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ABSTRACT
This study evaluates a socially interactive agent to create an em-
bodied cobot. It tests a real-time continuous emotional modeling
method and an aligned transparent behavioral model, BASSF (bore-
dom, anxiety, self-efficacy, self-compassion, flow). The BASSFmodel
anticipates and counteracts counterproductive emotional experi-
ences of operators working under stress with cobots on tedious
tasks. The flow experience is represented in the three-dimensional
pleasure, arousal, and dominance (PAD) space. The embodied cov-
atar (cobot and avatar) is introduced to support flow experiences
through emotion regulation guidance. The study tests the model’s
main theoretical assumptions about flow, dominance, self-efficacy,
and boredom. Twenty participants worked on a task for an hour,
assembling pieces in collaboration with the covatar. After the task,
participants completed questionnaires on flow, their affective expe-
rience, and self-efficacy, and they were interviewed to understand
their emotions and regulation during the task. The results suggest
that the dominance dimension plays a vital role in task-related
settings as it predicts the participants’ self-efficacy and flow. How-
ever, the relationship between flow, pleasure, and arousal requires
further investigation. Qualitative interview analysis revealed that
participants regulated negative emotions, like boredom, also with-
out support, but some strategies could negatively impact well-being
and productivity, which aligns with theory.
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1 INTRODUCTION
Socially Interactive Agents (SIAs) combined with the exponentially
growing market of collaborative robots (Cobots) [21] may be ef-
fective in supporting workers’ emotion regulation during their
stressful and tedious activity in the production line. They can thus
be applied to move away from technology-driven approaches to-
wards a value-driven era that, besides efficiency, focuses on the
workers’ well-being and involvement [43], the so called the "fifth
industrial revolution" [46]. SIAs in the role of social and embodied
collaborative companions represented in the physical space of the
production line may help to address negative experiences, espe-
cially those related to robotic manipulators and the consequent
increase in production rates. However, such an SIA presupposes
an Avatar-Cobot behavioral model that anticipates and combats
negative emotional experiences.

Current research focuses on exploring these concepts, to define
design principles of mental-health-friendly work cells for operators
working together with Cobots [35]. Principles of supporting social
interaction through SIAs combined with robots/cobots must be
defined based on theory and be transparent to be tested systemat-
ically. End-to-end systems do not allow isolating and empirically
testing individual aspects of the interaction. Existing literature does
not offer any analysis focusing on these aspects for non-humanoid
industrial robots, making this study a first-time attempt.

An approach to this explored the effect of the integration of
the physical capabilities of a robot with the SIA’s verbal and non-
verbal skills on user perception of the system as a social entity [36].
The objective of the present study is to develop and evaluate a
transparent theory-based real-time emotional modeling method
based on boredom, anxiety, self-efficacy, self-compassion, and flow.
In short, BASSF reacts socially and promotes self-efficacy and flow
for well-being in the production line [37]. Here, we zoom in and
empirically test the relation of dominance to self-efficacy and flow.

1.1 Robots, Cobots and SIAs as Embodied
Companions at the Workplace

Virtual agents that support emotion regulation are limited. D’Mello
et al. [11] presented AutoTutor and Affective AutoTutor, two intelli-
gent tutoring systems trace emotional states to increase engagement
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and flow for learning. Pagalyte et al. [38], introduce the idea of in-
corporating Dynamic Difficulty Adjustment (DDA) through the use
of Reinforcement Learning (RL) in turn-based battle video games
to induce game flow. Samrose et al. [42], investigated whether an
empathetic conversational agent can mitigate boredom. These test
different interaction settings and deal with virtual agent behavior.
Additional difficulties arise when combining avatars with cobots
who co-habit and work in the physical space of the production line
[24].

Analysis of human-human interaction highlights the importance
of verbal and non-verbal communication. In every socially inter-
active scenario, motor correlates such as lip-syncing, head nods,
deictic gestures, and gaze movements are abundant and play a great
role in expressing emotions, intentions and establishing common
ground in communication [27]. However, such capabilities are miss-
ing in current industrial cobot installations, increasing the risk
for social isolation of their operators. There is scarce knowledge
regarding how industrial robots can be adapted to improve the emo-
tional experience and reduce health risks. There is evidence that
people project themselves onto non-humanoid robotic devices [2],
and preliminary studies [36] are trying to understand how humans
perceive them and what roles they ascribe to them. Virtual SIA
could act as mediators between cobots and their operators, promot-
ing a lifelike social experience. SIA can move in human-like ways
with sets of actions impossible for today’s industrial robots, while
physical embodiment and presence may increase the salience of life-
like perceptions and the importance compared to two-dimensional
entities [20]. The combination of both is promising.

2 RELATED WORK
2.1 Flow, Emotion Regulation and Guidance
Flow describes a pleasurable and effective state in which a person is
highly engaged in an activity [8]. Six flow components are described:
Merging of action and awareness, centering of attention, loss of
self-consciousness, feeling of control, coherent non-contradictory
demands, and autoletic nature.

There are additional preconditions of flow. Maybe the most im-
portant one is the skill-to-challenge ratio which is strongly con-
nected to the feeling of control. A balanced ratio [9, 25] shall fa-
cilitate flow, whereas a mismatch can lead to boredom/apathy or
stress, anxiety, and shame. To react to the individual emotional
experiences of boredom and anxiety in a way perceived as relevant
to the workers, we also need to dissect boredom, which is a complex
construct. The experience of boredom may have different origins
and functions.

Here, we further differentiate between boredom that may be
experienced due to under-challenge, common conception, and over-
challenge, which can be experienced in our setting due to time
pressure and competitiveness among workers or due to failure
at the organizational level. Over-challenge can occur due to task-
focused boredom, commonly when the task is tedious and mean-
ingless, like in the production line, or due to Self-focused boredom,
when individuals focus on feelings of dissatisfaction and frustration
with themselves [16]. Self-focused boredom is seen as a defense
mechanism against prolonged high-stress levels. Individuals tend to
subconsciously reduce negatively experienced and self-threatening

emotions by entering a state of boredom [34]. This aligns with
the relationship between over-challenge boredom and anxiety and
identity [9, 16]. Negative and self-referential emotions increase
self-directed attention, potentially resulting in boredom. Addition-
ally, lack of self-knowledge may predict boredom as individuals
may attempt to avoid perceived negative emotions[4]. Finally, over-
challenge boredom correlates with lower self-efficacy concerning
self-regulation and lower achievement, but under-challenge does
not [45].

Regulating negative emotions removes obstacles from experi-
encing flow. It may also elevate a perceived imbalance of the skill-
to-challenge ratio. Cognitive reappraisal could help reappraise the
demands of the situation and, therefore, simultaneously influence
the emotion and the perceived skill-to-challenge ratio [29]. Guid-
ance to emotion regulation can be beneficial but depends on the
context, the individual’s emotional experience, and individual dif-
ferences. Implicit guidance is often viewed as less obstructive [19].
In contrast, explicit guidance typically interrupts the process, i.e.,
by giving prompts for action [23]. Although guidance may exhibit
aspects of both, this distinction helps make decisions for particular
applications, like the production line, where task attention is very
important.

2.2 Emotion Modeling
The PAD model posits that all emotional states can be located and
differentiated using three dimensions (pleasure - displeasure, degree
of arousal, and dominance - submissiveness) [30, 32, 41]. Values
on each axis range from -1 to 1. Mehrabian [31] dichotomizes the
dimensions into positive and negative values, e.g., +P and -P for
pleasant and unpleasant states (Table 1, resulting in 8 octants of
the PAD Space, also called ESM (Eight States Model) [6] or Octant
Space.

The PAD Model is used extensively across disciplines [3], but
there is controversy arises about the dominance dimension. Some
researchers have suggested that dominance is an unclear con-
struct [3, 5], and not necessary emotions [44].

Concerning flow, Gilroy et al. [18] offered a representation of
flow in the PAD space. Pleasure is considered an indicator of flow.
Arousal is associated with a task or interface’s level of stimulation.
Dominance generally relates to feelings of control and influence, so
it relates to the skill-to-challenge ratio. Not having enough skill for
the task would create a submissive (-D) state, although challeng-
ing tasks may also be stimulating. Thus, flow is associated with a
pleasurable, aroused, dominant state, the +P, +A, +D octant.

3 THE BASSF MODEL
The BASSF Model operates as a control loop for monitoring and in-
fluencing worker affective state towards achieving the flow state. It
employs social signal interpretation on live video footage captured
by multiple cameras to track the worker’s affective state, which
is classified within the Octant Space (see Table 1). Through a de-
cision algorithm, appropriate interventions are selected to assist
the participant in reaching the desired flow state. For a detailed
description see [37].

In BASSF, the affective experience of the worker is monitored
continuously by assigning a subspace in an adapted PAD-Flow



space, based on the PAD Model [6, 32], and [18]. This consists of
a three-dimensional space, with the axes pleasure, arousal, and
dominance. To make the BASSF model decisions more transpar-
ent, adaptable to user needs, and testable, we look into differential
causes of boredom and connect those to stress and anxiety, common
emotional experiences at the workplace and related to flow [25].
In our experiment, we induced prolonged stress, which can be reg-
ulated through boredom [16, 34]. We operationalised prolonged
stress, caused by overwhelming time pressure, as anxiety in the
PAD space (-P, +A, -D).We can then test if anxiety, a low-dominance
experience itself, eventually leads to low-dominance regulated bore-
dom. Since also [18] defines -P, -A, -D as boredom, we define the
whole low pleasure low arousal space as regulated, overwhelming
boredom (O-Boredom). We differentiate that from underwhelming
boredom (U-Boredom) [17] that is connected with -P, -A, and +D.
Table 1 shows a summary of emotion representations in PAD.

Octant Names
Value Mehrabian

(1996)
Gilroy et al.
(2009)

This work

+P +A +D Exuberant Flow Flow
+P +A -D Dependent Impressed Awe
+P -A +D Relaxed Relaxed Relaxed
+P -A -D Docile Hopeful Hopeful
-P +A +D Hostile Hostile Hostile
-P +A -D Anxious Anxious Anxious
-P -A +D Disdainful Disdainful /

Dismissive
U-Boredom

-P -A -D Boredom Apathy O-Boredom
Table 1: Overview of the different names used for the octants.

BASSF then defines covatar reactions for emotional experiences
represented in PAD that are not conducive to Flow (Table 2). Reac-
tions constitute guidance to emotion regulation, and are used for
all boredom and anxiety experiences. Each Flow-PAD octant has
its own set of interventions. If a worker regulates their emotions in
a productive manner, there is no need for intervention. We opted
for implicit guidance to avoid destruction at the workplace, where
task-focus is required.

4 METHODS
4.1 Research Questions and Hypotheses
The goal of the study was to systematically evaluate the theoretical
transparent assumptions on of the BASSF Model. We empirically
tested the possibility of representing flow in the PAD space, to be
able to provide continuous input to the BASSF model and enable
socially interactive behavior for the covatar. To achieve this, we
needed to define the relationship between flow and PAD. Hypothe-
ses H1 to H3 test this relationship: H1: Self-reported self-efficacy
will predict flow. H2: Dominance will predict self-efficacy. H3:
There will be a significant linear relationship between pleasure,
arousal and dominance as predictors and flow as outcome.

H1 examines the theoretical connection between self-efficacy
[26] and flow, considering self-efficacy’s association with the subjec-
tive challenge-to-skill ratio. H2 explores the relationship between

Affect/
Interven-
tion

Avatar verbal
beh.

Avatar/Cobot
nonverbal
beh.

Theoretical justifica-
tion

Self-
Efficacy
against
Anxiety

“Look at that! We
have already done
so many pieces!”

A: Surprised
Expression

Focus attention on the
shared achievement to in-
crease Skill-to-Challenge
Ratio and ease the pres-
sure by reminding them
that they are a team [22].

Self-
Awareness
against
U-octant

“Are you okay over
there? Let me know
if you need any-
thing!”

A: Head tilted
to the right,
Bending hips/
C: Increase
acceleration &
velocity

Increase Self-Conscious-
ness and Task-Awareness
to reduce boredom via
socio-cognitive conflict
& increased challenge,
while remaining car-
ing [4, 7].

Self-
Compassion
against O-
Boredom

´´You are doing
great! Everybody
would be stressed
at this speed”

Moderate
zoom in: Short
compassionate
smile

Increases Self-
Compassion to facilitate
self-regulation and cogni-
tive reappraisal [22].

Table 2: Example Interventions. A = Avatar, C = Cobot. Origi-
nal interventions were in Italian, these are translations.

self-efficacy and dominance, validating the potential representation
of self-sfficacy through Dominance in PAD [18]. Finally, H3 tests
the relation of all three PAD variables to flow and its representa-
tion in the three-dimensional PAD space. The connection between
flow and PAD is investigated by checking the assumption that flow
can be represented in the ESM, namely the +P,+A,+D quadrant, as
predicted by [18].

Further, to gain insight into emotional experiences related to
flow with respect to working in the production line, we used a
semi-structured interview and exploratory look into the research
question: Which emotions do participants feel during the task, and
how do they regulate them?

The study employed a mixed-methods design. Participants per-
formed an assembly task together with an interactive Covatar
(cobot plus avatar) during two phases, a slow and a fast (boring
and stressful) (Section 4.4.1). After the working phase, participants
re-watched video clips from their working phase, and completed
six self-reported questionnaires on their affective experience, flow,
and self-efficacy during the task (Section 4.3). A semi-structured in-
terview on their emotion regulation strategies was performed [36]
in between the questionnaires.

4.2 Participants and Procedure
The experimental setup was first piloted with two subjects to fine-
tune the duration of each phase and to verify the correct working
of the whole system. The final data collection involved a total of 20
participants. All participants were healthy adult volunteers (12M-
8F, 25-48 years old). The interview was conducted with the first
four participants.

After an introduction and training of the subject to the task,
each experimental session lasted 50 minutes, of which 30 minutes
in phase 1 (slow phase) and then 20 more minutes with the setup in
phase 2 (fast phase). In order to avoid any bias that may arise and
to promote an even stronger reaction in the participants, the switch
between the two phases was performed through a "fake failure"
of the system. In practice, after 30 minutes, the robot would stop
assembling, and the operator would "fix" the situation by changing



the setup and asking the participant to try and keep up with the
new rhythm of the robot.

After the working phase, the participants were led into a separate
room. The experimenter and the participant watched six scenes of
the working session together. For each scene, a questionnaire was
answered (by all participants), and a semi-structured interview was
conducted (only on the first four participants). This lasted about 45
minutes when questionnaire and interview were conducted and 20
minutes when only the questionnaire was administered.

For this study, a simplified version of the BASSF Model was used
to isolate and test its assumptions. The interventions by the Covatar
were timed a priori. First, interventions against O-Boredom were
displayed, then Anxiety, and lastly U-Boredom. The first interven-
tion in the slow task started 15 minutes after the start of the experi-
ment. The first intervention against Anxiety was started 5 minutes
into the slow task, and the interventions against O-Boredom were
started 12 minutes later.

4.3 Instruments and Interview
The semantic differential [32] was used tomeasure pleasure, arousal,
and dominance. For each dimension, there are six adjective pairs
with nine spaces in between. Subjects indicate their emotional state
by the position of their mark on the line. The flow short scale
[14, 40] measured Flow on ten sub-components. State self-efficacy
was measured with a single item [26].

A semi-structured interview was conducted with the first four
participants. Theywatched the footage of six recorded videos depict-
ing three pre-selected interventions. They were asked to describe
their feelings and thoughts about the task and avatar and the effects
of the intervention. A deductive category assignment was used the
analyze the material [28].

4.3.1 Interview Coding Rules. Two category systems were used: Af-
fective experience and emotion regulation. For affective experience,
the categories were related to the ESM to see whether the quantita-
tive and qualitative descriptions would align. All ESM octants were
used, and two additional ones: Shame and NI (“not inferable”).

For the emotion regulation system, the most common emotion
regulation strategies were used: cognitive reappraisal, distraction,
acceptance, rumination, and disengagement [12, 29]. Additionally,
three strategies from the compass of shame were selected: attack
other, attack self, and avoidance. Withdrawal was not chosen be-
cause the experimental setup did not leave room to withdraw from
the situation without aborting the experiment [12, 34]. We differ-
entiate avoidance, disengagement, and distraction the following
way: We understand distraction as an act where the participant is
aware of the negative stimuli and willingly or unwillingly refocuses
their attention to a more pleasant stimulus [29]. Avoidance and
behavioral disengagement both manipulate the relevance of the
stimuli but differ in the acknowledgment of the averse feelings.
We define behavioral disengagement as the willful and conscious
withdrawal of efforts due to the difficulty of a task. In avoidance,
the negative experience is not acknowledged, but the relevance of
the stimuli is nonetheless reduced, i.e., by reducing interest [12, 34].

4.4 Experimental setup
An industrial collaborative work cell was reproduced in a lab en-
vironment. As shown in Figure 1, two tables are positioned in an
L-shape formation to realize two distinct workspaces: one for the
operator and one for the cobot. The industrial task under analysis
is a collaborative assembly of the product [39], where some of the
components are put together by the robot, some by the operator,
and the final joining is performed collaboratively. Looking at Fig-
ure 1, a Fanuc CRX10iA/L collaborative robot is placed in front
of the operator together with a tablet for the visualization of the
virtual agent. The co-location and interplay of these two entities
have been the focus of the study in [36] to promote a perception of
embodiment. A detailed description of the Covatar can be found
here[36].

4.4.1 Assembly task. To elicit different reactions in the volunteers,
two phases of the experimental session were prepared. The first
phase (boring phase) exploited the full assembly capabilities of the
cobot, with the manipulator looking for the necessary parts using a
detection camera, picking them up, and assembling them together
before bringing the completed subassembly to the operator. This
process takes around 50-60 seconds, during which the operators
have plenty of time to finish their tasks and, therefore, may expe-
rience boredom and frustration after some time. A second phase
(fast phase) was, instead, designed to elicit a feeling of stress in
the operator. In fact, as shown in the right side of Figure 1, the
spare components on the cobot’s table are substituted by an array
of preassembled subassemblies. The cobot must only reach a pre-
defined position to get the subassembly and bring it toward the
user. This process only takes around 10-15 seconds, which is not
enough for the operators to complete their part of the task, and
they will often see the robot waiting for them. Participants were
instructed to complete as many assemblies as possible during the
experimental session but without starting to work on a new product
before finishing the previous one.

5 RESULTS
Descriptive Statistics for all measured variables can be found in Ta-
ble 3. For hypotheses 1 and 2, the connection between dominance,
self-efficacy, and flow was analyzed using Mixed Effect Models
with Random Intercept, due to the nested structure of the data.
The participant was used as a grouping variable to account for
the correlations between repeated measurements [10]. The tests
were done with and without centering around the group mean [13].
Centering did not affect the results on the relationship between
dominance and self-efficacy. However, in the relationship between,
self-efficacy and flow, centering had a significant impact on the
results; self-efficacy was a significant predictor of flow, while cen-
tered self-efficacy was no significant predictor of flow (see Table
4).

For hypothesis 3, several mixed effect models were used to ex-
amine the relationship between PAD and flow (for a visualization
see Figure 2). Multiple regression was not usable due to the nested
structure of the data. Centering did not affect the significance of
the results. The mixed effect models showed no significance for any
one of the predictors when used together (see Table 5). However,
strong correlations between the predictors were found (Pleasure



Figure 1: Left: Phase 1 setup - The robot and the operator have completed their subassembly and the collaborative joining is
ongoing. Right: Phase 2 setup - The robot has brought the subassembly towards the operator, who is still working on his parts.

Summary Statistics
Construct Mean Median SD Min Max
Pleasure 0.078 0.063 0.304 -0.833 (-1) 0.833 (1)
Arousal -0.099 -0.125 0.292 -0.75 (-1) 0.583 (1)
Dominance 0.134 0.167 0.31 -0.792 (-1) 0.833 (1)
Flow 4.995 5 0.687 2.9 (1) 6.5 (7)
Self-Efficacy 4.042 4 0.614 2 (1) 5 (5)

Table 3: Summary statistics of all constructs measured with
the questionnaire. Round brackets in the “Min” and “Max”
Columns denote theoretically possible min and max values.

Results of Hypothesis 1 & 2

Formula SE ∼ D (Cent.)
+ (1 | ID)

Flow ∼ SE (Cent.)
+ (1|ID) Flow ∼ SE + (1|ID)

REML criterion 135 175.7 171.5
N observations: 120 120 120
N groups 20 20 20
Fixed effects:

Intercept

Estimate 4.042 4.995 3.976
SE 0.118 0.133 0.421
t-stat. t(19) = 34.14 t(19) = 37.678 t(106) = 9.437
p p < 0.001 *** p < 0.001 *** p < 0.001 ***

Coeff.

Estimate 0.686 0.099 0.252
SE 0.181 0.112 0.101
t-stat. t(99) = 3.8 t(99) = 0.881 t(115) = 2.512
p p < 0.001 *** p = 0.381 p = 0.013 *

Method of t-test Satterthwaite’s
method

Satterthwaite’s
method

Satterthwaite’s
method

AIC 143.039 183.719 179.511
BIC 154.189 194.869 190.661
Table 4: Note: SE = Self-Efficacy, D = Dominance, ID = Partici-
pant; Sig: p < 0.001 ‘***’; p < 0.01 ‘**’; p < 0.05 ‘*’; p < 0.1 ‘.’

& Arousal: r = -0.59; Pleasure & Dominance: r = -0.55, Arousal
& Dominance: r = 0.54). When the predictors were on their own,
dominance was a significant predictor (see Table 5).

An in-depth investigation of the relationship of PAD and flow
for each time frame was attempted, but the statistical power for
n=20 data points was too low (below 0.8).

5.1 Qualitative Results
After performing deductive category assignment on the dataset,
we calculated several descriptive statistics to better understand the

Results of Hypothesis 3

Formula Flow ∼ P + A
+ D + (1 | ID)

Flow ∼ P
+ (1 | ID)

Flow ∼ A
+ (1 | ID)

Flow ∼ D
+ (1 | ID)

REML criterion 171.1 171.6 175.4 170.5
N observations: 120 120 120 120
N groups 20 20 20 20
Fixed effects:

Intercept

Est. 4.995 4.995 4.995 4.995
SE 0.133 0.133 0.133 0.133
t-stat. t(19) = 37.678 t(19) = 37.678 t(19) = 37.678 t(19) = 37.678
p p <0.001 *** p <0.001 *** p <0.001 *** p <0.001 ***

Coeff.

Est.
P: 0.274
A: 0.003
D: 0.367

0.400 -0.002 0.461

SE
P: 0.274
A: 0.254
D: 0.269

0.209 0.199 0.211

t-stat.
P: t(97) = 1.001
A: t(97) = 0.016
D: t(97) = 1.364

t(99) = 1.913 t(99) = -0.011 t(99) = 2.182

P: p = 0.319
A: p = 0.988
D: p = 0.176

p = 0.059 . p = 0.992 p = 0.032 *

Random effects:

Intercept Est. 0.326 0.325 0.324 0.326
SD 0.571 0.570 0.570 0.571

Res. Var. Est. 0.156 0.157 0.163 0.155
SD 0.395 0.396 0.403 0.394

Method of t-test Satterthwaite’s
method

Satterthwaite’s
method

Satterthwaite’s
method

Satterthwaite’s
method

AIC 183.055 179.622 183.352 178.535
BIC 199.780 190.772 194.503 189.685

VIF
P: 1.73
A: 1.70
D: 1.61

Table 5: Note: P = Pleasure, A = Arousal, D = Dominance, ID
= Participant; Sig: p < 0.001 ‘***’; p < 0.01 ‘**’; p < 0.05 ‘*’; p <
0.1 ‘.’

results of the two main category systems: "Affective Experience"
and "Emotion Regulation" (see Table 6)

The high SD in the Affective Experience column indicates that
the distribution of observations across categories within each sys-
tem is centered around some variables, which is unsurprising since
all participants participated in the same experimental setup.

The affective experience and regulation strategies will be sum-
marized here: Participant A (also called AV_C4QPF as reference
for Figure 2) felt relaxed at first during the slow phase. When the
speed increased at the start of the fast phase, the participant started



Figure 2: Flow and PAD values over time for each participant.
The dotted vertical line represents the change from the slow
to the fast phase.

Affective Experience Emotion Regulation
Mean Obs. per
Category 3.7 1

SD 4.27 1.12
Min. Obs. per
Category 0 (“Flow”, “Awe”) 0 (“Attack Self”, “Acceptance”,

“Rumination”, “NI”)
Max. Obs. per
Category 14 (“Relaxation”) 3 (“Cognitive

Reappraisal”)
Proportion of Obs. 33.72% 9.45%
Table 6: Descriptive Results for Deductive Category Assign-
ment. Note that the proportion of observation is an estima-
tion. Timestamps, Ids, comments, translated passages, and
multiple codings have not been removed.

feeling many different feelings such as anxiety, o-boredom, hostility,
shame, and hopefulness. The participant felt stressed because they1
are slowing the assembly down. They decided to reduce their efforts
and to go at their own rhythm. “It’s enough for it to be repetitive; I
don’t need it also to be to be fast.” This behavioral disengagement
did not, however, instantly alleviate the pressure. Before it caused
relaxation, it caused feelings of shame for not being able and not
willing to keep up with the robot.

Participant B (AV_GC4V6) felt relaxation and u-boredom. They
unintentionally distracted themselves by thinking about their work,
which led to them doing a mistake while assembling. When the fast
phase started, the participant started to feel stressed by the speed
of the robot. The participant then tried to reappraise the situation:
“I was like, no, this is my job and the robot is just a robot. So he
1To protect the privacy of the participants, only gender-neutral pronouns will be used

has no feeling he can wait. [...] Also because I was kind of telling
myself that I had to do the most difficult part like matching the
gears going, with the clips and stuff.”2 The participant kept their
speed and reported feeling more relaxed after half of the “fast phase”
had passed.

Participant C (AV_LB695) described only feeling relaxed and
no boredom in the beginning because they felt they were doing
a purposeful commitment that would eventually end. In the “fast
phase”, the participant described not feeling rushed: “ I thought
that since the number of movements that the machine had to do
was smaller then what I had to do was just completing the task
earlier than I. [...] It was just waiting for me, but it was not a
problem.” Notably, when asked how they dealt with unsolvable
tasks, the participant believed that in such a case, the blame lies
with the person who gave them the task, not them. (“Yeah, probably,
especially if it was in a real situation then I would have thought
that the whole planning of the operation was bad because even if
I strived, I wouldn’t have managed to be so quick and be always
on time for the robot. So yeah, I would be angry in case it would
always be like that.”)

Finally, Participant D (AV_ZBB6K) described themselves as being
relaxed. However, they distracted themselves by thinking about
how to improve the work cell and the task. This tactic ended around
the middle of the “slow phase” when Participant D started to feel
bored. This was coupled with some short interruptions where the
system experienced errors that needed to be fixed. When the “fast
phase” started, the participant did not increase their speed. When
asked about the reason for this, the participant said they didn’t care
anymore. Further investigation no reason for this could be found
as the participant said they didn’t know why they felt that way.
Therefore, we categorized this as a case of avoidance.

While the self-ascribed feelings of the participants usuallymatched
the results of the semantic differential. 13 times one of the self-
ascribed states matched the result of the semantic differential. How-
ever, six times there was a mismatch. Most often (4 of 6) it involved
the ascription of awe and hopefulness from the semantic differen-
tial. In the interviews, they were described as relaxation (2 of 4) but
also as anxiety.

6 DISCUSSION
Based on the mixed results on H1, a clear conclusion could not be
reached; further research is necessary (see below for an in-depth
discussion). H2 showed significant results and is therefore accepted.
H3 showed no evidence of a connection between PAD as a whole
and flow. The hypothesis will be rejected. However, the connection
between dominance and flow is significant and will be investigated
further.

Uncentered self-efficacy predicted flow, which strengthens the
association between self-efficacy and the challenge-to-skill ratio,
which was known to be a predictor of flow [33]. However, group-
centered self-efficacy is not. One possible explanation for this would
be that self-efficacy remained relatively stable, and the centering
thereby caused many zero values. While the scale was validated
[26] it contained only one item, and therefore only integer values

2Multiple words, fillers, and incomplete sentences have been removed from all the
participant’s citations.



were possible. A possible solution to this would be to use a scale
that contains more than one item or increase the sample size.

Dominance predicted self-efficacy. This stresses the role of dom-
inance in the PAD model, especially for task-related settings. Con-
tinuous monitoring of dominance could capture how workers feel
about a task andwhether they see themselves as capable of handling
the task or if they feel overwhelmed by it and plan interventions for
well-being. Additionally, dominance has the strongest connection
to flow from all models tested. The model that only used dominance
had the lowest AIC and BIC and therefore seem to offer the best
fit to the data. From all known variables in this experiment, domi-
nance is best suited for flow estimation and should be included in
its modeling.

The results on the connection between flow and PAD are mixed.
Surprisingly, and against previous theoretical definitions [1, 15],
the results show that pleasure and arousal were not connected
to flow in this experiment. Our results suggest that the presence
of pleasure in the model strongly influences the estimations for
dominance, which is not unlikely due to the strong correlation
between pleasure, arousal, and dominance.

The lack of significance of pleasure on flow taps into the discus-
sion of enjoyment in flow [1]. Given the assumption that flow is an
enjoyable experience, an increase in flow should have also led to an
increase in pleasure. We found no evidence for this claim. However,
we can also not rule it out based on our results, as it only describes
a partial one-directional relationship, which our model cannot test.
Increases in flow predict increases in enjoyment; however, increases
in enjoyment do not predict the flow level.

In the literature, high arousal was associated with flow [15]. In
our scenario, this would association would be hard to support, as
high levels of arousal can be associated with stress, which is more
likely to occur in shifts of up to 8 hours.

6.1 Discussion of Qualitative Results
All participants described the tasks as relaxing and positive while
acknowledging their repetitiveness. This positive feeling faded in
the fast phase when the task became more stressful for 3 of the 4
participants.

After the introduction of the fast phase, none of the participants
were able to keep up with the robot. A fluctuation of different emo-
tions was noticed by 3 of the 4 four participants, which may indicate
that they were not sure how to properly adapt to the situation and
is an indicator of stress. However, all participants found a way to
deal with the stress and reached a constant state towards the end of
the experiment. This was relaxation for three of them and hostility
and boredom for one of them. All participants that felt stressed by
the speed of the covatar reduced its intensity by regulating their
emotions through reappraisal, avoidance, or disengagement. How-
ever, two reduced their performance, and one did not enjoy their
affective state towards the end. This indicates that while partici-
pants were able to deal with stressors, their strategies used did not
always yield the most optimal results in terms of productivity and
well-being in the production line.

Boredom was regulated less often than stress and anxiety. How-
ever, this might have been because participants knew about the
length of the experiment and thereby did not feel any pressure to

regulate boredom. Still, all regulation strategies used were not opti-
mal as they distracted themselves from the task, leading to errors,
and were not sustainable for longer periods. This highlights the
importance of positive guidance to emotion regulation.

6.2 Limitations and Future Work
Small sample size and predictor correlation limited exploring the
flow-PAD relationship statistically in detail. Few interviews hinder
generalizations but provide insights into participants’ task expe-
rience, aiding quantitative data comprehension. Future work may
test replicability and explore mediation effects between self-efficacy,
dominance, and flow.

7 CONCLUSION
This study contributes to developing a socially interactive virtual
agent which embodies a cobot in the production line. Combined
they can support workers in emotion regulation and flow experi-
ences during collaboration. The results provide valuable insights
into the assumptions underlying the BASSF Model, the real-time
continuous emotional modeling method, and the aligned behavioral
model to support emotion regulation. Surprisingly, the findings sug-
gest that the dominance dimension of the PADmodel plays a crucial
role in predicting flow. Furthermore, the study highlights the im-
portance of guidance in emotion regulation, as some strategies
used by participants negatively impacted their well-being and pro-
ductivity. This is the first attempt to reevaluate the significance
of the dominance dimension of PAD. Further validation is needed
to consolidate these results and theory-based interpretations and
provide differential SIA reactions based, e.g. on the dichotomous
cause of boredom. Overall, this study adds to the growing body of
research on the use of technology to support emotion regulation in
the workplace.

ACKNOWLEDGMENTS
This project has received funding from the European Union’s Hori-
zon 2020 research and innovation program under grant agreement
No 847926.

REFERENCES
[1] Sami Abuhamdeh. 2021. On the Relationship Between Flow and Enjoyment. In

Advances in Flow Research, Corinna Peifer and Stefan Engeser (Eds.). Springer
International Publishing, Cham, 155–169. https://doi.org/10.1007/978-3-030-
53468-4_6

[2] L. Aymerich-Franch, D. Petit, G. Ganesh, and A. Kheddar. 2017. Object Touch by
a Humanoid Robot Avatar Induces Haptic Sensation in the Real Hand. Journal
of Computer-Mediated Communication 22, 4 (2017), 215–230. https://doi.org/10.
1111/jcc4.12188 cited By 12.

[3] Iris Bakker, Theo van der Voordt, Peter Vink, and Jan de Boon. 2014. Pleasure,
Arousal, Dominance: Mehrabian and Russell revisited. Current Psychology 33, 3
(Sept. 2014), 405–421. https://doi.org/10.1007/s12144-014-9219-4

[4] Veerpal Bambrah, AndrewB.Moynihan, and JohnD. Eastwood. 2023. Self-focused
but lacking self-knowledge: The relation between boredom and self-perception.
Journal of Boredom Studies 1, 1 (Feb. 2023). https://www.boredomsociety.com/
jbs/index.php/journal/article/view/15

[5] Joost Broekens. 2012. In Defense of Dominance: PAD Usage in Computational
Representations of Affect. International Journal of Synthetic Emotions 3, 1 (Jan.
2012), 33–42. https://doi.org/10.4018/jse.2012010103

[6] Jie Cao, Hong Wang, Po Hu, and Junwei Miao. 2008. PAD Model Based Facial
Expression Analysis. In Advances in Visual Computing (Lecture Notes in Computer
Science), George Bebis, Richard Boyle, Bahram Parvin, Darko Koracin, Paolo
Remagnino, Fatih Porikli, Jörg Peters, James Klosowski, Laura Arns, Yu Ka Chun,

https://doi.org/10.1007/978-3-030-53468-4_6
https://doi.org/10.1007/978-3-030-53468-4_6
https://doi.org/10.1111/jcc4.12188
https://doi.org/10.1111/jcc4.12188
https://doi.org/10.1007/s12144-014-9219-4
https://www.boredomsociety.com/jbs/index.php/journal/article/view/15
https://www.boredomsociety.com/jbs/index.php/journal/article/view/15
https://doi.org/10.4018/jse.2012010103


Theresa-Marie Rhyne, and Laura Monroe (Eds.). Springer, Berlin, Heidelberg,
450–459. https://doi.org/10.1007/978-3-540-89646-3_44

[7] Lara Chehayeb, Dimitra Tsovaltzi, Rhythm Arora, and Patrick Gebhard. 2021.
Individual Differences and the Function of Emotions in Socio-Emotional and
Cognitive Conflict: If an Agent Shames you, will you still be Bored?. In 2021
9th International Conference on Affective Computing and Intelligent Interaction
Workshops and Demos (ACIIW). IEEE, Nara, Japan, 1–8. https://doi.org/10.1109/
ACIIW52867.2021.9666343

[8] M. Csikszentmihalyi. 1975. Beyond Boredom and Anxiety. Jossey-Bass Publishers,
Washington.

[9] Mihaly Csikszentmihalyi. 1990. Flow: the psychology of optimal experience (1st ed
ed.). Harper & Row, New York.

[10] Michelle A. Detry and Yan Ma. 2016. Analyzing Repeated Measurements Using
Mixed Models. JAMA 315, 4 (Jan. 2016), 407. https://doi.org/10.1001/jama.2015.
19394

[11] Sidney D’mello and Art Graesser. 2013. AutoTutor and Affective Autotutor:
Learning by Talking with Cognitively and Emotionally Intelligent Computers
That Talk Back. ACMTrans. Interact. Intell. Syst. 2, 4, Article 23 (jan 2013), 39 pages.
https://doi.org/10.1145/2395123.2395128

[12] Jeff Elison, Randy Lennon, and Steven Pulos. 2006. Investigating the Compass of
Shame: The development of the Compass of Shame Scale. Social Behavior and
Personality: an international journal 34 (01 2006), 221–238. https://doi.org/10.
2224/sbp.2006.34.3.221

[13] Craig K. Enders and Davood Tofighi. 2007. Centering predictor variables in
cross-sectional multilevel models: A new look at an old issue. Psychological
Methods 12, 2 (2007), 121–138. https://doi.org/10.1037/1082-989X.12.2.121

[14] Stefan Engeser (Ed.). 2012. Advances in Flow Research. Springer New York, New
York, NY. https://doi.org/10.1007/978-1-4614-2359-1

[15] Stefan Engeser, Anja Schiepe-Tiska, and Corinna Peifer. 2021. Historical Lines and
an Overview of Current Research on Flow. In Advances in Flow Research, Corinna
Peifer and Stefan Engeser (Eds.). Springer International Publishing, Cham, 1–29.
https://doi.org/10.1007/978-3-030-53468-4_1

[16] Markus D Feuchter and Franzis Preckel. 2022. Reducing boredom in gifted educa-
tion—Evaluating the effects of full-time ability grouping. Journal of Educational
Psychology 114, 6 (2022), 1477–1493. https://doi.org/10.1037/edu0000694

[17] Cynthia D. Fisher. 1987. Boredom: Construct, Causes and Consequences. Technical
Report. TEXAS A AND M UNIV COLLEGE STATION DEPT OF MANAGEMENT.
https://apps.dtic.mil/sti/citations/ADA182937 Section: Technical Reports.

[18] Stephen W. Gilroy, Marc Cavazza, and Maurice Benayoun. 2009. Using affective
trajectories to describe states of flow in interactive art. In Proceedings of the
International Conference on Advances in Computer Enterntainment Technology
(ACE ’09). Association for Computing Machinery, New York, NY, USA, 165–172.
https://doi.org/10.1145/1690388.1690416

[19] Sven Heimbuch and Daniel Bodemer. 2017. Effects of Implicit Guidance on
Contribution Quality in a Wiki-Based Learning Environment. In International
Conference of the Learning Sciences. International Society of the Learning Sciences,
Singapore. https://doi.org/10.31234/osf.io/hm2cn

[20] H. Kawamichi, Y. Kikuchi, and S. Ueno. 2005. Magnetoencephalographic mea-
surement during two types of mental rotations of three-dimensional objects.
IEEE Transactions on Magnetics 41, 10 (2005), 4200–4202. https://doi.org/10.1109/
TMAG.2005.854802 cited By 6.

[21] Mikkel Knudsen and Jari Kaivo-Oja. 2020. Collaborative robots: Frontiers of
current literature. Journal of Intelligent Systems: Theory and Applications 3, 2
(2020), 13–20.

[22] Jessica Lackas. 2021. Explicit and implicit guidance to emotion regulation to
support collaborative tasks: A model based on socio-cognitive conflict and flow
parameters. Master’s Thesis, Universität des Saarlands.

[23] Dastyni Loksa, Amy J. Ko, Will Jernigan, Alannah Oleson, Christopher J. Mendez,
and Margaret M. Burnett. 2016. Programming, Problem Solving, and Self-
Awareness: Effects of Explicit Guidance. In Proceedings of the 2016 CHI Con-
ference on Human Factors in Computing Systems (San Jose, California, USA) (CHI
’16). Association for Computing Machinery, New York, NY, USA, 1449–1461.
https://doi.org/10.1145/2858036.2858252

[24] Birgit Lugrin, Catherine Pelachaud, and David Traum (Eds.). 2022. The Handbook
on Socially Interactive Agents: 20 Years of Research on Embodied Conversational
Agents, Intelligent Virtual Agents, and Social Robotics Volume 2: Interactivity,
Platforms, Application (1 ed.). Vol. 48. Association for Computing Machinery,
New York, NY, USA.

[25] Fausto Massimini, Mihaly Csikszentmihalyi, and Massimo Carli. 1987.
The Monitoring of Optimal Experience A Tool for Psychiatric Rehabili-
tation. The Journal of Nervous and Mental Disease 175, 9 (Sept. 1987),
545. https://journals.lww.com/jonmd/Abstract/1987/09000/The_Monitoring_of_
Optimal_Experience_A_Tool_for.6.aspx

[26] Russell A. Matthews, Laura Pineault, and Yeong-Hyun Hong. 2022. Normalizing
the Use of Single-Item Measures: Validation of the Single-Item Compendium for
Organizational Psychology. Journal of Business and Psychology 37, 4 (Aug. 2022),
639–673. https://doi.org/10.1007/s10869-022-09813-3

[27] N. Mavridis. 2015. A review of verbal and non-verbal human-robot interactive
communication. Robotics and Autonomous Systems 63, P1 (2015), 22–35. https:
//doi.org/10.1016/j.robot.2014.09.031 cited By 226.

[28] Philipp Mayring. 2014. Qualitative content analysis: theoretical foundation, basic
procedures and software solution. (2014), 145. https://nbn-resolving.org/urn:
nbn:de:0168-ssoar-395173

[29] Kateri McRae and James J. Gross. 2020. Emotion regulation. Emotion 20, 1 (2020),
1. https://doi.org/10.1037/emo0000703 Publisher: US: American Psychological
Association.

[30] A. Mehrabian. 1995. Framework for a comprehensive description and measure-
ment of emotional states. Genetic, social, and general psychology monographs 121,
3 (1995), 339–361. 339.

[31] Albert Mehrabian. 1996. Pleasure-arousal-dominance: A general framework
for describing and measuring individual differences in Temperament. Current
Psychology 14, 4 (Dec. 1996), 261–292. https://doi.org/10.1007/BF02686918

[32] Albert Mehrabian and James A. Russell. 1974. An approach to environmental
psychology / Albert Mehrabian and James A. Russell. MIT Press, Cambridge.

[33] Giovanni B. Moneta. 2021. On the Conceptualization and Measurement of Flow.
Springer International Publishing, Cham, 31–69. https://doi.org/10.1007/978-3-
030-53468-4_2

[34] Donald L Nathanson. 1994. Shame and pride: Affect, sex, and the birth of the self.
WW Norton & Company, New York City.

[35] Matteo Lavit Nicora, ElisabethAndré, Daniel Berkmans, Claudia Carissoli, Tiziana
D’Orazio, Antonella Delle Fave, Patrick Gebhard, Roberto Marani, Robert Mihai
Mira, Luca Negri, et al. 2021. A human-driven control architecture for promoting
good mental health in collaborative robot scenarios. In 2021 30th IEEE Interna-
tional Conference on Robot & Human Interactive Communication (RO-MAN). IEEE,
IEEE, 285–291.

[36] Matteo Lavit Nicora, Sebastian Beyrodt, Dimitra Tsovaltzi, Fabrizio Nun-
nari, Patrick Gebhard, and Matteo Malosio. 2023. Towards social embod-
ied cobots: The integration of an industrial cobot with a social virtual agent.
arXiv:2301.06471 [cs.RO]

[37] Fabrizio Nunnari, Matteo Lavit Nicora, Pooja Prajod, Sebastian Beyrodt, Lara
Chehayeb, Elisabeth Andre, Patrick Gebhard, Matteo Malosio, and Dimitra Tso-
valtzi. 2023. Understanding pleasure, arousal and dominance, and how to map
them to a robot+avatar behavior model. In 11th International Conference on Af-
fective Computing and Intelligent Interaction (ACII). MIT Media Lab, Cambridge,
USA, forthcoming.

[38] Elinga Pagalyte, Maurizio Mancini, and Laura Climent. 2020. Go with the Flow:
Reinforcement Learning in Turn-Based Battle Video Games. In Proceedings of the
20th ACM International Conference on Intelligent Virtual Agents (Virtual Event,
Scotland, UK) (IVA ’20). Association for Computing Machinery, New York, NY,
USA, Article 44, 8 pages. https://doi.org/10.1145/3383652.3423868

[39] Davide Felice Redaelli, Fabio Alexander Storm, and Giulia Fioretta. 2021. MindBot
Planetary Gearbox. https://doi.org/10.5281/zenodo.5675810

[40] F. Rheinberg, R. Vollmeyer, and Stefan Engeser. 2003. Flow Short Scale. In
Diagnostik von Selbstkonzept, Lernmotivation und Selbstregulation [Diagnosis of
Motivation and Self-Concept]. Hogrefe, Göttingen.

[41] James A Russell and Albert Mehrabian. 1977. Evidence for a three-factor theory
of emotions. Journal of Research in Personality 11, 3 (Sept. 1977), 273–294. https:
//doi.org/10.1016/0092-6566(77)90037-X

[42] Samiha Samrose, Kavya Anbarasu, Ajjen Joshi, and Taniya Mishra. 2020. Mitigat-
ing Boredom Using An Empathetic Conversational Agent. In Proceedings of the
20th ACM International Conference on Intelligent Virtual Agents (Virtual Event,
Scotland, UK) (IVA ’20). Association for Computing Machinery, New York, NY,
USA, Article 49, 8 pages. https://doi.org/10.1145/3383652.3423905

[43] Eike Schneiders and Eleftherios Papachristos. 2022. It’s not all Bad-Worker
Perceptions of Industrial Robots. In 2022 17th ACM/IEEE International Conference
on Human-Robot Interaction (HRI). IEEE, IEEE, 1025–1029.

[44] Arthur E. Stamps. 2005. In Search of Dominance: The Case of the Missing
Dimension. Perceptual and Motor Skills 100, 2 (April 2005), 559–566. https:
//doi.org/10.2466/pms.100.2.559-566

[45] Virginia Tze, Lia Daniels, and Robert Klassen. 2014. Examining the factor struc-
ture and validity of the English Precursors to Boredom Scales. Learning and
Individual Differences 32 (2014). https://doi.org/10.1016/j.lindif.2014.03.018

[46] Xun Xu, Yuqian Lu, Birgit Vogel-Heuser, and Lihui Wang. 2021. Industry 4.0 and
Industry 5.0—Inception, conception and perception. Journal of Manufacturing
Systems 61 (2021), 530–535. https://doi.org/10.1016/j.jmsy.2021.10.006

https://doi.org/10.1007/978-3-540-89646-3_44
https://doi.org/10.1109/ACIIW52867.2021.9666343
https://doi.org/10.1109/ACIIW52867.2021.9666343
https://doi.org/10.1001/jama.2015.19394
https://doi.org/10.1001/jama.2015.19394
https://doi.org/10.1145/2395123.2395128
https://doi.org/10.2224/sbp.2006.34.3.221
https://doi.org/10.2224/sbp.2006.34.3.221
https://doi.org/10.1037/1082-989X.12.2.121
https://doi.org/10.1007/978-1-4614-2359-1
https://doi.org/10.1007/978-3-030-53468-4_1
https://doi.org/10.1037/edu0000694
https://apps.dtic.mil/sti/citations/ADA182937
https://doi.org/10.1145/1690388.1690416
https://doi.org/10.31234/osf.io/hm2cn
https://doi.org/10.1109/TMAG.2005.854802
https://doi.org/10.1109/TMAG.2005.854802
https://doi.org/10.1145/2858036.2858252
https://journals.lww.com/jonmd/Abstract/1987/09000/The_Monitoring_of_Optimal_Experience_A_Tool_for.6.aspx
https://journals.lww.com/jonmd/Abstract/1987/09000/The_Monitoring_of_Optimal_Experience_A_Tool_for.6.aspx
https://doi.org/10.1007/s10869-022-09813-3
https://doi.org/10.1016/j.robot.2014.09.031
https://doi.org/10.1016/j.robot.2014.09.031
https://nbn-resolving.org/urn:nbn:de:0168-ssoar-395173
https://nbn-resolving.org/urn:nbn:de:0168-ssoar-395173
https://doi.org/10.1037/emo0000703
https://doi.org/10.1007/BF02686918
https://doi.org/10.1007/978-3-030-53468-4_2
https://doi.org/10.1007/978-3-030-53468-4_2
https://arxiv.org/abs/2301.06471
https://doi.org/10.1145/3383652.3423868
https://doi.org/10.5281/zenodo.5675810
https://doi.org/10.1016/0092-6566(77)90037-X
https://doi.org/10.1016/0092-6566(77)90037-X
https://doi.org/10.1145/3383652.3423905
https://doi.org/10.2466/pms.100.2.559-566
https://doi.org/10.2466/pms.100.2.559-566
https://doi.org/10.1016/j.lindif.2014.03.018
https://doi.org/10.1016/j.jmsy.2021.10.006

	Socially interactive agents as cobot avatars: developing a model to support flow experiences and well-being in the workplace
	Sebastian Beyrodt, Matteo Lavit Nicora, Fabrizio Nunnari, Lara Chehayeb, Pooja Prajod, Tanja Schneeberger, Elisabeth André, Matteo Malosio, Patrick Gebhard, Dimitra Tsovaltzi
	Nutzungsbedingungen / Terms of use:
	licgercopyright  

	Abstract
	1 Introduction
	1.1 Robots, Cobots and SIAs as Embodied Companions at the Workplace

	2 Related Work
	2.1 Flow, Emotion Regulation and Guidance
	2.2 Emotion Modeling

	3 The BASSF Model
	4 Methods
	4.1 Research Questions and Hypotheses
	4.2 Participants and Procedure
	4.3 Instruments and Interview
	4.4 Experimental setup

	5 Results
	5.1 Qualitative Results

	6 Discussion
	6.1 Discussion of Qualitative Results
	6.2 Limitations and Future Work

	7 Conclusion
	Acknowledgments
	References

