel,patrick.szauer,michael.weber}@uni-ulm.de
http://www.uni-ulm.de/en/in/mi.html

Abstract. In-car spoken dialog systems, which include many functions, are
required to resolve ambiguous user utterances. For clarification, the visual and
auditory modality of the infotainment system can be used. As drivers have
to focus on the road, the clarification of these utterances should be as less
distracting as possible. We address this problem with two interaction concepts
from preliminary work and analyze them in a fix-based driving simulator using
variations in modality. Our results show high distraction potential for visual
representations and motivate to restrict the list to as few items as possible.

1

Introduction on Spoken List Selection Tasks while Driving

More and more people use their smartphones as personal assistants, which fulfill their
desire of being online anytime and support them during their daily lives. However,
while driving a car the smartphone can distract the driver. This requires car manufacturers to integrate the personal assistants’ functionality into in-car infotainment
systems. As a result, more and more smartphone applications find their way into these
systems. While interacting with a smartphone is usually a primary task, in the car the
interaction with the infotainment system is a secondary task, which should not affect
the driver’s focus on the road. Therefore, spoken dialog systems (SDS) play a major
role for human-machine interaction within a car, as they distract the driver less than
animated or complex visual user interfaces [1, 4]. One problem with lots of functionality
in an SDS is to assign a user utterance unambiguously to a specific task or application.
For example the spoken user utterance “Send a message to Paul” might be assigned
to Facebook1 or WhatsApp2, as both applications support messaging functionality.
Such an ambiguity can only be clarified by the user, if there is no further contextual
information available. Now the question is how to present such short lists of multiple
applications to the user while driving. So far, disambiguation within infotainment
systems considers mainly phonetically similar items, such as “New York” or “Newark”,
which need a visual representation, as with auditory output users won’t realize the
difference. However, different application names are in general phonetically different,
thus spoken output needs to be considered for such clarification dialogues, too.
Many studies consider driver distraction concerning spoken user interfaces and
visual-haptic user interfaces (see [2]). However, most of them consider complex dialog
1
2

https://www.facebook.com/ [Online 24.06.2015]
https://www.whatsapp.com/ [Online 24.06.2015]
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2

Auditory and Visual Distraction of Spoken List Selection Tasks

systems, which are analyzed in general. Our approach is to focus on the output modality, thus reducing risks of other influencing factors, such as errors in speech recognition.
As [3] evaluated, auditory list presentations distract drivers less in touch selection tasks.
However, they use a MP3-Player with touch input, which may influence the results due
to manual distraction. Our short lists can be seen as menus, thus our work corresponds
to [9], who figured out using auditory and visual output provides the best overall experience. However, they did not use standardized questionnaires or an eye tracker and only
have a very limited number of participants. Therefore, our work adds valuable evidence
how lists with few items can be integrated into multimodal in-car infotainment systems.

2

Developed Interaction Concepts

In a previous online user study [8] we evaluated different clarification concepts concerning usability and task success. This kind of study enabled us to assess the benefits
and disadvantages of them with a large number of participants. A textual list selection
of five items and a choice out-of-two symbols provide the best results and thus were
selected for further investigations in driving conditions. As visual distraction matters,
the concepts are analyzed in visual, auditory and visual&auditory modality.

S: Please select cherry or book.
U: Cherry
S: Thank you!

1.

Poster

2.

Book

3.

Cherry

4.

Candle

5.

Bicycle

S: Please select poster, book,
cherry, candle, or bicycle.
U: Cherry
S: Thank you!

(a) Choice out-of-2 items

(b) List with five items

Fig. 1: Interaction concepts for spoken list selection tasks with sample dialogues.

Figure 1 shows the list and choice interaction concepts in both modalities. The
selection items (e.g. ambiguous applications) are abstracted with fruits and objects
to simplify the briefing of participants. For the visual condition the SDS asks “Please
select” and the items are only displayed in either symbols (choice) or text (list). The
auditory conditions do not display anything, but read out the items. The combination
of both modalities displays the items and reads them out, whereby the gray cursor
on the display is synchronized with the speaking of items. The auditory presentation
of the list makes short pauses of three seconds to facilitate barge-in, thus users can
interrupt the system output.
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3

User Study in a Fix-Based Driving Simulator

For the evaluation of the clarification concepts we use a fix-based driving simulator
with OpenDS3 and a SMI iView X HED eye tracker. The validated ConTRe task
[6] is used to keep the driver busy and to monitor continuously steering deviations
as well as reaction times. The implementation of the clarification concepts is based
on PowerPoint prototypes which are controlled by a Wizard-of-Oz. This reduces the
risk of misrecognitions of a real SDS. The visual user interface is displayed on an
infotainment screen, whereby the auditory elements are read out by Text-to-Speech
(Nuance VocalizerExpressive 1.2.1, voice: anna.full). Each participant completes 5
selection tasks in each condition. Every 10-15 seconds a new selection task starts, in
which the participant has to select the fruit out of a set of objects by speech.
As mentioned, there are two clarification concepts, each with three modality
variants, thus six conditions are evaluated from each participant in randomized order.
After each condition, the participant rates the mental workload with the DALI
questionnaire [7] and the usability with parts of the SASSI questionnaire [5] on a
5-point Likert-Scale from -2 to +2.

4

First Results on Usability and Mental Workload

We analyzed data from 30 participants (22m/8f) with average age of 25.8 years (SD:
2.92). Participants show a high degree of technical affinity (5-point Likert-Scale, avg:
1.16, SD: 0,76) and thus would use modern infotainment systems.
DALI

SASSI

1

1

0,5

0,5

0

0

-0,5

-0,5

visual

auditory
List

both

visual

auditory

both

Choice

visual

auditory
List

(a) Mental Workload (DALI)

both

visual

auditory

both

Choice

(b) Usability (SASSI)

Fig. 2: Results of clarification concepts and modality variants, rated on a 5-point
Likert-Scale [-2 to +2].

The results are shown in Figure 2, separated into mental workload and usability.
Except for DALI-List-visual the data is distributed normally (Shapiro-Wilk). Concerning mental workload, differences between modalities exist for list (χ2(2)=7.93;
p=.019) and for choice (F(2,58)=13.61; p=.001; η2=.319). Post-hoc tests reveal
3

http://opends.de/, [Online 23.06.2015]
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that there are significant differences between visual and auditory modality (p<.001),
however, between auditory and both modalities combined no significant differences
exist. Concerning usability, there are only slight differences for list (F(1.6,44.9)=3.48;
p=.049; η2=.111) and no differences for choice (F(1.5,43.8)=1.82; p=.181; η2=.059).
As expected, the choice requires less mental workload than a list (p<.001). Concerning
usability both concepts are rated pretty good.

5

Conclusions and Future Steps

In this work we evaluated two clarification concepts for lists with few items to disambiguate spoken user utterances for infotainment systems. Results show that visual
implementations distract drivers and auditory interfaces reduces the drivers’ workload
as they can keep their eyes on the road. As expected, few symbols distract drivers
less than lists with text, however, the symbols require meaningful images. Concerning
usability, no differences could be found, however, all variants obtain good scores and
may be implemented into an infotainment system.
Our next steps are to analyze the steering deviation, reaction times and eye tracker
data to verify the subjective user assessments through objective data. In the long
term, our results can be used for developing rules of a multimodal fission engine that
decides upon the current situation which strategy and modality should be used. Such
an adapted clarification list might consider user models, contextual information, or
planning models to determine next dialog steps and learning of repetitive clarifications.
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Abstract. Adaptive multimodal interaction requires assessing the user
behavior. However, it is still unclear which variables exactly have to be
sensed in order to optimally adapt the system behavior. In the current
paper, we report a paradigm allowing to independently examine effects of
task difficulty, a users previous experience and his success criteria on various important indicators of the choice of modality, effectivity, efficiency,
workload, and user experience. First data show that the paradigm is
suitable for the induction and examination of these factors.

1

Introduction

Adaptive multimodal interfaces (MMI) in human computer interaction (HCI) are
intended to facilitate the interaction between users and technical systems. To this
end, adaptive MMI are expected to be as flexible as possible to accommodate
the widest range of users in the most possible range of settings. Recent adaptive
MMI in HCI research are, in their design, focusing on browsing through and
sorting of databases or websites. Respective scenarios can be traced back to
certain cognitive tasks [4] which are similar to those in Bolts Put-that-there
setup [3]. One key aspect are adaptive multimodal inputs which have already
been investigated for some time [7, 8]. Even with this focus on multimodal input
huge differences in results remain [14],[2]. This could be due to the fact that
users themselves learn and change their behavior and preferences based on their
experience [6]. Consequently, for an adaptive multimodal system to accustom the
UI more efficiently to the user, it needs to monitor and predict the behavior of the
user constantly. There is still a lack of knowledge about which determinants affect
multimodal interaction behavior to which extend, and how these determinants
interact with each other. Combination of speech and touch interfaces are still
far from common which impedes studies with large subject numbers. As an
alternative approach to the existing setups, we developed an experimental design
which enables researchers to control a vast range of factors, mix them in the
intended proportions and measure their effects on user behavior.
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Testbed

We decided to use speech and touch input, which are common and frequent input modalities in HCI [5], as well as multimodal feedback (visual & auditory).
In order to mimic respective processes from real life, where users have to search
for the right button or piece of information on screen, users are presented with
a matrix of colored geometric shapes (e.g. circles, squares, triangles) on a touch
screen, which could be either of red, blue or green color (see figure 1). We designed a conjunction search task along those two feature dimensions (i.e. color
and shape) in order to avoid pop-up effects by preventing top-down advance cuing of the target object [10]. Both feature dimensions manipulate the workload
necessary to complete a task, which is supported by the notion that colors are
best coded verbally while positional information is best coded spatially which
can be based on various psychological models [15], [12]. The interactive system
accepts touch and speech inputs while expecting two inputs to complete one interaction trial. Users detect the target object, which is a unique combination of
color and shape (e.g. the single green triangle in the trial). Targets can appear
at a random position in a matrix of distractors. A correct answer consists of
indicating the position and the color of the target. All objects are labeled with
increasing numbers for easier verbal reference.

Fig. 1. Screenshot of a 3x3 matrix. In this example, the target (red object at position 7)
had to be identified via two interactions. One interaction is used to select the color, the
other is used to reference the position. Each interaction could be performed either via
touch or via speech. No temporal order was given in execution of these two interactions.

A timer, indicating the remaining time left and the points to be won in
that trial, can be shown on the side of the screen corresponding to the user’s
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dominant hand. On the other side of the screen, three round buttons in the three
afore-mentioned colors are depicted and labeled with their corresponding color
names. All objects are comfortably reachable. If not instructed otherwise, the
task can be completed either exclusively by touch (touching the object and the
corresponding color button), exclusively through speech (naming the number of
the object and its color), or a combination of those modalities (touch object
and name color or vice versa). The modality choices, reaction times and errors
of the users can be recorded. Furthermore, the order, duration and temporal
relationships of individual inputs can be recorded as well.
The optional inclusion of an induction phase, facilitates the investigation of
previous user experience on behavior. The cognitive load of the interface is kept
as low as possible by only displaying the absolutely essential information and the
appliance of gestalt laws in the design. Our testbed enables the manipulation
and examination of the effects of cognitive load on user behavior and performance through task difficulty, which can be varied by varying the number of
distractors and thus the matrix size (e.g. 3x3, 4x4, 5x5).The testbed enables the
gradual manipulation and measurement of user engagement with the system.
Furthermore the combination of clearly defined previous user experience with
the concept of an ideal modality choice for this task facilitates the opportunity
to explore the trade-off mechanics between those two factors.

3

Study

The experiment consisted of two blocks of which the first block had to be solved
with a specific modality combination (e.g. color via touch + position via speech).
It was aimed to induce a specific interaction history with the system. This induction block entailed 90 trials, segmented into three equal parts with increasing
task difficulty (30 trials for each difficulty). The second block of the experiment
consisted of 45 trials with a balanced but randomized sequence of different levels
of difficulty. The user was free to choose which modalities to use in whichever
temporal order (free choice block). We made sure that the experiment and the
informed consent were in accordance to the WMA Declaration of Helsinki [1].
In total, 42 volunteers, 33 male and 9 female, took part in the experiment. After signing an informed consent each user was introduced to the system and
the game mechanics before the experimental block started. They were equally
distributed into the four induction conditions and compensated with money to
which the individually achieved amount in the game was added. 11.9% of the
users were left handed. The average age of the users was 27.17 years (SD =
9.18). 95.2% of the users had prior experience with multi-touch interfaces like
smartphones or tablets. After both the induction block and the free choice block
users were asked to fill out the NASA TLX questionnaire, which measures workload. At the end of the experiment, each user was asked for the preferred kind
of interaction, could give feedback on the experiment, and was payed.
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Results

Over all in the free choice block, a preference for color speech - position touch
was observed with 51% of all choices, whereas the opposite, touch color - speech
position was rarely chosen with 3.3%. The exclusive interaction modes are comparable in frequency: exclusive touch 23.9% of cases, and exclusive speech 21.8%
of cases. Taking into account the induced user interaction history, the picture
changes remarkably and varies between interaction history groups. Exclusive
touch was used 99.2% more often when induced in advance, touch color - speech
position 236% and color speech - position touch 45.5%. That is, in all but the
exclusive speech condition (-4.1%) users employed the induced interaction mode
more frequently than the other groups of users.
The workload ratings after the induction block were not significantly different
between the four interaction mode groups (F (3) < 1). Consequently, we have
to proceed with the assumption that the kind of interaction modes used did
not affect the subjective workload. Looking at performance measures divided
by task difficulty however unfolds another picture. With rising difficulty users
made more mistakes and took longer to complete a trial. Interestingly none of
the users with previous experience in exclusive speech and exclusive touch chose
to use color touch - position speech and users of the color speech - position touch
group tried it a few times but did not use it in the easy condition. Additionally,
using color speech - position touch resulted frequently in the lowest error rates.
Both observations supports the concept of an ideal task specific modality (i.e.
color speech - position touch).
The overall error rates (i.e., independently of user interaction history) of users
show that color speech - position touch holds the lowest error rate with 4.75%,
followed by touch color - speech position with a 9.2% error rate. Using exclusive
touch resulted in a 9.1% error rate, while exclusive speech holds the most errors
with 17%. Taking the interaction history into account, users made significantly
less errors when using the familiar interaction mode (F (3) = 26.6, p < 0, 001). In
case of color speech - position touch however, the untrained subjects performed
better than those who had trained it (t = 3.15, df = 40, p = 0.003). This could be
explained by the fact that users in general made the least errors in this condition,
and thus training had no improving effect.
Averaged over induction modes, task tompletion times (TCTs) did differ significantly between interaction modes (F = 52.8, p < 0.001). Exclusive touch took
the longest on average and significantly longer than the other three interaction
modes (p < 0.001). Again, taking the induction into account, users performed
significantly faster with the familiar interaction mode than with an unfamiliar
one. In case of touch color - speech position users who were not familiar with
this interaction mode performed faster than those who did.
Our results show that users were significantly faster when the familiar modality was used, except for the color speech - position touch condition.
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Discussion

The study demonstrates how this experimental setup can be used to examine
various potential determinants in an adaptive MMI. The study shows that previous user experience does have a strong systematic effect on user behavior and
performance. For example, the induced interaction experiences in this study and
its effect on modality choice does interact with the tendency to use the optimal
modality to solve the visual search tasks [9, 13]. The second major determinant
of user behavior with MMI is the difficulty of the task to be completed, ergo the
cognitive load of the interaction. The higher the cognitive demand of the interaction the more likely users will switch from unimodal to multimodal interaction
[11]. Consequently, the detailed examination of this determinant, and its effect
on the timing and frequency of strategy changes by the user, are essential to
the development of adaptive MMI. One example for an investigation would be
the controlled manipulation of mental workload in the present study. Another
very important determinant of user behavior is the focus of his engagement.
With our paradigm user engagement can be directed, enhanced or diminished
in a controlled way. The choice of modality, input speed and accuracy of a user
are effective measures, which come included with every adaptive MMI by design
and need no additional sensors. Within our paradigm they can be used to detect
subtle effects from factors and their interactions due to the control it provides
over determinants. The clarity and flexibility of this paradigm facilitates the discovery and modeling of laws and principles governing multimodal interaction.
These would then be incorporated into adaptive algorithms and validated in
more ecologically valid setups.
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Abstract. We present work towards a spoken-dialogue embodied companion
system that behaves in a socially cooperative fashion, i.e., being attentive to
communicative and social cues emitted by the user, inferring internal cognitive,
affective and interactional states, and reciprocating with appropriately adapted
behavior. It is argued that this capability is vital for fostering cooperative, effortless,
and enjoyable interactions that maximize both efficacy and long-term acceptance
with elderly or cognitively impaired users.
Keywords: artificial companion, embodied conversational agent, adaptive spoken
dialogue, assistive systems, elderly users, users with cognitive impairments

1

Introduction

A growing number of elderly and cognitively impaired people is dependant on assistance
for everyday activities. Some of these activities can be supported technologically to
enable a prolonged self-determined lifestyle. While many technical services like calendar
management, online video communication, or home automation, can potentially provide
this valuable support, the interaction continues to pose challenges for many of the respective user groups. For example, elderly people often lack experience in using graphical
user interfaces and may face problems learning them due to attitudinal (lack of interest
or confidence), perceptual (decline of vision or hearing), cognitive (decrease in memory
and attention), or physical barriers (motor impairments) [7,5]. People with cognitive
impairments are often illiterate, and text-based interfaces pose almost insurmountable
obstacles to them. They, as well as people with age-induced impairments, are quickly
overburdened by the amount of functions or the complexity of interfaces that are not
especially designed with these requirements in mind. Generally, spoken interaction is
reported as a preferred interaction modality by older adults with little prior experience in
new technologies [11]. Moreover, with regard to the practical use of assistive systems,
there is still little work regarding concrete factors for actual long-term acceptance and
motivation to operate those systems daily in one’s own home environment, i.e., those that
are not limited to (repeated) isolated sessions or controlled environments. It has been
shown that variability in output increased user engagement in daily interactions with a
support system over the course of one month [1]. In everyday settings and surroundings,
designing assistive systems as companions can be a linchpin of successful interaction
and assistance.
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What should a companion be like?

Companion systems are envisioned not to be mere tools, but to cater to individual
requirements and be aware of the current state of the user [2]; this includes using sensor
technology to infer internal states such as their mood. Companions should evoke in
the user a notion of increasingly seeing their preferences and idiosyncrasies reflected
during assisted tasks, and a trust in the system solving tasks on their behalf, as opposed
to purely following instructions. Additionally, research has shown that people expect
the fulfillment of perceived social contingencies that arise in such assistive situations;
the simplest cases for spoken interaction being a name that the system reacts to, and
its capability to react to expressions of gratitude [12]. This is true even when no proper
embodiment is present in the setup – an assistive system itself apparently has a potential
for social affordance that goes beyond that of other items, although its exact strength
and nature is not yet well-researched.
We argue that companions ought to go further to assume an enduring social presence. Unfolding social relationships in human dyads are not only characterized by the
refinement of the mutual awareness of the individual requirements, motivations, and
limitations, but also, centrally and from the very start, by behavioral synchronizations
and adaptations that extend to the level of movement, posture, or facial cues [8]. These
can even be employed strategically by human experts to foster the sense of rapport,
which in turn facilitates all further interaction and can help to reduce social distance [10].
Crucially, to engage in these reciprocal coordination mechanisms, a system need not
only process social signals, but be able to emit them as well. Thus, we employ a virtual
assistant with a human-like appearance, which enables us to leverage anthropomorphic
cues and foster natural multimodal communication [9].

3

The importance of socially cooperative behavior

In previous work, which has been conducted in the BMBF-funded projects ‘VASA’
and ‘VERSTANDEN’, we found that elderly and cognitively impaired users reacted
positively to a virtual assistant and were readily able and willing to engage in spokenlanguage interaction with the assistant [14] (Fig. 1, left). A short-term social effect of the
agent was evident through users’ spontaneous social smiles, honoring perceived social
contingencies that were not explicitly elicited (such as spontaneous apologies uttered by
users), as well as cursory social comments which they interwove into the task-related
dialogue (appointment scheduling), albeit not hindering it. Anecdotally, long-term social
effects were reflected in participants referring back to their last ‘hands-on’ interactions
with the agent, their eagerness for future interactions, and their reports of exchanges
about the agent and their presenting of keepsakes with the agent’s image.
Regarding the efficacy of spoken interaction in a task-related domain, we found
in initial Wizard-of-Oz (WOz) studies that special care must be taken in information
presentation and confirmation strategies to avoid the propagation of, and inadvertent
commitment to, wrong information resulting from mis-communication [14]. We not
only analyzed interactions with older adults, but extended this to people with congenital
cognitive impairments (with an IQ lower than about 70). For both groups, and most
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pronouncedly for the latter, information presentation and confirmation strategies were
least error-prone when delivered in the smallest possible chunks (for the control group,
packaging thrice the information per unit did not degrade accuracy). Additionally, their
usability ratings were equivalent between verbose and terse presentations, respectively.
These results informed the development of an incremental dialogue management
framework and an autonomous spoken dialogue system in the same domain, which has
been evaluated with initial participants (Fig. 1, right), who did not rate the system less
favorably than the WOz prototype [15]. The autonomous system successfully induced
error-awareness in the user groups, matching the performance of the previous system in
this respect. For most participants the system performed adequately; yet a few subjects
uttered verbose elaborations inside the task, which had the strongest detrimental effect
on the efficacy of spoken interaction. The agent’s capabilities to emit natural and socially
acceptable signals for dialogue flow control to mitigate this effect are the subject of
ongoing research.

Fig. 1. Interaction studies. Left: WOz setup, participant with cognitive impairments (anonymized).
Staff was present for reasons of safety. Right: Autonomous system, older participant (anonymized).

4

The KOMPASS project

The aforementioned work, has led to the current project ‘KOMPASS’ (“Sozial kooperative virtuelle Assistenten als Tagesbegleiter für Menschen mit Unterstützungsbedarf”)1
with partners from computer science, linguistics and psychology. Our special focus
in this project, which started in April 2015, is to ensure assistance and acceptance by
enabling what we call ‘socially cooperative behavior’ in an artificial companion. By this
we mean the approach of consequently treating communication and human–companion
interaction as an instance of social cooperation and collaboration [6], in which the
system is highly sensitive and responsive to the states of the interaction and the user. The
companion is to be able to recognize and interpret multimodal cues on short and longer
timescales, the former to ensure robustness of communication and be aware of affective
reactions to communicated content, and the latter to assess mood and the progression
1

For an organizational overview, please refer to the project page: https://purl.org/net/kompass
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of the interaction experience. More specifically, short-term assessment will enable the
system to react rapidly in an appropriate way, e.g., to adapt or elaborate its presentations,
initiate repairs and confirmations, and reciprocate following social affordances. Longterm assessment will steer strategy selection; both can serve as supervisory signals for
long-term preference learning.
In addition to the dialogue management infrastructure mentioned above, the project
will draw on previous work on modeling a user’s mental state during listening (e.g., does
she perceive and understand what is said?) as revealed by verbal/vocal and non-verbal
communicative feedback. The agent maintains and updates a probabilistic representation
– an ‘attributed listener state’ [4] – which provides a basis for adapting and (re-)planning
its communicative behaviour based on its estimate of the user’s levels of perception,
understanding, etc. Among other things, the agent can almost instantly vary the information density of ongoing utterances using an incremental natural language generator [3]
or elicit feedback from its user if it is uncertain about her mental state of listening [4].
The KOMPASS companion is projected to both process and employ effective subsets
of all those social signals that make human face-to-face interactions effortless and enjoyable. Centrally, this excludes the companion actively suggesting a personal relationship
by, e.g., telling (faux) back stories – this is due both to our focus on the interaction as
well as principal ethical objections by the project partners, including a large health-care
provider. Thus, the companion is envisioned to be a pleasant, cooperative – and when
needed proactive – helper, referring back to past common episodes when required, yet
being reserved with respect to interaction outside a specific set of tasks, and especially
with respect to mutual self-disclosure [13].
Acknowledgements This research was partially supported by the German Federal Ministry of Education and Research (BMBF) in the project ‘KOMPASS’ (FKZ 16SV7271K)
and by the Deutsche Forschungsgemeinschaft (DFG) in the Cluster of Excellence ‘Cognitive Interaction Technology’ (CITEC).
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Abstract. Several experiments were conducted to investigate the potential benefits of using naturally spoken, motivating prosody in auditory feedback given by tutorial companion systems. Results show that
motivational system prosody is reliably recognized by human users. In
computer-assisted learning situations, naturally spoken feedback with
motivational (praising/blaming) prosody significantly increases learning
performance and is rated as more pleasant and more motivating in comparison to naturally spoken, prosodically neutral feedback as well as in
comparison to computer-synthesized feedback. As a consequence, it is
recommended to incorporate motivational prosody variations in future
implementations of tutorial companion technologies whenever possible.
Keywords: prosody · praise and blame · tutorial systems · recognition
· user acceptance · motivation · learning

1

Prosody in Tutorial Companion Feedback

If a technical system speaks, we need to consider not only what it says, but
also how it says it. Prosodic variations in human speech often convey emotional
and motivational information [1, 2]. To motivate students, human teachers successfully employ praise and blame, both in content as well as in prosody [3, 4].
Since users frequently treat computers like human interaction partners [5, 6], it
is interesting to investigate whether motivational prosody is similarly effective
in computer-assisted learning environments [7, 8].
The following sections will summarize several initial results addressing this
topic, indicating the potential benefit of implementing naturally spoken feedback
with motivating prosody in tutorial companion systems.

2

The Motivational Feedback Corpus “MOTI”

A corpus of German language feedback utterances to be employed in tutorial
companion systems was constructed and evaluated. The resulting feedback corpus “MOTI” contains positive feedback utterances (e.g., yes, correct, ...) with
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Effects of Motivational Prosody in Tutorial Companion Systems
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Fig. 1: Recognition rates for the prosodic categories (neutral, praising, blaming,
sympathetic) of the MOTI corpus, by speaker (male: M1, M2, M3, female: W1,
W2, W3). Error bars indicate standard errors. Adapted from [9].

neutral and praising prosodies, and negative feedback utterances (e.g., no, incorrect, ...) with neutral, blaming, and sympathetic prosodies. The utterances
were recorded by three female and three male German professional speakers and
evaluated by naı̈ve subjects (n = 24). The recognition rates of the intended
prosodies (cf. Fig. 1) were 85% on average [9].

3

User Acceptance of Motivational Feedback Prosody

In a computer-assisted learning experiment (n = 23), users were asked to listen to frequency modulated (FM) tones and identify specific target tones (e.g.,
long/rising tones) by button press. The relevant auditory attributes distinguishing target tones from non-targets were not revealed in the beginning of the experiment and needed to be learned via trial and error with the help of spoken system
feedback about the correctness of the responses. The tutorial system feedback
varied between prosodically neutral computer-synthesized speech (mbrola-de-5,
Mary TTS 3.6.0) and pre-recorded natural speech with either neutral or motivational (praising and blaming) prosody (employing one set of recordings from
the MOTI Corpus, see Section 2). Fig. 2 shows participants’ post-experiment
ratings. Feedback with motivational (praising/blaming) prosody was rated as
significantly more pleasant (p = .004, η 2 = .32) and more motivating (p < .001,
η 2 = .54) than neutrally spoken feedback. Additionally, naturally spoken (neutral) feedback was rated more preferably than synthesized feedback (p = .001,
η 2 = .38, and p = .023, η 2 = .21, respectively).

4

Effects of Motivating Prosody on Learning Performance

In a similar learning experiment (n = 46), different subject groups were compared, with each group receiving one of the three feedback types (synthesized,
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Fig. 2: User ratings of pleasantness (left) and motivational effect (right) of
the synthesized (SYNT), neutrally spoken (NEUT) and motivationally spoken
(MOTI) tutorial feedback utterances. Error bars indicate standard errors.

natural/neutral, natural/motivational). Fig. 3 shows the learning performance
and reaction times across the course of the experiment. While the type of feedback did not affect the eventual level of task performance that was achieved
by the end of the experiment (∼ 90–95 %), participants showed faster learning
with pre-recorded naturally spoken feedback than with computer-synthesized
feedback (Block 3; p = .030, η 2 = .10). Crucially, participants’ learning rates
further benefited from prosodically motivating (praising/blaming) feedback in
comparison to neutrally spoken feedback (Block 2; p = .023, η 2 = .09). Reaction
times did not differ between groups [10].
4.1

Individual Differences

Participants were asked to complete two questionnaires: a) the NEO-FFI [11]
to assess the Big Five personality factors, and b) the BIS/BAS [12] to assess
factors of the behavioral inhibition/activation system. Split-half analyses comparing subgroups with high and low values on each scale showed a significant
interaction of the observed effect of motivational prosody (MOTI > NEUT)
with BAS sensitivity (p = .004, ηp2 = .28), suggesting that the beneficial effects of motivational system prosody on learning performance are particularly
evident in users with a highly sensitive behavioral activation system, i.e., users
that are strongly driven by and responsive to rewards. Further research with
larger samples will be necessary to corroborate these preliminary findings.

5

Summary and Conclusion

The experimental results summarized here show that motivational (i.e., praising
and blaming) prosody used by technical systems is readily recognized as such by
untrained users. Furthermore, pre-recorded, naturally spoken system feedback
with motivating prosody is highly accepted by users, is rated as more motivating,
and promotes faster learning in computer-assisted learning paradigms.
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Fig. 3: Learning rates (left) and reaction times (right) for users receiving synthesized (SYNT), neutrally spoken (NEUT) and motivationally spoken (MOTI)
tutorial feedback. Error bars indicate standard errors. Taken from [10].

These results are in line with previous findings demonstrating that users prefer interacting with systems that behave and sound like human communication
partners, and that they respond to system feedback in a very similar way as
to human feedback [5, 13]. It therefore appears highly advantageous to incorporate natural and motivational prosody in future implementations of tutorial
companion systems.
A promising direction for future research lies in scrutinizing the effects of
motivational feedback that is more adaptive [14], e.g. by attuning prosodic variations to individual differences between users (cf. Section 4.1), or by varying the
intensity of prosodic praise and blame based on the learning progress over multiple trials [15, 16]. In this regard, it might also increase the naturalness of the
human-companion interaction if motivational prosody was faded in only after
the user has had a chance to learn (especially regarding prosodic blame) and
faded out after the learning goal has been accomplished (especially regarding
prosodic praise). A further topic of interest is the computer-synthesis of motivating prosodies and the empirical evaluation of such synthesized praise and
blame in comparison to the pre-recorded motivational feedback utterances examined here.

Acknowledgments. This work was done within the Transregional Collaborative Research Centre SFB/TRR 62 “A Companion Technology for Cognitive
Technical Systems” funded by the German Research Foundation (DFG).
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Abstract. Partially observable Markov decision processes (POMDP)
are well-suited for realizing sequential decision making capabilities that
respect uncertainty in Companion systems that are to naturally interact
with and assist human users. Unfortunately, their complexity prohibits
modeling the entire Companion system as a POMDP. We therefore propose an approach that makes use of abstraction to enable employing
POMDPs in Companion systems and discuss challenges for applying it.

1

Introduction

Companion systems are cognitive technical systems that live and act in a realworld environment. As they must adapt themselves to their human users, they
have to be aware of human-specific states such as emotions and dispositions
to support their decisions. They are fitted with a set of sensors that provide
them with a multi-modal set of observation channels like speech, video, or even
biophysiological signals. Despite their rich sensory fitting, the variables of interest
are usually concealed from the Companion system, and they can be accessed
only indirectly through noisy channels [5,6]. Based on this imperfect perception,
decisions have to be taken in a way that maximizes the utility of the system as
a whole.
Partially observable Markov decision processes (POMDP) constitute a class
of models of sequential decision making under uncertainty that is capable of capturing the described observation processes. POMDPs are an extension of Markov
Decision Processes (MDP) that hides the state of the environment from the acting agent, and formalizes an observation model that captures how information
can be perceived through incomplete and noisy channels. Extending MDPs by
partial observability has the following two consequences: First, the policy followed cannot be a simple mapping of observations to suitable actions, as it is
the case for the purely reactive MDP agents. Receiving only partial information about the current state makes past observations informative for estimating
the true current state of the environment. The second consequence is that a
POMDP agent is aware of the value of information, and it has an incentive to
execute actions that improve its knowledge/estimate, even if these actions have
no influence on the future evolution of the environment. This makes POMDPs
particularly suited for applications that involve dialogue [21], as asking is an act
with the sole purpose of acquiring information.
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Fig. 1. Illustration of a filter-based controller architecture.

While it is adequate to model a complete Companion system as a POMDP,
it appears impractical. Despite recent progress in the field [15,14], it is still
out of scope for contemporary POMDP solvers to both operate over long timescales and process high-dimensional observations (e.g., video), due to the curse
of history [12]: the number of possible observation sequences grows exponentially
in the number of steps considered.
For this reason, it is plausible to preprocess sensory data, such as video, with
the goal of producing a more abstract state description. This can be achieved
using techniques of machine learning to map low-level, high-dimensional input
to high-level, low-dimensional representations via supervised- or unsupervised
learning [2,9]. For time-series data it useful to not only map the current observations, but to also take into account previous input. Such prediction of a current
hidden variable using all past observations is called filtering. Some techniques
to perform this task are Hidden Markov Models, Kalman-filters, or particle filters [9, Section 6.2]. If a Bayesian approach to filtering is taken, then the result
is a probability distribution over the current state of the abstract state variables
(belief state), e.g., a distribution over user dispositions. Although this abstraction
appears to be omnipresent in practical fields, such as robotics [13], it is unclear
what it truly means to attach a POMDP planner to the output of a Bayesian
filtering stage. In the sequel we will discuss the challenges of this approach and
sketch some solution options.

2

Problem Statement

Interaction of the technical system with the environment at a physical level is
captured by a POMDP PE = (SE , AE , TE , OE , ZE , rE )—which exists, but is
unknown. Here, SE is the set of physical world states, AE is the set of actions
available to the technical system, and T (s, a, s0 ) = P (s0 |s, a) denotes the world
transition dynamics when the system executes action a ∈ AE in world state
s ∈ SE . The resulting world state s0 is not visible to the system, it can only
see an observation o ∈ OE with probability Z(s0 , o) = P (o|s0 ) determined by its
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sensors. The system’s goals are given in terms of rewards rE (s) ∈ R for being
in s. PE can be accessed by simulation (by running the system in real), or its
parameters can be elicited through experimentation (not observation); both is
expensive. The observations of the system are processed by a cascade of filters
that extract estimates of abstract state features denoted as SA . The result of
t
this process at time t is a current belief P t (SA
| Z 0:t ). Characterization of the
filtering process is possible either through simulation, or by quality estimates
of the used machine learning algorithms (confusion tables, error rates). The
described architecture is depicted in Figure 1.
Our goal is to construct a controller that takes the output of the filter as its
input. For this sake, we assume that a useful abstraction TA of the transition
process TE of PE can be elicited from a human expert. We also assume that an
abstraction rA : SA → R can be elicited.
To achieve this, we want to either formulate an MDP or POMDP problem
PA over the abstract state space SA , and describe how it fits into the sketched
architecture. A policy for PA should yield good expected rewards when used as
controller for PE as described in Figure 1.

3

Solution Approaches

There are two major possibilities for representing POMDP polices: as a mapping
from histories to actions, i.e., by considering the equivalent history-based MDP of
a POMDP [15], or as a mapping from belief states to actions, i.e., by considering
the equivalent belief MDP [16].
3.1

History-based Control

Histories are sequences of action-observation pairs corresponding to cycles of executed actions and received observations. Therefore, using a history-based policy
necessitates the definition of observations on the abstract level, which introduces
apparently arbitrary choices: while it is simple to see what observations are on a
primitive level, the case is less clear with abstract observations. It is somewhat
reasonable to assume that abstract observation variables OA and corresponding
observation probabilities can be elicited from a human expert. The bigger issue,
however, is the integration between the sensor filter cascade and the policy: in
each time step, the filter cascade produces a probability distribution over the
abstract state space given by SA . The history-based policy, on the other hand,
requires a history, which is a crisp object (crisp meaning without associated uncertainty). What is therefore required in this setting is a method for finding the
most likely history for a given distribution over the variables in SA .
3.2

Belief-MDP-based Control

When the policy of the controller is represented as a mapping from belief states to
actions, policy execution is straight-forward: the distribution over the variables
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in SA is a belief state, and the policy can be used directly. This approach is taken
by, e.g., Hoey et al. [8] and results in the filtering task being fully separated from
the planning task.
There are two possibilities for constructing a belief MDP on the abstract
level. The first is specifying an ordinary POMDP as for the history-based approach, and converting it into its belief MDP. This again requires specifying an
abstract observation model over variables OA . The second possibility is modeling transitions between system beliefs directly. This makes the definition of
observations on the abstract level obsolete but requires discretization of the set
of belief states, since there are uncountably many belief states. E.g., one can
model “state” variables that represent qualitative probability estimates of real
state variables of interest [3]. This, in turn, can distort optimal policies.
3.3

Related Work

Although the scenario described above deals with abstractions in the context of
POMDPs, it seems that existing approaches to POMDP abstraction are applicable to a limited extent only. One category of approaches employ action abstraction. These approaches do not plan on the abstract level but rather use hierarchical action knowledge to ease planning on the primitive level [10,19,18,11,17].
In particular, all mentioned approaches require a model of the primitive level.
In most cases, this means a fully declarative model, except for the MCTS approach of Müller et al. [10], where a generative model suffices. Some authors also
consider learning an action hierarchy [4], which also requires access to the primitive model. In any case, generating a policy with these approaches can become
prohibitively expensive in our setting where the primitive model corresponds to
the true environment.
A further line of research aims at abstracting the observation space of a
POMDP [20,1,7]. This seems important in our scenario as well, yet the existing
approaches also require access to the primitive POMDP model. A further complication is that the mentioned observation abstraction approaches do not deal
with factored observations spaces, so that structure that is certainly present in
our multi-sensor environment cannot be leveraged.
Closest in spirit to the setting we deal with is an approach for a multi-modal
service robot [13]. Here, a so-called filterPOMDP is constructed, which corresponds to what we call Belief-MDP-based control, i.e., a pre-specified POMDP
is used for planning, while separate filters are used for maintaining a probability
distribution over the world state during execution.

4

Conclusion

We proposed an approach that allows using POMDPs for decision making in
Companion systems without resorting to modeling the entire Companion system
as a POMDP. We discussed challenges to overcome for applying the approach
as well as options for solving them.
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Abstract. Multimodal Interaction has the potential to significantly increase
the ease of use of human computer interaction (HCI). At the same time,
due to error-prone recognition based inputs, it is merely used in real-world
applications. While literature on multimodal input fusion describes modeling
of different user behaviors as a key for increased robustness, it still failed to
prove it’s practical use. This article presents the design of a user study that
applies previous theoretical work on individual user adaption in a smartwatch
scenario. We describe the practical implementation of a process for error
recognition and recovery based on the history of multimodal inputs and a
concrete scenario suitable for evaluating its practical impact on the ease of use.
This could prove the real-world use of individual multimodal input adaption
and finally lead to multimodal systems less cumbersome than today.
Keywords: multimodal interaction, input fusion, user behavior, interaction
history, input error detection and recovery

1

Introduction

Multimodal systems, that make use of parallel inputs from different modalities, are
topic of extensive research for several years now, but still, their adoption in real-world
applications is almost non existent. This could be due to the fact, that error rates of
sensor inputs are still too high for practical use. Recent work has shown the theoretical
possibility to detect and recover from sensor errors within the fusion of multimodal
user inputs by making use of a so called interaction history (cf. [2]). While these
results are promising, they are based on a rather abstract gaming task. The actual
implementation and evaluation of such an approach in a realistic setting has not
been conducted so far. To overcome this, we propose a setting that uses a popular
interaction with smartwatches as realistic scenario: quickly displaying some kind of
information like upcoming tasks, news headlines, or recent messages.
The next section elucidates the idea behind using an individual interaction history
within multimodal input fusion. It is a summary of the work in [2] that provides
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a rather abstract process for error detection and recovery. This is followed by the
proposed implementation of such a process in an existing input fusion component [1]
and it’s necessary enhancements. After that, the real-world scenario for an evaluation
is described. Finally, these contributions are summarized and their relation to the
state of the art in commercially available systems is discussed.

2

Individual User Adaption of Input Fusion

Research from Oviatt et al. and others repeatedly showed the existence of different
user behaviors in terms of temporal relations between multimodal constructions [12, 11,
13, 6, 7, 9, 3, 5]. These are called integration patterns and describe the dominant use of
modalities in simultaneous or sequential temporal manner (cf. [10]). Two modalities are
used sequentially, when their time intervals do not overlap, but instead show a temporal gap between each other. In the opposite case, i. e. when their time intervals overlap,
they are used simultaneously. This is depicted in Fig. 1. An integration pattern is called
dominant for a specific user, if more than 60% of inputs are uttered in the respective
manner. Though this classification scheme has been applied by others [8, 4], it’s potential to increase the robustness of a system, as suggested in [13], has not been proven yet.
Inputs	
  

Time	
  intervals	
  

Integra-on	
  
Simultaneous	
  

Sequen-al	
  

Fig. 1. Simultaneous and sequential integration of modalities.

In order to investigate the occurrence and use of such integration patterns in
relatively short lasting multimodal interactions, in [2] an experiment where users
repeatedly had to perform a visual search task was conducted. Given a set of colored
geometric objects, users had to spot the unique color/shape combination present in
each trial (see Fig. 2). Once this combination was discovered, users had to specify the
position and color of the object in a multimodal way. Results showed, that users did
not exhibit such dominant integration patterns as found in the more lengthy tasks
of Oviatt and others. It is concluded that for short lasting multimodal inputs, an
individual user history of temporal distributions may be more appropriate than a
simple classification into dominantly simultaneous or sequential users. Schüssel et
al. then present a process for the use of such individual interaction history for error
detection and prevention within the input fusion processing. This process can be used
to detect and recover from three types of errors: false negatives, false positives, and
conflicts. Applied to the recorded data set, a potential decrease of error rates from
4.9% to 1.2% is reported. But these values remain only theoretical and contain a large
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number of unknowns, as parts of the suggested process could not be applied on the
recorded data, as acknowledged by the authors. In addition, the task at hand is rather
artificial and thus results may not necessarily be transferred to real world applications.
To overcome these limitations, next we will describe the actual implementation
of the theoretical process before we describe the scenario that we propose to finally
evaluate the increase of robustness.
matrix	
  with	
  
number-‐labeled	
  
objects	
  

/me/money	
  
bar	
  

color-‐labeled	
  
bu,ons	
  

User:	
  “blue”	
  
Fig. 2. A user indicating the individual item’s location using touch, and its color by using
speech. (taken from [2])

3

Realisation

As stated before, the realization of the error detection and recovery process extends
the existing input fusion component of [1] and is build around it, as visualized in
Fig. 3. Although the actual fusion methodology is of no importance for the interaction
history module, still there are some requirements that must be met by the overall
implementation.
To begin with, the temporal onsets and offsets of all recognized events that lead
to a fused input must be forwarded to the history data base, because they form the
basis of the individual history for each user. In addition, the event times, i.e. the time
an input event was raised by a sensor, must be tracked, too. This is needed in order
to detect false negatives, i.e. when a sensor missed an input (cf. [2]). Of course, all
those timestamps must be synchronized.
The fusion itself must be able to respect those timestamps in the actual fusion
process by fusing events based on their real-world onsets and offsets. This is of
particular importance, when events are raised long after the input was performed
by the user. This can happen, if a sensor takes some processing time to decide on
an input (e.g. the speech recognition used in [2] takes about 642 milliseconds), or if
a missed input is discovered by the error detection process and recovered much later
than the user performed the input. The multimodal input fusion component from [1],
that is based on evidential reasoning, has been extended to meet these requirements.
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Fig. 3. Overview of the implemented process of error recognition and recovery extending an
existing input fusion component.
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To actually proof the advantages of an individualized interaction history and to overcome the drawback of the rather abstract scenario chosen in [2], a realistic application
is inevitable. We propose to use a smartwatch scenario for several reasons. First,
smartwatches offer very limited interaction possibilities due to their small screen
size that limits the possibilities and usefulness of touch interactions. Thus, they
could benefit a lot from multimodal interactions. Second, as a very personal device,
smartwatches seem the perfect choice when it comes to user individual adaption.
Third, typical tasks performed on a smartwatch are relatively short and therefore
transferability of the previous findings seems reasonable.
The basic task chosen
is that of quick information retrieval. In order to avoid
Temporal_Gap_Between_
Inputs_ms
boredom, nine different types of informations are offered: email inbox, weather status,
traffic information, news headlines, flight status, sports scores, current heart-rate,
todays step counter and upcoming tasks. The most natural way of retrieving this
information is to raise one’s arm and tell the smartwatch which information should
be displayed. So the multimodal interaction is modeled with two interactions: the
lifting of the arm and a simple speech command specifying the kind of information
requested. Both interactions can easily be gathered by common motion sensors and
speech recognition engines found in all modern smartwatches.
Seite 1
For the actual implementation in Google’s Android Wear however, we chose to
reuse an existing speech recognition module running on a desktop pc, as it already
brings the necessary onset and offset information not accessible with the current
speech API offered by Google. For the detection of the arm lifting movement, we
implemented a simple finite state machine that is fed with live data from the smartwatch sensors. These data are then sent to the multimodal fusion system extended
by the interaction history processing as explained in the previous section. Once a
valid combination of arm lifting and voice command is detected, the display of the
respective information is triggered on the smartwatch.
-750

-500

-250

0

250
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34

ISCT 2015

1st International Symposium on Companion-Technology

To keep participants interest on a high level for the necessary number of repetitions,
a slight gamification will be applied. Participants will have to answer simple questions
about each requested information on a separate touch screen. For a more realistic context of use, participants will have to move between three positions in the laboratory all
equipped with a touch screen for answering the current question. This should also avoid
a too monotonous, unrealistic behavior. In addition, we will establish a not completely
silent environment by constantly playing some kind of radio station in the background.
For the actual evaluation of the benefits of user individual interaction history, a
between subject design will be applied. One group of participants will perform the
experiment without any adaptions, while the other group will use the actual adaption
system that should reduce error rates in the course of the experiment.

5

Summary and Discussion

While previous work [2] has only theoretically shown the usefulness of a user individual
interaction history to detect and recover from sensory errors that occur during multimodal input interaction, the actual implementation and final proof in a real world
scenario is still missing. For the actual implementation of the detection and recovery
process, we identified several requirements that must be met by an actual implementation not covered in previous work. With the implementation meeting these requirements, a follow up study can now be realized for final evaluation. For this, we propose
to use a smartwatch scenario for several reasons, as described in the previous section.
The proposed quick information retrieval task is one of the main use cases of a
smartwatch. Applying a multimodal interaction consisting of an implicit arm lifting
and a short explicit speech command makes information retrieval much more easier
than using interactions offered by the state of the art in commercially available
systems. For Android Wear, for example, the user must raise his arm, explicitly
activate voice input by uttering “OK Google”, before he can finally state the wanted
information. The same holds true for the Apple Watch, where one has to activate
voice recognition with “Hey Siri” or via an explicit press on the crown of the watch.
Both ways to retrieve information take much longer and seem less natural than the
short interaction we propose. Of course, the rationale for an explicit command to
activate voice recognition is the avoidance of input errors. With the use of a user
individual interaction history, however, many errors may be avoided in the first place.
That is what we feel confident to prove with the work presented here, independently
of the scenario. However, if error rates are low enough, introductory commands found
in todays smartwatches may become entirely needless.

6
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Abstract. In this paper, we present first results of a study examining
the effects of different user involvement strategies in a mixed-initiative
planning (MIP) system. These systems involve the user in an artificial
planning process, which aims at solving a given problem for the user.
Since artificial planning usually does not consider user preferences, it
risks generating plans that are either not the most preferred ones or in
the worst case not acceptable for the user at all. Hence, MIP involves the
user in the planning to prevent such events. However, there are different
user involvement strategies. Here, we test the effects of those on the
user experience to gain first insights on how user involvement should be
framed.
Keywords: mixed-initiative planning, dialogue strategies

1

Introduction

MIP may be interpreted as a system-initiated integration of the user in a artificial
intelligence (AI) planning process, but from a user’s perspective it is the attempt
to solve problems by using promised problem solving competencies of a technical
system. For the user dedicating planning and decision-making to a system is done
with the intent of finding a solution the user is not able to find at all or only
with great effort. It aims at relieving the user’s cognitive load and simplifying
the problem at hand. Hence, the repeated integration of the user seems to be
not only more natural but also more practical for the user: it helps the user
in solving more complex and demanding tasks. MIP systems may proactively
take over some of the users responsibilities and contribute to finding or reaching
a solution for the user’s task at hand, using AI planning as well as dialogue
management techniques. However, intertwining user-centred dialogue and AI
planning systems into a MIP system, does not only facilitate more intelligent and
competent systems, but does also raise new questions related to the alignment
of AI and human problem solving.
An important question is when a user should be involved in the planning
process and if, how to do it. The planner should not be responsible for this kind
of decisions as it lacks necessary capabilities, but may contribute information
to it, e. g. by determining how critical the current decision is with respect to
the overall plan. From a AI planner’s view, every choice may be delegated to
the decision model. This decision model can either initiate a user interaction or
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determine by itself that the planner should make the decision. This is equivalent
with the user signalling “Don’t care”. Furthermore, it is important whether
the additional interaction is critical and required, to successfully continue the
dialogue. Additional dialogues may contribute to achieving short-term goals,
but risk the user’s cooperativeness, in the long run, e. g. by overstraining his
cognitive capabilities or boring him. If the user is to be involved, the question
arises how this should be rendered, i. e. what kind of integration is the most
beneficial. Additionally, if the user is not involved in the decision-making, it has
to be decided if and how the user may be informed of the decisions the planner
has made. The decision whether and how to involve the user into the planning
process is not only controlled by a degree of necessity dependent on the current
task and situation, but should also take into consideration the effects on the
user’s system experience. Hence, we designed a study examining the effects of
different strategies of user involvement on the user experience, to get a first
impression on this important topic.

2

User Study - User Involvement Strategies

For this study, we used our prototypical MIP system [self reference] and implemented several strategies to involve the user in the decision-making. This means,
we evaluated different degrees of user involvement into a planning process, ranging from only informing the user of system-made decisions to explicitly requesting a user confirmation for the proposed system decision. In this scenario the
users task was to create individual strength training workouts. In each strength
training workout at least three different muscle groups had to be trained and
exercises chosen accordingly. The user was guided through the process by the
system, which provided a selection of exercises for training each specific muscle
group necessary for the workout. For example, when planning a strength training for the upper body, the user had to select exercises to train the chest. This
selection corresponds to the integration of the user into the MIP process. The
decision how to refine the task of training the chest is not made by the system,
but left to the user. The system decision was based on previously made selections
by the user. This means, that when in a previous interaction the same decision
(i. e. the same situation with the exact same options) had do be done, this userselected option was remembered for future interactions, and selected accordingly
by the system. Of course, in a more complex scenario this decision would depend
not only on the interaction history, but also on additional information (e. g. affective user states like overextension, interest, or engagement) stored in the user
state. The system-made selection was presented in various ways, which were the
following:
Explicit confirmation (EC) based on previous selections the choice was already made by the system and presented to the user, who had to explicitly
confirm the choice by clicking “okay”.
Implicit confirmation (IC) the system-made decision (i. e. the selection) was
presented to the user, but the user could intervene, in a certain time frame,
by clicking “Let me decide”. Therefore, this is a form of implicit confirmation.
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Information (INF) the system-made decision was presented to the user without the need of confirmation. Hence, the user was only informed of the
system’s decision-making, without the option to intervene.
Unsorted (US) the baseline was the usual unsorted selection task. No proactive behaviour by the system was present, meaning that the user had to
select from a list.
In all conditions the system-made selection was explained by the system using a phrase similar to “for training this muscle group, you previously selected
this exercise. Therefore, it was already selected for you.”. The participants were
distributed by a random-function to the variants, resulting in 23 participants
receiving the known unsorted selection, 25 asked for explicit confirmation, 30
with implicit confirmations, and 26 receiving only an information by the system.
Used Questionnaires For the assessment of the study we chose two questionnaires. The AttrakDiff 2 questionnaire [1], that extends the assessment of technical systems or software in general from the limited view of usability, which
represents mostly pragmatic qualities, to the integration of scales measuring
hedonic qualities. It consists of four basic scales: perceived pragmatic quality,
which measures the products ability to achieve the user’s goals efficiently and
effectively without inducing a high mental load; hedonic quality - stimulation,
which measures whether novel, interesting and inspiring qualities are present to
increase the user’s attention and foster the user’s abilities and skills; hedonic
quality - identity, which assess the user’s perceived identity of the subject at
evaluation; and perceived attractiveness, which is a global rating based on the
perceived qualities.
The other used questionnaire measured the cognitive load. Cognitive load,
which consists of the three different types, should not exceed the working memory capacity [2]. One of the basic ideas of cognitive load theory is that a low
extraneous load, resulting from a good instructional design, enhances the potential that users engage in cognitive processes (i. e. germane load) related to
learning [4]. Hence, the better the instructional design, the greater potential for
germane cognitive load and learning. We used an experimental questionnaire
developed by [3] which measures all three types of cognitive load separately.
The questionnaire consisted of 12 items, with four items each for every type of
cognitive load: intrinsic cognitive load, which can be described as the inherent
load induced by the content itself. This type of load can not be changed by the
design of the learning material and is caused mainly by the difficulty of the task.
In other words it results e. g. from the number of elements that must be simultaneously processed in the working memory; extraneous cognitive load, which is
caused by the presentation form of the learning material and is considered to
be manipulable by the design of the learning material; germane cognitive load,
which is considered the load inflicted by the learning process. Germane cognitive
load is “good” cognitive load, which helps in fostering the processes inherent in
the construction and automation of schemas.
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Hypotheses Our hypotheses were that in general the various conditions will perform differently, especially regarding perceived cognitive load, pragmatic qualities and attractiveness of the system. The exclusion of the user from the decision
making (i. e. only informing the user) was expected to reduce the hedonic quality compared to the use of explicit and implicit confirmations. The baseline was
expected to perform worst for the perceived pragmatic system quality, and the
explicit confirmation best. In terms of cognitive load we expected that when
the system takes over the decision making (i. e. implicit confirmation or user
information), the cognitive load for the user is reduced compared to the other
conditions.
Results - AttrakDiff Assessing the results of the AttrakDiff questionnaire
using a one-way ANOVA we found marginal differences between the conditions for the dimensions (see Table 1) of perceived hedonic quality - identity
(F (3, 96) = 2.172, p = .096) and the perceived overall attractiveness (F (3, 96) =
2.420, p = .071) of the system. Post hoc comparisons using the Fisher Least significant difference (LSD) test indicated that the mean score of hedonic quality
- identity for the US condition (M = 3.71, SD = .705) was significantly different, at the p = .015 level, than the INF condition (M = 4.37, SD = .86).
For attractiveness the US condition (M = 3.88, SD = .77) was also significantly different (p = .009) than the INF condition (M = 4.62, SD = .93).
PQ HQ - I HQ - S ATT
M 4.27 3.71
3.77
3.88
US
SD 0.91 0.71
1.02
0.77
M 4.47 4.13
3.95
4.17
EC
SD 1.12 1.29
1.17
1.24
M 4.31 3.97
3.97
4.19
IC
SD 1.12 0.68
0.77
0.84
M 4.81 4.37
4.10
4.62
INF
SD 0.99 0.87
0.96
0.93
Table 1. This table shows the mean values of the AttrakDiff questionnaire dimensions

Looking further into the data and analysing the single word pairs of the AttrakDiff questionnaire (see Fig. 1), to find the origin of the differences, we could
find more detailed results. Using one-way ANOVA tests we found significant
differences in the word pair impractical - practical (F (3, 96) = 3.62, p = .016)
and marginal significance for unruly - manageable (F (3.96) = 2.168, p = .097),
which both belong to the dimension of pragmatic quality. For the dimension
of hedonic quality - identity we found a marginal significant differences for the
word pairs unprofessional - professional (F (3, 96) = 2.433, p = .070) and unpresentable - presentable (F (3.96) = 2.259, p = .086). For attractiveness a marginal
significant difference, using also a one-way ANOVA, was found in unpleasant pleasant (F (3, 96) = 2.211, p = .092), bad - good (F (3, 96) = 2.397, p = .073),
and discouraging - motivating (F (3, 96) = 2.314, P = .081).
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Fig. 1. The average means of the AttrakDiff comparing the confirmation conditions on
a 7-point Likert scale. The ’ indicates inverted scales and * significancy.

Results - Cognitive Load Analyzing the cognitive load items we only found
significant differences, using a one-way ANOVA, for fun with (F (3, 96) = 3.488, p =
.019). Fishers LSD showed that the user information condition (M = 4.00, SD =
.91) was significantly better than the rest. Compared to US (M = 3.00, SD =
1.53) at (p = .009), to EC (M = 3.00, SD = 1.25) at (p = .008), and to IC
(M = 3.07, SD = 1.43) it was significant at (p = .012).
Discussion Surprisingly it showed that only informing the user of the systemmade selection, without any possibility to intervene, was performing best in
almost any category. The pragmatic quality, the identification with the system
(hedonic quality) and the overall attractiveness were best for the INF condition.
The automatic selection of the system was perceived as very practical and increased the perception that the system is predictable and manageable. This goes
along with the fact that the system behaviour was explained to the user, considering earlier results on explanations and system acceptance. Additionally, the
INF condition was experienced as the most enjoyable of all, along with reducing
the extraneous load of the task at hand. Even though the baseline condition of
selecting from an unsorted list as before, was experienced before, and thus would
require no additional cognitive load, the automatic selection and informing the
user of this decision tends to be less demanding on the extraneous load. Also the
technical competence of the system was perceived better than for the baseline
condition.
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The integration of the user into the decision making using explicit confirmations seem to perform second best for most dimensions and items. Though it
seems to increase the extraneous load of the task, by requiring additional user
input, the identification of the user with the system, measured by the hedonic
quality - identity seems to be greater. The fact that the implicit confirmation
condition performed that much worse than the user information actually seems
odd to us. It appears to us that the combination of informing the user and presenting, for a defined timeframe, the explicit interaction possibility to deny the
automated selection, was confusing for the user. Maybe the button labelled “Let
me decide”, or the definition of a restricted timeframe was not clearly understandable, thus leading to a worse user-experience.

3

Conclusion

Overall, it seems, that for decisions which are understandable and reasonable,
informing the user of system-made decisions may contribute to a more practical, attractive, fun and less demanding technical system. However, one must
be careful to transfer these findings to other domains or more complex tasks.
The positive experience of the user information condition might be due to the
task at hand. Usually, workouts are planned, at least for inexperienced users, by
experts (e. g. coaches). Addressing competences to a workout planner system,
and therefore trusting its decisions, seems like a logical conclusion. For future
evaluations it would be interesting to compare these results to automated system
behaviour for tasks, where usually the user is in charge and dictates the decision
making process. This might lead to a decrease of acceptance for the user information condition and an increase for the explicit conformation condition, where
the user has more control.
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Abstract. Companion systems aim to extend the abilities of ordinary
technical systems, for instance by modeling the user’s situation, by recognizing the user’s intentions, and by being able to interact with the user
and to adapt to her/him. Such a system depends on planning capabilities
to determine which actions are necessary to achieve a particular goal. In
many situations it may not be appropriate for a companion system to
develop plans on its own, but instead it has to integrate the user while creating the plan, i.e., it needs to be mixed-initiative. Based on earlier work,
we demonstrate how a central knowledge base for a mixed-initiative planning system can be designed. We outline various benefits our approach
brings to bear within a companion system. Lastly, we present several
requests a user might issue towards the mixed-initiative planning system
and how they can be answered by harnessing the knowledge base.

1

Introduction

Most state-of-the-art planners and planning applications work in a black-box
fashion. They receive a planning problem from the user and compute a solution without further interaction, which in turn is conveyed to the user. While
this scheme is sometimes sufficient, it poses significant problems in situations
where the final decision on which action to execute should rest with a human
user. Such situations usually occur if grave risks are involved (see e.g. [11, 1])
or the plan to be developed is of a more personal nature, e.g., a personalized
training plan. Here it is necessary to integrate the user directly into the process
of generating a plan via interaction. A system that possesses this capability is
called a Mixed-Initiative Planning System (MIPS). In addition to the pure planning capability, a MIPS that can be successfully applied in real world scenarios
must incorporate advanced user interaction and explanation facilities. Each of
the several components of a MIPS usually has its own domain model, specifically
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tailored to information relevant for that particular component. This can cause
significant problems if these representations are not coherent which can, e.g.,
occur if the domain has to be changed. In previous work [2] we have shown how
an ontology can be utilized as the central knowledge base for all relevant domain
knowledge and how specialized models can be generated based upon it.
In this paper we assume that the MIPS uses a hierarchical planning approach,
as we believe that it is more intuitive for the user when the planner solves the
problem in a similar way experienced human problem-solvers tend to approach
problems, i.e., top-down [5]. At the same time, hierarchical planning provides an
expressive formalism [9], which can also be exploited when planning for humans
[3]. More specifically we employ Hybrid Planning [4], an extension of Hierarchical
Task Network (HTN) planning [7, 8], where tasks are arranged in a hierarchical fashion using so-called decomposition methods. A method A 7→≺ B1 , . . . , Bn
describes that the abstract task A can be achieved by executing B1 , . . . , Bn –
which may be primitive or abstract – in any order compatible with ≺.
This paper starts with a brief overview of the previously developed technique [2]. Next, we discuss its specific advantages for mixed-initiative planning,
while using the same application domain: fitness training. Finally, we outline
avenues for future applications of our approach that promise benefits for MIPS.

2

Integrating Planning Knowledge into Ontologies and
Retrieving it

In this section we present an approach [2] to using an ontology as the central
knowledge base for a MIPS. First we show how the planner’s domain model,
which encompasses most of the system’s knowledge, can be represented as part of
an ontology. Next we describe how that model can be retrieved and passed on to
the MIPS’ planning component in its required formalism and integrity, and how
an initial specification of a planning model can be automatically extended using
reasoning. Finally we demonstrate how verbal explanations for plans generated
by the planner can be enhanced using ontology verbalizations.
2.1

Creating the Ontology

The ontology is constructed such that it contains a suitable encoding of the planning domain. The concept hierarchy of ontologies resembles the task hierarchy of
HTN planning in that both represent a hierarchical order from the most abstract
towards more concrete objects. In keeping with this analogy, planning tasks are
represented by concepts in the ontology, while decomposition methods are represented by concept inclusions. Simple methods, i.e., A 7→ B, are translated into
axioms of the form B v A. To represent more complex methods in a semantically
correct way, the onlysome construct [10, 2] – written as Oincludes.[C1 , . . . , Cn ]
– is applied, which represents a set of concepts C = {C1 , . . . , Cn } connected by
the role includes. A method A 7→≺ B1 , . . . , Bn for n ≥ 2 is thus represented
by Oincludes.[B1 , . . . , Bn ] v A. The order ≺ specified for individual methods
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cannot be directly modeled in the ontology due to the tree-model property, but
is instead stored as annotations. The ontology may also contain further axioms,
representing preconditions and effects of actions, as well as additional domain
knowledge, e.g., from specialized models of other components.
Having obtained a unified knowledge model in form of an ontology, retrieving
models for the several components of the planner is straightforward by analyzing
the subsumptions contained in the model. Most notably, this refers to the dialog model, which determines all possible interactions between the user and the
planner. To support every possible interaction, the dialog model incorporates a
dialog for every action and every decomposition method of the planning model.
Using additional data – like textual descriptions, images and videos – the dialog management system can convey actions and plans suitably to the user. For
further details concerning to the dialog model, we refer to Nothdurft et al. [12].
2.2

Extending the Planning Domain

We now consider an important benefit of using ontologies: reasoning. The reasoning task of classification computes all subsumptions between concepts in the
ontology logically implied by its axioms. In keeping with the aforementioned
analogy, we can interpret newly inferred subsumptions as new decomposition
methods, which are automatically added to the planning domain. However, classification only generates subsumptions between named concepts and thus generates only decomposition methods with only a single task (i.e. A 7→ B). In previous work, we have described a scheme that allows for inferring more complex
decomposition methods by adding new concepts into the ontology [2]. Herein
lies a significant advantage of our approach, as the planning model needs only
to be specified partially while the reasoner creates most of the decomposition
methods automatically. This eases the process of modeling the planning domain,
as general descriptions of abstract tasks are used to determine which tasks can
serve to achieve them. In Section 3 we will describe an example use-case.
2.3

Explanations

The ability to explain its behavior is an important capability of a companion
system [13]. For a MIPS this is the ability to explain plans. Using the fact that
the decomposition methods in the planning domain are based on concept subsumptions, we introduced a scheme (in [2]) to integrate plan- [15] and ontologyexplanations [14] to improve on traditional plan explanation. To start with, plans
contain causal and decomposition relationships that can be conveyed to the user.
For example, a plan might include an exercise that serves to warm up a muscle
needed by another exercise. Here, the plan explanation would state:
“The runner’s calf stretch is necessary as it ensures that the gastrocnemius muscle is warmed up, which is needed by the skip rope jumping.”
Such relationships are verbalized by traversing the generated plan, extracting
the formal relationships between its elements and by applying text templates to
them. Decomposition relationships between tasks are verbalized similarly:
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“The cardio workout no. 1 is necessary, since it is part of the lower body
training.”
Since these decomposition relationships are derived using background domain
knowledge in the ontology, such assertions can be justified in more detail. This is
the task of an ontology-explanation module, which provides a verbalization of the
reasoning steps that serve to justify the decomposition relationship (for example,
to explain why the example workout is considered a lower body training). For
instance, consider the following (verbalized) fact in the ontology:
“According to its definition, cardio workout no. 1 includes skip rope
jumping and stationary bike exercise.”
Inference rules are used to infer intermediate facts from the relevant domain
axioms, for example:
“Skip rope jumping engages the gastrocnemius muscle, which is something that is part of the lower body. Therefore skip rope jumping engages
something that is part of the lower body.”
The formal representation (proof trees) of such arguments is transformed into
texts by applying patterns specified for each inference rule. A more thorough
discussion of the underlying inference mechanism is provided in [14]. Whereas
at current, the ontology-explanation module is used to extend plan explanations
and implemented only as a prototype, such a service could potentially also be
used to provide more general kinds of explanations related to the domain.

3

Possible Applications

In this section we elaborate on several scenarios where the proposed approach
to use an ontology as the central knowledge base bears advantages. During the
mixed-initiative planning process, users might request changes to the current
plan. A possible request is to replace an action in a plan with another action.
Users are often not able to precisely designate the new action, but instead to
provide some description of it. For example, he or she might request to replace a
weight-lifting exercise in the current plan with “a stamina exercise that does not
use free weights and can be done while sitting”. Furthermore, these descriptions
may not be in line with the descriptions of actions in the planning model or the
referenced information may not be contained in the planning model at all. To
handle the request, i.e., to identify the action the user had in mind, additional
background knowledge stored in the ontology as well as its reasoning capabilities
are utilized. Here, the idea is to offer the user the possibility to input descriptions
in natural language, from which a concept expression is generated using techniques developed in the field of ontology learning [6]. For this concept expression,
all subconcepts can be determined using an automated reasoner and presented
to the user for selection. This set contains all concepts that fulfill the user’s
description. Only direct subconcepts need to be considered, effectively grouping
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several more concrete tasks (i.e. actions) into a more general one. This set can
subsequently be presented to the user as a selection, or an action is chosen by
the planner according to some preference measure. A similar situation may occur if the user is asked to select a method to decompose an abstract task, e.g.,
“Which workout do you want to use for this strength training?” The planner has
to deal with the possibility that the user is not content with any of the presented
options. A standard MIPS would fail in this situation. Using the ontology and
web-retrieval techniques, the system can browse the web to obtain new concepts
describing matching workouts and integrate them into the ontology. As every
component’s domain model in the system is derived from the central ontology,
all these models can be updated synchronously and in a consistent way. Using
the newly extended model additional options can be presented to the user.
The user might also propose decompositions himself, e.g., a new workout.
This description can be translated into a tentative decomposition method A 7→≺
B1 , . . . , Bn . Both the ontology and the planner can be utilized to determine
whether the newly proposed method is valid in the context of the domain. First,
using a reasoner it can be checked whether Oincludes.[B1 , . . . , Bn ] v A holds,
which would be required if the methods were part of the ontology. This essentially
performs a check of high-level domain constraints encoded in the ontology, e.g.,
lower-body workouts must only contain exercises for the lower body. If not, the
method is rejected and the user should be provided with a suitable explanation
for the rejection, potentially using ontology explanations. Thereafter the planner determines whether the new method fulfills certain legality constraints [4]
ensuring that the new method is valid for the abstract one it decomposes. If the
method has passed these tests it is added to the ontology as a legal method.

4

Conclusion

In this paper we have discussed how a previously developed technique to use an
ontology as the single knowledge base for a planning-based companion system
can be suitably applied to a MIPS such that the models for the several components can be extracted from it. We have outlined the basic principles of this
approach and showed how two of its advantages – automatically extended planning domains and improved plan explanations – provide benefits for a MIPS. We
argued how this integration of knowledge helps when offering choices to the user,
illustrated different kinds of explanations such a system can offer, and outlined
how such a system can be enabled to incorporate new elements into the planning
domain on request (based on the user’s input or browsing the web).
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3. Bercher, P., Höller, D., Behnke, G., Biundo, S.: User-centered planning – a discussion on planning in the presence of human users. In: Proc. of the Int. Symposium
on Companion Technology (ISCT 2015) (2015)
4. Biundo, S., Schattenberg, B.: From abstract crisis to concrete relief (a preliminary
report on combining state abstraction and HTN planning). In: Proc. of the 6th
European Conference on Planning (ECP). pp. 157–168. AAAI Press (2001)
5. Byrne, R.: Planning meals: Problem solving on a real data-base. Cognition 5, 287–
332 (1977)
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Abstract. Pain is aflexible sensory and emotional individual experience, which
needs to be studied from different aspects such as personality, emotion
regulation, behavioral traits and psychological symptoms. For clinical purpose,
an objective assessment to measure pain is important and urgently necessary.In
the present study, we investigate the relationship between comprehensive
psychological traits and pain traits, and first study the influence of
psychological traits on the automated classification rate of pain intensity. The
results show that psychological traits have a low influence both on pain
perception and on the automated classification rate of pain intensity.
Keywords: Psychological traits, pain intensity, automated classification,
relationship.

1

Introduction

Pain is a very flexible sensation and may vary depending on psychological state.
Numerous research has studied the relationship between personality and experimental
pain traits, but the results are controversial. Since the work of Eysenck, who
suggestedthat neuroticism was an inherited “biological unit ” [1], neuroticism has
often been associated with subjective reportsof pain perception[2, 3, 4], while some
other studies do not support the influence of neuroticism on pain[5, 6].The analysis of
intertwining characteristics of personality and pain perception is an enormous
challenge and current literature does not yet give a clear picture [7].
Due to the flexibility of pain,the clinically used methods of pain diagnosis do not
allow for objective and robust measurement, and physicians must rely on the patient’s
report on the pain sensation. Overall, all these diagnostic methods have limited
reliability, validity or they are very time consuming. Accordingly, for the objective
measurementof pain, a method with a multi-parameter biopotentialapproach to
automatically classify the pain intensity would be beneficial and possible [8].
adfa, p. 1, 2011.
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As the previous studies did not comprehensively and systematically consider the
relationship between psychological traits and experimental pain, we conduct this
study to analysis the relationship between psychological traits which include
personality traits, emotional regulation, behavioral traits and psychological symptoms
and experimental pain traits in healthy subjects; meanwhile, the automated
recognition of pain has already been a important focus in companion technology, in
order to support the validity of automated classification of pain intensity based on
biopotential data and video data, we test the relationship between psychological traits
and automated classification rates of pain intensity.

2

Materials & Methods

2.1 Participants：
90 healthy subjects participated in the experiment, who were recruited from the local
university and community, and were divided into three age groups: (1) 18-35 years (n
= 30; 15men, 15 women), (2) 36-50 years (n = 30; 15 men, 15 women), and (3) 51-65
years (n = 30; 15 men, 15 women). The study was conducted inaccordance with the
ethical guidelines set out in theWMA Declaration of Helsinki (ethical
committeeapproval was granted: 196/10-UBB/bal).
2.2 Questionnaires:
Neo-FFI: The Neo Five-Factor Inventory is the standard personality test in research. It
consists of 60 questions. The variables are neuroticism, extraversion, openness,
agreeableness and conscientiousness [9].
BIS/BAS: The BIS/BAS scales which comprise a total of 20 itemswere used to
assess individual difference in the sensitivity in the behavioral inhibition system (BIS)
and the behavioral approach system (BAS) [10].
ERQ: The Emotion Regulation Questionnaire was developed to detect individual
difference in emotion regulation. Two variables are identified: reappraisal and
suppression. The questionaire consists of 10 items [11].
SCL-90-R: The SCL-90-R is a widely-used questionaire for self-report of
psychological distress and multiple aspects of psychopathology, as part of the
evaluation of chronic pain [12].
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2.3 Pain elicitation, Biopotential and facial expression measurement
We used a thermode (PATHWAY,http://www.medoc-web.com; accessed April 23,
2014)applied to the right arm to elicit pain (see Figure 1). A temperature of 50.5°C
must not be exceeded.Throughout the entire experiment, the participants sat in a chair
with their arms resting on the desk in front of them.
A Nexus-32 amplifier (http://www.mindmedia.nl; accessed May 23, 2014) was
used torecord biopotential data (see Figure 1) during theexperiment. Biopotentials
(skin conductance level [SCL], electromyography [EMG] of Corrugator, Zygomaticus
and Trapezius, electroencephalogram [EEG]) and video (facial expression and head
movement) data were measured during the pain experiment (see Figure 2).

Fig. 1.Pain elicitation.

3

Fig. 2. Experiment setting.

Results & Discussion

3.1 The relationship between psychological traits and pain traits
All of the 90 subjects’ pain traits data and questionnaire results are valid and included
in the analysis.The average temperature of the pain thresholdand tolerance were T1
(M = 46.29°C, SD = 2.57°C), and T2 (M = 49.74°C, SD = 1.73°C), respectively.
We conducted the Pearson correlation analysis, which showed that the personality
traits of NEO-FFI do not report any significant relationship with pain traits, which is
inconsistent with some previous studies [3, 4], however, the previous study reported
that the influence of personality traits on pain perception is still a controversial issues
[7], and we should consider the psychological traits comprehensively.
Conversely, some subscales of SCL-90-R have negative significant relationships
with pain threshold (Somatization, r=-.273, p<0.05; Phobic anxiety, r=-.285, p<0.05;
Psychoticism, r=-.218, p<0.05; Additional items, r=-.286, p<0.05; Global Severity
Index, r=-.244, p<0.05; Positive Symptom Distress Index, r=-.266, p<0.05) and pain
tolerance (Somatization, r=-.254, p<0.05; Phobic anxiety, r=-.315, p<0.05; Additional
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items, r=-.218, p<0.05; Positive Symptom Distress Index, r=-.227, p<0.05), which
indicate that these psychological symptom traits might predict the pain traits in the
healthy people and are consistent with use of SCL-90-R in clinical pain patients [12].
3.2 Multiple regression analysis of influence of psychological traits on pain traits
Multiple regression analysis results indicate: For pain threshold, “age, phobic-anxiety
and depression” can only explain 14% of the variance; and for pain tolerance,
“phobic-anxiety, cognitive-reappraisal and NEO-extraversion” can explain 13.4% of
the variance. Both regression results indicate the low influence of psychological traits
on experimental pain traits.
3.3 The relationship between psychological traits and automated classification of
pain intensity
A total of 86 subjects were includedin the automated classification analysis
because of four subjects’ poor quality of the EMG. My colleagues employed the
method of Machine Learning to analyze the biopotentials data and video data, and
acquire the automated classification of pain intensity[13], after the work of automated
classification of pain, we conducted the correlation analysis between psychological
traits and Classification on biopotential data, Classification on video data and
Classification Fusion of both data.The table 1 below shows the relationship between
psychological traits and automated classification of pain intensity. This is the first
study to test the influence of psychological traits on automated classification of pain,
and the results indicate that the psychological traits nearly have no significant
relationship with the automated classification results of pain intensity, except for
Cognitive reappraisal, which has a positive influence on Classification on video data
and Classification Fusion of both data.
Table 1The relationships between psychological traits and automated classification of pain
intensity

Classificati
on Bio

Classificati
on Video

Classification
Fusion_Late

Classification
Fusion_Early

NEO_Neuroticism

.084

.115

.073

.052

NEO_Extroversion

-.078

-.022

-.053

-.024

NEO_Openness

.034

.046

.015

.037

NEO_Agreeableness

.016

.042

.040

.040
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NEO_Consciousness

-.123

.022

-.042

-.036

BAS_Total

-.153

-.097

-.142

-.145

BAS_Drive

-.062

.015

-.030

-.040

BAS_Fun seeking

-.130

-.164

-.137

-.118

BAS_Reward responsiveness

-.163

-.034

-.133

-.151

BIS_Total

-.120

-.048

-.101

-.088

ERQ_Cognitive reappraisal

.197

.251*

.226*

.238*

ERQ_ Expressive suppression

.037

-.041

.016

.011

SCL-90-R_Somatization

.080

-.026

.053

.001

SCL-90-R_Obsessive compulsive

-.047

.021

-.029

-.099

SCL-90-R_Interpersonalsensitivity

-.106

-.078

-.097

-.139

SCL-90-R_Depression

-.010

.041

.002

-.046

SCL-90-R_Anxiety

-.016

.103

.029

-.016

SCL-90-R_Hostility

-.110

-.109

-.104

-.147

SCL-90-R_Phobic anxiety

.018

.079

.036

-.012

SCL-90-R_Paranoid ideation

-.113

-.098

-.110

-.151

SCL-90-R_Psychoticism

-.102

-.068

-.098

-.138

SCL-90-R_Additional items

-.055

-.076

-.052

-.082

SCL-90-R_GSI

-.050

-.043

-.052

-.110

SCL-90-R_PST

-.011

-.016

.013

.037

SCL-90-R_PSDI

-.045

-.038

-.047

-.105

*: p<0.05

4

Conclusion

For experimental heat pain, psychological traits have a low influence both on pain
perception and on the robustness of automated classification rate of pain intensity in
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healthy people. This is the first study that research the influence of psychological
traits on the automated classification rate of pain intensity. As an objective
measurement of pain intensity, the automated classification method has gained more
and more attention and application in the companion technology, and this study can
partly support the validity of automated classification rate of pain.
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Abstract. Copy-and-paste or cut-and-paste operations are often used when
working with digital media. But such operations are restricted to single
devices and are bound to the currently used concept of media encoding and
interaction modalities. For example, it is still not possible to copy a picture
from one device using a speech command and paste its textual representation
on another device via a mouse click. Literature describes several concepts
for these so-called pick-and-drop operations, but all of them work on a
modality-specific level. We introduce a concept that works on an abstract
and modality-independent level, for both, the information and the interaction.
We realized a prototypical implementation and conducted an early expert
evaluation to identify advantages and possible limitations of the concept. Our
presented concept can help to seamlessly interact across device borders and
does not restrict the use of specific interaction modalities.
Keywords: pick and drop, multimodal interaction, various devices

1

Introduction and motivation

The number, the diversity and ubiquity of computing devices that surround us in
our daily lifes steadily increases [4, 5]. There are dozens of different types of computational devices that come in diverse shapes, sizes and with a varying set of features.
These devices range from classical desktop computers to laptops, netbooks, tablets,
smartphones, (multi-)touch tables, high-definition televisions (HDTVs), and gaming
consoles. The input and output modalities diversified with the ever-growing diversity
of these devices.
Despite this manifold of devices and features, interaction between the involved
devices is most often limited and inconvenient. A simple exchange of information
between two similar devices, like computers on the same desk, seems unnecessarily
cumbersome [3], let alone transferring information between fundamentally different
devices. Even today, a straight exchange of information in terms of a simple copy-andpaste operation is often too constrictive, and still does not always exactly fit the user’s
needs. For example, switching from one device to another may also necessitate a change
of the information’s way of representation (e. g. from visual to auditive encoding).
This work’s focus lies in the realization of a modality-independent interaction
concept for an also modality-independent exchange of information across devices.
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2

Our approach applies the pick-and-drop concept [3], which itself is an enhancement
of drag-and-drop, to a model-driven realization. This allows to extend an existing
system [1] that utilizes a model-driven approach for context-adaptive user interface
generation at runtime. To our knowledge, a drag-and-drop-like interaction has never
been adapted to a context-adaptive, model-driven user interface.

2

Problems with multimodal pick-and-drop

The envisioned interaction concept shall enable an easy and spontaneous exchange of
information across multiple devices. The user should be able to switch between input
as well as output modalities, while performing the drag-and-drop-like interaction with
the information objects. The core of the interaction concept has to convert information
from a concrete, modality-specific representation to an abstract, modality-independent
representation, and vice versa. This conversion shall be applied when picking an
information object up on one device, using a specific modality available on that device,
and then dropping it on another device, potentially utilizing another modality. As an
example, a user should be able to pick up a chapter in a book on an eBook reader and
should be able to drop it on a TV screen to watch the corresponding movie’s chapter.
Our already existing context-adaptive system [1] allows to represent information in
different ways. We can distinguish between permanent-static (PS) (e. g. text or image)
and transient-dynamic (TD) (e. g. audio or video) types of representation. As shown
in Table 1, we expect problems when it comes to TD→PS transitions during pick-anddrop, and vice versa. TD→PS transitions could be judged as critical in so far, as any
static representation of an information item (e. g. a story in textual representation)
usually requires more space on an interface than a corresponding media with dynamic
representation (e. g. story as video playback), and if both shall convey the same intrinsic meaning. The other way round, it is even more critical (cf. Table 1). In case of a
PS→TD transition during cut-and-paste, the information in use could virtually disap-

Target Representation

Source Representation

Text
Text

Image

Audio

Video

–

no complications

permanent-static →
transient-dynamic

no complications

–

permanent-static →
transient-dynamic

permanent-static →
transient-dynamic

Audio

transient-dynamic →
permanent-static

transient-dynamic →
permanent-static

–

no complications

Video

transient-dynamic →
permanent-static

transient-dynamic →
permanent-static

no complications

–

Image

permanent-static →
transient-dynamic

Table 1. Transitions between exemplary source and target representations while pickand-drop. Green indicates transitions without difficulties. Yellow indicates transitions from
a transient to a permanent representation. Red-colored cells indicate transitions from a
permanent to a transient representation. Transitions from transient to permanent and vice
versa have some inherent incompatibilities.
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pear with the end of its played sequence. As an example, any information item that is
solely conveyed via the aural channel can only be perceived until the end of its playback.
In the next chapter, we present our solution for a modality-independent exchange
of information across devices along with a prototypical implementation in which we
apply a modality-independent pick-and-drop concept.

3

Prototypical implementation

In computer systems, copy-and-paste or cut-and-paste are operations used to transfer
text, data, files or objects from a source to a destination. For cut-and-paste operations, the data is removed from its source location and moved to the destination,
whereas copy creates a duplicate of the data at the destination. A clipboard is used
as temporary data storage.
Based on the identified problems from Table 1, we decided to apply the copy-andpaste concept as default operation. Nevertheless, a cut-and-paste-like result can be
achieved by performing the regular copy operation in conjunction with a subsequent
delete operation on the source object.
We implemented a synchronized clipboard for multiple devices, which is able to
buffer up to six modality-independent information items (see visual representation in
Fig. 1). We implemented different access and presentation strategies to operate with
the clipboard when using different devices, even with different interaction techniques.
Our system supports speech-, gesture-, touch-, and mouse interaction to perform

Fig. 1. The prototype showing a drop action on a nutrition schedule with an expanded
visual clipboard representation. Here, the grapes are dragged from the clipboard area. Note
the highlighting of valid drop targets (blue glow) and the highlighting of the GUI component
the mouse cursor hovers over (green glow) to indicate the currently targeted drop location.
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the pick-and-drop interaction. As an example, the grapes in Fig. 1 could have been
picked elsewhere using gesture plus speech (“this one”), and could now be dropped
on the shown GUI via a mouse-drag from the clipboard. The clipboard offers hints
for possible forms of representation (i. e. picture, text, TTS, audio, and/or video) for
each nested item.
Each information that is used anywhere at the UI, is stored in a central information
storage that is globally available in our distributed system. In that way, different concrete representations of an item can be mapped to one single abstract information item
on the semantic level [2]. This abstraction allows to easily exchange information across
devices, even with a transition from one concrete form of representation to another.
To realize a modality-independent pick-and-drop concept, we extended the existing
system by the possibility to add optional IsPickable attributes to any information
item. In the same way, container items can be marked with an IsDropable attribute.
The pick-and-drop process itself consists of two independent sub-steps. At first, any
IsPickable item can be added to the clipboard via a pick operation. In a second step, an
item from the clipboard can be dropped on any object, that is marked as IsDropable,
as far as both items share the same form of representation (e. g. ‘text’ in Fig. 1). In
that way, the grapes from Fig. 1, could have been picked from an image on another
device, and can now be placed in the nutrition schedule using the text “grapes”.

4

Evaluation and Discussion

We presented an interaction concept plus a prototypical implementation of a multimodal clipboard that is synchronized across devices in a distributed system. The
user can exchange information across device borders and is free to change interaction
modalities while working with our interaction concept at any given time. With the
use of the copy operation as default, PS→TD transitions are not critical any more,
since the source item still remains present after the initial pick operation.
We conducted an early expert evaluation with five participants (5m, 0f, age 28–30)
for which speech input, mouse and mouse gestures were available as input concepts.
Each expert was asked to fill out a questionnaire and to perform and rate interactions
in four use cases. The experts came from the fields of human-computer interaction,
ubiquitous computing, multimodal interaction, distributed systems and speech interaction. All participants were research associates recruited from Ulm University. Only
one of them had prior experience with the existing basic system [1]. The experts have
been interviewed on their impressions and opinions about the interaction concept
demonstrated using the prototypical implementation. This was arranged to study the
expectations and reactions of the experts concerning the presented interaction concept.
The experts judged the system based on four use cases (UC). UC1: A user reads
some text. She read a noun, but cannot imagine what it is. The user selects the
word, picks it up and drops it on an image viewer element to have a look at it. UC2:
The user has to fill out a nutrition schedule by transferring multiple items from a
given overview to a spread-sheet like structure for a later text-based printout. UC3:
The user wants to try out a new yoga technique. She finds instructions on the yoga
technique on her smartphone, but has problems following the written instructions.
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She chooses to pick up the instructions on her phone and drop them on the TV to
watch them. UC4: The user is reading a fascinating eBook on her tablet from which
it is hard to tear herself away, but she wants to go jog outside. She picks up the
eBook on the tablet and drops it via a voice command on her MP3 player, where
it will be continued as an audio book on the page she left off.
Based on the questionnaire, the usefulness of the presented approach for a multimodal pick-and-drop-like interaction concept across devices was rated high with an
average rating of 4.4 on a 5-point Likert scale. Consistency, efficiency and learnability
have all been rated above the average with a rating of 3.6 out of 5. Effectivity was rated
slightly higher with a rating of 3.8, which also leaves some room for improvements.
All five experts agreed with the highlighting concept to identify potential dropping
areas (see Fig. 1). Two experts suggested a similar concept to mark draggable items as
well. Furthermore, one expert noted that the symbols in the slot are only visible when
the user explicitly picks up an information using the dock, but not when directly dragging and dropping an item without using the dock. Showing a preview of the currently
dragged item in a dock slot during a drag was suggested. Another expert suggested having an icon preview directly at the cursor while dragging. This could be enhanced with
small icons for representations each time a draggable item gets hovered by the cursor.
Having multiple input modalities at one’s disposal was overall well received by
the experts. Four experts found it to be generally advantageous, as it offers each
user the freedom to interact with the application in the user’s preferred way. When
offering many different input modalities, three experts found the need to indicate in
some way what input concepts are available to the user at any given time. Because,
obviously, when the user has a fragmentary mental model of the application and does
not know or expect the available input modalities, he cannot utilize them.
Discussing the non-used PS→TD transitions, the majority of experts (three out
of five) saw no problems when transitioning from a permanent static information
representation to a transient dynamic representation, as long as it is a conscious
decision made by the user. In this case, it was argued that the user knows what
to expect since he should be familiar with the audio and video media types – even
though he may not be familiar with these media types in the context of transitioning
representations. All experts agreed that a cut operation in a distributed system should
be safeguarded by a warning dialog because there might be devices that do not offer
storage space for the information data, which could lead to a potential data loss. One
expert suggested having a history of all actions, allowing the user to undo them as
a safeguard. TD→PS transitions were not seen as critical, since such an operation
is a conscious decision made by the user.
For hierarchical information (e. g. a story with multiple chapters), four experts
said they expect the system to remember and jump to the current position of the
information even when it is transitioned into another representation. Three experts
said that the current position should be automatically synchronized with the whole
system. Two experts even suggested using an eye tracker for information items like
an eBook to capture the current paragraph or sentence the user was last looking at.
Having a mismatch of the information structure for different representations was
noted as a problem by three experts. Different representations might offer different
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levels to reference, like a book being divided into chapters, sections, paragraphs and
sentences, whereas movies are most often only divided into chapters. This mismatch
is inherent to the different representations and is not trivially solvable. Fine-grained
semantic annotations for all involved representations would be needed to handle this
adequately, but one expert raised the question of the benefit for such a detailed match.
Semantical annotations of the information were mentioned several times and
would enhance the interaction concept in a meaningful way since they also constrain
the user’s interaction possibilities by prohibiting invalid actions.
Another important aspect seems to be the ability to directly drop an information
item on a device, rather than on an UI component. Two experts argued that this is
what the user wants to achieve eventually in many cases. It is also more convenient
when dropping an information item on devices with a single main functionality, like an
mp3 player. A default information representation (and potentially a default program
for more complex devices) has to be defined for each device in such a case.
There are still some obstacles to overcome before all of this can be merged into
a single, cohesive, seamless user experience, but the foundations for many of these
challenges have already been laid out. As this work shows, it is technically feasible
to realize a modality-independent interaction concept on an abstract level that allows
the exchange of information across device borders featuring modality-independent
representations of the content.
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Abstract. Companion Systems need personal information for adaptivity. We analyze the LAST MINUTE corpus to find different interaction
behavior during the experiment and correlations of pause lengths and
personal information of subjects. Correlation of sociodemographic groups
and use of pauses can be found; men make longer pauses and need more
time to take a turn. Age is not significantly correlated with pauses.

1

Introduction

The LAST MINUTE corpus (LMC) comprises records and transcripts of naturalistic problem solving dialogs between N = 133 subjects and a companion
system simulated in a Wizard of Oz experiment. [4] The LAST MINUTE corpus
(approx. 56h of recordings) contains 11:08:41h speech, 3:38:19h turntaking pause
and 15:23:18h intraturn pause. The subjects have a sum of 12984 turns.
The overall structure of an experiment is divided into a personalisation dialog, followed by the problem solving phase. In this phase the subject is expected
to pack a suitcase for a two week holiday trip by choosing items from an online
catalogue with twelve different categories that are presented in a fixed order. Barriers occur during problem solving phase, which make the packing task harder.
The barriers are further described in [2].
Our goal is to detect dialog situations where subjects might break up the
dialog with the system which might happen when the subject gets stuck with
the task – e. g. when a subject can not pack the wanted items in the suitcase.
The LMC contains multimodal data, but in this work only audio and transcript information were analyzed.

2

Pauses of sociodemographic subject groups

Some problems in the domain can be detected by filtering e. g. wrong user
commands, but when speech content does not show any anormality, we need
other channels for detection of negative dialog situations. We chose pauses as a
domain independent source for detecting different behavior of subjects.
When a problem occurs during the interaction with the system, we expect
users to hesitate and make more pause before taking turn – a user might wait
for more system output or plan the next action.[1] We expect turntaking pauses
to be longer in situations with higher cognitive load but shorter in situations
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with time pressure. Turntaking pauses might be different between different sociodemographic groups. So we take turntaking pauses as a measure to correlate
with subject information and different phases of the experiment.
Similar assumptions hold for intra-speaker pauses, so we look at intraturn
pauses as a different measure. Intraturn pauses are pauses subjects make during
one turn. Long pauses might occur between long intervals of subject speech, or
between short intervals. For this reason we also measure the relative amount of
pause time in subject turns.
Pause lengths are poisson distributed with a low mean and few long pauses,
so in the experiments there are single long pauses as outliers. On the one hand
outliers are good starting points for in-depth analyses of single situations, on
the other hand an outlier should not dominate a measure for a whole dialog. We
analyze the medians of experiment phases to adress this effect.
In the following we focus on pause(silence) and speech(no silence) lengths
extracted from the audio files, while taking transcript information for assignment
to a speaker.
Figure 1 shows, that the turn taking pauses of the subjects are poisson distributed. In most cases subjects took turn after 0.5–1 second. The pause count
decreases for longer pauses up to a length of approximately 9 seconds, longer
pauses are rare.
Figure 2 shows the shape of the distribution for the sociodemographic groups.

Fig. 1. Distribution of turntaking pause
length. Most (nearly 1800) pauses were
0.5-1 seconds long.

Fig. 2. Distribution of turntaking pause
length in each group compared. The values of each single group sum up to 100%.

For the tests in this section all single pauses of the respective groups were
taken into account. Significances of correlations were tested with the ManWhitney-Wilcoxon (MWW) test.
The turn taking pause lengths do not differ significantly between the age
groups (MWW: W = 2.123 × 107 and p = 0.190) but they do differ significantly
between the gender groups (MWW: W = 2.152 × 107 and p = 0.025; Cohens
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d = 0.03). Men need – on average – significantly more time to take turn than
women.
The intra speaker pause lengths do not differ significantly between the age
groups (MWW: W = 1.858 × 108 and p = 0.227; Cohens d = 0.01), but they
do differ significantly between the gender groups (MWW: W = 1.884 × 108 and
p = 0.001; Cohens d = 0.01). Men make longer pauses than women while speaking. The higher mean for women can be explained with the skewed distribution
and the larger extreme values (maxmen = 21.021s and maxwomen = 33.136)
Note that intra speaker speech lengths do not differ significantly between gender
groups (MWW: W = 2.057 × 108 and p = 0.0998).
Figure 3 shows the ratio of pause and speech in subject segments.
The relative amount of pause in subject turns is significantly higher for old
subjects (MWW: W = 1.739 × 107 and p < 0.001; Cohens d = 0.12) and also
higher for men (MWW: W = 1.723 × 107 and p < 0.001; Cohens d = 0.12).
A observation of exceptional cases: Only females have turns with more than
26 seconds of speech and and less than 4 seconds silence in it.
Table 1 shows means and medians for the sociodemographic groups.
Turntaking
Pauses
Ratio
Median Mean Median Mean Median Mean
Men
0.460 1.036 0.693 1.113 0.581 0.551
Women 0.398 0.990 0.667 1.127 0.552 0.562
Young
0.464 1.002 0.680 1.111 0.550 0.524
Old
0.391 1.024 0.682 1.127 0.589 0.553
All
0.431 1.012 0.681 1.120 0.566 0.538
Table 1. Mean and median of subject groups for the measures: Turntaking (Time to
take a turn), Pauses (Length of pauses in a turn), Ratio (Relative amount of pause in
a turn).

3

Pauses change during the experiment

For the analyses in this section first the median for each of 9 phases of each
subject was calculated. This way each subject is weighted equally. Then all phase
values of two groups/experiment phases were again compared with the MannWhitney-Wilcoxon (MWW) test. For each result the group with the larger values
is listed first:
– Turntaking pauses in the personalization phase (median = 0.676 and mean =
0.753) are longer than in the packing phase (median = 0.469 and mean =
0.682): W = 5.946 × 104 and p = 0.026; Cohens d = 0.08.
– Turntaking pauses in packing before weight limit (median = 0.737 and
mean = 0.852) are longer than in packing after weight limit (median = 0.365
and mean = 0.597): W = 8.762 × 104 and p < 0.001; Cohens d = 0.29
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– Intraturn pauses in the packing phase (median = 0.795 and mean = 0.915)
are longer than in the personalization (median = 0.644 and mean = 0.679):
W = 6.888 × 104 and p < 0.001; Cohens d = 0.51
– Intraturn pauses in packing before weight limit (median = 0.883 and mean =
0.979) are longer than in packing after weight limit (median = 0.760 and
mean = 0.883): W = 8.239 × 104 and p < 0.001; Cohens d = 0.19
– Pause ratio in the packing phase (median = 0.601 and mean = 0.584) is
higher than in the personalization (median = 0.500 and mean = 0.489):
W = 7.542 × 104 and p < 0.001; Cohens d = 0.56
– Pause ratio in packing before weight limit (median = 0.628 and mean =
0.616) is higher than in packing after weight limit (median = 0.590 and
mean = 0.568): W = 8.032 × 104 and p = 0.002; Cohens d = 0.28
Correlations between the pause lengths and age or gender are weaker when
the measures of many turns are combined to a single median for a phase. The
correlation of pause ratio and age or gender are still significant:
– Old (median = 0.596 and mean = 0.574) have a higher pause ratio than
young (median = 0.558 and mean = 0.529): W = 2.0159 × 105 and p <
0.001; Cohens d = 0.23
– Men (median = 0.589 and mean = 0.569) have a higher pause ratio than
women (median = 0.562 and mean = 0.531): W = 1.9842 × 105 and p =
0.001; Cohens d = 0.18
Calculating Cohens d indicates small effects for most correlations in this
paper except the differences of intraturn pause lengths and pause ratio between
personalization and packing phase, which have a medium effect size.

4

Discussion

Previous work on the LAST MINUTE corpus has shown, that dialog success
correlates with age and gender.[3] This work shows, that the correlation of pauses
is more significant with gender than with age.
One might expect longer pauses when the cognitive load is higher – during
packing, especially after the weight limit barrier, but in the personalization phase
of the LAST MINUTE experiment we see longer pauses than during the problem solving phase. We also observe longer pauses in packing before the weight
limit barrier than in packing after the barrier. This can be explained with the
increasing time pressure during the experiment. There is no time pressure during the personalization, but during the packing phase. After the barrier the time
pressure increases because the time runs out and the task becomes more difficult.
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Abstract. A Companion-System requires a robust environment perception system in order to adapt its behaviour to the current situation. This
contribution presents a new approach for the environment perception
based on the Gamma-Gaussian-Inverse-Wishart Labeled Multi-Bernoulli
filter. The presented result illustrate the influence of heuristic sensor data
pre-processing algorithms and the performance gain obtained by using
the sensor raw data in the tracking algorithm.
Keywords: environment perception, random finite sets, tracking

1

Introduction

A Companion-System is expected to adapt its functionality to each user in order to match his preferences, abilities, and current needs. Further, the system is
expected to react to changes of the user’s emotional state and the current situation. To adapt the functionality to the current environment situation, the system
requires a dynamic environment model incorporating all static and dynamic objects in the system’s surroundings. Based on the environment model, the system
may adjust the current output modalities of the human computer interaction
(HCI) module or the reliability of the input modalities. Further, the continuous tracking of the users facilitates the resumption of a previously interrupted
interaction.
In crowded environments, robust multi-object tracking algorithms are required to tracks all potential users in the system’s proximity. In [11], a sequential Monte-Carlo (SMC) implementation of the multi-object Bayes filter [8] is
proposed which is able to handle statistical dependencies in the behavior of the
tracked persons. Compared to other approximations of the multi-object Bayes
filter like the Probability Hypothesis Density (PHD) filter [6, 12], the Cardinalized PHD (CPHD) filter [7, 14], and the Cardinality Balanced Multi-Bernoulli
(CB-MB) filter [15], the SMC multi-object Bayes filter provides superior performance at the cost of high computational complexity. In [13], the class of labeled
Random Finite Sets (RFS) is proposed and the first analytical implementation of the multi-object Bayes filter using a Generalized Labeled Multi-Bernoulli
(GLMB) distribution is presented. The Labeled Multi-Bernoulli (LMB) filter [10,
9] is a principled approximation of the GLMB filter which facilitates real-time
implementations and outperforms PHD, CPHD, and CB-MB filters.
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In general, these tracking algorithms are based on the so called point-target
assumption, i.e., each object is expected to generate at most one measurement.
Obviously, this is an unrealistic assumption, since high resolution sensors may
generate multiple measurements per object and a group of objects at a high
distance may be represented by a single measurement. In [8], Mahler proposed
so-called non-standard measurement models to handle these deviations from the
point-target assumption. In [3], the non-standard measurement models are used
to track extended objects with an elliptical shape within the PHD filter where the
objects’ extend is estimated using Gaussian Inverse Wishart (GIW) distributions
[4]. In [5], the measurement rate of each object is additionally estimated by using
a Gamma GIW (GGIW) distribution which results in the GGIW Cardinalized
PHD (GGIW-CPHD) filter.
In this contribution, a GGIW-LMB filter is presented and its benefits in
the context of Companion-System applications are discussed in detail. Further,
results using real-world sensor data are presented.

2

The GGIW-Labeled Multi-Bernoulli Filter

In a GGIW implementation of an extended object tracking algorithm, the state
of each object is represented by
p (ξk |Z1:k ) = p (γk |Z1:k ) p (xk |χk , Z1:k ) p (χk |Z1:k )



= GAM γk ; αk|k , βk|k N xk ; mk|k , Pk|k ⊗ χk IW d χk ; vk|k , Vk|k

(1)
, GGIW ξk ; ζk|k ,
where GAM(γk ; αk|k , βk|k ) denotes a gamma distribution with shape parameter αk|k and inverse scale parameter βk|k , N (xk ; mk|k , Pk|k ⊗ χk ) is a Gaussian
distribution with mean mk|k and covariance Pk|k ⊗ χk , and IW d (χk ; vk|k , Vk|k )
represents an inverse Wishart distribution on a d-dimensional space with vk|k
degrees of freedom and scale matrix Vk|k . Similar to the Kalman filter, the Gaussian distribution is used to capture the dynamic state of the object. Further, the
inverse Wishart distribution represents the object extent [4] and the gamma
distribution is utilized to provide an estimate for the number of measurements
generated by the object at each time step [5]. The prediction and update equations for the gamma, Gaussian, and inverse Wishart distributions are given in
[5]. Obviously, the assignment of the measurements to the individual objects is
ambiguous. Thus, all possible partitionings of the measurement set have to be
incorporated in the update of the tracks. Due to space limitations, we refer to
[1] and [2] for additional details about the summation over the partitionings.
The GGIW-LMB filter is finally obtained by applying the approximations used
in the derivation of the LMB filter in [10].
Since the partitioning of the measurements is part of the filtering algorithm,
heuristic clustering algorithms which are error-prone in challenging situations
are not required as a preprocessing step any more. However, it is not possible to
sum over all possible partitions of the measurements since the number of possible
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Fig. 1. Comparison of the cardinality estimates for the pedestrian scenario: The blue,
yellow, and green lines show results for runs with single distance thresholds of 0.2, 0.3,
and 0.4 meters, respectively. The red line depicts a run with multiple segmentation
hypotheses with thresholds from 0.2 - 0.4 meters.

partitions is given by the Bell number. Hence, as proposed in [5], the update
step only uses the most likely partitions obtained by a clustering algorithm
with different thresholds and an additional partitioning obtained by expectation
maximization based on the estimate of the previous time step.

3

Results

In extended object tracking applications, closely spaced objects are challenging
since the partitioning of the raw data (i.e., which measurements belongs to which
object) is often ambiguous. The performance of the proposed GGIW-LMB filter
is evaluated using a scenario with two pedestrians passing each other at a very
small distance. In the evaluation, different filter setups are compared: On the
one hand, a GGIW-LMB filter evaluating the most likely partitionings of the
raw data uses multiple hypotheses for the partitioning in the filter update. The
filter uses all partitionings obtained by varying the clustering threshold between
0.2 and 0.4 m. On the other hand, GGIW-LMB filters with fixed clustering
thresholds of 0.2, 0.3, and 0.4 m, respectively, are used to resemble the behavior of
point-target tracking algorithms since only a single hypothesis for the clustering
of the raw data is used in the filter update.
The tracking results of the proposed GGIW-LMB filter are illustrated by
Fig. 1 and 2. In Fig. 1, the results the GGIW-LMB filter, which evaluates the
most likely partitionings of the raw data, significantly outperforms GGIW-LMB
filters which are restricted to a single partitioning obtained by a fixed distance
threshold. The loss of information due to fixed thresholds in pre-processing leads
to track loss around k ≈ 80 for the thresholds of 0.3 and 0.4 meters. However,
the GGIW-LMB filter successfully adapts to the scenario and keeps track of
both objects. Fig. 2 depicts the tracking results of the GGIW-LMB filter for the
challenging passing-by situation. Obviously, using multiple partitionings in the
filter update enables the filter to handle the demanding scenario.
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Fig. 2. Estimated pedestrian trajectories from around 4.5 to 9 seconds with exemplary ellipses and corresponding measurements. The pedestrians are passing each other
closely at around 6.5 seconds.

4

Conclusion

This contribution illustrated the benefit of using an extended object tracking
algorithm, the GGIW-LMB filter, in challenging scenarios. By avoiding heuristic
clustering algorithms before passing the measurements to the tracking algorithm,
the system performance is significantly improved in ambiguous situations.
Especially stationary Companion-Systems located in crowded environments
may improve their functionality using an environment perception based on the
proposed GGIW-LMB filter. Possible scenarios are the resumption of previously
interrupted interactions or the adaptation of the input and output modalities
based on the current environment.
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Abstract. Using Artificial Companions for tasks requiring long-term
interaction like language learning or coaching can be approached by creating local computational models for particular interaction structures,
and models reflecting changes in interaction over time. An Artificial Conversational Companion (ACC) that helps to practice conversation in a
foreign language is expected to play the role of a language expert in conversation. We apply methods of Conversation Analysis to obtain datadriven models of interaction profiles for language experts and language
novices from a corpus of instant messaging based dialogues between native speakers of German and advanced learners of German as a foreign
language. We show different ways how the artificial agent can simulate
”doing being expert” in conversation and promote learning.
Keywords: artificial companions, interaction profiles, foreign language
practice, conversation analysis, instant messaging, German

1

Introduction

Artificial companions [18], relational agents [2] and companion technologies [17]
are in focus of multidisciplinary research projects related for instance, to health,
sports & fitness [16], ambient assisted living [5], coaching & stress relief [13,
20] and second language acquisition [4]. The interpretation of the term companionship is for each of them slightly different, but they all have in common the
expectation that the Companion interacts with the user for a prolonged period
of time and adapts its behaviour to user’s needs.
These expectations raised a wave of discussions about what the Companions
are allowed and desired to be [1, 19]. Specifically, if a Companion should help
to practice conversation in a foreign language only by means of instant messaging, what exactly must the Companion be able to do? All state-of-the-art
approaches are based on assumptions about how such interaction should work,
see for instance [10, 14]. We use, in contrast, a data-driven modelling approach
to answer this question. We analysed a corpus of instant messaging long-term
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communication between German native speakers (NS) and advanced learners
of German (non-native speakers, NNS) [7]. The corpus consists of 72 dialogues,
approximately 4800 messages in total. The phenomena that we are interested in
are rare because they are dispreferred, however, they are still important. Our
data analysis approach is methodologically grounded in Conversation Analysis
(CA) [11, 12] which is reasonable for models of actions based on single examples.

2

Doing Being Language Expert in Conversation

The concept of an idealised native speaker who produces error-free language is
problematic because ”native speaker status does not necessarily correlate with
a high command of the language, [...] speakers’ proficiency in their linguistic
repertoires is relative, domain- and activity-dependent, and may change over
time” [8, p. 25]. The complementary class of non-native speakers must be then
a subordinate and less proficient, which is not supported by sociolinguistic data.
The notion of differential language expertise [11] reflects more precisely the
emic perspective of CA: “language expertise, like any other social category or
attribute, is not primarily subject to an outside observer’s judgment” [8, p. 26].
In other words, none of the interaction participants can be seen as a language
expert or a language novice until this is made observable in conversation.
Interaction profiles are concerned with individual shapes of each interaction
participant emerging under influence of all the interaction participants and the
interaction history. The concept of interaction profiles describes how the conversational activities of all participants of an interaction become systematic and
stable with the focus on one participant suggesting that each participant separately has only a limited influence on her own image in each interaction [15].
Example 1 illustrates how participants (L08-learner, N04-native speaker) of
a conversation make their differential language expertise relevant in conversation. The learner L08 makes her not-yet-perfect language expertise relevant in
turns 120, 125, 128 and 130 in form of a repair initiation, excuse for errors and
expressions of thanks for linguistic explanations. The NS positions himself as
language expert in turns 121-123, 126, 129 and 131 in form of an explanation,
an error correction, evaluation of language proficiency and encouragement. Turns
118-124 build a sequence of other-initiates self repair: the NS produces a trouble
source in turn 118 which is marked as such by the other - the learner, and then
the NS produces an explanation. Turns 124, 126 and 127 are part of an othercorrection sequence where the learner produces an error and the NS corrects it.
Turn pairs 125 & 127, 128 & 129 and 130 & 131 form meta-talk about repair and
face work. All these actions are contributions to the collaborative construction
of interaction profiles of N04 as a language expert and L08 as a learner.
We found mainly three classes of sub-dialogues used by chat participants to
make their differential language expertise relevant and to position themselves as
novices or experts in conversation:
1. Face work and evaluation: learners’ excuses for mistakes and fishing for compliments, native speakers’ evaluations and encouragements;
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2. Meta-talk and learning together: talking about language learning, offering
help in language learning tasks and online exam rehearsal;
3. Repair sequences with linguistic trouble source: explanations, corrections,
word searches, vocabulary check, definition work and similar.
The number of such sub-dialogues differs for each pair of participants in the
corpus. For instance, some of the NSs’ corrected a lot of language errors, and
some of them tried to avoid corrections (let-it-pass strategy). In addition, there
are backward links between separate sub-dialogues. For instance, if a learner
could not understand an abbreviation and requested an explanation, the NS
explained proactively other abbreviations even if the learner did not ask.
Example 1. Constructing interaction profiles of novice and expert (simplified:
turn 119 belongs to a different sub-dialogue and is omitted)
118 N04 Ja, Kommissar Rex hab ich früher auch geschaut... Das muß 15 Jahre her
sein, da kannst Du dich dran erinnern?
Yes, I watched Komissar Rex in the past, too... It must have been 15 years
ago, you can still remember it?
120 L08 her sein, da kannst Du dich dran erinnern?
verstehe nicht)
her sein, da kannst Du dich dran erinnern?
don’t understand [smile]
121 L08 her=früher
her = earler
122 N04 etwas ist schon lange her = ”etwas ist vor langer Zeit passiert”
etwas ist schon lange her = ”something has happened long time ago”
123 N04 und ”dran” (umgangssprachlich) = ”daran” (hochdeutsch)
and ”dran” (colloquial) = ”daran” (standard German)
124 L08 aha...nun in Belarus wurde es später passiert.
aha... well in Belarus it was happened later.
125 L08 oh danke für solche Erklärungen))
oh, thanks for such explanations
126 N04 äh nein :-) ”es wurde später im Fernsehen gezeigt” oder sowas in der Art.
er no [smile] ”it was shown later on the TV” or something like that.
127 N04 Gerne, wenn ich Dich damit nicht nerve, hab ich noch eine: ”passieren” gibt
es nicht in der Form ”etwas wurde passiert”, sondern es heißt z.B. ”etwas ist
passiert”
You are welcome, if I don’t annoy you with it, then I have one more: ”to
happen” does not exist in the form ”something was happened”, but it is called
for example ”something has happened”
128 L08 klar))ich kann mir vorstellen, wie lustig und unklar meine Sätze sind))
clear [smile] I can imagine how funny and unclear my sentences are [smile]
129 N04 ist nicht so schlimm, wie Du vielleicht gerade glaubst, keine Angst!
it is not so bad as you might be thinking, don’t panic!
130 L08 danke für Besonderheitn der Sprache=)für mich ist es sehr gut , dass du
meine Fehler korrigierst)
thank you for the particularities of the language [smile] for me it is very good
that you correct my errors [smile]
131 N04 wenn es nicht nervt, gerne :-)
if it is not annoying, you are welcome [smile]
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3

Modelling Interaction Profiles for a Language Expert

Assumed, that only the sub-dialogues found in the corpus are available for the future ACC, many different interaction profiles for a language expert can emerge
in interaction, even given a limited number of possible characteristic actions.
We approach the challenge of modelling interaction profiles for language expert
- language novice chat interaction by splitting the tasks in local and long-term
models. Local models deal with short sub-dialogues and address separate instances of repair, face work etc. Long-term models deal with issues as decisions
if a correction is appropriate and which form should it take, or if an explanation
of a particular potentially problematic expression is required. The following local
models should help an ACC in ”doing being language expert”:
1. Other-initiated self-repair when the ACC is the trouble-speaker (OISR).
a) Recognition of repair initiations. Everything can become a trouble source
in conversation therefore, a repair initiation can be placed everywhere.
b) Extraction of the trouble source. Every repair initiation is designed to
contain all the information about the nature of the trouble.
c) Repair carry-out. Synonyms, paraphrases and templates for various turn
formats are required.
2. Error correction:
a) Language error detection.
b) Generation of a proper correction. Corrections may be exposed (explicit,
the correction becomes the interactional business) like in Example 1 or
embedded (implicit, without focusing on in in the talk) [9].
3. Face work: specific adjacency pairs, compare to turns 128-129 in Example 1.
4. Meta-talk about language learning and task-based learning sub-dialogues.
The long-term models manage the activation of the local models over time
and include (but are not limited to) the following decisions:
1. Is a correction appropriate at a particular point in a conversation?
2. Is a proactive explanation based on interaction history appropriate/required?
3. Which conventions must be taken into account, for instance for corrections?
There is a difference between ”being a language expert” and ”doing being language expert”. Equipped with the patterns obtained form empirical data, the
Companion software can position itself as a language expert (e.g. react appropriately to repair initiations and do face work in form of assessments).

4

Preliminary Results and Evaluation Design

While still more efforts need to be made in formalising long-term models, we
created formal models for repair with linguistic trouble source which were implemented in a prototype using chatbot technology as a baseline [3]. Natural
Language Understanding & Generation is covered by the Artificial Intelligence
Markup Language (AIML) [6] and is provided by pattern-template pairs as
shown below. If the chatbot finds an input that matches to WIE GEHTS, the
utterance stored in the template tag will be delivered to the user as a response.
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<category>
<pattern>WIE GEHTS</pattern>
<template>Gut, und selbst? Alles paletti?</template>
</category>
Sub-dialogues related to novice-expert face work and meta-talk about language
learning were integrated into the AIML files in form of new pattern-template
pairs. A repair manager is responsible for the sub-dialogues related to the repair
with linguistic trouble source and includes, for instance, open rules for the recognition of the repair initiations. We use an extract of the German Wiktionary for
meta-linguistic information and repair generation. The required output is generated online from synonyms, notes on pragmatics and examples and is not
restricted to the output variants foreseen by the template tag.
Example 2 explains how a chatbot can benefit from patterns extracted from
the corpus to come closer to the behaviour of a language expert. The bot uses a
colloquial expression in turn 2 which is not clear for the user. The user initiates
the repair in turn 3 using a specific repair initiation format: repetition of the
trouble source combined with a question mark. The bot recognises turn 3 as
a repair initiation and extracts the trouble source (the repeated word). Bot’s
response in turn 4 is a repair carry-out generated from the linguistic database.
Example 2. A sub-dialogue with the chatbot: other-initiated self-repair where
the chatbot is the trouble-speaker.
1 User wie gehts?
how are you?
2 Bot Gut, und selbst? Alles paletti?
I’m fine, and you? Everything okay?
3 User paletti?
4 Bot umgangssprachlich alles gut, alles in Ordnung, alles okay.
colloquial everything good, everything fine, everything okay.

The local models of OISR and corrections can be evaluated by standard
quantitative methods using precision/recall metrics with the accuracy of the repair initiation recognition and trouble source extraction as evaluation criteria.
However, a non-present repair or correction does not mean that it is missing.
There is no guarantee that the user will make errors that can be corrected. The
user may also choose to look up the dictionary instead of a repair initiation.
Therefore, the most reasonable way to evaluate the long-term models is qualitative analysis of chat protocols combined with other methods of qualitative social
research, like interviews and questionnaires.

5

Conclusions

CA turned out to be a powerful tool for data-driven modelling of rare phenomena
in conversation. In this work we reported how we use CA-methods to identify
and simulate instances of ”doing being expert” in a free chat between a language
learner and a Companion. The new models allow the Companion to position itself
as a language expert and contribute to Companion’s interaction profile.
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Abstract. AI planning forms a core capability of intelligent systems.
It enables goal directed behavior and allows systems to react adequately
and flexibly to the current situation. Further, it allows systems to provide
advice to a human user on how to reach his or her goals. Though the
process of finding a plan is, by itself, a hard computational problem,
some new challenges arise when involving a human user into the process.
Plans have to be generated in a certain way, so that the user can be
included into the plan generation process in case he or she wishes to;
the plans should be presented to the user in an adequate way to prevent
confusion or even rejection; to improve the trust in the system, it needs
to be able to explain its behavior or presented plans. Here, we discuss
these challenges and give pointers on how to solve them.

1

Introduction

Automated planning provides a main capability of intelligent systems. It enables
systems to adapt their behavior flexibly to their environment (and user); and to
provide courses of action to a user who wants to achieve a goal. Such systems
may assist in operating a modern mobile phone [10], or in the task of setting
up a complex home entertainment system [5, 9, 15]. Whenever human users are
involved, there arise several new challenges. In this paper, which is an extended
abstract of the book chapter User-Centered Planning [7], we discuss some capabilities a system should have when planning for human users and how they can
be realized using the hybrid planning approach.
We focus on some properties of hybrid planning and discuss them with respect
to the given challenges of domain modeling, plan generation, plan execution (here
especially the linearization and presentation of plans), and plan explanation.

2

Hybrid Planning

Hybrid planning is based on a function-free first-order logic [11]. It fuses Hierarchical Task Network (HTN) planning with concepts known from Partial-Order
Causal-Link (POCL) planning. In hybrid planning, the goal of a planning task
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is specified in two orthogonal ways: as it is done in classical and in POCL planning, there is a goal description specifying all state features that must hold after
the execution of a plan; as it is done in HTN planning, there is also an initial
plan consisting of primitive and/or abstract tasks that needs to be refined into
a solution.
For refining abstract tasks, the domain model contains a number of so-called
decomposition methods, each mapping an abstract task to its “implementation” [11] – a plan that is a standard solution for that task. In contrast to most
other hierarchical planning approaches, abstract tasks in hybrid planning have
preconditions and effects. These allow to formally define legality criteria for plans
that implement abstract tasks.
Plans in hybrid planning are partially ordered sets of primitive and abstract
tasks. Causal dependencies between tasks are explicitly represented by so-called
causal links – a concept borrowed from POCL planning. A solution to a hybrid
planning problem is a plan that satisfies the goal description and that is a refinement of the initial plan meaning that it can be obtained from the initial plan
by decomposing abstract tasks and by inserting variable constraints, ordering
constraints, and causal links to ensure executability.
Domain Modeling. As every model, a planning domain has to represent facts
that are important to the problem while abstracting from others. The modeling
is a challenging task and it is quite important to provide assistance even at that
early stage of planning.
The hierarchy of a planning problem provides an intuitive way to model planning problems. Knowledge about a specific application domain is often structured
in a hierarchical manner, thus it is quite natural to model it as an hierarchical
domain. Relying on the criteria when an abstract task is regarded an actual
abstraction of a plan (or, the other way round: when a plan is regarded a valid
implementation of an abstract task) [11], a domain modeler can be supported in
the hierarchical domain modeling process – independently of whether the modeling is done in a top-down or a bottom-up approach. This is one advantage
of hybrid planning over other planning approaches where there are basically no
restrictions which decomposition methods may be specified for an abstract task.
The underlying hierarchy may in part even be inferred automatically given
that the respective domain knowledge is represented using ontologies [4, 3].
A further practical benefit of using a hierarchical planning approach is its
expressivity: by exploiting the hierarchical solution criterion, one can restrict the
desired structure of solutions, which is why hierarchical planning approaches may
be more expressive than classical non-hierarchical approaches [13, 1, 2]. Certain
executable plans satisfying the goal description can be excluded from the set of
allowed solutions. That way, one has more control on how solutions look like which is an important feature when they have to be carried out by a human
user.
Plans in hybrid planning include causal links that explicitly represent the
causality between actions. This can be exploited in the modeling process by in-
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cluding such dependencies in plans used by decomposition methods. It can also
be exploited to realize capabilities like plan explanation – as explained later on.
Plan Generation. Typically, the plan generation process works fully autonomously: a planning system uses some domain-independent heuristics [12, 6, 8] to
find a good solution for the given problem quickly. In case only solution plans
are presented to a user, and the user preferences can be adequately respected by
the (fully autonomous) planning process, then the way how the planning process
works is not important for the user.
However, sometimes the user needs or wants to be included into the process of
generating a solution. Such a mixed initiative planning (MIP) approach benefits
from a plan generation process that is intuitive to the user [16]. Since in hybrid planning also abstract tasks show preconditions and effects, it is possible to
generate non-solution plans in which the abstract tasks in the plan are causally
justified. This makes the plan more plausible as the causal link structure enables the presentation of causal dependencies that helps the user to understand
(possibly non-solution) plans during the planning process. This is in particular
useful in a MIP approach, where the planning system obtains feedback from the
user on how to further refine the presented plan.
Plan Presentation. Solutions have to be processed. They may be executed
automatically by a system (like a smartphone or an intelligent environment) or
directly by a user. In the latter case, they have to be presented in an adequate
way before a user can start to carry them out.
In hybrid planning, plans are only partially ordered; each induced total order
is an executable solution to the problem. That way, hybrid planning solutions
allow for a large flexibility with respect to the actual order in which the tasks
are executed. Although all linearizations are valid solutions, some might be more
plausible for a human user than others - some might even be considered confusing
and rejected. Several of the hybrid planning features can be exploited to come
up with good, user-friendly linearizations. One may rely on the constants used
by tasks to determine the similarity between tasks, one may rely on the causal
structure, or on the task hierarchy [14].
After a total order is chosen, tasks are presented step-by-step to the user.
Here, the underlying predicate logic can be exploited to automatically generate
a visualization of the respective task. For instance, the constants referenced by
a task can be associated with pictures, videos, or text to illustrate what objects the respective action is manipulating. In the example domain of setting
up complex home entertainment system [5, 9], interfaces can be generated that
tell the user exactly which cable is to be plugged into which port of which device.
Plan Explanation. Even in cases where plans are adequately presented to a
user, he or she might wonder why to execute a certain task. That is, the user
might want to get a justification for a certain task in the solution. The user might
also want to know about other parts of the plan, for instance why two actions
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are ordered in the way they are, or why a task requires to use/manipulate a
specific object. Such questions can be answered by analyzing the generated plan
and its generation process [18, 5]. Here the causal links make it more easy to
explain decisions of the planning system. The hierarchy can be used in two
ways, first it can be the justification for a certain task to be in the plan; second
it can be exploited to generate shorter explanations by increasing its level of
abstraction. Plan explanation based on causal dependencies can look like “That
task is required because it establishes the precondition ϕ of the task X”. The
hierarchy provides explanations like “Task Y is required because it belongs to
the task Z”. Despite the hierarchy is considered to be expert knowledge and
does not need to be justified further, we can provide more detailed (hierarchical)
explanations if the respective decomposition method has been inferred from an
ontology as mentioned earlier [4, 3]. Using so-called ontology explanations [17],
a logical argument in form of a formal proof can be generated to explain why
the task Y belongs to Z, which can be transformed into natural language text
and provided to the user.

3

Conclusion

In this paper, we discussed some challenges when planning for human users and
how the properties of hybrid planning can be exploited to solve them. We focused
on a discussion with respect to the modeling of a domain, the plan generation
process, the presentation of plans to a user, and the generation of explanations.
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Abstract. The temporal contingency of feedback is an essential requirement of successful human-computer interactions. The timing of feedback
not only affects the behavior of a user but is also accompanied by changes
in psychophysiology and neuronal activity.
In two behavioral experiments we first measured the just noticeable delay
of system responses depending on the difficulty of an auditory categorization task that users are engaged in. Furthermore, in three fMRI experiments we systematically studied how delayed feedback affects brain
activity of subjects engaged in an auditory categorization task.
The results show that unexpected delays interrupt the course of an interaction and trigger an orienting response that in turn activates brain
regions of action control. If delays occur frequently, users can adapt to
delays and the brain activity in the observed network diminishes over
the course of the interaction. However, introducing rare omissions of expected feedback reduces the systems trustworthiness, which leads to an
increase in activity in the posterior medial prefrontal cortex and the anterior insula not only in response to such omissions but also following
frequently occurring and thus expected delays.
As a consequence, it is recommended not only to reduce the system
response time or introduce constant delays but first of all to prevent
interruptions (break-offs) in human-computer interactions.
Keywords: feedback · system response time · fMRI · user acceptance

1

Temporal Contingencie in Human-Computer
Interactions

One fundamental rule in communication is the expectation of the sender to obtain feedback that their message has been received, i.e. the subjective sense of
completion of an action [1]. In human conversation we are used to immediate
facial expressions, gesture and short phrases that indicate that our conversation partners listen to us. Analogous to human-human comunication we also
expect immediate responses of a (computer) system that indicates that our action has been processed. Even though the performance of (computer) systems
has improved significantly with every decade, we still face unexpected delays.

84

ISCT 2015

1st International Symposium on Companion-Technology

2

Effects of Delayed Sytem Responses in Human-Computer Interaction

Not just because network-based computing gains importance in a growing number of mobile or internet applications, delays or even interruptions caused by
network-related problems may disturb the interactions [2]. These interruptions
have a tremendous effect on the behavior of a user and initiate emotional, physiological and neuronal changes that have been reported in several studies [2–6]. It
is well known that several factors, like differences in the interaction task, might
influence the perception and acceptance of delays in system response. Therefore,
we conducted behavioral and fMRI experiments to investigate the influence of
delayed system responses in detail. For details on the fMRI methodology and
behavioral paradigm see Kohrs et al. [3, 4].

2

Behavioral findings

In two behavioral experiments we adaptively measured the just noticeable delay
of participants (n1 = 16, n2 = 23) engaged in an auditory categorization task.
Upwards and downwards frequency modulated (FM) tones served as acoustic
stimuli. While in one experiment these stimuli had a longer duration (600 ms),
stronger modulation and were therefore easier to categorize, the FM tones in the
second experiment had a shorter duration (400 ms) and a less strong modulation
and were therefore more difficult to categorize. Subsequent to the participants
response via button press, they received an auditory feedback (okay) in the first
experiment and a visual feedback (checkmark, cross) in the second experiment.
The experiments were subdivided in blocks of ten FM stimuli. Never, or only
once in a block the feedback was delayed. Between each block subjects had to
indicate by keystroke if they perceived a delay or not. Starting with a delay
of 500 ms, the duration of the delay was adaptively adjusted according to the
participants answer in steps of 50 ms. If the duration of the delay fell below
300 ms or if participants completed 20 blocks we narrowed the step range to
25 ms. At that time subjects had to solve another 30 blocks in which the just
noticeable delays level off.
The just noticeable delay varied with task difficulty. Both experiments show
that the individual just noticeable delay is correlated with the number of mistakes in the auditory categorization task (see Fig. 1, r = .60, p < .01 ). Furthermore, the just noticeable delay significantly increased from 200 ms to 330 ms as
task difficulty increases (t = 4.5, p <.01). However, one should be aware that
this threshold differs interindividually and that several other factors may influence the perception of a delay, for instance, the age, the mood, time of day or
other environmental conditions [7]. Therefore, these values are only of restricted
validity. However, a delay of 200 ms in system response is a common limit in the
literature of software ergonomics [1, 7].
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Fig. 1: The correlation between the just noticeable delay (in ms) and the error
rate (in %) across both experiments show that the just noticeable delay increases
with the error rate.

3

fMRI-Experiments

In three fMRI experiments we systematically investigated the effect of delayed
feedback on brain activity of subjects engaged in an auditory categorization
task. In a first experiment (with 23 naive subjects) we measured the differential impact of three delay durations (200 ms, 400 ms and 600 ms). These delays
occur pseudorandomly in 15% of all trials. In a second experiment (n = 19) we
changed the probability of occurrence of such delays and investigated if users
can adapt to frequently occurring delays (50%) and if this process is reflected by
an adaptation in brain activity. Finally, in a third experiment (n = 17) we asked
which circumstances might negatively affect this adaptation. Systems that fail
to respond due to network problems or internal errors - might lead to a loss
of confidence of the user into the technical system. Therefore, we included rare
omissions of feedback and hypothesized that occasional interruptions in usersystem communications have an adverse influence on the effect of mere delays
in system response.
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Fig. 2: Stronger posterior medial frontal activation during delays of 600 ms compared to the immediate feedback condition. Only delays longer than 400 ms show
significant differences compared to immediate feedback. Error bars indicate standard errors.

3.1

Experiment 1

The fMRI analysis showed that trials with feedback delays of 400 ms and 600 ms
activated a network of brain regions more strongly than trials with immediate
feedback. We found activation differences in the posterior medial frontal cortex
(pMFC) (see Fig. 2), the left inferior parietal lobule, and most prominent in
the left and right anterior insular cortex (aI) (see Fig. 3). The contrast between
delays of 200 ms and immediate feedback revealed no significant differences in
neuronal activity. Thus, delays below the just noticeable delay seem to have no
impact on the identified network of brain regions.

Fig. 3: Stronger activation during delays of 600 ms compared to the immediate
feedback condition in the anterior insular cortex. Only delays longer than 400 ms
show significant differences compared to immediate feedback. Error bars indicate
standard errors.
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Fig. 4: Experiment 2 revealed no significant differences between delayed and immediate feedback. However, in experiment 3 that included a few omissions of
feedback, delays in feedback led to significant differences.

3.2

Experiment 2 and 3

The analysis of the direct contrast between delayed feedback and immediate feedback over the course of the whole experiment 2 revealed no significant differences
at the chosen significance level (q(F DR) = 0.05). However, in experiment 3, that
contained rare omissions of feedback, the contrast between delayed feedback and
immediate feedback resulted in significant differences within the posterior medial
frontal cortex, bilateral anterior insular cortex and left inferior parietal lobule.
Fig. 4 compares the time courses of the BOLD signals in the anterior insular
cortex in experiment two and three.

4

Summary and Conclusion

The following conclusions can be drawn from the studies: 1. The perception of a
delay depends on the cognitive demands during the interaction. 2. Unexpected
delays at and above this perceptual threshold activate a network of brain regions
known to control goal-oriented actions [8, 9], and the strength of this activation
increases with the duration of the delay. 3. If delays occur regularly, users can
adapt to them, and the brain activity in the observed network diminishes over
the course of the interaction. 4. The infrequent omission of an expected feedback
during the interaction reduces the system’s trustworthiness, which leads to an
increase in brain activity not only in response to such omissions but also following
regularly occurring delays.

Acknowledgments. This work was done within the Transregional Collaborative Research Centre SFB/TRR 62 “A Companion Technology for Cognitive
Technical Systems” funded by the German Research Foundation (DFG).
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Abstract. When going on a business trip, parents are usually separated
from their children. To bridge this distance, parents use phone calls or
video chats that impose a very unnatural scenario upon the children.
In this work we present OctiCam, a communication device in form of a
toy that is meant to improve the way parents and children communicate
with each other over distance. OctiCam is a mobile physical proxy that
streams a 360 degree video of its surroundings combined with an audio
chat. Having a physical representative of its parent during a call, the
child can roam around freely and enjoy a more natural conversation.
Parents can view OctiCam’s video stream that is mapped on a virtual
dome using an Oculus Rift head-mounted display (HMD) and get the
impression of being physically with their child. We present the concept
and the current implementation progress of OctiCam and the design of
a future user study.
Keywords: communication, proxy, VR, HMD

1

Introduction

The way people are using technology to bridge large distances is ever changing. With the introduction of videotelephony, software solutions like Skype or
Google Hangouts have added the important feature of seeing chat partners instead of just hearing their voice. The benefit of this feature is so important to
users that they are willing to accept a rather unnatural setup during their conversations. Both partners need to sit in front of their computing devices like
tablets, notebooks and personal computers and stay in the field of view (FoV)
of their webcams so that they can be seen by their chat partner and vice versa.
Some downsides of this setup are the inability to perform other tasks during a
call without vanishing from the chat partner’s screen, the inability to point at
targets that are not in the camera’s FoV and the need to remain in a rather fixed
position for the duration of the call. Additionally, this setup also requires a basic
knowledge of using applications in general and computing devices. This might
be a hindrance to introduce this technology to the old and the young members
of our society [5].
There have already been attempts to break the technological barrier for children.
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Tang et al. build HomeProxy, an artifact that enabled touch-less and asynchronous video communication between homes [1]. Another work of Tang et al.
combined a video proxy with a shared tabletop that allowed to share activities
like doing homework together [2]. Neustaedter et al. created a virtual window
between locations to allow a continuous communication [3]. These concepts tried
to introduce a more natural way of communicating, but suffered from their fixed
setups that prevented mobile scenarios like a child moving around and pointing
at its toys.
Mobile communication proxies can resolve this limitation. There are already
robots that are used to replace people at conferences or doctors that are at remote locations [6]. These physical proxies can be controlled remotely and can
even present their user’s face on a screen. There is also a portable device that
uses a tripod and a camcorder to stream children’s activities to remote family
members [4]. Unfortunately, these artifacts are still too large and technical to
be used in a private home scenario or lack a child-friendly design to be used for
child-parent communication.
Learning from the limitations of prior communication concepts, we present Oc-

Fig. 1. A view beneath the plush fabric cover (dashed outer line) of our OctiCam
prototype reveals its inner components. The final prototype will have a sturdy 3D
printed case with slots for every component.

tiCam, a mobile and child-friendly device that consists of a stuffed toy octopus
on the outside and a communication proxy on the inside (Fig. 1). Relying only
on two squeeze buttons in the tentacles, we simplified the interaction with Oc-
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tiCam to a child-friendly level. A build-in microphone and speaker allows audio
chats while a build-in camera streams a 360 degree video using a fish-eye lens.
The second chat partner uses a notebook to connect to OctiCam and initiate
a call. Through an Oculus Rift HMD as a viewing device, the user can ”take a
look around” in real-time by watching the unwrapped video feed. The current
gaze direction of the Oculus Rift HMD is then displayed as a pair of eyes on a
ring of LED matrices beneath OctiCam’s soft shell. We argue that this concept
allows a more immersive exploration of the proxy’s surroundings than a pan/tilt
camera setup [7].
Although our prototype can be used for different scenarios, we chose to focus
on child-parent communication to utilize the tendency of children to anthropomorphize inanimate objects. This way, we hope to achieve a higher rate of the
proxy being accepted as a representative of the parent.
We plan to run a qualitative study to analyze the benefits of our novel communication concept, its overall acceptance and the level of immersion compared to
a regular face-to-face setup, i.e. Skype.

2

Concept

The completed prototype of OctiCam has a stuffed toy octopus as an outer shell
to create a child-friendly optic. Children will be able to take OctiCam along
during their daily play and place it anywhere next to them. One OctiCam is
always linked to only one parent to increase the effect of personification. To
initiate (or accept) a call to the parent the prototype is connected to, the child
just needs to press OctiCam’s green colored tentacle. If the called parent accepts
the call, OctiCam starts to stream a video of its surroundings including the
child (Fig. 2 a). The called parent can now talk to the child and look around
from OctiCam’s perspective by wearing an Oculus Rift HMD (Fig. 2 b). This
way, the parent can follow the child’s movements in real-time. The child can
roam freely and play without having to sit still in one spot and having to focus
solely on the conversation.

3

Implementation

To create OctiCam, we had to design a software architecture that draws on
established solutions as a base for fast performance and uses a custom software
layer above these solutions to meet special needs. In the following, we will discuss
the current hardware and software setup of our prototype.
3.1

Hardware Setup

OctiCam is driven by an ODROID XU3 single board computer running Ubuntu
14.04 LTS that is connected to the Internet via a Wi-Fi antenna. Its current
core feature is a Logitech C920 full-HD camera [8] with a 180 degree fish-eye
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Fig. 2. a) OctiCam captures a hemisphere of its surroundings. b) The unwrapped video
can be viewed via an Oculus Rift HMD.

lens [9] that is facing upwards and captures a hemisphere of its surroundings
(180 degree horizontal and vertical). Audio is recorded and played through a
Jabra Speak 510 speakerphone [10] that is optimized for recording audio from all
directions. A ring of 16 LED matrices is controlled by two Arduino Mini boards
that are connected to the ODROID via USB. Each Arduino can control up to
8 matrices which are used to display a pair of glowing eyes. To accept/decline
or initiate/cancel a call, two round force-sensitive resistors [11] are connected
to the Arduinos and implanted into the tentacles of a stuffed toy octopus that
is used as a hull for the whole prototype. This is the only way of interaction
with OctiCam as the ODROID runs in a headless mode and has no other input
devices attached.
The person that connects to OctiCam can use a notebook or personal computer
running Windows and an Oculus Rift HMD [12] to view the video stream.
3.2

Software Architecture

The primary function of OctiCam is to create a video and audio conversation
between two users (Fig. 3). As the received video contains a distorted view
created by the fish-eye lens, the video stream has to be unwrapped according
to the lens specifications and presented to the user in form of a virtual dome.
Using an Oculus Rift HMD, the user can inspect this virtual dome by rotating
his head. This means that only a small part of the whole video frame is visible
to the user at a time. Therefore, a high resolution video stream is of utmost
importance. The proprietary software Skype offers a high quality video stream
of up to 720p on Linux and 1080p on Windows based architectures with a very
low latency.
Using the Skype API, we wrote custom scripts to initiate and quit Skype calls
from OctiCam to a client. All head rotation events are also passed to OctiCam
and activate distinct LED matrices to represent the users gaze direction. This
way, the child has always a rough impression of where his parent is currently
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looking without receiving an actual video stream of the parent.
To create a virtual dome for the parent, we display the incoming distorted video
stream of Skype in full-screen and unwrap the desktop source (directshow) in
real-time using LiveViewRift [14]. This image is sent directly to the Oculus Rift
HMD that runs in the extended desktop mode.
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Fig. 3. A visualization of the communication between the OctiCam prototype that
remains with the child, a remote server at our institute and the Oculus Rift HMD
client running on the parent’s notebook.

4

Future Work

To evaluate OctiCam’s novel concept of communication, we plan to deploy it
at homes with young children and parents that have to go on business trips.
The parents will take along a notebook with our software and an Oculus Rift
HMD while OctiCam remains with the child and is logged in into the local
Wi-Fi. We will observe the experiment from a separate room and let the child
play with OctiCam. During the play, the child will receive a call from its parent
and press OctiCam’s green tentacle to accept the call as instructed before the
experiment. After the conversation between parent and child, we will interview
the child about its experience with OctiCam. The Parents will be interviewed
via Skype and fill out an online questionnaire regarding their experience during
the conversation and whether or not they would prefer to use OctiCam over
regular face-to-face scenarios for conversations with their child.

5

Conclusion

In this work, we presented the concept and implementation of OctiCam, a novel
communication device for parents and children. Our concept allows children
to have a natural conversation with their parent while roaming around and
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attending their usual activities. OctiCam is mobile and connected via Wi-Fi so
that it can be taken along during a play and placed anywhere within the reach
of the Wi-Fi signal. This way, a child can play on the floor or in the garden,
while its parent shares its activity through OctiCam. To achieve a higher rate of
immersion and to follow the child when it changes its position, OctiCam captures
everything that happens around and above it using a fish-eye lens. The captured
video can be viewed by the parent as a virtual dome using an Oculus Rift HMD.
In contrast to a regular webcam scenario, parents can choose by themselves in
which direction they want to look by turning their head in the desired direction.
This direction is also displayed to the child via OctiCam’s glowing eyes that have
a resolution of 16 possible states. This way the child will always know where its
parent is currently looking.
In a qualitative study we hope to receive positive feedback about the users’
experience using OctiCam and the benefits they see in our concept as opposed
to a regular face-to-face webcam scenario, e.g. a regular Skype call.
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Abstract. We have investigated strategy change in an aversive auditory
discrimination task for rodents with multiple contingency reversals. This
animal model can be regarded as as valid testbed for strategy selection
procedures to be implemented in a Companion system, as 1) the system
must adapt after having received deprecatory feedback, and 2) be able
to flexibly switch strategies without re-learning task contingencies. We
found that gerbils trained in a serial reversal task under different negative
reinforcement schedules employed different superordinate strategies to
cope with the overall task demands.
Keywords: Mongolian gerbil, shuttlebox, reinforcement learning, reversal learning, strategy change

1

Introduction

One of the major challenges of a Companion system is the ability to adapt
behavioral strategies to different circumstances. Preferably the Companion has
all necessary information to take decisions, but in the real world not all information is available, reliable or relevant, e.g. decisions which are correct in one
context or to one user might be incorrect in another context or to a different
user. Reinforcement learning theories can only sub-optimally solve this problem,
as conflicting situations require a complete re-learning. This re-learning would
take longer (with identical parameter sets) than the initial learning phase due
to inference phenomena from previously learned strategies (policies).
Several studies in man and higher animals show improved performances over
successive stimulus-action reversals. This suggests that these animals do not relearn the actual contingencies of the task. However, there are differences in the
performance between species and task demands [2, 10, 5, 6, 3, 7, 11, 8, 1, 4].
To guarantee a flexible operation of a Companion system, it should be able to
hold multiple sets (or strategies) and to switch between these policies. During
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this process the system ideally does not rely on additional external cues but
solely on feedback obtained in a few number of trials. An experimental method
to enforce the formation of such different strategies and test for them in an
animal model is serial reversal learning. Understanding how and when animals
switch strategies will broaden the knowledge base for the implementation of such
higher cognitive abilities in a Companion system.
This study was designed to investigate behavioral strategy change in an animal
model that is (1) sufficiently complex to show all relevant phenomena, and (2)
sufficiently simple to allow neurophysiological analysis of the underlying mechanisms. Specifically, we studied Mongolian gerbils during a serial reversal task
in two-way active avoidance (2-WAA) learning in the shuttlebox. We have previously demonstrated that reversal learning in Mongolian gerbils is a valuable
model for studying the neural basis of cognitive flexibility [4]. By assessing two
reinforcement schedules we analyzed also the influence of feedback on switching
strategies. The results represent the behavioral basis for further investigations
of the implicated neuronal circuits during reversal learning and also provide
information how strategies should be changed within a Companion system.

2
2.1

Methods and Material
Shuttlebox Serial Reversal Paradigm

Symmetric Reinforcement Group (FA-FS) Male Mongolian gerbils (n =
22) were trained in a 2-WAA paradigm [9] in a shuttlebox. Specifically, the animal subjects were trained to discriminate frequency modulation direction of
tones (2-4 Hz and 4-2 Hz). During Go-trials, the conditioned stimulus (CS+)
was presented and shuttling to the contralateral compartment within 6 s after
stimulus onset was scored as hit, while longer latencies lead to a miss score and a
mild foot-shock punishment applied via the grid floor of the shuttle box. During
NoGo-trials the CS- was presented and animals had to stay in the ipsilateral compartment for 12 stimulus repetitions for a correct rejection score; shuttling within
this time window (false alarm) was punished with foot-shock as well. Auditory
stimuli were terminated in the false alarm condition with foot-shock delivery.
During Go-trials the stimuli were turned off either after successful shuttling or
with the delivery of the foot-shock (miss condition). Animals were trained in
daily sessions with 50 % CS+ and 50 % CS- trials in pseudo-randomized order.
Daily sessions consisted of 60 (n = 19) or 96 trials (n = 3); for that reason
analyses and comparisons were based on blocks of 24 trials.
Asymmetric reinforcement group (FA-no FS) Another group of animals
(n = 16) was trained in the same serial reversal task but with an asymmetric reinforcement regimen. These animals only received a foot-shock for miss
responses, but not for false alarms. Hence, the conditioned stimulus for NoGotrials (CS-) during each training phase presumably had a neutral connotation.
All animals were trained with 96 trials per session (50% Go trials, 50% NoGo
trials, pseudo-randomized order).
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Contingency reversal Discrimination performance was monitored on a daily
basis by assessing psychophysical d’ values for hit and false alarm rates [12]. If a
subject reached the criterion of two out of three sequential sessions with d’ values
≥ 1, it was trained in the next reversal phase, in which stimulus contingencies
were reversed. During a reversal the former CS+ stimulus, for instance a train
of rising FM-tones, that had been associated with a Go-response now signalled
a NoGo-trial, while the former CS- stimulus (a train of falling FM-tones) now
required the animal to change the conpartiment in order to avoid the shock.

3

Results
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Fig. 1. Individual learning curves of animals trained in serial reversals of auditory
discrimination learning in the shuttlebox. The subject trained with a foot-shock on
false alarm responses (symmetric reinforcement schedule, upper row ) fell back to an
escape strategy after multiple contingency reversals. Animals from this group generally
showed an overall increase in the number of foot-shocks they received during each
reversal phase. The exemplary animal trained in an asymmetric reinforcement schedule
did not receive foot-shocks on false alarms (lower row ). This subject evolved the overall
strategy to cross the shuttlebox hurdle in every trials indifferent of CS type. It can be
seen that this led to an overall decrease in the number of shocks this subject received
during every reversal phase. Note that the animal of the FA-FS group was trained with
60 trials per session and the FA-no FS subject with 96 trials per session.
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Fig. 2. First training blocks with above chance Go and NoGo performance. Animals
trained with a false alarm foot-shock (left, n = 22) quickly showed above chance performance in NoGo trials (decreased FA) but compared to animals trained without FA
foot-shock (right, n = 16) took longer reach above chance performance in Go trials.
These animals subsequently needed more blocks to decrease FA behavior in successive
contingency reversals.

To analyze their cognitive flexibility during serial contingency reversals in
terms of strategy development, two groups of Mongolian gerbils have been trained
in a 2-WAA task with different reinforcement schedules: one with a symmetric
negative reinforcement on missed Go-responses and false NoGo-jumps (FA-FS
group) and the other with an asymmetric reinforcement schedule in which the
foot-shock was only delivered for a miss response (FA-no FS group).
In both groups multiple contingency reversals were possible, although the dropout
quote of animals failing to meet a reversal criterion (two out of three sequential
sessions with a d’ value above 1, data not shown) was quite high in each reversal
phase (approximately 30 %). The dropouts originated in the applied learning
criterion that collided with different overall strategy development within each
experimental group (individual examples from both groups: Fig. 1).
We observed that subjects from the the FA-FS group after being trained with
multiple contingency reversals, mostly relapsed from avoidance to escape behavior, i.e. they waited till shock-onset to cross into the other compartment.
Thereby the animals increased the number of misses (linear regression on logarithmized misses, R2 = 0.005, p < 0.001) and false alarms (linear regression
on logarithmized false alarms, R2 = 0.10, p < 0.001), but also the number of
foot-shocks they received (R2 = 0.02, p < 0.001; individual example: Fig. 1, top
right). For this group this appeared the most frequently applied strategy to cope
with multiple stimulus-action association switches.
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In the FA-no FS group animals typically ceased discriminating between the two
CS classes. Instead, they began crossing the hurdle independent of CS+ or CSpresentations. This led to an overall decrease in the number of shocks these
animals received (linear regression R2 = 0.08, p < 0.001; individual example:
Fig. 1, bottom right). In both groups serial auditory discrimination learning led
to a strategy that bypassed frequent re-learning.
Surprisingly both groups developed an overall strategy that optimally addressed
the serial reversal training in its entirety, considering more switches to come.
This superordinate strategy switched from a solution that best served the contingencies in the actual reversal phase to a policy that optimized the serial aspect
of the training.
Comparing animals that have been trained with a false alarm foot-shock regimen
to a group that has been trained with a neutral CS- revealed also prominent
differences in terms of increased learning dynamics. For each animal the first
block with above chance performance in during Go- and NoGo-trials was determined (binomial tests). Assessing blockwise performance (one block = 24 trials)
yielded tendencies for increased Go-behavior on Go-conditions in every sequential reversal phase in the FA-no FS group (Fig. 2, right panel ; linear regression
on logarithmized values R2 = 0.14, p < 0.001) with simultaneous increases of
the block numbers to show above chance crossing responses in NoGo conditions
(linear regression on logarithmized values R2 = 0.48, p < 0.001). In the FA
foot-shock group (Fig. 2, left) subjects decreased crossings in NoGo conditions
(false alarms) constantly fast (linear regression on logarithmized values R2 =
0.21, p < 0.001), while displaying the tendency to increase in the number of
blocks needed to perform hits above chance (linear regression on logarithmized
values R2 = 0.07, p = 0.09). Inferring from the above results, while we could
see faster learning dynamics especially in the FA-no FS group, switching contingencies was superseded by the implementation of the respective superordinate
strategy in both groups. Interestingly we observed a large inter-individual variance in the duration of the training necessary until animal subjects started using
a superordinate strategy.

4

Conclusions & Outlook

Mongolian gerbils were trained in an auditory discrimination task with multiple
serial contingency reversals. Applying two reinforcement schedules, one with an
aversive foot-shock on both, miss responses and false alarms, the other only
punished on missed Go responses, surprisingly led to a development of different
superordinate strategies in both experimental groups.
The FA-FS group relapsed to an escape strategy, in which the animals positioned
themselves close to the hurdle and awaited the shock-onset, then crossed. This
strategy needs no stimulus-action mapping, but only a signal detection process,
sparing the organism to invest into cognitive processing. At the same time the
overall metabolic effort is increased, as the animals also make more false alarms.
This strategy appears suboptimal at first glance, but might represent a valid
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solution to minimize their overall effort in the serial reversal task.
The FA-no FS group, on the other hand, stopped discriminating between the
two CS and crossed the hurdle during every trial. This strategy also entails a
high metabolic effort in terms of jumping, while resting cognitive efforts. The
strategy allows the animal subjects to evade aversive foot-shocks optimally.
It appears plausible that a Companion system can encounter situations (such as
limited time amount) that force it to apply a suboptimal strategy that rather
minimizes an overall “effort”, than finding an optimal solution. While a Companion system should be capable of switching strategies without new low-level
learning, it should also contain thresholds when to solve problems in a low effort range. This could be of importance for operating the Companion during
energy-strapped periods, for instance. To identify such thresholds will be a future challenge for designing Companion systems.
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Abstract. In this paper, we present a user typology worked out on the basis of
users’ experiences of a Wizard of Oz simulated individualization-focused usercompanion interaction. These experiences were collected by qualitative indepth user interviews and analyzed by applying qualitative content analysis. Six
categories representing system- as well as self-related experiences were revealed and made up the basis for developing ideal types of users. These, namely
the Nonreflecting, the Complaisant, the Skeptic, and the Self-doubting, are
characterized in terms of their individual experiences regarding the system as
well as their specific reactions in the interaction with it.
Keywords: Users’ Ascriptions, User Experience, Companion-systems, Individualization, User Typology, Ideal Types, Qualitative Research.

1

Introduction

Companion-systems shall be empathic assistants, which are available, reliable, cooperative and trustworthy (e.g. [1]). Besides the technical realization of these so-called
Companion-features, acceptance and success of these systems crucially depend on
users’ individual experiences of these features while interacting with the system.
Users’ Ascriptions in UCI. Following a constructivist perspective on users’ experiences of user-companion interactions (UCI), it is the user himself creating his individual view on the system by means of (mostly unconscious) ascribing to it and experiencing this ascription-based view as ‘objective reality’ [2,3,4]. In UCI, anthropomorphic ascriptions of human-like mental states (e.g., wishes, aims, feelings) seem
probable [2,3,4], because (1.) in realizing Companion-functionality systems exhibit
social cues that may evoke the perception of a social actor (theory of social response,
e.g. [5]), and (2.) explanations of system’s behavior by referring to its construction
and functioning seems improbable because of its complexity, so users will draw on
ascribing mental states to interact effectively (Intentional Stance, [6]). The individual
experiences resp. ascriptions are supposed to guide users’ behavioral choices in the
interaction.
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Individualization, Users’ Ascriptions, and Self-disclosure Choices in UCI. Companion-systems need information to adapt to the individual user and fully evolve
Companion-functionality. Depending on context and information type, the user will
have to disclose even private and intimate information directly. Such disclosures entail high-risk information and may induce feelings of vulnerability (e.g. [7]). Presumably, in such sensible interaction situations users’ self-disclosure choices will be
highly influenced by his ascriptions to the system [4]: positive ones (sensibility,
trustworthiness etc.) may lead to profound disclosure without feeling uncomfortable,
whereas negative ones (malice, pursuit of dominance etc.) may evoke unpleasant
emotions and decrease or termination of cooperativeness. Understanding the interplay
between users’ ascriptions and self-disclosure choices in individualization phases may
contribute to explain users’ often surprising decisions ignoring rational principles [8].
Research questions and research approach. This study examines users’ systemand self-related experiences in individualization-focussed UCI. In order to follow this
individual-centered perspective, a qualitative research logic is applied. This assumes
that sense and purpose of experiences can only be accessed by the subjective meaning
the experiencing person attaches to them [9]. Primary objective is the construction of
ideal types [10,11] structuring and describing the variance of users’ experiences. Positioned between empiricism and theory [12] these contribute to a fundamental understanding of users’ inner processes during individualization-focused UCI.

2

Material and Methods

Experimental Basis. User interviews were conducted subsequent to widely standardized Wizard of Oz (WOz) experiments [13,14]. Therein, a speech-based interactive
dialog system with a male machine-like computer voice and a graphical interface was
simulated. This should represent a preliminary step towards Companion-systems. This
study concentrates on users’ experiences of the first experimental module simulating
an individualization-focused interaction (‘Initial Dialogue’, [13,14]). Therein, personal and intimate information were gathered (e.g. full name, open self-introduction aiming at information about i.a. family, clothing size, and recent emotional events). The
system design principles (no self-referencing pronouns or active forms, speech-based,
pretension of personal assistance and individualization) as well as module design
principles (high standardization, minimal visualization) provide openness for users’
ascriptions. Thus, these seem to be appropriate for the research objectives.
Interview Design. The semi-structured interviews focused on users’ experiences of
the simulated system and the interaction with it. They entailed an initial open narration stimulus: Users were asked to tell non-restrictively about the experiment and
their thoughts and feelings occurring during the interaction [2]. Users’ narrations
evoked by this stimulus entailed a lot of spontaneous expressions of experiences.
Thus, these made up the material basis for this study.
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Sample. Following the criterion of theoretical saturation [15] 31 interviews were
analyzed. In order to maximize variance, they were chosen on the basis of a qualitative sample plan [12]. This allowed to achieve sample heterogeneity regarding age
(18-28 and >60 years), gender and educational level [2].
Interview Analysis. The study aimed at constructing ‘ideal types’ [10,11]. These are
theoretical constructs (models), which go beyond simple descriptions because of an
intended enhancement of selected type characteristics.
Qualitative Content Analysis, Resulting Category System. Initial narratives were transcribed and broken down into meaning units (MUs, [16]). MUs representing reflections on the ‘Initial Dialogue’ were condensed utilizing methods of summarizing
qualitative content analysis [17] and then grouped according to similarities and differences. These groups constituted a set of subcategories (3rd level), which in turn could
be arranged into main categories representing a higher abstraction level (2nd level).
These were assigned to system- and self-related experiences (1st level categories) (cf.
Table 1). All 1st, 2nd, and 3rd level categories made up a category system (cf. [4] for
detailed descriptions of the categories).
Table 1. Overview of the category system
st

1 level
category
system-related
experiences

self-related
experiences

2nd level category
(No. of 3rd level subcategories)
Nature of the system: between man and machine (7)
Capabilities of the system: between impressing and
frightening (7)
Requirements by the system: between expectable and
strange (8)
Relational offer of the system: between insensitive
and recognizing (12)
Adaptation work of the user: between degrading
oneself and making oneself available (6)
Self-disclosing behavior of the user: between
subjection and control (11)

Construction of Ideal Types, Assignment of Cases. All 31 cases were compared and
contrasted regarding their manifestations (subcategories) in all comparative dimensions (2nd level categories). Similar cases were grouped and differentiated from dissimilar ones (internal homogeneity and external heterogeneity of types). Regularities
in the combinations of the manifestations were identified and analyzed in terms of
content-related contexts of meaning. Based on these combinations and contexts of
meanings four ideal types regarding experience and interaction behavior during the
individualization-focused interaction were constructed (cf. [12] for details of the construction process). Finally, each of the cases was assigned to exactly one type.
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Results

In the following, the four ideal types are described and illustrated by exemplifying
user statements.
The Nonreflecting – Information-disclosure without questioning it. Five of all 31
cases were assigned to this ideal type. These are balanced regarding sex and age, and
mostly have lower levels of education. System- and self-related reflections are equally
very rare in these cases.
The system is accepted as it is and the requirements it imposes are evaluated as ordinary (tendency to normalize). Apparently, the Nonreflecting does not question potential aims of the system or thinks about what or whom he is interacting with. This
might be grounded in experiencing the system as a trustworthy counterpart that is
well-disposed towards him. Generally, for the Nonreflecting it is easy to interact with
the system. He perceives its questions as tasks assigned to him and hence works them
off obediently without further reflecting this behavior. Thereby, he unwarily subjects
to the system, i.e. uncritical self-disclosure (“I just worked it off and done”, MS).
The Complaisant – Adapting oneself to a strange counterpart. Ten of all 31 cases
were assigned to this ideal type. These are predominantly young women with higher
educational levels. Equally many system- and self-related reflections are found in
these cases.
The system appears non-human and imposes strange and therefore unsettling requirements on the user. Although functioning unexpectedly well, it exhibits deficits in
communication and empathy by not respecting privacy limits or by not revealing its
aims. However, the Complaisant condones those misconducts experiencing them as
not intended or malicious. His positive attitude towards the system is grounded in
interpreting a positive and user-oriented relational offer of the system, namely adapting to him and having real interest in him. This motivates him to support the system in
return. He does his best to adapt optimally to system’s particularities and shortcomings in order to achieve mutual understanding and ensure a successful interaction
(“then somehow I should introduce myself, I thought ho okay what may be important
for this computer program”, UK). Even if he does not reveal information at all costs,
he orientates himself more towards system’s needs than considering his own, e.g.,
regarding privacy. Thereby, he supports the system to ‘allegedly’ support him.
The Skeptic – Cautiously finding ones way while faced with fear and skepticism.
Ten of all 31 cases were assigned to this ideal type. These are predominantly young
men with higher educational levels. Most reflections of them are system-related ones.
The system is experienced as an impressing, inscrutable and powerful counterpart.
While the Skeptic initially admires the unexpectedly good system performance, he
increasingly doubts its utilization for good and user-oriented intentions. This impression arises because of the demanding and compelling system behavior. The mixture of
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human- and machine-like system aspects (hybridization) makes the Skeptic feel uneasy. Mistrust and skepticism are fueled by the non-revelation of (expected selfserving) system aims (“for me trust in such a software doesn’t occur, skepticism remained continuously”, SP). By disclosing information in a thoughtful way, the Skeptic tries to keep or regain control. However, ambivalence regarding the system (Friend
or enemy?) persists until the interaction ends.
The Self-doubting – Self-reproaching of one’s own shortcomings. Six of all 31
cases were assigned to this ideal type. These are predominantly older women with
lower educational levels. Most reflections of them are self-related ones.
The system is experienced as a non-deficient technical counterpart, which judges,
assesses and evaluates the user in order to be able to adapt to his abilities. The Selfdoubting continuously anticipates system’s expectations regarding his behavior in
order to adjust to these, which he sees as his duty. On the contrary, contemplating
thoroughly about underlying system aims, its behavior, nature or capabilities recede
into the background. However, the Self-doubting anticipates system’s judgment and
evaluation by being convinced of his shortcomings. Because of focusing own deficits
he does not reflect on his subjection to the system (“I hope I do this right”, BP).

4

Summary and Conclusion

In this study, typical patterns of users’ ascriptions and users’ reactions towards those
ascriptions in individualization-focused UCI have been worked out. All of them are
pervaded by a type-specific (more or less aware) degree of feeling insecure regarding
system’s nature and behavior, by a more or less intensive struggling for control and
by the growth of mistrust when facing system’s request to subject to it. While the
Nonreflecting totally defenses uncertainty by denying irritations (in psychoanalytical
way), the Complaisant generally shows low uncertainty levels and, if necessary, applies a kind of positive reinterpretation (system as incapable, hence needing). The
Skeptic seems to be highly aware of feeling insecure and the Self-doubting confines
himself to internal attribution, maybe for the purpose of handling uncertainty. Consequently, the Skeptic is associated with the highest risk for decreasing cooperation or
breaking up the interaction, whereas the Nonreflecting seems to have the highest tolerance level regarding irritations caused by the system. The results underline the importance of type-specific, if not individual design principles for such a sensible situation like the individualization phase in UCI. These should aim at enabling each individual user to disclose even private and intimate information self-determinedly without feeling insecure, ashamed, annoyed or frightened in line with a mild-positive attitude towards the system resulting from mainly positive ascriptions to it.
Acknowledgments: The presented study is performed in the framework of the
Transregional Collaborative Research Centre SFB/TRR 62 "A CompanionTechnology for Cognitive Technical Systems" funded by the German Research Foundation (DFG). The responsibility for the content of this paper lies with the authors.
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Abstract. Instead of building user-specific companion systems a multitude of research is focused on giving those systems better cognitive
capabilities which such they are able to adapt their behaviour to the
users’ desires. For systems which are supposed to solve one or a few
certain tasks adapting behaviour is a powerful method to increase the
users’ acceptance of such systems. Robot companions represent a subset
of companion technology. Studies revealed that the requirements made
on a robot companion are very idiosyncratic. Consequently, users should
be given the possibility to create their own applications. In this extended
abstract a framework allowing users without greater expertise to create
custom applications for their robot companion is presented. At the same
time the robot adapts its behaviour within such an application based on
feedback gathered from the environment.
Keywords: Human-Robot Interaction, Artificial Intelligence, Companion, Exploratory Study

1

Introduction

For creating robot companions supposed to serve multiply purposes one important evaluation aspect is the question on how to build a system finding the
users’ acceptance? Therefore, it is important to consider the system perspective
but also the user’s perspective for developing companion technology successfully
[7]. Several studies concerning Human-Robot-Interaction (HRI) aspects were
conducted in which subjects were interacting with robots in different applications. Most of the applications have one in common: their creation required a
huge amount of technical expertise such as implementing cognitive competences,
gathering a priori knowledge, building mental models and so on. In contrast to
that customizable robot companions should give users the possibility to create
new applications even for non-expert users. A study concerning the evaluation
of different development environments for autonomous mobile robots showed
that even experienced users had difficulties by using those [5]. The difficulties
occurred partially at the installation process.
It can be assumed that applications configured by non-experts have a less
complexity compared to applications created by experts. Consequently, it is
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mandatory to have experts creating complex applications but also an important feature to give even users without programming skills the possibility of
enhancing their robot’s capabilities. Especially as it has been shown that this
kind of self-efficacy leading to a more favourable evaluation of the respective
system [4]. Imagine a private person buying a robot which is able to clean up, to
do the shopping and so on. Now the user would like the robot playing the card
game 17+4 with guests but this capability is not yet implemented. Usually an
expert would be necessary to implement the game with all its rules. With the
framework presented here no expert is needed for that purpose. Instead of implementing all rules, the user is able to train the robot via feedback. Therefore,
the user has to define the recognizable stimuli (cards), the executable actions
(hold cards, take additional card) and the way how feedback can be given to the
system. Based on this information the framework is able to run this application
within which the robot is able to adapt its behaviour. The different parts of the
framework consisting of a decision making algorithm, the implementation of this
on the humanoid nao robot, a tool for non-expert users and results concerning
HRI aspects are described briefly in the following. These components are part
of the first iteration of the development process. Based on the gathered results
subsequent research steps are presented which include preliminary results of the
current work in progress as well as future directions.

2
2.1

System Overview
Learning- and Decision Making

In order to ensure that the robot is able to adapt its behaviour, an algorithm
suitable for customizable robot companions is needed. In particular this means
the algorithm has to be applicable to variant tasks, its usage should not require
knowledge about its internal computations and the user should not be forced to
give values for sensitive parameters to the system manually. Due to that reasons, an algorithm has been chosen which is applicable to any stimulus-response
task [2]. This algorithm is a reinforcement learning method inspired by Damasio’s Somatic Marker Hypothesis (SHM) [1]. The SMH describes the influence
of emotions on the human decision making process. Somatic markers form an
emotional memory assisting decision making. A somatic marker is created for
each pair of a stimulus and an action. Each of which represents the expected
outcome of deciding for a particular action when a specific stimulus is present.
After each decision the corresponding somatic marker is updated based on a
gathered reward. Taking the card game 17+4 as an example, the robot is able
to recognize 21 different stimuli representing all accumulated card values (set
S). Furthermore, the robot is able to choose either to take an additional card or
to hold its cards (set A). The goal of the game is reaching an accumulated card
value coming as close as possible to 21 without exceeding this value. In order to
teach the robot the rules rewards are needed (set R). Given this terminology,
the in the following presented implementation of the algorithm offers an XML
interface to define this information without any programming is necessary.
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...
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Actions
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Fig. 1. Overview of the framework and how users with different levels of competences
are connected.

– S = {V
{z }, ..., V
{z }}
| alue1
| alue21
s1

s21

– A = {Additional
Cards}}
{z Card}, |Hold{z
|
a1

a2
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2.2

Implementation on the Robot and Configuration Tool for
Non-Expert Users

The algorithm was implemented on the humanoid nao robot of the Aldebaran
Company [3]. An overview is shown in Figure 1. Modules are pieces of source
code written in C++ (e.g. the implementation of the decision making algorithm
presented in the previous subsection). For the implementation a modular structure inspired by human brain parts was used [6]. The different Modules can
be divided into four areas of responsibility: stimulus recognition, decision making, execution of actions and creation of rewards. The Somatic Marker Network
is represented through a behaviour network created with the software Choregraphe of the Aldebaran Company. The network is responsible for the data flow
between the different modules. Actions (e.g. making the robot ask for an additional card) are also represented through behaviour networks which can be
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Fig. 2. Setting of the game 17+4.

started and stopped by the Somatic Marker Network. The implementation offers an XML interface for providing all information to create an application such
as described in the previous subsection. The values of the robot’s sensors as well
as the results provided from high level modules such as the face recognition can
be used to define stimuli. As actions the names of the behaviour networks created in advance are used. The way of giving rewards can be defined similar to
the stimuli. As writing XML code still is too difficult for non-expert users, a configuration tool (Conf-Tool ) offering a GUI for hat purpose has been created and
evaluated concerning usability. While the used algorithm ensures the adaption of
the robot’s behaviour, the Conf-Tool ensures the adaptivity of the system. Users
of the group Computer Scientist are able to perform modifications without limitations. The group Researcher is representing all users with more competences
than non-expert users but not as much as users from the group Computer Scientist. Those users are e.g. able to create actions. Non-expert users are connected
to the system via the Conf-Tool and e.g. can use actions provided from users
with greater competences for creating applications.
2.3

Study Concerning HRI Aspects

A study was conducted to investigate how the robot’s learning capabilities are
perceived by humans. The interaction consisted of the subjects playing the game
17+4 with the robot. Figure 2 shows the setting. As stimuli the robot was able
to recognize the different cards and was able to either ask for an additional
card or to end this round. It was the subject’s goal to teach the robot the rules
via feedback by touching the robot’s hands or feet. This created a cooperative
playful interaction. This application was created without any programming by
just providing an XML configuration file to the system for its creation the ConfTool can be used. Table 1 shows some of the gathered results. While the learning
speed of the robot was rated as mean, it has to be noticed that only the half
of the subjects have recognized the robot’s learning progress. With the data
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Decision Making
Algorithm

Configuration
Tool

Usability Study

Implementation on
the Nao-robot

HRI Studies

Fig. 3. Overview of the accomplished steps (boxes and continuous lines) and following
steps (dotted and dashed lines).

gathered it was possible to draw conclusions for this small number of subjects
having recognized the learning progress. This and further points of contact for
subsequent research are presented in the next section.
Table 1. Participants’ perception of the robot’s decision making behaviour.
Item

Study 17+4

Did you recognize the robot’s learning progress?
I have perceived the learning progress as being...
(1=very fast, 5=very slow)

3

N =21; Yes: 52.4%
N =12; M =2.83; SD=.84

Work in Progress and Future Directions

An overview about completed and further steps is shown in Figure 3. Of course
each step has to be enhanced in order to improve the whole framework. For
the enhancements conclusions drawn based on the evaluations can be used. The
gathered results revealed several points of contact for subsequent research. Unfortunately, the robot’s learning process was recognized by circa only the half
of the subjects. It can be assumed that the number of rounds played (15) was
not sufficient for the robot to apply its experiences. Furthermore, the algorithm
was programmed in a way that for each stimulus each action is tried once before
decisions were made based on the gathered experiences. This led to participants
got confused as their initial feedback might be ignored by the robot. Based on
these insights, the experiment was repeated with 25 rounds played and a slightly
modified version of the algorithm. Due to the modification, the robot did not
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try each action once. Consequently, decisions are made based on gathered experience immediately. A preliminary analysis of the new data gave evidence that
the correct conclusions were drawn from the results gathered previously. This
time 95% (N=40) of the subjects have recognized the learning progress with a
similar mean for the learning speed N =40; M =2.68; SD=.92.
For now the evaluation of the tool for non-experts was done separately from
the HRI studies. As already mentioned in the introduction, there are correlations
between both steps. Therefore, subsequent studies have to be conducted with
one group just interacting with the robot while the other group configures the
application previous to the interaction.
Additionally, the framework could benefit from improvements made on the
learning and decision making algorithm. For now, there is no mechanism implemented to generalize knowledge, leading to the robot has to learn for each
stimulus. For example, the robot has learned to draw an additional card for an
accumulated card value of 8, then this information can be used to conclude that
the same behaviour might be advantageous for an accumulated card value of 7.
Of course it is possible to make the robot more smart for this particular task but
all mechanisms should not require implementing a priori knowledge. Therefore,
the knowledge generalization has to be based on analysing stimuli and search
for similarities but also has to take gathered experiences connected these stimuli into account. In this section only some aspects for subsequent research are
listed. However, the framework allows doing research in variant topics connected
to robot companions be it focused on artificial intelligence, usability or HRI.
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Abstract. Despite best efforts to design systems as intuitive and userfriendly as possible, negative emotions cannot completely be prevented from
arising in interactions. Thus, applying affective interventions to help deliberately frustrated users to recover from negative emotional states is a promising approach, which has already been shown to be valuable. However, until now it is
poorly understood why this is the case and how users experience affective support provided by technical systems. In this paper, partial results of an empirical
qualitative study analyzing users’ experiences and meaning making processes
regarding an affect-oriented intervention, which was applied in a critical dialogue situation of user-companion interaction, will be presented. The results
were obtained by constructing five ideal types of user experience. To clarify,
that interventions are not per se perceived as helpful, two of these ideal types,
which denote a primarily negative experience, will be described in detail. Implications for individualized technical systems, like companion-systems, will be
discussed.
Keywords. Intervention, User Experience, Qualitative Research, Interviews,
Ideal Types, Affective Computing, Frustration, Human-Computer Interaction

1

Introduction

For individualized technical systems, like companion-systems [1,2], it is crucial to
adapt the functionality to individual users, their current needs, requests, situation, and
emotion. However, despite best efforts to design systems as intuitive and user-friendly
as possible, even individualized systems are not immune from problems occurring in
the interaction. For instance, if an interaction not proceeds as desired by the user, e.g.
when goal attainment is hindered, negative emotions may arise. Especially negative
emotions, such as distress, frustration, anger, anxiety and sadness have been found to
be associated with many unpleasant effects, like decreased ability to pay attention and
think creatively or increased likelihood to take risks [3].
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Taking emotions as an integral part of the human-computer interaction into account has led to the development of affective interfaces that respond to users’ emotions. These Interfaces have been shown to enhance, but also hinder interactions (e.g.
Beale & Creed [4] regarding embodied agents). However, in terms of helping deliberately frustrated users by applying affective interventions, results seem promising.
Providing emotional support toward users led to the relief of negative emotional states
like stress [5] or frustration [6], enhanced the problem solving capabilities [7] and
improved the willingness to further participate in a given task [8]. Although these
studies demonstrate that synthetic emotions can help frustrated users, it is still poorly
understood why this is the case [4]. Interventions’ effectiveness was measured either
by obtaining user perceptions through questionnaires (ratings of frustration, valence
and arousal and ratings of the interaction in general on predefined scales), observing
user behavior or analyzing user performance data. Besides these ratings, the question
of how users experienced the interactions and more specifically the affective interventions remained unanswered.
Especially for companion-systems it will be important to be able to not only recognize negative emotions in users, but also to react adequately. Thus, in order to develop
appropriate strategies for such interventions, first of all it is important to understand
how affective support provided by technical systems is experienced by users. Hence,
the aim of the study this paper is based on, was to explore how users experience an
affective intervention, which was given to them in reaction to a critical dialogue situation. More specifically, individual interpretation and meaning making processes regarding the intervention should be identified. For that purpose, a user typology (more
precisely ideal types in the tradition of sociologist Max Weber) was built by applying
a qualitative research methodology. Typologies are generally useful for structuring
empirical phenomena by dividing people into distinct groups with high intern homogeneity and high extern heterogeneity and thereby help to understand contexts of
meaning.
In this paper, some of the results of this study will be presented. Those two of altogether five ideal types, which denote a primarily negative experience, will be described in detail. Especially the consideration of the influence negative experiences
can have on users’ self-perception as well as on their perception of the system in general, shall clarify that affective support is only helpful when it fits users’ needs, demands and expectations.

2

Empirical Investigations

Wizard of Oz Experiment. The study builds on a widely standardized empirical
Wizard of Oz experiment [9]. In cooperation with a speech-based dialogue system,
which represents a preliminary step towards future companion-systems, participants
had to pack a suitcase for a holiday trip by selecting items from a catalogue depicted
on a screen in front of them. At a certain point during the packing procedure, participants were informed about the actual weather conditions at the destination of their trip
(‘weather barrier’), which were different from what was suggested before. Therefore
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participants were required to repack their suitcase under increasing time constraints,
what was intended to cause feelings of stress and frustration. In reaction to this critical
situation an affective intervention was given to the participants (for a detailed description of the whole experimental design see [10]).
Affective Intervention. The affective intervention was meant to help participants in
reflecting on their critical situation and to offer support for recovery. It consisted of
three consecutive components (cf. Table 1) and was given to the participants as a
speech based audio output right after the weather barrier.
Table 1. Intervention components and corresponding speech outputs
Intervention component

Speech output

1. Empathic understanding

“Because of an interruption in the data line the information
about your destination could not be obtained earlier. Thus,
your situation surprisingly changed. The items you chose
suggest you had expected different weather conditions. If
you had known the actual weather conditions of your destination, would you have chosen different items? I’m interested in your opinion.”

2. Clarification of affect

“Did this situation also trigger any negative feelings? If so,
can you describe them?”

3. Encouragement

“I hope your motivation to further contribute to this task was
not affected by this too much.”

User Interviews and Sample. The interviews aimed at investigating how participants
experienced the interaction with the system and how they were affected by the intervention. For conducting the interviews, a semi-structured interview guide, including
open narration generating questions, was used [11].
In total there were 35 participants (17 female) who took part in the empirical experiment, received the affective intervention and were interviewed subsequently.
They were between 18 and 75 years old (two age groups: 18-28 and 60+) and had
different educational backgrounds. By investigating such a heterogeneous sample a
wide range of experiences should be grasped. This corresponds to the rationale of
qualitative research, which can be seen in the maximization of variance and in the
generation of hypotheses rather than in testing those.
Analysis Procedure. Initially, the audio records of the 35 interview were transcribed
(which resulted in 232 transcript pages) and the transcripts were imported into the
analysis software ‘MaxQDA’. In the first main step of analysis, which corresponds to
summarizing qualitative content analysis [12], the text was broken down into meaning
units (MUs) and these were assigned to the most suitable of five predefined categories
(1st level categories: experience of the context, of the system, of the relation to the
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system, of the intervention and self-related experience). The assigned MUs were then
compared to each other and grouped according to similarities. These groups constituted a set of subcategories (3rd level), which in turn could be arranged into main
categories representing a higher abstraction level (2 nd level).
In the second main step of analysis (which corresponds to an approach for building
typologies described by Kelle and Kluge [13]), those 2nd level categories referring to
the intervention (‘characterization of intervention’, ‘subjective relevance of intervention’ and ‘impact of intervention’) were focused. In order to construct ideal types,
each of these intervention-related 2nd level categories was dimensionalized into five
gradations by taking into account the assigned 3rd level categories. Next, by interpretatively relating the five gradations of each of the three intervention-related 2nd level
categories to each other, five ideal types were constructed. Finally, each of the participants was assigned to exactly one type.

3

Results

The constructed five ideal types reveal a broad variance in the subjective experiences
of the intervention. For the first type (‘The Relieved’) the intervention was clearly a
help, another (‘The Flattered’) felt pretty well entertained by it, although he didn’t
need the help that was offered by the intervention. The third ideal type (‘The Unaffected’) had no use for the intervention, because the experiment didn’t evoke any
feelings in him and moreover, in his opinion it is generally useless to talk about emotions with a computer. On the remaining two types the intervention had a primarily
negative effect. With regard to further improvements of interventions, it seems reasonable to draw conclusions from negative experiences. For that reason, in the following the ideal types ‘The Angered’ and ‘The Ashamed’ will be described in more detail. Figure 1 exemplifies how these user types basically experienced the intervention.

Fig. 1. Intervention-related 2nd level categories (‘characterization of intervention’, ‘subjective
relevance of intervention’ and ‘impact of intervention’) and the assigned 3rd level categories for
the ideal types ‘The Angered’ and ‘The Ashamed’
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‘The Angered’. Initially, ‘The Angered’ enjoys interacting with the system, but the
information about the changing weather conditions at the destination of the holiday
trip disappoints him and he holds the system responsible for this (“it knew for sure
that it had disappointed me with this”, KM). He feels not to be seen and not to be
taken seriously by the system, because this doesn’t live up to its promises and even
puts pressure on him by asking personal questions (“why does it want to know my
feelings now, of course everybody is angry when starting from false assumptions and
then it laxly states neener-neener your in the wrong winter”, AM). As a result, ‘The
Angered’ feels insecure and suspicious. Hence, instead of perceiving the intervention
as helpful, it has a rather negative effect on him.
‘The Ashamed’. For ‘The Ashamed’ it is most important to handle the experimental
task in the ‘right’ way. He feels that the system is superior to him, that it tests him and
that it critically evaluates his performance (“according to my computer at home I’m
the active one and the technology is inferior, but here the technology is superior and
so I have to do what it demands of me”, WF). In his opinion, he has failed in packing
the suitcase the right way and therefore feelings of insufficiency arise. Still, he considers admitting his failure towards the system as his obligation, because “when
you’ve made a mistake, you have to take the responsibility for it” (BP).

4

Discussion

In the further development of assistive technology, it is import to explicitly consider
negative user experience above ratings on predefined scales (e.g., in terms of liking)
or measurements of effectiveness. With regard to the increasing complexity of technical systems, it becomes more difficult for users to understand the functioning of
these systems as well as to interpret their aims and intentions. For that reason, users
have to draw on their own sense making processes (ascriptions) to arrive at reasonable
explanations. The results presented here indicate that users’ sense making processes
are not always positive and constructive. A well-intended offer of help can be reversed into the experience of a pressuring demand or a critical evaluation of performance, which again can result in feelings of insecurity or insufficiency. The impact of
such feelings on dialogue success and the general rating of the interaction is fatal and
an obstacle to the actual goal of user support.
The objective of this paper was to point out the variance of possible ways in which
an intervention can be experienced. Especially for the further development of assistive technology, which aims at reacting adequately to needs and states of its users
(like in the case of companion-systems), it is important to get an idea of the far reaching impact technical support can have on users’ system as well as self-experiences.
The extract of the developed typology presented here, already reveals the necessity of
individualized support. For instance, in the case of ‘The Angered’ it will be most
important to clearly explain how the system is functioning, which options to interact
the user has, etc., to prevent feelings of pressure or insecurity from arising. In case of
‘The Ashamed’ it is crucial to make clear that the system is not evaluating the user,
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that the user operates the system and not the other way around and that the user does
not have to fear negative consequences. Generally, emotional support provided by
technical systems has to be relevant for users and it should enable them to personally
relate to it. Otherwise it can have a negative effect on users’ interaction experience,
their overall liking of the system or in the worst case it can even lead to a decrease in
cooperativeness or to communication break ups.
Acknowledgments: The present study is performed in the framework of the
Transregional Collaborative Research Centre SFB/TRR 62 “A CompanionTechnology for Cognitive Technical Systems” funded by the German Research Foundation (DFG). The responsibility for the content of this paper lies with the authors.
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Abstract. Current approaches to stream reasoning neglect knowledge
about the system as a whole. We present first steps towards self-describing
streams by outlining a possible definition of the data produced by different streams. We give an outlook on future paths and how such descriptions can be used to improve reasoning about the streamed data.

1

Introduction

Building artificial intelligences and, more specifically, companion systems, requires technologies to capture human knowledge about the domain that the
system will interact with. The semantic web provides us with technologies like
OWL and RDF, which can be used to build machine usable knowledge bases
(also called ontologies) for this purpose. By modeling explicit knowledge, a reasoner can be used to derive additional, implicit information.
Similar to how classical relational databases store data, triple stores are used
to store knowledge bases and to provide access via a query language, namely
SPARQL. Modern triple stores use a technique called materialization to speed
up data access by making implicit knowledge explicit. Doing so is costly and,
therefore, many triple stores assume only infrequent updates to the stored data
(e.g. once every other week).
Now assume a system, which uses some domain about fitness to provide users
with assistance for planning and executing a workout specific to their needs.
Such a system will frequently receive changes to its world view (for example
information that a workout has been completed) from different sources (sensors,
other system components, . . . ). To cope with this, a knowledge base needs to
provide reasoning services on dynamic data.
Stream reasoning is the idea of combining triple stores with data streams,
which provide changes to the stored knowledge. The goal is to be able to perform
reasoning on vast amounts of data in real time. An often used example to visualize the concept is a traffic control system, which receives data from thousands
of sensors and is supposed to reason on the actual traffic conditions.
In the context of our fitness application, a stream of data might come from
a pulse sensor. With additional knowledge about the physique of different age
groups and the age of the current user, the stream reasoning system might
deduce, whether the current amount of exertion is appropriate for an exercise.

120

ISCT 2015

1st International Symposium on Companion-Technology

Current stream reasoning approaches handle the streams of data as if they
were black boxes. They assume no structure on the incoming data and utilize
sliding windows to make the calculation of the materialization bearable, combined with some other approaches [6, 2]. In this paper, we outline the concept
of self-describing streams: streams aware of the types of data they contribute to
the system, allowing for further optimizations in the materialization algorithms.
Section 2 introduces the necessary basics for this paper. Section 3 introduces
our contribution and outlines the future direction of our work. Section 4 provides
a short conclusion and outlook.

2

Preliminaries

The following sections of this paper introduce the basic concepts needed to understand our approach.
2.1

Semantic Web

Originating from the idea of enriching web pages with additional semantic information, the semantic web provides us with technologies for the construction
of knowledge bases for use with different kinds of applications.
Knowledge is written down in RDF triples of the form
subject predicate object .
denoting, that the subject is related to the object by a property predicate.
By defining semantics and special keywords, we can, for example, express
that someone is a man and that this man is married to someone else
John r d f : type Man .
John marriedTo Mary .
This example makes use of the predefined RDF keyword rdf:type, which expresses
that the subject of the triple belongs to some group or class of things we denote
by the object of the triple.
RDF only defines simple semantics. RDF Schema (RDFS) allows more advanced constructs. E.g., it is common knowledge that every thing we identify as
a Man (that is, it belongs to the class Man) is intuitively also a Person. RDFS
provides the keyword rdfs:subClassOf, which expresses exactly this relation:
Man r d f s : s u b C l a s s O f Person .
The Web Ontology Language (OWL) further extends the semantics of the
triples, allowing for the definition of complex classes, e.g. using a disjunction as
in statements like ”every person is a man or a woman”. OWL defines different
subsets of itself, differing in the provided reasoning features.
The triples of an ontology can be divided into different parts or boxes, the
most common being the T-Box and the A-Box. Without going into too much
detail, the T-Box is analogous to the schema of a relational data base, providing
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terminological knowledge, and the A-Box can be interpreted as the actual data,
providing assertional knowledge.
Knowledge bases consist of explicitly stated information, such as the triples
above. They also have some implicit information: For example combining the
triples about John with our statement about Man and Person results in the
information, that John is also a Person. Obtaining such implicit information is
the job of a reasoner.
More on RDF can be found in [7] and more on OWL in [8].

2.2

Triple Stores

Similar to how relational databases are used to store data for common applications, triple stores are used to store the triples of a knowledge base. To enable
easy access to the stored knowledge, they also provide a query language. The
most widely used one is SPARQL [4]. The interplay of a triple store and an
application is roughly depicted in Figure 1. Similar to SQL it allows the application to specify what data should be retrieved by matching a query onto the
triples. As opposed to relational data, a knowledge base should not only provide
information explicitly stored, but also information derived using reasoning.
Most of the time reasoning is costly and queries are usually of a rather
high frequency, while often requesting similar data. Therefore common triple
stores employ a technique called materialization to limit the actual reasoning
to a minimum. This technique uses a reasoner to derive all implicit information
hidden in the explicit triples (such as the ”John is a Person” information in the
example above) and adds them to the triple store. The store still keeps track of
which triples where originally there and which were added to the materialization.
When the information in the triple store changes, because new triples are added
or removed, the materialized triples are dropped and the store uses the reasoner
again to add implicit information.
Materialization itself is costly due to the reasoning involved and therefore
the data is only updated very infrequently. Furthermore, estimating the effects
of an update is already very costly and therefore recalculating the complete
materialization is often the more reasonable approach.

:s1 :p1 :o1 .
:s2 :p2 :o2 .
...
Triple Store

SPARQL

Application

Fig. 1. Triple store interacting with an application
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2.3

Stream Reasoning

Stream reasoning [10] is the idea of processing vast amounts of steadily incoming
data (for example from sensors) by using background knowledge from ontologies
to reason about the meaning of the data. Consider for example the setting of
a big factory, in which several thousand sensors monitor different parts of the
production process. A stream reasoner could use this data to continuously reason
about the productivity of the factory, check for errors and potential problems
etc.
In contrast to static triple stores, where all data is equally relevant, streaming data becomes obsolete after some time when new data arrives. Therefore
reasoning needs to be done continuously as the data changes, which means that
the maintenance of the materialization is a major problem.
Furthermore, instead of one-time queries to the knowledge base, stream reasoning considers on-going queries, which keep producing results as new data
is inserted. In our factory setting we usually don’t want to query only once if
everything is alright, but we want to keep asking this question.
C-SPARQL [1] is one approach to stream reasoning and an extension to
the SPARQL Query Language. It processes streams as RDF streams [3], which
consist of RDF triples annotated with timestamps, and evaluates the streaming
data over its modified query language. A more detailed overview of the general
architecture of a stream reasoning system can be found in [3] and [9].
To the core features of C-SPARQL belongs the notion of windows. A window
essentially describes which triples are evaluated with the query at each point of
time. It consists of a time range r and a time step s. Every s time units, the window slides forward and is evaluated over the triples seen in the last r time units.
This helps to reduce the amount of calculation needed in the materialization
step. In particular, [1] uses two optimizations: First of all, the materialization is
maintained via the general algorithm presented in [6]. Furthermore, [2] presents
an extension, which uses the fact, that the triple store already knows upon arrival
of a triple, when it will be discarded again.

3

Self-Describing Streams

We previously introduced the concept of stream reasoning and RDF streams.
Current works do not make any assumption about the data a stream contains.
Instead, streams are handled as black boxes producing arbitrary triples. Usually,
this is not the case. When constructing an application using a stream reasoner,
we already have knowledge about the data a stream will produce. Furthermore
we can assume that connecting a data stream to the system will not occur very
often and in particular all streams will most likely be connected during the set-up
of the system. We present an approach to specifying knowledge about the streams
such that a stream reasoner can use this information to optimize the calculation
of the materialization. The idea of self-describing systems (or components) is
not new. For example, in the semantic web area, SPARQL Service Descriptions
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[11], allow SPARQL endpoints (interfaces, which provide access to a triple store
via SPARQL) to describe their capabilities and the data they provide.
First of all, we assume that the provided data can be partitioned into distinct
events. Such an event might be a new pulse reading from a sensor or perhaps
a more sophisticated event from some preprocessing component, which delivers
more complex data. Furthermore, even though the actual data of an event might
differ, it is possible to group similar events. In the pulse sensor example, the
actual pulse readings only differ in the reading itself.
We therefore introduce the notion of stream statement. A stream statement
describes classes of events and consists of two parts: First, a definition of one
or more triples (forming an A-Box assertion) with template variables. Actual
events replace these template variables with actual elements. E.g., the triple
sensor1 pulseValue t1 .
with the template variable t1 could be part of a stream statement and a corresponding event could produce the triple
s e n s o r 1 p u l s e V a l u e ” 80 ” ˆˆ xsd : i n t e g e r .
We make the restriction to A-Box assertions, as streams should mostly only
deliver actual data to the system.
The second part of a stream statement provides restrictions on the template
variables, by specifying the elements which can replace them. These can be
literals (such as the ”80” above, which is typed as an XML-Schema datatype to
clarify its semantics), fresh elements never seen before, or elements which have
already occurred in the ontology or in other streams.
Each template variable can only have one specified source. If an event can
reference an element from several sources, it will be described using several
different stream statements, which will be grouped in a statement group.
Stream statements can be used as follows: Upon connecting streams and triple
store, each stream will provide all contributed statements. The triple store can
then decide, how it will react upon receiving an actual event through a stream.
At runtime, whenever a stream experiences an event, it will tell the triple
store to which statement group it belongs. Note that the stream cannot decide
efficiently if an element is new to the triple store, even when it knows which
source the element will have. Therefore the stream only declares which statement group the event belongs to and the triple store has to decide on the actual
stream statement, which should be an easy lookup on the nature of the provided element. Therefore stream and triple store together can classify incoming
events efficiently, allowing for optimized materialization routines depending on
the incoming element.
3.1

Where We Are so Far

So far we are still exploring the idea of self-describing streams. The definition
and syntax of stream statements needs to be formalized. The usefulness of the
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approach will have to be verified first as well, but declaring the information provided by a stream provides at least the possibility to speed up the materialization
by neglecting parts of the knowledge base, which clearly will not contribute new
triples in combination with the new data. This is possible through the use of
existing modularization algorithms such as [5].
We expect further optimizations to be possible, also empowered by the fact
that preprocessing the stream descriptions happens only at setup, allowing for
computationally expensive algorithms to be used.

4

Conclusion

We have presented a new approach to formalizing knowledge about streams in
stream reasoning. Careful considerations give rise to hope for a speed up of the
materialization time. Should the presented approach lead to a significant improvement, then perhaps future stream reasoners can consider different notions
of time and allow for different triple lifetimes, e.g. keeping data about users until
explicitly deleted, while still dropping pulse data frequently.
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Abstract. Autonomous self-driving vehicles may reach their system
boundaries exceptionally. Thus, de-escalation strategies are necessary.
Car-driver handovers are a user-centered de-escalation approach. Recent
research has shown that such handovers are feasible within a short period of time. However, it has to be proven if this also applies in severe
situations, which panic the human driver. Autonomous systems have to
know the capabilities of the driver to adapt the handover process to the
individual needs of the driver or to avoid handovers at all. We describe
the design space for such individualized handovers and discuss several
challenges for future evaluations.
Keywords: Car-driver handover, Autonomous driving, User-centered
design, Human-computer-interaction, Human factors

1

Introduction

Autonomous driving relies on the proper performance of the utilized sensors
and the operability of the system itself. If a traffic situation does not fulfill the
requirements of a specific sensor, it is likely that there are fallback options that
keep the autonomous system running. Nevertheless, if there are major parts of
the overall system disabled that could not be compensated by other units, the
system has to de-escalate this issue. A basic approach would be to stop the
vehicle. In contrast, a more sophisticated way might be to shift the control from
the autonomous system to the driver – a car-driver handover. According to Gold
and Bengler’s definition of a generic take-over situation [3]: As soon as a vehicle
recognizes its system boundary, it asks the driver to take over the control. Since
the vehicle drove entirely autonomous until the system asked to take over it is
very likely that the driver is out-of-the-loop [6]. Recent research has shown, that
distracted drivers are able to take-over control within 3 to 8 seconds [2, 4, 8].
These studies used different situations, in which the handover was proceeded:
approaching screens of fog on a rural road [8] and varying situations on threelane freeways like an accident on the right lane [4], the discontinuation of lane
markings [2] or of one lane [2] as well as the separation of the three lanes [2]. None
of these situations is menacing and very stressful. Damböck et al. [2] and Walch
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2

et al. [8] asked their participants if they perceived the handovers stressful. Both
studies show, that such handovers are rated rather comfortable than stressful in
the majority of situations. But are car-driver handovers a feasible de-escalation
technique even in menacing and stressful situations? In such situations drivers
might be overwhelmed, and it is even more likely that the drivers make wrong
decisions and jeopardize their health as well as the health of third parties. The
outcome of such dangerous situations depends to a high degree on the individual
capabilities of the driver. Thus, the system has to adapt its applied handover
process depending on the situational circumstances, the driver’s capabilities and
the driver state. In some cases the system might come to a decision to avoid a
handover at all and to stop at the roadside.

2

Design Space for User Individual Handovers

If an autonomous system reaches its system boundaries it has to de-escalate.
Strategies that do not involve the driver are for instance the reduction of the
speed or emergency stops. In contrast, Walch et al. [8] propose four suitable
handover procedures: (1) an immediate handover, which will shift the entire
control instantly from the autonomous system to the driver. The system might
wait until an appropriate reaction of the driver (e.g. grasping the steering wheel)
triggers the handover. In contrast, if the system proceeds (2) a stepwise handover
the shift of control is proceeded for different functionalities (e.g. longitudinal and
lateral control) separately. Furthermore, (3) a driver monitored handover was
proposed: The driver has to monitor the system’s state for instance by grasping
the steering wheel before the control will be shifted. Lastly, they propose (4)
the system monitored handover, wherein the system monitors the driver’s input.
In cases where a driver’s action seem to result in a dangerous situation (e.g.
harsh braking → rear-end collision) the system tries to mitigate and adjusts
the input. Moreover, they mention that a handover process could also consist of
combinations of the mentioned methods.
There may also be circumstances in which a handover is not a suitable option, since drivers do not have the capabilities to take over in critical situations
generally or drivers’ current state (e.g. drowsiness) disables them to take over in
specific situations.
To fit the handover process to the needs of the driver, the system needs
an adaptive user model. Since the driver does not drive on its own in average
case scenarios it is a major challenge where the system gathers the information
about the driver’s capabilities from. Nevertheless, one could argue that drivers
have to train manual driving and handovers as long as vehicles provide these
functionalities. Thus, the system could collect information about the driving
and handover behavior during these training sessions. Beside the capabilities of
a driver, the system has to monitor the driver’s state and take it into account.
Even very good drivers may not be able to take-over in critical situations if they
are drowsy.
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An overview of systems that monitor the driver using physiological sensor
data is given by Begum [1]. The majority of these systems is obtrusive, since the
drivers have to wear medical devices. Nevertheless, there are more applicable
sensors that could be integrated into the driver’s seat, the seatbelt or in the
steering wheel. The latter is not suitable for autonomous driving phases since it
is likely that the driver has no physical contact to the steering wheel. Instead,
video based monitoring systems are promising in the autonomous driving domain
if they produce reliable results even under inconvenient light conditions.
Situation awareness is another keyword in this domain. A driver with a high
degree of situation awareness may take-over in a faster and more appropriate way
compared to a driver who is entirely out-of-the-loop. If the system could measure
the degree of situation awareness it would be able to make a more sophisticated
decision whether the driver is able to take over and which handover mechanism
is suitable. One approach is to use eye-tracker data to gain insights on how often
the driver looks at the traffic scene and in the mirrors. Another approach is to
observe the drivers activities to assess in which non-driving related tasks the
driver is engaged and to which extent.
Martens and van den Beukel [6] state design recommendations for the design
of systems that should shift the control between the vehicle and the driver, for
instance these systems should avoid mode confusion and consider the driver outof-the-loop. To alert drivers and prompt them to take-over control a take-over
request has to be presented. It has been shown [5, 7] that multimodal warnings
hold a lot of promise.

3

Evaluation Proposal

Recent studies used unthreatening scenarios to analyze car-driver handovers.
Participants were provided with enough time to take-over. Apart from that,
traffic situations were not very complex. In conclusion, drivers are able to takeover in such simple situations. But it has to be investigated if handovers are also
a suitable method in difficult or very threatening situations (e. g. in a situation
in which several sensors are snowed off suddenly). The fact that previous studies
in this domain were executed in driving simulators may implicate that there is
no reason for the participants to panic in dangerous situations. Taking these two
issues into account, future studies have to ensure that the participants immerse
to a higher degree and that the situations they are confronted with are more
threatening to them. The evaluation setting with the best immersion would be
in a real vehicle on a real road. If one has to conduct an in-lab study the degree
of immersion can be enhanced by the use of a high-fidelity driving simulator and
the use of virtual reality eyewear.
In a real vehicle, drivers risk their own life as well as the life of others. Furthermore, even a small accident can cause high expenses. The monetary risk could
be implemented in in-lab studies by coupling the participants’ compensation to
the intactness of the virtual vehicle of the participants’ [8].
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The performance of drivers in handover situations depends on a high degree
on the individual capabilities. Hence, the participants in such a study should differ in age. It is very interesting how elderly people perform in critical situations.
It must be assumed that drivers in a self-driving vehicle are out-of-the-loop
and engaged in other tasks. The majority of recent studies used artificial distractor tasks (e. g. a tracking task displayed on a laptop on the front passenger
seat controlled with two hands on a game controller [2]). In contrast, Walch et
al. [8] propose a more realistic distraction task (watching videos). Nevertheless,
they reported that one of their participants was not interested in the provided
footage. As a result, this participant was not distracted as planned. To compensate this issue, they suggest that participants should choose the media on their
own.
A major challenge for future studies is to prove the feasibility of individualized handover procedures. Is there a benefit, if the handover procedures are
adapted to the driver’s state? Are drivers able to take over, even if the takeover procedures differ from each other in time? Martens and van den Beukel [6]
emphasize to avoid mode confusion. Results the case-by-case adaption of the
handover procedure in such a confusion of the drivers?

4

Conclusion

We discussed the limitations of recent studies in the domain of car-driver handovers. Moreover, we suggested the concept of user individual handovers to adapt
handover procedures to the needs of the individual capabilities of a driver. Finally, we highlighted challenges that should be taken into account in future evaluations of car-driver handovers. Our future work will address user individual
handovers with respect to the proposed evaluation challenges.
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Abstract. In this paper we present a conceptual framework for exploratory search by structuring web results based on concept lattices,
which are created using methods from Formal Concept Analysis (FCA).
The approach is to organize query based search engine results (web documents) by a hierarchy of clusters that are composed of documents with
similar attributes. The resulting concept lattice provides a structured
view on query-related domains and hence can improve the user’s understanding of document attributes and shared features. Instead of using
the traditional approaches, we applied a fuzzy extension of FCA in order
to support the usage of different types of attributes within the analyzed
result set. Afterward the result set is presented using the graph visualization toolkit CET.

1

Introduction

In Information Retrieval it is still challenging to provide a structured view of
retrieved results in order to provide a better navigation within the documents
and hence easier exploration of the domain. While standard approaches usually
follow simple, linear visualization of result sets, a well organized representation
can help the users to understand the current domain of interest and to discover
the relationship between the retrieved documents. To reach this goal, methods
of exploratory data mining known as Formal Concept Analysis (FCA) [1] are
promising. Users can be supported by a hierarchical structure of clusters of
documents, which represent document subsets with shared attributes defined
within the domain. This approach can be used to support a user during an
exploratory search scenario [2, 3], where the user is not familiar with the topic
and needs to get an overview. The framework is especially useful in a companion
technology to support interactive information access and organization.
To analyze sets of web documents using FCA-based methods, it is necessary
to prepare and map the input into an object-attribute model. That is, objects
are documents from the query’s result set and attributes are describing elements
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of these documents, e.g. the existence of a term within the document, its weight
(TF-IDF), meta-data of the document, etc. Usually FCA-based methods are applied only on binary object-attribute models (so-called “crisp” case), where all
complex attributes are transformed into binary attributes using some preprocessing methods like conceptual scaling. Due to the huge variety of web results
and their content, a binary approach is not fully sufficient. The fuzzy approach
used in our framework is able to work with different types of attributes, c.f. [4].
While it is common practice to just visualize the search results, such as concept lattices, it is beneficial to provide an interactive exploration to support the
understanding of the search domain [5]. Regarding the visualization, our suggestion is to integrate FCA-based methods into existing graph visualization tools.
In this work we present a demonstrator prototype of the proposed framework
that is integrated into the Creative Exploration Toolkit (CET), c.f. [6]. The
demonstrator allows to visualize concept lattices of query results and is designed
to navigate them.
The paper is organized as follows: Section 2 provides information on related
work in usage of FCA methods in information retrieval tasks and motivation to
use fuzzy FCA approaches. Section 3 describes details regarding our proposed
approach. At the end of the paper we add some conclusions and future work
ideas.

2

Related Work and Motivation

A survey of FCA-based methods within the scope of information retrieval systems and tasks can be found in [7]. Usually the approaches are divided into three
categories:
– Direct usage of concept lattice structure for exploration: The concept lattice is created and directly used for search and navigation in the
space of hierarchically organized clusters of documents acquired from the
query result set.
– Use of reduction of concept lattice: The original concept lattice is first
reduced in order to simplify result sets for a more understandable visualization and is then used for search and navigation.
– Use of methods from FCA as analytical function: For supporting the
process of linear (re)ordering of the result sets according to the structure of
the concept lattice and its features.
Examples are the CREDO system [8] and its extension called CreChainDo
[9]. The systems provide a hierarchy of document clusters returned to the users
and their feedback on relevance of concepts (clusters) is used for adaption of
the hierarchy. That is, the systems provide an interactive and adaptive exploration in documents from query result sets. The result presented to the user is
actually a tree of the simplified, reduced subpart of the concept lattice built on
such data. The extended version is able to support and manage chains of the
interactive steps. A similar approach, that is using FCA lattices for navigation
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and attributes for query tuning has been described in [10]. In [11] an approach
for enhancement of keyword-based search has been proposed, where local FCA
models with agglomerative clustering were used in order to obtain linear ranking of documents based on combination of full-text and conceptual search. More
works on this topic can be found in the survey mentioned before.
The main disadvantage of these approaches is that only the classical framework for FCA is used, i.e., every description of objects and their sets is based
on binary attributes. In our framework we implemented an one-sided fuzzy approach, where objects are considered binary as well1 , but the attributes can
obtain fuzzy values. In this case particular documents are described by the set
of different types of attributes. That is, not only binary attributes are used, but
also the documents within the query result set can be described by some nominal,
ordinal, numeric, or general lattice attributes. This allows a more natural result
description. Furthermore, the user does not need to specify the preprocessing
and transformation (called conceptual scaling) into a binary input data table
(which can be less interpretable for users) for the FCA building process. Here a
fuzzy approach, like our generalized one-sided concept lattice approach, which
is able to combine different types of attributes within one heterogeneous data
table, can be very useful and provides a multitude of applications for interactive
exploration.

3

FCA-supported Exploratory Web Search

To demonstrate the proposed framework, we use the already mentioned CET
and integrate the fuzzy FCA approach into it. CET allows a graph visualization
of created concept lattices from query result sets and/or its reduction or some
projection. The user can interact with the graph model of query result set and
explore the search domain. The CET provides an input for a search query, calls
the search API, e.g. the Bing API by Microsoft, analyzes the results and generates the graph of nodes and edges. Usually, nodes in this tool are particular
pages (documents) and edges are relationships found between some pages. In
our extended version, first the concept lattice is generated from the retrieved
web results and afterwards the lattice, which is a graph itself, is visualized. The
CET tool is using the XMPP [12] protocol for communication with the backend functions in order to provide changes in the visualized graph. The provided
graph is interactive and it is possible to change the visualization views, obtain
information on nodes and edges, as well as change the global visual appearance
of the graph, e.g. to reduce the provided level of detail.
We have integrated the FCA-based methods, especially the fuzzy version,
into the CET. Furthermore, we have adapted and extended the FCA-based
exploration to navigate through the retrieved web results. The demonstrator
implements the following functions:
1

Defined clusters are subsets, i.e., an object is or is not part of a concept and concepts
represent clusters
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– Modeling nodes as concepts within the concept lattice: The lattice is
generated according to a query result set. Nodes describe the content of the
concept. Furthermore, the adapted CET tool can be used for visualization
of more detailed information on particular concepts (clusters).
– Modeling edges as a relation of generalization or specification within
the concept lattice: The lattice can be used in the traditional way using
the extracted hierarchy (hierarchy of concepts = clusters).
– Supporting interactive search and navigation within the subsets of
results and their hierarchy: The function includes highlighting of most
important attributes (and their respective values) responsible for particular
step in generalization/specialization (using edge description).
– Using fuzzy extension of FCA in order to analyze the lattice: Here
different features like weighting of terms in results (vector model from extracted words) are used. Additionally, meta-data descriptions of different
types, external evaluation of results by users, or any other more complex
ordering of values within specific attributes can be integrated.
The result is an interactive exploration tool for an arbitrary search domain. All
obtained search results are analyzed by an one-sided fuzzy concept lattice that
allows the user to interact within. The results – clusters of documents from the
query – are hierarchically organized according to different specific combinations

Fig. 1. Illustration of the CET tool visualizing the first ten web results for the input
query “snow leopard” organized as a concept lattice.
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to different types of attributes. Figure 1 illustrates an example for the ambiguous query “snow leopard” (animal vs. operating system) generated from the first
ten search engine results. The concept at the top consists of all ten web results,
because each result contains both terms “snow” and “leopard”. Furthermore,
below the upper concept there are two concepts on the right side with two web
results named “apple” and “animal”. The web documents in these concepts share
attributes (terms) related to the operating system from Apple or the animal respectively. All other concepts only contains one web result or less, because their
attributes are to specific and no other result share the same attributes. At the
bottom the concept with all attributes is placed. Since no web result contains
all attribute terms like “snow”, “leopard”, “store”, “support” and “animal” together, this concept is empty.

4

Conclusions and Future Work

In this paper we presented the framework for a FCA-based exploratory search
that generates a structured view on search engine results. A structured view can
provide a better navigation within the documents and hence easier exploration
of the domain. The framework was implemented as a demonstrator that allows
an interactive visualization of concept lattices created by a fuzzy FCA approach,
which is able to take different types of attributes into account. The demonstrator
is based on the integration with the graph visualization tool CET to explore the
query results.
For future work the framework will be extended and the demonstrator will
be finalized. This includes the extraction of more complex attributes from query
result sets, the integration of such extracted data table with fuzzy FCA algorithm, a detailed description of elements and edges in the interface, improved
design of visualized elements, as well as more processes specific interactions with
the concept lattices for exploration. After finalization, the tool will be tested in
user studies to investigate the users experience and to investigate more ways to
support the users by navigating the concept lattice and hence understanding the
search domain.
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LAST MINUTE: User perception of the
computer voice
Anica Lexow, Rico Andrich and Dietmar Rösner
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Abstract. The sub-project A3 of the “Sonderforschungsbereich Transregio 62” conducted the LAST MINUTE Wizard-of-Oz experiments using an artificial computer voice. This voice was chosen to support the
impression of a technical system towards the subjects. We are interested
in how this computer voice was perceived during interaction. For this
purpose, we analyse the transcripts of the LAST MINUTE interviews,
which were performed to determine the subjective experience of the subjects during the experiment. We investigate the polarity of terms used by
interviewees to describe the computer voice (attributes). We found that
many attributes describe negative aspects of the voice; some describe
neutral and few describe positive ones.

1

Introduction

In companion technology usability and appearance of systems are important issues, which may decide on acceptance or rejection of the system by its users. It is
crucial to take these aspects into account during the design of a system. Doing
otherwise, may interfere with the interaction and cause a negative experience
for users. In spoken dialog systems the computer voice is particularly important
for the user experience. We analyse user feedback on the technically sounding
computer voice1 decisively chosen for the LAST MINUTE experiments. In particular, we are interested in experienced characteristics of the computer voice
and their possible negative impact on the interaction.

2

Methods

After the LAST MINUTE Wizard-of-Oz experiments [3, 2] with N = 133 subjects, 73 of them underwent a semi-structured interview to determine their subjective experience of the experiment [1, 3]. In total about 90 hours of audio material was recorded. 53 of the 73 interview sessions were transcribed completely
and another 10 partially. The resulting 63 interview transcripts constitute the
working corpus and the basis for this analysis.
1

The voice was part of the text-to-speech system MaryTTS 3.6 [4], developed in the
Language Technology Lab at the DFKI
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2

In order to find user statements about the computer voice in the working corpus effectively, we employed a full-text search interface2 , which was previously
developed by our group. We started the search process with obvious search terms
like voice, computer or monotone and gathered relevant statements from the
search results. These statements frequently yielded more suitable search terms,
which then were used in subsequent searches. In total we identified 89 user statements concerning the computer voice spread over 22 interview transcripts. We
used 52 different search terms, of these 36 revealed at least one relevant statement. It is noteworthy, that the interviewees initially mentioned the computer
voice by themselves. The interviewer did not ask specific questions about the
voice, but rather reacted to statements made by the interviewee with follow-up
questions. For this reason, we can not find statements in all interview transcripts.
From all statements, we manually derived 39 different adjectives, which were
used to describe the computer voice (hereafter referred to as attributes). Additionally, we recorded the usage frequency for each attribute. In many cases
the attributes were directly phrased by the interviewees. However, in some cases
we chose a descriptive attribute as a replacement for extensive or paraphrasing
wordings. We also combined some attributes, if they referred to the same or
a very similar aspect of the computer voice. In total the interviewees assigned
attributes to the computer voice 97 times.

3

Results

3.1

Characteristics of the Computer Voice

Most attributes were assigned very rarely (26 out of 39 attributes were used
only one or two times). The most used attributes were: technical, not human,
choppy, pleasant, male, monotone and unpleasant 3 . In seven cases the attribute
technical was used. For several subjects the technical tone of the voice inhibited
a human association towards the program. The attributes technical and not
human usually cooccur. One subject stated during the interview, that because
of the technical voice he was unable to generate and link emotions to it (LM014 ):
“na weil es ja halt wirklich irgendwie kein mensch ist [..] höflichkeitsfloskeln
ist ja auch schon so n bisschen emotionale sprache und dann da noch emotional
werden sage ich jetzt mal halt kam mir jetzt nicht in sinn” (engl. gloss: “because it
just really is somehow not human [..] polite phrases are already kind of emotional
speech and getting emotional there [..] did not come to my mind”).
Another frequently used attribute was choppy (seven times, e.g. LM02),
which might suggest that subjects prefer a more fluent style of articulation.
2

3

4

Website of the search interface:
http://iws.cs.uni-magdeburg.de/a3/audio/transkripte/invers.htm
Appendix A contains an excerpt of the attributes and the number of their occurrences.
Appendix B lists subject code and timestamps, necessary to locate passages in the
LAST MINUTE interview corpus
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3

Furthermore six subjects describe the voice as pleasant (e.g. LM03). This characterization often cooccurs with the attributes male and deep. Also monotone
was one of the most used attributes (five times). The subjects refer mainly to
the missing treble and base of the voice, which prohibits transport of emotions
and was often compared to robots (e.g. LM04). Five subjects describe the voice
as unpleasant. In some of these cases the strong negative reactions in response
to the voice even resulted in ”physical suffering” as reported by the subjects
(LM05).
3.2

Negative vs. Positive Characteristics

To receive a more general impression on the interviewees’ opinions, we evaluated the connotations of each attribute occurrence. We use positive, neutral and
negative as possible connotation values, depending on whether the attribute describes a positive, neutral or negative aspect of the computer voice5 . Assignment
was based on subjective assessment of the statements and their contexts in the
transcripts. However, sometimes there was no full statement or further context
given by the interviewee. In these cases the attributes were connoted purely
based on the meaning of the word.
We find that most of the attribute usages had a negative connotation (61).
Neutral connotations occurred 24 times and positive ones 12 times. In addition
we investigated how attribute connotations distribute among the group of interviewees: 13 out of 22 used solely negative connoted attributes, 6 used negative
and positive ones and only 3 interviewees used solely positive attributes. When
the interviewed subjects used negative and positive connoted attributes, negative ones outnumbered positives ones by a factor of 3 on average. These results
show a predominantly critical attitude towards the computer voice.
3.3

Socio-demographic Aspects

We found that most interviewees, who commented on the computer voice, were
young (18 out of 22 (82%), see table 2). This is a noticeable result considering
the fact, that the group of young participants amounts to 37 out of 63 (59%) in
the working corpus (Table 1). No such effect can be observed for the distribution
of gender.

Table 1. Gender and age distribution
of the 63 subjects in the working corpus

Table 2. Gender and age distribution
of the 22 subjects talking about the
computer voice

Gender\Age Male Female
Younger
21
16
Elder
13
13

Gender\Age Male Female
Younger
10
8
Elder
1
3

5

Connotations for a selection of attributes can be found in the Appendix A
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4

3.4

Suggestions by the Subjects

Some interviewees made suggestions for improvement and stated wishes and
ideas. These include: options to individualize the voice (e.g. by choosing a speaker),
visualization on a screen and in general a more anthropomorphic voice. Four subjects suggested a female voice, claiming it to be less imperious. The option of
choosing an avatar and the voice was suggested by two subjects. One mentioned
that it would help him to overcome the perceived emotional distance. Three
interviewed subjects stated to prefer a human voice (e.g. LM06). One of them
reported that this would increase confidence towards the system.

4

Conclusion and Outlook

We have shown that the technically sounding computer voice was mostly perceived as negative by the interviewed subjects. They reported about irritations
and trouble to engage in the interaction. The main problems were the technical,
choppy and monotone tone, which appeared very unfamiliar to them. For some
interviewees the problem was the male gender of the voice. Although chosen
for a good reason, it became very obvious, that this voice interfered with the
interaction and is not a suitable default for actual companion systems. A more
fluent voice with human-like intonation is very likely to improve the interaction
experience for many of the interviewed subjects.
On the other hand, the attitude towards the computer voice is very individual. Some subjects even described the voice as “pleasant”. Thus it is not
sufficient to choose a good default voice, several voice options should be available for actual system users.
The computer voice seemed to be more relevant for younger subjects because
out of 22 interviewed subjects who gave feedback, 18 were young. So far we have
not investigated possible reasons. Looking at it differently, most of the older
subjects did not give feedback by themselves. It remains an open question, how
this feedback would affect our results, if it was available.
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5

A

Selection of Connoted Attributes

Table 3. Selection of attributes with more than one occurrence
Attribute

Number of Positive Neutral Negative
occurrences
abgehackt/ choppy
7
x
nicht menschlich/ not human
7
x
technisch/ technical
7
x
angenehm/ pleasant
6
x
männlich/ male
5
x
monoton/ monotone
5
x
unangenehm/ unpleasant
5
x
lustig/ funny
4
x
mechanisch/ mechanical
4
x
menschlich/ human
4
x
komisch/ weird,strange
3
x
langsam/ slow
3
x
schnell/ fast
3
x
distanziert/ aloof
2
x
emotionslos/ bland
2
x
laut/ loud
2
x
nervig/ annoying
2
x
neutral/ neutral
2
x
stur/ stubborn
2
x
tief/ deep
2
x
verständlich/ understandable
2
x

B

Cited Corpus Locations

Table 4. Reported statements found in the LAST MINUTE corpus with subject codes
and timestamps
ID
LM01
LM02
LM03
LM04
LM05
LM06

subject code
20110119asr
20110119cmw
20100922aak
20100804tko
20110119cmw
20101004akk

transcript
time stamp
20110119asri
30:48
20110119cmwi
38:09
20100922aaki
17:29
20100804tkoi
09:41
20110119cmwi
00:24
20101004akki2
23:06
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Abstract. Acoustic data are an important resource for speech-based
emotion recognition. To obtain optimal recognisers, it would be desirable, when the data are of high quality, include preferably long and
elaborate interactions, containing non-verbal events, and having a reliable and versatile emotion annotation. Additionally, the data set should
contain additional information about the speakers, such as age, sex, or
personality traits.
This contribution presents a new dataset of telephone-based interactions
recorded under real conditions, addressing most of these requests. Furthermore, first results of acoustic emotion recognition as well as analyses
showing a connection between emotional changes and overlap speech segments are presented.

1

Introduction

In automatic speech recognition as well as in emotion recognition from speech,
data material is an important resource. As recognition is mostly data-driven,
a huge amount of speech samples with their corresponding emotional labels is
needed to train a classifier that can afterwards be used to classify unseen data
[1]. Especially, the need for data with realistic affective content arose recently.
Additionally, using a huge amount of realistic data also has the advantage that
for empirical investigations secured statistical statements can be derived. Another aspect that recently gets attraction is the emotional development over an
interaction, where complete and longer lasting dialogues are needed. Unfortunately, only a few databases comprise such kind of material. To address these
issues, a new dataset together with first insights and results will be presented in
the following.

2

Dataset Recording

The dataset was recorded in cooperation with a German call center, thus real
telephone-based conversations could be recorded. The topics of the calls range
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from simple informative calls and notifications of changes of customer data to
complaint calls. Thus, it can be assumed that the affective content includes both
negative and positive emotions. In order to enable a comprehensive analysis of
the material, four agents were selected and their conversations were recorded
on a daily basis. The audio stream of both, agent and caller, is recorded. Additionally, the agent is video-recorded. Furthermore, a separate recording carrel
has been established, to minimize surrounding noise and to enable a uniformly
illuminated scene. More details on the synchronous recording setup and used
recording devices can be found in [14]. Each agent was recorded over approximately 7 hours per day. In total 45 days could be used for further investigations.
As the phone calls are real customer dialogues, they were anonymised first. All
passages where personal information was given, were replaced by corresponding
silence passages to ensure the synchronicity with the video recordings. Furthermore, the single dialogues with the individual utterances of caller and agent were
marked. Parts where both speakers are speaking simultaneously were marked as
“overlap” to enable separate analyses.
The final dataset includes 1 447 dialogues with 46 610 turns (∼93h). Furthermore, 8 819 overlap segments are marked (∼4.5h). The dialogues have a mean
length of about 5 minutes and a standard deviation of ± 2 minutes.
2.1

Evaluation of Emotional Content

The segmented turns are afterwards annotated based on the Geneva Wheel of
Emotions by K.R. Scherer [11]. To support the annotation the tool “ikannotate” is used [2]. The utilized version includes 17 “emotional families” that are
arranged in a circle along the axis “dominance” and “valence”. It simplifies the
emotion annotation by offering a three-step process: a) The annotator decides
whether high or low dominance exists. b) He decides between positive and negative valence. c) The resulting quadrant is displayed and the annotator selects one
of the emotions and its intensity. This approach reduces the complexity of the
annotation process. The annotator initially has to make two decoupled binary
decisions. Thus, the annotator no longer needs to distinguish between 17 emotions but only between 6 emotions. The emotional annotation was performed by
four students of psychology.
Only a small amount of the data, 11,587 turns, was annotated as described.
To measure the reliability of labelled material, Krippendorff’s Alpha (αKr ) was
used [8]. However, the individual experience of the labeller influences the evaluation of emotions, thus the reliability for emotion annotations is usually in the
range of 0.1 to 0.4 [12]. The final label is afterwards obtained by a majority
voting where at least three of the labellers have assigned the same label. The
reliability and the ratio of majority votes is presented in Table 1.
For the first evaluation of the data set, the labels are clustered into low
and high dominance as well as negative and positive valence. The distribution
of emotional labels along both dimensions (dominance and valence) is almost
balanced: The share is 59% high and 41% low dominance and 46% positive and
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Table 1. Quality measures of the emotion annotation
Dominance Valence Quadrants Intensity
IRR (αKr )
majority votes [%]

0.19
73

0.34
75

0.23
48

0.22
46

54% negative valence. These findings are consistent with other studies that have
been carried out on call center data [4].
2.2

Evaluation of Overlapping Speech

According to [9], four different situations can be identified where overlapping
speech occurs: response tokens (S1), terminal overlaps (S2), simultaneous starts
(S3) and competitive overlaps (S4). To evaluate the overlapping speech according
to these descriptions, two labellers with psychological background were employed
for the assessment on a subset of 5 100 overlap segments. They could choose
between all four situations or describe a situation not covered by the definitions.
The final assessment is as follows: S1 has a share of 61.6%, S2 a share of 11.2%,
S3 a share of 10.7%, and S4 a share of 16.6% (cf. Fig. 1). Furthermore, no
additional situation was selected by the annotators. As inter-rater reliability of
the overlap labels a Krippendorff’s alpha of 0.63 is achieved – a substantial
reliability according to [10].
S4

S3

10.7%16.6%

S2

11.2%

61.6%
S1

Fig. 1. Percentage Distribution of Crosstalk Assessment on the 4 Categories

3

Recognition Experiments of Emotional Speech

To recognise emotional states from speech, a variety of possible features is investigated. A quite prominent set of features is used proposed by Eyben et al. in the
context of the openEAR project (cf. [5]). The feature set is called “emobase” and
contains over-all 952 characteristics extracted by the OpenSMILE toolkit. Besides time and class information, the features are based on Low-Level-Descriptors
as Cepstrum, MFCCs, F0, LPC, LSP, etc. and corresponding first order functionals like extrema, moments, and percentiles. As recogniser, a Support Vector

145

ISCT 2015

1st International Symposium on Companion-Technology

Machine trained with “LIBSVM” using a radial basis function kernel [3] is used.
Until now, neither a feature selection nor a parameter optimisation has been
conducted. As validation strategy a ten-fold cross-validation is performed. This
initial recogniser should be used, to stepwise add labels to unlabelled or undecided samples in a semi-automatic fashion.

Table 2. Available audio data for each experiment in minutes

SD
SGD SI
A2 A4 A5 A6 M W All

SD
SGD SI
A2 A4 A5 A6 M W All

Dominance 32 68 21 42 100 63 163 Valence 33 74 25 42 107 67 174

Acc

To conduct the experiments only samples from the four agents (A2, A4, A5,
A6) are used. From these data, only utterances having a majority vote label
and having undergone a second assessment are selected. The data of the callers
are ignored. In total 2 135 samples are available for dominance and 993 samples for valence. The distribution within each dimension is highly unbalanced.
Both speaker-dependent (SD) and speaker-independent (SI) experiments are
conducted. Additionally, also speaker-group dependent (SGD) experiments for
male (A2+A4) and female (A5+A6) speakers are performed, as it is known that
this could increase the performance in comparison to the speaker-independent
case [13]. The amount of speech material for each experiment are given in Table 2. The result for each two-class experiment is given in Fig. 2.

Dominance

1
0.8
0.6
0.4
0.2
0
A2

A4

A5

A6

M

W

Valence

All

Fig. 2. Average recognition results for each experiment for both emotion dimension

Fig. 2 shows that for valence the initial recogniser already shows satisfying
results. The results for dominance need to be improved further. Additionally,
it can be seen that the SGD-models provide results in between the SD- and
SI-models and are a good alternative to individual models, as described in [13].
Thus, the amount of material as well as the reliability of the material has to be
improved in future experiments.
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4

Analysis of Overlapping Speech

One important requirement for a fluent and successful conversation is an efficient
turn-taking, which has to be organized by specific “underlying mechanisms”, such
as intonation, facial expressions, eye contact, breathing, or gestures [7]. Many
recent studies analysed the phonetic structure of overlapping speech [9]. But it
is not investigated which influence the emotional state could have.
To investigate the correlation of emotional changes and overlap, the observed
emotional states before and after the overlap are compared:
∆Affect = Affectbefore overlap − Affectafter overlap

(1)

0.2

**

1

∆Val

∆Dom

Afterwards, it is averaged over all segments (∆Affect). The significance of the
emotional change is tested by using the Mann-Whitney-U-Test.

0.5
0

0
−0.2

S1

S2

S3

S4

S1

Overlapping Speech Situation

S2

S3

S4

Overlapping Speech Situation

Fig. 3. Dominance change at the point where overlapping speech occurs, stars denotes
the significance level: ** p < 0.001

Analysing the change of the emotion in connection with overlapping speech
only in S3 (simultaneous starting after longer silence) a significant change in
the emotion can be observed, see Fig. 3. A possible interpretation is a falling
dominance for both speakers which causes the misunderstanding who is starting
the next turn. In this case, the overlap seems to be a good marker for identifying changes in dominance. For all other situations, the dominance level is not
influenced by overlapping speech.
For the change of the speakers’ valence, it can be stated that there is no significant connection with the occurrence of overlapping speech, cf. Fig. 3. This is an
expectable result, as overlapping speech is related to turn-taking and dominance
is seen as an underlying mechanism to regulate the turn-taking [6].

5

Outlook/Conclusion

This contribution presents a new dataset of realistic emotional speech data. It
comprises a huge amount of speech samples and allows analyses of emotional development within interactions, as complete dialogues are recorded. Additionally,
first results on two-class recognition experiments for both dominance and valence
are presented. Furthermore, the correlation of affective changes in connection
with overlap is analysed. It is shown that overlapping speech goes along with
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changes in the dominance for specific situations. After improving the emotional
classification, the course of emotions within the dialogues will be investigated.
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Abstract. The work presented in this paper aims at assessing human emotions
using psychobiological signals. A classification analysis of various combinations of emotion recognition tools from different physiological signals and for
various category classes is presented. The space of emotions is described by the
VAD (valence, arousal and dominance) dimensions. Various emotions were
elicited by standardized stimuli from the International Affective Picture System
(IAPS). The relevant data are extracted and analyzed using the Augsburg
Biosignal Toolbox (AuBT) and the various algorithms are evaluated by comparing the resulting recognition rates. Our results show high recognition rates of
up to 89.58%, 76.67%, 50% and 36% obtained for the two-category-class,
the three-category-class, the five-category-class and ten-category-class,
respectively.
Keywords: Emotion recognition, affective computing, feature selection, emotion classification, Augsburg Biosignal Toolbox.

1

Introduction

Recognizing human’s emotions can be useful in many scientific areas and the most
prospective one is possibly the companion systems. In order to approach companion
systems, one of the important prerequisites is to develop a reliable emotion recognition system, which can guarantee acceptable recognition accuracy and adaptability to
practical applications.
Numerous studies on emotion recognition based on facial expression, speech, body
language, contexts and physiological signals have been performed in the past few
decades [1,2,3]. Among them, physiological signals have various considerable advantages, for example, as honest signals [4], they cannot be easily triggered by any
conscious or intentional control. Various classifications, feature selection and evaluation algorithms are currently used for the emotion recognition from physiological data
in recent years [5,6].
In the following, we present a classification analysis from various combinations of
these tools from different physiological signals and for various category classes.
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2

Materials & Methods

2.1

Subjects description

The dataset used in this study is based on the subjects previously recruited via bulletins distributed on the campus of the University of Magdeburg. The sample size was
in total n = 20 subjects (9 women, 11 men) between 22 and 76 years old (average age
47.4 years, SD = 23.16). All subjects were right-handed, healthy and had normal vision or corrected normal vision.
2.2

Emotion elicitation

Emotion induction was conducted using standardized stimuli from the International
Affective Picture System (IAPS) to represent the VAD (Valence, Arousal, Dominance) space [7]. Prolonged presentations consisting of 10 pictures à 2s (total of 20s)
are used to intensify the elicitation. A total of 10 picture-presentations à 20s each
were presented to induce a total of 10 VAD-states. 20s neutral fixation crosses were
introduced as baseline between 2 different presentations. The induced VAD-space for
the 10 picture-presentations included positive/negative/neutral (+/-/0) Valence (V),
positive/negative (+/-) Arousal (A), and positive/negative (+/-) Dominance (D) values.
For the classification, picture-presentation with similar ratings in terms of Valence
(+/-/0) and/or Arousal (+/-) and/or Dominance were combined in one category. In
total we evaluated 4 different category-classes, presented in Table1.
Table 1. Overview of the 4 category-classes used for evaluation
2 categories

Arousal A: + / -

3 categories

Valence V: + / - / 0

5 categories

VA: 0- / ++ / -+ / +- / --

10 categories

VAD: All picture-presentations (total of 10)

2.3

Physiological signals

Skin Conductivity (SC): Two electrodes connected to the sensor were positioned on
the index and ring fingers. Since the sweat glands are innervated sympathetically,
electrodermal activity is a good indicator of the “inner” tension of a person.
Respiration (RSP): The respiration sensor was used to measure the abdominal or
thoracic breathing frequency, as well as the relative depth of breathing. It was placed
tight enough in the abdominal area just above the navel.
Electromyogram (EMG): Electrical muscle activity is related to activity of the sympathetic nervous system. We used two-channel EMGs for the zygomaticus (Zyg.) and
corrugator (Corr.) muscles, which are expected to be active during different emotions.
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2.4

Data processing, feature extraction and pattern classification

The evaluation was conducted using the Augsburg Biosignal Toolbox (AuBT). The
AuBT provides Matlab-based tools to analyze physiological signals for the emotion
recognition [8,9].
The raw data were first processed and the relevant signals and IAPS-sessions were
extracted from the whole data. Then, the extracted data were further processed and
prepared to meet the AuBT format requirements.
In the next step, the AuBT was used to extract features from the physiological signals, to optimize the feature selection and to use those features to train and evaluate a
classifier. An overview of all used physiological signals, feature selection and classification algorithms, as well as evaluation methods is presented in Table 2.
Table 2. Overview of all used physiological signals, feature selection techniques, classification
algorithms and evaluation methods.

Physiological Signals

Feature Selection

Classification Algorithms

Evaluation Methods

3

















Skin Conductivity (SC)
Respiration (RSP)
SC & RSP
EMG-Corr, EMG-Zyg
EMG-Corr & EMG-Zyg
ALL signals
Analysis of Variance (ANOVA)
Sequential Forward Selection (SFS)
Sequential Backward Selection (SBS)
k-Nearest-Neighbors (kNN)
Linear Discriminant Analysis (LDA)
Neural Network (MLP)
Normal Split
Random Split
One-Leave-Out

Results & Discussion

We processed the emotion recognition based on all possible combinations of the
used signals, feature selection, classification and evaluation methods. The MLP neural
network classification and the ANOVA feature selection did not show advantageous
results compared to the other methods. Furthermore, the normal split evaluation
method resulted in the best recognition rates. Taking these into account, in the following the relevant classification results with the highest recognition rates for the 4 different category-classes are based on the normal split evaluation method and do not
include the MLP neural network classification and the ANOVA feature selection
results.
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3.1

Results

The relevant classification results with the highest recognition rates for the 4 different category-classes are presented in Table 3.
Table 3. Classifications with the highest recognition rates for the 4 different category-classes

Two-category-class: For the two-category-class (A: + / -), the highest recognition
rate of 89.58% was obtained when including the respiration and the skin conductivity
signals in the analysis. This result was obtained using the SBS feature selection and
the kNN classification. Considering all physiological signals in the two-category-class
resulted in a recognition rate of 80%, using the SFS feature selection and the LDA
classification.
Three-category-class: As for the three-category-class (V: + / - / 0), the highest
recognition rates of 76.67% were obtained when fusing all physiological signals and
using the SFS feature selection and the LDA classification.
Five-category-class: For the five-category-class (VA: 0- / ++ / -+ / +- / --), we obtained the highest recognition rates of 50% when including the respiration signal or
when combining the EMG-Corr. with the EMG-Zyg. signals. These results were obtained using the SFS & SBS feature selection with the kNN classification and the SFS
feature selection with LDA classification, respectively. Fusing all physiological signals resulted in recognition rate of 46% using the SFS feature selection and the LDA
classification.
Ten-category-class: Finally, for the ten-category-class (all picture-presentations),
the highest recognition rate of 36% was obtained when combining the respiration and
the skin conductivity signals and using the SFS feature selection and LDA classification. Fusing all signals resulted in a 30% recognition rate using the SBS feature selection and the kNN classification.
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3.2

Discussion & future work

In summary, our results show high recognition rates of up to 89.58%, 76.67%, 50%
and 36% obtained for the two-category-class, the three-category-class, the fivecategory-class and the ten-category-class, respectively. Various feature selection
techniques and classification algorithms were thereby analyzed. All results presented
were obtained using the normal split evaluation method.
While the best recognition rates present promising high results, showing that it is
indeed possible to reach such good recognitions using current available algorithms,
the variations between the related configurations of the methods applied is large: The
best recognition rates for the different category-classes are obtained using various
combinations of algorithms. For instance, the same configuration of methods used to
obtain the best recognition rates for the two-category-class using both the respiration
and the skin conductivity signals (recognition rate of 89.6% using the SBS feature
selection and the kNN classification) did not lead to the best recognition rate for the
two-category-class using all signals (only 62.5%), nor did it lead to the best recognition rate for the five-category-class using the same respiration and skin conductivity
signals (only 35%).
Consequently, the next relevant research questions are: When and which methods
should be used for which applications? Is it possible to set a configuration of methods
that can be used to obtain best recognition rates in general or for a specific application? Does this configuration vary depending on the type of the signals used (SC,
RSP, EMG, ECG….) or does it vary depending on the category-class used? Are there
other dependent factors?
To answer these questions, the next step will include a deeper analysis of all the results obtained from all possible combinations and configurations. A more extensive
discussion of all the results is necessary to understand why and when which method
delivers the best results. The main goal thereby is to define a set of approximate configuration which leads to the highest results for a specific application, without the
need of trying out all combinations to get the best recognitions. Furthermore, we
could extend the toolbox and try other classification algorithms, such as the Support
Vector Machine (SVM) which may also lead to stable and consistent results.
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Abstract. This paper focuses on an approach of a reference architecture
for a Companion-System (CS). It enhances a technical system by a user
adaptive interaction and a situation adjustive behavior. To generate a
reference architecture existing demonstration systems were analyzed and
combined in order to find the essential system components. All aspects of
the architecture of a CS will be considered in detail. It is finally enhanced
by a system controller which enables a dynamic adaption to the current
system state in order to allow future extensions of the architecture.

1

Motivation

Companion-Technology (CT) enables technical systems to be adaptive to the
user’s emotional state, the current situation, and the current task of the application, as shown in Fig. 1 [5]. Therefore a Companion-System (CS) contains
additional modules from different research areas. Required and optional modules
are defined by the architecture which should ensure compatibility of the system
components.
Two demonstration systems have been implemented prototypically in order
to test the integration of these modules [1, 3]. The first supports the user while he
is setting up a home entertainment system [1]. This system focuses on managing
the interaction and the dialog with the user and adjusts the intelligent behavior
of the application to the current task.
Adapting to the emotional state of the user and the environmental situation
is the research object of the second system [3], which is helping the user to buy
tickets at a train station. The user and the environment are observed by measuring multiple modalities. Some of these modalities are explicit inputs to control
the application, others are implicit inputs like facial expression or prosody that
provide information about the emotional state of the user. As some of these
modalities contain redundant information, the certainty of the extracted information or the system’s robustness against the failure of a modality is increased
in a fusion process.
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Both demonstration systems are examples of assistance systems and serve to
evaluate parts of the Companion-System’s capabilities and accordingly certain
aspects of the architecture. The adaptivity of the system state and configuration as well as the extendability are important functions an architecture should
cover. This paper introduces an architecture to enable the system to extend its
functionalities with new modules and support the user for a long term.

2

An Approach to a CS Reference Architecture

Fig. 1. The figure shows aspects of the CT (planning, reasoning, decision, knowledge
representation, recognition, interaction), which are realized by components developed
in specific research area. The frame around the technical system symbolizes the CT.

The requirements to the reference architecture can be derived from the Companion-System’s capabilities as described in Fig. 1 [5]. This leads to the essential
components of a CS.
The communication of the system is adaptive to the user. Therefore the
systems interface covers specific needs of the current user and presents the information in a user adaptive and comfortable way. The system should interact
with the user in a smart way, as it should recognize what the user is doing, e.g.,
whether the user is interacting with the system or with his environment. In the
latter case the system should ignore possible commands from the user.
For a smart interaction with the user a dialog management and an interaction
management are required. These modules rely on information, retrieved from a
knowledge base, containing knowledge of the task and the user. Information of
the current state are observed by sensors. The relevant information is extracted
by the signal processing and combined with other sensor data in the data fusion
processes. The task of the application is solved by a planner using the information
from the knowledge base as well.
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3

The interaction management, the dialog management, knowledge base, and
planner are implemented in the first prototype system, but it contains only one
sensor giving implicit inputs by detecting the user position (see Sec. 2.1). The
sensor data processing and the multi level data fusion are the main focus in the
second prototype system, whose aspects are described in Sec. 2.3. The sensors
are the connection of the application to the user, the environment and current
situation.
The latest developments in embedded devices such as smartphones show that
such a device could be the central element of a CS. These devices do not have
enough computation power for all the processings required for a CS. Therefore
some of the tasks could be swapped to a server. This is described in the Sec. 2.2.
2.1

Architecture for Planning, Reasoning and Interaction for CS

The aspects of smart user interaction and smart application behavior are derived
from an assistance system solving the task of setting up a home entertainment
system [2, 1]. It was set up as a knowledge-based system, which is focusing on
interaction and planning [4].
Analyzing the architecture of the first demonstration system shows that all
core components have a connection to the knowledge base, where the data (the
different knowledge models for the other components) is stored in the static
context knowledge. Furthermore an adaption to the chronological context of the
user and the environment is realized in the knowledge base.
The planning components create an action plan for the user. This plan includes all steps, which the assistant system advises the user to execute. Is the
user not able to execute a step, the planning components can repair the plan
to a functional state. The plan is transparent to the user in all steps. Necessary
information of the planning domain and the problem to solve are transfered from
the knowledge base to the certain components.
The dialog management (DM) gets the current plan step from the planner.
Using the information about the user and the situation, a suitable system reaction and user dialog will be generated by the DM. The dialog steps will be sent to
the IM. There the multi-modal fission process distributes those for presentation
to the user. The plan explanation works together with the explanation manager
of the DM.
The main functionality of the interaction management (IM) is divided into
two main parts: the fusion of the explicit user input from the interface and the
fission of the different output devices of the user interface. Both parts of the
interaction work together via several interaction management components to
realize an optimal interaction with the user on multiple devices.
2.2

Smart Sensor Network

The information required by a CS to recognize the user and its emotional state
and environment need to be extracted from the raw data obtained by physical
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Fig. 2. The figure shows the smallest version of a smart sensor network. The TransferLayer can have n input and m outputs. So it is possible to build a complex sensor
network as described in Fig. 3.

sensors. Therefore, usually complex signal processing is necessary. The signal
processing is commonly a software which can be executed on every processor
available. By introducing a client server model for sensor data processing, computationally demanding processing parts could be transferred to a computation
center. This would help Companion-Systems running on smartphones or tablets.
An example is given in Fig. 2, where the client contains only the physical
sensor and a preprocessing unit. A transfer layer is distributing the sensor data
to several signal processings if required. Several signal processings can use the
data of a certain sensor e.g. prosody extraction and speech recognition. The
transfer layer realizes connection with n inputs and m outputs and builds a
complex sensor network. The smart sensor network enables the dynamization of
the sensor setup.
2.3

Architecture for Sensor Data Fusion

The sensor data fusion is an important issue for Companion-Systems, a multimodal sensor array is the window to the real world.
Depending on the measured object or scene usually several sensors are needed
to obtain the context. Thus only combining the sensor data in one or more fusion
levels enables the system to gain the relevant information with good certainty [3].
The architectural aspects of sensor data processing were covered in a demonstration system which emulates a ticket vendor machine with Companion-Capabilities using a sensor phalanx consisting of five modalities e.g audio recording
for prosody and speech recognition and RGBD sensors for gestures.
In difference to the system described in [3] in the future systems the data is
recorded and distributed by a smart sensor network (see Fig. 3). The results of
those smart sensor networks are merged according to certain topics in the data
fusion layers. With each layer the data is going to be more abstract.
The perception level fusion is the first layer combining mainly the data of several sensors related to certain topics. Here mainly implicit inputs are processed.
The second layer, the knowledge based fusion, includes the system experience
given as results of the temporal information stored in the knowledge base. It is
used to compare the perception fusion results with the essence of preceding data
to gain the temporal change of the user behavior.
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This step was not covered in demonstration system ’ticket vendor machine’
as a knowledge base is necessary for creating the required information. In Fig. 3
the knowledge based fusion step is realized for every perception level fusion. This
is the main connection between both demonstrations systems.
Finally these results are combined in the application level fusion with knowledge to gain application-specific data for the CS, including the explicit inputs.

3

An Approach for a CS Reference Architecture

Fig. 3. The figure shows an abstract view of a reference architecture

The concept of a smart sensor network (cf. Sec. 2.2) in combination with the
architectural aspects of two prototypical systems, described in 2.1 and 2.3, leads
to an approach of a reference system architecture. This architecture is able to
cover a fully functional CS (see Fig. 3).
Both demonstration systems overlap in the data fusion part. Especially the
knowledge based fusion and the application level fusion are affected by the combination. The architecture combination shows for each fusion topic of perception
level fusion a knowledge based fusion is available. These results are merged in
the application level fusion which is located in the interaction management.
A central controller is needed to introduce aspects of dynamization to the system architecture. The controller enables a dynamic binding of modules from the
CT to a CS. This is realized in real time over multiple devices (like smart phones
and a static ticket vendor machine). The concept of the smart sensor networks
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realizes the use of the sensors from mobile and personal devices, controlled by the
sensor network controller. The component controller can temporarily bind e.g.
a knowledge base from the personal device to a public system, keeping privacy
measures in mind. These functions are the two main features of the controllercomponents from a CS.
The aspects of dynamization add the system capability to adapt to different
sensor setups as well as the extension of the CS structure. Finally it enables the
system to react to failure of system components. This increases the availability
of the system to the user.

4

Future Work

In this paper a full approach of a reference architecture for a CS was presented,
reaching from the sensor data acquisition and processing, over the data fusion in
several layers to knowledge base, the planner and the interaction management.
The dynamization of the architecture enables Companion-Technology to cover
most of the possible Companion-Systems. It needs to be evaluated and extended
to a generalized reference architecture for Companion-Systems.
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Abstract. To work in realistic scenarios, the facial analysis algorithms
should not be constrained to the frontal poses only. Hence, building a
robust head pose estimation gains an increasing importance in the recent
computer vision systems. To this end, we propose a regression-based approach to estimate the head pose of face patches depicted in gray images.
The face varying appearance due to the head pose is encoded with two
feature types: Local Binary Patterns (LBP) and Histograms of Oriented
Gradients (HOG). Then, those features are mapped to the pose angle
using a regression-based method. Demonstrating the effectiveness of our
approach, we evaluated our approach on two publicly available databases.
Competitive results were achieved by concatenating those appearancesbased features.
Keywords: Head Pose, Local Binary Pattern, Histogram of Gradient,
Support Vector Machine

1

Introduction

Several computer vision systems are required to work in realistic scenarios, where
the analyzed face does not exist in frontal pose but rather experiences different
poses. Hence, recent applications incorporate head pose estimation as well, for
example the approaches for the facial expression recognition [1, 2]. Additionally,
the head pose estimation is the core task for other applications such as head gestures recognition [3], gaze direction inference [4], driver assistant [5]. Moreover, a
prior knowledge of the head pose would qualify the geometry-based approaches
for the facial analysis [6] to be pose-invariant.
The face is defined as a rigid object, characterized using three rotation angles:
pitch, roll, and yaw. Yaw is the angle of moving the head left and right (rotation around Y -axis); pitch of moving the head up and down (rotation around
X -axis); roll is the tilt angle (rotation around Z -axis)
Several approaches were proposed to detect the head pose from single images.
Many of them are only considering a discrete pose estimation. In other words,
they assign the detected face to one of many pose classes, where they quantize
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Fig. 1. An overview of our proposed approach to estimate the human head pose.

the pose range to classes separated by 15◦ . Those approaches exploit different
classification methods to infer the pose group of each face image [7]. To infer a
continuous estimate of the head pose, other approaches exploit regression methods [8], despite the annotations offered by the employed database.
In this work, we employ a regression method to provide a continues estimate of
the head pose. The proposed approach is trained and evaluated on a database
annotated with continues pose values. Additionally, we perform a cross database
evaluation using a database annotated with discrete poses.
The remainder of this work is organized as follows. In section 2, we describe
the proposed approach. The experimental results are provided in section 3. A
summary concludes the paper in section 4.

2

The proposed approach

In this work, we address the task of estimating the head pose of an automatically
detected face in 2D images. Our approach is a frame-based where no temporal
information is utilized, and automatic where no human intervention is applied to
the face detection. The structure of the proposed head pose estimator is pictured
in Fig. 1. First, the human face is located inside the processed image. Next, we
cope with the inconsistent face cropping using a face registration task. Then,
appearance-based features are extracted from the registered face patch. Finally,
those features are passed into a regression method to infer a continuous estimate
of the head pose angles.
The face is detected using Viola and Jones approach [9]. This face detector
employs the Haar-like features, which are insensitive to the skin color. Exploiting the classifier cascade and the integral image speeds the approach evaluation
up, where real time performance can be achieved using GPUs [10]. To cover a
wide range of poses, we apply the profile model once the frontal model fails to
locate the face. A main drawback of this face detector is its inconsistent face
cropping. To cope with this issue we employ a face registration task. We use the
face detector output to propagate several boxes with different scale and shift
values. Then, the content of the generated boxes is tested with the help of predefined face models to choose the most proper face bounding box, as shows in
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Eq. 1.
x = argmax f (xi , Xm).
xi

(1)

xi denotes the features extracted from box i. f () is a function that measures the
similarity between xi and the face models Xm. Any appearance-based features
could be used in Eq. 1.
Obviously noticed that the facial appearance is significantly changing across
the head pose; therefore, by measuring those changes we can deduce the head
pose. To this end, we extract two appearance-based feature types. We apply the
Local Binary Patterns operator (LBP) [11] to the entire registered face patch.
Then, the resulting image is divided into smaller cells, where a histogram is
created for each cell. Finally, we concatenate the generated histograms to form
the LBP feature vector. In a similar way, the Histograms of Oriented Gradients
(HOG)[12] is applied to the registered face patch, with the exception of applying
a normalization over larger spatial regions to be more invariant with respect to
illumination and shadowing.
Finally, the extracted feature vector (x) is mapped into the pose angle (θ̂)
through Support Vector Machine Regressor (SVMR), where one regressor is
used for each angle as follows.
θ̂ = wT φ(x) + b.

(2)

w is the l-dimensional weight vector, φ(x) is the mapping function that maps
x into the higher l-dimensional feature space, and b denotes the bias term. The
parameters w and b are estimated using quadratic programming techniques. The
other parameters, such as the penalty cost value and the kernel function, were
estimated through a grid search on the parameter space where the parameters
with the best cross-validation accuracy were selected. SVMR is a machine learning algorithm that is well-known for its generalization capability and avoiding
overfitting [13].

3

Experimental results

We evaluated our approach on the Biwi Database [8]. This database was recorded
using a Kinect sensor. 20 people (14 men and 6 women, 4 wearing glasses) were
captured while they rotate their heads. We preferred to use the RGB images
offered by this database as it provides continuous annotations for the head pose.
Those annotations are obtained by applying the ICP algorithm to the personalized 3D head template and compare it with each frame instance. Unlike the
work in [8, 14], the depth data were not involved in the face detection nor face
cropping. We adopted a five-fold cross-validation for our experiments, where we
partitioned the entire database into five groups. Then, we used four groups as
a training data set to train the regressors, while the remaining group was used
as a testing data set, taking into consideration that samples of the same person
do not exist in both training and testing sets. We reported the mean and standard deviation of the absolute error for each estimated head pose angle in Table
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(a)
GT[-7.7 3.5 -2.4]
ES[-4.5 1.9 -0.7]

(b)
GT[-5.1 35.5 1.5]
ES[-3.5 27.9 -0.7]

(c)
(d)
GT[50.7 14.08 -3.6] GT[41.3 -29.7 3.7]
ES[38.5 9.91 -1.3] ES[No detection]

Fig. 2. Estimation samples stemmed from the cross-validation experiment conducted
on the Biwi database using a concatenation of LBP and HOG features. GT denotes
the ground truth rotation angles [Pitch Yaw Roll] and ES is the estimated angles, all
values are in degree.
Table 1. The mean/standard deviation of the absolute error for each estimated head
pose angle. These experiments were carried out on Biwi database.
Approach

Pitch Er

◦

Yaw Er

◦

Roll Er

◦

LBP

12.3 / 11.1

10.1 / 9.1

7.0 / 6.9

HOG

9.1 / 8.9

7.6 / 6.4

5.7 / 5.3

LBP+HOG

7.7 / 6.8

6.0 / 5.4

4.9 / 4.6

1. Clearly shown that the pose estimation is accurate when we employ HOG.
Moreover, concatenating both feature vectors leads to more accurate estimates.
Estimation samples stemmed from the cross-validation experiment using the
concatenation of LBP and HOG features are depicted in Fig. 2. GT denotes the
ground truth rotation angles [Pitch Yaw Roll], and ES is the estimated angles;
all values are in degree. The estimation is more accurate for lower pose angles as
in Fig. 2a. On the other hand, the error increases for the faces of higher angles
as Fig. 2b-c. This explains the variance shown in Table 1, which is reasonable
as a single camera can only capture small appearance variations at the higher
rotation angles. Both face models (frontal and profile) fail to detect the face
when it experiences simultaneous high yaw and pitch angles as in Fig. 2d.
To assess the generalization capability of our approach, we evaluated on the
head pose image database [15]. This database comprises 2790 monocular face
images of 15 persons with discrete variations of yaw and pitch angles from −90◦
to +90◦ . To obtain the ground truth poses, markers are put inside the room
where each marker corresponds to a 2D pose (yaw, pitch), then each person is
asked to pose toward each marker for the capturing process. We use the models
trained on Biwi Database. Additionally, we applied the IntraFace program [16]
for a comparison purpose. The samples with rotations ranging ±30◦ pitch and
±30◦ yaw are included in the evaluation test, as the human faces are detected
with 100% detection rate using our face detector and the IntraFace program [16].
The cross-database validation results are summarized in Table 2. The mean and
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Table 2. Cross-database validation results. Head pose models were trained using Biwi
Database, and used afterwards to estimate the head pose on the Head Pose Image
Database. The last row presents the results of applying IntraFace program [16] to the
same images. The absolute error (◦ ) of each pose angle is reported by its mean/standard
deviation values.
Feature

Pitch error (◦ )

Yaw error (◦ )

LBP

17.5 / 11.1

12.5 / 9.3

HOG

11.1 / 7.1

7.3 / 5.0

LBP + HOG

10.3 / 6.6

6.4 / 6.6

IntraFace [16]

11.27 / 7.3

5.8 / 4.4

standard deviation of the estimation error are larger compared to the results
obtained on Biwi Database. Generally, testing against another database which
is captured with different sensors in different environment and setup will drop
the estimation accuracy. The drop in our case can additionally be attributed to
the difference between both databases in terms of image quality and annotation
methodology. Besides the Head Pose Image database provides faces in discrete
poses, which are more susceptible to annotation errors. Table 2 also presents
the results obtained by applying the IntraFace program [16] to the same images.
IntraFace (publicly available) is built on top of VJ face detector with frontal
model, so its pose range is limited for handling the single images. From Table
2, our pose estimation using HOG+LBP is as good as the state-of-the-art IntraFace in the cross-database validation. Pitch estimation is superior by 0.9 degree
while the yaw estimation is inferior by 0.6 degree.

4

Conclusions and future work

In this work, we proposed a head pose estimation on top of automatic face detections. Having a robust approach for the head pose estimation will offer different
computer vision systems the opportunity to work in a more realistic environment and not being limited to only the frontal cases. Two feature types (LBP
and HOG) are utilized to encode the facial appearance. Finally, we employed
the SVMR, which is well-known for its generalization capability, to map the extracted features to the head pose angle. Evaluation on two public benchmark
databases showed that our approach provides competitive results. Utilizing the
estimated head pose for head gesture recognition is the next step in our research.
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11. Ojala, T., Pietikäinen, M., Harwood, D.: A comparative study of texture measures
with classification based on featured distributions. Pattern Recognition 29(1)
(1996) 51–59
12. Dalal, N., Triggs, B.: Histograms of oriented gradients for human detection. In:
Computer Vision and Pattern Recognition, 2005. CVPR 2005. IEEE Computer
Society Conference on. Volume 1., San Diego, CA, USA (2005) 886–893 vol. 1
13. Abe, S.: Support Vector Machines for Pattern Classification (Advances in Pattern
Recognition). Springer-Verlag New York, Inc., Secaucus, NJ, USA (2010)
14. Saeed, A., Al-Hamadi, A., Ghoneim, A.: Head pose estimation on top of haar-like
face detection: A study using the kinect sensor. Sensors 15(9) (2015) 20945–20966
15. Gourier, N., Hall, D., Crowley, J.L.: Estimating Face Orientation from Robust
Detection of Salient Facial Features. In: Proceedings of Pointing 2004, ICPR,
International Workshop on Visual Observation of Deictic Gestures. (2004)
16. Xiong, X., De la Torre, F.: Supervised descent method and its applications to face
alignment. In: Computer Vision and Pattern Recognition (CVPR), 2013 IEEE
Conference on. (2013) 532–539

166

ISCT 2015

1st International Symposium on Companion-Technology

Body Part Detection for Human Pose
Estimation in HCI Environments
Sebastian Handrich and Ayoub Al-Hamadi
Institute of Information Technology and Communications,
Otto-von-Guericke-University Magdeburg, Germany
{sebastian.handrich, ayoub.al-hamadi}@ovgu.de

Abstract. In this work, we address the problem of detecting
the body parts of a user in an HCI environment. Our approach
can be used as a basis for a subsequent human pose estimation system and a gesture recognition system. The body part
detection utilizes depth information. A graph-based representation of the user’s body surface is determined which allows
for the measurement of pose-independent geodesic distances.
We extend previous approaches based on geodesic distances by
extracting geodesic paths to multiple surface points which are
obtained by adapting a 3D torso model to the point cloud data.
This allows to distinguish between different body parts - without having to make prior assumptions about their locations.

1

Introduction

Human gestures are next to other modalities like e.g. facial expressions a key
modality, when it comes to estimate the affective state of a user in an HCI
environment. A fundamental requirement for a gesture recognition system is the
ability to detect the gesture relevant body parts or even the full human-body
pose. This still remains a challenging task, since the human body is capable
of an enormous range of different poses and due to further complexities like
self-occlusions and rapid appearance changes. Existing techniques for human
pose estimation can be categorized into discriminative [1][2][3][4] and generative
approaches [5] [6]. The former try to match several extracted features to a set
of previously learned poses. For this, machine learning algorithms like artificial
neural networks or decision trees are typically employed. The major drawback
of these approaches is that they are limited to poses that have previously been
learned. Therefore, an exceptionally large set of training data is required to cover
all possibly occurring poses. The authors of [3], for example, used almost one
million training images. The aim of generative approaches is to fit an existing
model, which is usually a kinematic skeleton model, to the observed data. In
general, these approaches are able to detect arbitrary poses, but often need an
initialization phase in which the used is expected to be in an unambiguous pose.
Another criterion is, whether 3D data is available or not. Image based methods
usually employ features like skin-color [7], contours [8], or silhouettes[9] but often
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lack the ability to resolve ambiguities, in particular when body parts occlude
each other or the light conditions change. In this work, we propose an approach
that utilizes depth information to segment the parts of the user’s body. The
segmentation is based on geodesic distances and paths which are measured along
the surface of the user’s body. In contrast to the authors of [6], we determine the
geodesic paths not only to one but to multiple surface points in order to resolve
ambiguities and do not expect the user to be in a specific initialization pose.

2

Body Part Detection

The input to our body part detection system is a sequence of N depth images
D t = {D1 , D2 , . . . , DN }. Our goal is to determine for each depth pixel to which
part of the user’s body it belongs. It is assumed that the user is within the
foreground region. We therefore apply a threshold thD to the depth images
and neglect all depth pixels that are above this threshold. We have set thD
to 2.5m. The depth camera is described by a standard pinhole camera model
C = {cx , cy , ck }, where [cx , cy ]T is the camera’s principal point and ck denotes
the camera constant. A 3D point cloud W t = {wi }nx ×ny = {[xi yi zi ]T }nx ×ny
where nx and ny define the resolution of the depth image, is computed from a
depth image according to Eq.1:
wi = di /ck · [(cx − x0i ), (cy − yi0 ), 1/ck ]T ,

(1)

where [x0i , yi0 ]T is the 2D position in the depth image and di is the depth value
at this position. The 2D position of 3D point wi will be denoted as wi0 .
Torso Model Registration
As mentioned earlier, we measure the geodesic distances to multiple points on
the surface of the user’s body. These points are the approximated positions of
the torso center (pt ), the left and right shoulder (pls , prs ), the neck (pne ) and
the left and right hip (plh , prh ). In order to determine these points, a rigid 3Dtorso model τ is adapted to the point cloud W t using an iterative point cloud
registration approach described in [10]. The torso model consists of three sets
of 3D-points τ = {τ0 , τ1 , τ2 }, where each set represents a different part of the
torso. The goal is to find the transformation matrix M τ = (Rτ , T τ ), with Rτ the
rotation and T τ the translation matrix. The torso model is initially shifted to the
centroid of the point cloud T τ = W t . We determine for each transformed point
of the torso model M τ τ its closest point in Wt and vice versa. Pairs of points
that match are marked as corresponding points and are used to calculate the
transformation of the torso model (see [10], Chap.4 for further details). Having
computed the torso transformation, the positions of the shoulders, hips, neck are
This work was supported by Transregional Collaborative Research Centre SFB/TRR
62 (”Companion-Technology for Cognitive Technical Systems”) funded by the German Research Foundation (DFG).
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approximated by Eq.2, where M i ∈ {M ls , M rs , M ne , M lh , M rh } defines the
fixed transformation for each point in torso model coordinates:
pi = M τ M i [0 0 0 1]T , ∀pi ∈ {pls , prs , pne , plh , prh },

(2)

Geodesic Path Extraction
In this work, a geodesic path is defined as the shortest connection along the
user’s body surface between two arbitrary surface points. The body surface is
represented by a graph G = (V, E). The nodes V of the graph are identical to
the points of the point cloud: V = W t . For the edges E, two criteria are defined
determining, whether two points are connected by an edge. The former connects
two points, if their Euclidean distance is below a threshold c1 = 2cm and if they
correspond to adjacent pixels in the depth image (Eq. 3). However, points that
are separated by an occluding body part, cannot be connected by this criterion.
We therefore introduce a second criterion that connects two points, if they are
separated from each other only by foreground depth pixels (Eq. 4):
c1 (wi , wj ) = ||wi − wj || < c1 ∧ dD (wi0 , wj0 ) = 1
c2 (wi , wj ) =

D(wk0 )

≤

min(D(wi0 ), D(wj0 ))

∀wk0

(3)
∈

wi0 wj0 ,

(4)

where dD is the spatial distance in the depth image, D(x) is the depth value at
position x and wi0 wj0 is the 2D line segment between wi0 and wj0 . Two points are
connected by an edge, if either criterion c1 or c2 is fulfilled. Both criteria are
illustrated in Fig. 1a and b.
We further define a weight λ(i,j) for each edge ei,j ∈ E, which represents the
Euclidean distance between the two connected points: λ(i,j) = ||wi − wj ||2 . A
geodesic path between two arbitrary graph points (wi , wj ) is then defined as
the sequence of surface points, that minimizes the cumulative edge weights. Its
length denoted as |P| is the geodesic distance between wi and wj . Based on
the constructed graph G, Dijkstra’s algorithm [11] is employed to determine a
geodesic path:
Pwi ,wj = dijkstra(G, wi , wj ) = (wi , wi+1 , . . . , wj ),
with |Pwi ,wj | =

j
X

λ(k,k+1) → min

(5)
(6)

k=i

Limb Detection
The next step is to detect the end points of the limbs, i.e. the hands, the feet and
also the head. As it can be seen in Fig.1c, these points are characterized by the
fact that they have high geodesic distances from the torso center. We therefore
compute for each point wi ∈ W t its geodesic distance to the torso center and
subsequently detect the five surface points with the maximum distance. This
is accomplished in an iterative manner (Fig.1c): In each step, the path with
the highest geodesic distance is determined. The endpoint of the path is then
connected to the torso center with a zero-weight edge λ(·) = 0 and the geodesic
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Fig. 1: a) Graph with only c1 applied. b) Graph, if also c2 is applied. Former separated
graph region are connected (red lines). c) Detection of geodesic maxima. d). Geodesic
paths between torso center and limb endpoints (blue) and labeled limb paths (red).

distances are recomputed. The positions of the detected limb endpoints will be
denoted as L. The next step is to determine, whether a limb endpoint represents
the left or right hand, the head, or the left or right foot, respectively. This
cannot be decided on the bases of the geodesic distance from the torso center,
since, for example, the left and right hand have identical distances. We also do
not rely on any a priori assumptions about the initial position like e.g. that the
right hand is in the right half of the depth image. Instead, we compute for each
detected limb endpoint its geodesic path to the points obtained from the torso
fitting step, i.e. to the shoulders, hips, and the neck. Based on the path lengths
(geodesic distances), we decide to which limb, a detected endpoint belongs. As
an example: The endpoint that has the shortest geodesic distance to the left
shoulder, is labeled as the left hand. The computed set of paths is given by
Eq.7. Let L denote the labels for the left and right hands, the head, and the
feet. To each limb endpoint Lj the label Lk̂(j) ∈ L is assigned according to Eq.8:
{PLj ,pi , ∀(Lj ∈ L) ∀(pi ∈ {pls , prs , pne , plh , prh })}

(7)

Lj ← Lk̂(j) , with k̂(j) = argmin |PLj ,pk |.

(8)

k

For greater clarity, we will omit some indices. The paths between the limb
endpoints Lj and their assigned torso points pk̂(j) will be briefly denoted as P̂j .
For an exemplary pose, these paths are shown in Fig.1d.
Body Part Segmentation
The goal of the final step is to decide for each pixel to which body part it belongs
based on the labeled limb paths P̂j . For this, the watershed algorithm is used,
a 2D segmentation approach [12]. In general, the watershed algorithm takes as
input a grey-level image I to be segmented and a marker image IM that defines
the initial regions. In our approach, the grey level image is constructed based on
the geodesic distances |Pwi , pt | of each point wi ∈ W t to the torso center (Eq. 9).
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This ensures that pixels that are far away from each other (in a geodesic manner)
are segmented into different body parts. For 3D points connected by a c2 edge
criterion (Eq.4), the corresponding pixel value in I is set to 255. This defines an
initial border criterion for the watershed algorithm and prevents different body
part regions to be merged.

I(wi0 ) =





255
128·|Pwi ,pt |
max (|Pwi ,pt |)

, c2 (wi , ·) = true
, otherwise

(9)

wi ∈W t

The marker image IM defines the initial location and IDs of the body part
regions. Let IM (P) denote the 2D-positions of a path P in the marker image. It
is initialized as follows: (1) The torso region is initially labeled by assigning to all
pixels along the paths between the torso center and the limb starting points an
id: IM (Ppt ,pi ) = idT or, ∀pi ∈ {pls , prs , pne , plh , prh }. (2) Pixels in the marker
image that represent points for which neither edge criterion c1 nor c2 is fulfilled
are set to an id idU nknown. (3) Pixels of limb paths P̂j are set to an id-value
that encodes the index of the assigned limb and whether they are located in the
upper or lower segment of a limb: IM (P̂j ) = j  16 + idSeg. The idseg value
is used to distinguish between the upper and lower arms and legs, respectively.
If the geodesic distance between a path point and the path’s starting point is
below a threshold L , it belongs to the upper limb segment and idSeg is set to
one, otherwise it is set to zero. The threshold is computed from the path length
L = rL · |P̂j )|, where rL defines the ratio between the length of the upper limb
segment and the length of the whole limb path. It is set empirically according
to typical human body proportions (rL = 0.4 for the arms and rL = 0.45 for the
legs).

3

Experimental Results and Discussion

In order to evaluate our approach, sequences of synthetic depth images were
generated by rendering an animated 3D human character into an OpenGL depth
buffer. The use of synthetic data is motivated by the fact that for each depth
pixel the ground truth data, i.e. the body part, is known and can be compared
to the result of the our approach. In total, 16 sequences (approx. N = 25000
depth images) were created that contain various poses including self-occlusions.
In each depth image, the 3D character is not more than 45◦ turned away from
the camera. This is an reasonable assumption in an HCI environment, in which
the user is expected to face the HCI system. In Fig. 2, some generated poses
and the segmented body parts are shown. Dashed lines in Fig.2 depict the limb
paths P̂j that were used to initialize the marker image Im for the watershed
segmentation. One can see that the body parts were segmented correctly for the
shown poses - even in cases of self-occlusions.
In Table 1 the confusion matrix of the body part segmentation for all generated depth images is shown. Rows denote the actual body parts and the columns
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Torso
Head
ruArm
rfArm
luArm
lfArm
luLeg
lloLeg
ruLeg
rloLeg

Fig. 2: Result of the body part segmentation for selected poses. Dashed lines depict
the limb paths used to initialize the watershed segmentation.

represent the segmented parts. At first, it can be seen that most of the depth
pixels were classified correctly. The true positive rate is in the range of 70%
(right upper-arm, ruArm) and 97% (right lower leg, rlLeg). Here, one has to
consider that misclassified pixels were mostly assigned to adjacent body parts.
For example, 13.4% of the pixels that actually belonged to the right upper arm
were classified as torso pixels and another 13.4% were assigned to the right forearm. This is due to the fact that not every pixel can be clearly assigned to only
one part of the body and should therefore not be considered as misclassified.
For some 3D points no geodesic path to the torso center was determined. This
typically occurs when the user’s arm is pointing directly towards the camera and
there are no points that fulfill the edge criteria. As a result, the corresponding
depth pixel were not assigned to any body part and are labeled as ’Unkwn’ in
Table 1. This is especially true for the forearms (10.46% and 13.4%). Overall, the
results show that our approach is suitable to detect the body parts of the user
and can be used as a basis for a subsequent human pose and gesture recognition
system.

Act.\Pred.
Head
Tor
luArm
lfArm
ruArm
rfArm
ruLeg
rlLeg
luLeg
lloLeg
Prec

Head
88.7
0.3
0
0.1
0
0.3
0
0
0
0
97.7

Tor luArm lfArm ruArm rfArm
7.8
0
0.1
0
0.14
91.7 0.4
0
0.2
0
13.7 74.4 10.0
0
0
0.66 1.9 86.6
0
0
13.4 0
0.1
70.7 13.4
0.5
0
0.2
0.9
84.7
0.9
0
0
0
0
0.1
0
0
0
0
0.7
0
0
0
0
0
0
0
0
0
95.3 93.7 90.4 94.8 88.4

ruLeg
0
2.9
0
0
0
0.13
92.5
0.2
0.1
0
91.6

rlLeg
0
0
0
0
0
0
5.3
97.4
0
0
93.0

luLeg lloLeg Unkwn. Rec.
0
0
3.1
93.3
3.8
0
0.5
92.5
0
0
1.7
69.9
0
0
10.46 80.6
0
0
2.2
69.2
0
0
13.4 79.9
0.1
0
1.1
91.6
0
0
2.2
94.6
94.1 4.0
0.9
94.5
0.6 96.5
2.5
93.3
89.0 96.0
0

Table 1: Confusion matrix of the body part segmentation for all created depth
images (approx. 25.000)
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Abstract. Research in emotion recognition is based on the recording and analysis of affective material. To provide an objective ground-truth for such data, a
common approach is manual annotation. Several tools have been developed for
this task with different use cases and different foci. The disadvantages of human
annotation are the subjective view of emotion as well as influences by the label
tool itself on the outcome of the annotation process. We present a study to quantify the effects of label tools and the human operator on the quality and reliability
of the annotation. Multiple raters are used to annotate a common benchmark sequence to assess the impact of each factor on the annotation using three different
label tools. The benchmark sequence contains several tasks to evaluate annotation
specific effects. Quantitative evaluation supports the findings considering annotation delays and the differences between the tools.

1

Introduction

Research in affective computing is mostly driven by collection and analysis of sensor
data [4,8]. The collection step can be done in various ways with the focus depending
on the desired task [9]. One option is to use tightly designed experiments that elicit
emotions using predefined stimuli. The other end of the spectrum consists of open interaction of a human with an avatar or human interlocutor. While different emotionally
stimulated material is created in such a way, the point where those scenarios differ the
most is the determination of the actual emotional ground truth. While this can be considered a controversial topic in the community, there seems to be consent that there is
no perfect way to do that. So in practice an estimation of the ground truth is created by
manual annotation of the material.
The annotation of affective material is a time consuming process, however one that
is crucial for further analysis of the data. It is commonly carried out for one or more of
the so called affective dimensions [7]. To facilitate the annotation process, label tools
have been developed. They provide means to display the affective material and to supply and process the ratings. Over the years, different tools have been proposed, some
with different focuses but all with different advantages and disadvantages. This study
sheds light on how different continuous annotation tools influence the outcome of the
annotation. As this work focuses on continuous annotation, only tools that have this
capability are considered in the following.
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We study the effects, the tools have on the annotation process and the outcome as
well as how the human factor ties into this process. To accomplish this, a common
benchmark sequence is annotated by a total of 7 different raters. Subsequently, quantitative results are presented based on measures computed on the annotations.
The remainder of this work is structured as follows. In Section 2, the experimental
setting is described which comprises the choice of label tools, the data that is labeled
and the test subjects. The results of the experiments are outlined in Section 3. This
comprises a numerical evaluation of the variances and delays as they are introduced
by the individual differences of the test subjects and the properties of the label tools.
Finally, 4 summarizes and concludes.

2

Experimental setup

The general experimental setup of the study is outlined in this section. This comprises
the description of the evaluated labeling tools, the video sequence that is labeled by
all the raters and finally a brief demographics of the subjects that participated in the
experiment.
2.1

Continuous labeling tools

All evaluated labeling tools are designed to continuously annotate one label within an
iteration represented as a slider moved with the mouse within one dimension.
Annemo [6] was developed to annotate the RECOLA corpus. It is browser based and
hence can be used for individual dimensions in a remote annotation setting. The interface is minimalistic and mostly reduced to the video playback and a slider that is
orientated from left to right. By letting the interface be handled by the browser, resizing
and customizing can be done relatively effortlessly. A unique feature for the annotation
is that the mouse cursor is caught by the slider after clicking on it the first time and every movement of the mouse hence influence the given label. Another advantage of this
is that it is platform independent. The Annnemo interface can be seen in Figure 1(a).
Carma [2] is a Matlab based annotation tool for Windows platforms. Just like Annemo,
the interface is designed such that distracting elements are minimized and mainly features the video playback and a vertical slider. In contrast to the Annemo tool, the slider
that is used for the adjustment of the label is designed in an up-down fashion. Further
the labeler has to drag the element by holding the mouse button and releasing the button lets the label stay at this point. A depiction of Carma can be seen in Figure 1(b). In
comparison to the other tools, the huge video playback area and the vertical slider stand
out.
Gtrace [1] was developed as successor to the well-known annotation tool feeltrace,
which was prominently used to label the SEMAINE corpus [5]. It is able to annotate
videos continuously with single customizable dimensions. The interface is designed
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such that the video can be seen on the left side and with the annotation cursor on the
right side of it together with custom dimension descriptions. In order to provide a label
to a snippet of the presented data, the mouse button has to be held until the end of
it. A unique feature of this tool is that the label history is made visible by showing a
trajectory of the cursors past movements. The bottom is used for video and annotation
selection as well as instructions how to start the annotation process. The interface can
be seen in Figure 1(c).

(a)

(b)

(c)

Fig. 1: Left: Annemo labeling tool. Middle: Carma labeling tool. Right: Gtrace labeling tool. The tail of the cursor that is shown when moving the cursor is nicely shown.

2.2

Data

Fig. 2: Label sequence. Screenshots of the 4 tasks recola arousal, reaction arousal,
recola gaze and mood are shown.

The sequence that was annotated was specifically designed to investigate annotation
specific effects such as the annotation lag, transient phases and repeatability but also
how the different tools affect the process. The sequence consists of 4 parts that are
separated by a neutral image and a 5 second countdown before each task. An illustration
of the benchmark sequence can be seen in Figure 2.
Task 1: The first part consists of a 5 minute video taken from the RECOLA corpus with the task to continuously annotate the dimension arousal as known from the
valence-arousal-dominance space [7]. An annotator generates a continuous signal by
holding and moving the slider during video playback.
Task 2: The second video is taken from the Internet and has a length of 1 minute and
3 seconds. It shows the recorded reaction of an older woman when watching another
Internet video. The task is again to annotate arousal.
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Task 3: Video three is again taken from the RECOLA corpus. However this time,
the task is to annotate the gaze direction of a female participant. She either looks to
a hidden interlocutor or on the desk before her. The annotator’s task is to capture this
behavior. The idea behind this task is to have a more or less clean ground-truth as the
true gaze direction can be determined rather easily. The duration of the video is 2:45.
Task 4: The last part of the annotation sequence consists of a series of photographs
taken from the Internet. Each photo is shown for 3 seconds and the annotator should determine if the image shows a positive or negative mood and move the slider accordingly.
After each image, the slider should be put back into neutral position. The images were
selected in obvious mood (e.g. a baby seal or the depiction of civil war) and images
with ambiguous meanings (e.g. a scene with rain on a river or the depiction of money),
depending on the experiences of the rating person.

2.3

Raters

A number of seven individual raters were recruited for the study. All subjects have some
sort of academic background from under graduate and graduate students to technical
staff. Every rater annotated the video three times using a different labeling tool in every
iteration. The succession of the label tools was randomized in order to account for
learning effects and customization of the subject to the task.

3

Results

A quantitative evaluation is conducted by regarding the individual differences of the
raters and the impact of the label tool on the outcome. The quantitative evaluation of
the label tools is conducted by considering three questions concerning the delay of the
annotation and the variances of the results that are caused by the tool and also by the
individual subjects.

Do label tools influence the label values? The question whether using a different label
tool results in different label traces is investigated in this section. Figure 3(a) shows the
average label traces for the RECOLA arousal subtask over the seven subjects for each
individual label tool. It can be seen that the Carma and Annemo tools are more similar
than the results of the Gtrace software by visual inspection.
This is further confirmed in Figure 3(b), where the frame wise absolute differences
for each pair of label tool is seen in box plots. It can be seen that Annemo and Carma deviate less from each other and that they deviate more from the traces that were collected
using Gtrace. However, the variances in each of these experiments are high.
To have a visual confirmation that the annotators all had a somehow similar understanding of what arousal means, the mean annotation traces for the second task are
illustrated in Figure 4(b). This task can be considered easier as task 1 as the reaction in
the video monotonically increases over time, which is also reflected in Figure 4(b).
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Fig. 3: Left: Average label traces for a snippet of the RECOLA arousal subtask that
were given by the seven raters for the three tools. It can be seen that Gtrace returns traces
that differ widely form the other two. Right: Each box plot summarizes the framewise absolute differences of two tools over all seven subjects for the RECOLA arousal
subtask. It can be seen that the traces of Annemo and Carma are more similar than the
ones generated using Gtrace.

How large are the subject dependent variances? Figure 4(a) shows the frame wise
labels for each subject generalized over the three tools. It can be seen that there are
large differences for every rater not only in terms of vertical shift, which is highest for
subject S1 and lowest for subject S4, but also for the variances of the annotations. The
variance is very small for the subjects S5 and S6 and the largest for Subject S2.
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Fig. 4: Left: Each box plot summarizes the frame wise label values that were given
by the seven subjects using all three label tools for the RECOLA arousal subtask. It
can be seen that there are large individual variances in the usage of the tools. Middle:
Average label traces for the reaction subtask for the three label tools. Right: Variances
of the tools computed on shifted time windows. All the annotations were filtered with
a variance filter on a 25 sec timescale. The different variances were then compared
with each other. As can be seen, Annemo and Gtrace and Carma and Gtrace differ
significantly (computed using a Wilcoxon signed rank test with p = 0.05).

How large is the annotation-delay? The annotation process is strongly influenced by
causality in the time domain. This means that raters can only annotate what they have
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seen and since the reaction speed of humans is finite, there will be delays in the annotated signal. To quantify how strongly the annotation delay influences the data, two
experiments have been conducted. First, as explained in Section 2.2, task 3 of the video
sequence was to annotate the gaze direction of a person in an interaction procedure. The
ground truth gaze direction was manually annotated and compared with the annotation
traces created by the subjects of our study. The delays are analyzed over the different
tools but also over the different annotators. Figures 5(a) and 5(b) show the results of
the respective experiment. As can be seen in Figure 5(a), the delay varies greatly across
the annotated sequence. It ranges from 1 to 2 seconds for most subjects and most interestingly it is not constant. This implies that simple delay compensation methods like
subtracting a constant offset cannot be applied in such scenarios and other methods
have to be investigated.
To further analyze the annotation delay, it was also computed for task 4 of the label
video. Figure 5(c) shows the results for the person specific delay. As can be seen, it
is generally higher than for the gaze task (between 1 and 3 seconds) which can be
explained by the additional cognitive load. A comparison of the tools shows that Carma
seems to create the largest delay in the annotation traces (compare Figures 5(d) and
5(b)), while Annemo and Gtrace are almost equal.
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Fig. 5: (a): Label delays of the gaze subtask for the individual subjects averaged over the
three tools. There is some variance over the subjects but also for one subject observable.
(b): Label delays in the gaze direction sub experiment. The software Carma produces
here the largest delays compared to the other two. (c): Subject wise delay in the mood
subtask. It can be seen that there are large variances over the subjects but also in the
ratings of one subject. (d): Delay for the three individual label tools for the mood task.
It can be seen that for this task the largest delays are produced by the Carma software.

4

Summary & conclusion

In this paper we investigated the impact of the used labeling software on the outcome
of a continuous affective annotation procedure. The focus of the study was not to find
a true label for the presented data but rather to identify and quantify differences that
occur in the final label that are inflicted by the annotation process. We have shown that
there are a number of considerable effects that influence the outcome of the annotation
process.
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We have shown that there are a number of differences in the result of an annotation procedure. This comprises the average magnitude of the continuous label, but also
the label delay that is inflicted by the layout of the used tool. Apart from that a variety of evaluations were conducted regarding the individual raters’ variances. As in
other studies it is confirmed [3] that the labels that are given by the individuals have a
high variance. Further it was shown that the individual delay of the subjects has also
large variances. This means that if measures are taken for compensation, it may not be
sufficient to conduct some shifting with a constant value.
In order to get a deeper understanding of this it would be necessary to conduct systematic usability studies using standardized questionnaires, which might be interesting
for future work.
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Abstract. We present ATLAS a graphical tool for the annotation of
multimodal data streams in human computer interaction (HCI) scenarios. In typical HCI scenarios, besides multi-channel audio and video inputs, various bio-physiological data streams are recorded. ATLAS is able
to process all these different types of data. In addition to the data itself,
extracted features, and even the outputs of pre-trained classifiers can
be displayed. Furthermore, annotation and transcription are realized in
ATLAS. Furthermore, partially supervised learning techniques, such as
active data selection, are integrated together with probabilistic support
vector machines (prob-SVM).

1

Introduction

In Wizzard of Oz (WOz) experiments for HCI besides audio and video a variety
of bio-physiological measurements are of interest and should be recored [15].
Analyzing this kind of multimodal sensory data is difficult and time consuming,
and thus there is a need for interactive, intelligent data analysis tools [1] Basic
idea of interactive data analysis is that pre-trained machine learning models are
applied to select subsets of informative data out of the huge pool of raw data.
This small piece of data is then given to an human expert for data annotation.
Mostly such tools for data analysis are not implemented, and even more,
standard annotation tools are rather limited in regard to the number and type
of possible input modalities. While developing the ATLAS tool we focus on
these two aspects: Firstly, the aim was to develop a highly usable graphical tool,
and secondly the goal was to build an assistive system including active learning
techniques in order to select data and to suggest label information for unlabeled
(unseen) parts of the data collection, so that the annotator is able to evaluate
(accept/change/reject) the suggested label information more efficiently than to
analyze and label all data from scratch.
The importance of such techniques is also presented in [14] where a HCI
dataset is analyzed towards emotional user behavior. In this work six persons
had been analyzed and in average only 7% of the recorded data contain emotional
behavior. The events of emotional behavior had been annotate by using a one
class support vector machine as active learning classifier. Finally all marked
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events are used to train a final SVM classifier on only 14% of the dataset. This
SVM reached almost the same performance as a classifier trained on the whole
dataset annotate fully by hand.
As another important feature we took into account that in multimodal WOz
data usually different kinds of labels should be used on the same dataset, depending on the modality and application. For instance, some labels might cover
more global aspects, e.g. on sentence level in speech data or some complex user
activities, whereas others focus on events or short term behavior, e.g. on word
or phonetic level, or some multimodal events.

2

Basic Framework and User Interface

This section describes the basic technical structure of ATLAS framework and
gives an insight to its data representation (see [11] for more details). ATLAS
implements different kinds of data stream structures called tracks. A track is a
representation of a single modality or label type, Media-Tracks contain audio or
video data. These tracks are implemented using standard video and audio tools
and are of course the most important structures. All the other non-audio/nonvideo data is represented through so-called Line-Tracks, which are divided into
three sub-categories, namely Scalar Tracks, Vector Tracks, and Label Tracks:
– Scalar-Tracks consist of a sequence of one dimensional values, represented
as a common (t, y(t)) axis plot.
– Vector-Tracks are used for multivariate data, and are represented using the
well-known MATLAB imshow style, a color image where each row stands
for a certain feature dimension, each column is representing a time step, and
the measurement is encoded through a color map.
– Label-Tracks are used for all kinds of label information, displayed as colored
boxes. Labels can contain additional information such as comments, values, text and information about the labeling status, e.g. whether the label
has been manually entered or generated automatically during by a machine
learning procedure. Since the Version from early 2015 ATLAS supports fully
continuous labels. Labels are stored in XML format, one file per Label-Line.
Import filters to import labels from other annotation tools are available as
well.
The ATLAS framework is implemented in Java, therefore Linux, Windows
and Mac versions are free available. ATLAS is highly efficient, even for multivideo streams, e.g. we successfully tested datasets up to 100 GB per hour using
a modern standard PC. Problems to display the data have been observed in case
of hard disk I/O limitations, and so we suggest to use SSD hard disk drives at
least in multi-video applications.
The graphical user interface depicted in Figure 1 and 2 consists of a variety of windows to display all kinds of information. The most important window
type is the Line-Track window, which represents all kinds of Line-Track data (see
previous section). In the Line-Track window labels can be created, changed and
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Fig. 1. Screen shot of ATLAS. The most important windows are shown (Line-Track
window, Video windows, Main Controls, Label details window, Tabular label view and
the Legend window).

delete by drag and drop. Exact positioning of labels is possible either by zooming
the Line-Tracks or by editing details in a separate label property window. The
label property window can be used to enter additional specific information or
comments of the annotator.

3

Partially supervised learning

In supervised learning a large amount of labeled training data has to be collected
in order to construct models of acceptable prediction accuracy. In pattern recognition applications like remote sensing image classification [13] or automated
tex document classification [10], big pools of unlabeled data are available, but
labeling this data is usually difficult, tedious, expensive, or time consuming, as
it requires the efforts of human experts and/or special devices.
In order to integrate unlabeled data in a supervised learning procedure partially supervised approaches have been discussed in the pattern recognition literature, namely semi-supervised learning, and active learning for the two best
known learning paradigms. Semi-supervised learning [4] refers to group of methods that attempt to take advantage of unlabeled data for supervised learning
(semi-supervised classification) or to incorporate prior information such as class
labels, pairwise constraints or cluster membership (semi-supervised clustering).
Active learning or selective sampling [12] refers to methods where the learning
algorithm has control on the data selection, e.g. it can select the most important/informative examples from a pool of unlabeled examples, then a human
expert is asked for the correct data label. Here is the aim is to reduce annotation costs. In our application—the recognition of human emotions in human
computer interaction—we focus more on active learning. The complexity of this
task is the reason for that choice. Semi-supervised learning is in principle unsu-
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Fig. 2. Screen shot of the Label-Line window. From top to bottom the lines contain:
Audio raw samples, energy value extracted from audio, marked parts where energy is
over a given threshold, MFCC features extracted from audio, EMG of corrigator muscle,
skin conductance, respiration, labels which mark the activity in the experiment, labels
which mark the six parts of the experiment and finally labels that mark the users
emotion (positive or negative).

pervised and therefore it can not expected to be applied successfully to emotion
recognition of humans [6].
Another partially supervised learning approach for multi classifier systems
is Co-Training introduced by Blum and Mitchell [2]. In this approach, basically
two classifiers are incrementally trained based on two sufficient and independent
views. This means, two sets of features/classifiers each of which is sufficient
for learning and conditionally independent given the class labels. Initially, two
classifiers are trained using the available labeled training data. Then in each
iteration, each classifier selects and labels some unlabeled examples, with the
aim that one classifier can improve the accuracy of the other by providing it
with unknown class label information. This basic idea to train two classifiers has
been extended to more general learning schemes in multi classifier systems [16,
5].
To assists the annotator in his work we included an assistance system to
ATLAS which could make suggestions to the user after he labeled a few data.
This approach is based on Support Vector Machine algorithms. The libsvm [3] is
included to the tool, so it’s possible to use every type of SVM included to libsvm.
The quality and computational cost of the assistance system heavily depends on
the classification problem of the data.
The user selects one Vector- or Scalar-Track where the features for training
and classification are taken from. Optional one Label-Line could be defined as a
mask for excluding parts of the dataset from training and classification. The class
information is taken from a Label-Line given by the user. With these information
the labeled parts are used to train a SVM and classify the unlabeled data. The
highest confident classified parts are chosen as suggestion. The suggested labels
could then be reviewed by the user and either be accepted what means they
are used as training data in the future or be rejected what means they will be
deleted from the training set in future iterations. Figure 2 shows these iterative
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annotation process in the bottom line. The goal in these example experiment was
to annotate the users emotional state based on multi-modal data. The details of
the experiment are described in [15].
The automatic suggestion is based on MFCC features [7] extracted from
the audio signal, shown in Line-Track 4. Data are masked with Line-Track 3
which marks the parts with speech, based on a signal energy threshold decision.
The label information is provided by the bottom Line-Track accorded to the
class feeling (containing the entities ”positive” or ”negative”). The two large
labels are set by the user before starting the first iteration. The small labels are
suggestions after the first iteration. The amount and length of suggestions could
be set by the user.

4

Conclusions and future work

We presented a tool for visualization and annotation of data in multi-modal
experiments. The generic structure of ATLAS makes it helpful in a huge variety of experiments. The user is supported by active learning based assistance
algorithms, and so the annotation costs could be reduced.
In the future we want to expand the active learning system by adding a
decision level fusion system. This will fix the issue that at the moment the
tool is made for multi-modal data annotation, but for active learning only one
modality is used. In the future more modalities would be used to train multiple
classifiers and than combine their results in an additional fusion step to improve
the quality of the system in a significantly [8, 9]. Furthermore the described one
class active learning approach [14] is currently implemented into the ATLAS
native environment, and adapted to a generic multimodal functionality.
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Schwenker. Detection of emotional events utilizing support vector methods in an
active learning hci scenario. In Proceedings of the 2014 workshop on Emotion
Recognition in the Wild Challenge and Workshop, pages 31–36. ACM, 2014.
15. Steffen Walter, Stefan Scherer, Martin Schels, Michael Glodek, David Hrabal,
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